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ABSTRACT

Public and private sector interest and investment in advanced nuclear reactor technologies is
growing as utilities and other energy suppliers seek options for scalable, dispatchable,
concentrated, and non-emitting energy generation. Advanced reactors employ a combination of
new coolants, fuels, materials, and power conversion technologies that, if commercialized, offer
substantial improvements over current generation technology in terms of safety, economics,
performance, and long-term energy security.

Successful commercialization requires early engagement of potential technology customers
(electric utilities and other owner-operators) with developers and vendors for alignment of
requirements. In order to achieve this, prospective advanced reactor owner-operators require
clear guidance to aid in technology selection and assessment of design maturation. Conversely,
prospective advanced reactor vendors require information on what prospective owner-operators
want in order to develop viable, competitive designs.

In keeping with its previous leadership role in the commercialization of advanced light water
reactors and experience with development of the Advanced Nuclear Technology: Advanced Light
Water Reactor Utility Requirements Document, Revision 13 (URD) report (3002003129), EPRI
brought together advisors representing nuclear and non-nuclear utilities, the advanced reactor
development community, and architect/engineering/procurement/construction (AEPC)
professionals. The goal was to obtain their feedback regarding the scope and development of

a new advanced reactor Owner-Operator Requirements Guide (ORG). This report provides

the ORG, Revision 1, which is a living document for the advanced reactor community and

is the result of extensive collaboration among members of this community.

The ORG is intended to be technology inclusive and will apply to a wide range of advanced
reactor technologies and missions. By bringing together the advanced reactor stakeholder
community, the ORG encourages innovation and successful designs while leveraging lessons
learned from commercial nuclear reactor construction and operation. The ultimate role for
the ORG is as an alignment tool for communicating the expectations and desires of potential
owner-operators (U.S. and international community) to developers. The ORG thus supports
the vetting of new designs, communicates advanced reactor capabilities and limitations to
stakeholders, and facilitates access to advanced nuclear designs in new market segments

and by potential customers.

Keywords

Advanced nuclear technology
Advanced reactors

Generation IV reactors
Owner-operator requirements

Utility Requirements Document (URD)
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EXECUTIVE SUMMARY

Deliverable Number: 3002015751
Product Type: Technical Report

Product Title: Program on Technology Innovation: Owner-Operator Requirements
Guide (ORG) for Advanced Reactors, Revision 1

PRIMARY AUDIENCE: Future advanced reactor technology customers (electric power utilities and other
potential owner-operators) and advanced reactor technology developers and vendors

SECONDARY AUDIENCE: Other stakeholders with an interest in understanding the attributes of and

expectations for advanced reactor technology, including architect/engineers/procurement/construction (AEPC),

regulators, policymakers, investors, and the general public

KEY RESEARCH QUESTION

Advanced nuclear generation technologies offer compelling options for meeting future energy needs by taking
advantage of new fuels and fuel cycles, lower reactor pressures, higher outlet temperatures, and advanced
energy conversion technologies. Most technologies have been demonstrated at some scale and span a wide
range of technological maturity landmarks, from proof-of-concept to actual operation at commercial scale.
While many options exist—and are being pursued by governments and private ventures—communication and
alignment of customer needs with product development is lacking. EPRI seeks to answer the fundamental
guestion, “What do utilities and other potential owner-operators want and need in terms of advanced reactor
technologies in order to facilitate the vetting of new designs, communicate advanced reactor capabilities and
limitations to relevant stakeholders, and adopt new nuclear technology as part of an energy generation
infrastructure?”

RESEARCH OVERVIEW

In keeping with its previous leadership role in the commercialization of advanced light water reactors
(ALWRs)—and in collaboration with relevant stakeholders from the advanced nuclear community (utilities,
vendors, and developers)—EPRI has developed a common set of requirements reflecting the expectations
and needs of prospective owner-operators for advanced nuclear reactor designs that offer significant
improvements with respect to currently available nuclear technologies.

While the experience and information associated with EPRI's Advanced Nuclear Technology: Advanced Light
Water Reactor Utility Requirements Document, Revision 13 (URD) report (3002003129) provided a starting
point for the Owner-Operator Requirements Guide (ORG) development, this product is also aligned with other
relevant EPRI products and international standards.

The highest levels of guidance provided in the ORG are the policy statements and aspirational goals. Policy
statements act as philosophies that should be embodied by advanced reactor developers. Conversely,
aspirational goals are specific, ambitious capabilities that, if achieved in the future, will provide advanced
reactors with distinct, measurable advantages over competing energy sources in the market of choice.
Following the policy statements and aspirational goals, the ORG is organized into three tiers. Tier | provides
11 categories into which lower level requirements may be grouped including constructability, cyber security,
and licensing and safety analysis; Tier Il provides high-level guidance intended to support the design,
construction, operation, and economic case of advanced reactors; and Tier Il requirements provide
technology-level guidance for a select set of reactor technologies intended to guide the reactor design.

Vi
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KEY FINDINGS

The ORG incorporates decades of experience in designing, licensing, constructing, and operating
LWRs to assist owner-operators in deploying advanced reactors. Based on the feedback received,
special attention was given to the requirements, with guidance on 1) operational and deployment
flexibility; 2) constructability; 3) planning for obsolescence; and 4) designing for inspection,
maintenance, and replacement.

Each lower tier requirement is mapped to a higher tier requirement, which provides a better flow and
logical justification for any of the existing ORG requirements.

The ORG document addresses all possible missions for the advanced reactors, although it primarily
focuses on electricity generation (the traditional role of nuclear reactors).

Additional missions may be added to future ORG revisions if market factors create a new or previously
overlooked opportunity for advanced nuclear reactors or if a new reactor technology makes a
previously unviable mission viable.

Additional technologies may be added to future ORG revisions if the conceptual development of a new
reactor technology reaches a point where it may be deemed realistically viable.

A new and intuitive numbering scheme was developed providing each requirement with a unique
identifier reflecting the corresponding tier and the “parent” requirement.

WHY THIS MATTERS
As with the commercialization of ALWRs, early and meaningful engagement of prospective owners, operators,
and architect/engineering/procurement/construction (AEPC) firms in the design and development of advanced
reactors using the ORG provides many potential, far-reaching benefits including:

Communication of the expectations and desires of potential owner-operators to developers, thus
promoting alignment

Exchange of AEPC experience to inform the design

Communication of owner-operator expectations and needs to developers and vendors
Aid to owners and operators in vetting new designs

Identification of unaddressed gaps and risks

Facilitating access of advanced nuclear designs to new markets and customers
Informing the development of other infrastructural and institutional support

Failure to obtain sufficient industry engagement in the advanced reactor development enterprise may
constrain the identification and successful commercialization of suitable advanced reactor technologies on
scales and time frames needed to meet future societal energy needs in an environmentally and economically
sound manner.

Vil
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HOW TO APPLY RESULTS

This report provides the first revision of the ORG, which is the result of development workshops with several
stakeholders representing a range of perspectives (nuclear utilities from different countries, non-nuclear
utilities pursuing nuclear technologies, architect engineering firms). The ORG should aid owner-operators in
vetting vendor designs, establish a useful structure for formatting a bid specification, and inform stakeholders
of advanced reactor capabilities and limitations. In addition, the ORG should help reactor vendors better
understand the needs and expectations of potential customers and possible constructability limitations or
opportunities. Itis important to note, however, that the ORG is not intended to supplant or negate any country’s
existing regulations.

LEARNING AND ENGAGEMENT OPPORTUNITIES

e EPRI has established an Advanced Reactor Technical Advisory Group (TAG) under the Advanced
Nuclear Technology Program to provide a forum for exchanging information and obtaining input on
the direction and nature of EPRI’s strategic focus on advanced reactor technology.

¢ Related EPRI work includes the following reports: Program on Technology Innovation: Scoping Study
for an Owner-Operator Requirements Document (ORD) for Advanced Reactors (3002008041, 2016),
Program on Technology Innovation: Owner-Operator Requirements Guide (ORG) for Advanced
Reactors, Revision 0 (3002011802, 2018), and Advanced Nuclear Technology: Advanced Light Water
Reactor Utility Requirements Document, Revision 13 (URD) (3002003129, 2014).

e EPRI is seeking international collaboration opportunities with governments, utility members, and
advanced reactor developers/vendors to provide resources and expertise needed to drive timely
completion of future revisions of the advanced reactor ORG.

EPRI CONTACT: Cristian Marciulescu, Principal Technical Leader, cmarciulescu@epri.com

PROGRAMS: Nuclear Power, P41 and Advanced Nuclear Technology, P41.08.01

IMPLEMENTATION CATEGORY: Strategic Long-Term
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ACRONYMS

The following terms, acronyms, and initialisms appearing in figures and text are defined as

follows:

AC: Alternating Current

AEPC: Architect, Engineering, Procurement, and Construction
ALARA: As Low as Reasonably Achievable

ALWR: Advanced Light Water Reactor

ANS: American Nuclear Society

ANT: EPRI Advanced Nuclear Technology Program

ASME: American Society of Mechanical Engineers

B&PVC: Boiler and Pressure Vessel Code

BOP: Balance-of-Plant

BWR: Boiling Water Reactor

CCF: Common Cause Failure

CMIS: Configuration Management Information System
COTS: Commercial Off-the-Shelf

DC: Direct Current

DOE: US Department of Energy

DSRS: Design-Specific Review Standard

D-RAP: Design Reliability Assurance Program

EIA: US Energy Information Administration

EPC: Engineering, Procurement, and Construction (also see AEPC)
EPG: Emergency Procedure Guidelines

EPRI: Electric Power Research Institute

EPZ: Emergency Planning Zone

EUR: European Utility Requirements for LWR Nuclear Power Plants
FHR: Fluoride salt-cooled High Temperature Reactor



FME: Foreign Material Exclusion

FOAK: First-of-a-Kind

GDC: Generic Design Criteria

GEN IV: Generation 1V Reactor

GFR: Gas-cooled Fast Reactor

GIF: Generation IV International Forum

HMI: Human-Machine Interface

HTGR: High Temperature Gas-cooled Reactor
IAEA: International Atomic Energy Agency
I&C: Instrumentation and Controls

IEA: International Energy Agency

IEEE: Institute of Electrical and Electronics Engineers
INL: Idaho National Laboratory

INPO: Institute of Nuclear Power Operations
ISI: In-Service Inspection

LCOE: Levelized Cost of Electricity

LMFR: Liquid Metal-cooled Fast Reactor
LWR: Light Water Reactor

M&TE: Maintenance and Test Equipment
MSR: Molten Salt Reactor

NEI: Nuclear Energy Institute

NUREG: US Nuclear Regulatory Commission Regulation
OE: Operating Experience

O&M: Operation and Maintenance

OEM: Original Equipment Manufacturer
ORG: Owner-Operator Requirements Guide
ORNL.: Oak Ridge National Laboratory

PDD: Programmable Digital Device

PEMS: Plant Environmental Monitoring System
PHWR: Pressurized Heavy Water Reactor
PRA: Probabilistic Risk Assessment



PWR: Pressurized Water Reactor

QA: Quality Assurance

RCCS: Reactor Cavity Cooling System

RPV: Reactor Pressure Vessel

SCWR: Supercritical Water-cooled Reactor

SFR: Sodium-Cooled Fast Reactor

smLWR: Small Modular Light Water Reactor

SMR: Small Modular Reactor

SSC: Structures, Systems, and Components

TEMA: Tubular Exchangers Manufacturers Association
TMI: Three Mile Island

TR: Technical Report

TRISO: Tristructural-1sotropic (nuclear fuel)

URD: EPRI Utility Requirements Document
USNRC: US Nuclear Regulatory Commission
V&V: Verification and Validation

VHTR: Very High Temperature Gas-cooled Reactor
WANO: World Association of Nuclear Operators
WRS: Weld Residual Stress

Xi






CONTENTS

ACKNOWLEDGMENTS ...ttt ittt 1]
N = S 3 1 2 ¥ AN RN Y,
EXECUTIVE SUMMARY ...ttt s et VI
ACRONY M S Lttt — b IX
R LV 1= 10 L I 1 1 1-1
R I U] o0 1o PP 1-1
1.2 Background @nd CONEXL .........uiiieeeiieiiiiiiei e eee et e e e e e et e e e e e e e e et e s e e e e e e asaaaa s 1-2
1.3 ORG DeVvelopment APPIrOACKH .......... e 1-4
1.4 ORG REVISION 1 ODJECHIVES ......uuiiiiiii s a e 1-6

2 FEATURES OF THE OWNER-OPERATOR REQUIREMENTS GUIDE .........ccooovviiiieeee. 2-1
2.1 Learning from EXPEIIENCE.......coi i 2-1
2.2 Other Sources Of REQUIFEMENTS ......uiii i e et e e e e eaaees 2-1
G O (o F- 1 ] 1 o] o [PPSR 2-2
2.4 Acceptable ORG REQUIFEMENTES. ......cooiiiiieeee e 2-3
2.5 Differences from Previous Guidance DOCUMENLS ..........uuuiiiiieriiieiiiiiiie e e eeeens 2-4
2.6 Emphasis on Key Issues and Challenges.........ccooooviiiiiiiiiiiii e, 2-5
2.6. 1 FIEXIDIITY ... e e 2-5

2.6.2 CYDBI SECUILY ..ooeeeieieeee e 2-5

2.6.3 CONSLIUCTADINILY ...coevvieii e e e e e e e e 2-5

3 ORG APPLICATION AND USE-.....uuuiiiiiisssss s a e aaaaaaanaaaaaaaaaaaans 3-1
3.1 ORG REVISIONS.....ciiieiiiiiiie e e e ettt e e e e et e e e et e e e et s e e e e eeeeateaa s e eaeeeeeanannaaaeeeeeesnenes 31
3.2 ORG Requirements FOIMAL...........uuiiiiiiiiiiiiiie e e e e e e e e e e e e eeenes 3-1
G o101 G =d ToTo | = o 4 1S USSPPSN 31

Xiii



OWNER-OPERATOR REQUIREMENTS GUIDE (ORG) FOR ADVANCED

REACTORS, REVISION L....ciiiiiiiiiiiieeeiiieiiieiie e ettt e e e e e e s st eeaa e e e e e e snnnenneeeeeeas ORG-1
ORG EXECULIVE SUMIMAIY ...uuuiiieeeiiieiiiie et e et s e e e e e e et s e e e e e e e e et s s e e e e e e eaneea s ORG-2
ORG ReViSION 1 ChECKIIST .......coieeiieeeie e e ORG-2
ORG Chapter 1 — Description of Policy Statements and Aspirational Goals ................. ORG-8

L. INErOAUCTION . ORG-8
1.2 POlICY STAtEMENTS ... ORG-8
1.3 Aspirational GoalS..........cooeeeiiiieeee e ORG-15
ORG Chapter 2 — Description of Tier | CategorieS.........cccvvveuiiiiiiieeeeeeeiiie e ORG-18
ORG Chapter 3 — Description of Tier Il Requirements............cccoevveeeiiiviiiiiiii e, ORG-22
G 700 I 1 10T [T 1T o P ORG-22
B2 AHIDULES ... ORG-22
.3 MISSIONS. ..ttt ORG-23
ORG Chapter 4 — Description of Tier Ill Technology Requirements............................ ORG-24
0 1 11 o o U T4 1T o ORG-24
o W =Tod o] o] (oo 1= ORG-25
ORG Chapter 5 — Complete ORG ReqUIrEMENLS .......cccvviiviiiiiiieeeeeeeiee e eeeeriaan ORG-26
5.1 POlICY STAEMENTS ..ottt ORG-26
5.2 ASPIrational GOalS.......cccoeeiiiiiiiiiii e e ORG-35
LI I =T G I O 1 (= To [ [T S ORG-37
5.4 Tier I REQUITEMENTS .....cooiiiiiiiiiiieiiee ettt ORG-41
5.5 Tier I REQUIFEMENTS ......cooiiiiiiiiiiiiiieeeeeee ettt ORG-111
ORG DEFINILIONS ...ttt eeeeeeanennes ORG-165
(O] C R =] (T (=T o = ORG-171
ORG Revision 1 Position Paper and Potential Listings for Future ORG
215 (0] ORG-177
Automation and Human Factors Position Paper for ORG Revision 1.................... ORG-180

Xiv



LIST OF FIGURES

Figure 1-1 Diversity of Reactor Technologies, Organized by Primary Heat Transfer Fluid ....... 1-5
FIGUIE 2-1 ORG STTUCIUIE ... .t e e e e e e e e e e e ettt e s e e e e e e e e arr e e aeeeees 2-3

XV






LIST OF TABLES

Table 5-1 ORG PoliCy Stat@MENTS ......uuiii e ORG-27
Table 5-2 ORG Aspirational GOalS ........coiieeiiiiiiiiiie e ORG-35
Table 5-3 ORG Tier | CAtEUOIIES ....ccoiiieieeeeeeee e ORG-37
Table 5-4 ORG Tier Il REQUINEMENTS......ciiceiiieiiiiie e e e e e e e e ORG-43
Table 5-5 ORG Tier HHl REQUINEMENTS........cciiiiiiiiie e e e e e ORG-113

Xvii






1

INTRODUCTION

1.1 Purpose

This technical report contains the supporting material for the Owner-Operator Requirements
Guide (ORG) for Advanced Reactors and serves as an introduction to the ORG, providing both
history and context.

Advanced nuclear generation technologies offer compelling options for meeting future energy
needs by taking advantage of new fuels and fuel cycles, lower reactor pressures, higher outlet
temperatures, and advanced energy conversion technologies. Most technologies have been
demonstrated at some scale and span a wide range of technological maturity landmarks—from
proof-of-concept to actual operation at commercial scale. While many options exist, and are
being pursued by governments and private ventures, communication and alignment of customer
needs with product development is lacking. With the publication of the ORG, EPRI seeks to
answer the fundamental question, “What do utilities and other potential owner-operators want
and need from advanced reactor technologies to encourage and enable the adoption of a new
nuclear technology?”

In keeping with its previous leadership role in the commercialization of advanced light water
reactors (ALWRs) and the development of the Utility Requirements Document (URD), EPRI
has worked with relevant stakeholders from the world’s advanced nuclear community (utilities,
vendors, and developers) and Architect/Engineering/Procurement/Construction (AEPC)
professionals to develop a common set of requirements that reflect the expectations and needs
of prospective owner-operators for advanced nuclear reactor designs, that offer significant
improvements with respect to currently available nuclear technologies.

Given the variety of missions, technologies, and customers, and the lack of advanced reactor
operating experience, the ORG is not intended to duplicate the URD in depth and detail but is,
instead, intended to provide a common framework for communicating expectations of potential
owner-operators and experience of AEPC professionals to advanced reactor developers and
vendors and establish a foundation for understanding the benefits and limitations of these
technologies in a way that will aid in their development, licensing, and deployment.

In short, the ORG is intended to:

e promote alignment of technology attributes with customer needs;

e convey AEPC experience to inform the design;

e standardize terms, attributes, and requirements (vs. prescribing them);
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Introduction

e facilitate communication with key stakeholders, including regulators; and

e provide a flexible, inclusive framework compatible with multiple advanced reactor missions
and technologies.

1.2 Background and Context

Utility Requirements Document

EPRI first published the Utility Requirements Document for Advanced Light Water Reactors
(ALWRS) in 1990, and has continued to maintain and update the URD over the intervening
three-decade period. The URD provides a set of requirements to align ALWR plant designs with
utility needs. The current Revision 13 of the URD has been expanded to address small modular
light water reactors (smLWRs) and to incorporate post-Fukushima learnings (EPRI, 2014a). The
URD comprises three tiers:

e Tier 0: Executive Summary
e Tier 1: Policy and Top Tier Design Requirements
e Tier 2: Requirements for ALWR plants

These tiers extend in granularity down to bid specification detail for a number of ALWR design
concepts. EPRI initially pursued development of the URD in support of a U.S. electric utility
sector to address nuclear plant performance, flat electricity demand, and the 1979 accident at
Three Mile Island Unit 2. Nuclear utility executives expressed to EPRI that in order to consider
new nuclear plant construction, they would need proven light water reactor technology
implemented in designs that were:

e simpler with higher design margins and enhanced safety features;

e economically competitive with other generation sources; and

e prelicensed by the U.S. Nuclear Regulatory Commission.

In response, EPRI began development of the URD to provide, among other things,:

e astabilized regulatory basis and more predictable licensing path for new technologies;

e astandardized framework for elaborating attributes, expectations, and requirements for use in
design and potential design certification; and

e astandardized template for defining requirements for future owner bid packages.

While initially U.S.-centric in scope, the URD has expanded to include more than 30 U.S. and
international utilities.

Advanced Reactors

Proven commercial reactor technologies are commonly categorized into three generations, with
the latest commercially-available large light water reactor designs falling under Generation Il1.
Designs that extend beyond these commercial offerings are often collectively referred to as
Generation IV (GEN 1V) technologies. Generation IV reactors are generally understood to be
fission reactor designs that offer significant improvements with respect to current nuclear
technologies in terms of potential for enhanced resource utilization, inherent safety, economics,

1-2
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and proliferation resistance and security. Meanwhile, smLWRs, which offer elements of both
Generation Il and IV fall somewhere between the two. For the purposes of ORG, the term
“advanced reactor” is used preferentially when discussing the more general set of non-LWR
reactor technology options.?

While a much anticipated nuclear renaissance has failed to materialize in the United States and
Europe, construction of new light-water reactors has continued in China, Russia, and India.
Development of sSmLWR designs continues as well, although the ultimate commercial
penetration of SMLWRs remains uncertain. Meanwhile, government interest in advanced,
non-LWR reactors continues globally and has coincided with unprecedented influx of private
investment in a growing field of entrepreneurial developers in North America. One driver for
this renewed interest in advanced nuclear technology is recognition of a looming need for
scalable, dispatchable, energy-dense, and non-emitting energy generation options that could be
commercially available in the 2030 — 2050 timeframe to replace retiring generation assets and
meet future energy demands in the face of uncertain policy, regulatory, and market
environments.

A compelling driver for advanced reactors is the potential for greater access to new markets

and economic opportunities, including alternative applications spanning national (public) and
commercial missions. For instance, reactors designed to perform electricity generation or process
heat missions will primarily serve competitive commercial markets where the end product has
economic value. However, some reactors may address public needs where the service or product,
e.g., actinide burning for non-proliferation and waste management, provides a public or societal
good supported or driven by national policy.

Electricity generation currently represents the dominant market for nuclear power and will
remain a primary mission for nuclear technologies of the future. Therefore, ORG Rev. 1 focuses
on electricity generation while also providing nominal structures to support future extension to
other missions in subsequent revisions as they emerge or are warranted by interest.

Landscape of Nuclear Power

Around the world, economic growth has traditionally been tied to growth in the use of electricity.
However, in the United States and some other countries, that link has weakened as more efficient
use of electricity has allowed for economic growth with electricity usage that was flat or
increasing at a much slower rate. In recent years, balancing this growth while continuously
pushing for a cleaner energy portfolio has become more important. Other important societal
needs (e.g., transportation) are met by fuel sources and technologies which are becoming more
unfavorable due to their environmental impact and the questionable long-term availability of
resources. While governments will be key in funding research and development efforts for the
improvement or replacement of existing technologies in these markets, there is increasing
recognition that privately funded development is required to achieve deployment in many
markets.

! The terms “GEN 1V” and “advanced” are often used interchangeably when referring to reactor technologies
beyond current Generation 111 designs, with most employing coolants other than water. However, the term GEN 1V
also carries the stricter, more limited definition established under the Generation IV International Forum (GIF) in
2002 for six reference designs and four goals.
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The United States Energy Information Administration (EIA) 2017 Annual Energy Outlook
reviewed electric generating assets according to their installed capacity (EIA, 2017). Generally,
the changes over the last half-century can be described as a switch from coal to nuclear first
(with the development and deployment of commercial light water reactor designs), then natural
gas as the major producer, with a greater penetration of renewables. However, depending on
fossil fuel prices, constraints on carbon emissions, electrification of transportation, and other
government policy intervention, competitiveness of advanced nuclear technologies could
increase substantially in future energy markets.

Large-Scale Electricity Generation

The International Energy Agency (IEA) reports the potential for a clean energy market of

5 trillion US dollars if global carbon dioxide reduction goals are to be realized (IEA, 2012).
Meeting even a small portion of this anticipated need with clean technologies would introduce an
opportunity for advanced nuclear technologies worth on the order of several tens to hundreds of
billions of U.S. dollars. Even in developed markets with flat electricity demand, there are likely
to be continuing opportunities and demand for nuclear generation. In the United States, for
example, the competitiveness of nuclear power is strongly influenced by regional factors, local,
state and federal policies, and opportunities for revenue beyond electricity sales (EPRI, 2018a).

Other Applications

There are aspects of certain advanced reactor designs that make them feasible for applications
beyond electricity generation that have never been well-suited for traditional light water reactors
(LWRs). Many designs, such as the high temperature gas reactor (HTGR), operate at
significantly higher temperatures than LWRs, which offer access to markets for high quality
process heat applications. Designs such as the sodium-cooled fast reactor (SFR) can be highly
scalable and deployable in transportable sizes, making them ideal for deployment to isolated
locales, such as remote villages in Alaska, USA, for reliable municipal electricity generation.
These MW-scale reactors would also be useful for enhanced oil recovery applications in remote
areas beyond the reach of existing electrical grids. These and other applications increase the
marketability of advanced nuclear power by expanding the customer base beyond the large-scale
electric utility.

1.3 ORG Development Approach

The ORG development was initiated with the completion of a scoping study (EPRI, 2016a).
The scoping study addressed the following questions:

1. Isthe ORG a needed resource?

2. How would the ORG be structured and who would use it?

3. What references would form the basis of the ORG’s content?

4. How would the ORG be developed and by whom? How would it be updated in the future?

The scoping study reviewed historical operation of various reactor designs, lessons learned in
commercial operation of light water reactors (LWRs) and other reactors, and the changing needs
of owner-operators. The resulting report identified the importance of maintaining a technology
inclusive ORG given the diversity of both advanced reactor designs (Figure 1-1) and their
potential application beyond electricity generation.
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Figure 1-1
Diversity of Reactor Technologies, Organized by Primary Heat Transfer Fluid

Maintaining technology inclusivity requires careful consideration of terminology and some
adjustment in development of the ORG framework and high-level requirements provided therein.
For example, the term “heat transfer fluid” is used in Figure 1-1 instead of “coolant” to decouple
the primary function of heat transfer from more design- and technology-specific safety-related
function associated with cooling.? Elsewhere in the ORG, requirements that would normally
reference specific equipment instead reference the functionality of the equipment to maintain
technology and design inclusiveness. For instance, requirements that may appear to apply to
traditional control rods may reference “variable reactivity control devices” instead.

The ORG Revision 0 (EPRI, 2018b) was developed with an approach similar to that used in the
scoping study (EPRI, 2016a). EPRI conducted workshops during which utility and reactor
vendor representatives reviewed suggested formats and advanced reactor guidance and
requirements. These workshops provided the clearest view of the advanced reactor community’s
needs at this time. Following the creation of a relatively complete framework, two advanced
reactor developers (TerraPower, LLC and X-Energy, LLC) participated in a pilot program to
apply the ORG to their designs. Lessons from this pilot program were reflected in ORG
Revision 0.

The ORG Revision 1 development occurred in a similar manner. EPRI conducted several
meetings with a variety of stakeholders, most new to the project, to obtain new feedback to
include in modifying and expanding the ORG for Revision 1. Stakeholders included existing
nuclear utilities (from the United States, France, and Canada), non-nuclear utilities with an
interest in pursuing advanced nuclear power for future capacity, and Architect, Engineering,
Procurement, and Construction (AEPC) contractors with previous experience in nuclear plant
construction.

2 For example, in many HTGR designs, the loss of the primary heat transfer fluid (helium) does not have a
significant safety impact from a cooling perspective.
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1.4 ORG Revision 1 Objectives

The objective of Revision 1 of the ORG is to expand the content to more thoroughly cover areas
of particular interest and fill identified gaps in guidance in Revision 0. The “natural” gaps
existing in ORG Revision 0 (e.g., not enough depth) were identified and addressed in ORG
Revision 1 work. These areas resulted in new requirements addressing:

e Balance-of-plant

¢ Non-electric missions (e.g., industrial heat, hydrogen production, medical isotopes)
e Automation and digital 1&C

e Cyber security

e Investment/Business case

e Integration of advanced reactors with renewables

ORG Revision 1 introduced the addition of a checklist tool, intended to enhance the utility/value
of this guideline document. The main purpose of this is to help with the navigation,
understanding and use of the ORG Revision 1 text and requirements.

The ORG Revision 1 checklist can also serve as a screening tool by helping the reader to
evaluate the completeness of this product.



2

FEATURES OF THE OWNER-OPERATOR
REQUIREMENTS GUIDE

2.1 Learning from Experience

While the ORG attempts to anticipate future owner-operator needs, continuing incorporation of
lessons learned from previous experience remains an important element of ORG development
and maintenance philosophy. More importantly, the ORG draws upon decades of experience in
designing, licensing, constructing, and operating LWRs to support owner-operators in the
evaluation of advanced reactor designs.

If advanced reactor developers can leverage the materials research and development, the
operating experience, the supply infrastructure, the licensing infrastructure, and other knowledge
by-products of LWR construction and operation to expedite the process and make it more
cost-effective, then advanced reactors have a much better chance of reaching commercialization
and providing long-term economic benefits. The following topics were considered in the
development of the ORG, as they apply regardless of technology or mission:

e Operational and deployment flexibility

e The emerging SmLWR market — and its customers

e Construction methods and construction planning

e Cooling water demands

e Passive safety system design

e Design and operating margin

e Seismic isolation

e Planning for obsolescence

e Designing for reduced radiation exposure

e Designing for inspection, maintenance, repair, and replacement

e Designing for decommissioning

2.2 Other Sources of Requirements

The ORG does not aim to aggregate all applicable requirements associated with design,
construction, licensing, operation, and decommissioning. Accordingly, existing standards,
regulatory guidance, and industry practices will still need to be incorporated into owner-
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operators plans, with attendant modification for the advanced reactor design. Site design (e.g.,
designing site drainage for maximum predicted precipitation, potential flood waters, and runoff
from higher topography) is a good example.

The primary resources to guide the reactor developer and the owner-operator are the latest
version of the URD document (EPRI, 2014a), the European Utility Requirements for Light
Water Reactors Nuclear Power Plants (EUR, 2012), USNRC Guidance for Developing Principal
Design Criteria for Non-Light Water Reactors (USNRC, 2018), and USNRC Standard Review
Plan for the Review of Safety Analysis Reports for Nuclear Power Plants: LWR Edition
(NUREG-0800) (USNRC, 2017).

Also, the ORG is aligned with relevant international standards and applicable EPRI products like
the Siting Guide (EPRI, 2015a), Managing Digital 1&C Obsolescence (EPRI, 2014Db), New Plant
Turnover Guide (EPRI, 2016¢) or Emergency Planning Zone Evaluations for Small Modular
Reactors (EPRI, 2016d). For guidance regarding uses of nuclear power beyond large-scale
electricity generation, the ORG makes use of various studies, including those done by EPRI
(EPRI, 2004), Idaho National Labs (INL, 2011a; INL, 2011b; INL, 2011c; INL, 2012;

INL, 2013), and the Joint Institute for Strategic Energy Analysis (JISEA, 2016).

Because the combined volume of information contained in these documents above, is far beyond
what could be accommodated in the ORG guidelines, the more detailed guidance is left out of
ORG. The ORG is intended to provide high-level guidance, documents general lessons learned,
and incorporates requirements more appropriate for advanced reactor technologies.

2.3 Organization

Where possible, the tier structure of the ORG is adapted from that used for the URD. Figure 2-1
illustrates the ORG structure described in this section. The ORG is organized as follows:

e ‘Policy Statements’ and ‘Aspirational Goals’ are presented before the three Tiers and provide
guidance generally applicable to advanced reactors as a whole. These represent high-level
goals for advanced reactor technologies, and answer the question “What is an advanced
reactor?” and “Why build one?”

e Tier | provides broad Categories for grouping the lower level Tier 1l and Tier 11
requirements. The Categories are introduced to briefly summarize the types of requirements
contained in the category.

e Tier Il provides high-level guidance intended to support the design, construction, operation,
and economic case of advanced reactors in general, and in service to particular missions.
The principles used are adaptable to new missions and new technologies that are not yet
developed. This tier answers the question “What could an advanced reactor accomplish?”
Each Tier Il requirement stems from one Tier | Category.

e Tier Il provides technology-level guidance for a selected set of reactor technologies intended
to guide, but not hinder, reactor design. These are detailed requirements which take
advantage of experience applicable to specific reactor types; they answer the question “How
will an advanced reactor accomplish its goals?” Each Tier 111 requirement stems from one
Tier Il requirement.
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More detailed requirements are beyond the intended scope of the ORG and are left to the
developer/vendor and owner-operator to define and maintain. Under this paradigm, the
combination of the higher-level ORG (Tiers I — 111) requirements and the site- and
design-specific requirements collectively comprise a complete requirements document
for the owner-operator.

Policies
& Goals

Figure 2-1
ORG Structure

2.4 Acceptable ORG Requirements

To maintain the purpose of the ORG and to ensure requirements do not expand the scope of
the document or unnecessarily constrain technological innovations, several “rules” have been
applied to the generation of requirements in the ORG. These rules should be maintained and
applied for future revisions, with appropriate modifications as the document evolves.

1. Itis acceptable (though not required) to repeat (or come close to repeating) an existing
regulation, especially where the regulation or regulatory guidance is internationally relevant.

2. The level of detail should be limited in higher tiers to facilitate high level understanding and
to promote the technology inclusivity of the ORG. Requirements should appear at the lowest
appropriate level.

3. Arequirement should represent a single coherent thought. Requirements should be split into
two (or more) individual requirements as needed to maintain clarity and coherence.

4. Requirements should avoid constraining innovation and design solutions to the extent
possible. They should be based on function or objective for the owner-operator, or they
should prompt a solution to a known technical issue. The requirements should communicate
the basic need of the owner-operator but leave it up to developer to create the technical
solution.
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5. To the extent possible, prescriptive, technology specific requirements should be left to the
owner-operator and/or developer/vendor to develop and maintain.

6. Requirements for specific missions/technologies should be reviewed to determine if:
e The requirement should be generalized for all missions or all technologies; or

e An analogous requirement (i.e., similar but not generalized) for other missions or
technologies is needed; or

e An analogous requirement may exist but cannot be articulated for a given mission or
technology. In these cases, a requirement should be established in as general terms as
needed to produce a coherent thought. The alignment column can then indicate the source
of the ambiguity and what may be required to resolve it. This requirement effectively
serves as a placeholder for further development in a subsequent version of the ORG.

7. Tier Il level of detail: Numerical values for requirements should be used carefully and
avoided where possible. In lieu of specifying metrics numerically, requirements should
identify that the owner-operator must define their expectation in sufficient depth to avoid
misunderstanding their needs. Target values could be included but should be identified as
such.

8. Tier Il level of detail: Similar to Tier Il, Tier 1l requirements should, in general, represent
good solutions and best practices from previous designs, but without prescriptive language
that restricts innovation. The driver for the previous solution should form the “basis” of the
requirement and the best practice should reflect the “alignment” category, as reflected in the
corresponding Tier Il requirements within the ORG text. The requirement should indicate
which design issues need to be addressed, not how to address them.

2.5 Differences from Previous Guidance Documents

The ORG shares many common purposes with the URD, EUR, and other existing guidance in
providing clear and agreed upon expectations for new reactors. The URD’s structure and, to a
limited extent, content, were utilized to the maximum extent practical in the initial development
of the ORG. However, the broader applicability in terms of technologies, missions and audience
warrants departure from these examples.

The URD defines evolutionary requirements for a well-developed technology with decades of
operating experience (OE) serving one well understood mission. The ORG provides guidance for
multiple missions and multiple reactor technologies with very little directly applicable OE. Also,
the ORG anticipates a desire for flexibility in operations and even in variable missions.

For these reasons, it is neither possible nor desirable for the ORG to go to a great level of detail
in terms of defining specific requirements. To this end, a key difference between the ORG and
many previous advanced reactor guidance documents is the intent of the requirements. Whereas
other reactor design and development requirements generally invoke “shall” statements and are
intended to present true requirements by which all applicable reactors are to abide, absent strong
justification, the ORG requirements comprise “should” statements, and therefore do not
represent true “requirements” in the traditional sense. Instead, the ORG guidance is intended to
inform decisions and ensure that new or different solutions and approaches are visible,
documented and justified.
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2.6 Emphasis on Key Issues and Challenges

The ORG contains requirements intended to address major barriers, challenges, and gaps
associated with the commercialization of advanced reactors. These are highlighted below.

2.6.1 Flexibility

The uncertainty of future energy demands, and the potential scale of the opportunity justify
solutions that reliably fulfill several missions or can adapt to changing circumstances. Reactors
that deliver flexibility in deployment, operation, and production will distinguish themselves in
adapting to uncertain markets of the future.

2.6.2 Cyber Security

The concern for malicious acts targeting information systems has become a critical issue for
nearly all commercial endeavors and in all public infrastructure. Nuclear power plants represent
large capital investments and are sometimes key nodes in infrastructure networks. Maintaining
cyber security is essential to the continued security of any large asset and most existing
installations have been forced to apply retroactive solutions to facilities that either pre-date most
digital technologies or were built when cyber security threats were much less prolific. Cyber
security should be inherent in the design to ensure that advanced reactor facilities are hardened
against the cyber threats of today and tomorrow.

2.6.3 Constructability

Construction timelines, labor costs, construction productivity, rework and material costs can
combine to shift a new reactor project from economic promise to financial burden. Modular
construction techniques have been employed to reduce on-site construction efforts and increase
the confidence in construction timelines, but these efforts by themselves are insufficient to
provide confident cost and schedule estimates. If done improperly, modular construction
techniques can increase the risk to a new reactor’s construction. Advanced reactors will need
to be manufactured and constructed with techniques and management practices that promote
success well in advance of first concrete.
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ORG APPLICATION AND USE

The following sections provide insight into the use of the ORG including information on how
to initiate revisions to the ORG, possible interactive methods of presenting the ORG content in
future revisions, and a pilot program that was used to assess the compatibility of ORG
requirements with vendor requirements.

3.1 ORG Revisions

EPRI has published the ORG with the intent to revise it as necessary based on feedback from
the advanced reactor community. The ORG is a living document, and stakeholder input is
encouraged for the continual adaptation of the document to industry needs.

3.2 ORG Requirements Format

The ORG front matter is provided as a standard electronic document. The ORG Policy
Statements, Tier | Categories, and Tier Il and Tier 11l requirements are also provided in an
electronic format, which can be imported as part of an interactive electronic database

(in lieu of using a traditional printed format).

3.3 Pilot Program

The last stage of development for ORG Revision 0 included a “pilot program” wherein two
volunteer advanced reactor vendors (TerraPower, LLC and X-Energy, LLC) utilized a draft ORG
to interface with their existing functional requirements. The goal of the pilot program was to take
requirements from the ORG and tie them to vendor functional requirements in order to:

1. Validate that ORG requirements are reasonable and achievable;

2. Validate that ORG requirements do not unnecessarily constrain design;

3. Validate that low-level ORG requirements are traceable to high-level requirements;
4

. Validate that the ORG format is easily applied to common requirement management software
packages used by reactor developers and vendors; and

5. Show that advanced reactors have novel, robust approaches for meeting the fundamental
owner-operator needs.
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The following is the ORG Revision 1 in its entirety.
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ORG Executive Summary

The Advanced Reactor Owner-Operator Requirements Guide (ORG) is a product of EPRI’s
Advanced Nuclear Technology (ANT) Program. The ORG is intended to illustrate the expected
benefits of advanced nuclear technologies to potential owner-operators, and the public at large,
facilitating the development and growth of the industry. The ORG is also intended to provide
guidance to owner-operators for how to be successful in designing, building, and operating an
advanced nuclear reactor while capitalizing on the expected benefits of these technologies.
Lastly, the ORG is intended to communicate the expectations and desires of the owner-operator
for reactor design, facilitating dialog between the potential owner-operator and the reactor
vendor at an early stage in the design process. This will help ensure reactor vendors design a
reactor that: (1) meets the needs of the owner-operator in an early iteration of the design,

(2) avoids an expensive and time consuming iterative process, and (3) meets fundamental
licensing expectations.

The highest level of guidance provided in the ORG are the ‘Policy Statements’ and ‘Aspirational
Goals’. Policy statements act as philosophies that should be embodied by advanced reactors and
indicate broad areas in which advanced reactors should provide advantages over traditional
reactor designs. Aspirational Goals are specific, ambitious characteristics that, if achieved in

the future, will provide advanced reactors with distinct, measurable advantages over competing
energy sources in the reactor’s market of choice.

After the Policy Statements and Aspirational Goals, the ORG is organized into three Tiers. Tier |
provides “Categories” into which lower-level requirements may be grouped. Tier Il provides
high-level guidance intended to support the design, construction, operation, and economic case
of advanced reactors, and in service to specific missions. A mission is the desired end product of
the reactor, such as electricity generation or radioisotope production. Tier Il requirements are
intended to be technology-inclusive, meaning the requirements do not assume a particular type of
reactor design. Additionally, Tier Il requirements are not concerned with specific components or
equipment, but focus on processes, design philosophies, and other high-level objectives.

Tier 111 provides technology-level guidance for a selected set of reactor technologies intended to
inform/guide, but not hinder, reactor design. Tier 11 uses lessons learned from the construction
and operation of traditional light water reactors (LWRs) and experimental advanced reactors to
provide this guidance. Tier Il requirements are separated by the technologies to which they

apply.
ORG Revision 1 Checklist

Revision 1 introduced the addition of a checklist tool, as a way of enhancing the utility/value of
the ORG. The main purpose of this checklist is to offer utilities and other potential owner-
operators an easy-to-use option for the ORG, as it identifies key guidelines for the advanced
reactors discussed in this ORG Revision 1 document. It is also intended to serve as a screening
tool and to help evaluate the completeness of the guideline. The content of this checklist is found
below.
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The proposed advanced nuclear reactor design and deployment strategy should be innovative.

e Where properly demonstrated and justified by cost and/or schedule savings, the designer
should use advanced construction techniques such as additive manufacturing and robotic
welding to build a plant that can be deployable in a variety of environments.

— Difficulties with advanced techniques should be anticipated.
— Code and standard acceptability of advanced techniques should be justified.

e First of a kind design features should be justified and demonstrated by prototype or
laboratory testing.

e The use of standardized and market available components (commercial off-the-shelf
[COTS]) is preferred wherever advanced technology is not key to the design.

e Proven computerized design tools should be included in the design process.
— Verification and qualification of new analysis tools should be accomplished early.

e The design should employ modular construction considering constructability and providing
flexibility to accommodate schedule deviations.

e The dependence on active safety systems should be minimized in favor of passive systems.
e Use of digitalization and simple human-machine interface (HMI) is preferred.

— Calibration and maintenance should not interfere with plant operation.
e The use of robots in maintenance activities should be considered.

e Modern technologies (fiber optic networks, wireless, distributed antenna systems) for data
transmission should be used.

— The capability for adding remote sensors should be provided.

e The design process should incorporate cybersecurity considerations: any cybersecurity
vulnerabilities should be identified, and defense-in-depth approaches should be planned.

e The I1&C systems for safety and control should be physically isolated from outside input.

e A cyber-security program should be developed to address changes from development
throughout the life of the plant, including construction.

e Digital systems for instrumentation and control should be developed, verified, and tested
according to international standards.

e The reactor designer and owner-operator should plan for obsolescence risks during the design
phase and mitigate it during the reactor life, by identifying a replacement strategy.

e Diversification of the plant output (heat, actinide burning, and hydrogen production) should
be considered.
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The plant’s design should allow following a load profile that is appropriate for the specific
applications and should be remotely dispatchable for load following.

- Load following may be accomplished by changing the reactor thermal power or by
redistributing the plant power to alternative uses (e.g., hydrogen production when
electrical demand is low).

The proposed advanced nuclear reactor should be economically viable, and the investment
should be adequately protected.

The owner/operator should actively engage with the public to gain trust and credibility to
foster positive public relations.

The reactor designer should provide a detailed cost estimate for the entire project and update
periodically as the project evolves.

The owner-operator should implement a risk mitigation strategy during planning,
construction, and operation to protect the investment.

Design, construction, procurement, inspection, testing activities, and deployment time should
be included in an integrated schedule.

— Each activity should be planned and scheduled with the level of accuracy defined before
starting the project and as appropriate for the current phase of the project.

Schedules should be consistent with the plant construction experience.

The capital cost and the lifetime levelized cost should be estimated with a level of accuracy
identified as appropriate for the current phase of the project.

— These costs should be competitive with the lowest priced, equivalent scale generating
method in the local market where the advanced reactor will be deployed.

An ongoing discussion between the owner-operator and construction contractor should begin
early in the conceptual design phase.

Conservatism in the design should be identified and monitored to avoid buildup of excess
conservatism and should be evaluated and eliminated where not necessary for safety or
investment protection.

The safety and non-safety areas of the plant should be separated to achieve lower costs in
non-safety related areas. The safety related portions of the plant should be minimized.

Plant operation should be resilient against postulated events.

Single point vulnerability and reliability analysis should be performed in order to minimize
economic losses.

Critical equipment should be protected from credible natural or man-made hazards. The
potential for outlier events should be considered.
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The reactor designer should distinguish between components intended to be replaceable and
those that are intended to be qualified for the entire life of the plant.

— For the former, a means for ready replacement should be included in the design.

— For the latter, a strategy that considers the impact of an unexpected replacement should
be developed.

— Use of replaceable components may be desirable to reduce initial capital cost and reduce
obsolescence risk.

The design should consider possible disruption in the supply chain and allow for flexibility in
deployment, operation, and product.

The proposed advanced nuclear reactor design and licensing strategy should facilitate a
streamlined process.

The design analyses should use proven methods and conservative assumptions, taking into
account postulated and severe events, and should establish safe shutdown and cooling with
safety-related equipment only.

The design should consider the economic and environmental requirements for
decommissioning.

The reactor designer should anticipate first of a kind (FOAK) licensing challenges and
develop mitigation strategies.

The licensing basis should avoid unnecessary detail that would unduly constrain operational
or construction flexibility without affecting safety.

The design should be as simple as possible, minimize the vulnerability as well as
susceptibility to initiating events.

Probabilistic risk assessment (PRA) tools should be used to evaluate severe accident risk,
including internal and external events. The PRA assumptions should be periodically
validated during the plant’s life.

The design should include means to control the release of radioactive materials during
operation and severe accidents.

The reactor designer should account for human-made hazards as well as natural occurring
events, and develop the technical basis for postulated and severe accident management, such
as procedure guidelines, emergency procedure guidelines, and severe accident management
program.

The reactor designer should communicate with the owner-operator to assure that the design
features, selected site, and implementation plan are appropriate and consistent.

The reactor designer should assist with the implementation of a licensing plan and support
the license application and review.

Deviations from current regulatory requirements should be justified technically if financially
advantageous.
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A set of principal design criteria and any deviations from current requirements and guidance
should be established and documented.

The plant design should allow enough time for the operator to evaluate the plant conditions.

The construction process should be efficient and adequately planned in advance.

The owner/operator and reactor designer should obtain input from a construction contractor
early in the design process.

The constructability review program should inform design decisions to optimize construction
cost, schedule, risk, and future operability and maintainability.

The design approach should allow realistically achievable construction tolerances.

The reactor designer should classify the structures, systems, and equipment with respect to
the nuclear safety function, and with respect to their ability to withstand the effect of
postulated events.

The reactor designer should consider the construction experience in previous nuclear and
non-nuclear projects.

The designer should allow the flexibility to use updated industry codes and standards.

Design decisions regarding the balance between site and off-site construction should consider
logistics (e.g., transportation, availability of skilled workforce, weather).

The site material control program should be in place prior to accepting applicable deliveries.
— The quantity and location of components and bulk commodities should be tracked.
— Preventive maintenance of components in storage should be tracked.

The site construction plan should provide sufficient lay-down areas to accommodate planned
and delayed construction schedules.

If multiple units in a staggered build (i.e., all units are not built at the same time) are planned:
— The effect of construction on adjacent operating units is evaluated.

— Shared services (e.g., dry fuel storage, service water, fire water) should be designed to be
shareable from the start, rather than retrofitted with each new unit.

The constructor chosen by the owner-operator should have a significant amount of previous
experience serving as the EPC firm for large industrial construction projects.

Regarding maintenance and operability and quality assurance (QA), the proposed advanced
nuclear reactor should observe the following guidelines.

For each plant design, a standard set of operating and maintenance procedures, as well as
training materials and simulators should be available.

The reactor designer should take into account decommissioning, try to minimize the amount
of waste produced, and should not assume the availability of centralized facilities for waste
storage.
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The security of the plant should be simplified and improved (e.g., minimizing the number of
control points that access the plant), simplifying the actions required to secure the perimeter
and minimizing the size of the guard force.

The QA program should be established early.

— The reactor designer, constructor, and owner-operator should each define the QA
program requirements and ensure that the program is consistent with the appropriate
regulator-endorsed requirements.

— Clear expectations for maintaining documentation should be established.
— Commercial grade dedication should be used where technically and financially justified.

— The owner-operator should review and audit the reactor designer and original equipment
manufacturer (OEM) QA programs.

— The QA manuals and procedures should be based on those already successfully used in
comparable nuclear facilities.

The designer should develop and implement Design Reliability Assurance Program (D-RAP)
based on Operating Experience and PRA. D-RAP should provide information to the future
owner-operator for plant reliability assurance activities.

The reactor designer should classify the structures, systems, and equipment with respect to
the nuclear safety function, and with respect to their ability to withstand the effect of
postulated events.

Where possible, seismic testing and environmental qualification should be performed at the
system rather than the component level.

The design should identify all applicable codes and standards.

The designer should pursue commonality in material where possible. The materials chosen
should have demonstrated high corrosion/erosion.

Industry codes should not be considered sufficient to demonstrate adequate performance if
the service conditions cannot be supported by previously accepted practice.

The fuel system should demonstrate a benign behavior over a range of conditions that could
be experienced during operation and postulated event conditions

The reactor designer and owner-operator should make the information turnover process a part
of original EPC contract.
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ORG Chapter 1 — Description of Policy Statements and Aspirational Goals

1.1 Introduction
The highest level of the ORG consists of Policy Statements and Aspirational Goals.

Policy statements are high-level principles for advanced reactors. They apply to all missions and
technologies and are useful communication tools for all stakeholders. Each ORG requirement
stems from one or more policy statements, and the most desirable features of advanced reactor
technologies are those that most effectively realize these statements.

The aspirational goals consist of high-level performance and design features which prospective
advanced reactor customers have identified as providing significant value. Aspirational goals are
distinct from policy statements in that the policy statements are considered essential for the
successful deployment of any advanced reactor design, whereas the aspirational goals are
capabilities hoped for in the future.

1.2 Policy Statements

A. Constructability — Focus on manufacturability, transportability, work efficiency, and
construction duration. Similar to maintenance, practical issues relating to the construction
should be considered in the early stages of design. Applicable experience and lessons learned
from both recent nuclear and non-nuclear construction projects (major infrastructure and
process plants) should be applied. A design that is difficult to construct increases risks of cost
escalation and schedule delays. The plant owner-operator is concerned with meeting targets
of cost, quality, schedule, and risk mitigation. Predictability in construction enhances the
owner-operator’s confidence in meeting these targets and is nearly as important as lowering
costs.

B. Decommissioning — Envision end-of-life activities including plant decontamination and
decommissioning. Similar to design and maintenance, practical issues relating to
decommissioning of the plant should be considered in the early stages of design. A design
that is difficult to decommission could create regulatory liabilities and require that more
money be retained in the decommissioning fund for costs incurred after useful economic life
has ended. The use of automation and robotics to support decommissioning could be greatly
beneficial and should be accommodated into the design of the facility.

C. Design Margin — Provide enhanced margins to failure of fission product barriers compared to
current reactors and current licensing requirements. Design margin is also desired for
operational and performance considerations. These enhancements should provide greater
operational flexibility for addressing emergent problems encountered following completion
of design and during construction and operation.

Nuclear power plants, particularly in the U.S., have experienced degradation of material
condition resulting in an unacceptable reduction in margin to regulatory limits. Greater
performance and safety margins in advanced reactor designs should allow changes in
regulatory margins with minimal physical modifications and upgrades to address them.
Greater margins should also enhance economic performance by allowing for operational
modification throughout the life of the reactor and will increase flexibility for dealing with
failures and other unforeseeable issues.
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D. Economics — Effectively compete with other (nuclear and non-nuclear) technologies to fulfill
the specified mission(s) based on evaluation of costs using clearly justified assumptions,
consistent with best cost estimating practices for capital, operating, maintenance, and fuel.

e Lifetime costs should be considered but may not be relied upon alone to justify the
plant’s competitiveness (i.e., a 50-year cost recovery is unlikely to be acceptable even for
a hypothetical reactor with a 100-year life). At the same time, a long plant life may offset
high initial capital costs, especially if replacement costs/decommissioning of the
competing technology are considered.

e Tradeoffs affecting competitiveness should be identified.
e Assumptions should be clearly identified and justified.
e Auvailability, reliability, and capacity factor have major effects on economic performance.

e Ongoing major societal/political changes should be addressed in economic models.
e Economics should be based on a whole-plant model.

Regardless of any other areas in which the reactor may excel (safety, performance,
environmental protection), if the reactor is not competitive in its chosen market, no owner
will pursue it. It is possible for future regulations, resource availability, and market demand
to significantly impact the economic performance of the reactor. Thus, a forward-thinking
approach should be used to determine the economic strategy of the reactor.

E. Flexibility — Support a wide range of needs and desires with regards to operations,
deployment, and product without sacrificing quality or competitive advantage. Designs
should be adaptably deployed and operated under challenging, changing, or uncertain
external conditions and constraints, and they should reliably fulfill one or more missions.
EPRI report 3002010479 specifically addresses the concept of flexibility for advanced
reactors (EPRI, 2017¢).

e Operational flexibility refers to the ability of a reactor to be operated under a range of
conditions. Most commonly, it is equated to the ability of a power plant to adjust to grid
conditions and support power quality via load following and grid frequency control.
However, there is increasing recognition of other desirable attributes of operational
flexibility. As a result of this, other components of operational flexibility include the
ability of a reactor to use various types of nuclear fuel, being able to integrate with
technologies such as topping cycles and energy storage, or the ability to operate in
“island mode.”

e A plant that is flexible in where or how it can be deployed will increase the number of
potential sites.

e A reactor that is flexible may be repurposed if a more profitable market emerges.

e A plant that is flexible can justify or adapt deployment and operation under challenging
or uncertain external conditions and constraints, operating when it may otherwise need to
shutdown, increasing revenues and reducing financial risks.
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F. Good Neighbor — Provide an overall benefit to the surrounding community through
protection of the environment and other benefits, while providing a dependable source of
economic well-being. The design and siting of the reactor should consider the needs and
objectives (economic, social, etc.) specific to the community in which the reactor is
deployed.

e The jobs provided will stimulate a local economy and create growth.

e A nuclear reactor will improve the quality of the air and water by displacing other energy
sources.

The support of the surrounding community will be key to every proposed advanced reactor
project. Many otherwise promising infrastructure projects have failed due to a lack of public
support. Local and general considerations should be taken into account in design, siting,
construction, operation, and decommissioning. Steps should be taken to:

e Emphasize the societal benefits of nuclear power sources with respect to greenhouse gas
emissions and absence of air pollution in electricity and process heat generation. Climate
change is generally recognized as a significant societal risk, and nuclear power’s
advantages should be recognized.

e Educate the public on the safety case for nuclear power in easily understandable terms
beyond the traditional probabilistic metrics used by regulators.

e Demonstrate a plan for used fuel disposal and reactor decommissioning for advanced
reactor designs, which may include the dispositioning of the legacy inventories of used
fuel resulted from the operation of existing commercial nuclear reactors.

e Define the community benefits (or minimize the liabilities) of placing advanced reactors
near population centers or near industrial facilities.

e Minimize the “footprint” of the facility by considering societal impacts (e.g., traffic,
visual aesthetics, and noise).

G. Human Factors and Automation — Human-machine interfaces (HMI) should be simple and
intuitive, be consistent across all system displays, and consider remote or multi-unit
operation where permitted by regulations. Any interaction between human and machine
creates opportunities for human error. These errors can be minimized by the following.

e Making the HMI as simple and easy to use as possible.
e Making the HMIs consistent throughout the plant.
e Building HMIs with possible future capabilities in mind to support Aspirational Goals.

e HMIs should be customizable to allow conformance to societal norms in different
countries (e.g., reading direction, significance of colors).

e The use of automation should be optimized to balance the reduction in human errors with
reliability, staffing considerations, costs, etc.
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Innovation and Proven Technology — Innovative features will be used where justified to meet
the mission but should be demonstrated where necessary prior to commercial deployment to
reduce licensing and investment risk. In other words, FOAK or immature technologies
should be used only where they provide a clear competitive advantage and manageable risk.
Appropriate measures should be taken commensurate with the accumulated operating
experience of each new technology by planning for extensive testing or prototype
demonstration of FOAK features. The long-time horizon for fuel and materials qualification
is of particular concern.

Innovation could appear to be at odds with the use of Proven Technology; however, both
have a prominent place in the ORG design philosophy. The use of proven technology
supports the use of innovative features. Some basic technical solutions have been proven in
LWR experience and are directly transferrable to advanced reactor designs. Other industries
(e.g., aviation, petrochemical, automotive) also have vast experience related to robotics and
digital instrumentation and controls. In many cases, the technologies used in other industries
are more advanced than those used in the nuclear industry. The lessons learned from decades
of LWR operation regarding materials and components used in certain applications should
not be discarded when designing advanced reactors; rather, such lessons learned should be
thoughtfully considered and applied throughout the design process — even applied directly to
innovative technologies implemented in the design. This will allow the lower levels of the
design to have a pedigree of operating history that proves the adequacy of the component in
the desired application, capitalizing on previous experience and investments, and increasing
the reliability and safety of the reactor.

Investment Protection — Ensure that the plant is protected from extensive, costly, and
potentially irrecoverable damage.

e Large, critical components that are expensive to repair and replace should be protected
from damage in realistic scenarios. In particular, balance-of-plant components should be
evaluated since they often are relegated to lower priority in a nuclear plant. If the reactor
designer is not familiar and has insufficient resources to evaluate balance-of-plant issues,
the owner-operator should ensure other entities are brought in to fill the gap.

e The design should include features that ensure forced shutdowns not due to major
equipment problems (e.g., shutdowns due to neutron poison injection) are recoverable
without a prolonged shutdown period.
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J.

Licensing Preparation — Address current applicable regulatory expectations and provide,
at a minimum, equivalent safety provisions appropriate to the technology. Design features
unaddressed by or inconsistent with current regulatory expectations may be made practical
with advanced reactors (e.g., remote operation). These should be noted as increasing
regulatory risk and should have a carefully developed rationale and justification to present
to the regulator.

e Itis important for potential owner-operators of advanced reactors to consider regulatory
issues early in development so that time and money are not wasted developing a design
that cannot be reasonably expected to be licensed to operate.

e Analytical methods should be developed in a manner that will give regulators an
assurance of safety, accounting for the current lack of experience with advanced reactor
technology.

e Pre-application discussion with regulators is essential to identify expectations.

e The key safety basis elements should be effectively justified, but defense in depth must
still be addressed.

Maintainability — Accommodate access for personnel and/or robotic devices to efficiently
accomplish maintenance. Plant arrangements should provide transfer routes for replacement
of major components without removal of major structures, systems, or components (SSCs).
Additionally, procedures should be put in place to ensure the difficulty of maintenance
activities is minimized.

e The design of SSCs should consider inspectability, testability, and expected and
unexpected replacement.

e All health and safety hazards to personnel, including radiological exposure, should be
considered (e.g., components and systems requiring frequent maintenance should be
located in low-dose areas of the plant, industrial safety should be given equal
consideration to radiation protection).

e Replacement may be more economical than repair.

¢ Maintenance facilities should be considered early in the design. Planning for the adaption
of construction facilities into long-term maintenance facilities can provide significant cost
savings, and the inadequate planning for maintenance facilities can lead to higher costs
for the life of the plant.

e Design controls should be in place so that design information is maintained.

e Special emphasis should be placed on the use of automated maintenance equipment and
robotics in order to reduce manpower requirements and exposure. However, any use of
such equipment should include considerations for repair and retrieval.

When designing any product, system, or facility, it can be easy to focus on increasing
efficiency and performance while ignoring the practical problems of how the design would
be serviced. Such issues should be considered in the early stages of design, so that
maintenance may be completed quickly and efficiently (minimizing cost), and its effect

on plant operation can be minimized.
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L. Operational Sustainability — Account for long term management of key factors in operation
and maintenance. The case for any nuclear technology will rely on establishing confidence
in the viability of the technology for a certain time period, specific to each owner-operator.
If no thought is given to the future availability of specialty materials, the continued technical
capabilities to support the design, or the provision of required spares, the reactor could be
forced to shut down prematurely due to unanticipated costs. Early decommissioning is likely
to detract from the economic case of any reactor, having an adverse economic impact on
stakeholders and resulting in the loss of benefits provided by the reactor. Key factors to
consider include:

e Ensuring supply chains or appropriate mitigation methods are in place to reduce supply
chain risk.

e Implementing programs to ensure continuity of technical cognizance for reactor design
and specialized components.

e Managing critical spares.

M. Quality Assurance (QA) — Design, development, construction, and maintenance should be
performed in accordance with nuclear quality program requirements, including configuration
management, training, etc.

e Due to the unique nature of and hazards posed by nuclear energy systems, effective
implementation of QA programs is of paramount importance. Organizations involved in
design, construction, or operation should have well established, successful QA programs.

e Programs developed for LWRs should be evaluated for applicability to advanced
reactors, and program modifications should be made where necessary.

e QA programs should be applied consistently with regulatory requirements, and in a
manner that provides confidence that the safety functions will be fulfilled, without unduly
hampering the design process. A graded approach should be applied, commensurate with
the function of the SSC. Modern design processes depend on validated software
solutions, making software QA particularly important. A graded approach should also
be applied to ensure that the appropriate quality measures are in place early in the design
process.

e Organizations involved should implement a “quality culture” among workers.

N. Simplification — Minimize the number of SSCs (including interconnections, such as conduit,
cable, piping, etc.) to reduce complexity of operation and to reduce capital, operating, and
maintenance costs. Emphasis should be placed on limiting the complexity and number of
safety-related components. One method of simplification could be to employ passive means
for reactor stabilization and cooling during operational and abnormal conditions. Simpler
designs will result in:

e Increased safety (the plant’s ability to mitigate potential threats the reactor may present
to the health and safety of plant personnel, the local community, the environment, and
society as a whole) and improved performance of the reactor due to fewer failure modes
and higher reliability.
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¢ Reduced costs due to reduced scope and commensurate simplification of construction as
well as reduced maintenance requirements.

e Reduced burden on operators and reduced opportunity for human error with the use of
passive safety systems.

e Reduced costs due to minimizing the number of safety-related SSCs by maximizing the
ability to use commercial grade materials and takes advantage of state-of-the-art
innovations for support and balance-of-plant systems.

O. Standardization — In order to leverage design effort, facilitate licensing, distribute support
costs, benefit from operating experience, and expedite construction, successive plants should
be standardized to the extent feasible. However, standardization should be balanced against
the benefits of innovation. Standardized designs should not rely on specific components from
specific suppliers; rather, they should be flexible enough to support variety in sourcing
materials and components, where possible. Standardization allows for:

e The ability of supporting vendors to collectively service the industry by manufacturing
equipment in bulk with dimensions, material properties, and other characteristics
common across all plants.

e The ability of owner-operators to learn from the operating experience of many other
plants, strengthening the knowledge and quality of the industry as a whole.

e Increased predictability of regulation for reactors with standardized components, as
the collective operating experience provides assurance of safety for new reactors.

While standardization provides many benefits, the philosophy should be tempered by

the idea that advanced reactors are fundamentally innovative. While standardization in
equipment and components is preferred, there should still be room for flexibility in design.
One possibility is to maintain a design stable for some period (as in a ship class) before
implementing accumulated changes.

P. Threat Protection — Protect against internal and external physical and cyber threats that could
credibly challenge the integrity of fission product barriers, provide unauthorized access to the
fuel, or affect the availability of the plant to fulfill its mission. Such protection should:

e Not detract from nuclear safety.
e Minimize cost over plant life.

e Take advantage of passive means or inherent features of the design where possible to
reduce the need for large security forces and active security barriers.

e Reduce reliance on guards because a guard force is one of the largest contributors to
staffing costs.

It is the responsibility of those who operate nuclear technology to protect the public

and the environment from the possibility of fission product release or disruption of critical
infrastructure. However, advanced reactors should consider alternate means of ensuring such
protection that are more economically favorable, and at least as effective as the security
measures in place at existing nuclear plants.
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Q. Waste and Used Fuel Management — Production and management of wastes should be
considered during design and be consistent with anticipated regulatory requirements.
Owner-operators should:

e Not assume the availability of off-site facilities for used fuel storage.

e Not assume any outside entity taking possession of used fuel during the life of the plant
to allow for continued operation of the reactor.

e Manage waste and used fuel such that the effect on normal operations is minimized.
e Minimize inventory of difficult to manage waste streams.

e Provide radioactive waste forms compatible with and suitable for offsite transportation
and disposal without extensive onsite processing.

e Account for prevailing public concerns with respect to waste and used fuel management.

The criterion for on-site storage of used fuel reflects the importance of decoupling reactor
operations, including waste management, from external factors such as availability of offsite
interim storage and permanent disposal facilities.

1.3 Aspirational Goals

The policy statements are general characteristics or philosophies which advanced reactors should
satisfy, whereas the aspirational goals are specific characteristics or features that could be an
important consideration for some potential owner-operators. Aspirations should be those goals
that, through existing experience, owner-operators have identified as being highly desirable,
though not necessarily required. In an evolutionary sense, current aspirations may become future
customer “must haves” as technologies and business cases mature.

Aspirational goals are provided to illustrate the possibilities of advanced reactors. These are
characteristics that owner-operators have expressed interest in for advanced designs. The
aspirations are presented as “could” statements, whereas Tier Il and Tier 11 requirements are
mostly presented as “should” statements. The aspirations are not meant to set a standard by
which all reactors must abide, but are appealing possibilities intended to capture the compelling
attributes and opportunities that advanced reactor technologies offer.

The bold aspirations provided within the ORG are intended to raise the bar for advanced reactor
design without adversely constraining commercialization efforts. Including such a wish list
provides developers, vendors, regulators, and other stakeholders a view into desired features
that may not be otherwise documented or communicated. Below is a list of aspirational goals,
expressed by some in the advanced reactor community prior to, and during, the development of
the ORG. Some of these have been demonstrated to various degrees in other industries but have
yet to overcome hurdles in the commercial nuclear industry.

e Closed Fuel Cycle — Reactors could be designed to operate on a closed fuel cycle, or
specialized reactors could be built to utilize used fuel from open-cycle reactors as fuel,
effectively closing the fuel cycle. This initially became an attractive goal because uranium
was thought to be in short supply. While uranium availability is no longer a large concern, a
closed fuel cycle is still a more efficient use of natural resources (potentially useful energy is
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wasted in an open fuel cycle). Additionally, a closed fuel cycle is beneficial from a
political/public relations standpoint. However, this may make the design more vulnerable to
political or economic decisions outside the control of owner-operators.

e Dry (reduced water) Cooling — Although generally too expensive in the past, rejecting heat to
the atmosphere has become more attractive for use in water scarce locales, and where water
may be abundant but cooling use is restrained. Plants which efficiently reduce the water flow
required to reject waste heat would have inherent benefits to many potential customers. Dry
cooling would also reduce the plant’s impact on the surrounding environment. If dry cooling
is used, plant efficiency will be lower than for a water-cooled plant, so the benefits of dry
cooling must be balanced with a reduction in efficiency. A hybrid cooling method could also
be used for added flexibility (e.g., changing cooling method depending on the time of the

year).

e “Hands-Free” Safety — Using passive safety features, reactors could be designed so that the
period of time in which the reactor can remain safe after an event without operator action
or off-site electric power is unlimited. No operator action or off-site power is required for
the reactor to safely shut down and remain safe post-event. Because “unlimited” cannot be
objectively demonstrated, a long-time requirement should be specified (e.g., 30 days).
If hands-free safety is not feasible, designing to slow transients to lengthen available operator
response time is an option.

e Guard-Free Security — The threat to a reactor differs widely around the world. It would be
desirable for a reactor to be self-protecting such that the design alone is sufficient to meet
safeguards criteria without an on-site security staff. In this case, armed response would be
from local law enforcement. For very small remote reactors, hiring a security force would
not be economically feasible, so guard-free security would be a necessity. In general, a
design that reduces the security staff would also be beneficial. Considerations in
implementing this goal are 1) protection against sabotage intended to take the facility
out of service or spread radioactivity and 2) theft of special nuclear material.

e On-line Maintenance — Even older LWRs have been highly successfully in transferring many
maintenance activities out of shut down periods. Some plants may reduce downtime by
operating with restrictions (e.g., reduced power) with some equipment out of service for
maintenance. In reactors with longer refueling cycles (or on-line refueling) the ability to
perform on-line maintenance tasks on major components could greatly enhance the
availability of the plant.

e On-line Refueling — Automated refueling processes which occur on-line can be achieved for
some technologies. These methods have the potential to reduce the severity of fuel handling
events and enhance the plant’s availability.

¢ No Refueling — Certain applications for advanced nuclear plants (e.g., remote locales)
become much more attractive if the plants do not need to be refueled for the entire lifetime
of the plant. This would primarily be pursued for very small reactors.
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Remote or Autonomous Operation — Plants could be designed to be operated by personnel
off-site or be self-controlling within certain constraints. This would greatly increase the siting
options for the plant (e.g., remote locales with extreme weather conditions) and significantly
alter the economics. Maintenance needs will require consideration. As plants move toward
increased automation, it is expected that humans will begin to have a more supervisory role
in maintenance and operations.

Off-grid Operation — Current nuclear power plants are designed to operate while tied to a
functioning, integrated electrical grid. There is increasing interest in using small advanced
reactors which do not require offsite power supplied by functioning, stable grids, as
dedicated power sources for critical infrastructure (e.g., defense facilities) in the event

of a significant, sustained disruption of the grid.

“Black Start” Capabilities — Current nuclear plants must have offsite power (i.e., a
functioning electrical grid) to start up. A plant that can start up using its own resources,
without the need to be supplied offsite power by the grid, would be helpful in restoring the
electrical grid following a significant, sustained disruption. For remote plants, this is a
necessity as there will not be another source of electricity from which to start the plant.

Decentralized Power Generation — Electricity generating plants would have benefits to being
sited at the distribution level. This would save resources on building transmission and would
contribute to the decentralization of power. This would likely only be feasible for small
reactors, and the challenges associated with siting a nuclear plant near or in population
centers would need to be overcome.

Fleet Licensing — In a fleet licensing approach, a design would be accepted for use at any
site meeting certain criteria and would not require a separate technical design review for each
site. This may become more feasible from a regulatory standpoint as safety cases for designs
become simpler. This is particularly important for Small Modular Reactors (SMRS).

Siting in Close Proximity to Population Centers — The success of advanced nuclear plants
depends greatly on the ability to locate these reactors reactors in close proximity to
population centers and co-locate with industrial facilities. Many of the old, small coal plants
that were located in critical locations to support grid security and meet load requirements,
have shut down due to economic or environmental considerations. Oftentimes, these plants
were located near population centers and urban areas. The public and the regulator have to
be convinced that the replacement of the older coal plants with advanced nuclear plants is
beneficial to the health and safety of the public and the economy of the region. Process heat
supply by advanced nuclear plants is only viable if the user is located in close proximity or
co-located (otherwise the process heat losses become unacceptable).
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ORG Chapter 2 — Description of Tier | Categories

Tier | of the ORG consists of 11 Categories in which all Tier Il and Tier 11l requirements are
sorted. The purpose of the categories is to increase the readability of the requirements by
grouping requirements that pertain to similar topics. Each category has an underlying philosophy
that governs why requirements of the type were included by the ORG authors (i.e., the overall
benefits of meeting the requirements in the category).

The relationships between the Policy Statements, Categories, Requirements, and Attributes are
explained below:

Policy Statements — Policy Statements are overarching themes of the ORG that apply
generally to all Requirements. Individual Requirements do not fall underneath a specific
Policy Statement. It should be noted that there is inevitable overlap between the Categories
and the Policy Statements as they convey many of the same ideas, but their functions within
the ORG are different.

Categories — Tier I, Tier Il, and Tier 111 of the ORG are connected such that each
Requirement in Tier 111 has a parent Requirement in Tier Il, and each Requirement in Tier 1l
has a parent Category in Tier I. The Categories exist to provide a convenient grouping of
Tier 1l and Tier 11l Requirements, and do not provide specific guidance themselves.

Requirements — Tier 1l and Tier I11 are comprised of Requirements. Each Requirement
provides specific guidance related to some aspect of owning, operating, designing, or
constructing an advanced nuclear reactor.

— Each Requirement is assigned only one Category.

— Although it is clear that many Requirements could fall into multiple Categories, the
Category of each Requirement is chosen to maximize the similarity between
Requirements within a Category and balance the number of Requirements in the
Categories.

— For example, if a Requirement could realistically fit in both a broad Category like
“Licensing and Safety Analysis” and a more specific Category like “Materials,” the
Requirement is sorted into the more specific Category so that all Requirements pertaining
to the more specific Category may be read together.

— The broad Categories, like “Licensing and Safety Analysis”, are then used to present
Requirements that are more general in nature or do not apply to any of the more specific
Categories.

Attributes — Each Tier 1l and Tier 111 Requirement is tagged with one or multiple Attributes.
The Attributes are very general aspects that must be satisfied (e.g., the reactor must be safe,
the reactor must generate profit). The Attributes show the end results of implementing each
Requirement (e.g., the reactor becomes safer, the reactor becomes more profitable).
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The categories used, and the philosophies governing them, are discussed below.

A. Constructability — Constructability strongly affects capital cost, as it has major impacts on
scheduling and technical risks. Decreasing the capital cost of nuclear technology is a major
goal of advanced reactors. The purpose of the requirements in this category is to adopt
lessons learned from recent large-scale construction experience to help ensure future
construction projects are well executed and are ultimately successful. Major concerns are:

e Learning curves for new workforce
e Modularity

e Qualification of suppliers

e Construction site arrangement

e Prevention of construction rework

B. Cyber security — Requirements in this category pertain to the protection of plant data systems
and communications. In recent years, cyber security has become a large concern, particularly
in relation to maintaining national critical infrastructures. These requirements are intended to
help make plants more resistant to cyber interference.

C. Instrumentation and Controls — This category contains specific requirements for the
instrumentation and controls systems. These systems are particularly important and represent
many requirements, and therefore merit their own category. The ORG assumes that digital
technologies will be fully implemented in advanced reactors due to their distinct benefits.
However, the ORG does not preclude the use of analog or digital non-programmable control
systems, especially for safety or post-accident monitoring systems. Major considerations are:

e Sensors: Their ability to adequately characterize plant parameters and to provide accurate
readings under the full range of plant conditions.

e Digital displays, or Human-Machine Interface (HMI): Meeting the current state of the art
for human factors engineering and support automation.

o Reliability: The likelihood of any single component to fail.

e Redundancy: The concept of having multiple components available to perform the same
function to improve overall 1&C system reliability.

e Diversity: The concept of having redundant components with different operating
principles, to improve the overall 1&C system reliability by minimizing common mode
failures. It should be noted that applying diversity means having the second best design
of a key feature in the plant.

e Independence: The concept of limiting interactions between redundant components so
that the failure of one component is less likely to cause the failure of another or the
system of which they are a part.
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D. Investment — Deployment of a nuclear plant constitutes a major investment. Requirements in
this category help decrease the risk associated with such an investment. Important concerns
are:

e The initial investment must be justifiable by the competitiveness of the technology in the
market in which it intends to operate.

e The investment must be viable based on long term supplies of commodities, etc.

e The design should include features which provide confidence in the protection of the
asset (e.g., advanced monitoring techniques, protective features/isolations).

E. Licensing and Safety Analysis — “Licensing” and “safety” are grouped together because
safety requirements form the bulk of licensing requirements. Regulators are concerned with
protection of the public during events due to natural and man-made hazards (including fires,
floods, extreme weather, etc.), so safety metrics must support the licensing requirements.
Reactors are already extraordinarily safe against foreseeable events, but they benefit from
features that maintain the fuel intact for any circumstances. Generally, this is proven with
analyses or tests that support the safety criteria. Requirements in this category relate to both
design and analysis.

F. Maintenance and Operability — These requirements are to make the plant easier to operate
and maintain, which could result in reduced staffing requirements, reduced maintenance
hours, and reduced opportunity for human errors. Major concerns are:

e Worker protection

e Ergonomics/human factors

e Access to components

e Component exchangeability and replaceability

e Standardization or equipment and procedures

¢ Remote maintenance and inspection (reduce dose, heat exposure, etc.)

e Remote operation of important components (reduce dose, heat exposure, etc.)
G. Materials — Selection of the materials used throughout the plant should consider:

e Materials qualification

e Materials selection based on availability and code acceptability

e Nuclear fuel

e Inert gases (heat transfer fluids, process gases, cover gases, fission product gases) and
special materials (e.g., graphite blocks, graphite pebbles, control rod materials, coolants,
coatings, etc.) that may not be traditional materials of construction or may have unique
requirements for how they are employed in advanced reactor designs.
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H. Physical Protection and Proliferation Resistance — Requirements in this category pertain to:

e The physical protection of SSCs against sabotage.

e Administrative and process controls that, if compromised, could simplify sabotage of
reactor operation, or lead to damage of plant SSCs — from both a safety and an
investment protection standpoint.

e The physical protection of nuclear materials against theft.

e The measures taken to ensure nuclear materials are controlled and accounted for to
impede their diversion or misuse.

Quality Assurance — The ORG assumes compliance with applicable safety regulations and

is not intended to ensure such compliance. Rather, the ORG QA requirements emphasize
how a QA program may be implemented in a way that leads to a successful project lifecycle,
from design to decommissioning. For example, maintaining accurate and current plant
drawings is crucial to the success of any QA program.

Reliability and Availability — Different markets and missions have their own metrics for
reliability and availability. Requirements in this category provide such metrics where
possible and provide general guidance for increasing availability and reliability. Items of
interest are given below:

e Anticipated equipment failures should be accommodated by the plant with no or minimal
interruption in operation.

e Reactor design should achieve required availability metrics without undue assumptions
for off-site support services (e.g., short term storage of fuel).

Seismic and Structural — Requirements in this category pertain to the design and analysis
of plant structures. These requirements overlap with “Licensing and Safety Analysis”,
but because there are many requirements that specifically apply to structures and seismic
qualification, they merit a separate category. The following are examples of concerns that
are addressed by requirements in this category:

e Many of these requirements pertain to the design and analysis required for seismic
qualification. However, earthquakes are not the only hazard to structures that should be
considered. Hurricanes, tornados, tsunamis, and human-made hazards such as airplanes
should also be accounted for in the analysis.

e A classification system for SSCs should be created to ensure the analysis performed for
each SSC is adequate relative to the application and importance of the SSC.

e The design of SSCs should be robust enough to allow flexibility in plant siting. However,
the designer should not make an effort to make the base design of the plant suitable to the
most extreme geographies (e.g., high seismicity region), as this would unnecessarily raise
capital costs.
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ORG Chapter 3 — Description of Tier Il Requirements

3.1 Introduction

Tier 11 is the first tier of the ORG that begins to define specific requirements rather than high-
level philosophies or policies. However, Tier Il requirements are still high-level, meaning the
requirements are broadly applicable to the entire plant or to major systems rather than specific
components. Tier Il requirements are also technology-inclusive, meaning requirements apply to
a nuclear reactor of any technology type. The same Tier Il requirement would be applicable to
an SFR, an HTGR, or even an LWR. As a test of technology-inclusivity, Tier Il requirements
should be applicable to LWRs as well as advanced reactors even though LWRs are not explicitly
covered by the scope of the ORG.

The first section of Tier Il requirements presents requirements that are universally applicable to
all missions. These requirements are both technology-inclusive and mission-independent, so that
virtually any reactor built for any purpose should be capable of fulfilling these requirements.

Tier Il requirements are segregated by the “mission” the reactor is intended to fulfill. A reactor’s
mission is related to the ultimate goal (output) of the reactor. The same reactor may serve
multiple missions, either at the same time, or at different times throughout the reactor’s
operation. This differentiation by mission allows presenting a complete set of Tier 1l
requirements that can form a basic idea of what the reactor is expected to accomplish without
prescribing how it will be accomplished. The “how” is partially dependent on the reactor
technology, so in organizing Tier Il by mission, the objective of the ORG is to provide a useful
starting place for achieving a predetermined goal without enforcing unnecessary limitations.

Each requirement in Tier 1l and Tier Il is “tagged” with one or more attributes. An attribute is a
broad reactor characteristic embodied by many specifications. Each attribute must be adequately
fulfilled for a reactor to be viable. These tags should aid in mapping requirements for vendors
who have organized their design requirements around high level functional requirements.

3.2 Attributes

As discussed in Section 3.1, requirements in the ORG are assigned attributes — broad, high level
types of requirements that must be fulfilled for an advanced reactor to be viable commercially.
The following five attributes should be satisfied for each mission discussed in Tier Il for the
reactor to meet advanced reactor objectives:

A. Safety (SAFE) — the plant’s ability to mitigate any credible hazard the reactor may present to
the health and safety of plant personnel, the local community, the environment, and society.

B. Performance (PERF) — the plant’s ability to reliably carry out its mission. Requirements that
satisfy this attribute mitigate risk relating to individuals, communities, or enterprises that rely
on the reactor to perform its mission. For example, an electricity generating reactor should
reduce the risk of blackouts or brownouts in the areas it services by implementing
requirements that support performance.

ORG-22



Owner-Operator Requirements Guide (ORG) for Advanced Reactors, Revision 1

C. Economics (ECON) — the plant’s ability to offer a predictable return on investment for the
investors and/or predictable consumer rates by providing reliable operation within
controllable budgets. Investors and state utility commissions have common but also
competing views. Requirements that satisfy this attribute mitigate the economic risks for all
stakeholders, including the investors who receive profits, consumers paying for the energy,
and the plant personnel who receive salaries. Advanced reactors offer an opportunity to
reduce potential future backfits (i.e., post-TMI and post-Fukushima upgrades) by having
fundamental features such as accident tolerant fuel and passive safety that are less likely to
be affected by previously unidentified events.

D. Implementation (IMPL) — the processes, procedures, and practices relied upon during the
entire life-cycle of the facility. Requirements that satisfy this attribute mitigate the economic
and scheduling risks associated with the planning, design, construction, licensing, operation,
maintenance, and decommissioning of the reactor.

E. Security & Non-Proliferation® (SEC/NP) — the plant’s ability to prevent the loss of control of
fissile and/or radiological material from plant, either through intentional or unintentional
means. It also includes prevention of other adverse effects resulting from active physical and
cyber threats initiated from within the plant or external to it. Requirements that satisfy this
attribute mitigate the risk of releasing radiological material in a radiological sabotage event,
and/or the risk of adversaries obtaining radiological material from the plant. Such
requirements should be implemented through a “Safeguards by Design” mentality so that the
design is simplified, robust, and secured with optimized security barriers and staffing.

3.3 Missions

The primary focus of this document at this time is on the electricity generation mission, but the
ORG structure is intended to accommodate multiple missions in future revisions, including the
four described below. This list is not exclusive and additional missions may be added in the
future. The requirements provided for the missions listed may not be comprehensive. The ORG
is a living document and requirements are continually in development. The missions listed are
those considered by the ORG, regardless of the number of requirements presented for each
mission.

Additional missions may be added to this list if market factors create a new or previously
overlooked opportunity for advanced nuclear reactors, or if a new reactor technology makes a
previously unviable mission viable. When adding a new mission, existing requirements for other
missions will be reviewed to determine if any are applicable to the new mission (and to confirm
that all mission-independent requirements are also applicable to the new mission). Original
requirements will then be developed for the new mission using an approach that is consistent
with the policies of the ORG.

Note that missions may be complementary (i.e., more than one mission may be supported). Also,
some highly specific missions (e.g., desalination, hydrogen production) may be fulfilled by one
or more of those listed below.

3 1t is worth noting that this attribute combines the two related but distinct concepts of physical protection and
support for non-proliferation objectives. The two attributes were merged with the recognition that decoupling of the
two concepts will likely be needed for some requirements.
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The following missions are considered in the ORG:

e Electricity Generation (Grid) (GR) — The use of reactor heat to generate electricity for a large
electrical infrastructure (i.e., a grid). This is the most developed and well-understood mission
for nuclear reactors.

e Electricity Generation (Off-Grid) (OG) — The use of reactor heat to generate electricity in a
location or for an application that lacks a large electrical infrastructure. Advanced reactors
can be built to operate at much lower power levels than traditional LWRs, making off-grid
applications for advanced reactors viable.

e Process Heat (PH) — The use of reactor heat to accommodate processes of various types, such
as chemical reactions (including production of energy vectors, such as hydrogen),
manufacturing, and steam production. Enhanced oil recovery is one market for steam
production that may be of particular interest.

e Actinide Transmutation (AT) — A reactor serving this mission would transmute (or “burn’)
the used fuel from other reactors. This mission refers to the reduction of nuclear waste;
however, it would likely be paired with another mission as well (likely electricity generation)
as the transmutation process will generate heat.

e Radioisotope Production (RP) — This mission refers to the use of the neutron flux produced
in the reactor, as opposed to the heat generation (as utilized by the other missions) to
generate radioisotopes for medical and industrial use.

ORG Chapter 4 — Description of Tier lll Technology Requirements

4.1 Introduction

Tier I11 begins to provide requirements that apply to individual systems and components in the
plant. Tier 111 is not intended to be a comprehensive set of requirements, meaning plants that
meet the ORG Tier Il requirements have other requirements (e.g., regulations, standards) that
must still be met, and the bid specification for the plant will go into more detail than Tier 111 of
the ORG.

Tier 111 consists of technology-independent requirements, which are universally applicable to all
technologies, and technology-dependent requirements. Technology-independent requirements
are distinguished from Tier 11 requirements because they apply to specific components and
systems rather than high-level reactor attributes. Technology-dependent requirements are
organized by advanced reactor design family (e.g., SFRs, HTGRs). Technology families are
categorized defined by the fluid used to remove thermal energy from the reactor. The heat
transfer fluid is a key characteristic that determines many other design aspects and features
including design margins, licensing basis events, and material selection among many others.

Each requirement in Tier 111 is tagged with the attributes discussed in Tier Il and missions for
which it is applicable. While most Tier 111 requirements will apply to a technology serving any
mission, some requirements may only apply to a specific technology-mission combination.

Each Tier 111 requirement branches from a Tier Il requirement and satisfies some specific aspect
of the higher-level objective encompassed by the Tier Il requirement. This means each Tier 11
requirement maps to Tier | (Categories), forming a connected structure.
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4.2 Technologies

The ORG considers the technologies listed below. The list is not intended to exclude any viable
technologies available now or in the future. Technologies considered to be viable technically and
economically within the foreseeable future are included. The requirements provided for the
technologies listed are not comprehensive. The ORG is a living document and requirements are
continually in development.

Additional technologies may be added to this list if conceptual development on the reactor
technology reaches a point where it may be deemed realistically viable. When adding a new
reactor technology, existing requirements for other technologies will be reviewed to determine if
any are applicable to the new technology (and to confirm that all technology-independent
requirements are also applicable to the new technology). Original requirements will then be
developed for the new technology.

The following reactor technologies are considered in the ORG, organized by heat transfer fluid:

e Gas

— High Temperature Gas-cooled Reactor (HTGR) — HTGRs use flowing gas (generally
helium) as a heat transfer fluid. They can use pebble-type fuel or prismatic fuel and can
be used in electricity generation and other missions. HTGRs operate at temperatures of
approximately 700°C. Commercial gas-cooled reactors have operated successfully
around the world.

— Gas-cooled Fast Reactor (GFR) — GFRs are fast spectrum reactors with gas heat
transfer media. They can be designed to operate at high temperatures up to the same
ranges as HTGRs but are distinguished by their fast neutron spectrum. No GFRs have
been built and operated.

— Very High Temperature Gas-cooled Reactor (VHTR) — VHTRs are thermal spectrum
gas-cooled reactors. They are not conceptually different from HTGRs except that they
operate at elevated temperatures (greater than 800°C) which require the development of
new, advanced materials. Many gas cooled reactors have been built and operated, and
some have achieved the high temperatures envisioned for future VHTRS but have not
done so on a consistent, long-term basis.

e Liquid Metal

— Sodium-cooled Fast Reactor (SFR) — SFRs use liquid sodium metal as coolant and
operate on a fast spectrum. They are capable of being built as breeder reactors, and they
typically operate at high temperatures and very low reactor coolant pressures. SFRs can
be large or small and pool-type or loop-type in design. Many SFRs have been built and
operated both experimentally and commercially.

— Lead-cooled Fast Reactor (LFR) — LFRs are much the same as SFRs, but they use lead
or lead-bismuth solutions as a coolant. The principal differences are in the temperatures
of interest for lead properties and the radiological impacts of using bismuth in the
primary system. LFRs employing lead-bismuth eutectic as the primary coolant were
deployed and operated as part of the Soviet submarine propulsion program.
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e Molten Salt

Molten Salt Reactor (MSR) — For the purposes of the ORG, the term MSR refers to the
liquid-fueled reactor, but many MSR requirements could be easily adapted to solid-fueled
designs (such as the FHR). MSRs are reactors that use a molten salt mixture as coolant
with fuel dissolved in it. The fuel and coolant are therefore one and the same. When
referring to the liquid fuel in a MSR, the reader should recognize that these discussions
refer to aspects of reactor design and operation that would apply to both fuel and heat
transfer fluid in other designs. MSRs can operate on a fast or thermal spectrum. To date,
two MSR test reactors have operated.

Fluoride salt-cooled High Temperature Reactor (FHR) — A fluoride salt-cooled, solid-
fueled reactor. These reactors are distinguished from typical MSR concepts in that the
fuel in the FHR does not circulate. For the purposes of the ORG, the term MSR
exclusively refers to liquid-fueled designs, but many MSR requirements will also apply
to FHR designs.

e \Water

Supercritical Water-cooled Reactor (SCWR) — SCWRs employ light water as a
supercritical fluid primary coolant. High pressures and temperatures are used to generate
supercritical water. At present, commercial efforts to deploy SCWRs have not been
identified, and SCWR-specific requirements are not included in the ORG.

ORG Chapter 5 — Complete ORG Requirements

5.1 Policy Statements

The following pages present the ORG Policy Statements. The reader may skip to Chapter 5.2 if
they read the Policy Statements in Chapter 1.2.
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ORG Policy Statements

Owner-Operator Requirements Guide Policy Statements

Title

Description

Constructability

Focus on manufacturability, transportability, work efficiency, and construction
duration. Similar to maintenance, practical issues relating to the construction should
be considered in the early stages of design. Applicable experience and lessons
learned from both recent nuclear and non-nuclear construction projects (major
infrastructure and process plants) should be applied. A design that is difficult to
construct increases risks of cost escalation and schedule delays. The plant owner-
operator is concerned with meeting targets of cost, quality, schedule, and risk
mitigation. Predictability in construction enhances the owner-operator’s confidence
in meeting these targets and is nearly as important as lowering costs.

Decommissioning

Envision end-of-life activities including plant decontamination and
decommissioning. Similar to design and maintenance, practical issues relating to
decommissioning of the plant should be considered in the early stages of design. A
design that is difficult to decommission could create regulatory liabilities and require
that more money be retained in the decommissioning fund for costs incurred after
useful economic life has ended. The use of automation and robotics to support
decommissioning could be greatly beneficial and should be accommodated into the
design of the facility.

Design Margin

Provide enhanced margins to failure of fission product barriers compared to current
reactors and current licensing requirements. Design margin is also desired for
operational and performance considerations. These enhancements should provide
greater operational flexibility for addressing emergent problems encountered
following completion of design and during construction and operation.

Nuclear power plants, particularly in the U.S., have experienced degradation of
material condition resulting in an unacceptable reduction in margin to regulatory
limits. Greater performance and safety margins in advanced reactor designs should
allow changes in regulatory margins with minimal physical modifications and
upgrades to address them. Greater margins should also enhance economic
performance by allowing for operational modification throughout the life of the
reactor and will increase flexibility for dealing with failures and other unforeseeable
issues.
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Owner-Operator Requirements Guide Policy Statements

Title

Description

Economics

Effectively compete with other (nuclear and non-nuclear) technologies to fulfill the
specified mission(s) based on evaluation of costs using clearly justified
assumptions, consistent with best cost estimating practices for capital, operating,
maintenance, and fuel.

¢ Lifetime costs should be considered but may not be relied upon alone to justify
the plant’s competitiveness (i.e., a 50-year cost recovery is unlikely to be
acceptable even for a hypothetical reactor with a 100-year life). At the same time,
a long plant life may offset high initial capital costs, especially if replacement
costs/decommissioning of the competing technology are considered.

o Tradeoffs affecting competitiveness should be identified.
o Assumptions should be clearly identified and justified.

¢ Availability, reliability, and capacity factor have major effects on economic
performance.

¢ Ongoing major societal/political changes should be addressed in economic
models.

e Economics should be based on a whole-plant model.

Regardless of any other areas in which the reactor may excel (safety, performance,
environmental protection), if the reactor is not competitive in its chosen market, no
owner will pursue it. It is possible for future regulations, resource availability, and
market demand to significantly impact the economic performance of the reactor.
Thus, a forward-thinking approach should be used to determine the economic
strategy of the reactor.

Flexibility

Support a wide range of needs and desires with regards to operations, deployment,
and product without sacrificing quality or competitive advantage. Designs should be
adaptably deployed and operated under challenging, changing, or uncertain
external conditions and constraints, and they should reliably fulfill one or more
missions. EPRI report 3002010479 specifically addresses the concept of flexibility
for advanced reactors (EPRI, 2017c).

o Operational flexibility refers to the ability of a reactor to be operated under a
range of conditions. Most commonly, it is equated to the ability of a power plant to
adjust to grid conditions and support power quality via load following and grid
frequency control. However, there is increasing recognition of other desirable
attributes of operational flexibility. As a result of this, other components of
operational flexibility include the ability of a reactor to use various types of nuclear
fuel, being able to integrate with technologies such as topping cycles and energy
storage, or the ability to operate in “island mode.”

e A plant that is flexible in where or how it can be deployed will increase the
number of potential sites.

¢ A reactor that is flexible may be repurposed if a more profitable market emerges.

o A plant that is flexible can justify or adapt deployment and operation under
challenging or uncertain external conditions and constraints, operating when it
may otherwise need to shutdown, increasing revenues and reducing financial
risks.
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Owner-Operator Requirements Guide Policy Statements

Title

Description

Good Neighbor

Provide an overall benefit to the surrounding community through protection of the
environment and other benefits, while providing a dependable source of economic
well-being. The design and siting of the reactor should consider the needs and
objectives (economic, social, etc.) specific to the community in which the reactor is
deployed.

e The jobs provided will stimulate a local economy and create growth.

¢ A nuclear reactor will improve the quality of the air and water by displacing other
energy sources.

The support of the surrounding community will be key to every proposed advanced
reactor project. Many otherwise promising infrastructure projects have failed due to
a lack of public support. Local and general considerations should be taken into
account in design, siting, construction, operation, and decommissioning. Steps
should be taken to:

o Emphasize the societal benefits of nuclear power sources with respect to
greenhouse gas emissions and absence of air pollution in electricity and process
heat generation. Climate change is generally recognized as a significant societal
risk, and nuclear power’s advantages should be recognized.

e Educate the public on the safety case for nuclear power in easily understandable
terms beyond the traditional probabilistic metrics used by regulators.

o Demonstrate a plan for used fuel disposal and reactor decommissioning for
advanced reactor designs, which may include the dispositioning of the legacy
inventories of used fuel resulted from the operation of existing commercial
nuclear reactors.

¢ Define the community benefits (or minimize the liabilities) of placing advanced
reactors near population centers or near industrial facilities.

¢ Minimize the “footprint” of the facility by considering societal impacts (e.g., traffic,
visual aesthetics, noise).

Human Factors
and Automation

Human-machine interfaces (HMI) should be simple and intuitive, be consistent
across all system displays, and consider remote or multi-unit operation where
permitted by regulations. Any interaction between human and machine creates
opportunities for human error. These errors can be minimized by:

¢ Making the HMI as simple and easy to use as possible.
¢ Making the HMIs consistent throughout the plant.

¢ Building HMIs with possible future capabilities in mind to support Aspirational
Goals.

HMIs should be customizable to allow conformance to societal norms in different
countries (e.g., reading direction, significance of colors).

The use of automation should be optimized to balance the reduction in human
errors with reliability, staffing considerations, costs, etc.

ORG-29




Owner-Operator Requirements Guide (ORG) for Advanced Reactors, Revision 1

Owner-Operator Requirements Guide Policy Statements

Title

Description

Innovation and
Proven
Technology

Innovative features will be used where justified to meet the mission but should be
demonstrated where necessary prior to commercial deployment to reduce licensing
and investment risk. In other words, first of a kind (FOAK) or immature technologies
should be used only where they provide a clear competitive advantage and
manageable risk. Appropriate measures should be taken commensurate with the
accumulated operating experience of each new technology by planning for
extensive testing or prototype demonstration of FOAK features. The long-time
horizon for fuel and materials qualification is of particular concern.

Innovation could appear to be at odds with the use of Proven Technology; however,
both have a prominent place in the ORG design philosophy. The use of proven
technology supports the use of innovative features. Some basic technical solutions
have been proven in LWR experience and are directly transferrable to advanced
reactor designs. Other industries (e.g., aviation, petrochemical, automotive) also
have vast experience related to robotics and digital instrumentation and controls.

In many cases, the technologies used in other industries are more advanced than
those used in the nuclear industry. The lessons learned from decades of LWR
operation regarding materials and components used in certain applications should
not be discarded when designing advanced reactors; rather, such lessons learned
should be thoughtfully considered and applied throughout the design process —
even applied directly to innovative technologies implemented in the design. This will
allow the lower levels of the design to have a pedigree of operating history that
proves the adequacy of the component in the desired application, capitalizing on
previous experience and investments, and increasing the reliability and safety of
the reactor.

Investment
Protection

Ensure that the plant is protected from extensive, costly, and potentially
irrecoverable damage.

e Large, critical components that are expensive to repair and replace should be
protected from damage in realistic scenarios. In particular, balance-of-plant
components should be evaluated since they often are relegated to lower priority
in a nuclear plant. If the reactor designer is not familiar and has insufficient
resources to evaluate balance-of-plant issues, the owner-operator should ensure
other entities are brought in to fill the gap.

¢ The design should include features that ensure forced shutdowns not due to
major equipment problems (e.g., shutdowns due to neutron poison injection) are
recoverable without a prolonged shutdown period.
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Owner-Operator Requirements Guide Policy Statements

Title

Description

Licensing
Preparation

Address current applicable regulatory expectations and provide, at a minimum,
equivalent safety provisions appropriate to the technology. Design features
unaddressed by or inconsistent with current regulatory expectations may be made
practical with advanced reactors (e.g., remote operation). These should be noted
as increasing regulatory risk and should have a carefully developed rationale and
justification to present to the regulator.

e Itis important for potential owner-operators of advanced reactors to consider
regulatory issues early in development so that time and money are not wasted
developing a design that cannot be reasonably expected to be licensed to
operate.

¢ Analytical methods should be developed in a manner that will give regulators an
assurance of safety, accounting for the current lack of experience with advanced
reactor technology.

o Pre-application discussion with regulators is essential to identify expectations.

¢ The key safety basis elements should be effectively justified, but defense in depth
must still be addressed.

Maintainability

Accommodate access for personnel and/or robotic devices to efficiently accomplish
maintenance. Plant arrangements should provide transfer routes for replacement of
major components without removal of major structures, systems, or components
(SSCs). Additionally, procedures should be put in place to ensure the difficulty of
maintenance activities is minimized.

e The design of SSCs should consider inspectability, testability, and expected and
unexpected replacement.

o All health and safety hazards to personnel, including radiological exposure,
should be considered (e.g., components and systems requiring frequent
maintenance should be located in low-dose areas of the plant, industrial safety
should be given equal consideration to radiation protection).

o Replacement may be more economical than repair.

¢ Maintenance facilities should be considered early in the design. Planning for the
adaption of construction facilities into long-term maintenance facilities can provide
significant cost savings, and the inadequate planning for maintenance facilities
can lead to higher costs for the life of the plant.

e Design controls should be in place so that design information is maintained.

e Special emphasis should be placed on the use of automated maintenance
equipment and robotics in order to reduce manpower requirements and exposure.
However, any use of such equipment should include considerations for repair and
retrieval.

When designing any product, system, or facility, it can be easy to focus on
increasing efficiency and performance while ignoring the practical problems of how
the design would be serviced. Such issues should be considered in the early stages
of design, so that maintenance may be completed quickly and efficiently
(minimizing cost), and its effect on plant operation can be minimized.
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Owner-Operator Requirements Guide Policy Statements

Title

Description

Operational
Sustainability

Account for long term management of key factors in operation and maintenance.
The case for any nuclear technology will rely on establishing confidence in the
viability of the technology for a certain time period, specific to each owner-operator.
If no thought is given to the future availability of specialty materials, the continued
technical capabilities to support the design, or the provision of required spares, the
reactor could be forced to shut down prematurely due to unanticipated costs. Early
decommissioning is likely to detract from the economic case of any reactor, having
an adverse economic impact on stakeholders and resulting in the loss of benefits
provided by the reactor. Key factors to consider include:

e Ensuring supply chains or appropriate mitigation methods are in place to reduce
supply chain risk.

¢ Implementing programs to ensure continuity of technical cognizance for reactor
design and specialized components.

¢ Managing critical spares.

Quality
Assurance

Design, development, construction, and maintenance should be performed in
accordance with nuclear quality program requirements, including configuration
management, training, etc.

¢ Due to the unique nature of and hazards posed by nuclear energy systems,
effective implementation of QA programs is of paramount importance.
Organizations involved in design, construction, or operation should have well
established, successful QA programs.

¢ Programs developed for LWRs should be evaluated for applicability to advanced
reactors, and program modifications should be made where necessary.

o QA programs should be applied consistently with regulatory requirements, and in
a manner that provides confidence that the safety functions will be fulfilled,
without unduly hampering the design process. A graded approach should be
applied, commensurate with the function of the SSC. Modern design processes
depend on validated software solutions, making software QA particularly
important. A graded approach should also be applied to ensure that the
appropriate quality measures are in place early in the design process.

e Organizations involved should implement a “quality culture” among workers.
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Owner-Operator Requirements Guide Policy Statements

Title

Description

Simplification

Minimize the number of SSCs (including interconnections, such as conduit, cable,
piping, etc.) to reduce complexity of operation and to reduce capital, operating, and
maintenance costs. Emphasis should be placed on limiting the complexity and
number of safety-related components. One method of simplification could be to
employ passive means for reactor stabilization and cooling during operational and
abnormal conditions. Simpler designs will result in:

¢ Increased safety (the plant’s ability to mitigate potential threats the reactor may
present to the health and safety of plant personnel, the local community, the
environment, and society as a whole) and improved performance of the reactor
due to fewer failure modes and higher reliability.

¢ Reduced costs due to reduced scope and commensurate simplification of
construction as well as reduced maintenance requirements.

o Reduced burden on operators and reduced opportunity for human error with the
use of passive safety systems.

¢ Reduced costs due to minimizing the number of safety-related SSCs by
maximizing the ability to use commercial grade materials and takes advantage of
state-of-the-art innovations for support and balance-of-plant systems.

Standardization

In order to leverage design effort, facilitate licensing, distribute support costs,
benefit from operating experience, and expedite construction, successive plants
should be standardized to the extent feasible. However, standardization should be
balanced against the benefits of innovation. Standardized designs should not rely
on specific components from specific suppliers; rather, they should be flexible
enough to support variety in sourcing materials and components, where possible.
Standardization allows for:

e The ability of supporting vendors to collectively service the industry by
manufacturing equipment in bulk with dimensions, material properties, and other
characteristics common across all plants.

¢ The ability of owner-operators to learn from the operating experience of many
other plants, strengthening the knowledge and quality of the industry as a whole.

¢ Increased predictability of regulation for reactors with standardized components,
as the collective operating experience provides assurance of safety for new
reactors.

While standardization provides many benefits, the philosophy should be tempered
by the idea that advanced reactors are fundamentally innovative. While
standardization in equipment and components is preferred, there should still be
room for flexibility in design. One possibility is to maintain a design stable for some
period (as in a ship class) before implementing accumulated changes.
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Owner-Operator Requirements Guide Policy Statements

Title

Description

Threat Protection

Protect against internal and external physical and cyber threats that could credibly
challenge the integrity of fission product barriers, provide unauthorized access to
the fuel, or affect the availability of the plant to fulfill its mission. Such protection
should:

¢ Not detract from nuclear safety.
¢ Minimize cost over plant life.

e Take advantage of passive means or inherent features of the design where
possible to reduce the need for large security forces and active security barriers.

¢ Reduce reliance on guards because a guard force is one of the largest
contributors to staffing costs.

It is the responsibility of those who operate nuclear technology to protect the public
and the environment from the possibility of fission product release or disruption of
critical infrastructure. However, advanced reactors should consider alternate means
of ensuring such protection that are more economically favorable, and at least as
effective as the security measures in place at existing nuclear plants.

Waste and Used
Fuel
Management

Production and management of wastes should be considered during design and be
consistent with anticipated regulatory requirements. Owner-operators should:

¢ Not assume the availability of off-site facilities for used fuel storage.

¢ Not assume any outside entity taking possession of used fuel during the life of the
plant to allow for continued operation of the reactor.

Manage waste and used fuel such that the effect on normal operations is
minimized.
e Minimize inventory of difficult to manage waste streams.

Provide radioactive waste forms compatible with and suitable for offsite
transportation and disposal without extensive onsite processing.

Account for prevailing public concerns with respect to waste and used fuel
management.

The criterion for on-site storage of used fuel reflects the importance of decoupling
reactor operations, including waste management, from external factors such as
availability of offsite interim storage and permanent disposal facilities.

ORG-34




Owner-Operator Requirements Guide (ORG) for Advanced Reactors, Revision 1

5.2 Aspirational Goals

The following pages present the ORG Aspirational Goals.

Table 5-2

ORG Aspirational Goals

Owner-Operator Requirements Guide Aspirational Goals

Title

Description

Closed Fuel
Cycle

Reactors could be designed to operate on a closed fuel cycle, or specialized
reactors could be built to utilize used fuel from open-cycle reactors as fuel,
effectively closing the fuel cycle. This initially became an attractive goal because
uranium was thought to be in short supply. While uranium availability is no longer

a large concern, a closed fuel cycle is still a more efficient use of natural resources
(potentially useful energy is wasted in an open fuel cycle). Additionally, a closed
fuel cycle is beneficial from a political/public relations standpoint. However, this may
make the design more vulnerable to political or economic decisions outside the
control of owner-operators.

Dry (reduced
water) Cooling

Although generally too expensive in the past, rejecting heat to the atmosphere has
become more attractive for use in water scarce locales, and where water may be
abundant but cooling use is restrained. Plants which efficiently reduce the water
flow required to reject waste heat would have inherent benefits to many potential
customers. Dry cooling would also reduce the plant’s impact on the surrounding
environment. If dry cooling is used, plant efficiency will be lower than for a water-
cooled plant, so the benefits of dry cooling must be balanced with a reduction in
efficiency. A hybrid cooling method could also be used for added flexibility (e.g.,
changing cooling method depending on the time of the year).

“Hands-Free”
Safety

Using passive safety features, reactors could be designed so that the period of time
in which the reactor can remain safe after an event without operator action or
off-site electric power is unlimited. No operator action or off-site power is required
for the reactor to safely shut down and remain safe post-event. Because “unlimited”
cannot be objectively demonstrated, a long-time requirement should be specified
(e.g., 30 days). If hands-free safety is not feasible, designing to slow transients to
lengthen available operator response time is an option.

Guard-Free
Security

The threat to a reactor differs widely around the world. It would be desirable for
a reactor to be self-protecting such that the design alone is sufficient to meet
safeguards criteria without an on-site security staff. In this case, armed response
would be from local law enforcement. For very small remote reactors, hiring a
security force would not be economically feasible, so guard-free security would
be a necessity. In general, a design that reduces the security staff would also be
beneficial. Considerations in implementing this goal are 1) protection against
sabotage intended to take the facility out of service or spread radioactivity and

2) theft of special nuclear material.

On-line
Maintenance

Even older LWRs have been highly successfully in transferring many maintenance
activities out of shut down periods. Some plants may reduce downtime by operating
with restrictions (e.g., reduced power) with some equipment out of service for
maintenance. In reactors with longer refueling cycles (or on-line refueling) the ability
to perform on-line maintenance tasks on major components could greatly enhance
the availability of the plant.
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Automated refueling processes which occur on-line can be achieved for some

O”"'r?e technologies. These methods have the potential to reduce the severity of fuel
Refueling . , -
handling events and enhance the plant’s availability.
Certain applications for advanced nuclear plants (e.g., remote locales) become
No Refueling much more attractive if the plants do not need to be refueled for the entire lifetime
of the plant. This would primarily be pursued for very small reactors.
Plants could be designed to be operated by personnel off-site or be self-controlling
within certain constraints. This would greatly increase the siting options for the plant
Remote or . o Lo
(e.g., remote locales with extreme weather conditions) and significantly alter the
Autonomous . . . ) . .
. economics. Maintenance needs will require consideration. As plants move toward
Operation . A . :
increased automation, it is expected that humans will begin to have a more
supervisory role in maintenance and operations.
Current nuclear power plants are designed to operate while tied to a functioning,
. integrated electrical grid. There is increasing interest in using small advanced
Off-grid : . . : > ;
. reactors which do not require offsite power supplied by functioning, stable grids,
Operation : U s .
as dedicated power sources for critical infrastructure (e.g., defense facilities) in the
event of a significant, sustained disruption of the grid.
Current nuclear plants must have offsite power (i.e., a functioning electrical grid) to
u N start up. A plant that can start up using its own resources, without the need to be
Black Start . ) ! . : ; .
Capabilities supplied offsite power by the grid, would be helpful in restoring the electrical grid

following a significant, sustained disruption. For remote plants, this is a necessity
as there will not be another source of electricity from which to start the plant.

Decentralized
Power
Generation

Electricity generating plants would have benefits to being sited at the distribution
level. This would save resources on building transmission and would contribute to
the decentralization of power. This would likely only be feasible for small reactors,
and the challenges associated with siting a nuclear plant near or in population
centers would need to be overcome.

Fleet Licensing

In a fleet licensing approach, a design would be accepted for use at any site
meeting certain criteria and would not require a separate technical design review
for each site. This may become more feasible from a regulatory standpoint as
safety cases for designs become simpler. This is particularly important for Small
Modular Reactors (SMRs).

Siting in Close
Proximity to
Population
Centers

The success of advanced nuclear plants depends greatly on the ability to locate
these reactors in close proximity to population centers and co-locate with industrial
facilities. Many of the old, small coal plants that were located in critical locations to
support grid security and meet load requirements, have shut down due to economic
or environmental considerations. Oftentimes, these plants were located near
population centers and urban areas. The public and the regulator have to be
convinced that the replacement of the older coal plants with advanced nuclear
plants is beneficial to the health and safety of the public and the economy of the
region. Process heat supply by advanced nuclear plants is only viable if the user is
located in close proximity or co-located (otherwise the process heat losses become
unacceptable).
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5.3 Tier | Categories

The following is a re-creation of the Tier-1 content found in Section 2 above. The ORG Tier Il
requirements begin in Section 5.4.

Table 5-3
ORG Tier | Categories

Owner-Operator Requirements Guide Tier | Categories

Req. # Title Description

Constructability strongly affects capital cost, as it has major impacts on
scheduling and technical risks. Decreasing the capital cost of nuclear
technology is a major goal of advanced reactors. The purpose of the
requirements in this category is to adopt lessons learned from recent
large-scale construction experience to help ensure future construction
projects are well executed and are ultimately successful. Major

1.01 Constructability | €Oncerns are:
e Learning curves for new workforce

e Modularity

¢ Qualification of suppliers

¢ Construction site arrangement

¢ Prevention of construction rework

Requirements in this category pertain to the protection of plant data
systems and communications. In recent years, cyber security has
1.02 Cyber Security become a large concern, particularly in relation to maintaining national
critical infrastructures. These requirements are intended to help make
plants more resistant to cyber interference.
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This category contains specific requirements for the instrumentation
and controls systems. These systems are particularly important and
represent many requirements, and therefore merit their own category.
The ORG assumes that digital technologies will be fully implemented in
advanced reactors due to their distinct benefits. However, the ORG
does not preclude the use of analog or digital non-programmable
control systems, especially for safety or post-accident monitoring
systems. Major considerations are:

e Sensors: Their ability to adequately characterize plant parameters
and to provide accurate readings under the full range of plant
conditions.

¢ Digital displays, or Human-Machine Interface (HMI): Meeting the
. current state of the art for human factors engineering and support
Instrumentation and

1.03 Controls automation.

¢ Reliability: The likelihood of any single component to fail.

e Redundancy: The concept of having multiple components available to
perform the same function to improve overall 1&C system reliability.

¢ Diversity: The concept of having redundant components with different
operating principles, to improve the overall 1&C system reliability by
minimizing common mode failures. It should be noted that applying
diversity means having the second best design of a key feature in the
plant.

¢ Independence: The concept of limiting interactions between
redundant components so that the failure of one component is less
likely to cause the failure of another or the system of which they are a
part.

Deployment of a nuclear plant constitutes a major investment.
Requirements in this category help decrease the risk associated with
such an investment. Important concerns are:

e The initial investment must be justifiable by the competitiveness of the

technology in the market in which it intends to operate.
1.04 Investment ) . .
e The investment must be viable based on long term supplies of

commodities, etc.

e The design should include features which provide confidence in the
protection of the asset (e.g., advanced monitoring techniques,
protective features/isolations).

“Licensing” and “safety” are grouped together because safety
requirements form the bulk of licensing requirements. Regulators are
concerned with protection of the public during events due to natural and
man-made hazards (including fires, floods, extreme weather, etc.), so
Licensing and safety metrics must support the licensing requirements. Reactors are
Safety Analysis already extraordinarily safe against foreseeable events, but they benefit
from features that maintain the fuel intact for any circumstances.
Generally, this is proven with analyses or tests that support the safety
criteria. Requirements in this category relate to both design and
analysis.

1.05
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These requirements are to make the plant easier to operate and
maintain, which could result in reduced staffing requirements, reduced
maintenance hours, and reduced opportunity for human errors. Major
concerns are:

o Worker protection

e Ergonomics/human factors
Maintenance and

1.06 - e Access to components
Operability N -
o Component exchangeability and replaceability
e Standardization or equipment and procedures
o Remote maintenance and inspection (reduce dose, heat exposure,
etc.)
o Remote operation of important components (reduce dose, heat
exposure, etc.)
Selection of the materials used throughout the plant should consider:
o Materials qualification
o Materials selection based on availability and code acceptability
¢ Nuclear fuel
1.07 Materials « Inert gases (heat transfer fluids, process gases, cover gases, fission
product gases) and special materials (e.g., graphite blocks, graphite
pebbles, control rod materials, coolants, coatings, etc.) that may not
be traditional materials of construction or may have unique
requirements for how they are employed in advanced reactor
designs.
Requirements in this category pertain to:
e The physical protection of SSCs against sabotage.
Phvsical Protection | ® Administrative and process controls that, if compromised, could
108 azd Proliferation simplify sabotage of reactor operation, or lead to damage of plant

) SSCs — from both a safety and an investment protection standpoint.
Resistance

¢ The physical protection of nuclear materials against theft.

e The measures taken to ensure nuclear materials are controlled and
accounted for to impede their diversion or misuse.

The ORG assumes compliance with applicable safety regulations and
is not intended to ensure such compliance. Rather, the ORG QA
requirements emphasize how a QA program may be implemented in a
way that leads to a successful project lifecycle, from design to
decommissioning. For example, maintaining accurate and current plant
drawings is crucial to the success of any QA program.

1.09 Quality Assurance
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1.10

Reliability and
Availability

Different markets and missions have their own metrics for reliability and
availability. Requirements in this category provide such metrics where
possible and provide general guidance for increasing availability and
reliability. Items of interest are given below:

¢ Anticipated equipment failures should be accommodated by the plant
with no or minimal interruption in operation.

e Reactor design should achieve required availability metrics without
undue assumptions for off-site support services (e.g., short term
storage of fuel).

111

Seismic and
Structural

Requirements in this category pertain to the design and analysis of
plant structures. These requirements overlap with “Licensing and
Safety Analysis”, but because there are many requirements that
specifically apply to structures and seismic qualification, they merit a
separate category. The following are examples of concerns that are
addressed by requirements in this category:

e Many of these requirements pertain to the design and analysis
required for seismic qualification. However, earthquakes are not the
only hazard to structures that should be considered. Hurricanes,
tornados, tsunamis, and human-made hazards such as airplanes
should also be accounted for in the analysis.

¢ A classification system for SSCs should be created to ensure the
analysis performed for each SSC is adequate relative to the
application and importance of the SSC.

e The design of SSCs should be robust enough to allow flexibility in
plant siting. However, the designer should not make an effort to make
the base design of the plant suitable to the most extreme geographies
(e.g., high seismicity region), as this would unnecessarily raise capital
costs.
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5.4 Tier Il Requirements
The following pages present the ORG Tier 1l Requirements.
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ORG Tier Il Requirements
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Owner-Operator Requirements Guide Tier Il Requirements

Req. # Requirement Basis Alignment Category Technology | Mission | Attribute
Examples of such problems include the design of masonry walls
The reactor designer should consider the experience in and concrete expansion anchors. Also included are such topics _ _ SAFE
existing Light Water Reactor (LWR) and advanced reactor | as the excessive use of snubbers for seismic restraints. Such URD Rev 13 Tier Il Chapter 1 Section 4 PERF
2.01.0020 | plants to identify design problems that have adversely issues will have applicability to all technologies. Effective (EPRI, 20143a) Constructability | ALL ALL ECON
affected construction costs, schedules, maintainability, or decisions at the design phase can avoid repetition of such EUR Volume 2 Chapter 14 (EUR, 2012) IMPL
operability. problem areas, and specific design procedures should be
developed to best resolve such problems.
The reactor designer should develop a design approach - : :
that allows appropriate tolerance for construction and Lack of real|§t|c ‘de. plearly defmgd toleraqces for construgqu URD Rev 13 Tier Il Chapter 1 Section 4 o ECON
2.01.0030 . - . has resulted in significant rework in analysis and construction in Constructability | ALL ALL
assembly problems, and for potential deviations in layout EUR Volume 2 Chapter 13 IMPL
: older LWR plants.
and location.
Advanced construction techniques should be used to Advanced construction techniques reduce risks from the
support improved constructability, which leads to . qu . URD Rev 13 Tier | Chapter 3 Section 3 o ECON
2.01.0040 . : , construction process and result in the performance of critical Constructability | ALL ALL
predictable construction schedules and actual construction h Ki ; h i I EUR Volume 2 Chapter 13 IMPL
durations that meet the obiecti path work in environments that are more easily controlled.
jectives.
Designers often focus on optimizing the cost of materials.
However, experience is that materials represent a relatively
201.0041 Reducmg t.he. construction schedule shpuld be pnormzed s_mgll cost compared to construction (dlrgct) and support _ Recent Lessons Learned Constructability | ALL ALL ECON
above minimizing the cost of construction materials. (indirect) labor. Therefore, reducing the time of construction will
have a larger impact on reducing the overall cost of
construction.
Thorough planning and scheduling of work is necessary to
The activities for de_5|gn, construction, procurement, enat?le monitoring and control of the yvork and prqwde ' URD Rev 13 Tier Il Chapter 1 Section 7
inspection, and testing of the nuclear plant should be confidence that the schedule goals will be met. It is essential to o ECON
2.01.0050 . . . . : EUR Volume 2 Chapter 12 Constructability | ALL ALL
thoroughly planned and included in an integrated schedule | have adequate control of the integrated project schedule so that IMPL
X . . " T ; e EUR Volume 2 Chapter 13
early in the project. potential problems and near critical path activities are identified
early.
Margin may be standardized or customized based on type of
2.01.0051 | planning should be evaluated and explicitly identified at P parh. d P . Industry Feedback Constructability | ALL ALL IMPL
. . ) consequences of unforeseen issues that may delay certain
each step in the integrated construction schedule. : :
construction tasks, such as a late delivery of components that
delays dependent tasks downstream in the schedule.
From a purely financial perspective, it is economically beneficial
to wait to build structures until they are required (i.e., “critical
path”), so as to minimize the interest paid on any loans required
The construction schedule should be optimized to reduce | to make the purchase. However, the risk associated with any ECON
2.01.0052 | the interest paid on capital investments while balancing the | task is mitigated by performing it earlier than required, Industry Feedback Constructability | ALL ALL IMPL

risks of delaying critical construction tasks.

accounting for uncertainties in the time it will take to complete
the task.

The schedule should represent a compromise between these
two concerns.
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performed by a team composed of construction, design
engineering, and quality control personnel to assure that
the design permits optimum constructability of the plant.

This review should utilize a physical model of the plant or a
three-dimensional (3D) computer model, as available.
Recommendations resulting from the review should be provided
to the owner-operator for approval.

EUR Volume 2 Chapter 12

Req. # Requirement Basis Alignment Category Technology | Mission | Attribute
The owner should identify and involve an Engineering, c L . ing the Vi d
Procurement, and Construction (EPC) contractor and an ommunication among companies representing the views an .
2.01.0053 o " having knowledge of the key stakeholder organizations in the Recent Lessons Learned Constructability | ALL ALL IMPL
operator (if they are separate entities from the owner) early S ) )
. ) early stages of the project is crucial to project success.
on in the construction process.
Design, construction, procurement, inspection, and testing | Thorough planning and scheduling of work is necessary to
activities should be included in an integrated schedule that | enable monitoring and control of the work and provide URD Rev 13 Tier Il Chapter 1 Section 7 ECON
2.01.0060 | clearly identifies the significant activity interfaces between | confidence that the schedule goals will be met. It is essential to EUR Volume 2 Chapter 12 Constructability | ALL ALL IMPL
each of the major organizations supporting involved in account for interfaces in the project schedule so that potential EUR Volume 2 Chapter 13
construction. problems are identified early to permit timely corrective action.
Each organization responsible for control and execution of Thorough planning and scheduling of work is necessary to
9 P ; . enable monitoring and control of the work and provide URD Rev 13 Tier Il Chapter 1 Section 7
work should adequately plan and schedule their activities X . o ECON
2.01.0070 o . -~ confidence that the schedule goals will be met. Each EUR Volume 2 Chapter 12 Constructability | ALL ALL
to a sufficient level of detail to demonstrate that the validity . . IMPL
: organization's schedule must support the overall project EUR Volume 2 Chapter 13
of the overall plant schedule is supported.
schedule.
A hierarchy of construction schedules should be developed | High-level construction schedules are needed to monitor and
to cover both high-level activities (long term) and low-level | control the overall construction effort. Low-Level schedules are URD Rev 13 Tier Il Chanter 1 Section 7
2.01.0080 | activities (near term). The schedules will involve various needed to monitor and control individual tasks. This hierarchy b Constructability | ALL ALL IMPL
. > ; ) . X EUR Volume 2 Chapter 12
horizontally connected entities and must fit together in an only works if schedules are consistent, and low-level schedules
integrated schedule. fit appropriately in the high-level schedules.
For the overall project schedule to be realistic, it is important that
Subcontractors should develop schedules which are schedule discipline be maintained by all project participants. If URD Rev 13 Tier Il Chapter 1 Section 7 o
2.01.0090 consistent with plant construction schedules. the subcontractors’ schedules do not support project milestones, | EUR Volume 2 Chapter 12 Constructability | ALL ALL IMPL
the plant schedule duration would be jeopardized.
The startup schedule should be organized on a system and
subsystem basis and should be developed early in the project to
a sufficient level of detail to define the sequence of system
testing.
A S_tartup ScheQUIe should be de_veloped to def!ne activity Itis es'sentia| for the System Startup requir.ern'ents to be URD Rev 13 Tier Il Chapter 1 Section 7 N
2.01.0100 | logic and durations at a level suitable for planning startup established early in the project life. Establishing these EUR Volume 2 Chapter 13 Constructability | ALL ALL IMPL
testing activities. requirements assists with the designation of system and
subsystem packages so that the interfaces with construction
completion and transfers of responsibility are defined. This
allows the assignment of startup activity dates that support the
overall schedule.
) ) _ ) The review should identify the modular construction approach to
Prior to start of any detailed construction scheduling, and | pe hrovided for by the design and scope the specific modules to
well in advance of the start of actual construction, a review | o developed.
2 01.0110 of the construction sequence and techniques should be URD Rev 13 Tier Il Chapter 1 Section 7 Constructability | ALL ALL IMPL
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Req. # Requirement Basis Alignment Category Technology | Mission | Attribute
A constructability review program should be established
and maintained throughout the design and construction The purpose of the reviews should be to evaluate design
2.01.0120 | phases. The constructability review team should include alternatives for cost and schedule effectiveness and to identify URD Rev 13 Tier Il Chapter 1 Section 7 Constructability | ALL ALL IMPL
knowledgeable personnel with broad construction construction risks early.
experience.
At a minimum, the constructability review should include:
* Construction plan and time schedule; This requirement establishes the minimum amount of
2.01.0130 | e Measures for site preparation; information required for the constructability review to be EUR Volume 2 Chapter 13 Constructability | ALL ALL IMPL
e Site layout; complete and useful for planning purposes.
e Bills of quantities of materials and of civil works.
The constructability review and construction plan should be
adapted to the specific location selected for the plant's
construction, taking into account national regulations, local | Site-specific characteristics can impact the ease and cost of
2.01.0140 | construction requirements/codes and standards, construction. The general construction plan may need to be EUR Volume 2 Chapter 13 Constructability | ALL ALL IMPL
geographic limitations, competition for construction updated to account for local concerns.
resources, labor relations, and infrastructure support
(ports, highways, rail access).
A systematic program for managing suppliers and
The EPC contractor (referred to for the rest of the subcontractors is essential to a successful construction
document as “EPC") should prepare procedures for program. The subcontractors’ understanding of work scope and | URD Rev 13 Tier Il Chapter 1 Section 7
2.01.0150 | purchase of materials and subcontractor work, including required performance standards are paramount to timely final EUR Volume 2 Chapter 12 Constructability | ALL ALL IMPL
preparation of subcontract packages, bidding, award, and acceptance of completed construction work. Experienced field EUR Volume 2 Chapter 13
administration of subcontracts. contract administrators can provide constructive input to assure
satisfactory contractor performance.
A site material control program should be developed to To track and protect equipment and materials to prevent delays . .
2.01.0160 | meet all the reactor designer's specified requirements for to construction caused by material that is not yet on site, URD Rev 13 Tier Il Chapter 1 Section 7 Constructability | ALL ALL IMPL
. . . . EUR Volume 2 Chapter 13
equipment storage and protection. misplaced, degraded, improperly stored, etc.
The site material control program should describe plans for
warehousing: protection, storage, and surveillance of . . . .
2.01.0170 | components and material; receiving inspection: To track anq protect equipment and materials to prevent delays | URD Rev 13 Tier Il Chapter 1 Section 7 Constructability | ALL ALL IMPL
) . . . _ to construction. EUR Volume 2 Chapter 13
identification, location, and retrieval of stored material; and
handling equipment.
2 01.0180 The site material control program should be in place prior To track and protect equipment and materials to prevent delays | URD Rev 13 Tier Il Chapter 1 Section 7 Constructability | ALL ALL IMPL

to accepting applicable deliveries at the construction site.

to construction.

EUR Volume 2 Chapter 13
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of the plant design.

facilitates the design of the plant layout.

EUR Volume 2 Chapter 13

Req. # Requirement Basis Alignment Category Technology | Mission | Attribute
Examples of advanced construction techniques and practices
include:
¢ Maximum use of automated welding;
e Pretest modules, subsections, and equipment assemblies
prior to installation;
e Composite steel and concrete structures which minimize the
The construction plan should include a description of the need for temporary shoring and use the permanent steel . .
2.01.0190 | advanced construction techniques and practices which will forming; URD Relv 13 Tlerr:l Chapter 1 Section 7 Constructability | ALL ALL IMPL
be implemented EUR Volume 2 Chapter 13
' o Flat wall attachment embedments for support of structural
beams from concrete walls in lieu of blockouts;
¢ Additive manufacturing;
e Powder metallurgy
¢ Hot Isostatic Pressing (PM-HIP);
e Electron beam welding.
Recent nuclear construction experiences have shown that the
The EPC chosen by the owner-operator to build the plant exﬁegelnce c:jfthebEIZC is critical to keeping the project on
ignifi i i schedule and on budget.
2.01.0199 ShOL.'ld have a significant am.ount Of. previous experience ] ) g o . Recent Lessons Learned Constructability | ALL ALL IMPL
serving as an EPC for large industrial construction The prior experience of the specific individuals that will be
projects. working on the project, and not just the organization as a whole,
should be considered.
Early in the project, the EPC should coordinate the
2 01.0200 planned constrgctlon practlcgs with the reactor designer to Lesson learned from construction experience. URD Rev 13 Tier Il Chapter 1 Section 7 Constructability | ALL ALL IMPL
assure the design features will accommodate the EUR Volume 2 Chapter 13
approaches planned.
Examples of the types of modules which have been previously
developed for LWRs and represent the minimum level of effort
expected are as follows:
e Basemat reinforcing steel assemblies;
i imi i Main condenser and feedwater heaters received pre-tubed; . .
) 01,0210 The lglan;[)tsh_ou:jdtge deilgned ';o mz(:\jX|Im|ze thet bepeflts that | ® - . p URD Rev 13 Tier Il Chapter 1 Section 7 Constructabili ALL ALL MPL
.01. ;:eacnhnagesame rough use of modular construction e Main control panel assemblies; EUR Volume 2 Chapter 13 onstructability
' ¢ Reactor vessel pedestal structural steel;
¢ Reactor vessel nozzle support ring;
e Containment vessel or liner plate;
¢ Refueling pool and used fuel pool liner plates.
Off-site construction can be more cost-effective than on-site,
2 01.0211 On-site congtructlon effort should be optimized to the depending on the specific proleqt. The. availability of skilled craft Industry Feedback Constructability | ALL ALL IMPL
extent practical. workers and the need for costly incentives are concerns that can
be reduced by minimizing on-site work.
A list of module types which will be investigated for . . . : : .
2.01.0220 | application in the plant should be scoped at an early stage Planning for modular construction early in the design process URD Rev 13 Tier Il Chapter 1 Section 7 Constructability | ALL ALL IMPL
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Req. # Requirement Basis Alignment Category Technology | Mission | Attribute
Module types should be classified as to whether the
module will be fabricated entirely in an off-site shop, Planning for modular construction early in the design process . .
2.01.0230 | fabricated in major elements off site with final assembly at | facilitates the design of the plant layout and sequencing during URD Rev 13 Tier Il Chapter 1 Section 7 Constructability | ALL ALL IMPL
. ) ) . EUR Volume 2 Chapter 13
an on-site shop or laydown area, or will be fabricated construction.
entirely on site in a module assembly area.
The design should attempt to optimize the use of TP o . . . .
2.01.0240 | standardized components and processes to simplify the S|r|r)pl|f|cat|on and standardization are consistent with the ORG URD Relv 13 T|err:l Chapter 1 Section 7 Constructability | ALL ALL IMPL
work. policy statements. EUR Volume 2 Chapter 13
Some previous layouts have not provided adequate space for
operation and maintenance. The resulting difficulties have
The site layout design should consider access space caused owner-operators to incur excessive cost and reactor
201.0250 | Provisions for mstallguon and construction fit-up and for dovyn time in removing interference. Allowing space to pgrform URD Rev 13 Tier Il Chapter 1 Section 7 Constructability | ALL ALL IMPL
maintenance, operation, and component maintenance activities promotes long-term plant availability. EUR Volume 2 Chapter 13
removal/replacement. Additionally, if the project is delayed during construction,
components may be delivered before other components are
installed, requiring more space.
:::]rse—:ancs{;[glr:ai:;r:]sfcet;vcl)??ﬁg%(%?Jtlj;If?f);ut(r:]r; ?;‘brr?gaet'grt to the This planning will allow for the module to be delivered on-site
2.01.0260 bection, transter : o ; with sufficient time to perform the activities before the module Recent Lessons Learned Constructability | ALL ALL IMPL
EPC, fitup verification, etc., should be identified uniquely ; .
g installation date.
for each module and built into the schedule.
The module design should be 100 percent complete Completion of the module design prior to fabrication release will . .
2.01.0270 | without design “holds” at the time each module is released | avoid rework of the module and fabricator excuses for schedule URD Rev 13 Tier Il Chapter 1 Section 7 Constructability | ALL ALL IMPL
o EUR Volume 2 Chapter 13
for fabrication. delays and extra charges.
Involvement of the module fabricator in the early planning will
E | dules to b lied b it permit incorporating fabrication ideas that will result in the most
or complex modules to be supplied by an off-site cost effective product. : .
2.01.0280 | fabricator, the reactor designer should attempt to involve o p . o ESS ng;%-gleék:gctg?qtgr 1 Section 7 Constructability | ALL ALL :EI\/ICIS_N
the fabricator in the design process on an advisory basis. | ShiPPing considerations, fabrication tolerances at the module P
interfaces, and the facility’s accessibility provisions for
operations and maintenance should be addressed.
The design should consider routing of construction Incorporation of construction service lines within the plant design
services including compressed air, water for flushing, filling can rgduce the cost to realian the services durin thep 9" | URD Rev 13 Tier Ii Chapter 1 Section 7
2.01.0290 | and hydro testing, and electric power such that they can be ; ~allg o 9 : EUR Volume 2 Chapter 11 Constructability | ALL ALL IMPL
) : . . construction phase and improve accessibility by reducing the
incorporated in the plant for use during the life of the plant, EUR Volume 2 Chapter 13
: number of obstacles.
as applicable.
This includes air, water, sewer and electric. Additionally, any
residual construction debris on site should be disposed of in
regulatory approved site landfill areas.
2 01.0300 All temporary services including those which are buried Buried services and debris can hinder excavation for future URD Rev 13 Tier Il Chapter 1 Section 7 Constructability | ALL ALL IMPL

should be removed at completion of construction.

modifications and/or site remediation.

This is an industry decommissioning lesson learned. Identifying
and disposing of construction debris can be costly and time-
consuming many years after construction.
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sequence.

stages.

Req. # Requirement Basis Alignment Category Technology | Mission | Attribute
Large LWR construction experience has shown that modular
While modular construction techniques can provide construction can simplify construction processes but that it
2 01.0310 advantages in constrgction, these Fechpiques shoulld not, requires 'c'areful management and does. not eliminatg all EUR Volume 2 Chapter 13 Constructability | ALL ALL IMPL
by themselves, be relied upon to simplify construction complexities of on-site work. Over-crediting modularity for
efforts. simplification has resulted in significant project delays on some
LWR construction projects.
Construction planning should consider the modules on the I\?\;‘E'S a ]eSfonDIegrned fr?hm construc(;mln expetrr:enci.m :argteh
2.01.0320 | critical path and should include measures to mitigate late projects. Lesigns with many moduies on the critical path, EUR Volume 2 Chapter 13 Constructability | ALL ALL IMPL
module deliveries. each with a unique supply chain, present risks to the critical
path.
Congtrycuon sequencing should clearly identify pre- Failure to meet pre-requisites for a major construction activity
requisites for each major phase or module placement. may result in very large re-work efforts to address any single
2.01.0330 | Though each technical detail may not be reflected in may ylarg W 1y sing EUR Volume 2 Chapter 13 Constructability | ALL ALL IMPL
; . L issue (e.g., cable or pipe which should have been laid prior to
schedule dependencies, construction activities should lifting a large component in place)
include dedicated checks for pre-requisites. '
Heavy lifting capability, permitting vertical installation of
components, usually provides the most flexibility in scheduling.
The EPC should prepare a crane access study which Experience reported by Japanese and U.S. plants indicates that
demonstrates adequate crane coverage of the power plant | Primary reliance on lifting equipment into place with large cranes
2.01.0340 | structures during the various phases of construction. The | results in a faster construction sequence. URD Rev 13 Tier Il Chapter 1 Section 7 Constructability | ALL ALL IMPL
swing, reach, capacity, number, type, and maintenance For some plants (i.e., factory-assembled, rail-transportable
schedules of cranes should be included. technologies) the crane access study may be a simple plan for
installing the plant and making up cooling and electrical
connections.
Heavy lifting capability, permitting vertical installation of
components, usually provides the most flexibility in scheduling.
Experience reported by Japanese and U.S. plants indicates that
Crane availability and arrangement should support lifts primary reliance on lifting equipment into place with large cranes
2.01.0350 | during construction without any one crane's availability results in a faster construction sequence. URD Rev 13 Tier Il Chapter 1 Section 7 Constructability | ALL ALL IMPL
affecting the critical path. For some plants (i.e., factory-assembled, rail-transportable
technologies) the crane access study may be a simple plan for
installing the plant and making up cooling and electrical
connections.
Appropriate and achievable construction tolerances should | The lack of appropriate and achievable tolerances has been a
be developed during the design and included on problem in some previous projects. This has contributed to
2.01.0360 | construction drawings and specifications for dimensions, delays and cost overruns. Construction tolerances should be in URD Rev 13 Tier Il Chapter 6 Section 2 Constructability | ALL ALL IMPL
locations, and clearances for all structures, systems, and addition to clearances required for design considerations, such
components (SSCs). as thermal growth due to pipe rupture or in-plant fires.
The building design and arrangement should The design must be evaluated for constructability throughout the
2.01.0370 | accommodate and facilitate the selected construction design process and especially during the early, formative URD Rev 13 Tier Il Chapter 6 Section 2 Constructability | ALL ALL IMPL
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Req. # Requirement Basis Alignment Category Technology | Mission | Attribute
Consideration should be given to physical separation (i.e., space
and barriers) as well as separation in design requirements,
construction activities, and quality assurance for components of
different quality, seismic, or safety classifications.
. ) . _ Study of construction costs of nuclear power and conventional
Consideration should be given to separation of safety- and | facilities indicates a potential savings when safety- and non- URD Rev 13 Tier Il Chapter 6 Section 2 N ECON
2.01.0380 | non-safety-related areas with the objective of achieving safety-related work is distinctly separated. Similar savings may Constructability | ALL ALL
. ! . EUR Volume 2 Chapter 11 IMPL
lower costs in non-safety-related areas. be achieved by careful management of the design and
construction activities to avoid application of unnecessary
requirements in non-safety-related areas. Confidence in the
ability to achieve the latter and the impact on plant design of a
physical barrier must be weighed against the identified potential
savings through physical separation.
Required construction quality is determined by the design and
. , , relevant codes and standards. Increases in required
2.01.0390 The gonstrugtlon work S.hOUId be qrgamzed by qu_ahty level construction quality levels increase construction cost and EUR Volume 2 Chapter 13 Constructability | ALL ALL ECON
consistent with the quality determined by the design. e . . IMPL
decrease constructability. The proper construction quality level
will have an impact on the constructability.
Clean installation conditions are not possible if the construction
work and the installation work are taking place at the same time
_ _ _ and in the same compartment.
2.01.0400 Component msFaIIann S.hOUId only proceed N a space However, the construction work can occur in parallel with the EUR Volume 2 Chapter 13 Constructability | ALL ALL IMPL
when construction work is completed and certified. . : .
installation work if the compartments are properly separated
from each other.
Modular construction may be considered.
Installation openings for major components should be If the installation of major components is dependent on the
2.01.0410 | arranged so as to be available even when construction sequencing of other major construction items, it produces little to | EUR Volume 2 Chapter 13 Constructability | ALL ALL IMPL
sequencing is altered. no float on the construction critical path.
Quality assurance during construction should be ensured by the
The construction management organization should be construction management organization. Creating construction
2.01.0420 | consistent with the roles and duties of the Quality management roles which easily translate to QA responsibilities EUR Volume 2 Chapter 13 Constructability | ALL ALL IMPL
Assurance (QA) program. helps ensure QA programs are effectively implemented during
construction and commissioning.
During the erecting and testing stage, each contractor
2 01.0430 should periodically §upply data_and reports corre;pondmg This requirement prowdes information important for accurately EUR Volume 2 Chapter 13 Constructability | ALL ALL IMPL
to the progress of his own on-site activity, as defined by tracking construction progress.
the EPC.
The EPC contract should require appropriate review points | This requirement ensures that the owner-operator is ultimately
2.01.0440 | in subcontractors' construction plans to allow necessary responsible for acceptable quality of the construction. It also EUR Volume 2 Chapter 13 Constructability | ALL ALL IMPL
inspections and audits by the owner-operator. provides opportunities to identify mistakes during construction.
The EPC should ensure that support facilities are available | Necessary personnel should be located on-site before
2.01.0450 | to allow occupancy by appropriate personnel prior to the equipment is commissioned in order to properly support its Recent Lessons Learned Constructability | ALL ALL IMPL

first equipment being commissioned.

commissioning and operation.
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Req. # Requirement Basis Alignment Category Technology | Mission | Attribute
During the construction phase, all documents and training
2 01.0460 matena!s necessary fo.r the_safe execution c_>f work should Personne! performing construction activities need to be p(operly Recent Lessons Learned Constructability | ALL ALL IMPL
be provided with sufficient time for preparation of each prepared in order to effectively and efficiently perform their work.
construction activity.
The construction schedule should include commissioning tests
A complete systematic program of pre-operational and and activities to ensure that they are all completed and to IAEA NS-G-2.9, Section 3.2 (JAEA,
2.01.0470 | commissioning tests and activities should be developed capture the time required to perform them. At later stages, the 2003) Constructability | ALL ALL IMPL
and incorporated into the construction schedule. commissioning of installed systems will dominate the critical URD Rev 13 Tier Il Chapter 6 Section 2
path items.
All conditions experienced during the performance of the Ic?r? d(i)tmer}?fﬁ:)ator: Ssri]ccz):llld b;(z:aisnsutrﬁg Ora?l?ﬁit)t/r:gti\girgittiiﬁ
2.01.0480 | commissioning test program (including intermediate steps) P bny yp 9 plant Ir . ) EUR Volume 2 Chapter 13 Constructability | ALL ALL IMPL
Care should be taken to ensure that transient/intermediate steps
should be analyzed beforehand. ) :
are included in the analyses.
The owner-operator and/or reactor designer should
systematically verify that construction activities have been Personnel most familiar with the design should verify that the as-
2.01.0490 | performed in accordance with design requirements through . °SI9 Y1 EUR Volume 2 Chapter 13 Constructability | ALL ALL IMPL
X i . : found construction meets the requirements of the design.
the use of on-site walk-throughs, inspections, and written
reports.
The commissioning test program should ensure that all The intent of the commissioning test program is to verify that as-
2.01.0500 | equipment is installed and operable per the design . g test prog Iy Recent Lessons Learned Constructability | ALL ALL IMPL
. found construction meets the requirements of the design.
requirements.
The commissioning test program should include integrated | The commissioning test program should capture any potential
2.01.0510 | system (i.e., whole-system) tests necessary to validate interaction between components in the integrated system. EUR Volume 2 Chapter 13 Constructability | ALL ALL IMPL
performance. Piecemeal testing may neglect this interaction.
Commissioning test procedures should be designed to Inaccurate or incomplete procedures will delay testing and
2.01.0520 | ensure they are executable and should identify required . np P y 9 EUR Volume 2 Chapter 13 Constructability | ALL ALL IMPL
. ) increase construction costs.
instrumentation, personnel, power, and access for the test.
S . Since operations personnel will need to understand the
The commissioning test program should include the operation of installed equipment, the commissioning test
2.01.0530 | involvement of operations personnel to ensure they gain P : quipment, ; gte . EUR Volume 2 Chapter 13 Constructability | ALL ALL IMPL
L ) : program provides an opportunity to witness and participate in
familiarity with the equipment and operating procedures. : . . :
equipment operation prior to full plant operation.
Experience in construction has demonstrated that vendor
Design documentation should be provided to the owner- documentation should be provided prior to closing working
2 01.0540 operator throughout the construction and commissioning relationships. Design documentation is more difficult to obtain USNRC RG-1.232 (USNRC, 2018) Constructability | ALL ALL IMPL

process as a contractual requirement and tracked in the
construction plan.

after the fact. This documentation includes design drawings,
construction as-builts, system and component requirements
documents, etc.
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Req. # Requirement Basis Alignment Category Technology | Mission | Attribute
USNRC RG 5.71 (USNRC, 2010a)
IAEA Nuclear Security Series no. 17
“Computer Security at Nuclear Facilities”
IAEA, Vienna, 2011 (IAEA, 2011)
Cyber security considerations should be appropriately Retroactive application of cyber security requirements is costly, | URD Rev 13 Tier Il Chapter 10 Section 3 .
2.02.0010 incorporated into all stages of the design process. time-consuming, and in some cases, infeasible. EUR Volume 2 Chapter 10 Cyber Security ALL ALL | SEC/NP
IEEE Standard 7-4.3.2-2003 (IEEE,
2003)
IEEE Standard 7-4.3.2-2010 (IEEE,
2010)
USNRC RG 5.71
Special consideration for cyber security should be given to IAEA Nuclear Security Series no. 17
those non-safety related digital devices that can cause Some non-safety systems have the potential to interrupt “Computer Security at Nuclear Facilities”
2.02.0020 | transients or trips, that are important in maintaining plant oeration or damage equipment if compromised IAEA, Vienna, 2011. Cyber Security ALL ALL SEC/NP
reliability, or that represent unacceptable licensing or P ge equip P ' URD Rev 13 Tier Il Chapter 10 Section 3
management risk. EUR Volume 2 Chapter 10
IEEE Standard 7-4.3.2-2003 and -2010
USNRC RG 5.71
Safety system complexity should be controlled, which requires IAEA Nuclear Security Series no. 17
Cyber security features should be incorporated at the cvber security features to. for the most part be’ rovided at the “Computer Security at Nuclear Facilities”
2.02.0030 | interfaces to safety systems, rather than as an integral part by cunty ' part, be pr IAEA, Vienna, 2011. Cyber Security ALL ALL SEC/NP
oundaries to the safety systems rather than within the safety . .
of the safety system. systems URD Rev 13 Tier Il Chapter 10 Section 3
' EUR Volume 2 Chapter 10
IEEE Standard 7-4.3.2-2003 and -2010
RG 5.71 and NEI 08-09 promote the use of several defensive
levels, or “rings”, that range from the Control and Safety System
networks themselves (for which the most rigorous security
measures must be applied) to the Site Local Area Network
(LAN) and Corporate Networks (for which security measures E::\I(;C-:OSC(BNSIJIlZOlO)
The Human-Machine Interface (HMI) architecture and should be balanced against flexibility and performance). IAEA Nuclear Security Series no. 17
design should be based on an overall defensive strategy Generally, the safety systems and non-safety controls would be “o tor S i éth | F. ities”
2.02.0040 | that defines multiple security levels. The most intensive placed in the most secure internal layer, to maximize protection omputer Ssecurity at Nuclear Faciiities Cyber Security ALL ALL SEC/NP

security measures should be concentrated on the most
critical inner level, and on connectivity between the levels.

of the systems required to ensure safe, reliable operation. Use
of firewalls, careful selection of protocols, physical isolation
between defensive levels and, for the innermost level(s),
restrictions to uni-directional data flow (from within the most to a
less critical security level) can reduce the risk of a cyber security
breach that could impact the functioning of a critical plant
system.

IAEA, Vienna, 2011.

URD Rev 13 Tier Il Chapter 10 Section 3
EUR Volume 2 Chapter 10

IEEE Standard 7-4.3.2-2003 and -2010
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specific software and hardware, and Commercial Off-the-Shelf
(COTS) software and hardware.

Req. # Requirement Basis Alignment Category Technology | Mission | Attribute
Because of the dynamic nature of cyber security threats, it is
important that multiple approaches be applied. Defense-in-depth
approaches may include a combination of:
e Prevention (i.e., block harmful access);
¢ Detection (e.g., through intrusion detection systems);
The HMI defensive strategy should employ multiple « Deterrence (raising the effort and sophistication level for an , _ _
2.02.0050 | methods for protecting communications between defensive intruder): URD Rev 13 Tier Il Chapter 10 Section 3 | Cyber Security ALL ALL SEC/NP
levels, and for access to Critical Digital Assets (CDAS). R ) . )
o Mitigation (rapid and effective recovery if an event occurs).
Multiple techniques should be used including:
¢ Physical access or isolation;
e Strong authentication methods analysis and filtering of
incoming packet streams.
The HMI defensive strategy should be updated when new | Because of the dynamic nature of cyber security threats, it is
2.02.0060 | threats are identified or when new defense-in-depth important that defensive strategy evolves to keep up with the URD Rev 13 Tier Il Chapter 10 Section 3 | Cyber Security ALL ALL SEC/NP
approaches are identified. nature of the threat.
Development of a cyber security program plan provides a
description of how the owner-operator will meet regulatory
requirements. The HMI needs to be designed in a manner that
ensures that the HMI system can meet regulatory requirements.
Cyber security threats are constantly evolving, and operational
digital systems evolve more rapidly than their analog
An ongoing cyber-security program should be developed to | predecessors. The owner-operator must have knowledge and
2.02.0070 | address design changes and evolving needs throughout resources to deal with these changes over time to prevent cyber | URD Rev 13 Tier Il Chapter 10 Section 3 | Cyber Security ALL ALL SEC/NP
the life of the plant. security risks from inadvertently increasing. When considering
whether or not to implement a firmware, software or
programmable logic upgrade, the owner-operator must be
prepared to balance its potential for reducing cyber security risk
against the effort and potential disruption to deploy it. Patches
intended to plug potential security breaches should be applied
promptly.
Digital system design and development processes should Lo .
: ! Cyber security is a key modern issue that needs to be . IMPL
2.02.0080 | address cyb.er security frqm requirements .develop.ment considered throughout the plant's lifetime. USNRC RG 1.152 (USNRC, 2006) Cyber Security | ALL ALL SEC/NP
through design, construction, testing, and installation.
The owner-(_)perator and react_or de_S|gner Sh.OUId perform a The assessment should be able to determine whether QA
cyber security assessment to identify potential cyber processes allow for undocumented software changes, whether
2.02.0090 security vulnerabilities in the relevant phases of the system installation or operation procedures allow for unauthorized USNRC RG 1.152 Cyber Security ALL ALL IMPL
life cycle, and the results of the analysis should be used to - SEC/NP
) . . access to digital systems, and whether software tools are
establish security requirements for the system (hardware ) ) )
controlled to the level of quality commensurate with their use.
and software).
The gap analysis should review cyber security risks associated
. . , . with design, development, testing, and maintenance practices
2.02.0100 A security gap anaIyS|§ should be complgted to identify for the reactor designer's software and hardware, application- USNRC RG 1.152 Cyber Security ALL ALL IMPL
required actions to retire cyber security risks. SEC/NP
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Req. # Requirement Basis Alignment Category Technology | Mission | Attribute
Communications from digital safety systems to non-safety .
02,0110 | S¥stems shouid only be performed in a "one-way” manner | S SIS STEUI B8 SRET O FOOTE Y SEACKS 1O USNRC RG 1152 Cyber Security | ALL ALL SEC/NP
o (i.e., no input should be received by safety systems from ney P P 9 IEEE 7-4.3.2-2003 and -2010 y y
safety functions.
non-safety systems).
Safety systems should be isolated from remote cyber attacks to
Remote access to any of the safety related systems should . . X USNRC RG 1.152 .
2.02.0120 not be possible. ensure that_they will not be prevented from performing their IEEE 7-4.3.2-2003 and -2010 Cyber Security ALL ALL SEC/NP
safety functions.
The Verification and Validation (V&V) process of the
overall digital system should ensure the correctness, Cyber security is a key modern issue that needs to be . IMPL
2.02.0130 completeness, accuracy, testability, and consistency of the | considered throughout the plant's lifetime. USNRC RG 1.152 Cyber Security ALL ALL SEC/NP
system cyber security requirements.
The reactor designer should implement best practices in . . . " o
cyber security procedures and standards to minimize ThIS.IS consistent with a Safeguards_ by De§|gn ph|.losophy, : USNRC RG 1.152 . IMPL
2.02.0140 opportunities for tamoering with diaital systems. and applied for cyber security. Best practices in information security IAEA SSG-39 (IAEA. 2016 Cyber Security ALL ALL SEC/NP
PP pering 9 Y ' avoid the creation of vulnerabilities by design. -39 ( )
mitigate consequences.
Added security features can increase the complexity of digital
systems, and can reduce system reliability. Active computer
Cyber security features (e.g., intrusion detection software, | Security features can compete for resources and increase USNRC RG 1.152
virus protection software, access control software) should | complexity. Consideration should be given to the application of | /= "~ PERF
2.02.0150 | be designed and tested to ensure that they do not interfere | passive security features at all times. , Cyber Security | ALL ALL
. , T . ) ) . IEEE 7-4.3.2-2016 Section 5.9.3 IMPL
with the performance, effectiveness, reliability or normal Cyber security features such as intrusion detection systems (IEEE, 2016a)
operation of digital systems. should be implemented peripherally to the safety systems.
Implementation of cyber security features directly in the safety
system should be avoided.
This demonstrates that appropriate cyber security measures
2 02.0160 Digital system t'estmg should be performed 'at the earliest were |mplgmented on the mtegrated sy'st'em. Eerformlng testing NEI 08-09 Cyber Security ALL ALL SEC/NP
opportunity on integrated system functionality. at the earliest opportunity provides sufficient time to address
issues in the design.
Digital system design should ensure that periodic testing
and monitoring, review of system logs, and real-time
2.02.0170 | monitoring can be performed to continually validate system | The success of cyber security measures needs to be verifiable. NEI 08-09 Cyber Security ALL ALL SEC/NP
functionality and to maintain assurance of continued cyber
security measures.
Modifications to digital systems should be subject to the Alterations and/or replacements of digital systems need to
2.02.0180 | same quality and V&V requirements as the original perform the same function as the original, so the same quality NEI 08-09 Cyber Security ALL ALL IMPL
systems. and V&V requirements must apply to the new systems.
When modifications to digital systems shift functionality
between systems (e.g., two legacy systems of different Alterations and/or replacements of digital systems need to
2.02.0190 | quality levels combined in a single new system), an perform the same function as the original, so the same quality NEI 08-09 Cyber Security ALL ALL IMPL

analysis should be performed to determine the appropriate
quality level, cyber security, and V&V requirements.

and V&V requirements must apply to the new systems.
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issues, while using the existing knowledge base developed
for maintaining the installed digital 1&C equipment.

obsolescence.

Req. # Requirement Basis Alignment Category Technology | Mission | Attribute
Appropriate measures should be taken to protect computer
systems throughout their entire lifetime (including storage
2 02.0200 at site prior to operation of the system, accounting for Cybgr security is a key modern [ssge fthat needs to be IAEA SSG-39 Cyber Security ALL ALL SEC/NP
uncertainty in delivery time, and full operating life of the considered throughout the plant's lifetime.
system) against physical attack, intentional and non-
intentional intrusions, viruses, etc.
Digital safety systems should not be connected to any The safety of the connection to an external network must be
2.02.0210 | external networks unless justification can be made to show Y : - IAEA SSG-39 Cyber Security | ALL ALL SEC/NP
> assured prior to exposing digital safety systems.
that the connection is necessary and safe.
The cyber security plan should be updated as necessary to | Even during the course of a nuclear power plant's construction,
account for the overall Instrumentation and Controls (I&C) | some updates are likely to be available or required for hardware, i . IMPL
2.02.0220 architecture and individual I&C systems, and changing firmware, or software. Additionally, the cyber security threats to IAEA SSG-39 Cyber Security ALL ALL SEC/NP
cyber security threats. which the plant is subjected are likely to change.
Cyber security protection should include appropriate Any single physical, logical, or administrative control cannot by i : IMPL
2.02.0230 physical, logical, and administrative controls. itself thwart cyber security threats. IAEA SSG-39 Cyber Security ALL ALL SEC/NP
The cyber security plan should incorporate current industry | Guidance on cyber security has been established (e.g., NEI 08- i : IMPL
2.02.0240 best practices. 09) that provides best practices developed from experience. NEI 08-09 Cyber Security ALL ALL SEC/NP
To the extent possible, instrumentation and controls of Reducing cyber security to an operations/economic concern
2.02.0251 safety systems should be designed such that cyber lessens or eliminates the regulatory burden associated with Industry Feedback Cyber Security | ALL ALL SAFE
security is not a concern for safety systems, and only cyber security, and opens up more possibilities in regards to the PERF
represents a risk to operations. use of digital controls and automation in the plant.
Upon removal from service, the licensee should determine | Information obtained from a retired digital system could be used
2 02.0261 gnd perfprm the reqwred activities to prote.ct' the ' to breach S|m|lar. systems mgtglled in the same plant or othgr IEEE 7-4.3.2-2016 Section 5.9.4.8 Cyber Security ALL ALL SEC/NP
information of the retired Programmable Digital Device plants. Diagnostic data pertaining to mechanical and electrical
(PDD). plant systems could also be used to sabotage those systems.
- - . : . . - IEEE, 201
Digital systems should be developed, verified, and tested Widely-accepted international standards for digital systems :EEE flsgézzggéil(EEE zogggsb Instrumentation
2.03.0010 | in compliance with accepted international standards as ensure these systems meet minimum expectations for R — ALL ALL PERF
; - IEEE 7-4.3.2-2003 and -2010 and Controls
appropriate. redundancy, independence, fault tolerance, etc.
IEEE 1074-1997 (IEEE, 1997)
The design should include features which facilitate
planning, d_eS|gn|ng, operating, maintaining, and training Human Factors Engineering (HFE) should be an integral part of
for the design and modification of control rooms and other . ) i
) ) the engineering design process for any new nuclear power
human-system interfaces in a way that takes advantage of plants to ensure that personnel roles and responsibilities are Instrumentation ECON
. . iai - i i , . . . . .
2.03.0020 | digital system and humap system |.nterfac¢s technolt_)g_les properly defined. HFE is also an important part of the licensing EPRI TR 3002004310 (EPRI, 2015b) and Controls ALL ALL IMPL
reflects practical constraints associated with modernizing . : : )
o process for new builds and is required by regulation for new
existing control rooms and I&C systems, and addresses : .
. . . - builds and operating plants.
issues concerning hybrid and fully digital control room
human-system interfaces for the foreseeable future.
The reactor designer and owner-operator should plan to
proactively address the digital I&C obsolescence risks Obsolescence of digital I&C equipment is inevitable (essentially
during the design phases by considering the already guaranteed with the licensed lifetime of the plant). The owner- Instrumentation PERF
2.03.0030 identified technical, functional, supply chain, and vendor operator needs an overall strategic plan that can mitigate the EPRI TR 3002002852 (EPRI, 2014b) and Controls ALL ALL ECON
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Req. # Requirement Basis Alignment Category Technology | Mission | Attribute
The obsolescence of the digital I&C systems installed as
part of an advanced reactor design should be proactively Obsolescence of digital 1&C equipment is inevitable (essentially
2 03.0040 managed using methods Fhat mclgde V|rtuaI|zat|op, guaranteed with the licensed I|fet|.me of the plant). The owner- EPRI TR 3002002852 Instrumentation ALL ALL PERF
equivalent changes, repair/refurbishment, defensive operator needs an overall strategic plan that can mitigate the and Controls ECON
purchasing of spares, or an incremental/full replacement obsolescence.
strategy.
At present, lifetime of 1&C systems and equipment is
The design and implementation of I1&C systems and considerably shorter than the lifetime of a nuclear plant. This
2 03.0041 equipment should be dpne t'o facilitate backfitting, means that it is necessary tq replace 1&C 'sys.tems and EUR Volume 2 Chapter 10 Instrumentation ALL ALL PERE
replacements and modifications and make them equipment at least once during the plant lifetime. Also, the state- and Controls
economically feasible. of-the-art of 1&C technology is changing continuously and
obsolescence of equipment is a continuous concern.
mPower DSRS Chapter 7 and 18
. (USNRC, 2013)
An HMI should be_prowded to promote grror-free hormal Kemeny Commission Report on the Instrumentation SAFE
2.03.0050 | operations and quick, accurate diagnosis of off-normal Allows for safe operator control. : . ALL ALL
" Accident at Three Mile Island (Kemeny and Controls PERF
conditions. o
Commission, 1979)
URD Rev 13 Tier | Chapter 3 Section 1
2 03.0051 HMIs dedicated to purposes cher thgrj operation should This requirement simplifies plant operation and improves human EUR Volume 2 Chapter 10 Instrumentation ALL ALL PERE
be separated from the operating facilities. factors. and Controls
Experience has shown that conventional design methods cannot
The HMI design should be established by a defined be expected to provide good human-system interfaces. Even if Instrumentation
2.03.0060 | process which begins at the same time as the rest of the all the design requirements are identified, it is unrealistic to URD Rev 13 Tier Il Chapter 10 Section 3 and Controls ALL ALL IMPL
plant design process. expect them to be met in a simple and practical manner unless
the design process is systematic and consistent.
Non-uniformity in the design approach across different systems
and for different operating modes has resulted in poor operator
The HMI design process should be applied consistently to | interfaces, employing different conventions, different alarm and
2 03.0070 all the interfaces between the plant and its operators and dlsplay ph|Io§oph|es, non-standardized hardwar_e, etc. Th|s URD Rev 13 Tier Il Chapter 10 Section 3 Instrumentation ALL ALL IMPL
support staff, and should not depend on the particular requirement is intended to prevent such non-uniformity in the and Controls
system involved. plant. Although the design process is uniform, there may be
regulatory, review or documentation requirements on hardware
or software that differ between safety and non-safety system.
Experience shows that major challenges to an HMI design come
The HMI design process should expliity consider the | 200 T8 R o e bty and Instrumentation SAFE
2.03.0080 | potential for and the consequences of failures of plant and peciicaty . ' Y@ URD Rev 13 Tier Il Chapter 10 Section 3 ALL ALL
reliability of the plant will probably be adversely affected (i.e., and Controls PERF
HMI system components. . -
tolerance of the system to faults needs to be designed into the
system).
Experience shows that major challenges to an HMI design come
Any of the function's and tasks which resultfrom the Specically considers these maltuncions, the avaiabilty and instrumentation SAFE
2.03.0090 | operator coping with equipment failures should be reliability of the plant will probably be adversely affected (i.e., URD Rev 13 Tier Il Chapter 10 Section 3 and Controls ALL ALL PERF

identified as part of the HMI design bases.

tolerance of the system to faults needs to be designed into the
system).
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Req. #

Requirement

Basis

Alignment

Category

Technology

Mission

Attribute

2.03.0100

All control systems should be analyzed to assure they are
stable and provide the required steady-state and transient
response for all operating conditions, including abnormal
conditions. These analyses should be made part of the
HMI documentation.

Experience in existing plants shows that a significant number of
control problems are traceable to a lack of basic design
analyses. This requirement is intended to ensure that
debugging, extensive adjustment, and modifications are not
required on the final systems in the field. Operating experience
shows that some parameters can exceed normal operating
ranges under certain conditions. The HMI should anticipate
these conditions and provide the ability to monitor and control
parameters when necessary.

URD Rev 13 Tier Il Chapter 10 Section 3

Instrumentation
and Controls

ALL

ALL

IMPL

2.03.0110

Control system analyses should assume the most
conservative HMI signal propagation delays for all data
communications paths.

Experience in existing plants shows that a significant number of
control problems are traceable to a lack of basic design
analyses. This requirement is intended to ensure that
debugging, extensive adjustment, and modifications are not
required on the final systems in the field. Operating experience
shows that some parameters can exceed normal operating
ranges under certain conditions. The HMI should anticipate
these conditions and provide the ability to monitor and control
parameters when necessary.

URD Rev 13 Tier Il Chapter 10 Section 3

Instrumentation
and Controls

ALL

ALL

IMPL

2.03.0120

The HMI design should be based on the evaluation of the
costs to the owner-operator over the total life of the plant.

Cost evaluations of alternate HMI designs should adequately
and consistently include consideration of the costs to the owner-
operator of such items as:

e Operation, maintenance and repair, including radiation
exposure and contamination control;

Scheduled and unscheduled plant shutdowns;

Training of operators and technicians;

Startup and surveillance testing;

Analysis and simulation;
¢ Replacement.

The initial cost of many parts of the HMI is only a small part of
the eventual cost to the owner-operator. Improvements in
reliability, operability, testability, and maintainability will be
reflected in higher plant availability throughout the plant life and
designs which have improvements in these areas may well be
the least cost option for the owner. There has been a tendency
to focus cost comparisons on the initial hardware costs, since
these are relatively easy to establish. This requirement is
intended to emphasize that the simplistic view of costs in terms
of only the initial hardware is not acceptable for the advanced
plant design.

URD Rev 13 Tier Il Chapter 10 Section 3

Instrumentation
and Controls

ALL

ALL

ECON

2.03.0130

The HMI design should explicitly consider and define the
actions of the operators required to operate and control the
plant. These actions should be within the capability of all
operators.

Experience has shown that operator actions have been a major
factor in most reactor incidents. This requirement is intended to
ensure that the operator’s part in the plant control and operation
is as carefully planned as the electronic hardware and that the
actions are well within the capability of all the probable
operators.

URD Rev 13 Tier Il Chapter 10 Section 3

Instrumentation
and Controls

ALL

ALL

SAFE
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Req. # Requirement Basis Alignment Category Technology | Mission | Attribute
The HMI is not only task-oriented, but also has a collective
. . dimension encompassing all the operating staff and multiple .
2.03.0131 The HMI should be designed to be operated by different cultures, which has to be considered in the design process. The | EUR Volume 2 Chapter 10 Instrumentation ALL ALL PERF
groups of staff. . . ; : : and Controls
categories of users and their mutual links are important inputs
for determining the flow of information.
2 03.0132 The HMI shquld be designed to preclude unintentional Unlntentlonal control actions can be detrimental to plant |EEE 7-4.3.2-2016 Section 5.8.2 Instrumentation ALL ALL PERE
operator actions. operation. and Controls
These tests may include, but are not limited to, Random Access
- . _ . Memory (RAM) and Read Only Memory (ROM) failure checks,
The capability for continuous on-line self-testing of | arithmetic processing unit failure checks, data link buffer checks,
hardware should be provided for as much of the HMl as is | heartheat indications, and Central Processing Unit (CPU) reset _ _ Instrumentation
2.03.0140 | practical. This testing should not affect the system f watch-dog ti URD Rev 13 Tier Il Chapter 10 Section 3 ALL ALL PERF
. : or watch-dog umers. and Controls
functionality and should be performed on the module, as ] ) . . . o
opposed to the system. Continuous on-line se;lf-te_:gtmg prowdgs cqntmuous mpmtormg
of overall system availability and functionality by allowing rapid
identification of hardware failures.
Coverage of automated tess of I haraware shout be | EVTEIONS (013 52 b comple eauie concterane fator and
2.03.0150 | sufficient to reduce or eliminate the need for periodic quipn . ' a b : URD Rev 13 Tier Il Chapter 10 Section 3 ALL ALL PERF
! actuations that either affect plant availability or deter on-line and Controls
functional tests. .
testing.
Experience has shown that HMI maintenance can be a
The HMI should be designed to simplify and reduce the significant burden on the owner-operator’s staff or can be so Instrumentation PERE
2.03.0160 | amount and difficulty of the maintenance required over the | difficult that errors are prevalent and the plant reliability is URD Rev 13 Tier Il Chapter 10 Section 3 ALL ALL
e : . : and Controls IMPL
lifetime of the plant. reduced. Ease of maintenance must be designed into the HMI. It
cannot be added after the design is complete.
The number of different types of HMI dedicated to Consistent with the ORG's "Simplification" policy. The Instrumentation
2.03.0161 | operation should be minimized for both centralized and distribution between localized and central control depends on EUR Volume 2 Chapter 10 and Controls ALL ALL PERF
localized facilities. task analysis factors.
2 03.0170 Cahbratlon,' mamtenapce, and repalr'of HMI modules M'ost unschgduled maintenance activities should be addressed URD Rev 13 Tier Il Chapter 10 Section 3 Instrumentation ALL ALL PERF
should not interfere with plant operation. without requiring a forced shutdown. and Controls ECON
The .HMI design should_mcorporatg features_that reduce Ease of construction and installation of the HMI is important to
the time and effort required to fabricate and install the HMI . i .
. ) meeting cost and schedule goals; however, these must not : . Instrumentation ECON
2.03.0180 | equipment; however, these features should not adversely ) URD Rev 13 Tier Il Chapter 10 Section 3 ALL ALL
. - o . overshadow the owner-operator’s long term needs for ease of and Controls IMPL
impact the ability to operate, test, maintain, and repair the . :
; operation and maintenance.
equipment.
Data important to plant performance should be collected Allows for long-term trending of key parameters so that Instrumentation
2.03.0190 | during operation and stored for performance evaluation, performance can be monitored and used to educate an URD Rev 13 Tier Il Chapter 2 Section 3 and Controls ALL ALL PERF
training purposes and possible machine learning. automated control system.
Such technologies could streamline the plant's data network,
increasing operational efficiency. Examples include:
2 03.0200 The reactor designer should consider using modern o Fiber optic networks: Industry Feedback Instrumentation ALL ALL PERE

technologies for data transmission.

o Wireless transmitters;
¢ Distributed antenna systems.

and Controls

ORG-57



Owner-Operator Requirements Guide (ORG) for Advanced Reactors, Revision 1

Owner-Operator Requirements Guide Tier Il Requirements

accordance with a software QA plan.

network software, interfaces, operating systems, and
diagnostics) and software tools used for system development
and maintenance.

Guidance for developing software QA plans can be found in IEC
60880 ED. 2 (2006-05), and IEEE Std 730-2002.

and Controls

Req. # Requirement Basis Alignment Category Technology | Mission | Attribute
Advanced plants are projected to have more monitoring and
. diagnostic capabilities than existing plants. This will require a
The owner-operator should develop a plan for the plant's more sophisticated data infrastructure that will involve additional Instrumentation
2.03.0211 g?;iezng diagnostic infrastructure early in the design hardware and software. Industry Feedback and Controls ALL ALL PERF
It may be economically beneficial to lease data and diagnostic
systems, particularly for micro reactors.
Increasing the use of sensors can have many benefits, such as
allowing for automation, staff reduction, and reduction of
personnel radiation exposure. However, increasing the
prevalence of sensors in the plant can lead to reliability issues
. (particularly for associated cables) and an increased .
2 03.0221 The number Qf sensors deployed in an advanced reactor maintenance burden. Wireless sensors can mitigate some of Industry Feedback Instrumentation ALL ALL PERF
should be optimized. these concerns. However overall, sensors should only be used and Controls ECON
where there is a strong basis for improving maintenance,
operability, or reliability.
First-of-a-kind (FOAK) units may need more sensors than
mature designs for extra monitoring, trending, etc.
Functions that are assumed to malfunction independentl . . . . . .
2.03.0231 | in the safety analysis should not be affected by fpailure ofya Two safety functions are.not independent if a single PDD failure IEEE 7-4.3.2-2016 Section 5.1 Instrumentation ALL ALL SAFE
. can cause both malfunctions. and Controls
single PDD.
Functions should be configured (e.g., functionally
distributed) such that a single PDD malfunction or software
error does not result in spurious actuations that are not
2 03.0241 env_el_oped in the plant dgsign bases, accident anal'y§es, Spgrious actuations caused by PDD failures must be accounted IEEE 7-4.3.2-2016 Section 5.1 Instrumentation ALL ALL SAFE
Anticipated Transient Without Scram (ATWS) provisions, for in plant analyses. and Controls
or other provisions for abnormal conditions. This includes
spurious actuation of more than one plant device or system
as a result of a single PDD malfunction or software error.
Software development is unique relative to other plant quality
activities such that a separate set of procedures is required to
ensure software is developed to a quality commensurate with
the importance of the function.
- . The software QA plan should address all software that is .
2.03.0251 | Software should be developed, modified, or acceptedin | o ijont on the PDD at run time (i.e., application software, IEEE 7-4.3.2-2016 Section 5.3.1 Instrumentation |, | ALL IMPL
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Req. # Requirement Basis Alignment Category Technology | Mission | Attribute
This provides an objective means of auditing software quality to
ensure it will perform its function.
The following life cycle phase characteristics should be
considered:
Correctness/Completeness (Requirements phase);
The use of software quality metrics should be considered * c i h P . ( qD ] H P )
i i e Compliance with requirements (Design phase); i
2 03.0261 throughout the software life cycle to improve performance p . ! q. ( g. p ) IEEE 7-4.3.2-2016 Section 5.3.1.1 Instrumentation ALL ALL PERF
and assess whether software quality requirements are » Compliance with design (Implementation phase); and Controls IMPL
being met. . . . . .
e Functional compliance with requirements (Test and Integration
phase);
¢ On-site functional compliance with requirements (Installation
and Checkout phase);
e Performance history (Operation and Maintenance phase).
Documenting a clear basis for the use of specific software
. . . quality metrics will provide confidence that those metrics
The basis for the software quality metrics selected to adequately evaluate the software's performance, and that _ Instrumentation
2.03.0271 | evaluate software quality characteristics should be o fnta IEEE 7-4.3.2-2016 Section 5.3.1.1 ALL ALL IMPL
. ; : software quality is maintained. and Controls
included in the software development documentation. .
IEEE Std 1061 — 1998 provides a methodology for the
application of software quality metrics.
Software tools used to support the software life cycle
203.0281 | Process of a PDD shoulq be |ncor.porated into the secure Only controlled software tools should be used to support the |EEE 7-4.3.2-2016 Section 5.3.2 Instrumentation ALL ALL IMPL
development and operational environment and controlled development of a safety-related PDD. and Controls
under the CMIS.
This requirement adopts the IEEE Std 1012-2012 terminology of
process, activity and task, in which software V&V processes are
PDD V&V processes should be used to confirm that the subdivided into activities, which are further subdivided into
development products of an activity conform to the tasks. The term V&V effort is used to reference this framework ) ) , Instrumentation SAFE
2.03.0291 requirements of that activity, and that the system performs | of V&V processes, activities, and tasks. IEEE 7-4.3.2-2016 Section 5.3.3 and Controls ALL ALL IMPL
according to its intended use and user needs. This determination of suitability should include assessment,
analysis, evaluation, review, inspection, and testing of products
and processes.
PDD V&V processes should address the hardware as it
2 03.0301 affects software and system, integration of the dlgltal_ V&YV processes need to address hardware as we[l as soft.ware N | \EEE 7-4.3.2-2016 Section 5.3.3 Instrumentation ALL ALL SAFE
system components, and the interaction of the resulting order to ensure the PDD will adequately perform its function. and Controls IMPL
PDD system with the nuclear plant.
o , Unit tests of hardware and software should be used to gain
The. PDD V&V. activities and tasks should include system confidence in individual parts of the PDD, but final testing should . Instrumentation SAFE
2.03.0311 | testing of the final integrated hardware, software, and . . . . S IEEE 7-4.3.2-2016 Section 5.3.3 ALL ALL
. occur with the integrated configuration to ensure the individual and Controls IMPL
interfaces. .
parts function together.
The PDD development activities and tests should be
203.0321 verified and validated by independent individuals or groups | Independent verification and validation is required to prevent IEEE 7-4.3.2-2016 Section 5.3.4 Instrumentation ALL ALL IMPL

with appropriate technical competence, other than those
who developed the original design.

conflict-of-interest.

and Controls
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performance of the safety function.

and Controls

Req. # Requirement Basis Alignment Category Technology | Mission | Attribute
The minimum set of software activities for configuration
management should address the following:
¢ Identification and control of all software designs,
implementation, changes, functional data (e.g., data templates
and databases), interfaces, and documentation (user,
operating, and maintenance documentation);
- - ; Control of development activities for the supplied safety ;
A configuration management system should be in placeto | * X i i . Instrumentation
2.03.0331 control software related activities. system software; IEEE 7-4.3.2-2016 Section 5.3.5 and Controls ALL ALL IMPL
e Control and retrieval of qualification information associated
with software designs and implementation;
e Software configuration audits;
¢ Status accounting.
IEEE Std 828-2005 provides guidance for the development of
software configuration management plans.
I&C qualification testing should be performed with the
203.0341 system funquonmg with .software and dlagno_sncs The equipment used for qualn‘lcatlon testing must be IEEE 7-4.3.2-2016 Section 5.4 Instrumentation ALL ALL IMPL
representative of those intended to be used in actual representative of the equipment to be installed in the plant. and Controls
operation.
A PDD should not present an unacceptable risk or hazard to the
A hazards analysis should be performed to identify and system or plant. A hazards analysis can reduce the risk i i . Instrumentation SAFE
2.03.0351 address potential hazards of the PDD system. associated with a PDD's potential adverse impacts to IEEE 7-4.3.2-2016 Section 5.5.1 and Controls ALL ALL IMPL
surrounding systems.
A typical set of self-diagnostic functions includes the following:
e Memory functionality and integrity tests (e.g., programmable
read only memory checksum and random access memory
tests);
e Computer instruction set tests (e.g., calculation tests);
If reliability requiremer_wts warrant self-d_iagnostics, then « PDD peripheral hardware tests (e.g., watchdog timer and _ Instrumentation
2.03.0361 | PDD software should incorporate functions to detect and kevboard test IEEE 7-4.3.2-2016 Section 5.5.3 ALL ALL PERF
. L eyboard tests). and Controls
report PDD system faults and failures in a timely manner. , , .
The following are self-diagnostic features that should be
incorporated into the system design:
¢ Self-diagnostics during PDD system startup;
¢ Periodic self-diagnostics while the PDD system is operating;
¢ Self-diagnostic test failure reporting.
If self-diagnostic functions are integrated into the safety Self-diagnostics are a means to provide timely detection of Instrumentation SAFE
2.03.0371 | PDD system, these functions should be subject to the failures. Self-diagnostics are not required for systems in which IEEE 7-4.3.2-2016 Section 5.5.3 ALL ALL
i . . ; and Controls IMPL
same V&V processes as the safety functions. failures can be detected by alternate means in a timely manner.
Data communication between safety divisions or between Instrumentation
2.03.0381 | safety and non-safety systems should not inhibit the Non-safety systems must not interfere with safety systems. IEEE 7-4.3.2-2016 Section 5.6 ALL ALL SAFE

ORG-60




Owner-Operator Requirements Guide (ORG) for Advanced Reactors, Revision 1

Owner-Operator Requirements Guide Tier Il Requirements

Req. # Requirement Basis Alignment Category Technology | Mission | Attribute
. Non-safety systems must not interfere with safety systems.
PDD safety functions should be separated from non-safety . _ Instrumentation
2.03.0391 | functions such that the non-safety functions cannot prevent | !N PDD systems, software performing safety functions and IEEE 7-4.3.2-2016 Section 5.6 and Controls ALL ALL SAFE
the safety system from performing its intended functions. software performing non-safety functions may reside on the
same PDD and use the same PDD resources.
, , Safety systems must not depend on non-safety systems.
PDD safety systems should be designed such that no input _ . _ Instrumentation
2.03.0401 | from non-safety systems is required for the system to Data input (e.g., setpoints and scaling) from a non-safety system | |egg 7.4.3.2-2016 Section 5.6 and Controls ALL ALL SAFE
perform its safety functions. that receives verification equalent to the quality of the safety
system is acceptable for use in a safety system.
Alteration during operation could have unintended and
Safety-related software should be protected from alteration unanalyzed consequences. Instrumentation
2.03.0411 while the safety system is in operation. HardW"fed interlocks or physicaj disconn.ect?on of ir’!coming data IEEE 7-4.3.2-2016 Section 5.6.4.2 and Controls ALL ALL SAFE
transmission from the maintenance/monitoring equipment is a
preferred method to control these changes.
The minimum lists of credible faults that should be considered
include the following:
e Messages may be corrupted due to errors in communications
processors, errors introduced in buffer interfaces, introduced
in the transmission media, or from interference;
¢ Messages may be repeated at an incorrect point in time;
e Messages may be sent in the incorrect sequence;
o Messages may be lost, which includes both failures to receive
203.0421 Credible communication faults shoulq not prevent an uncorrupted message or to acknowledge receipt of a |EEE 7-4.3.2-2016 Section 5.6.4.2 Instrumentation ALL ALL SAEE
performance of required safety functions. message; and Controls
¢ Messages may be longer than the receiving buffer, resulting in
buffer overflow and memory corruption;
e Messages may contain data that is outside the expected
range;
¢ Messages may occur at a high rate that degrades or causes
the system to fail (i.e., broadcast storm).
It should be assumed that non-safety systems will have multiple
and continual failures.
Data used by multiple safety divisions should be A common source of input data can impact multiple systems and Instrumentation
2.03.0431 | considered a common source of failure that may adversely P P Iple Sy IEEE 7-4.3.2-2016 Section 5.6.4.3 ALL ALL SAFE
X O should be accounted for as a common cause failure. and Controls
affect those multiple divisions.
The Measurement and Test Equipment (M&TE) used for Safety system functionality includes the entire safety system Instrumentation
2.03.0441 | PDD safety systems should not adversely affect the safety | functionality and is not limited to the channel or division under IEEE 7-4.3.2-2016 Section 5.7 and Controls ALL ALL SAFE
system functionality. test.
Safety-related controls and displays should be provided via
2 03.0451 safety-related operator workstations or hardwired devices The HMI is important to preventing failures and maintaining IEEE 7-4.3.2-2016 Section 5.8 Instrumentation ALL ALL SAFE
reliability. and Controls PERF

such as switches, relays, indicators, and analog signal
processing circuits.
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strategies for PDDs.

software design practices cannot completely eliminate CCF.
However, CCF can be reduced to a reasonable and adequate
level in some extremely simple systems or systems using well-
established mature code with extensive operating experience of
a specific environment and application.

and Controls

Req. # Requirement Basis Alignment Category Technology | Mission | Attribute
If the digital platform for the safety system was dedicated
for generic use, the licensee and safety system developer | COTS digital devices are not designed specifically for the
should perform and document an assessment of the application of interest and may contain additional capabilities or i i . Instrumentation
2.03.0461 unused features and justify that their retention do not features that must not interfere with the intended function of the IEEE 7-4.3.2-2016 Section 5.9.4 and Controls ALL ALL PERF
adversely impact the safety function, or disable or remove | device in the desired application.
those functions.
Configuration changes during operation introduce failure
The PDD safety system hardware and software mechanisms. Instrumentation
2.03.0471 Configuration should not Change while the safety system'’s This does not prec|ude automated Changes in setpoint values or | IEEE 7-4.3.2-2016 Section 5.9.5 and Controls ALL ALL PERF
division is performing its safety function. logic based on plant conditions, such as changes in reactor
mode.
Software can be difficult to manage, as various versions of the
Software and hardware identification, including version same code can exist, with minor differences that are hard to
2 03.0481 control, should bg prowded gnd used to verify that the dgtgct but can have a Iargg |mpact on performance. Additionally, IEEE 7-4.3.2-2016 Section 5.11 Instrumentation ALL ALL PERE
correct software is installed in the correct hardware similar hardware may require different software. For these and Controls
component. reasons, identifying the correct software and version for
installation on the correct hardware is important.
The method for proving reliability may include combinations of
2.03.0491 | Software should be proven to meet reliability goals. analysis, field experience, or testing. Software error recording | \eee 7 4 3 5 9016 Section 5.15 Instrumentation | 5 | ALL PERF
and trending may be used in combination with analysis, field and Controls
experience, or testing.
The use of PDDs in safety systems, has led to concerns that
software design errors could lead to CCF, which might in turn
disable one or more safety functions in redundant divisions of a
Emphsis shou e laced on th preverton and ming | S/ Sstem Good sftviare designpractces g0 3 ong eyt
2.03.0501 | of Common Cause Failure (CCF) rather than mitigation g g ' 9 IEEE 7-4.3.2-2016 Section 5.16 ALL ALL PERF
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Req. # Requirement Basis Alignment Category Technology | Mission | Attribute
A PDD is not considered susceptible to CCF if the PDD is
shown to be deterministic in performance, has documentation of
all functional states and all transitions between the functional
states, and is testable based on the following criteria:
e Testing every possible combination of inputs;
o For PDDs that include analog inputs, the testing of every
combination of inputs should include the whole operational
Testing on PDDs not considered susceptible to CCF range of the analog inputs; Instrumentation
2.03.0511 | should be conducted on the PDD integrated with test « Testing every possible executable logic path (this includes IEEE 7-4.3.2-2016 Section 5.16 and Controls ALL ALL PERF
hardware representing the target hardware. INg Every possi X .u gep IS Incld
non-sequential logic paths);
e Testing every functional state transition;
¢ Test monitoring for correctness of all outputs for every case.
It is possible that PDDs include unused inputs. If those inputs
are forced by the module circuitry to a particular known state,
those inputs can be excluded from the “all possible
combinations” criterion.
A dedicated control system should be in place for the For electricity generating plants, the turbine and generator are .
) . . . X Instrumentation GR SAFE
2.03.0521 | turbo-generator system to promote automation, operational | important systems for plant operation and require thorough EUR Volume 4 Chapter 10 ALL
LS . ; . and Controls oG PERF
flexibility, and safety. instrumentation and controls to ensure proper operation.
The design should minimize the dependence on active Reducing the active components required to operate the plant . .
2.04.0010 | engineered systems to protect the owner-operator's simplifies the design, reduces costs, and reduces the probability URD Rev 13 Tier | Chapter 3 Section 1 Investment ALL ALL ECON
. . . EUR Volume 2 Chapter 1
investment. of equipment failure.
The administration of quality assurance requirements and cost
of nuclear safety-grade components are a large driver for the
costs of nuclear power. Minimizing the number of plant
The number of "safetv-related” and "imoortant to safety" components for which these requirements must be applied
2.04.0011 y-rela P atety would greatly reduce plant costs. Additionally, appropriately Industry Feedback Investment ALL ALL ECON
components and systems in the plant should be minimized. . " X , :
categorizing components "non-safety-related" makes it easier to
get them serviced or replaced (since relatively few vendors
maintain nuclear QA programs), and reduces the risk associated
with regulator fines and shutdowns.
The plant should have sufficient resilience against This requirement provides safety margin, protects the owner- SAFE
2 04.0020 postulateq events so as to pe capable of resuming operator’s investment, and ensures operation can be quickly URD Rev 13 Tier Il Chapter 1 Section 2 Investment ALL ALL PERF
operation in a reasonable time frame following postulated resumed following an event. The acceptable timeframe for ECON
events. restoration depends on the owner-operator's needs.
This requirement provides protection of the owner-operator’s
Even in plants which have been designed to provide investment in the event of a loss of normal Alternating Current
2 04.0030 adequate safety function without any active power sources, | (AC) power/station blackout. Alternate AC power sources can mPower DSRS Chapter 8 Investment ALL ALL SAFE
o the design should provide a non-safety related alternate provide the means for powering equipment that prevents URD Rev 13 Tier Il Chapter 1 Section 2 ECON

on-site power source.

unnecessary cycling of safety-related equipment or simplifies
plant recovery.
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differences with this cost due to inflation and prices of
materials, civil works, and labor cost.

growth based on experience with industrial facilities of
comparable size, complexity, or technology maturity.

Req. # Requirement Basis Alignment Category Technology | Mission | Attribute
The capital cost of the commercially deployed unit should Only a fgw reactors of a specific type may be built. Thgrefore,
2 04.0040 be competitive with the lowest priced, equivalent scale economies of scale cannot tl)(e relied qpo|r1 (fjor economic 5 | ALL ALL ECON
.04. enerating method in the market in which the owner- competitiveness. Some markets may include government EPRI TR 3002008041 (EPRI, 2016a) nvestment
g erator intends to compete subsidies or other benefits that spur investment in first of a kind
P pete. plants.
The lifetime levelized cost of the commercially deployed Only a few reactors of a specific type may be built. Therefore,
unit should be competitive with the lowest priced economies of scale cannot be relied upon for economic
2.04.0050 equivalent scale eeleratin method in the ?narke’t in which competitiveness. Some markets may include government EPRI TR 3002008041 Investment ALL ALL ECON
thqe owner-operat%r intendsgto compete subsidies or other benefits that spur investment in first of a kind
' plants.
It is important to fully understand the economics of a proposed
The nature of the economic market (e.g., regulated vs plant before proceeding with the project. Market behavior can
free) for a particular combination of mi.s?;ion%nd re ioﬁ change dramatically from region to region, even within one
2.04.0051 and the impact 2 new plant will have on it. should bge ' nation. For example, the electricity market near large population | Industry Feedback Investment ALL ALL ECON
consideredpin earl ecgnomic analvses ' centers in a nation may be government-regulated, while the
y yses. market in rural areas of the same nation are free to fluctuate
with supply and demand.
Economic analyses of the relative benefits of investing in Compeltlng carbon-free ﬁnergy lsourC(ﬁs such Ias wind po¥verh
nuclear technologies versus competing technologies and solar POWEr Uuse much more z?\nd t an nuciear power or the
2.04.0052 should include the environmental impacts. societal same output. This is a major consideration that should be taken | Industry Feedback Investment ALL ALL ECON
impacts. and costs of land utilizationp ' into account in energy-related decision making processes.
P ' ' Usually multiple scenarios (e.g., carbon costs) are evaluated.
Lifetimes for advanced plants may be from 40 to 80 years.
The economic analyses should be continuously updated Changing environmental regulations, and other factors,
2.04.0053 throuahout the life of the plant necessitate that economic analyses be living documents such Industry Feedback Investment ALL ALL ECON
9 plant. that the owner can make informed decisions regarding life
extensions, new units, changes in business plan, etc.
Lbiégggtgrtggsrlr?z:jg: glr;ldn'? gg?f{;]gpaer?;zr(sezglijrlliering A key barrier for the deployment of any nuclear reactor design is
: . o : ' represented by the Operating and Maintenance (O&M) costs. PERF
2.04.0060 gﬁgﬁit;?rnsémjag;;eer:agﬁi' Ol;;agaer’etc;?glslgg%sreﬁlue”%r ose Staff Optimization (not staff reduction) is a crucial initiative, while EPRI TR 3002007071 (EPRI, 2016b) Investment ALL ALL ECON
of staff o)r/Jtimization gency prep purp maintaining the safety and reliability of the nuclear reactor.
The reactor designer and owner-operator should define the New nuclear power plants are t_Jelng designed, procured, and
. ; : . constructed differently, depending much more on the use,
information needs early in the project and document the management, maintenance, and exchange of electronic ECON
2.04.0070 ir;eztijns“m; (rjeeézlIgtejtwézrﬂ%téog;lgr;civzgiszp;etgzc:rt:gr:htgat information than those built previously. An improved information EPRI TR 3002007425 (EPRI, 2016¢) Investment ALL ALL IMPL
o V\J/ ner-)cg egrator 9 turnover process will translate into significant cost savings over
P ' the life of the plant.
The reactor designer should be capable of providing a This requirement provides for infqrmation important for obtaining
reasonably detailed cost estimate for the entire project, an accurate estimate of construction costs. ECON
2.04.0080 | based on the reference design and estimation of The estimate should include reasonable expectations for cost Industry Feedback Investment ALL ALL IMPL
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Req. # Requirement Basis Alignment Category Technology | Mission | Attribute
The cost estimate should apply the criteria in GAO-09-3SP If all reactor vendors used a standard cost model, the owner-
o . : operator could more easily evaluate the various design options. ECON
2.04.0081 ggﬁr?eiaf:ei?t;gaténgfamg Qsiieisment Guide) appropriate It also provides reassurance to investors and public service GAO-09-3SP (USGAOQO, 2009) Investment ALL ALL IMPL
9 an. commissions as to validity of estimates.
. . o , Obtaining an unbiased perspective on the accuracy of a cost
2.04.0082 The owner shoulld hire a th|rq party orga’mzatlon W.'th estimate will give the owner confidence in project cost Industry Feedback Investment ALL ALL ECON
applicable experience to verify a vendor’s cost estimate. estimates IMPL
The owner-operator should identify the most economically . . . .
critical aspects (e.g., equipment, resources) of operating a Perflorm.mg this exercise .W'” allow the owner-operator to gauge
2.04.0083 | specific reactor design for a specific mission and estimate Ijhe.hkel;]ho??fd t.hat o?err]atlnlg COStSdW'” Increase S|gp_|f|cantly h Industry Feedback Investment ALL ALL ECON
the associated costs and uncertainties for the life of the during the i le.t|me ? the plant anc tl? prevent or mitigate suc
plant before committing substantial resources. Increases, ultimately minimizing risk.
Passive plants should be designed to withstand a complete | Protection for both safety-related and non-safety-related USNRC RG 1.232
2.04.0090 | loss of bulk AC power without exceeding equipment design | equipment should be assured in the event of a loss of AC mPower DSRS Chapter 8 Investment ALL ALL ECON
limits for a length of time appropriate to the specific plant. power. URD Rev 13 Tier Il Chapter 1 Section 3
Vulnerability analyses provide insights that can be used to
increase design margins for plant systems that are primary URD Rev 13 Tier Il Chapter 1 Section 3
contributors to operational and safety risks. ) o
A single point vulnerability analysis should be performed Many electriqal, mechanical, and instrumentation and control rpgggéﬁwmgssﬁ?wéTgrsgi?ﬁ \F}Ijll?lterrzlkl)?l?t:gtsy > SAFE
2.04.0100 | early in the design phase to eliminate or, if unavoidable, components in the Balance-of-Plant (BOP) are not protected by (SPVs) have mainly focused on Investment ALL ALL ECON
manage single point vulnerabilities redundant backup systems like the safety equipment. As plants L . .
. ) : : qualitative reviews of critical plant
age, the potential for sudden failure of BOP systems increases. . : g
. L ! equipment, identifying those most prone
Malfunctions may have minimal safety consequences, but in o fail
today’s competitive electricity marketplace, their economic '
significance has grown.
Design methods should be based upon realistic and accepted
204.0110 The reactor designer should implement design methods values and techniques rather than overly conservative URD Rev 13 Tier Il Chapter 1 Section 4 Investment ALL ALL ECON
o that minimize unnecessary conservatism in the design. assumptions. Minimizing unnecessary conservatism can reduce | EUR Volume 2 Chapter 12 IMPL
construction cost and schedule.
Optimized design should be based on life-cycle cost Experience and good judgment are very valuable in deciding
estimates that account for both the initial hardware and when to apply advanced techniques. The level of engineering
2.04.0120 | construction costs, realistic component replacement costs, effort expended n 'des'lgn oEtlmllzaF;or) should reflectl plgnt URD Rev 13 Tier Il Chapter 1 Section 4 Investment ALL ALL ECON
and the operations and maintenance costs over the life of standardlzatlon objeptlves that JUS.tI y mgreased analysis and IMPL
the plant (including decommissioning) design efforts to achieve a reduction of installed hardware and
P 9 9 plant operating cost.
. L Capital costs typically define the economic case for nuclear
2.04.0130 The EPC ShO.U|d be. able to define construction time and reactors. Predictable timelines provide additional confidence that | Industry Feedback Investment ALL ALL ECON
deployment time with acceptable accuracy. IMPL

projected costs are accurate.
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for the long-term economic viability of the plant.

ability to generate profit. Allowing for flexibility in the design
lessens this risk. This is particularly important when considering
nuclear fuels.

Req. # Requirement Basis Alignment Category Technology | Mission | Attribute
This ensures that schedule expectations are set up front and
that plans and contingencies are in place to meet expectations.
, , . Schedule overruns result in budget overruns.
The owner-operator should identify targets for durations ) . _
between key milestones early in the project and provide an | K€y durations include:
economic basis. The reactor designer, EPC, and all sub- e Start of ground work to hot testing; ECON
2.04.0131 ggﬂgt? szt'zirjnsgr?glgobn?n?ggiroen?rglecrgaérc?ueltessasnhdogllg support ¢ Authorization to proceed with construction to First Nuclear Industry Feedback Investment ALL ALL IMPL
the targets (with margin). A probabilistic assessment of Concrete (FNC);
schedule duration should be performed. e FNC to mechanical completion/hot testing;
¢ Hot testing to fuel load;
¢ Fuel load to commercial operation.
The plant should be designed to operate for a period of o T URD Rev 13 Tier | Chapter 3 Section 2
2.04.0140 time that justifies the initial capital investment, This is necessary to the economic viability of the plant. EUR Volume 2 Chapter 2 Investment ALL ALL ECON
The owner assumes a large financial risk when they move
The reactor designer should provide the owner with forward with construction of a plant. If the reactor designer were
2.04.0141 | assurance of organizational and financial stability, and that | unable to continue supporting the project at some point during Industry Feedback Investment ALL ALL ECON
stability will last for the foreseeable future. construction or commissioning, the owner-operator could be
impacted financially.
Backup plans should be in place to mitigate the impact of a . i A _
2.04.0142 | key supplier failing to complete a key construction/design This is a risk m|t|gat|on measure. Any source of ”Sk. .that could Recent Lessons Learned Investment ALL ALL IMPL
task. cause the project to halt should be identified and mitigated.
When beginning construction on the first unit at a particular | It is typically more economical to add a unit to an existing site
site, the owner-operator should allocate land for the than to build a new unit at a different location, due the ability of
2.04.0143 placement of additional units that may realistically be neighboring units to share services, transmission, and Industry Feedback Investment ALL ALL ECON
added in the future. personnel.
If multiple units in a staggered build (i.e., all units are not Initially designing sharable services with the capability to service
built atrihe same time) g?e planned to.sHare services (e.g future units will be more cost effective than redesigning the
2.04.0144 | dry fuel storage, service water, fire water), the shared services with I?ach aﬂdmon. This may requlrr:a |n§talll|ng certain Industry Feedback Investment ALL ALL ECON
services should be designed to be shareable from the systems_for all units during construction pft e initial unit (e.0.,
start rather than retrofitted with each new unit I1&C cabling for shared control room, buried service water
’ ' piping).
Transmission lines and systems should be designed with Transmission can limit the scalability of an entire site if not
2.04.0145 | margins such that additional capacity may be added easily desianed with f ling in mi dy Industry Feedback Investment ALL GR ECON
in the future. esigned with future scaling in mind.
If the economic viability of the plant relies on the availability of a
The design should consider current and future natural particular natural resource at a specified cost, then changes to
2.04.0150 | resource availability and allow for flexibility where required the availability or cost of the resource could threaten the plant's Industry Feedback Investment ALL ALL ECON
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Req. #

Requirement

Basis

Alignment

Category

Technology

Mission

Attribute

2.04.0151

The owner-operator should ensure an adequately diverse
supply chain exists for investment critical materials and
components (e.g., nuclear fuel, replacement components).

Previous experience has shown that the Original Equipment
Manufacturers (OEMs) for components in nuclear power plants
should not be relied upon to provide maintenance or
replacement components for the entire plant life. The owner-
operator should have a supply chain for critical components that
is robust such that if one or multiple suppliers go out of business
or stop servicing the component, the owner-operator still has
alternate sources.

Advanced plants have the potential to use more specialized
nuclear fuels than the existing fleet, making the fuel supply chain
particularly important.

Recent Lessons Learned

Investment

ALL

ALL

PERF

2.04.0152

When possible, the owner-operator should avoid placing
constraints on the supply chain.

Building a supply chain based on political considerations (e.g.,
requiring local or domestic suppliers) can increase costs
compared to supply chains without such limitations.

Industry Feedback

Investment

ALL

ALL

IMPL

2.04.0153

Components and materials should not be sourced from a
company or country with a reputation for supplying
counterfeit goods.

This helps ensure a quality supply chain.

Industry Feedback

Investment

ALL

ALL

IMPL

2.04.0154

The regulatory and political risks (specific to the desired
region) of an advanced reactor using higher assay low
enriched uranium fuel than existing reactors should be
considered and mitigated in the siting and pre-construction
phases.

Many advanced reactor designs use High Assay Low Enriched
Uranium (HALEU) nuclear fuel (5% to <20% enrichment) that
has higher enrichment than fuel used in currently operating
reactors. The regulator will need to license the plant to operate
with the desired fuel enrichment prior to operation. Therefore,
the owner-operator should reach agreement with the regulator
on fuel enrichment for potential sites within the regulator’s
jurisdiction before making significant investment.

Industry Feedback

Investment

ALL

ALL

ECON

2.04.0160

The design should protect investment critical equipment
from hazards.

Siting decisions will likely preclude sites that have proximity
hazards, but certain hazards cannot be eliminated.
Consideration of a wide range of hazards will allow for increased
siting versatility for the plant. Examples include:

¢ Airplane crash;

¢ Ship collision;

¢ Industrial plant accident;

¢ Pipeline accident;

¢ Surface vehicle accident;

e Toxic or hazardous gas release;

¢ Propane or other detonable fluid explosion;
e Internal fire;

e Sabotage;

¢ Flooding.

Additionally, some equipment used in specific missions or
reactor types may have unique hazards that must be
considered.

Designing for these hazards can help avoid damage to
expensive equipment.

USNRC RG 1.232

mPower DSRS Chapter 3

URD Rev 13 Tier Il Chapter 1 Section 2
URD Rev 13 Tier Il Chapter 1 Section 4

Investment

ALL

ALL

ECON
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Req. # Requirement Basis Alignment Category Technology | Mission | Attribute
Investment critical components and systems (i.e., those FOAK components and systems represent a risk to the plant's
representing a large investment or those that could lead to . L
. economic performance because their failure modes may not be
damage of components or systems representing a large understood as well as components with significant operatin
2.04.0161 | investment) that do not have operating experience in a ; P 9 P 9 Industry Feedback Investment ALL ALL ECON
e L experience. In-depth separate-effects or, if needed, prototype
similar application should be proven to adequately perform ; ;
. ) " " : : testing can help prove to investors that the FOAK aspects of a
their function through "proof-of-concept" testing prior to the . L
: design do not present an unacceptable economic risk.
start of construction.
A potential owner-operator is not going to make the initial
investment without proof that the design can be built on a
predictable schedule for a predictable cost and that the
) _ technology will operate as intended. This requires that the
For reactor designs that have not been constructed in the | gesigner demonstrate constructability and operability through a
2.04.0162 | Past advanced reactor developers should minimize fisk | series of demonstrations. Demonstrations may be partial, and | Recent Lessons Leamed Investment ALL ALL | ECON
through demonstrations of constructability, operability, may involve the nuclear or non-nuclear portions of the plant.
maintainability, and reliability. . ) o ) )
Ideally, this would involve building a series of demonstration
reactors that scale up at each step, minimizing the risk and
gradually increasing confidence in the full-scale reactor.
However, this scenario may be economically impractical.
Traditionally, PRA has been applied to public safety
Advanced reactors should utilize Probabilistic Risk considerations (i.e., defining the risk of releasing radioactive
2 04.0163 Assesgment (PRA) methodologies for investment material to 'the envwonmeqt). Hovx{ever3 def|n|ng't.he economic Industry Feedback Investment ALL ALL PERF
protection in addition to safety to allow the owner-operator | and operational risk associated with failure of critical equipment ECON
to quantify the risks. is also important and can allow stakeholders to have more
confidence in the plant's robustness.
Project risk management differs from hazard analysis in that
hazard analysis is focused solely on the technical aspects of
2.04.0164 | Hazard analysis should be used to identify project risks. system fa|lur.e mechan!sms and thelr effect on plant safety, IEEE 7-4.3.2-2016 Section 5.3.6 Investment ALL ALL IMPL
rather than risks to project execution. Overlap between the
project risks and hazard analyses are possible when elements
are common to both.
Automatic or manual actions taken to protect the plant in
2.04.0170 certain scenarios (e.g., actgaﬂon of pressure rehgf Protects the owner-operator's investment. URD Rev 13 Tier Il Chapter 2 Section 3 Investment ALL ALL ECON
systems) should not result in the damage of equipment or
components.
The final design should include features to permit Over this life span, components will need to be replaced, and PERF
necessary component replacement within the design special attention will need to be paid to material issues such as URD Rev 13 Tier | Chapter 3 Section 2
2.04.0180 S ; . ) - ; - - Investment ALL ALL ECON
availability requirements and should include analyses and | fatigue, corrosion, thermal aging, and radiation embrittlement EUR Volume 2 Chapter 2 IMPL
data necessary to support the design life of materials. effects.
The reactor design should consider the ability to extend the | longer design life should be evaluated for certain components | URD Rev 13 Tier | Chapter 3 Section 2 PERF
2.04.0190 | lifetime of certain components beyond the planned plant : e N ) , Investment ALL ALL ECON
lifetime. which are difficult to replace or maintain. Based on experience with US LWR fleet. IMPL
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Req. # Requirement Basis Alignment Category Technology | Mission | Attribute
For advanced reactors with long lifetimes (e.g., 40 years and
longer) unexpected component replacements can present
. : unjustifiable costs and can result in the premature
2.04.0200 l'!'hg design $hou!d include a clear strategy for component decommissioning of the plant. Owner-Operators need to Industry Feedback Investment ALL ALL ECON
ifetime qualification and component replacement. . . . IMPL
understand the impact of design decisions that assume
operability for the life of the plant, and tradeoffs associated with
this design philosophy.
For advanced reactors with long lifetimes (e.g., 40 years and
longer) unexpected component replacements can present
The reactor designer should identify components that are unjustifiable costs and can result in the premature ECON
2.04.0210 | intended to be replaceable and those that are qualified for | decommissioning of the plant. Owner-Operators need to Industry Feedback Investment ALL ALL IMPL
the life of the plant. understand the impact of design decisions that assume
operability for the life of the plant, and tradeoffs associated with
this design philosophy.
For advanced reactors with long lifetimes (e.g., 40 years and
For advanced reactor components that are intended to be Ion.ger.).unexpected component replacements can present
ualified for the entire life of the plant, the reactor designer unjustifiable costs and can result in the premature ECON
2.04.0220 | 4 plant, 9 decommissioning of the plant. Owner-Operators need to Industry Feedback Investment ALL ALL
should develop a component replacement strategy that . . . IMPL
identifies the impacts of an unexpected replacement. undersps_\nd the |mpact of design decisions that assume .
operability for the life of the plant, and tradeoffs associated with
this design philosophy.
i _ ) This requirement lowers investor risk.
Befor_e the first permane_nt concrete of the first reac_tor unit Vendor drawings that provide the necessary technical
2.04.0230 gggusrgirﬁa%%%rngﬁl;eg;ezvoﬁghhseudnﬁopgLOS\(JE.;Z gis;gnno information to enable approval of detailed plant engineering EUR Volume 2 Chapter 13 Investment ALL ALL IMPL
impact on the concrete being poured. documents should be completed in order to qualify the plant
engineering documents as complete.
Although the advanced reactor is an industrial facility, there is
If a plant is visible from off-site, the individual facilities and | nothing inherently inconsistent between the need for a pleasing
the total plant should be designed and arranged so as to external appearance and the function required of the plant. A
2.04.0240 | present a functional and pleasing appearance from all pleasing external appearance will improve the potential for the URD Rev 13 Tier Il Chapter 6 Section 2 Investment ALL ALL IMPL
publicly accessible locations. The result should not cause plant to be accepted by its neighbors, whereas a plant that has
significant cost increases. an obvious presence (e.g., unsightly structures, visible plumes)
will be less likely to receive approval from the public.
The interior building design should consider human factors
2.04.0250 | in the selection of lighting, ventilation, furnishings, color, Promotes good housekeeping habits and leads to good morale. | URD Rev 13 Tier Il Chapter 6 Section 2 Investment ALL ALL IMPL
and the allocation of space.
Advanced reactors should be good stewards of their
. I . communities. Providing a means for transparency enhances the
Provisions should be made (e.g., viewing galleries) to trust and cooperation an owner-operator can achieve within the
2.04.0260 | facilitate public viewing of selected plant areas by persons GCRA 86-002/Rev. 3 (GCRA, 1987) Investment ALL ALL ECON

and groups under controlled conditions.

advanced reactor's community. In particular, viewing the control
room and other important operating spaces should be
considered.
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maintain key knowledge and configuration data.

also improve training and facilitate communication and turnover
between the reactor designer and owner-operator/EPC. The
licensee (owner-operator) is ultimately responsible as the design
authority, so knowledge transfer from the reactor designer to the
owner-operator is important.

Req. # Requirement Basis Alignment Category Technology | Mission | Attribute
The design life of components and structures should be This should be Ejhe basis for Qetltarg)ining tr;]ef effective "Le of
based on appropriate assumptions for the duty cycles and components and structures, including such factors as the : .
2.04.0270 . : number of transient events, the number of stress cycles, the URD Rev 13 Tier Il Chapter 6 Section 2 Investment ALL ALL IMPL
environments to which the components and structures are ial ; " d deterioration result of
exposed. material corrosion allowance and deterioration as a result o
environmental conditions.
Safety systems designed to protect against postulated
events should be credited to the maximum extent possible | This requirement reduces the amount of equipment needed, SAFE
2.04.0280 | for mitigating the effects of severe events, to reduce the reducing capital, maintenance, and operating costs and URD Rev 13 Tier Il Chapter 6 Section 2 Investment ALL ALL ECON
reliance on additional systems required solely for severe increasing reliability.
events.
The design of the non-nuclear systems will influence siting, pipe
Nuclear island design and non-nuclear systems design and cable routing, layout, and many other important
2.04.0290 | Progress should be made in an integrated manner, and the | considerations that must bg addressed early in the design. EPRI TR 3002008041 Investment ALL ALL ECON
selection of non-nuclear technology should be made early | Attempts to select and design non-nuclear systems after IMPL
in the design process. significant nuclear island design work will result in re-work and
attendant costs.
. L - . Minimizing realignments for important functions provides for a . .
2.04.0300 The design should minimize or eliminate reahgnmgnts simpler design and reduces the potential for errors that threaten URD Rev 13 Tier Il Chapter 1 Section 2 Investment ALL ALL ECON
needed to accomplish investment protection functions. equipment EUR Volume 2 Chapter 1
The use of modern digital data management tools can be useful
not only across the plant life cycle, including EPC and
decommissioning, but also for the management of plant
configuration (control of the licensing basis, plant operation, and
The reactor designer and owner-operator should consider | input and control of many plant programs).
the development and implementation of a data-centric Using a CMIS to model the plant in a virtual environment will ECON
2.04.0310 Configuration Management Information System (CMIS) verify interface adequacy during design, minimizing issues EPRI TR 3002003126 (EPRI, 2014d) Investment ALL ALL IMPL
versus a document-centric approach. during construction. It will also improve training and facilitate
communication and turnover between the reactor designer and
owner-operator/EPC. The licensee (owner-operator) is ultimately
responsible as the design authority, so knowledge transfer from
the reactor designer to the owner-operator is important.
The use of modern digital data management tools can be useful
not only across the plant life cycle, including EPC and
decommissioning, but also for the management of plant
. , . configuration (control of the licensing basis, plant operation, and
The ?N”S shoul((j:i Ir;teglr(;olts Squcljytﬁha'”'h°p$rtit"3|.r]‘¢s' "ﬂ?} input and control of many plant programs). ECON
2.04.0311 gg}ggr}[gngsesg? insdgsuign aengsfonstiggtgi]or?,uandetc: eorie Using a CMIS to model the plant in a virtual environment can EPRI TR 3002003126 Investment ALL ALL IMPL
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Req. #

Requirement

Basis

Alignment

Category

Technology

Mission

Attribute

2.04.0320

Any potential owner-operator should consider proactive
methods of engaging the local community and the local
environmental community.

Lessons learned from canceled nuclear projects or projects that
failed to complete construction due to opposition have shown
that public opinion can have a major effect on the viability of a
nuclear project.

Methods for engaging the community include:
¢ Hiring a Public Relations (PR) company;

e Working with local community organizations (grassroots
campaign) and engaging local and national environmental
organizations;

¢ Building an official information center.

Industry Feedback

Investment

ALL

ALL

ECON

2.04.0321

The owner-operator should clearly define the reactor’s
risks to the surrounding public and environment and the
recovery effort associated with postulated events. The
owner-operator should communicate this information to the
public.

Defining the risks associated with a nuclear plant will allow the
public to be knowledgeable and be able to make an informed
comparison of the risks of the nuclear plant to those of other
industrial facilities. Many advanced reactor designs have
dramatically reduced postulated events and recovery
requirements compared to traditional reactors and it is crucial
that the public recognizes these benefits. Ideally, an advanced
plant would be able to make use of existing non-nuclear off-site
emergency plans (e.g., local fire department).

Industry Feedback

Investment

ALL

ALL

ECON

2.04.0330

Any prospective non-nuclear operator should consider and
mitigate the reputational risk associated with adopting a
nuclear technology.

The reputation of a corporation can have a significant effect on
financial performance. A non-nuclear operator should have a
plan in place to deal with the potential reputational risk before
beginning a nuclear project so as to protect the operator’s
assets.

Methods include:
Hiring a PR company

Public outreach on benefits of using nuclear energy;

Joint strategy with stockholders;

Corporate communication.

Industry Feedback

Investment

ALL

ALL

ECON

2.04.0331

A prospective non-nuclear owner should consider hiring an
experienced nuclear operator.

If the individuals and organizations responsible for operating the
plant have prior nuclear operating experience, operation will
likely be more successful.

Industry Feedback

Investment

ALL

ALL

ECON

2.04.0332

A potential owner-operator organization should develop
and maintain an integrated risk matrix or registry, or a
similar risk assessment tool, to ensure the risk associated
with the advanced reactor project is within acceptable
limits.

An advanced reactor project represents a significant investment
of resources for the potential owner-operator, with an associated
risk. Certain organizations will be in a more favorable position to
assume this risk than others. Potential owner-operators need to

consider the size of their organization, their previous experience,
their current portfolio, and other factors before deciding to move

forward with an advanced reactor project.

Lifetimes for advanced plants may be from 40 to 80 years. Many
factors, such as environmental regulations, resource availability,
and advancements in competing technologies, may change
during that time to effect the risks. Therefore, the risk matrix
needs to be maintained.

Industry Feedback

Investment

ALL

ALL

ECON
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production plant, chemical processing plant, etc.).

offset the economic benefits of the nuclear energy source,
making the project less economically viable.

Req. # Requirement Basis Alignment Category Technology | Mission | Attribute
Membership in industry organizations helps to minimize risks
associated with operations and provides support for public
A — ior should der toin relations. Such organizations include:
ny potential owner-operator should consider joining . .
2.04.0340 | nuclear industry trade groups to take advantage of industry | ° Nuclear Energy Institute (NEI); Industry Feedback Investment ALL ALL PERF
y group g y y ECON
experience in nuclear operations. e Institute of Nuclear Power Operations (INPO);
e World Association of Nuclear Operators (WANO);
e Electric Power Research Institute (EPRI).
In the case that the plant Owner and Operator are Having an Operator that is distinct from the Owner can
2.04.0350 | separate entities, the division of responsibilities must be complllcat_e the_orgamzanonal structure of the project. Each Industry Feedback Investment ALL ALL IMPL
defined early in the proiect organizational interface has the potential to create
y project. miscommunication. Clearly defined roles can mitigate this risk.
An undersized reactor can lead to an inability to meet demand.
The reactor size (i.e., output magnitude) should be An oversized reactor can lead to inefficiency and waste energy.
2.04.0351 | appropriate for the owner-operator's desired mission and Modular reactors in multi-unit configuration can allow for more Industry Feedback Investment ALL ALL PERF
application. flexibility in sizing the overall plant to meet immediate demand
and allow for future demand growth.
Nuclear plant power is relatively cheap once the plant is built, so
using reactor power for alternative purposes when full output is
not required would potentially improve the economics of the
plant.
For example, a plant could perform desalination processes (e.g.,
reverse osmosis, thermal) in conjunction with a primary mission PERF
2.04.0352 Secondary missions should be evaluated. if access to salt water is available. Certain locations could have Industry Feedback Investment ALL ALL ECON
a large market for potable water (e.g., the western United
States). The water could also be used for plant operation, thus
minimizing water demand. Additionally, providing water and/or
minimizing the plant’s water use would be beneficial for
obtaining public acceptance. Hydrogen production is another
option for a secondary mission.
Advanced reactors designed for process heat applications
should be capable of operating at acceptable costs and The desired load profile is of particular concern in process heat
2.04.0360 with acceptable reliability for the load profile established by | applications. Industry Feedback Investment ALL PH ECON
the end user.
The plant should be located in a strategic point where external "Next Generation Nuclear Plant Project
A reactor intended for process heat anplications could be facilities with sufficient generation capacity and consumption can | Evaluation of Siting an HTGR Co-
2.04.0369 sited in close proximit pto otential chs)lt?omers be potential customers. The owner-operator should enter into generation Plant on an Operating Investment ALL PH ECON
P ytop ' long term energy supply agreements with the industrial facilities | Commercial Nuclear Power Plant Site,"
to achieve the required internal rate of return on equity. INL/EXT-11-23282 (INL, 2011b)
For non-electricity-generation missions, the plant should be If an industrial facility that is supplied with steam (o'r some other
built so there is a clear regulatory bounaary between the product) from a nearby nucle.ar plant becomes subject to a PH
2.04.0370 nuclear regulatory body, the increased regulatory burden could Industry Feedback Investment ALL ECON
nuclear plant and any non-nuclear systems (e.g., hydrogen RP
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Req. # Requirement Basis Alignment Category Technology | Mission | Attribute
Metrics to represent the levelized cost of delivering the For traditional electricity generation reactors, Levelized Cost of PH
2.04.0381 | plant's product to its customers should be developed for Electricity (LCOE) is used to perform cost analyses. Similar Industry Feedback Investment ALL RP ECON
non-electricity-generation missions (e.g., production heat). | metrics are needed for alternative missions. AT
. . . . ; It is desirable for the design to be deployable in a variety of
The deS|gn should aI_Iow siting at most sites av:_;ulabl,e ina environments. However, it is infeasible to make the design URD Rev 13 Tier | Chapter 3 Section 1 ECON
2.04.0391 | geographic area designated as the reactor designer’s . . - - . ; Investment ALL ALL
deployable in all environments (i.e., seismic fault lines, sinkhole | EUR Volume 2 Chapter 13 IMPL
target market.
areas, etc.).
As is true with any industrial or commercial endeavor, it is
Siting should consider the communities, industrial facilities, | important to consider the impacts a new plant may have on
2 04.0400 and commercial zones in the vicinity of the potential site, existing nearby entities, and the impacts nearby entities may United States National Environmental Investment ALL ALL ECON
T and how the area is likely to change during the life of the have on the plant. Since plants can have relatively long Policy Act (NEPA) IMPL
plant. lifetimes, potential evolutions of the locality should also be
considered.
When a new nuclear plant is being considered to replace
the output of an existing plant, the owner-operator should . . . . . o . "
2.04.0411 | consider siting at/near the existing site to preserve the Tgllisé requirement is consistent with the ORG's "good neighbor Industry Feedback Investment ALL ALL ECON
local community that has often been built up to support the policy.
existing plant.
One challenge of renewable energy sources is that they vary in
When considering the deployment of a reactor, the owner- | output significantly depending on the weather, season, time of GR
2.04.0421 | operator should consider collocating small nuclear reactors | day, etc. A nuclear plant could offset these variations. Industry Feedback Investment ALL oG IMPL
with renewable energy sources (e.g., wind, solar). Additionally, collocating the two energy sources would allow for
a shared transmission infrastructure and dual use of land.
Historically, nuclear power plants have been sited in remote
locales, far from large and medium sized population centers.
The development of Small Modular Reactors (SMRs) and other
advanced designs may allow reactors to be sited closer to
population centers. This would lead to cost savings associated
with transmission, and other benefits.
The owner-operator should site the reactor balancing Being able to place a reactor closer to population centers would
2.04.0431 | economic, practical, safety, and emergency response be especially beneficial for areas where building new Industry Feedback Investment ALL ALL ECON
considerations. transmission is difficult. Additionally, micro reactors may even be
sited at substations, contributing to the decentralization of
power.
Despite the potential benefits of siting reactors near population
centers, other factors must also be considered before making
the decision, such as reactor size, Emergency Planning Zone
(EPZ), and public acceptance.
Minimizing the EPZ (or equivalent term) could allow the plant to
be placed closer to population centers, minimizing the costs
associated with building transmission. Minimizing EPZ is also
The area around a plant that could be affected in the event | beneficial for public acceptance and decreases regulatory SAFE
2.04.0441 | k1 emergency (e.g., EPZ) should be minimized. burden. Ideally, the EPZ should be within the site property Industry Feedback Investment ALL ALL ECON

boundary.

Many advanced SMR designs have a small EPZ based on
inherent design attributes/features.
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Basis

Alignment

Category

Technology

Mission

Attribute

2.04.0451

Supply chain considerations for nuclear fuel should be
taken into account when siting a particular reactor type in a
specific region.

Since many advanced reactors use fuels that are different from
those used in existing reactors, the supply chain infrastructure
for the fuel is an important consideration. For example,
nations/regions that are able to source traditional fuel through a
domestic/local supply chain may not be able to do so for an
alternative fuel type without years of preparation, and switching
to a non-domestic supply could have political impacts.

Industry Feedback

Investment

ALL

ALL

ECON
IMPL

2.04.0461

The availability of existing transmission infrastructure and
the barriers to building new transmission should be
considered when siting a reactor.

Transmission infrastructure represents a large capital
investment with many potential societal, environmental, and
political concerns. The costs (or other barriers, such as
environmental constraints) associated with building new
transmission could make a site infeasible for an advanced
reactor.

Industry Feedback

Investment

ALL

GR

ECON

2.04.0471

The water consumption (primarily used for ultimate
cooling) necessary to operate the plant should be
minimized.

Historically, the siting of nuclear plants has been heavily
constrained by the need to have a large body of water nearby to
provide the ultimate source of cooling. Reducing water
requirements could greatly increase the number of viable sites
for a certain reactor design, and thus increase deployability.

Additionally, reducing water requirements reduces the plant's
impact on the surrounding environment, which is consistent with
the ORG's "good neighbor" policy.

Industry Feedback

Investment

ALL

GR
oG
RP

PERF
ECON

2.05.0010

The design should limit off-site consequences due to
postulated events and severe events.

Off-site consequences should be minimized to assure the safety
of the public. Different reactor designs may use different metrics
for measuring defense in depth (for example, core damage
frequency for reactors with solid fuel pins), but the minimization
of off-site consequences is universal. For many designs, this will
allow for minimization of the EPZ which provides several
benefits.

EPRI TR 3002008041

Licensing and
Safety Analysis

ALL

ALL

SAFE

2.05.0020

Estimates of off-site consequences should be based on
mechanistic estimates of radionuclide release, unless more
bounding analyses prove to be acceptable.

Off-site consequences should be minimized to assure the safety
of the public. Different reactor designs may use different metrics
for measuring defense in depth (for example, core damage
frequency for reactors with solid fuel pins), but the minimization
of off-site consequences is universal.

Specifying the evaluation of off-site consequences for postulated
events and severe events is not intended to preclude the use of
probabilistic methods in developing the reactor's safety case.

NUREG 1465 (USNRC, 1995)

Licensing and
Safety Analysis

ALL

ALL

SAFE

2.05.0030

The design should prevent breaching of fission product
barriers for a minimum of 30 days with the assumption of
no operator action and no off-site power.

This reduces the chance for radioactive releases in an event.
Owner-Operators are interested in nuclear reactors whose
safety cases rely on the most minimal assumptions for active
components, operator response, and external assistance. The
Fukushima-Daiichi event demonstrated that supporting
infrastructure and off-site power may not be available for an
extended period of time after an event.

IAEA Report by the Director General: The
Fukushima Daiichi Accident (IAEA,
2015)

Licensing and
Safety Analysis

ALL

ALL

SAFE

2.05.0040

The design should minimize the dependence on active
engineered safety systems to achieve safety requirements
(see definition of active component).

Reducing the active components required to demonstrate safety
simplifies the design and usually enhances the probabilistic
safety metrics.

URD Rev 13 Tier | Chapter 3 Section 1
EUR Volume 2 Chapter 1

Licensing and
Safety Analysis

ALL

ALL

SAFE
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The design should rely on passive systems or phenomena . T . .
2.05.0050 | to remove heat to an effectively infinite heat sink (i.e., These passive systems and postulated events wil differ for each EUR Volume 2 Chapter 8 Licensing and. ALL ALL SAFE
; . reactor design. Safety Analysis
environment) during postulated events.
The specific events are different for each reactor technology.
The design should mantain he abiy for an ol | [1E3E SVrts o el Aty serion event (., veter
2.05.0060 | operator action to establish safe shutdown during 9 S amg P EUR Volume 2 Chapter 1 9 ) ALL ALL SAFE
Reactor [HTGR], voiding in a Sodium Fast Reactor [SFR], and Safety Analysis
postulated events and severe events. . 7
core cooling [volume contraction] in a Molten Salt Reactor
[MSRY)).
2.05.0070 The deggp shoglq mihimize the plant's vulnerability and This enhances the plant's safety case. URD Rev 13 Tier | Chapter 3 Section 1 Licensing and' ALL ALL SAFE
susceptibility to initiating events. Safety Analysis
Components and systems that do not impact reactor safety
should be clearly delineated to allow for a graded approach to
. applying quality standards to BOP SSCs. Procurement cost, . .
2.05.0071 The safety of the reactor should not be impacted by the maintenance cost, administration of quality assurance Industry Feedback Licensing and_ ALL ALL SAFE
status of the BOP. . . . Safety Analysis
requirements, and extent of required safety analysis are greatly
reduced when an SSC's safety category is appropriately
assigned.
. L - . Minimizing realignments for important functions provides for a : . . .
2 05.0080 The design should minimize or ehmmate realignments simpler design and reduces the potential for errors that URD Rev 13 Tier Il Chapter 1 Section 2 Licensing and. ALL ALL SAEE
needed to accomplish safety functions. EUR Volume 2 Chapter 1 Safety Analysis
challenge safety systems.
Simplification is considered essential to all aspects of plant
2 05.0090 Simplification should be emphasized in plant design so as | design. It is particularly important to minimize the occurrence of | URD Rev 13 Tier Il Chapter 1 Section 2 Licensing and ALL ALL SAEE
T to enhance accident resistance and reliability. initiating events which could lead to more serious transients and | EUR Volume 2 Chapter 1 Safety Analysis
accidents.
Design margin will provide a more forgiving and resilient plant,
which enhances the success of operator response and allows
recovery from initiating events more readily without the need for
actuation of active equipment or separate, quick acting
engineered safety systems. Using ample margin may allow the
plant to accommodate material failures or changes in licensing
without having to complete a modification or component
Ample margin should be designed into the plant so as to replacement. mPower DSRS Chapter 7
2 05.0100 reduce the likelihood of exceeding limiting conditions of Key design margin requirements include: USNRC RG 1.232 Licensing and ALL ALL SAFE

operation, reduce the frequency of trips, and improve
accident resistance.

¢ Greater margins for accommodating operating transient
conditions through characteristics such as larger coolant/heat
sink inventory and longer response time to transient
conditions;

¢ Provide sufficient margin to reduce the likelihood of exceeding
limiting conditions of operation;

¢ Provide significant margin between normal operating range
and reactor trip set points.

URD Rev 13 Tier Il Chapter 1 Section 2
EUR Volume 2 Chapter 1

Safety Analysis
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e L e dbmck TSI | mherent sfeyfetures,such as natra ety ecabick
2.05.0110 y ) mechanisms, reduce the complexity of the design and reduce USNRC RG 1.232 9 . ALL ALL SAFE
postulated events do not result in unmanaged adverse ; X Safety Analysis
the chances for system failures to impact the safety of the plant.
consequences.
The design basis analyses should be used to show that fuel
design limits or off-site release criteria are met and that design URD Rev 13 Tier Il Chapter 1 Section 2
features are adequate to protect the owner-operator’s The selection of, and protection against,
investment. design basis accidents is common to
The reactor designer should define and analyze the Applied in order to verify: existing licensing paradigms. Probabilistic _ _
2.05.0120 | postulated events that are to be accommodated in the * The functional adequacy of major plant systems and methods can be used to support the L|cfensmg a:nd_ ALL ALL SAFE
plant design. components, including the sizing and the number of cycles of | Safety case, even to develop the key Safety Analysis
operation; metrics against which the design is
judged, but showing protection against
e The structural Iaggquacy of plant s>|/§tems, I(:c.>mponents and design basis events will continue to
structures, including reactor vessel internals; objectively demonstrate the safety case.
e The operational adequacy of plant procedures.
;2; rtsezgt;)Or SSS'gonr?f[hS:Oglr?egstri?r:rgfbne;t;;‘r Irt]:::lesient Plant operating procedures must reflect a true representation of | mPower DSRS Chapter 13 Licensing and
2.05.0130 Y PP > 9 ' . plant performance and not be based solely on licensing design URD Rev 13 Tier Il Chapter 1 Section 2 9 . ALL ALL SAFE
and emergency operating procedures and operator training basi | | h Safety Analysis
material. asis analyses. EUR Volume 2 Chapter 14
This requirement minimizes the demands on the operator and
provides increased time for operator diagnosis and response.
The plant should be designed to allow the operator g/lvaerxspllgp}odne&ggrsiovggl gfﬂ%rﬁfdljc;)vss\r/ztrorcizgilorﬂi fcirhgosigﬂ?ttﬁd mPower DSRS Chapter 7 Licensing and
2.05.0140 | significant time to evaluate the plant conditions and decide . g PEroas ' . gning P URD Rev 13 Tier Il Chapter 1 Section 2 9 . ALL ALL SAFE
) S provide operators with time for evaluation and action may Safety Analysis
what, if any, manual action is needed. . o . L EUR Volume 2 Chapter 1
provide additional margin to safety criteria and may enhance the
operators' ability to prevent equipment damage or to reduce the
chances for challenges to safety systems.
The interactions of safety related systems with each other
2 05.0150 and with non-safety systems should be evaluated to show | The evaluation should consider mechanical, electrical/magnetic, | URD Rev 13 Tier Il Chapter 1 Section 2 Licensing and ALL ALL SAFE
T that these interactions are unlikely to result in unintended chemical, and digital interactions. EUR Volume 2 Chapter 1 Safety Analysis
effects on the function of one or more safety systems.
The plant should be designed so as to prevent operator Operator overrides introduce the possibility for operators to
override of safety system functions as long as a valid incorrectly prevent necessary safety actions. However, some
safety system actuation signal exists. In cases where operator overrides may be necessary to prevent inappropriate
, 4 . . . . ; . mPower DSRS Chapter 7 . .
operator overrides are desirable (as determined in design safety system actuation or continued safety system operation . . Licensing and
2.05.0160 L . . L URD Rev 13 Tier Il Chapter 1 Section 2 . ALL ALL SAFE
analysis), it should be demonstrated that the override from causing damage to plant components. In applications Safety Analysis
. - ) . . ! EUR Volume 2 Chapter 1
function prevents challenges to safety limits or equipment which warrant such operator overrides, the design must carefully
damage and that the function can be well controlled control them, to ensure that they cannot be implemented when a
through the use of procedures or interlocks. valid safety system signal is present and needed.
. If dependency on active safety systems cannot be avoided, then
If a plant must depend on active safety systems, the ower supplies for such systems should be independent Licensing and
2.05.0170 | design must demonstrate the defense-in-depth of the P pp y P ' URD Rev 13 Tier Il Chapter 1 Section 2 9 ALL ALL SAFE

systems' power supplies.

diverse, and redundant such that postulated events are unlikely
to disable all credited safety features.

Safety Analysis
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-srﬁjtgcl)?/\r/]; w?hugdare?;i;raiecf gzglilpl)%g;? gmiv}gg z:I?fe Defines conditions associated with safe shutdown and minimum mPower DSRS. Chapter 7 . Licensing and
2.05.0180 | : o . R . ; URD Rev 13 Tier Il Chapter 1 Section 2 . ALL ALL SAFE
identified postulated events, assuming the most limiting requirements for safety related equipment. Safety Analysis
: ) EUR Volume 2 Chapter 1
single failure.
The reactor designer should identify all initiating events ;g\zg(tgg Isla;[r?t?/\r/]if# reottgﬁta?nasnf‘?fg)%g?uig ﬁ?}gpﬁffig:ﬂaﬂ mPower DSRS Chapter 7 Licensing and
2.05.0190 | that are significant contributors to the risk of fission product | P P y unig T ' gnis ! URD Rev 13 Tier Il Chapter 1 Section 2 9 . ALL ALL SAFE
risk assessments may be useful in identifying an appropriate set Safety Analysis
release. . EUR Volume 2 Chapter 1
of initiating events.
The list of initiating events should be classified into Classification of the postulated events and severe events NUREG-0800 Chapter 15 (USNRC Licensing and
2.05.0200 9 determines what falls within the design basis, and the P g and ALL ALL SAFE
postulated events and severe events. o . . 2017) Safety Analysis
acceptance criteria to be applied to each analysis. —
Appropriate frequency classifications for postulated events are
important for determining the safety significance of plant
systems, and provide a framework for PRA inputs.
Suggested classifications are as follows:
¢ Moderate Frequency - Those events any one of which may
5.05.0210 Pfostulated events should be classified by their frequency occur during a calendar year for a particular plant; URD Rev 13 Tier Il Chapter 1 Section 2 gofer;y:g alnd_ ALL ALL SAFE
ot occurrence. « Infrequent events - Those events any one of which may occur afety Analysis
during the life of a particular plant;
¢ Limiting Faults - Those events that are not expected to occur
over the lifetime of the plant but are postulated because their
consequences would include the potential for release of
significant amounts of radionuclides.
. , . S Single equipment failures that are selected should be those that
The reactor designer should identify potential single -~ R ; L : . : .
. : : S : are limiting for the initiating event, given specified fuel, reactor URD Rev 13 Tier Il Chapter 1 Section 2 Licensing and
2.05.0220 | equipment failures which could occur coincident with . S . . . . ALL ALL SAFE
. o boundary, and containment limits (i.e., consistent with the single | EUR Volume 2 Chapter 1 Safety Analysis
identified postulated events. . A
failure criterion).
To deploy a new nuclear reactor, the applicant must receive
Once a site is identified as a possible location for the permits from the regulator for the construction and operation of
deployment of an advanced reactor, the reactor designer the reactor. In addition to the regulatory requirements, the
and owner-operator should start a rigorous and approved site must also satisfy business objectives for the Licensing and
2.05.0230 comprehensive process of selecting and scoring this project, allow for plant operation, and comply with process EPRI TR 3002005435 (EPRI, 20159) Safety Analysis ALL ALL IMPL
potential site, using different siting criteria, in order to requirements for the consideration of alternative sites.
evaluate its suitability. Engagement of the public is also a necessary element in this
process.
Before making the final decision during the site selection . .
. To deploy a new nuclear reactor, the applicant must receive
process, the reactor designer and owner-operator should : : .
. e : . permits from the regulator for the construction and operation of
consider the suitability of the site from the perspectives of the reactor. In addition to the regulatory requirements, the Licensing and
2.05.0250 | the business plan for the new nuclear plant, existing ! 9 yreq ' EPRI TR 3002005435 9 ALL ALL IMPL

knowledge for the site under consideration, and other
specific site characteristics (e.g., ownership, seismic and
meteorological).

approved site must also satisfy business objectives for the
project, allow for plant operation, and comply with process
requirements for the consideration of alternative sites.

Safety Analysis
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Conservatism should be consistent with regulatory
requirements. Conservatism assumed in safety margin analyses
should be justified by the reactor designer.

Req. # Requirement Basis Alignment Category Technology | Mission | Attribute
The reactor designer should develop the technical basis for
severe accident management, including the Emergency , . . . .
2.05.0260 | Procedure Guidelines (EPGs) to assure reactor protection, The experiences of Three Mile Island (TMI) point out the need mPower DSRS Chapter 19 _ Licensing and. ALL ALL SAFE
: N . for a severe accident management program. URD Rev 13 Tier Il Chapter 1 Section 2 Safety Analysis
meet off-site dose limits, and mitigate the effects of
radionuclide release.
The reactor designer should use the plant specific PRA
2 05.0270 and other relevant information to confirm that the plant The experiences of Three Mile Island (TMI) point out the need mPower DSRS Chapter 19 Licensing and ALL ALL SAFE
T design is compatible with the EPGs and severe accident for a severe accident management program. URD Rev 13 Tier Il Chapter 1 Section 2 Safety Analysis
management program.
Advanced reactors utilize different fission product barriers and
have different sources of fission products, depending on the
The reactor designer should clearly articulate a defense in design. The strategy for containing fission products should
2.05.0280 | deoth strate fo% containin fissio)r/1 roducts earlv in the include successive physical barriers, just as large LWRs have NUREG-0800 3.8.1-3.8.3 Licensing and ALL ALL SAFE
e d P 9y 9 P y traditionally done. Since these barriers are often different than URD Rev 13 Tier Il Chapter 1 Section 2 Safety Analysis
esign process. 7. :
those traditionally used in LWRs, they should be very clearly
articulated for the benefit of the owner-operator and the
regulator.
Severe accident risk should be evaluated using PRA, and Events with severe off-site consequences should be very remote mPower DSRS Chanter 19
it should be demonstrated by the reactor designer that the | in probability. This requirement will also help to achieve long- . P . Licensing and
2.05.0290 o . . : . . 7 URD Rev 13 Tier Il Chapter 1 Section 2 . ALL ALL SAFE
off-site risk is consistent with the regulators health term public acceptance of nuclear power. This requirement is Safety Analysis
T . . o EUR Volume 2 Chapter 1
objectives. also consistent with regulator quantitative health goals.
The scope of the PRA should include internal and external | Events with severe off-site consequences should be very remote
events (excluding seismic events and sabotage) and in probability. This requirement will also help to achieve long- mPower DSRS. Chapter 19 . Licensing and
2.05.0300 | . - . 7 . - . URD Rev 13 Tier Il Chapter 1 Section 2 . ALL ALL SAFE
including assessment for reduced and shutdown operating | term public acceptance of nuclear power. This requirement is Safety Analysis
S . . o EUR Volume 2 Chapter 1
conditions. also consistent with regulator quantitative health goals.
Critical equipment that could be exposed to hazardous
temperature, pressure, or radiological conditions as a Components, including instrumentation and control equipment,
result of postulated events (e.g., located inside that are located inside containment and are required to function . . Licensing and
2.05.0310 containment) should either be protected from those events | following postulated events should be protected from hazards URD Rev 13 Tier Il Chapter 3 Section 2 Safety Analysis ALL ALL SAFE
or qualified to operate under the hazardous conditions that | that can result from those events.
can result from them.
For passive plant designs, functional containment sufficient
to meet off-site dose limits should be maintained for at
2 05.0320 least 30 days without the need for off-site assistance. Provides for low leakage during severe events and reduces mPower DSRS Chapter 8 Licensing and ALL ALL SAFE
T Beyond 30 days, only simple operator action and minimal reliance on off-site assistance. URD Rev 13 Tier Il Chapter 1 Section 2 Safety Analysis
off-site assistance should be necessary to maintain
required functional containment.
Unrealistic assumptions can reduce plant safety, increase plant
costs, and limit plant operation. Analysis costs can be reduced
by performing enveloping calculations. However, the impact of
» 05.0330 | Design analyses should use proven methods and these enveloping calculations on plant costs and operations URD Rev 13 Tier Il Chapter 1 Section 2 Licensing and ALL ALL SAFE
e reasonably conservative assumptions. should be justified. EUR Volume 2 Chapter 1 Appendix B Safety Analysis ECON
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Req. # Requirement Basis Alignment Category Technology | Mission | Attribute
Utilities have repeatedly expressed concern about emergency
response features (such as early notification of and evacuation
planning for the public) which are intrusive on the public and NUREG-0654/FEMA-REP-1, Rev. 1
The design should allow for simplification and increase costs and investment risk without commensurate safety | (\jSNRC. 2011 Licensing and SAFE
2.05.0340 standardization of emergency planning. benefits. The intent is to retain the on-site plan and certain off- ( ' _ ) i Safety Analysis ALL ALL ECON
site emergency response actions, but demonstrate that early URD Rev 13 Tier Il Chapter 1 Section 2
notification and evacuation planning for the public are not
necessary to assure adequate public safety.
During the EPZ size determination phase, the reactor An EPZ is designed to protect communities near the nuclear
designer and owner-operator should consider facility from radiation exposure in the event of an accident. The
demonstrating a reduced risk profile for their advanced selected EPZ represents a zone within which food products, Licensing and SAFE
2.05.0350 reactor to the regulator, and should propose the use of livestock, and water would be monitored to protect the public EPRI TR 3002008037 (EPRI, 2016d Safety Analysis ALL ALL ECON
advanced warning systems during events and emergency | from radiological exposure through consumption of
situations. contaminated foodstuffs.
Advanced reactors may be sited at locations with geographic
, . . factors that are not considered for existing plants. For example,
Emergency planning should consider the ability of an advanced reactor could be placed in a rural area with heavy Licensing and
2.05.0351 communities and individuals to evacuate the EPZ, taking snowfall and limited mobility in the winter, in which case any EPRI TR 3002008037 Safety Analysis ALL ALL SAFE
into account local weather and other considerations. local population may not be able to evacuate.
Limiting off-site consequences reduces this concern.
The plant should not lose the capability to perform designed
safety functions as the result of naturally-occurring phenomena.
Consideration of a wide range of natural phenomena will allow
for increased siting versatility for the plant. Examples include:
¢ Earthquakes; USNRC RG 1.232
The reactor designer should account for natural occurring . : ] mPower DSRS Chapter 3 Licensing and SAFE
2.05.0360 phenomena. * Hurricanes (severe winds); URD Rev 13 Tier Il Chapter 1 Section 2 Safety Analysis ALL ALL IMPL

¢ Floods (heavy rains);

e Tornado winds or missile strike;

¢ Blizzards (ice storms and heavy snows);
e Tsunami or seiche.

URD Rev 13 Tier Il Chapter 1 Section 4
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Req. # Requirement Basis Alignment Category Technology | Mission | Attribute
Siting decisions will likely preclude sites that have proximity
hazards, but certain hazards cannot be eliminated.
Consideration of a wide range of hazards will allow for increased
siting versatility for the plant. Examples include:
¢ Airplane crash;
¢ Ship collision;
¢ Industrial plant accident; USNRC RG 1.232
The reactor designer should account for man-made N , ) mPower DSRS Chapter 3 Licensing and SAFE
2.05.0370 hazards. * Pipeline accident, URD Rev 13 Tier Il Chapter 1 Section 2 Safety Analysis ALL ALL IMPL
¢ Surface vehicle accident; URD Rev 13 Tier Il Chapter 1 Section 4
e Toxic or hazardous gas release;
¢ Propane or other detonable fluid explosion;
o Internal fire;
e Sabotage;
¢ Flooding.
The design should demonstrate that chemical hazards Advanced reactor designs introduce chemicals with potentially
(e.g., fires, inert gas engulfment) resulting from postulated | different hazard concerns from LWR experience. These new Licensing and
2.05.0380 events do not pose a threat to the public or degrade the chemicals should be considered for possible hazards, and these Industry Feedback Safety Analysis ALL ALL SAFE
operators' ability to respond to the event. hazards should be mitigated.
A component subject to hot or cold conditions must be
A temperature control system should be provided for maintained at temperatures at which the component is proven to
components in extreme thermal environments, or where perform its function. Depending on the component and the o
2.05.0390 | temperature control is required for a material or substance | €nvironment, this may require heating or cooling for the ELSJII:E(CB 23?6;.(2828NRC 1994) g';feqsﬂigngis ALL ALL ISI\/'?FL:LE
to maintain the phase of matter required to perform its component. i . y y
function. Similarly, certain materials or substances must be regulated into
order to maintain the desired phase (e.g., liquid sodium).
2 05.0400 The reactor designer should establish spatial separation Spatial interactions are a part of Unresolved Safety Issue (USI) USNRC RG 1.232 Licensing and ALL ALL SAFE
T criteria to preclude unwanted interactions between SSCs. A-17, Systems Interaction. URD Rev 13 Tier Il Chapter 1 Section 4 Safety Analysis
In cases where electrical components are exposed to
extreme environmental conditions, the qualification basis To demonstrate that the equipment will perform its design
and evaluation of risks should carefully consider whether function on demand to meet system performance requirements mPower DSRS Chapter 3 Licensing and
2.05.0410 | the environmental challenges could possibly change when subjected to the design environmental conditions. Some . P . 9 . ALL ALL SAFE
) . : . . URD Rev 13 Tier Il Chapter 1 Section 4 Safety Analysis
overarching assumptions such as common mode failures, advanced reactors will present new challenges for equipment,
maintainability, and reliability that were based on prior when considered under postulated event conditions.
experiences outside the new environments.
Itis the owner-operator's responsibility to obtain the In order for the advanced reactor project to accomplish its goals Licensing and
2.05.0420 | necessary licenses and permits with the support of the proj P 9 " | URD Rev 13 Tier Il Chapter 1 Section 10 9 ALL ALL IMPL

reactor designer.

it is necessary and appropriate to cover all licensing aspects.

Safety Analysis
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Req. # Requirement Basis Alignment Category Technology | Mission | Attribute
. : i , This plan should be completed early enough to allow
-drg\(/aerlngr:gra?nedsIigr;r?;l(re;heonut!(rj]gazslliiteztr?s?nc;wp?lZL (t)r;]);trator n implementation of the plan and obtain all needed permits and
2.05.0430 | identifies, defines, and schedules the activities required to licenses on a sqhedgle compatible with the' plant construction URD Rev 13 Tier Il Chapter 1 Section 10 Licensing and_ ALL ALL IMPL
: . ; schedule. The licensing plan should be revised and updated, as Safety Analysis
obtain all the licenses and permits needed to construct and . ) : .
appropriate, as licensing and construction of the plant
operate the advanced reactor.
progresses.
The nuclear regulator may allow for flexibility in the process
If there are multiple viable licensing paths available, the used to obtain licensing (e.g., 10CFR50 versus 10CFR52 Licensing and
2.05.0431 | owner-operator should decide which approach to take processes in the United States). The licensing approach taken Industry Feedback Safet A%al sis ALL ALL IMPL
early on in the process. can impact decision making throughout the design and y y
construction of the plant.
: : , . The amount of information requiring regulatory approval to
L|cgnS|ng document§ shoulq provide enough detaﬂ on the change design detail should be minimized. Having some Licensing and
2.05.0432 | design to form a design basis, but should also avoid over- - . . : ; . Recent Lessons Learned . ALL ALL IMPL
g : . . flexibility in the detailed design will allow for easier construction Safety Analysis
constraining the construction and design details. !
and operation.
For some multi-unit plants (particularly small modular reactors),
For plants with multiple units (including modular reactor obtaining a license for each unit separately would make the
plants), the owner-operator should interface with the plant economically infeasible. Licensing and
2.05.0433 r.egulator to determine a licensing e_lpproach in which one Owner-operator should consider the licensing options prior to Industry Feedback Safety A%alysis ALL ALL IMPL
license can be obtained for the entire plant, rather than for | this interface and make the case for the approach considered
individual units. most advantageous from a regulatory efficiency perspective
while providing each unit to operate for a 20 year period.
. . . Principal design criteria (or their equivalent) are required by
The_ reactor (_je5|gner should establish a set of_pr|n0|pal regulators to demonstrate the safety of the plant and overall USNRC RG 1.232 Licensing and SAFE
2.05.0440 | design criteria for the advanced reactor that will be . ; o : . . . ALL ALL
documented in the Safety Analysis Report compllanqe with existing regulatlon. They should be based on URD Rev 13 Tier Il Chapter 1 Section 10 | Safety Analysis IMPL
' existing high-level regulatory requirements.
Z:forr?jz(r:wtger Sveitsr:gcrzjer;esrnorilgullr;\ i:)ur?/ered(?usilrger:nf:r?tt:i:: d|n Current technology provides the basis for changing current
2.05.0450 | guidance unless such design features are based on plant regulatpry reqwrgments and gwdance. In cases Whgre existing URD Rev 13 Tier Il Chapter 1 Section 10 Licensing and. ALL ALL IMPL
ontimization that obviates the current requlator regulation is obviated by the design, the reactor designer should Safety Analysis
P 9 y be prepared to provide detailed justification for the exception.
requirements.
In cases where the current regulatory requirements do not . . . . .
2.05.0460 | apply, the elimination of required design features should be Current technol'ogy provides thg basis for changing current USNRC RG 1'.232 . Licensing and. ALL ALL IMPL
. S : L regulatory requirements and guidance. URD Rev 13 Tier Il Chapter 1 Section 10 | Safety Analysis
reflected in the principal design criteria.
The reactor designer should support the owner-operator, This report should cover those characteristics of the site needed
as requested, in preparation of a site characteristics report | 1, gptain the necessary licenses and permits as well as those o
2 05.0470 for the plant site chosen for the advanced r.eactor. The needed to define a firm design basis for the plant. URD Rev 13 Tier Il Chapter 1 Section 10 Licensing and' ALL ALL IMPL
report should be formatted and completed in a manner tha , , afety Analysis
port should be f tted and pleted that , Safety Analy
facilitates the approval of the various licenses and permits | 1he reacto; deS{grt])(IB'rrS] fhqulort tOf E[he ﬁwnert-op(:irator IS
required for construction. necessary to establish the plant site characteristics.
Where generally recognized codes and standards are
used, they should be identified and evaluated to determine | The use of existing codes and standards will require some Licensing and SAEE
2.05.0480 | their applicability, adequacy, and sufficiency, and should validation given the unique characteristics of the advanced USNRC RG 1.232 Safety A%alysis ALL ALL PERE

be supplemented or modified as necessary to assure a
quality product.

reactor's design.
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Req. # Requirement Basis Alignment Category Technology | Mission | Attribute
Appropriate records of the design, fabrication, erection,
2 05.0490 anq testing of SSCs important to safety should be W|'ghout con;rol _of documentation, the owner-operator will have USNRC RG 1.232 Licensing and. ALL ALL SAFE
maintained by or under the control of the owner-operator difficulty maintaining the plant. Safety Analysis
throughout the life of the unit.
e i pote Sho | Naturat prenomens canact s tating evens. Thertore, ey
2.05.0500 pprop " ; should be considered as occurring simultaneously with the USNRC RG 1.232 9 ) ALL ALL SAFE
and postulated event conditions with the effects of the NP Safety Analysis
initiating event.
natural phenomena.
Safety-related components and systems that do not have FOAK components and systems represent a risk to the integrity
. . ) . - of the reactor design because the failure modes may not be
operating experience in a similar nuclear application understood as well as components with significant operatin Licensing and
2.05.0501 | should be proven to adequately perform their safety ; P '9 b 9 Industry Feedback g . ALL ALL SAFE
. " 8 , . experience. In-depth separate effects or, if needed, prototype Safety Analysis
function through "proof-of-concept" testing prior to the start )
. testing can help prove to a regulator that the FOAK aspects of a
of construction. . X
design do not present an unacceptable safety risk.
SSCs important to safety should be designed and located Licensing and
2.05.0510 | to minimize, consistent with other safety requirements, the | This reduces the susceptibility of the plant to a fire or explosion. | USNRC RG 1.232 g and ALL ALL SAFE
. . . Safety Analysis
probability and effect of fires and explosions.
Fire detection and fighting systems of appropriate capacity Licensing and
2.05.0520 | and capability should be provided and designed to This reduces the susceptibility of the plant to a fire or explosion. | USNRC RG 1.232 g and ALL ALL SAFE
e ) Safety Analysis
minimize the adverse effects of fires on SSCs.
Each plant building should have multiple, pre-defined
2.05.0530 | £3¢@P€ routes for personnel in the event of.a fire. These To prevent injury or loss of life of personnel in the event of a fire. | URD Rev 13 Tier Il Chapter 6 Section 2 Licensing and' ALL ALL SAFE
routes should be designed to be protected in the case of a Safety Analysis
fire.
SSCs important to safety should not be shared among
2.05.0540 . . : Lo : Reactor Design Criteria (ARDCSs) but was modified to be a USNRC RG 1.232 . ALL ALL SAFE
their safety functions, including, in the event of an accident "should" statement Safety Analysis
in one unit, an orderly shutdown and cooldown of the '
remaining units.
The reactor core and associated structures, coolant, This requirement is based upon the USNRC's Advanced
control, and protection systems should be designed to Reactor Design Criteria (ARDCSs) but was modified to be a
2 05.0550 | @ssure that power'oscnlan(')r'ls which can result.m o should .statement and to generalize the design limits lto which USNRC RG 1.232 Licensing and_ ALL ALL SAFE
conditions exceeding specified acceptable design limits are | the requirement refers. In some advanced reactor designs, fuel Safety Analysis
not possible or can be reliably and readily detected and design limits may not be the limits associated with preventing a
suppressed. fission product release (e.g., MSRS).
Instrumentation shoul_d be _pr_owded to monitor variables This requirement is based upon the USNRC's Advanced
and systems over their anticipated ranges for normal . L i
. L . Reactor Design Criteria (ARDCs) but was modified to
operation, for anticipated operational occurrences, and for emphasize fission product boundaries rather than structures Licensing and
2.05.0560 | postulated event conditions as appropriate to ensure b P USNRC RG 1.232 9 ALL ALL SAFE

adequate safety, including those variables and systems
that can affect the fission process and the integrity of
fission product boundaries.

specific to any one design type. Appropriate controls should be
provided to maintain these variables and systems within
prescribed operating ranges.

Safety Analysis

ORG-82




Owner-Operator Requirements Guide (ORG) for Advanced Reactors, Revision 1

Owner-Operator Requirements Guide Tier Il Requirements

Req. # Requirement Basis Alignment Category Technology | Mission | Attribute
The reactor coolant boundary should be designed, This requirement is based upon the USNRC's Advanced
fabricated, erected, and tested so as to have an extremely | Reactor Design Criteria (ARDCs) but was modified to be a Licensing and SAFE
2.05.0570 low probability of abnormal leakage, of rapidly propagating | "should" statement since not all advanced reactors rely upon the USNRC RG 1.232 Safety Analysis ALL ALL PERF
failure, and of gross rupture. reactor coolant boundary for a safety function.
The reactor coolant system and associated auxiliary,
control, and protection systems should be designed with This requirement is based upon the USNRC's Advanced
2 05.0580 sufficient margin to assure that the design condmons of the ‘IIQeactor"DeS|gn Cntgna (ARDCs) but was modified to be a USNRC RG 1.232 Licensing and_ ALL ALL SAFE
reactor coolant boundary are not exceeded during any should" statement since not all advanced reactors rely upon the Safety Analysis
condition of normal operation, including anticipated reactor coolant boundary for a safety function.
operational occurrences.
A means of containing fission products should be provided . . .
! . ; For some designs, the barrier considered to serve as
to establish a low-leakage barrier against the uncontrolled . ianifi v differ in desian f h ditional
release of radioactivity to the environment and to assure containment may significantly ditfer in design from the traditiona Licensing and
2.05.0590 . . i, ; concrete containments of LWRs. However, any nuclear system USNRC RG 1.232 . ALL ALL SAFE
that the containment design conditions important to safety . , . . Safety Analysis
must include design features that act as physical barriers to
are not exceeded for as long as postulated event .
o ; fission product release.
conditions require.
If electric power is required for safety system operation, the This requirement is reduced from the scope of USNRC's
ower su ; lies shoul?j be designed ybu>illt and t%sted to’ Advanced Reactor Design Criterion 17. Since advanced Licensing and
2.05.0600 | P PPIES Shouic gned, ’ . reactors are expected to maximize the use of passive safety USNRC RG 1.232 9 . ALL ALL SAFE
ensure that sufficient independence and redundancy exist L : : : : Safety Analysis
. : systems, explicit, detailed requirements for off-site and on-site
in the safety-related power supplies. : :
power are avoided in the ORG.
ﬁgnatzza}[;rllgr]]etc? ?né;rt]gl#]debneuglrggrldeo(w(;cr)rgn\;\tlmﬁz;wons This requirement i based upon the USNRC's Advanced Licensing and
2.05.0610 | 1o.op uclear p » Reactor Design Criteria (ARDCs) but was modified to be a USNRC RG 1.232 g and ALL ALL SAFE
normal conditions and to maintain it in a safe condition " " Safety Analysis
" should" statement.
under postulated event conditions.
Adequate radiation protection should be provided to permit
access and occupancy of the control room under This requirement is based upon the USNRC's Advanced Licensing and
2.05.0620 | postulated event conditions without personnel receiving Reactor Design Criteria (ARDCSs) but was modified to be a USNRC RG 1.232 9 . ALL ALL SAFE
_ ) - ) " " Safety Analysis
radiation exposures in excess of regulatory limits during should" statement.
the duration of the event.
Adequate habitability measures should be provided to This requirement is based upon the USNRC's Advanced Licensing and
2.05.0630 | permit access and occupancy of the control room during Reactor Design Criteria (ARDCSs) but was modified to be a USNRC RG 1.232 9 . ALL ALL SAFE
. " " N Safety Analysis
normal operations and under postulated event conditions. should" statement.
Staton should be available with suffcént conrols o shut | A BRCKUP control room that can st down the reactor is needed Licensing an
2.05.0631 o o . in the event the primary control room becomes inhabitable. The | USNRC RG 1.232 g and ALL ALL SAFE
down the reactor and maintain safe conditions following an . . . Safety Analysis
; remote shutdown station can be on-site or off-site.
accident.
The protection system should be designed (1) to initiate
automatically the operation of appropriate systems,
including the reactivity control systems, to assure that Automatic protection systems remove the potential for human Licensing and
2.05.0640 | specified acceptable fuel design limits are not exceeded as | error and ensure protective system response in time to meet the | USNRC RG 1.232 9 ALL ALL SAFE

a result of anticipated operational occurrences and (2) to
sense postulated event conditions and to initiate the
operation of systems and components important to safety.

safety basis.

Safety Analysis
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shutdown temperatures.

variation in temperature reactivity among different advanced
reactor designs.

Safety Analysis

Req. # Requirement Basis Alignment Category Technology | Mission | Attribute
The protection system should be designed for high Inclqding sqfficignt re(_jundancy ar_u;i independence allows for in- . .
2.05.0650 | functional reliability and in-service testability service testing, including a capability to test channels USNRC RG 1.232 Licensingand | , ALL SAFE
commensurate with the safety functions to be performed. independently to determine failures and losses of redundancy Safety Analysis
that may have occurred.
Redundancy and independence designed into the
protection system should be sufficient to assure that (1) no
single failure results in loss of the protection function and Including sufficient redundancy and independence promotes the Licensing and
2.05.0660 | (2) removal from service of any component or channel reliability of the desian USNRC RG 1.232 Safety Analvsis ALL ALL SAFE
does not result in loss of the required minimum 1ability 'an. y ysi
redundancy unless the acceptable reliability of operation of
the protection system can be otherwise demonstrated.
The protection system should be designed to assure that
the effects of natural phenomena, and of normal operating, . . : . . . L
maintenance, testing, and postulated event conditions on Design technlqges, such as funct|0nal dlver5|ty or diversity in Licensing and
2.05.0670 ' ' . . component design and principles of operation, can be used to USNRC RG 1.232 . ALL ALL SAFE
redundant channels do not result in loss of the protection . . . Safety Analysis
function, or should be demonstrated to be acceptable on the extent practical to prevent loss of the protection function.
some other defined basis.
The protection system should be designed to fail into a
safe state or into a state demonstrated to be acceptable on
some other defined basis if conditions such as This requirement is based upon the USNRC's Advanced Licensing and
2.05.0680 | disconnection of the system, loss of energy (e.qg., electric Reactor Design Criteria (ARDCSs) but was modified to be a USNRC RG 1.232 Safety Analysis ALL ALL SAFE
power, instrument air), or postulated adverse environments | "should" statement.
(e.g., extreme heat or cold, fire, pressure, steam, water,
and radiation) are experienced.
The protection system should be separated from control
systems to the extent that failure of any single control
system component or channel, or failure or removal from
service of any single protection system component or Interconnection of the protection and control systems is limited Licensing and
2.05.0690 channel which is common to the control and protection S0 as to assure that safety is not significantly impaired. USNRC RG 1.232 Safety Analysis ALL ALL SAFE
systems leaves intact a system satisfying all reliability,
redundancy, and independence requirements of the
protection system.
Reactivity control systems should include a means of
shutting down the reactor to ensure that, under conditions | This requirement is based upon the USNRC's Advanced Licensing and
2.05.0700 | of normal operation, including anticipated operational Reactor Design Criteria (ARDCSs) but was modified to be a USNRC RG 1.232 Safety Analvsis ALL ALL SAFE
occurrences, and with appropriate margin for malfunctions, | "should" statement. y y
design limits for fission product barriers are not exceeded.
Reactivity control systems should include a means of . . . .
shutting (}j/own the r)éactor and maintaining a safe shutdown This requwement IS bgsed upon the USNRC's Aglvanced Licensing and
2.05.0710 . . o . . Reactor Design Criteria (ARDCs) but was modified to be a USNRC RG 1.232 . ALL ALL SAFE
under design-basis event conditions, with appropriate "should" statement Safety Analysis
margin for malfunctions. '
o . This requirement has been adapted from the USNRC's
Reactivity control systems should include a means of Advanced Reactor Design Criteria (ARDCs) to account for the Licensing and
2.05.0720 | holding the reactor subcritical under varying ranges of USNRC RG 1.232 ALL ALL SAFE
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Req. # Requirement Basis Alignment Category Technology | Mission | Attribute
Jh ol S reacly conol ST ot | T requrement s base pon e USNRC' Acvaret
2.05.0730 gned o . yhigh p y Reactor Design Criteria (ARDCs) but was modified to be a USNRC RG 1.232 gand 1 AL ALL SAFE
accomplishing their safety functions in the event of "should" statement Safety Analysis
anticipated operational occurrences. '
The reactor coolant boundary should be designed with
sufficient margin to assure that when stressed under This requirement was adapted from the USNRC's Advanced
operating, maintenance, testing, and postulated event Reactor Design Criteria (ARDCSs) but has been modified to a Licensing and
2.05.0740 conditions (1) the boundary behaves in a non-brittle "should" statement since not all advanced reactors rely on the USNRC RG 1.232 Safety Analysis ALL ALL SAFE
manner and (2) the probability of rapidly propagating reactor coolant boundary to perform a safety function.
fracture is minimized.
S . For reactors which must retain reactor coolant inventory to
A system to maintain reactor coolant inventory for maintain the cooling of solid fuel, a means of maintainin Licensing and
2.05.0750 | protection against small breaks in the reactor coolant . 9 P 9 USNRC RG 1.232 9 ) ALL ALL SAFE
b X inventory should be capable of making up for leaks due to small Safety Analysis
oundary should be provided as necessary. breaks
This requirement was adapted from USNRC's Advanced
Reactor Design Criterion 34, but has been simplified. Decay
heat removal will be required for any nuclear system, but safety
A system to remove decay heat should be provided. The metrics are more likely to be defined based on preventing fission
2 05.0760 system safety function shpuld be to transfer fission product .pI’O.dl.JCt release rather than preventing physical damage to any USNRC RG 1.232 Licensing and_ ALL ALL SAFE
decay heat and other residual heat from the reactor core to | individual structure or component (e.g., structural damage to Safety Analysis
an ultimate heat sink. solid fuel). Additionally, the system may not be comprised of any
equipment dedicated solely for the purpose of shutdown decay
heat removal and the system may not incorporate any active
components, depending on the design.
The containment heat removal system should be designed
2 05.0770 to permit appropriate penoo!lc |nspect|on of |mpqrtant Examples were de!etgd to make the USNRC's Advanced USNRC RG 1.232 Licensing and' ALL ALL SAFE
components, to assure the integrity and capability of the Reactor Design Criterion 39 technology neutral. Safety Analysis
system.
Systems to control fission products and other substances
which may be released into the reactor containment should
be provided as necessary to reduce the concentration and ffer th ial § .
uality of fission products released to the environment Advanqed reactprs o er the potential for rgactlon product Licensing and
2.05.0780 | 9 d generation that is different from that associated with clad metal- [ USNRC RG 1.232 . ALL ALL SAFE
following postulated events, and to control the : ; Safety Analysis
. . . water interactions.
concentration of other substances in the containment
atmosphere following postulated events to assure that
containment integrity is maintained.
This requirement is based on the USNRC's Advanced Reactor
Atmosphere cleanup systems should be designed to Design Erlterlla (ARDCs) but has been generalized to any |
ermit appropriate periodic inspection and testing of atmpsp ere cleanup systems since some gle5|gns do not rely on Licensing and
2.05.0790 | P traditional containments. The requirement is also changed to a USNRC RG 1.232 ALL ALL SAFE

important components, such as filter frames, ducts, and
piping to assure the integrity and capability of the systems.

"should" statement to reflect variations in advanced reactors'
reliance on atmosphere cleanup systems to prevent or limit
radioactive releases.

Safety Analysis
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Req. # Requirement Basis Alignment Category Technology | Mission | Attribute
2.05.0800 ! P ’ Y Reactor Design Criteria (ARDCs) but was modified to be a USNRC RG 1.232 gand 1 AL ALL SAFE
transfer the combined heat load of these SSCs under " " Safety Analysis
. it should" statement.
normal operating and postulated event conditions.
The nuclear power unit design should include means to
control suitably the release of radioactive materials in This requirement is based upon the USNRC's Advanced Licensing and
2.05.0810 | gaseous and liquid effluents and to handle radioactive solid | Reactor Design Criteria (ARDCs) but was modified to be a USNRC RG 1.232 9 . ALL ALL SAFE
: . " " Safety Analysis
wastes produced during normal reactor operation, should" statement.
including anticipated operational occurrences.
2.05.0820 T SY 4 y Reactor Design Criteria (ARDCs) but was modified to be a USNRC RG 1.232 gand AL ALL SAFE
designed to ensure adequate safety under normal and " " Safety Analysis
o should" statement.
postulated event conditions.
Radioactive systems (including fuel handling systems)
should be designed (1) to permit appropriate periodic
inspection and testing, (2) with suitable shielding, (3) with This requirement is based upon the USNRC's Advanced Licensing and
2.05.0830 | appropriate containment, confinement, and filtering Reactor Design Criteria (ARDCs) but was modified to be a USNRC RG 1.232 9 . ALL ALL SAFE
. . o " ; Safety Analysis
systems, (4) with a residual heat removal capability as should" statement.
appropriate, and (5) to prevent significant reduction in fuel
storage cooling under postulated event conditions.
The reactor core and associated components/systems
should be designed such that sub-criticality is maintained This requirement contributes to a high degree of nuclear safet Licensing and
2.05.0840 | during all stages of ex-core fuel handling, including > req . . 9 9 y URD Rev 13 Tier Il Chapter 4 Section 2 9 . ALL ALL SAFE
. : . ; . during fuel-handling operations. Safety Analysis
planned intermediate fuel configurations and any single
failure or procedural error.
Appropriate systems should be provided in fuel storage
and radioactive waste systems and associated handling This requirement is based upon the USNRC's Advanced Licensing and
2.05.0850 | areas (1) to detect conditions that may result in loss of Reactor Design Criteria (ARDCs) but was modified to be a USNRC RG 1.232 9 . ALL ALL SAFE
. > ) - " " Safety Analysis
residual heat removal capability and excessive radiation should" statement.
levels and (2) to initiate appropriate safety actions.
Means should be prowded for monitoring enclosed This requirement is based on the USNRC's Advanced Reactor
atmospheres, effluent discharge paths, and the plant Design Criteria (ARDCSs), but has been modified to use Licensing and
2.05.0860 | environs for radioactivity that may be released from normal | ,, g FA . . USNRC RG 1.232 9 . ALL ALL SAFE
: . ; o . enclosed atmospheres" in lieu of containments since some Safety Analysis
operations, including anticipated operational occurrences, : " i
designs do not rely on traditional containments.
and from postulated events.
The environmental impacts of a plant to the surrounding
) . , environment are becoming a larger concern for the public and
Environmental impact studies should be performed for regulatory organizations. Impacts to groundwater and local , _ , o
2 05.0868 sites under consideration to ensure the plant will not have | \idlife are particularly important. Plants that utilize less land United States National Environmental Licensing and ALL ALL IMPL

an adverse impact to the surrounding environment, or that
such impacts can be reliably mitigated.

area are likely to have smaller impacts to the environment.

This requirement is consistent with the ORG's "good neighbor"
policy.

Policy Act (NEPA)

Safety Analysis
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Req. # Requirement Basis Alignment Category Technology | Mission | Attribute
Lifetimes for advanced plants may be from 40 to 80 years.
During that time environmental regulations could change, or new
local environmental considerations could arise. For example, the
2 05.0869 The environmental impact studies should be continuously migration patterns of a certain species of fish could shift, United States National Environmental Licensing and ALL ALL IMPL
T updated throughout the project. causing the fish to swim past river waters impacted by the plant. | Policy Act (NEPA) Safety Analysis
This type of discovery would need to be accounted for in the
plant’'s environmental impact studies, and mitigating actions
taken if needed.
Environmental requirements for decommissioning should Anticipating decommissioning requirements will inform the Licensing and
2.05.0870 be considered in the design. design and ultimately will reduce decommissioning costs. NUREG-0586 (USNRC, 2002) Safety Analysis ALL ALL IMPL
Specifying the separation distance will require tradeoffs
balancing assessed risk, the cost of the coupling heat transport
For process heat applied to hydrogen production, the plant | system versus the distance separating the nuclear heat source
5 05.0880 should be configured with the reactor modules physically and hydrogen production plant, features to mitigate potential EPRI TR 1009687 (EPRI, 2004) Licensing and ALL PH SAFE
T separated by a specified distance from the systems and events associated with a proximate hydrogen plant and other GCRA 86-002/Rev. 3 Safety Analysis
components of the hydrogen process plant. considerations, such as the implications of hydrogen production
plant workers within the exclusion area boundary of the nuclear
heat source.
The designer and the owner-operator of a process heat The presence of oxygen or hydrogen at elevated temperatures
2 05.0081 | reactor applied to hydrogen production plant should add a | and — at least in the case of hydrogen — stored in large volume EPRI TR 1009687 Licensing and ALL PH SAFE
new category of safety issues to deal with the presence of | exacerbates this safety concern. If released from the plant, the Safety Analysis
large amounts hydrogen and oxygen. oxygen effluent is both a safety and environmental concern.
. . . . . : . URD Rev 13 Tier Il Chapter 3 Section 2 .
2 06.0010 Thg d.e5|gn should include features that aIIow'f(.)r and Maintenance con5|derat|0n§ mgst be factored into the design in URD Rev 13 Tier Il Chapter 8 Section 3 Malntenanc.e' ALL ALL PERE
optimize the performance of maintenance activities. order for the plant to be maintainable. and Operability
EUR Volume 2 Chapter 7
2 06.0011 The plant shpuld be designed to minimize the need for Thls reduces the gosf[s. associated with training operators and Industry Feedback Malntenanc.e. ALL ALL PERF
operator action. improves plant reliability. and Operability ECON
Proven diaanostic monitorina techniaues should be used Necessary to improve incipient failure detection of rotating
gno nonitoring q : equipment, high pressure systems, valves, fuel components, URD Rev 13 Tier Il Chapter 1 Section 2 Maintenance
2.06.0020 | for leak detection, vibration, and other potential degraded . ; . . o ALL ALL SAFE
D and other items so as to increase accident resistance and EUR Volume 2 Chapter 14 and Operability
component conditions. o
availability of the plant.
Diagnostic monitoring techniques should, to the maximum
2 06.0030 extent possible, b.e incorporated into the design such that Improves planning and maintenance scheduling for equipment Industry Feedback Mamtenancg ALL ALL ECON
their implementation does not constitute a separate upkeep. and Operability
investment of manpower, material, or radiation exposure.
The reactor designer and the vendors of components are the
Requirements for component oberation and Equioment best sources of monitoring, diagnostic and preventive
quire omp - operall ? Equip maintenance details for components defined as critical to plant URD Rev 13 Tier Il Chapter 1 Section 2 Maintenance
2.06.0040 | Reliability (ER) routine and diagnostic monitoring should . o . . g ) o ALL ALL SAFE
: . ) o equipment reliability. It is essential that this information be EUR Volume 2 Chapter 14 and Operability
be established during design and initial procurement. . L .
determined and documented at the initial stage of plant design
and procurement.
Current best practices in non-destructive evaluation should . . . , . . .
; " Non-destructive evaluation can give confidence in the condition Maintenance SAFE
2.06.0050 | be used, where possible, to evaluate the condition of of components, and can inform when replacement is necessary. EPRI TR 3002012389 (EPRI, 2017b) and Operability ALL ALL PERF

components both prior to installation, and during service.
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The reactor designer and the vendors of components are the
best sources of monitoring, diagnostic and preventive
2 06.0060 Necessary monitoring instrumentation and access for maintenance details for components defined as critical to plant URD Rev 13 Tier Il Chapter 1 Section 2 Maintenance ALL ALL SAFE
T monitoring should be provided. equipment reliability. It is essential that this information be EUR Volume 2 Chapter 14 and Operability
determined and documented at the initial stage of plant design
and procurement.
Permanent features should be designed into the plant to
facilitate connection and use of any portable equipment URD Rev 13 Tier Il Chapter 1 Section 2 Maintenance
2.06.0070 | required for off-site assistance. These features should be Reduces demands on operator and reduces radiation exposure. | Post-Fukushima FLEX requirements NEI - ALL ALL SAFE
; LT L . . and Operability
designed to minimize radiation exposure during required 12-06 (NEI, 2016)
actions to establish the connection.
All maintenance and operating procedures should be fully | The availability and use of qualified maintenance tooling and . . .
2.06.0080 | demonstrated and qualified by the supplier of the test equipment has been shown to reduce the number of man- URD Rev 13 Tier Il Chapter 1 Section 12 Mamtenancg ALL ALL IMPL
. X . : . . EUR Volume 2 Chapter 14 and Operability
equipment to achieve the intended end result. hours required to successfully complete required maintenance.
The design should minimize the feedback of balance-of- This simplifies operation and maintenance and reduces Maintenance
2.06.0081 | plant transients on reactor operation and where associated costs by designating “non-safety related” quality Industry Feedback and Operabilit ALL ALL PERF
interactions can occur, they should be evaluated. standards to BOP SSCs. P y
The components that require local manual operation, as L . . . . .
e by plantcmergency and beyond desgn s | LIS e probabityof conaoment el e nlkely | e DS chapter 7
2.06.0090 | procedures, such as for containment venting, should be P prog S eny URD Rev 13 Tier Il Chapter 1 Section 2 o ALL ALL SAFE
) . . providing independent means of maintaining containment and Operability
located in plant areas that are accessible given post- intearit EUR Volume 2 Chapter 1
accident radiation levels and temperatures. gny.
The plant should be designed so that occupational Industry exposure values have generally decreased over time as : . .
2.06.0100 | radiation exposure is controlled well below regulatory a result of applying improved technology and operational LEJSS ngéi-gecrr:gctgfqer 1 Section 3 gﬂnﬂnéeneargcbﬁit ALL ALL ISI\/'?FI’:E
guidelines without unreasonably impeding plant operation. | practices. P P y
The current nuclear fleet has strict controls on radiation
exposure and contamination of personnel. These practices exist
to protect personnel. However, sometimes radiological controls
o . _ can be enforced to the detriment of personnel safety if other
App_l|cat|0n of r_adlolog|cal controls should be ba!anced hazards are present. Maintenance SAFE
2.06.0101 | against other risks to plant personnel (e.g., medical, , i o Industry Feedback i ALL ALL
confined space, heat stress). For example, if a personnel has a medical emergency while in a and Operability IMPL
radiologically protected area but is found to be contaminated,
the medical emergency should be prioritized above
contamination protocol, as it is the more immediate threat to
personnel safety.
Equipment desians should include appropriate margins to Some modifications are inevitable in plants with a long life.
quip 9 e pprop marg Existing lessons from operating nuclear power plants should be | URD Rev 13 Tier Il Chapter 1 Section 4 Maintenance ECON
2.06.0110 | provide for future modifications that can be anticipated ; . o ALL ALL
. . used to design and arrange plant equipment such that the EUR Volume 2 Chapter 13 and Operability IMPL
during the plant life. . : ; S
impact of replacements and reconfigurations can be minimized.
The reactor designer should make maximum use of proven | Typical applications would include not only Computer Aided
2 06.0120 computerized design tools to improve the economy, Design and Drafting (CADD) applications, but also interface and | URD Rev 13 Tier Il Chapter 1 Section 4 Maintenance ALL ALL ECON
R efficiency and quality of design, and to simplify and control | layout databases, as well as databases containing current EUR Volume 2 Chapter 1 and Operability IMPL

the exchange of information between disciplines.

analysis results.
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The plant design should permit the operators to take "Key Design Requirements for the High
control of multiple control modules, including support ) .
2.06.0130 | processes, from within a single integrated control room Allows for operational flexibility. Liggg:ﬂéﬁ gﬁgp?; gl)?sdteRn? ?letljlr_/EXT- gﬂn%nct)epn;g%ﬁity ALL ALL PERF
using the manual mode at any time for all operating ’
conditions. 10-19887 (INL, 2010)
Having a central control room for multiple units could be more
efficient than having separate control rooms for each unit.
If a single control room is to be used for all units on a However, construction on multi-unit sites is likely to be
proposed multi-unit site, the control room should be built staggered, with each unit reaching operation at a different time. Maintenance
2.06.0131 such that controls for additional units in a staggered build Additionally, the owner-operator may decide to add another unit Industry Feedback and Operability ALL ALL PERF
can be easily added to the control room. after existing units have been in operation. For these reasons, a
central control room needs to be designed such that units can
be added without an expensive retrofit.
Having a central remote shutdown station for multiple units
could be more efficient than having separate stations for each
If a remote shutdown station is to be used for all units on a | unit. However, construction on multi-unit sites is likely to be
proposed multi-unit site, the remote shutdown station staggered, with each unit reaching operation at a different time. Maintenance
2.06.0132 should be built such that controls for additional units in a Additionally, the owner-operator may decide to add another unit Industry Feedback and Operability ALL ALL PERF
staggered build can be easily added to the station. after existing units have been in operation. For these reasons, a
central remote shutdown station needs to be designed such that
units can be added without an expensive retrofit.
For multi-unit sites, the units should be spaced such that Minimizing the protected area saves resources on security and Maintenance
2.06.0133 | the protected area of the site is minimized without 1zIng P y Industry Feedback o ALL ALL IMPL
. N - plant infrastructure. and Operability
sacrificing maintainability and operability.
This requirement reflects the utility experience that for multiple
For multiple unit plants on a single site, shared systems units on a single site, a minimum number of systems should be USNRC RG 1.232 .
Maintenance SAFE
2.06.0140 | should be limited to auxiliary support systems such as shared. This is especially true with systems used in normal mPower DSRS Chapter 7 and Operabilit ALL ALL PERE
sewer, auxiliary steam or site security. operations. Minimizing shared systems minimizes cross- URD Rev 13 Tier Il Chapter 1 Section 6 P y
connects, operator error, and disturbance propagation.
For any systems that are shared in case of multiple unit
plants on a single site, an analysis should be made of the USNRC RG 1.232
2 06.0150 effect of any failure or any testing in that system that will Shared systems have the potential to create unexpected mPower DSRS Chanbter 7 Maintenance ALL ALL SAFE
T impact the maintenance, dose rates, availability, safety or interactions that can adversely affect both units. URD Rev 13 Tier Il gha ter 1 Section 6 and Operability PERF
operability of other systems and the availability of each P
unit.
Reduction of number of components promotes higher plant
The reactor design should minimize the number of active 2;;?"?52%8?2p“glrttﬁ;lsitiaer; ggi\%:g&stﬁivmvz\%??ﬂ:%memus mPower DSRS Chapter 7 Appendix C Maintenance
2.06.0160 | components required to meet the intended function of simp pportur ' : ' URD Rev 13 Tier Il Chapter 1 Section 6 o ALL ALL PERF
. RS intended to compromise the redundancy required to meet safety and Operability
operability and maintainability. . " : EUR Volume 2 Chapter 1
goals, or to hinder the ability to qualify advanced component
designs.
Components that perform the same function and are not . . - .
2.06.0170 | required to be separated should be collocated to the This praphce redgces the number and length of cab[e and PIPING 1 EUR Volume 2 Chapter 13 Malntenanc.e. ALL ALL PERF
connections required for the systems to perform their functions. and Operability IMPL

maximum extent possible.
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Req. # Requirement Basis Alignment Category Technology | Mission | Attribute
. . : I The use of COTS equipment improves simplicity of the design .
2.06.0180 COT.S equipment should be utilized in every application and reduces cost. It also improves maintainability and Industry Feedback Malntenanccla. ALL ALL PERF
possible. 1 e and Operability
component replacement during the plant operating life.
For example, several applications may be able to use the same
Component count reduction should be balanced with pump design if appropriate orificing is included. Similarly, a large Maintenance PERF
2.06.0190 | component uniformity to reduce design complexity and number of identical components may be more cost effective Industry Feedback - ALL ALL
. ; ) ) and Operability ECON
construction cost. than a smaller number of unique components with their own
design criteria and supply chains.
Human errors that affect plant performance may be system-,
Human factors design principles should be consistently design-, or human-induced. Human factors applications focus on mPower DSRS Chanter 18
applied throughout the design process for each operation | €liminating from the plant the causes of human errors that exist > ~hap . Maintenance
2.06.0200 : : in older ol URD Rev 13 Tier Il Chapter 1 Section 8 o ALL ALL PERF
or maintenance work space in the plant to reduce In older plants. and Operability
. . . ) ) ) EUR Volume 2 Chapter 14
operation and maintenance errors during all plant modes. | Examples of human factors considerations include adequate
space, illumination, noise levels, and environmental controls.
. : A standardized set of procedures and training should permit . . .
A standard set of operating and maintenance procedures o : . : : URD Rev 13 Tier Il Chapter 1 Section 8 Maintenance PERF
2.06.0210 and training should be developed for each plant design. achlevmg high qga}l!ty and performance in operation and EUR Volume 2 Chapter 14 and Operability ALL ALL IMPL
maintenance activities.
2 06.0220 Adequgte training materials and a training simulator should | To traln and qualify the plant staff for plant startup and URD Rev 13 Tier Il Chapter 1 Section 8 Malntenanc.e. ALL ALL PERF
be available on a schedule to support plant startup. operation. and Operability IMPL
In traditional nuclear plants, training operators is a long and
resource-intensive process. This is appropriate because the
required tasks can be complex and the consequences of
The time and resources devoted to operator training inaction or erroneous action can be high. Maintenance ECON
2.06.0221 | should be commensurate with the dlfflCU'ty and However, many advanced reactor designs have enhanced Industry Feedback and Operability ALL ALL IMPL
consequences of the required tasks. operability and safety such that the actions required of operators
are simple and minimal. Spending the same time and resources
on training as traditional plants would not result in equivalent
value. Optimized training programs may be appropriate.
Multiple units on a single site should have identical or L : . .
2.06.0230 | similar equipment, equipment and systems layout and To minimize errors by operating a.n'd maintenance personnel mPower DSRS Chapter 18 ' Malntenanc.e' ALL ALL IMPL
: ; . and to improve the interchangeability of components. URD Rev 13 Tier Il Chapter 1 Section 8 and Operability
orientation, to the extent practical.
The plant should be designed to provide pathways with a This reduces rigging equipment and resource requirements, and
2 06.0240 minimal numb'er of elevation changes throygh the plantto | the poFentlaI fqr damagmg plant equmeqt during rigging URD Rev 13 Tier Il Chapter 1 Section 8 Malntenancv.a' ALL ALL IMPL
selected locations where heavy tools, equipment, or operations. This also improves the industrial safety aspects of and Operability
replacement components must travel. equipment and material handling.
Equipment should be oriented to facilitate maintenance
operations without the installation of temporary access . . o : . . .
2.06.0250 | platforms and ladders, particularly for high-maintenance This requirement simplifies the performance of operations and URD Rev 13 Tier Il Chapter 1 Section 8 Maintenance ALL ALL IMPL

components or those expected to be replaced on a regular
basis.

maintenance tasks.

EUR Volume 2 Chapter 14

and Operability
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Req. # Requirement Basis Alignment Category Technology | Mission | Attribute
An equipment identification system should be developed
and ]mposed at the design stage, made a part of the Confusion in identifying equipment has caused operation and URD Rev 13 Tier Il Chapter 1 Section 8
configuration control system, and maintained through . . .
; . maintenance errors and has contributed to plant events when a | EUR Volume 2 Chapter 11 Maintenance
2.06.0260 | procurement, installation and spare parts control. Systems . . . o ALL ALL IMPL
. . o ; ; component mistakenly taken out of service for maintenance has | EUR Volume 2 Chapter 12 and Operability
and equipment should be clearly identified using this
. . been called upon to operate. EUR Volume 2 Chapter 14
system, which should be unambiguous and common for
the entire plant.
Without a documented basis, current and future personnel may
not understand the reasoning behind certain design aspects,
which could lead to uninformed decision-making.
For example, a future design change could render a prior
operation or maintenance requirement, or procedural step
Bases for design and configuration decisions should be obsolete. However, without a documented basis, future Maintenance
2.06.0261 | clearly documented in a configuration management system | personnel may not realize the requirement no longer serves a Industry Feedback - ALL ALL IMPL
. . o and Operability
from the start of the project. purpose and may continue to devote resources to satisfying it.
Conversely, if future personnel do not understand the basis for
an existing requirement, they may decide that it does not serve
a purpose and nullify it. If the assumption was incorrect, the
plant could suffer unforeseen consequences. Clearly
documenting bases would solve both of these problems.
Changes to a system should be formally documented and
approved consistent with the system configuration
management plan. The documentation revisions should Clearly documenting configuration changes will allow for easier Maintenance
2.06.0262 | include the reason for the change, the affected review and approval of the change, and will aide future IEEE 7-4.3.2-2016 Section 5.3.5 o ALL ALL IMPL
. S . . ) . and Operability
configuration item, the impact of the change on the system | personnel in understanding the basis for the change.
including the hazards and risks analysis, and the plan for
implementing the change in the system.
The reactor designer and EPC, for purposes of design
development and planning, may assume that personnel
staffing for plant operation and maintenance will be defined | The approach to management and the overall philosophy of . . .
2.06.0270 | very soon after the commitment to build a plant, operation are important in selecting and training the operating URD Rev 13 Tier |l Chapter 1 Section 8 Maintenance ALL ALL IMPL

encompassing the organization and divisions of
responsibility for all functions, including support to be
provided by other company organizations.

staff for a nuclear plant.

EUR Volume 2 Chapter 14

and Operability
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the reactor vessel and basic plant structures if
economically justified).

recirculation piping, feedwater heaters, moisture separator
reheaters, etc., design requirements for removal and
replacement are essential if long useful plant life is to be
attained.

EUR Volume 2 Chapter 14

and Operability

Req. # Requirement Basis Alignment Category Technology | Mission | Attribute
In some plant conditions (planned or unplanned), the flexibility of
the normal operating staff might not be sufficient to
accommodate the situation. In such cases, the team may have
to be changed in order to cope with the situation. The need for
other personnel should be included in work planning and cost
estimates.
For certain plant conditions, the owner-operator should Some typical conditions are as follows: Maintenance
2.06.0271 | consider obtaining additional staff, permanently or « Commissioning; EUR Volume 2 Chapter 10 and Operability ALL ALL IMPL
temporarily. .
e Testing;
o Refueling;
¢ Maintenance;
e Accident conditions;
o Post-accident operation.
Analysis should be based upon industrial experience (mean time
Anicpatetsks, mthods,personnel sl and mar-hour | S#0ISe LTS e meen e o b S o e e |
2.06.0280 | requirements to accomplish unscheduled maintenance yst P o . . GCRA 86-002/Rev. 3 - ALL ALL IMPL
X equipment/system isolation, preparation for maintenance and and Operability
should be documented on a system basis. ; o .
return to service. Anticipated health physics man-hours should
also be documented.
The purpose of this analysis should be to identify candidate
activities for use of robotic equipment which should be
accommodated in the design. The reactor designer should
develop a list of functions for application of robotic equipment
) , . . which, based upon cost effective considerations, will dictate their _ .
The reactor d¢5|gner should mc_ludg a rqbotlc analysis to incorporation at the initial design stage or likely future URD Rev 13 Tier Il Chapter 1 Section 8 Maintenance SAEE
2.06.0290 | consider possible uses of robotics in maintenance ; tion in the plant EUR Volume 2 Chapter 11 - ALL ALL
S Incorporation in the plant. and Operability IMPL
activities. . ) . EUR Volume 2 Chapter 14
Robotic systems can effectively reduce the length of time
humans need stay in hostile environments (heat, radiation,
humidity), augment the limitations of human strength for arduous
tasks, accurately perform repetitive tasks, and perform tasks in
areas inaccessible to humans.
The reactor designer should provide a recommended
spare parts list to the owner-operator for the entire plant Experience reported for both nuclear and fossil plants
2 06.0300 based on equipment supplier recommendations and demonstrates the need for an adequate inventory of spare parts | URD Rev 13 Tier Il Chapter 1 Section 8 Maintenance ALL ALL IMPL
T maintenance experience at operating nuclear plants. The plus an automated system to facilitate identification and location | EUR Volume 2 Chapter 14 and Operability
spare parts list should be in sufficient detail to allow of spares as well as maintain the desired inventory of spares.
ordering of spares.
Experience with commercial nuclear power throughout the world
has shown the need for designs that facilitate the replacement of
The plant arrangement should provide features to facilitate | major components. From the large number of components (total
2 06.0310 the replacement of all major plant components (including or partial) that have been replaced, such as steam generators, URD Rev 13 Tier Il Chapter 1 Section 8 Maintenance ALL ALL IMPL
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Req. # Requirement Basis Alignment Category Technology | Mission | Attribute
The plant design should include plans for removal, Experience has shown that detailed planning is required during
2 06.0320 transportation, and storage of major plant components and | the design phase to assure that the plant arrangement can URD Rev 13 Tier Il Chapter 1 Section 8 Maintenance ALL ALL IMPL
T special tools and equipment, including those that have accommodate removal and replacement of components if and EUR Volume 2 Chapter 11 and Operability
become contaminated or activated. when it becomes necessary.
The plant design should include plans for transportation Experience has s_hgwn that at the time components require
and storage of spare equipment and components to be replacement, sufficient space does not exist to store the old
206.0330 | procured ?or futu?e useqif tFr)1ere is a reasor?able robabilit components or install the new components. Similarly, URD Rev 13 Tier Il Chapter 1 Section 8 Maintenance ALL ALL IMPL
T Fhat replacement equipment will not be availablg in futuré’ replacements can be difficult or impossible to obtain many years | EUR Volume 2 Chapter 11 and Operability
ears P quip later for certain equipment more specialized in nature or
y ’ purpose.
. . Large loads can get stuck or enter odd geometries during .
2.06.0331 Load h"?‘”d"”g systems (e.g., cranes) Sho}f'd be des'?”ed handling, making the maintenance activity more difficult for Recent Lessons Learned Mamtenancg ALL ALL IMPL
to consider potential for unexpected load “hang-ups. personnel and Operability
Components and systems important to safety should be Inspection and testing provides assurance that components and Maintenance
2.06.0340 np systems imp . ys systems will be able to perform their safety function during a USNRC RG 1.232 o ALL ALL SAFE
designed to permit periodic inspection and testing. and Operability
postulated event.
The plant desian should permit performing as man This greatly enhances operational flexibility, improves safety,
2 06.0350 survgillance te%ts as osgible dl?rin nom?al o eragon and enhances availability. Only the remaining items that cannot | URD Rev 13 Tier Il Chapter 1 Section 8 Maintenance ALL ALL PERF
" without lifting leads ofblockin relags h sicaIFI) reasonably be done at power should still be done with the plant | EUR Volume 2 Chapter 14 and Operability IMPL
9 9 ys phy y shutdown, or in an otherwise reduced power status.
Provisions should permit testing svstems/subsvstems or This greatly enhances operational flexibility, improves safety,
2 06.0360 | instrument loons inpas close togr]m?/mal o eratiny conditions and enhances availability. Only the remaining items that cannot | URD Rev 13 Tier Il Chapter 1 Section 8 Maintenance ALL ALL PERF
T as practical P P 9 reasonably be done at power should still be done with the plant EUR Volume 2 Chapter 14 and Operability IMPL
P ' shutdown, or in an otherwise reduced power status.
Minimizing the use of intrusive surveillance testing or techniques
2 06.0370 | Surveillance testing should utilize nonintrusive techniques which result in accelerated wear or other negative URD Rev 13 Tier Il Chapter 1 Section 8 Maintenance ALL ALL IMPL
T 9 ques. consequences of maintenance will improve overall equipment EUR Volume 2 Chapter 4 and Operability
reliability.
Inherent in these tests should be checks that systems are
installed as designed, that equipment interlocks are
performance tested, and that temporary installations are
Startup tests should be integrated system tests that _removed or scheduled for removal prior to fuel Ioad.. Also
» 06.0380 | demonstrate to the extent practical full system functional included in these tests should be a means of capturing startup URD Rev 13 Tier Il Chapter 1 Section 8 Maintenance ALL ALL IMPL
e capability, including the capabilities of the various data that can benchmark system performance for future EUR Volume 2 Chapter 13 and Operability
subsystems when aligned together. reference and comparison.
A well planned startup test program is essential to a smooth
plant startup and important in uncovering deficiencies which, if
unattended, could hamper later plant operation.
The startup test program plan should include clear Maintenance
2.06.0390 | indication of which tests may be performed piecemeal This gives flexibility in the startup test program. Industry Feedback and Operabilit ALL ALL IMPL
without jeopardizing the validity of the test(s). b y
2 06.0400 The use of hazardous and toxic chemicals within the plant | Minimization of the release of hazardous and toxic chemicals to | URD Rev 13 Tier Il Chapter 1 Section 8 Maintenance ALL ALL SAFE

should be minimized to the extent practical.

the environment is part of the ORG “good neighbor” policy.

EUR Volume 2 Chapter 14

and Operability
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Req. # Requirement Basis Alignment Category Technology | Mission | Attribute
Designs should have features that protect personnel from This requirement helps to ensure a safe work environment. The Maintenance
2.06.0410 | . 9 P P plant design should not result in undue exposure to industrial URD Rev 13 Tier Il Chapter 6 Section 2 o ALL ALL SAFE
in-plant hazards. . . and Operability
hazards (e.qg., falls, high temperatures, high voltages, etc.).
In applications where the use of hazardous materials is
gnavqldable (such as In certain advapced reactor designs Minimization of the release of hazardous and toxic chemicals to | URD Rev 13 Tier Il Chapter 1 Section 8 Maintenance
2.06.0420 | in which the coolant, like liquid lead, is hazardous), the . . . . .o o ALL ALL SAFE
: i S the environment is part of the ORG “good neighbor” policy. EUR Volume 2 Chapter 14 and Operability
plant design should incorporate features that minimize
personnel exposure to the hazards.
Impacts to the environment include:
¢ Emission (to air and water);
e Solid waste pollution;
2 06.0421 The impact tp _thg surrounding environment by the plant e Heat pollution (e.g., raising the temperature of a body of Uni_ted States National Environmental Maintenanccla. ALL ALL PERF
should be minimized. water): Policy Act (NEPA) and Operability
¢ Noise pollution.
Minimization of the release of pollution to the environment is part
of the ORG "good neighbor" policy.
The number of operators specified should be independent of
regulation (i.e., the minimum number required to perform
The owner-operator should specify the minimum number of required actions, not meet regulations). Regulation may require Maintenance
2.06.0430 pe bectly . . larger operating staffs than those specified, but regulation is Industry Feedback - ALL ALL IMPL
operators required for each mode/scenario of operation. . - . . ) and Operability
subject to change, and defining a practical minimum with a clear
basis will present a clear operation strategy, with the goal of
minimizing operator actions for all scenarios.
Preventive maintenance includes all tasks designed to
determine and maintain conditions of plant systems and URD Rev 13 Tier Il Chapter 1 Section 8
The reactor designer, supported by the vendors of components (predictive, time-based and preventive). A Maintenance PERE
2.06.0440 | individual components, should establish the preventive structured process such as the EPRI Preventive Maintenance EPRI 3002002951, “Preventative and Operabilit ALL ALL IMPL
maintenance programs for the plant. Basis Database should be followed. See EPRI 3002002951, Maintenance Basis Database (PMDB) P y
“Preventative Maintenance Basis Database (PMDB) Web Web Application v3.0.1.” (EPRI, 2014c)
Application v3.0.1.”
Components should be desianed to allow in-service Requirements and provisions for in-service inspection have a URD Rev 13 Tier Il Chapter 1 Section 8 Maintenance
2.06.0450 | . po! . 9 significant effect on operability, which must be considered in the | EUR Volume 2 Chapter 1 o ALL ALL IMPL
inspection and testing. . and Operability
design. EUR Volume 2 Chapter 7
Building design should include consideration for personnel | Overall costs, which include capital as well as operation and
and equipment access, simplicity of arrangement to maintenance costs, must be considered in the sizing of plant Maintenance
2.06.0460 | facilitate installation during construction, and the need for buildings. Recent experience indicates that, in some cases, URD Rev 13 Tier Il Chapter 6 Section 2 and Operabilit ALL ALL IMPL
adequate working space during construction, operation, space was minimized without proper consideration of the impact P y
and maintenance. on construction, maintenance, and operation.
2.06.0461 Plants should be designed to allow for future modifications This requirement allows for operational flexibility. Industry Feedback Maintenance ALL ALL IMPL

(e.g., change in cooling method, uprating).

and Operability
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Req. # Requirement Basis Alignment Category Technology | Mission | Attribute
Overall costs, which include capital as well as operation and
The building and component arrangement should optimize | maintenance costs, must be considered in the sizing of plant
bulk quantities (excavation, concrete, piping, raceway, buildings. Recent experience indicates that, in some cases, Maintenance

2.06.0470 | cable, etc.) to the extent that access for construction, space was minimized without proper consideration of the impact | URD Rev 13 Tier Il Chapter 6 Section 2 and Operabilit ALL ALL IMPL
maintenance, testing, inspection, and operation is not on construction, maintenance, and operation. Reducing bulk P y
adversely impacted. guantities (particularly concrete) also makes decommissioning

the plant easier.
The design should consider human traffic patterns and the |dentification of ma?nter_wa_nqe and access routes in highly
. : . : congested areas will minimize the potential damage to . . Maintenance ECON

2.06.0480 | impact of maintenance boundaries and operations on S URD Rev 13 Tier Il Chapter 6 Section 2 - ALL ALL

traffic flows components caused by personnel climbing over the and Operability IMPL
’ components.

The reactor designer and owner-operator should make the New nuclear power plants are t_Jeing designed, procured, and

information turnover process a part of the original EPC constructed dn‘fergntly, depending much more on the use, .

2.06.0490 | contract for a successful turnover of information regarding management, mamtenanqe, and' exchange' of electro'nlc . EPRI TR 3002007425 Mamtenancg_ ALL ALL ECON
the configuration management information systems, asset information than thqse built prewous]y. An improved mformaﬂon and Operability IMPL
management svstems. and records management s ,stems turnover process will translate into significant cost savings over

g ysiems, g YSIEMS- 1 the life of the plant.
Ultimately, the owner-operator is responsible for proving to the
regulator that the plant is safe to operate, and therefore needs
access to all the design information. Additionally, vendors can
h tor should h 0 all ¢ go out of business during the lifetime of the plant, making this
e owner-operator should have access to all reactor requirement particularly important. .
2.06.0491 | design information, including information from the reactor a P , yimp Industry Feedback Mamtenancg_ ALL ALL IMPL
designer and third-party vendors. To protect the intellectual property of the vendors, Non- and Operability
Disclosure Agreements (NDASs) or equivalent legal measures
should be in place. Also, legal agreements to have a third party
securely hold necessary information “in trust” should be
established.
The plant arrangement should provide easily accessible Expgriencg has shown that poor access to s.hop and wgrehouse .
2.06.0500 | shop and warehouse facilities for both contaminated and faC|I|kt)|es Wl(ljl_:ncreas%dbown tlme.hlt |shessené|al tha:]equment URD Rev 13 Tier Il Chapter 6 Section 2 M%lntenanct;ﬁ ALL ALL IMPL
non-contaminated equipment can be readily moved between the shop and warehouse and Operability
' facilities.
Because ORG plants prioritize standardization, decisions on
weather protection must consider the envelope of site
The plant arrangement and building design should provide, conditions. Expenence has shown thgt outdqqr equipment
. . ) . (controls, Heating, Ventilation, and Air-Conditioning [HVAC] : . .
wherever practical, for weather sheltering of equipment in . . ; URD Rev 13 Tier Il Chapter 6 Section 2 Maintenance ECON

2.06.0510 . oo components, etc.) evidence considerable degradation after a o ALL ALL
order to protect against deterioration by weather and for - . L EUR Volume 2 Chapter 1 and Operability IMPL
the comfort of operating and maintenance personnel numbe.r of years of operation in some environments, resul_u_ng in

' extensive maintenance, refurbishment, or replacement. Initial
higher construction costs are expected to balance these later
maintenance and replacements costs.
Water chemistry and its effect on equipment condition . . , . . .
2.06.0520 | should be considered in the design of plant cooling Raw service water (such as from a river) has the potential to URD Rev 13 Tier Il Chapter 8 Section 2 Maintenance ALL ALL PERE

systems and water sources.

cause fouling and corrosion of equipment. EUR Volume 2 Chapter 8

and Operability
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Req. # Requirement Basis Alignment Category Technology | Mission | Attribute
For above-ground and underground (e.g., in a trench)
components, this protection is typically provided by appropriate
. . coatings. For buried components, this protection is provided by .
2.06.0530 The reactor designer should ensure protection of plant a combination of coatings and cathodic protection, or by use of URD Rev 13 Tier Il Chapter 1 Section 4 Maintenance ALL ALL ECON
components from external corrosion. . o : : and Operability IMPL
exotic alloys (titanium, 6XN, 254SMO) or nonmetallic materials
such as High-Density Polyethylene (HDPE) that are resistant to
corrosion.
A Foreign Material Exclusion (FME) program should be Preventing intrusion into or contamination of plant components Maintenance PERF
2.06.0541 | developed and executed in construction, operation, and and substances by uncontrolled materials or species will be Industry Feedback o ALL ALL
! : . : . and Operability IMPL
maintenance. particularly important for certain advanced reactor designs.
2 06.0542 The FME. program should be developed before main FME |ssues'dur|ng construction can cause problems well into Industry Feedback Malntenanc.e' ALL ALL IMPL
construction begins. plant operation. and Operability
Site power needs (e.g., for lights, water, machinery) during Plants that are in an outage and are not generating electricity .
planned or unexpected outages (both short and long) . . . ) . Maintenance GR
2.06.0551 . must still be inhabitable by personnel performing maintenance, Industry Feedback - ALL IMPL
should be considered and backup power sources should . and Operability oG
o and power may be needed to perform the maintenance.
be supplied if needed.
Materials should be deliberately specified by the reactor
2.07.0010 Materials used in the design should be specified by the designer, not by o.ther entities (e.g., _suppller, regl_JIator). This is URD Rev 13 Tier Il Chapter 1 Section 5 Materials ALL ALL IMPL
reactor designer. not meant to require the reactor designer to specify the exact EUR Volume 2 Chapter 6
grade or specification for each material.
An important objective of advanced reactor design is that it
o . should be significantly simplified with respect to older plants. . .
2.07.0020 Commonahty in material should be pursued where Reducing the number of material types and grades will simplify URD Rev 13 Tier Il Chapter 1 Section 5 Materials ALL ALL IMPL
feasible. . : ) . EUR Volume 2 Chapter 6
supply chains, and reduce the technical analysis and quality
assurance burden.
Materials should be chosen to ensure long-term Necessary to minimize corrosive environments and equipment mPower DSRS Chapter 5 and 6
2.07.0030 | satisfactory corrosion and erosion performance of key failures which could lead to safety system challenges and loss of | URD Rev 13 Tier Il Chapter 1 Section 2 Materials ALL ALL SAFE
components. availability. EUR Volume 2 Chapter 6
The selection of materials can significantly impact the deposition
2 07.0040 Ma’FerlaIs should be qhosen to minimize worker dose of activation prod.ucts that Igad to rgdlatlon exposure fpr plant URD Rev 13 Tier Il Chapter 1 Section 2 Materials ALL ALL SAFE
during normal operation and shutdowns. personnel. Materials selection also impacts the shielding EUR Volume 2 Chapter 6
properties of reactor plant equipment.
;uee]luqelfa:)“\];g:ragignshgzidcgig}ggﬁtsr?;;{ Ezjllgcsgtabmty of Some advanced reactor designs use fuels without significant
2.07.0050 . Ng . operating experience, making fuel qualification an important Industry Feedback Materials ALL ALL SAFE
experienced during normal operation and postulated event :
" aspect of the design of these reactors.
conditions.
Advanced reactors may use different fuels than what is currently
The owner-operator should identify a licensed means of used in LWRs and new means of transporting the fuel may need . SAFE
2.07.0051 transporting new fuel to the plant early on in the project. to be designed and licensed. Regulatory guidance in different Industry Feedback Materials ALL ALL IMPL
nations may be applicable.
Manufﬁcturing processes i?om;ld.depwo?str.ate fuecljfailure Minimizing fuel defects improves the efficiency of maintenance | mpower DSRS Fuel System design
2.07.0060 | fates that support acceptable limits for fission product operations and minimizes personnel exposure to radioactivity. | URD Rev 13 Tier Il Chapter 1 Section 3 | Materials ALL ALL PERF

release and internal contamination of reactor plant
systems.

This may include a maximum acceptable fuel failure rate.

EUR Volume 2 Chapter 1
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Req. # Requirement Basis Alignment Category Technology | Mission | Attribute
The purity of critical fluids (including the heat transfer fluid) %éectoorg;g% ?gt\(/e asngfedi;i?g‘fg: dogir:rtg;grzt ?r:geh tl:erri?pgrce:?]ueres,
2.07.0070 | should be maintained throughout normal operation to T ; : re, the punity of ¢ Industry Feedback Materials ALL ALL PERF
. . , " heat transfer fluid is often important to maintaining the design
mitigate the effects of corrosion from impurities. o ;
conditions for plant equipment.
2 07.0080 The reagtor desgner shoulld |mplem§nt qhemlstry controls To prevent undesirable effects of impurities. URD Rev 13 Tier Il Chapter 1 Section 5 Materials ALL ALL SAFE
on certain materials in particular applications. EUR Volume 2 Chapter 6
The design should prevent interactions between materials d d desi ial b
or substances that may create undesirable reactions if they Some advance reactor designs use materials or substances .
2.07.0090 ; L . that may react violently with air, water, etc. Liquid sodium USNRC DC-1330 Materials ALL ALL SAFE
come into contact, and mitigate such reactions as !
. coolant is an example.
appropriate.
The design of the reactor coolant boundary should reflect
consideration of service temperatures.and other conditions This requirement was adapted from the USNRC's Advanced
of the boundary material under operating, maintenance, Reactor Design Criteria (ARDCs) but has been modified to a
2.07.0100 | testing, and postulated event conditions and the " " g . USNRC RG 1.232 Materials ALL ALL SAFE
R e . . should" statement since not all advanced reactors rely on the
uncertainties in determining (1) material properties, (2) the .
) o . . . reactor coolant boundary to perform a safety function.
effects of irradiation on material properties, (3) residual,
steady state and transient stresses, and (4) size of flaws.
The American Society of Mechanical Engineers (ASME) URD Rev 13 Tier Il Chapter 1 Section 5
Boiler and Pressure Vessel Code (B&PVC) specifications Materials which meet code requirements may provide safe _
may be appropriate but should not be considered sufficient | service but may not provide problem-free service. Hence, the Sims R. 2010. Roadmap to Develop PERF
2.07.0110 | to demonstrate adequate performance if the service reactor designer may need to place requirements on materials ASME Code Rules for the Construction of | Materials ALL ALL IMPL
conditions cannot be supported by code cases and which go beyond a given code's minimum requirements (e.g., High Temperature Gas Cooled Reactors
applicable experience. Additional documented experience | corrosion effects may limit the use of some code materials). (HTGRS). STP-NU-045, ASME (Sims,
or analysis may be required. 2010)
Regulations will require that radioactive waste is adequately
_ _ disposed. Waste management is important to the general public
A g_lan st_hould bte |ntplace for tTe pe_rmtar\]nent ‘?I'SFEO_T%I_ of Iall and is a critical aspect of proving the viability of the design.
radioactive waste streams early on in the project. This plan , . , ) .
2.07.0121 | . Cid not rely on external factors beyond stakeholders’ The experiences of the existing United States nuclear fleet with Industry Feedback Materials ALL ALL IMPL
control. the Yucca Mountain nuclear waste repository show that waste
management plans should be independent of politics, or that a
suitable alternative plan should be identified.
A plan should be in place for the permanent disposal of all Many advanced reactor designs use hazardous materials (e.g.,
2.07.0131 P . . P P : R liquid sodium) in operation. Waste management of these Industry Feedback Materials ALL ALL IMPL
non-radioactive hazardous waste early in the project. :
substances needs to be considered.
Physical
2.08.0010 | 1he number of radiological control points required to To simplify and improve security. URD Rev 13 Tier Il Chapter 1 Section g | Protectionand ) ALL IMPL
access the plant should be minimized. Proliferation
Resistance
Large security forces have been required in some nuclear power Physical
The security plan should be developed to optimize the plants to accommodate "added on" security features and Prg([ection and
2.08.0020 | effectiveness of the security force and simplify the actions | requirements. Simpler, more agile security forces can respond EPRI TR 3002008041 ALL ALL SEC/NP

required to secure the site perimeter.

more quickly and take advantage of inherent security features in
the plant design.

Proliferation
Resistance
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Req. # Requirement Basis Alignment Category Technology | Mission | Attribute
. Physical
Controlled security access locations to vital areas should Access cpntrol programs ?‘”0.' the fitness for duty programs ha\_/e : . Protection and
2.08.0030 . . . substantially reduced the insider threat, and design features will | URD Rev 13 Tier Il Chapter 6 Section 2 . . ALL ALL SEC/NP
be provided at vital area boundaries. S ) ; . Proliferation
not add significant protection against this threat. )
Resistance
The reactor designer should incorporate physical URD Rev 13 Tier Il Chapter 6 Section 2 Physical
2.08.0040 protection measures into th dg3|gn of thg plant., such as This requirement protects against external threats. This requirement reflects compliance Prot_ecnor] and ALL ALL SEC/NP
placing vital equipment within vital areas, installing ith I . . Proliferation
intrusion detection and assessment systems, etc with regulatory requirements in Resistance
T 10CFR73.55(c).
Physical
2 08.0050 Physg:al security should be provided to support cyber Physical security measures can deny access to critical digital URD Rev 13 Tier Il Chapter 10 Section 3 Protgctlon and ALL ALL SEC/NP
security systems. assets. Proliferation
Resistance
The desire to enhance physical protection while minimizing the Physical
2 08.0051 The plant layout near key assets should b.e deS|gr_1ed with size qf the gL!ard force requires the fIQX|b|I|ty to add barngrs if | industry Feedback Protgcuon and ALL ALL SEC/NP
enough space to allow for additional physical barriers. security requirements escalate over time or are more stringent in Proliferation
other countries. Resistance
"Proliferation Resistance and Physical .
The design should have features that tth | | Consistent with the ORG's "Threat Protection” policy, and Protection of the Six Generation IV roroeton and
2.08.0060 © design shoulld have fealures that prevent the remova ~—onsistent wi € N reat Frotection” poficy, an Nuclear Energy Systems," Generation IV rorection an ALL ALL SEC/NP
of fissile material from the plant. international goals for non-proliferation. - Proliferation
International Forum, Resistance
GIF/PRPPWG/2011/002 (GIF, 2011)
. N o . . " o Physical
System design should minimize the need for future This is consistent with a "Safeguards by Design" philosophy. Protection and
2.08.0070 | modifications or other processes that could expose it to Best practices in information security avoid the creation of USNRC RG 1.152 Proliferation ALL ALL SEC/NP
tampering. vulnerabilities by design. .
Resistance
Advanced reactors designed for the production of Steps to remove radioisotopes should not introduce the potential g?czltsei(czglon and IMPL
2.08.0080 | radioisotopes should include considerations for extracting ps 70 I op P Industry Feedback : : ALL RP
S ) L for fissile isotopes to be diverted. Proliferation SEC/NP
the radioisotopes without providing undue access to fuel. )
Resistance
The reactor designer should ensure that mechanical and To demonstrate that the equipment will perform its desian
electrical equipment is qualified for use in the operating : quip P '9 mPower DSRS Chapter 3 Quality
2.09.0010 . A . ; function on demand to meet system performance requirements . . ALL ALL PERF
environment under which it will be required to perform its ; ) : [ URD Rev 13 Tier Il Chapter 1 Section 4 Assurance
) . when subjected to the design environmental conditions.
design function.
A quality assurance program should be established and
2.09.0020 |mplemgnted in orde_r to provide adgquatg assurance that A quality assurance program is critical to achieving both safety USNRC RG 1.232 Quality ALL ALL SAFE
SSCs will satisfactorily perform their required functions, and economic goals. Assurance PERF
according to the level of quality assigned.
. The PRA contains assumptions regarding system, structure, and
2 09.0030 ;Lget f;]sesu?awggs gfrit:(;cPaﬁAvsarlli(()jgg g(teh(:gﬁuhmoeur:ttehdesuch component reliability and availability. Plant operation and mPower DSRS Chapter 19 Quality ALL ALL SAFE
T y P y 9 maintenance must be consistent with these assumptions to URD Rev 13 Tier Il Chapter 1 Section 2 Assurance

plant's life.

avoid increasing plant risk.
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Req. # Requirement Basis Alignment Category Technology | Mission | Attribute
The reactor designer, EPC and owner-operator should This requirement assigns the reactor designer, EPC and owner-
each define and document a plan which specifies the I . ;
i , for all th f operator the responsibility for defining a plan to implement the P DSRS Ch 17 i SAFE
2.09.0040 Quality Asgqrgnce Program requ'|rements or all the safety- QA responsibility they are assigned. Providing the plan at the mr ower . apter . Quality ALL ALL
related activities, and SSCs making up the advanced . . . . URD Rev 13 Tier Il Chapter 1 Section 9 Assurance IMPL
: : proposal stage will ensure that conflicts or open items will be
reactor. This plan should be provided at the plant proposal . .
stage resolved prior to awarding the contract.
The construction prime contractors should be responsible . mPower DSRS Chapter 17 Quality
2.09.0050 for monitoring the performance of subcontractors. To ensure ownership of work performed by subcontractors. URD Rev 13 Tier Il Chapter 1 Section 9 Assurance ALL ALL IMPL
NQA-1 provides a single consolidated source document for QA
The reactor desianer. owner-operator. EPCs. and supbliers requirements. NQA-1 is a second generation standard, resulting
should ensure thge Ql;alit AssSrance i:’ro raén is PP from a consolidation of American National Standards Institute USNRC RG 1.28 Qualit
2.09.0060 : . Y7 9 (ANSI)/ ASME N45.2 and the seven programmatic N45.2 series | mPower DSRS Chapter 17 y ALL ALL IMPL
consistent with the appropriate regulator-endorsed . ; . ; . . Assurance
requirements standards, which provides an adequate basis for compliance URD Rev 13 Tier Il Chapter 1 Section 9
q ' with 10CFR50 Appendix B and ASME Code Section llI
requirements.
The nuclear industry is a unique environment for procuring
components due to the regulation and associated QA
Vendors for nuclear safety-related components should requirements. Suppliers familiar with manufacturing components Qualit
2.09.0061 | have prior experience delivering components in quiren - SUPPIET: d P Recent Lessons Learned y ALL ALL IMPL
: for use in other industries may not have the experience needed Assurance
accordance with a nuclear QA program. .
to provide a nuclear safety-related component on budget and on
schedule.
The nuclear industry is a unique environment for procuring
If new manufacturing or test facilities are used to source components due to the regulation and associated QA
2 09.0062 nuclear safgty-relatgq gomponents, the owner-operator requwements. S.uppher.s familiar with manufacturlr!g components Industry Feedback Quality ALL ALL IMPL
should audit the facility’'s QA program to ensure it meets for use in other industries may not have the experience needed Assurance
the applicable standards. to provide a nuclear safety-related component on budget and on
schedule.
Experience has shown diagrams are particularly useful for the
Plant diagrams should be prepared and maintained on a purpose of clarifying the boundaries of the quality levels in the
2 09.0070 structure, system or component basis, as appropriate, plant. The diagrams should be in sufficient detail to allow quality | mPower DSRS Chapter 17 Quality ALL ALL IMPL
T showing the boundaries where the quality program (or level determinations for individual components and for the URD Rev 13 Tier Il Chapter 1 Section 9 Assurance
various levels of the quality program) applies. interfaces between components and systems of different quality
levels.
The use of proven QA manuals and procedures helps ensure
To the maximum extent possible, QA manuals and that lessons learned previously are retained in advanced Qualit
2.09.0080 | procedures should be based on those already successfully | reactors. Changes and new practices that help improve the URD Rev 13 Tier Il Chapter 1 Section 9 Assuance ALL ALL IMPL
used in comparable nuclear facilities. efficiency of the QA process or address shortcomings are
recognized and encouraged.
2 09.0090 Prior to initiating work, contractqrs should formally agree to | To ensure a consistent QA program is applied to all work URD Rev 13 Tier Il Chapter 1 Section 9 Quality ALL ALL IMPL
comply with the owner-operator’s QA program. performed for the project. Assurance
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Req. # Requirement Basis Alignment Category Technology | Mission | Attribute
The owner-operator and its agent should define the
organizational interfaces and detailed responsibilities of the The complexity of nuclear power plants and the involvement of
reactor designer, EPC, major contractors, and the owner- plextty arp piar . mPower DSRS Chapter 17 Quality
2.09.0100 L : : several important organizations require detailed control of the . . ALL ALL IMPL
operator personnel participating in the design, construction . . . URD Rev 13 Tier Il Chapter 1 Section 9 Assurance
; . design, construction, and support functions.
and/or support of the plant. This definition should be
provided at the time of plant order.
. . . . Design control errors are significant contributors to problems in : . .
2.09.0110 The. reactor designer should give special attention to the older plants. Accordingly, special emphasis must be placed on URD Rev 13 Tier Il Chapter 1 Section 9 Quality ALL ALL IMPL
design control and review processes. : : ) ) EUR Volume 2 Chapter 15 Assurance
systematic design control and review requirements.
The owner-operator should have the right to monitor and Design control errors are significant contributors to problems in : . :
2.09.0120 | review the design control and review process in depth to older plants. Accordingly, special emphasis must be placed on URD Rev 13 Tier Il Chapter 1 Section 9 Quality ALL ALL IMPL
) ) : : ) ) EUR Volume 2 Chapter 15 Assurance
assure that requirements are being met. systematic design control and review requirements.
The owner-operator should have the right of access to the
reactor designer’s or contractor’s calculations, design . . . . . . . . .
2.09.0130 | reports, design review reports, verifications, test The review and audit of design work in depth is important in URD Rev 13 Tier Il Chapter 1 Section 9 Quality ALL ALL IMPL
e . : assessing the overall adequacy of the design work. EUR Volume 2 Chapter 15 Assurance
procedures and results, and similar documents (including
works in progress).
On a case basis, the owner-operator should have the right . . . . o : . . .
2.09.0140 | to request additional design work (at a stated level of The review and audit of design work in depth is important in URD Rev 13 Tier Il Chapter 1 Section 9 Quality ALL ALL IMPL
. : assessing the overall adequacy of the design work. EUR Volume 2 Chapter 15 Assurance
detail) where it appears to be warranted.
The owner-operator or its agent should have the right to To ensure work is performed in accordance with the owner- URD Rev 13 Tier Il Chapter 1 Section 9 Quialit
2.09.0150 | audit the reactor designer’s and contractor’s facilities and , P P y ALL ALL IMPL
! operator's QA program. EUR Volume 2 Chapter 15 Assurance
those of their subcontractors.
Prompt action should be taken to correct items and
2 09.0160 conditions found by auditors in the reactor designer's or To ensure work is performed in accordance with the owner- URD Rev 13 Tier Il Chapter 1 Section 9 Quality ALL ALL IMPL
T contractor's facilities to be in nonconformance with the operator's QA program. EUR Volume 2 Chapter 15 Assurance
applicable requirements.
The reactor designer should prepare system, equipment,
and component specifications which invoke quality To ensure work is performed in accordance with the owner- URD Rev 13 Tier Il Chapter 1 Section 9 Quality
2.09.0170 ) . ) . , ALL ALL IMPL
requirements consistent with the owner-operator’s overall operator's QA program. EUR Volume 2 Chapter 15 Assurance
quality assurance program.
) ) URD Rev 13 Tier Il Chapter 1 Section 9
Construction quality has caused problems at a number of )
2.09.0180 | The advanced reactor quality assurance program should existing plants and is an important area for improvement in NUREG 1055 (USNRC, 1984) provides | qyality ALL ALL IMPL
R address past problems in nuclear construction. advanced reactors. All applicable industry experience should be | descriptions of previous problems in Assurance

sought to avoid repetition of past problems.

construction quality assurance for the
existing fleet of LWRs.
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Req. # Requirement Basis Alignment Category Technology | Mission | Attribute
Written reports of the findings of these inspections should be
provided to the owner-operator and to its representatives, such
Reactor designers and/or major contractors, (e.g., supplier | as the Construction Site Manager or the Storage Site Manager.
for Nuclear Island, steam turbine supplier, etc.), should Depending on the importance of the findings, the owner-
define specific technical requirements for the storage, operator's Management should be notified orally, without delay.
».09.0190 | Nandiing, installation, and testing of their equipment and These reports should define and request specific action to URD Rev 13 Tier Il Chapter 1 Section 9 Quality ALL ALL IMPL
T should perform frequent, periodic inspections at the correct any non-compliances. EUR Volume 2 Chapter 15 Assurance
construction and storage sites to assure their equipmentis | This requirement is based on lessons learned from existing
stored, handled, installed, and tested in accordance with plants which indicate that storage, handling, and protection of
the technical requirements. equipment during construction must be carefully monitored and
controlled to prevent problems which may not show up until after
equipment is stored or placed in service.
The Qua”ty Assurance Program for construction should The intent of these interviews is to assure that quality problems
require frequent interviews with a representative sample of | are promptly detected and investigated so that re-inspection and
».09.0200 | the construction workers, inspectors, supervisors, etc. as rework, if necessary, can be completed expeditiously. URD Rev 13 Tier Il Chapter 1 Section 9 Quality ECON
U9, ; ; ; . . : : . ALL ALL
the work progresses. These interviews should be carried Utility experience has shown that interviews of the type required | EUR Volume 2 Chapter 13 Assurance IMPL
out and documented with those actively working on the job | are effective in identifying and correcting potential problems
as well as with those who are leaving the work. before they become major.
Modern digital systems may rely upon several commercial
products (e.g., distributed control systems, user interface
environments, and programmable logic) whose source code
The purchasing organization procuring COTS software or may be proprietary and unavailable for review. The purchasing URD Tier Il Chapter 10 Section 6 .
2.09.0210 previously deye]oped spftware should_perform acceptance | organization must be held agcountable for commercially EPRI 1011710 (EPRI, 2005b) Quality ALL ALL IMPL
tests on the digital configuration in which the software is to | available software products in a similar manner as for hardware Assurance
be applied. components. EPRI 1011710 provides guidance for applying EPRI 1001045 (EPRI, 2000)
commercial dedication principles to digital systems and
software, and EPRI 1001045 provides guidance on application
of commercial grade dedicated equipment.
Modern digital systems may rely upon several commercial
products (e.g., distributed control systems, user interface
The purchasing organization procuring COTS software or environments., and programmqble logic) whose source code_
. . may be proprietary and unavailable for review. The purchasing . .
previously developed software should consider the oraanization must be held accountable for commerciall URD Tier Il Chapter 10 Section 6 ualit
2.09.0220 | operating experience and vendor support of the product(s) 9e ) S y EPRI 1011710 Q y ALL ALL IMPL
in similar applications. Such experience need not be available software products in a s]m|lar manner as for hardware EPRI 1001045 Assurance
limited to the nuclear industry. components. EP_RI .10117_10. prowdes_ gwdance for applying
y
commercial dedication principles to digital systems and
software, and EPRI 1001045 provides guidance on application
of commercial grade dedicated equipment.
The purchasing organization procuring a commercial-grade
item should perform a dedication process consistent with Commercial-grade dedication provides reasonable assurance Quality
2.09.0230 EPRI 3002002982 before accepting the item for that the item being procured will perform its safety functions. EPRI 3002002982 (EPRI, 2014¢) Assurance ALL ALL IMPL

performance of a safety function.
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experience.

the owner-operator consider the SSC reliability and documented
basis when developing operations and maintenance programs
for plant SSCs.

Req. # Requirement Basis Alignment Category Technology | Mission | Attribute
When dedicating a commercial-grade item for nuclear
safety service, the item's critical characteristics (i.e., those | Commercial-grade dedication provides reasonable assurance
2 09.0240 important design, material, and performance that the item being procured will perform its safety functions. EPRI 3002002982 Quality ALL ALL IMPL
T characteristics that, once verified, will provide reasonable Verifying critical characteristics is an important aspect of USNRC 10CFR21 Assurance
assurance that the item will perform its safety function) commercial-grade dedication.
should be verified upon receipt of the item.
The design should minimize the amount of time, effort, and This minimizes the adverse effects plant trips have on Reliability and
2.10.0010 | resources needed to make the plant available to support its S P P URD Rev 13 Tier Il Chapter 2 Section 3 abrity ALL ALL PERF
A ; availability. Availability
mission after plant safety features are activated.
Margin and flexibility should be provided in the design to Reliability and
2.10.0020 | allow for maintenance to be performed on individual This helps minimize the impact maintenance has on availability. | URD Rev 13 Tier Il Chapter 2 Section 4 Availabili)tl ALL ALL PERF
components without significant impact to plant operation. y
Non-safety auxiliary systems should be provided in areas Having auxiliary systems that can be relied upon to perform non- Reliability and
2.10.0030 | that may lead to increased operational flexibility and safety functions can greatly improve operational flexibility and URD Rev 13 Tier Il Chapter 2 Section 7 Availabili)t/ ALL ALL PERF
availability. availability. Auxiliary Steam is one example. y
Conditions causing spurious actuation of components or Unnecessary actuation of components and systems results in URD Rev 13 Tier Il Chapter 1 Section 3 Reliability and
2.10.0040 gspu P excessive wear, decreased reliability, and increased EUR Volume 2 Chapter 1 anity ALL ALL PERF
systems should be avoided. . Availability
maintenance. EUR Volume 2 Chapter 10
The design should minimize or eliminate realignments Minimizing realignments for important functions provides for a . . "
2.10.0050 | needed to perform major plant evolutions (e.g., startup and | simpler design and reduces the potential for errors that reduce URD Rev 13 Tier Il Chapter 1 Section 2 Rellgbn!ty and ALL ALL PERF
S EUR Volume 2 Chapter 1 Availability
shutdown). plant availability.
Plant availability should be maintained despite this type of single
failure.
The plant should be designed to recover from a single o _ _ _
2.10.0060 | failure of a reactivity control system with minimal impactto | ThiS includes designs that may require shutdown but can be USNRC RG 1.232 h . Rel'f’libk')l!}y and ALL ALL PERF
operations. rapidly recovered and designs that can continue to operate at URD Rev 13 Tier Il Chapter 1 Section 3 Availability
reduced power. The acceptability of the operational impact
should be commensurate with the mission of the reactor.
History has shown that the assumption of used nuclear fuel
removal from commercial nuclear plants has led to unforeseen Commercial LWRs store used fuel on-site
The waste management system and waste forms should complications of plant operations and refueling due to in the US. The waste form and on-site fuel
allow for on-site storage capacity sufficient to avoid reactor b . P P 9 S Reliability and
2.10.0070 . . - L accumulation of inventories and the need to implement storage capacity allow for several S ALL ALL PERF
operational impacts over the anticipated economic life of . . . . . . Availability
alternative on-site storage solutions. Loss of full and partial core | refueling outages (or even full plant life)
the plant. : - . : ) L
reserves in used fuel pools has threatened the ability to refuel without reliance on off-site facilities.
and restart LWRs in the United States.
The D-RAP will encompass SSCs whose reliability has a
significant effect on the safety of the reactor or significantly
The reactor designer should develop and implement challenges the reactor safety systems or plant availability for
5 10.0080 Design Reliability Assurance Program (D-RAP) during the | power production. mPower DSRS Chapter 17 and 19 Reliability and ALL ALL SAFE
- design phase based on PRA methods and industry The ORG is committed to a reliability program. It is intended that | URD Rev 13 Tier Il Chapter 1 Section 6 Availability PERF
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Req. # Requirement Basis Alignment Category Technology | Mission | Attribute
. . . The ORG is committed to a reliability program. It is intended that
5 10.0090 The D'RAP should provide basic information for o the owner-operator consider the SSC reliability and documented | mPower DSRS Chapter 17 and 19 Reliability and SAFE
T consideration by a future owner-operator for plant refiability basis when developing operations and maintenance programs URD Rev 13 Tier Il Chapter 1 Section 6 Availability ALL ALL PERF
assurance activities. for plant SSCs.
The reactor designer should work closely with potential owner-
operator to detail the requirements of these plant programs. This
should be accomplished early in the plant design process.
Preparation of the D-RAP should generate the detailed Over the last 2 decades several programs and processes have
plant technical information and process structure to satisfy | peen developed by the USNRC, NEI, INPO and EPRI to
the requirements of the United States Nuclear Regulatory | establish and sustain plant SSC reliability. Generation of the i
2.10.0100 | Commission (USNRC) Maintenance Rule, the Plant technical details and process structure for these is most SF@BWR?;VDlzRﬁeCr:TFgf;pltZralng;cs:anon 6 E\?lalﬁ‘:g:}%yand ALL ALL PERF
Equipment Reliability program (as described in INPO-AP- | effectively and efficiently accomplished early in plant design and
913) and the preventive maintenance details required by at the start of a project. These then become engineering
the EPRI Preventive Maintenance Database. documents that are maintained throughout the project. Refer to
EPRI 3002002951, “Preventative Maintenance Basis Database
(PMDB) Web Application v3.0.1,” or latest version for
information on the PMDB.
This analysis should be consistent with the PRA required by the
ORG. Furthermore, the reliability and availability analyses
should be carried out as an integral part of the design process to
influence the design options and allow appropriate cost/benefit
trade-offs during the design of the plant. This analysis should be
performed by the reactor designer sufficiently ahead of
) ) procurement and construction to minimize the impact of
The reactor designer should prepare analyses showing the | notential design changes and ensure that SSC reliability
adequacy of plant system designs and recommended assumptions are met. This requirement applies to SSCs whose | mPower DSRS Chapter 17 and 19 Reliability and
2.10.0110 mamtenance activities, spare parts, survellla'mc'e. tests and reliability has a significant effect on the safety of the reactor or URD Rev 13 Tier Il Chapter 1 Section 6 Availability ALL ALL PERF
test intervals needed to support the SSC reliability and that affect plant availability.
availability assumptions of the PRA. . o
Analyses relating system and component reliability to plant
availability are necessary for making adequate decisions about
plant system design. Availability analysis is a useful method for
evaluation of system performance and provides an indication of
areas for potential optimization. The objective is to assure
integration of the requirements into the design as it is prepared,
not after the design is complete.
The reliability and availability models should use standard | Standard techniques are available to ensure a consistent
210.0120 technigues. The models and data used should, to the approach. These include fault tree analysis and use codes such | mPower DSRS Chapter 17 and 19 Reliability and ALL ALL PERE
- extent possible, be consistent with the models and data as CAFTA. Reliability block diagram techniques (which are also | URD Rev 13 Tier Il Chapter 1 Section 6 Availability

used in the PRA.

supported by CAFTA) could also be used.
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designer to facilitate a PRA that can be used for supporting
plant operation. These assumptions should be included as
part of the final design documentation.

accordance with the detailed design and PRA assumptions. In
order to obtain a realistic assessment of the important
contributors to core-damage frequency and risk, it is intended
that the PRA use best-estimate methods, data, and assumptions
to the extent that they are available and it is practical to do so.

Req. # Requirement Basis Alignment Category Technology | Mission | Attribute
Based on this review, the reactor designer should identify
significant causes of failures to SSC functions having a
significant effect on reactor safety or probabilities associated
with them or resulting in forced plant outages. This review
should identify the types of past problems, how they are covered
by the reactor plant design, where the design parameters, or
materials or environments are outside the ranges previously
The reactor designer should prepare a review of operating | considered proven by nuclear plant experience. This review . . L
2.10.0130 | experience fromgplants of the same type (or similarptype, ? | should determine appropriate design actions to reduce the URD Rel" 13 T'erh” Chapter 1 Section 6 Re"f"l‘b"!lt.y and | A ALL PERF
as appropriate). contribution of these causes. The results of this review should EUR Volume 2 Chapter 14 Availability ECON
be translated into appropriate system design features and
design recommendations for consideration by the owner-
operator in managing reliability activities.
The purpose of this requirement is to emphasize the need to use
the lessons learned by the commercial nuclear industry over the
past decades. This data will also be useful in the “machine
learning” phase, for possible transition to automation.
PRA insights support establishing a prioritization methodology to
The PRA methodology used by the reactor designer minimize plant risk for both design considerations and plant
210.0140 should provide for importance measures for SSCs operation and maintenance considerations. Additionally, this mPower DSRS Chapter 17 and 19 Reliability and ALL ALL PERF
T according to their risk significance and for identification of approach should provide the capability to predict contribution to | URD Rev 13 Tier Il Chapter 1 Section 6 Availability ECON
the dominant failure modes of these SSCs. risk for a single SSC of concern while considering the total
complement of equipment available to perform the function.
. . PRAs are valuable comparative risk tools, but probabilities I
2.10.0141 Very low PRA probability results should be used with below approximately 1E-8 per reactor year are so low as to be Industry Feedback Rellgb|l!ty and ALL ALL PERF
caution. . . Availability ECON
dominated by uncertainty and events not modeled.
PRA insights support establishing a prioritization methodology to
The reactor designer should assure that the dominant minimize plant risk for both design considerations and plant
2 10.0150 modes of failure identified by PRA are appropriately operation and maintenance considerations. Additionally, this mPower DSRS Chapter 17 and 19 Reliability and ALL ALL PERF
- addressed in the plant design consistent with their risk approach should provide the capability to predict contribution to | URD Rev 13 Tier Il Chapter 1 Section 6 Availability ECON
significance. risk for a single SSC of concern while considering the total
complement of equipment available to perform the function.
It is anticipated that the PRA will be developed in parallel with
the plant design to provide insights to the reactor designer to
For those portions of the design which are not sufficiently support design certification. For portions of the plant design
detailed, PRA assumptions (e.g., interface requirements) which are not sufficiently detailed, control requirements will be
to be maintained by each of the participants in the design established by the reactor designer to maintain validity of the : . P
2.10.0160 | and construction process should be defined by the reactor | PRA. The PRA will assume that the plant will be built in URD Rev 13 Tier Il Chapter 1 Section 6 Re“f':lb”!ty and ALL ALL SAFE
EUR Volume 2 Chapter 17 Availability
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Req. # Requirement Basis Alignment Category Technology | Mission | Attribute
Examples include:
o Embrittlement of carbon steel,
¢ Cyclic fatigue because of vibration, thermal expansion, etc.;
e Cracking in pumps, valves, turbines, etc.;
e Mechanical aging of fans, relays, and other components;
The plant should be designed such that known failure e Thermal aging of electrical components; -
. . [ ' mPower DSRS Chapter 4 and 6 Reliability and
2.10.0170 meghan_|sms will not prevent the p!ant from gch.u_avmg Its ¢ Radiation aging of in-core and near core electrical URD Rev 13 Tier Il Chapter 1 Section 6 Availability ALL ALL ECON
design life or meeting the availability and reliability goals.
components.
The long design life of plants places a premium on assuring that
the known, long-term damage mechanisms in present LWRs are
carefully designed against. Accordingly, some of the known,
long-term degradation mechanisms which have been a problem
in existing LWRs are highlighted here, and the plant designer is
specifically cautioned to take them into account.
The reactor designer should demonstrate that known . . . . . _
2.10.0180 | failure mechanisms are addressed by the design or are not The extensive experience in LWR plants and' other industries EPRI TR 3002008041 Rel'fib'l!ty and ALL ALL SAFE
. : offers lessons learned to enhance future designs. Availability PERF
applicable to the design.
Known failure mechanisms specific to the advanced Lessons learned in advanced reactor operation should be Reliability and SAFE
2.10.0190 | reactor type should be addressed or mitigated by the applied to the maximum extent possible to prevent recurrence of | Industry Feedback Availabili)t/ ALL ALL PERF
design. past problems. y
Equipment qualification testing should demonstrate that . lification i ired f ial arade i
the performance requirements have been met in the Equipment qual Ication is required for commercia grade items . Reliability and
2.10.0191 : . , as well as equipment produced under a nuclear quality IEEE 7-4.3.2-2016 Section 5.4 N ALL ALL IMPL
presence of all defined environmental and plant input and Availability
output stressors. assurance program.
The plant should be designed to meet a pre-defined set of | HTGRs are anticipated to meet a broader set of missions than
duty cycle limits based on the anticipated service. This traditional reactors, including those that require load following.
should include a minimum number of events for (1) load This expectation, coupled with many new materials ) o
2.10.0200 | rejections, (2) load ramps, (3) initiation of emergency development, means that cyclic stresses on plant equipment are S(CJ:EA\GE‘;EI\%ZR/FE\S;B Ul 1995 i\sgﬁgg:ﬁtl and ALL ALL PERF
systems, (4) normal operating cycles (i.e., startups and especially important to consider. The design should account for (UL 1995) y
shutdowns), and (5) duty cycles specific to the plant's the expected number of duty cycles to ensure continued
mission. operation for the design life of the plant.
The plant's planned outage (e.g., for refueling) intervals Advanced nuclear plants have the potential to reach higher
plants p 9 9. 9 availabilities than the existing fleet by reducing the intervals and I
and durations should be established by the reactor : o Reliability and
2.10.0201 : . durations of planned outages. Some applications (such as the Industry Feedback oo ALL ALL PERF
designer and should be adequate for the owner-operator's Availability
desired mission remotely deployable nuclear battery) may not have planned
' outages at all.
Some advanced reactors may serve smaller markets (e.g.,
The owner-operator should consider the effect that both nuplgar battery, process heat for a chemical plant) than the
.| existing fleet. The effect of an outage on these markets could be
planned and unexpected outages (both short and long) wil more severe. While these reactors may be designed so that Reliability and
2.10.0202 | have on the plant's customer, and provide a temporary ' y >S19 Industry Feedback abrity ALL ALL ECON
planned outages are not necessary for refueling or Availability

alternative means of serving the plant's mission during the
outage if required.

maintenance, unexpected outages must still be considered.
Regardless of application, the owner-operator should consider
all outage scenarios to ensure the customer's needs will be met.
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Req. # Requirement Basis Alignment Category Technology | Mission | Attribute
The ability to load follow effectively increases the operational
flexibility of the plant.
An example of a possible target 24-hour load cycle profile is . .
The plant should be designed to follow a load profile thatis | given below: URD Rev 13 Tier | Chapter 3 Section 2 Reliability and GR
2.10.0210 iate for th i licati f the plant EUR Volume 2 Chapter 2 Availabilit ALL oG PERF
appropriate tor the specilic application ot the piant. Starting at 100% power, power ramps down to 50% in two EUR Volume 2 Chapter 8 valiabiiity
hours, power remains at 50% for two to ten hours, and then
ramps up to 100% in two hours. Power remains at 100% for the
remainder of the 24-hour cycle.
The plants minimum tarndown rating ., minimun viable | SRRl FIEEE BATE N BRC L e s, Reliabilty and GR
2.10.0211 | output divided by rated output) should be adequate for the caty y viable op g outp 9 Industry Feedback abfity ALL oG PERF
\ : 2 (electricity or heat) than the existing nuclear fleet to compete Availability
owner-operator's desired mission. : : PH
with alternate energy sources, such as solar and wind.
Traditional nuclear reactors are slow to start and ramp up to
210.0212 The time required to start the plant and reach rated rated .Ioad. Rapid plfant startup would allpw advanced pla.nys., to Industry Feedback Rellgbn!ty and ALL ALL PERF
operation should be minimized. have increased availability, and would give them the flexibility to Availability
quickly meet a sudden demand.
. I . . . - GR
2100213 BOP systems should _be designed upfront to perform load DeS|gn!ng for load folloy\_/lng will be more cost effective than Industry Feedback ReI|§b|I!ty and ALL oG ECON
following tasks as defined by the owner-operator. retrofitting these capabilities. Availability PH
Energy storage systems would allow the plant to store excess
product (e.g., electricity, heat) during low demand intervals that
could be used during peak demand intervals without changing
the power output of the reactor. This would allow for load
following while minimizing the plant rated output because the
. . storage would allow the plant to offset peak loads.
The reactor designer should consider the use of energy g P ) P Reliability and GR
2.10.0214 | storage systems to increase the plant's flexibility in Methods for energy storage include: Industry Feedback Availabili)t/ ALL 0G PERF
meeting demand. e Electric Batteries (lithium-ion or redox flow); y PH
e Pumped-Hydro;
e Thermal storage;
¢ Hydrogen Production (electrolysis or steam reformation);
e Compressed Air Storage.
Certain advanced missions require higher-grade heat than what
is needed for traditional large-scale electricity generation, and
. certain advanced reactor designs are capable of supplying I
2.10.0215 ;I;r;ir:sa;gf:%rnsorllguIda(;]%etrﬁéeaat T}::H; r:}erature appropriate steam at temperatures well above what is possible with a EPRI TR 1009687 Eﬁgﬁ:g:m and ALL ALL PERF
9y PP ' traditional LWR. To avoid operating primary plant materials in y
excess of the qualified range, electric superheating on
secondary plant output should be assessed.
. . This is consistent with utility desires and expectations. Though R
2.10.0220 T.he plant should be desgned so that it may be remotely current regulation may not allow remote dispatching in all cases, | URD Rev 13 Tier | Chapter 3 Section 2 Re“ab”!t.y and ALL GR PERF
dispatched for load following. o . S . Availability 0G
the ability to meet this expectation is still a desired feature.
2100221 Electricity generation plants should output power at voltage | Transmission infrastructure places a constraint on the voltage Industry Feedback ReI|§b|I!ty and ALL GR PERF
levels compatible with the available transmission. output by the plant. Availability oG
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Electricity generation plants should stabilize frequency . . _—
2.10.0222 | fluctuations to have a minimal impact on the desired Frequency fluctuations can have adverse impacts on the local Industry Feedback ReI|§b|I!ty and ALL GR PERF
S infrastructure. Availability oG
application.
For large-scale electricity generation, the design should This is consistent with utility desires and expectations since it Reliability and
2.10.0230 | permit plant to be used for normal frequency restart of the | enhances the flexibility of the plant and provides an added URD Rev 13 Tier | Chapter 3 Section 2 Availabili)tl ALL GR PERF
grid. benefit to the grid. y
Continued operation in case of a loss of off-site power presents
If grid restart capability is required by the plant's mission, design challenges that should be addressed early in the design Reliability and
2.10.0240 | the plant should be able to continue operation in case of a | process in order to be fully integrated into the design. The Industry Feedback abrity ALL GR PERF
) ; . 9 . . Availability
loss of off-site power. reactor designer should identify isolation strategies, reduced
power operation strategies, and equipment needs.
Advanced reactors should be able to maintain operation This is consistent with utility desires and expectations since it Reliability and
2.10.0250 | during grid perturbations without prolonging or enhances the availability of the plant and provides an added Industry Feedback anhity ALL GR PERF
: . . . Availability
exacerbating the transient. benefit to the grid.
The reactor designer should provide plant design features
to assure that the off-site risk associated with a station The purpose of this criterion is to minimize challenges to safety . . N
2.10.0260 | blackout event satisfies the safety goals (e.g., USNRC systems to mitigate or reduce the likelihood of failure during a URD Rev 13 Tier Il Chapter 1 Section 6 Rellgbll!ty and ALL GR ECON
e o : . EUR Volume 2 Chapter 1 Availability
guantitative health objectives) of the appropriate station blackout event.
competent authority.
. . Because human errors cause a large fraction of reactor trips,
;2;;?_2??;‘3:?%2?;Zotﬂgtp?g‘?gg zlitr!ne\rlsgtj:?g?tr;'g; hat emphasis should be placed on the human factors aspects of
1al sy i wi urt : operation and surveillance testing. ' ' iabili
2.10.0270 | shows the expected trip frequency to be consistent with or p. ) g ) ) ) URD Rev 13 Tier Il Chapter 1 Section 6 Rellgbll!ty and ALL GR ECON
lower than maximum allowable trip rates set by the owner- | This will help assure careful consideration of the trip requirement EUR Volume 2 Chapter 8 Availability oG
operator. during the design process. The purpose of this criterion is to
minimize challenges to safety systems.
. This requirement is necessary to assure that sufficient plant
The plant should be designed so that the frequency and reliability is designed into the plant to assure the overall plant URD Rev 13 Tier Il Chapter 1 Section 6 Reliability and GR
2.10.0280 | duration of forced outages are equal to or smaller than S ; . : o ALL ECON
. availability requirement is met with reasonable planned EUR Volume 2 Chapter 2 Availability oG
LWR experience. . L
maintenance activities.
The plant should be designed so that the frequency and This requirement Is estgbllshed to assure th"’.‘t an aI_Ioca.uon of URD Rev 13 Tier Il Chapter 1 Section 6 _
. . the unavailability is designated for the occasional situation Reliability and GR
2.10.0290 | duration of major outages are equal to or smaller than o ) . EUR Volume 2 Chapter 2 . ALL ECON
. requiring an extended (major) outage for repairs or replacement Availability oG
LWR experience. EUR Volume 2 Chapter 18
of a large component.
Advanced reactors considered for the production of
radioisotopes should be designed to minimize the Reliability and PERF
2.10.0300 | complexity of steps to insert and remove irradiation targets | Consistent with the ORG's "Simplification" policy. Industry Feedback anfity ALL RP
. - = Availability ECON
from the core, and provide controls that limit the reactivity
transient of target movement.
Seismically-rugged non-safety related equipment that has
211.0010 the potential to serve as a backup to necessary safety Analysis has shown that significant benefit is obtained if a URD Rev 13 Tier Il Chapter 1 Section 2 Seismic and ALL ALL SAFE
A related equipment should be shown to have seismic backup, diverse means is provided to meet safety functions. EUR Volume 2 Chapter 1 Structural

capacity to withstand an appropriate seismic event.
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Safety Classification is based upon considerations of both
The reactor designer should classify the SSCs of the plant grobabilitiei (()f failure Sng Iseverity Ef cor;seq;xences. Fulrther
, , - esign work (e.g., Probabilistic Risk Analysis) may result in USNRC RG 1.232 Seismic and
2.11.0020 nv;;tgnr(tac?%eeﬁc:?n:he nuclear safety function they are relied revisions to some safety classifications. URD Rev 13 Tier Il Chapter 1 Section 4 Structural ALL ALL SAFE
' This classification should be developed early in the design
phase, to the extent practicable.
Thre1 reactor desE;n_er E.rll.ou'd clz_:\isﬁy tZehSS(.;fs of th? plant Allows for the application of sets of seismic design rules to each | USNRC RG 1.232 S
2.11.0030 with respect to their ability to withstand the effects of a category according to the requirements of the particular countr mPower DSRS Chapter 3 Seismic and ALL ALL SAFE
T seismic event, as required by the governing regulatory gory g req P y . P . Structural
agency ' where the plant will be built. URD Rev 13 Tier Il Chapter 1 Section 4
;;Z?isgt?g;u;ilddii?%“g;geoflggtééngﬁgmg gg;'gr’ with all To expedite all phases of design, construction and licensing, it is | mPower DSRS Chapter 3 Seismic and
2.11.0040 : ' Py imperative that all applicable codes and standards be identified URD Rev 13 Tier Il Chapter 1 Section 4 ALL ALL SAFE
codes and standards pertinent to the nuclear power Structural
industry. and agreed upon at the outset. EUR Volume 2 Chapter 1
To expedite all phases of design, construction and licensing, it is
. . . imperative that all applicable codes and standards be identified
The reactor deS|gner shpgld list all appllc_able _codes a}nd and agreed upon at the outset.
standards, including revision. However, licensing basis p DSRS Chapter 3
2 11.0050 | documentation should allow maximum flexibility to use Some older nuclear power plants have been challenged by SRBWSr 15T ”agr:ar ter 1 Section 4 Seismic and ALL ALL SAFE
o updated codes and standards (e.g., allow use of a more ambiguity as to the applicable version of various codes and ev er apter L section Structural
recent revision if the revision is authorized by the regulator | Standards. Flexibility to use a newer version of a code or EUR Volume 2 Chapter 1
for subsequent plants). standard accepted for later plants eliminates the need to
process licensing basis changes for technically accepted
versions.
Applicable structural design and construction codes and Since most nuclear codes and standards have been written
industry technical standards that conflict with regulatory specifically for LWR power plants, advanced reactors are likely mPower DSRS Chapter 3 Seismic and
2.11.0060 | positions should be resolved by the reactor designer with to include design elements which deviate from these codes and | URD Rev 13 Tier Il Chapter 1 Section 4 Structural ALL ALL SAFE
the regulator, and the resolution should be fully standards. Such deviations must be well documented and EUR Volume 2 Chapter 1
documented. justified in order to satisfy regulatory requirements.
The reactor designer should define the plant’s operating . S .
structural loads for all SSCs based on all normal operating Overall plant design and_ rel|ab|[|ty will be_ enhanced by . URD Rev 13 Tier Il Chapter 1 Section 4 Seismic and
2.11.0070 . concentrated efforts during design to define all plant operating ALL ALL SAFE
modes as well as structural loads resulting from postulated loads EUR Volume 2 Chapter 4 Structural
events. '
The reactor designer should consider and minimize the Overall plant design and reliability will be enhanced by . . N
2.11.0080 | magnitude of structural loads due to all operating concentrated efforts during design to minimize all plant LEJSS Sgl\lg;?é-g%r:gctg?qer 1 Section 4 gterljgt]lljcraelmd ALL ALL SAFE
conditions, including plant transients. operating loads. P
) _ ) In-plant hazards can interfere with plant operation and safety
The reacltorffde5|gnfe_r shlouldhcons:jde(rjthe po:]entlal and need to be addressed in the plant design. USNRC RG 1.232 Seism .
2.11.0090 | Structural effects of in-plant hazards due to the . Examples of such hazard | wre. internal floodi mPower DSRS Chapter 3 eismic an ALL ALL SAFE
e environmental conditions associated with plant operations xamples of such hazards are pipe rupture, internal tiooding . . Structural
under normal conditions and postulated events. and fires, the generation of missiles, and chemical reactions, URD Rev 13 Tier Il Chapter 1 Section 4
depending on the particular design.
. : It is reasonable to expect that plant SSCs will experience I
The reactor designer should consider the effects of . . T mPower DSRS Chapter 3 Seismic and
2.11.0100 appropriately combined loads on plant SSCs. loading from multiple sources. A combination of these loads URD Rev 13 Tier Il Chapter 1 Section 4 Structural ALL ALL SAFE

should be considered in the plant design.
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System level qualification allows for qualification under more
To the extent practical, seismic testing and environmental realistic conditions and definition of system level acceptance USNRC RG 1.232 Seismic and
2.11.0110 | qualification should be performed at the system rather than | criteria and error bounds, which is preferable to accounting for mPower DSRS Chapter 3 ALL ALL SAFE
. P . . Structural
component level. cumulative error effects when component qualification URD Rev 13 Tier Il Chapter 1 Section 4
procedures are used.
Equipment should be seismically qualified using testing,
analysis, a combination of testing and analysis, or by The requirements and qualification methodology specified are I
2.11.0120 | experience data. The qualification should demonstrate similar to those in current practice, but include provision for IUEFIQES S;anfgr_crj.::lﬁ é%%():t'on 4 23‘5;‘&?;;“ ALL ALL SAFE
both the structural integrity and the required functional qualification of equipment based upon experience data. v ! P :
operability of the equipment.
For example, the analytical models used for the seismic analysis
The intensity of the design effort and the application of of SSCs should be of sgfficitla_gtdde'gail t?] anSUfe th;\t the
i i response spectra remain valid during the design duration. ismi
2 11.0130 eIaboratg analchal techniques for the structurgl and . p p g g URD Rev 13 Tier Il Chapter 6 Section 2 Seismic and ALL ALL ECON
mechanical design of the plant should be consistent with Structural IMPL

the importance and complexity of the SSCs involved.

Elaborate or complicated analyses should be held to a minimum
to simplify any reanalysis necessitated by as-built configuration
changes.
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Req. # Requirement Basis Alignment Category Technology | Mission | Attribute
Recent advances in manufacturing and construction
techniques have been applied across many industries.
Nuclear projects could benefit greatly from the experiences
in other industries.
Advanced manufacturing and construction techniques | Ex@mples of such techniques include:
3.01.0040.010 | used in non-nuclear industries should be considered for | ¢ Additive manufacturing (3D printing); Industry Feedback Constructability ALL ALL IMPL
use in advanced reactors. « Powder metallurgy:
¢ Robotic welding;
e Modular techniques;
¢ Modeling and simulation.
Recent advances in construction techniques have been
applied across many industries. Nuclear projects could
benefit greatly from the experiences in other industries.
3.01.0040.020 The reactor deS|gn¢r should consider using COTS used | Examples of such components include: Industry Feedback Constructability ALL ALL IMPL
in non-nuclear applications, where possible. « Digital Control Systems;
e Digital Instrumentation;
e Valves.
The construction plan should take into account the Cure times, routing of concrete movements, and access to
3.01.0130.010 P . . concrete pumping stations can be impacted by the pumping | EUR Volume 2 Chapter 13 Constructability ALL ALL IMPL
placement of concrete pumping stations. station locations
Reactor components should be shoo-built. includin Materials and special processes are best controlled in a
heat treatmer?t to the degree ractifal an,d ’ shop environment. However, based on component size and URD Rev 13 Tier Il Chapter 4 Section 2
3.01.0210.010 | . - > degree pre ' : local (site-specific) shipping limitations, it may be necessary P Constructability ALL ALL IMPL
instrumentation required to monitor components during : . EUR Volume 2 Chapter 13
. ; to perform final welding and post-weld heat treatment at the
shipment and storage should be provided. site
The module sizes should consider shipping limitations . .
3.01.0210.020 | for weight and clearance as well as the capacity of ;Zigfzgtl?::ﬁob;tible to transfer modules from LEJSg \F/egmigeédgctré?qtgr 1 Section 7 Constructability ALL ALL E\SI:FE?_N
heavy lift cranes on site. ' P
The external building openings and temporary openings URD Rev 13 Tier Il Chapter 1 Section 7 SAFE
3.01.0210.030 | in walls and floors should be sized and located with The EPC must be able to install the module on site. EUR Volume 2 Chapter 11 Constructability ALL ALL IMPL
consideration to module installation sequence and size. EUR Volume 2 Chapter 13
Consistent with the overall simplification policy, the
gg];ﬁreor:etzfsezn%ng SsltzeerisOfaYr?(;Vt?wse, S#frggsﬁtzthzs of Overall plant simplicity is an ORG policy statement. Proper
instrEmentation coyntrol a'nd ower equi mexrllrg used selection and coordination of this effort can greatly simplify URD Rev 13 Tier Il Chapter 1 Section 8
3.01.0240.010 ' i P quip and reduce the maintenance effort and the number of spare P Constructability ALL ALL PERF

should be minimized (while standardized as much as
possible). However, each component must be selected
to meet the required function for each specific
application.

parts that must be stocked. The need to balance
standardization with ingenuity must also be considered.

EUR Volume 2 Chapter 4
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Req. # Requirement Basis Alignment Category Technology | Mission | Attribute
The reactor designer should consider using Provides flexibility in the event that quality issues are
3.01.0240.020 | standardized gate valve, globe valve, and butterfly : ity o q y URD Rev 13 Tier Il Chapter 1 Section 12 | Constructability ALL ALL PERF
; experienced with a specific valve vendor.
valve designs that several vendors can manufacture.
Heat exchangers should be built to the Tubular . .
3.01.0240.030 | Exchanger Manufacturers Association (TEMA) R The subject standard supports a 60-year design life. URD Rev 13 Tier Il Chapter 1 Section 12 Constructability ALL ALL PERF
EUR Volume 2 Chapter 4
Standard.
Componerts with comple welded geameties (e, | LSXTIZNG e ooperuites for ehop re fabcaton e
3.01.0310.010 | condensers) should be designed to accommodate shop h | lded q 9- hob fabricati P hi y URD Rev 13 Tier Il Chapter 2 Section 4 | Constructability ALL ALL PERF
refabrication as complex welded geometry. Shop fabrication on this
P ' component is beneficial.
3.01.0470.010 | SSCs should be tested during and following fabrication | Examinations and tests help assure the critical process URD Rev 13 Tier Il Chapter 1 Section 5 Constructability ALL ALL IMPL
for compliance with service requirements. steps are controlled. EUR Volume 2 Chapter 6
3.01.0490.010 T.he reactor de5|gner could consider makmg d|g|tal' Qonstltgtes a more complete documentation of the Industry Feedback Constructability ALL ALL IMPL
video documentation of walk-throughs and inspections. | inspection than other methods.
The developer should document the standards and
procedures that will conform with the applicable
security policies to demonstrate that the system design | This requirement helps ensure that cyber security
3.02.0140.010 products (hardware and software) do not contain vulnerabll|t|gs_ are not built into the design of the digital IEEE 7-4.3.2-2016 Section 5.9.4 Cyber Security ALL ALL SEC/NP
undocumented code (e.g., back door coding), malicious | device. Additionally, the developer should only purchase
code (e.g., intrusions, viruses, worms, Trojan horses, or | software from reputable vendors.
bomb codes), and other unwanted or undocumented
functions or applications.
The safety system should not contain any removable
media devices unless there are physical barriers to
3.02.0200.010 preplude |.nstallat|on.of each remoyable mgqlla device Removable media devices provide opportunities for access IEEE 7-4.3.2-2016 Section 5.9.3 Cyber Security ALL ALL SEC/NP
during online operation or the design prohibits data by bad actors.
being written from the media to the safety system
during online operation.
Non-safety engineering workstations should have
timely, periodically updated virus protection software
run and security patches installed prior to their Non-safety workstations could act as a medium for
3.02.0200.020 | connection to safety systems if the workstation has Y e IEEE 7-4.3.2-2016 Section 5.9.3.1 Cyber Security ALL ALL SEC/NP
o . transferring malicious software to safety systems.
capabilities for removable external storage media or the
workstation can be attached to a network other than
safety systems.
Any media (disk, tape, flash drive, etc.) used for data
storage or transfer should be scanned for malware prior Data media could act as a medium for transferrin
3.02.0200.030 | to use or should be controlled and stored in a physically 9 IEEE 7-4.3.2-2016 Section 5.9.3.1 Cyber Security ALL ALL SEC/NP

protected area to prevent virus intrusion onto the
media.

malicious software to safety systems.
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Limiting access to critical individuals reduces the likelihood
of unauthorized access.
Access to permanent or portable engineering This physical and logical access control should be based on
workstations and to M&TE should be limited to only a | the results of a system Secure Development and : :
3.02.0230.010 defined set of authorized employees whose jOb y Operationa| Environment (SDOE) aSS.eSS.ment_ The results IEEE 7-4.3.2-2016 Section 5.9.1 Cyber Securlty ALL ALL SEC/NP
requires access to the equipment. of the assessment may require combinations of more
complex access controls, such as a combination of
knowledge (e.g., password), property (e.g., key, smart-card)
and personal features (e.g., fingerprints).
Vendor default passwords should be changed before
3.02.0230.020 | the system is credited with performing its safety Vendor default passwords are not secure. IEEE 7-4.3.2-2016 Section 5.9.2 Cyber Security ALL ALL SEC/NP
function.
Terminals used to make safety system software
3.02.0230.030 | configuration changes should have access (e.g., This requirement reduces the likelihood of sabotage. IEEE 7-4.3.2-2016 Section 5.9.5 Cyber Security ALL ALL SEC/NP
keylock) and password security.
The power industry has recognized the need for
The heat balance instrumentation should include as a development of a cost-reduced, less complex method of
3.03.0010.010 minimum the recommended sensors shown in accurately obtaining heat cycle information. Sufficient ANSI/ASME PTC 6 (ASME, 2004) Instrumentation ALL GR PERF
o ' ANSI/ASME PTC 6 (or equivalent) for an alternative instrumentation should be provided to allow accurate testing | URD Rev 13 Tier Il Chapter 2 Section 3 | and Controls oG
procedure for testing steam turbines. of BOP components and for the calibration of nuclear
instruments based on heat balance measurement.
Information from the HMI should be presented to reflect Instrumentation
3.03.0020.010 | its importance in terms of the plant state or phenomena | This requirement improves the human factors of the HMI. EUR Volume 2 Chapter 10 and Controls ALL ALL PERF
dynamics and to facilitate its analysis.
3.03.0020.020 The operator should be given adequate feedback about This requirement improves the human factors of the HMI. EUR Volume 2 Chapter 10 Instrumentation ALL ALL PERF
the progress and completion of commands. and Controls
Knowledge of the operator's tasks is a basic element to be
taken into account in the design of alarms, so that alarms
Alarms should be designed for attracting the operator's and othgr information are correctly directed tq the
attention to unexpected events requiring an operator appropriate staff. The operator must not be distracted from Instrumentation
3.03.0020.030 X expecte q 9 P their main tasks. In particular, attention is drawn to the 1&C EUR Volume 2 Chapter 10 ALL ALL PERF
action, especially to disturbances regarding process fai . . iy : and Controls
; ailures which necessitate a specific analysis to detect those
control and plant behavior. . .
to be considered as real alarms and those to be considered
as information directed to the maintenance staff and only to
be displayed to the operator at their request.
. . - The purpose of the alarm is to alert the operator only if it is
The alarm processing should minimize non-significant necessary for them to perform corrective action or to be Instrumentation
3.03.0020.040 | alarms and alarms with similar meaning or alarms y top EUR Volume 2 Chapter 10 ALL ALL PERF
S aware of a change in the state of the plant. Excess alarms and Controls
originating from the same event. o
will distract operators and delay response.
Automatic control ensures timely actuation to preferentially
Both automatic and manual control should be provided actuate redundant safety features. Separate pressure relief Instrumentation
3.03.0050.010 P devices may be more reliable than complex, multi-function URD Rev 13 Tier Il Chapter 2 Section 3 ALL ALL PERF

for pressure relief systems.

components. This should be assessed by perform a Failure
Modes and Effects Analysis (FMEA) or equivalent analysis.

and Controls
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key variables without complex operator actions.

may influence specific design features.

Req. # Requirement Basis Alignment Category Technology | Mission | Attribute
The Plant Environmental Monitoring System (PEMS) The environments in and around SSCs play an important o o )
should use a cost-effective mix of permanent and role in reliable service life. In older plants, limited Guide for Monitoring Equipment
portable instrumentation to record the history of component environmental monitoring (e.g., measurement of | Environments During Nuclear Plant
environmental stressors (e.g., temperature, humidity, only global ambient temperatures for technical specification | Operation”, EPRI NP- 7399 (EPRI, Instrumentation
3.03.0050.020 L o e : o ALL ALL IMPL
radiation, pressure, and vibration) in and around all compliance and of radiation levels to gauge personnel 1991 and Controls
plant SSCs whose aging degradation or failure can exposure) has not been completely effective for indicating URD Rev 13 Tier Il Chapter 1 Section 8
have a significant adverse effect on safety, reliability, or | short- or long-term hot spot areas that can cause failures EUR Volume 2 Chapter 14
operations and maintenance costs. from premature aging degradation of SSCs.
The environments in and around SSCs play an important
role in reliable service life. In older plants, limited P . .
. . . o Guide for Monitoring Equipment
The reactor designer should make recommendations component environmental monitoring (e.g., measurement of . ;
. . e Environments During Nuclear Plant :
for a PEMS to be used by the owner-operator to ensure | only global ambient temperatures for technical specification S Instrumentation
3.03.0050.030 . o i . . o Operation” EPRI NP- 7399 ALL ALL IMPL
that plant environments are maintained within design compliance and of radiation levels to gauge personnel . . and Controls
; ” o URD Rev 13 Tier Il Chapter 1 Section 8
values throughout the life of the plant. exposure) has not been completely effective for indicating EUR Volume 2 Chapter 14
short- or long-term hot spot areas that can cause failures P
from premature aging degradation of SSCs.
The clocks of the 1&C systems should be synchronized
3.03.0050.040 to the real t|m§..The accuracy of this §ynchron|zat|0n Th|§ requwem.ent helpg improve the precision of plant EUR Volume 2 Chapter 10 Instrumentation ALL ALL PERE
should be sufficient to analyze complicated plant actions and displayed information. and Controls
disturbances.
Automatic control for pressure relief systems should be
3.03.0080.010 pIeS|gned such thqt asingle failure will not result in t'he This requirement limits inventory loss due to single failures. | URD Rev 13 Tier Il Chapter 2 Section 3 Instrumentation ALL ALL PERF
inadvertent actuation of more than one pressure relief and Controls
component.
Failure or malfunction of any operator workstation and
its restoration should not result in a plant condition
(including simultaneous conditions) that is not . . .
3.03.0080.020 | enveloped in the plant design bases, accident Eve'nts related to workstations should be accounted for in IEEE 7-4.3.2-2016 Section 5.8.2 Instrumentation ALL ALL SAFE
L ) . design. and Controls PERF
analyses, and Anticipated Transient Without Scram
(ATWS) provisions, or in other unanticipated abnormal
plant conditions.
Loss of power, power surges, power interruption,
reboot, and any other credible event to any operator
3.03.0080.030 WOFkS’FatIOI’I or controller should not regult in spurious Eve.nts related to workstations should be accounted for in |EEE 7-4.3.2-2016 Section 5.8.2 Instrumentation ALL ALL SAFE
actuation or stoppage of any plant device or system design. and Controls PERF
unless that spurious actuation or stoppage is enveloped
in the plant safety analyses.
HTGR designs should be developed with a control Depending on the flux spectrum, the fuel type, and the
3.03.0130.010 strategy 'Fhat prowdes gffectwe gontrol of the reactor in cqolqnt, the control st.rategy could rely'on many different USNRC RG 1.232 Instrumentation HTGR ALL SAFE
all conditions and is reliant on direct measurement of principles. The selection of an appropriate control strategy and Controls GFR PERF
key variables without complex operator actions. may influence specific design features.
MSR designs should be developed with a control Depending on the flux spectrum, the fuel type, and the
3.03.0130.020 | Strategy that provides effective control of the reactor in | coolant, the control strategy could rely on many different USNRC RG 1.232 Instrumentation MSR ALL SAFE
all conditions and is reliant on direct measurement of principles. The selection of an appropriate control strategy and Controls PERF
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Depending on the flux spectrum, the fuel type, and the
SFR designs should be developed with a control coolant, the control strategy could rely on many different USNRC RG 1.232
3.03.0130.030 strategy that provides effective control of the reactor in Eﬁgﬁlpéec?\./esriﬁj Paiveemoﬁgyerf;?:v'?éggﬁrgﬁgegis tehr?etnce d American Nuclear Spmety “nggral Instrumentation SER ALL SAFE
e ' all conditions and is reliant on direct measurement of hg | h gf perating con | experienc Safety Design Criteria for a L'"qu'd Metal | and controls PERF
key variables without complex operator actions by the plant and therefore require special consideration in Reactor Nuclear Power Plant”, ANS 54.1
' control strategy design. The selection of an appropriate (ANS, 1989)
control strategy may influence specific design features.
SFR designs should be developed with a control . .
3.03.0130.040 | strategy that provides effective control of the reactor in Natural feed%i?k mecEamsmj gsedl as part ththel cqntrol Industry Feedback Instrumentfiltlon SFR ALL SAFE
all conditions without complex operator actions. strategy are different than traditional LWR technologies. and Controls PERF
No single control action (for example, mouse click or
screen touch) should generate commands that change This requirement reduces the likelihood of spurious or Instrumentation
3.03.0132.010 | the state of plant equipment; a minimum of two positive 'S req P IEEE 7-4.3.2-2016 Section 5.8.2 ALL ALL PERF
. . unintended operator commands. and Controls
operator actions should be required to generate a
command.
) L , This requirement reduces the likelihood of spurious or
The design should have the provision to physically unintended operator commands.
disable the control and display stations upon Th ¢ disabli trol ol and displ
abandonment of the main control room to preclude € means of disabling control room control and display . Instrumentation
3.03.0132.020 Spurious actuation of Safety equipment that mlght Statpns ShOU'd be immune to short-circuits, env|r0nmen'ta| IEEE 7-4.3.2-2016 Section 5.8.2 and Controls ALL ALL SAFE
otherwise occur as a result of the condition causing the conditions |n.the (_:ontrol room, cyber-attack, etc., thaf[ might
abandonment (such as control room fire or flooding). restore functionality to the control room operator stations
and result in spurious actuations of safety equipment.
The instrumentation and control system should be Designing the instrumentation and control schemes to
3.03.0140.010 designed to allow the required periodic testing without support the required periodic testing without placing the mPower DSRS Chapter 7 Instrumentation ALL ALL PERF
T ' placing the plant in an unacceptable one-out-of-two or plant in an easy-to-trip condition will enhance availability, URD Rev 13 Tier Il Chapter 1 Section 8 and Controls IMPL
one-out-of-three trip logic. operability, reliability and maintainability.
The PDD safety system configuration should not Modifying the system to perform mainter_lance and te_sting .
3.03.0160.010 | require change or modification to support periodic WOUlg be I]cal?lor mtensrl]ve gnd WOU[|1d provide OP%O”F’”“V to IEEE 7-4.3.2-2016 Section 5.7 Instrumentalltlon ALL ALL PERF
automated or manual surveillance testing introduce failure mechanisms to the system, reducing and Controls
' reliability.
3.03.0160.020 Drift within 1&C systems should be limited in order to This requirement helps minimize maintenance burden and EUR Volume 2 Chabter 10 Instrumentation ALL ALL PERF
T ' minimize the need for periodic testing and calibration. opportunity for operator error. P and Controls
All sensors should have provisions for test equipment Instrumentation
3.03.0160.030 | to provide a direct input and then to receive a direct This requirement facilitates calibration. EUR Volume 2 Chapter 10 and Controls ALL ALL PERF
output.
The instrumentation and control system should be Des'g”'f?g the Instrumentation and control sc.hem.es to mPower DSRS Chapter 7 Instrumentation PERF
3.03.0170.010 . L A support in-place calibration will enhance availability, . . ALL ALL
designed to maximize in-place calibration. . e L URD Rev 13 Tier Il Chapter 1 Section 8 and Controls IMPL
operability, reliability and maintainability.
The instrumentation and control system should be Designing the instrumentation and control schemes to
3.03.0170.020 designed to allow the required periodic testing without support the required periodic testing without placing the mPower DSRS Chapter 7 Instrumentation ALL ALL PERF
T ' placing the plant in an unacceptable one-out-of-two or plant in an easy-to-trip condition will enhance availability, URD Rev 13 Tier Il Chapter 1 Section 8 and Controls IMPL

one-out-of-three trip logic.

operability, reliability and maintainability.
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Heat balance sensors should transmit inputs to a The required system will permit “near real time” capability
computerized data calculation and retrieval system for evaluation of both steady state and transients for both . , Instrumentation GR
3.03.0190.010 installed as part of the heat cycle performance on and off design plant conditions. In addition, stored data URD Rev 13 Tier I Chapter 2 Section 3 and Controls ALL oG PERF
evaluation system. will be available for long-term trending.
Provisions should be made to automatically detect and . . . S
. Automatic detection of major plant events assists in data
document the sequence of significant events (e.g., management and reconstruction of events. Automaticall Instrumentation
3.03.0190.020 | control inputs, changes in the operation of major ag ) y y GCRA 86-002/Rev. 3 ALL ALL PERF
. . logging these data relieves the operators of a data- and Controls
systems and components, protective trips, etc.) that > P 2
. ' collection burden and can aid in training.
occur during plant operation.
3.03.0241.010 No single fange or mglfungtlon of an I1&C component Rlant avgllablhty should be maintained despite this type of EUR Volume 4 Chapter 10 Instrumentation ALL ALL PERE
should result in a turbine trip or a reactor transient. single failure. and Controls
Updates for commercial software (e.g., operating Software updates may introduce new failure mechanisms Instrumentation
3.03.0291.010 | systems) should be implemented using the same V&V | for the software that must be identified and mitigated in a Industry Feedback ALL ALL IMPL
- ) and Controls
processes as the originally installed software. thorough V&V process.
The labeling of the PDD system for configuration Labeling and revision control are important for software Instrumentation
3.03.0331.010 | control should include unigque identification and revision -ing @ P IEEE 7-4.3.2-2016 Section 5.3.5 ALL ALL IMPL
. ; o configuration management. and Controls
(and/or date-time stamps) for each configuration item.
The PDD functions necessary to perform safety This includes, as appropriate and practicable, exercising
3.03.0341.010 fupctlons anq thoge PDD functpns whose operation or apd momtormg the memory, the Iogu;, inputs and outputs, IEEE 7-4.3.2-2016 Section 5.4 Instrumentation ALL ALL SAFE
failure could impair safety functions should be display functions, diagnostics, associated components, and Controls
exercised during equipment qualification testing. communication paths, and interfaces.
Self-diagnostic functions should not adversely affect the Self-diagnostics are beneficial, but design must ensure the Instrumentation
3.03.0361.010 | ability of the PDD system to perform its safety function, g : ' 9 Y | IEEE 7-4.3.2-2016 Section 5.5.3 ALL ALL SAFE
. : ; do not have unintended consequences for the system. and Controls
or cause spurious actuations of the safety function.
from outside 1 own safety ivision unless hat | Receiptofinformation that does not support he safety Instrumentation
3.03.0391.010 - y function would involve the performance of functions that are | IEEE 7-4.3.2-2016 Section 5.6.4.2 ALL ALL SAFE
communication supports the performance of the safety . ) and Controls
¢ X not directly related to the safety function.
unction.
Addressable constants, setpoints, parameters, and
3.03.0411.010 other settings associated with a safgty function should Alteration during operation could have unintended and IEEE 7-4.3.2-2016 Section 5.6.4.2 Instrumentation ALL ALL SAFE
only be modified when the channel is bypassed or not unanalyzed consequences. and Controls
in service.
Within the PDD system performing the safety function, Having pre-allocated memory locations for receipt and
3.03.0421.010 the data received and data transmnted s.hould bg transmission improves reliability of communication such that IEEE 7-4.3.2-2016 Section 5.6.4.2 Instrumentation ALL ALL SAFE
stored in separate, pre-determined locations, which are | memory allocated for internal computation does not and Controls PERF
used only for data receipt or transmission. interfere with receipt and transmission.
Communications that are needed to support a safety
function, such as the sharing of channel trip decisions
for the purpose of voting, should include provisions for Communication interfaces between channels represent a Instrumentation
3.03.0421.020 | ensuring that received messages are correct and are P IEEE 7-4.3.2-2016 Section 5.6.4.2 ALL ALL SAFE

correctly understood, including error-detecting coding,
along with means for dealing with corrupt, invalid,
untimely or otherwise questionable data.

vulnerability in digital systems that needs to be mitigated.

and Controls
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The effectiveness of communication error detection
should be demonstrated in the design and proof testing | Communication interfaces between channels represent a ) i . Instrumentation SAFE
3.03.0421.030 of the associated codes, but once demonstrated is not | vulnerability in digital systems that needs to be mitigated. IEEE 7-4.3.2-2016 Section 5.6.4.2 and Controls ALL ALL PERF
subject to periodic testing.
- . . Communication should conform to a predictable structure
Communication for safety functions should involve a and routine such that data can be interpreted more easil Instrumentation SAFE
3.03.0421.040 | fixed set of data at regular intervals, whether data in the . terp o y IEEE 7-4.3.2-2016 Section 5.6.4.2 ALL ALL
by the receiving channel and errors in communication (e.g., and Controls PERF
set has changed or not. ) : ) -
a missed interval) identified.
Communication protocols should be designed such that
3.03.0421.050 the validity and timeliness of message datg is included Sp_unoug, frozen, olq, or invalid Qata could result in IEEE 7-4.3.2-2016 Section 5.6.4.2 Instrumentation ALL ALL SAFE
by the protocol, and checked and appropriately unintentional operation of a device if processed. and Controls
processed by the receiver.
Active wireless receiving capabilities on temporarily-
Wireless receivers on temporarily-connected M&TE connected M&TE would provide opportunity for unintended Instrumentation
3.03.0441.010 | should be disabled prior to connecting to safety-related | manipulation of the system. Transmission capabilities IEEE 7-4.3.2-2016 Section 5.7 ALL ALL SAFE
) ) . and Controls
equipment. should be acceptable if the data is sent to non-safety
systems.
Means should be included in the software such that the This requirement allows the as-installed software (and Instrumentation
3.03.0481.010 | identification may be retrieved from the software using req e IEEE 7-4.3.2-2016 Section 5.11 ALL ALL PERF
: version) to be verified. and Controls
software maintenance tools.
A device enabling the operator to modify the turbine Instrumentation GR
3.03.0521.010 | speed setpoint should be made available by a This requirement improves operational flexibility. EUR Volume 4 Chapter 10 ALL PERF
) and Controls oG
dedicated control.
For cases when the turbo-generator is not coupled to a
grid, the design should enable the speed of the turbo- This requirement assists with synchronizing the generator Instrumentation
3.03.0521.020 | generator to be adjusted between shutdown and 4 y 9 9 EUR Volume 4 Chapter 10 ALL GR PERF
: . to a grid. and Controls
coupling up, with accurate speed control when
approaching synchronization.
Automatic controls should provide control of turbine
3.03.0521.030 speed and acgeleratmn through the entlre.speed range | This requirement promotes automatmn and red.ug'ed EUR Volume 4 Chapter 10 Instrumentation ALL GR PERE
with several discrete speed and acceleration rate operator burden and increases operational flexibility. and Controls oG
settings.
Turbine and generator rotor critical speeds should be This requirement prevents structural resonance that could Instrumentation GR SAFE
3.03.0521.040 | calculated and the automatic control function should be | lead to increased fatigue and increased probability of rotor EUR Volume 4 Chapter 10 ALL
. ) and Controls oG PERF
programmed to prevent holding at these speeds. failures.
A protective trip system should be provided to quickly . . . . .
3.03.0521.050 | close the turbine valves in the event of an overspeed or This requirement protects the tur.bme equipment an.d EUR Volume 4 Chapter 10 Instrumentation ALL GR SAFE
g decreases the probability of turbine missile generation. and Controls oG
unsafe condition.
Automatic adjustment of generator output by a signal This requirement promotes automation and increases Instrumentation GR
3.03.0521.060 | sent from the power control system or by a manual d i p EUR Volume 4 Chapter 10 ALL PERF
operational flexibility. and Controls oG

signal should be provided.
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A single failure of a component or power source in the - — . . .
3.03.0521.070 | overspeed protection should not result in an unsafe er?r}tea}\;ﬁllj?glhty should be maintained despite this type of EUR Volume 4 Chapter 10 g‘nsérggr?t?é?gon ALL gg IEQEIE:
overspeed or trip actuation of the turbine. 9 '
Liquid-fueled reactors using emergency drain tanks Emergency drain tanks are designed to achieve subcritical
3.04.0020.010 | should be designed so that the fuel can be recovered geometries. After draining anq sqbsequgnt coolmg, the f.UE| Industry Feedback Investment MSR ALL ECON
after drainin should be recoverable, even if this requires electric heating
9- to melt the fuel prior to pumping back to the primary system.
As the efficiency of converting nuclear fuel to heat
increases, the design and construction costs also increase,
In the trade-off between increasina nuclear fuel while the nuclear fuel costs decrease. For existing plants,
g
efficiency and decreasing capital costs, reactor nugeﬁr fuel (fjostsl'lflrle smallin gompzrison tg c?pital COStS,II GR
designers should utilize a LCOE (or mission-equivalent | and thattrend is likely to extend to advanced plants as well.
3.04.0040.010 metric) evaluation to prioritize the decrease of capital Therefore, in most applications, optimizing a plant's energy Industry Feedback Investment ALL SS ECON
costs versus nuclear fuel efficiency as a driving factor in | efficiency is not going to be worth the additional capital cost.
design. For small- and micro-scale reactors, fuel costs may be a
bigger driver of overall costs, and this trade-off may need to
be revisited.
The reactor designer and owner-operator should create
a list of functional responsibilities for the major plant A key barrier for the deployment of any nuclear reactor
3.04.0060.010 staffing areas (engineering, operations, maintenance, design is represented by the O&M costs. Staff optimization EPRI TR 3002007071 Investment ALL ALL PERF
T ' outage, training, security, chemistry and emergency (not staff reduction) is a crucial initiative, while maintaining ECON
preparedness) which will serve as a framework for any | the safety and reliability of the nuclear reactor.
staff optimization initiatives.
Check valve failures in nuclear power plants have caused
The reactor designer should assure that the S?g;ﬁ:&gﬁg? :ﬁc\;v;t:;nﬁag?nn;ﬁ:' Scftﬁm oSve_Ir_he have ] .
manufacturer provides detailed drawings of each check pl b  onsible f 9 ? ps. They di URD Rev 13 Tier Il Chapter 1 Section 12
valve showing dimensions and weights of all parts, aiso elerrw] respk;)na € for %Qnertatmg OOS]? partstf':m ,Im 4 |EUR Volume 2 Chapter 7
; X general, have been a significant source of operational an . L
3.04.0070.010 rcritaa?éﬁglcsestc?retlﬁesefg:ﬂa?lv l‘lz:gtgr?(:rzt: ?u(k:)cr)g;rlﬁffcl:rst of maintenance problems. The application of the guidelines EPRI Report NP-5479-R1, A_ppllcatlon Investment ALL ALL PERF
fasteners’befgre ~ssembly. and details of all lockin should result in a substantial reduction in check valve- Guidelines for Check Val\llles in Nuclear
and retaining devices Y 9 related problems and thereby increase plant availability, Power Plants Revision 1." (EPRI, 1993)
9 ' reduce maintenance effort, and reduce personnel radiation
dose.
The reactor designer should assure that the
manufacturer provides detailed drawings of each valve h iderati . d ifically by i
showing dimensions and weights of all parts These considerations are motivate specifically by issues . .
. T with check valves, but are beneficial for all valves due to the | URD Rev 13 Tier Il Chapter 1 Section 12
3.04.0070.020 | clearances between moving parts, a complete list of . . . . Investment ALL ALL PERF
materials, torques for all fasteners, lubricants for high failure rates associated with valves as compared to EUR Volume 2 Chapter 7
fasteners before assembly, and details of all locking other components.
and retaining devices.
Safety systems that rely on AC power for
instrumentation and control purposes, but do not
3.04.0090.010 involve active components, can be considered to be Consistent with the philosophy of passive safety system mPower DSRS 8 Chapter 8 Investment ALL ALL SAFE

passive if the AC power is supplied by safety-related
Direct Current (DC) power sources that rely on stored
energy (i.e., batteries).

design.

URD Rev 13 Tier Il Chapter 1 Section 2

ORG-120




Owner-Operator Requirements Guide (ORG) for Advanced Reactors, Revision 1

Owner-Operator Requirements Guide Tier lll Requirements

Req. # Requirement Basis Alignment Category Technology | Mission | Attribute
;2§o(rj‘r?r?1lggastgou£ig\?énrc()ar:gtrisitte tgg di?(glrlg (tjc;e to Plant safety should not be compromised by the failure of a
3.04.0100.010 1€ posit Y . single component and should have sufficient margin in the EUR Volume 2 Chapter 1 Investment ALL ALL SAFE
postulated single failures or operator errors, with )
- . N reactor protection system.
sufficient margin to the design limits.
Breeding reactors should be designed such that the Breeding is highly dependent on the fuel source, so this
design breeding ratio (or conversion ratio) is achievable | must be a consideration. A wide variety of reactor designs SFR PERF
3.04.0150.010 . . . . ) . Industry Feedback Investment LFR ALL
with the fuel source expected to be available (e.g., can achieve breeding, depending on the selected fuel cycle ECON
) . MSR
depleted uranium, used LWR fuel). and the design.
Similar to LWRs, the economic case for breeding reactors
The reactor designer should demonstrate that may change over the course of the plant's life. LWRs in the
acceptable breeding ratios (or conversion ratios) are U.S. saw their competitiveness change with changes in SFR PERF
3.04.0150.020 . ; . e D Industry Feedback Investment LFR ALL
achievable if the fuel feedstock changes over the life of | regulation and the availability of other natural resources. ECON
; . : ; . . . MSR
the plant (e.g., depleted uranium becomes unavailable). | A wide variety of reactor designs can achieve breeding,
depending on the selected fuel cycle and the design.
Firefighting water can be a significant flooding threat.
3.04.0160.010 Measures shqqld be taken to avo.|d th.e fI.ood.lng of Design featurgs can avoid the accumulatlon qf firefighting URD Rev 13 Tier Il Chapter 6 Section 2 Investment ALL ALL ECON
investment critical equipment during firefighting. water or provide means for dewatering to avoid damage to
expensive equipment.
. For process heat applications, the systems involved in heat
3.04.0160.020 ggzgsci)uﬁgggt: vevﬁgt?r?j Ft)r?(ret;?:é?;n oE?nTeTri?alslhou'd transfer constitute a significant investment. Their rupture EPRI TR 1009687 Investment ALL PH IMPL
T : 9 S y could also result in undesirable effects outside of the impact | GCRA 86-002/Rev. 3
generated missiles.
to the plant.
This requirement is established to limit BOP pressure rises
Pressure relief systems should be provided to reliably during transients. Existing LWR designs indicate these
3.04.0170.010 | allow trips from 100% power without over pressurizing requirements can be met with a turbine bypass capacity of URD Rev 13 Tier Il Chapter 2 Section 3 Investment ALL ALL PERF
BOP systems. 40-55% of the full-load turbine steam flow at full-load steam
pressure.
Check valve failures in nuclear power plants have caused
such problems as water hammer, system over
pressurization, and steam binding of pumps. They have URD Rev 13 Tier Il Chapter 1 Section 12
The reactor designer should assure that valve design glasr?etr);eﬂ ;?lng en es:}b;e ;Z;%ﬁ:giia;glgré?gf o%a:arrt:ts)mil I::n q EUR Volume 2 Chapter 7
3.04.0190.010 fseea::/lijézslhingnddegﬁ:lsrg\rlz ?glliztk:)tiﬁ;j to lengthen the maintenance problems. The application of the guidelines EpR| Report NP-5479-R1, “App"cation Investment ALL ALL PERF
P Y- should result in a substantial reduction in check valve- Guidelines for Check Valves in Nuclear
related problems and thereby increase plant availability, Power Plants Revision 1.
reduce maintenance effort, and reduce personnel radiation
dose.
The CHTS should be designed for the design life of the | This relates to the potential life-limiting effects of high
3.04.0200.010 | plant or it should be designed with allowance for temperature on the CHTS and refers generally to passive EPRI TR 1009687 Investment ALL PH ECON

periodic replacement of life-limiting components.

portions of the CHTS contacting the circuit coolant.
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At the time of bid, the turbine-generator vendor should
identify major components that will require replacement
before the end of the plant's design life. The estimate and
basis of the expected life of these components should also
be identified. Consideration should also be given in the
design of appropriate equipment for a possible life
The turbine-generator should be designed to operate extension beyond the plant design life.
3.04.0210.010 | [ @ period of time equal to or greater than the design | Replacement of the turbine generator and associated URD Rev 13 Tier Il Chapter 13 Section 2 | Investment ALL GR ECON
life of the plant without necessity for an extended components requires a major capital investment and results 0G
refurbishment outage. in a large period of down time. To the extent practical, these
components should last for the life of the plant to avoid
these costs and down time. Any components requiring
replacement within the plant's design lifetime should be
identified upfront so that the owner-operator can evaluate
their economic impact to the plant's lifecycle and plan for
their eventual replacement.
Visitor access that provides interactive displays, Educating the local community fosters positive public
3.04.0260.010 | informative exhibits, and viewing of the control room relations, which can prevent premature shutdown of the GCRA 86-002/Rev. 3 Investment ALL ALL ECON
(and other important facilities) should be considered. plant due to public opinion.
. : N Issues such as increased administrative burden due to
The gains associated with visitor access should be . ; oo :
balanced against the security risks and operational badging anq increased security risk should pe considered PERF
3.04.0260.020 | . .. . when granting plant access. Some of these issues could be | Industry Feedback Investment ALL ALL
inefficiencies that may result from granting non-staff o - . o . SEC/NP
mitigated by providing remote viewing capability (i.e., live
access to the plant. X :
feed) of certain areas in the plant.
Pumps are a significant portion of the maintenance burden
Pumps in radiation areas should be provided with long | on the plant staff. Minimizing and simplifying pump . .
3.04.0270.010 | life bearings and permanent type lubrication where maintenance will help achieve the availability goals for the URD Rev 13 Tier Il Chapter 1 Section 12 Investment ALL ALL PERF
) . ; . . . EUR Volume 2 Chapter D49
practical. plant. For pumps in radioactive service, these requirements
are important to meeting plant goals.
This requirement is intended to assure that these valves are
able to function in harsh environments to mitigate events
3.04.0280.010 Safety valves should be designed to function at and to minimize the possibility of plant shutdown and/or URD Rev 13 Tier Il Chapter 2 Section 3 | Investment ALL ALL SAFE
postulated event conditions. safety valve maintenance because of a safety valve not PERF
opening in the specified pressure range during an
operability test.
: . Especially for reactors operating at high temperatures
A mgter]al gap analysis should be pe_rformed for BOP (>500 °C), specialty materials will be developed, but the
applications to ensure that the materials assumed to be . . ; PERF
3.04.0290.010 . . : reactor designer must demonstrate that materials for high Industry Feedback Investment ALL ALL
available for the plant design are also available and . . . . : IMPL
: ; ; temperature service will be compatible with the BOP design
compatible with the BOP design.
as well.
Steam, or Rankine cycles have traditionally been used for
The design should consider a variety of BOP cycles E&Zﬁg:éegzé?orsugle:r;[;ﬂwz %lia?sr' tl_ei ?nwiﬁg:ﬂxléhar:o?ny
3.04.0290.020 | (including steam and gas cycles), taking into account P g g P EPRI 3002003664 (EPRI, 2014f) Investment ALL ALL PERF

the reactor design and mission.

using different primary coolants than traditional LWRs,
alternative BOP designs may be more efficient or have
other advantages when used with an advanced reactor.
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Where the plant is applied to electricity generation only, the
function of the plant is to provide power to an external
electric grid (or smaller-scale electrical system). If the plant
In a multi-module electricity generation-process heat is one of many generators on the grid, its operation GR
3.04.0352.010 | dual-mission HTGR plant, each modular unit should be | responds to numerous external events and circumstances. EPRI TR 1009687 Investment HTGR oG PERF
independent. Each modular unit is also independent of others in a multi- PH
module HTGR generating plant. For process heat, the same
capability for operating independence among the reactor
modules should be preserved.
If heat storage is desired or required as part of the Using an independent loop that can easily be de-coupled
3.04.0360.010 | reactor's mission, the reactor designer should consider | from the BOP simplifies operation and can aid in leveling Industry Feedback Investment ALL PH PERF
the use of a thermally decoupled independent loop. the load profile of the plant.
Planned maintenance on the coupling heat transport
system should be achievable within the timeframe of Optimizing maintenance practices on the coupling heat
3.04.0360.020 | required outages for the reactor plant and the process transport system will maximize the availability of the heat EPRI TR 1009687 Investment ALL PH IMPL
heat plant (i.e., the maintenance on the CHTS should source.
not lie on the critical path during planned outages).
Advanced reactors may be sited at locations with
Technical issues related to geographic phenomena geograph_li_c factorst t?at arfe not COHSi?terZEd inhexis:ing
e.g., weather, terrain) should be considered in sitin esigns. fransportation of equipment through certain
3.04.0391.010 (ang itigated in the p{am desian or the Constructiong terrains is a particular concern. EUR Volume 2 Chapter 13 Investment ALL ALL IMPL
plan. Permafrost, sand, marsh, and barge are examples of
potentially challenging terrain/foundation.
When siting a reactor without existing transmission Running transmission lines that cross through land owned
3.04.0461.010 | infrastructure, the availability of the land needed for by different entities can be a challenge. Using land that is Industry Feedback Investment ALL GR IMPL
transmission should be confirmed. owned by a governmental entity can be particularly difficult.
Advanced reactor developers should consider leaving Even if the plant does not initially have dry cooling GR PERF
3.04.0471.010 | adequate space on site for the back fitting of air capabilities, this requirement allows the owner-operator to Industry Feedback Investment ALL
T . : s : : oG ECON
condensers to allow for dry cooling in the future. include dry cooling capabilities in the future if desired.
Air cooling cannot cool the working fluid to as low of
Prior to deciding to pursue dry cooling options for large | temperatures as water cooling, so turbine backpressures PERF
3.04.0471.020 | reactors, the reactor-designer should ensure high may be much higher if dry cooling is used. The emergence | Industry Feedback Investment ALL GR ECON
backpressure turbines are available. of dry cooled nuclear plants may necessitate development
in the area of high backpressure turbines.
USNRC used language in their Advanced Reactor Design
Criteria (ARDCSs) to restrict the leakage of the containment
to be less than that needed to meet the acceptable on-site
The containment leakage should be restricted to be and off-site dose consequence limits (Ref. SRM, SECY-93- Licensing and
3.05.0010.010 | less than that needed to meet the acceptable on-site 092). Therefore, the Commission agreed that the USNRC RG 1.232 . SFR ALL SAFE
) o . S Safety Analysis
and off-site dose consequence limits. containment leakage for advanced reactors, similar to and
including PRISM, should not be required to meet the
"essentially leak tight" statement in GDC 16. (Ref: NUREG-
1368).
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event conditions (1) its materials behave in a non-brittle
manner and (2) the probability of rapidly propagating
fracture is minimized.

"should" statement since not all advanced reactor designs
rely upon a containment structure.

Safety Analysis

Req. # Requirement Basis Alignment Category Technology | Mission | Attribute
Systems responsible for transferring heat to the
3.05.0010.020 L L : y Reactor Design Criteria (ARDCSs) but was modified to be a USNRC RG 1.232 9 . ALL ALL SAFE
capabilities, with appropriate redundancy, to ensure the |, " Safety Analysis
. . . should" statement.
systems can perform their safety function(s) assuming
a single failure.
For plants that need to be transported as a fully fueled
assembly (e.g., factory-assembled, rail-transportable
3.05.0010.030 technologies), analys'|s, testing, inspection, and QA Transportlng.a fully fueleq reactor assembly is a techmcal Industry Feedback Licensing and' ALL ALL SAFE
measures should be implemented to ensure that the challenge unique to certain advanced reactor designs. Safety Analysis
reactor will not reach criticality during transport while
accounting for potential accidents.
If the design includes a containment building, the
containment heat removal system should be designed
so that the containment structure and its internal If containment structures are required to meet requirements
3.05.0030.010 compar.tments can accommodgte, WIFh.OLJt excegdmg for f|§§|0n product releasps, pressure and temperature USNRC RG 1.232 Licensing and_ ALL ALL SAFE
the design leakage rate and with sufficient margin, the conditions must be met in order to prevent leakage from Safety Analysis
calculated pressure and temperature conditions exceeding the design value.
resulting from postulated events using passive
components.
Piping systems penetrating the reactor containment
structure should be provided with leak detection, This requirement is based upon the USNRC's Advanced
isolation, and containment capabilities having Reactor Design Criterion 50, which specifically applies to Licensing and
3.05.0030.020 redundancy, reliability, and performance capabilities advanced non-LWR designs that utilize a fixed containment USNRC RG 1.232 Safety Analysis ALL ALL SAFE
which reflect the importance to safety of isolating these | structure.
piping systems.
This requirement is based on the USNRC's Advanced
Reactor Design Criteria (ARDCS) but has been generalized
Each line that is part of the reactor coolant boundary to eliminate the specific exceptions for penetrations that do Licensing and
3.05.0030.030 | and that penetrates the reactor containment structure not require isolation valves. The requirement is also USNRC RG 1.232 Safet A%al sis ALL ALL SAFE
should be provided with containment isolation valves. changed to a "should" statement to reflect variations in y y
advanced reactors' reliance on containment systems to
prevent or limit radioactive releases.
This requirement is based on the USNRC's Advanced
Each line that connects directly to the containment Reallgtqr De5|rg];n Cme.”.a (ARDC.S) but has been _gene[]ahz(cjed
atmosphere and penetrates the reactor containment to eliminate the specn‘m exceptions fqr penetrations that do Licensing and
3.05.0030.040 ) : . . . not require isolation valves. The requirement is also USNRC RG 1.232 . ALL ALL SAFE
structure should be provided with containment isolation h d "should" | o . Safety Analysis
valves changed to a "should” statement to rgf ect variations in
' advanced reactors' reliance on containment systems to
prevent or limit radioactive releases.
The boundary of the reactor containment structure
should be designed with sufficient margin to assure that | This requirement is based upon the USNRC's Advanced
3.05.0030.050 under operating, maintenance, testing, and postulated Reactor Design Criteria (ARDCSs) but was modified to be a USNRC RG 1.232 Licensing and ALL ALL SAFE
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Req. # Requirement Basis Alignment Category Technology | Mission | Attribute
The design should reflect consideration of service
temperatures and other. condmong of the_contamment This requirement is based upon the USNRC's Advanced
boundary materials during operation, maintenance, Reactor Design Criteria (ARDCSs) but was modified to be a Licensing and
3.05.0030.060 | testing, and postulated event conditions, and the " " 9 : . USNRC RG 1.232 9 . ALL ALL SAFE
e g . . should" statement since not all advanced reactor designs Safety Analysis
uncertainties in determining (1) material properties, (2) .
: : rely upon a containment structure.
residual, steady state, and transient stresses, and (3)
size of flaws.
For SFRs, components submerged in the sodium pool Entrained gas is deleterious to heat transfer and reactivity
should be designed and constructed so that they stability. Design for passive removal of entrained gas Licensing and
3.05.0040.010 | promote the passive removal of entrained gas bubbles Y. 9 pas o ained gas Industry Feedback 9 . SFR ALL PERF
. ; ; . reduces plant complexity and reliability by limiting active Safety Analysis
during normal operation and during evolutions that
. o components.
require removal or repositioning of the component.
Safety systems that rely on AC power for
instrumentation and control purposes, but do not
3.05.0050.010 involve active components, can be considered to be Consistent with the philosophy of passive safety system mPower DSRS 8 Chapter 8 Licensing and ALL ALL SAFE
T ' passive if the AC power is supplied by safety-related design. URD Rev 13 Tier Il Chapter 1 Section 2 Safety Analysis
DC power sources that rely on stored energy (i.e.,
batteries).
3.05.0090.010 V\_/eldmg construction should optimize weld, number, The. cqmplexny and rigor of in-field modifications should be URD Rev 13 Tier Il Chapter 1 Section 5 Licensing and. ALL ALL PERF
size, orientation, and type. minimized. Safety Analysis
The reactor designer should evaluate the need for each
valve based on:
e - System safety functions;
e - System operational functions;
o - Expected flow rate range;
e - Design pressure drop range;
Fluid systems should be designed to minimize the ¢ - Reliability requirements; URD Rev 13 Tier Il Chapter 1 Section 12 Licensing and
3.05.0090.020 | number of valves consistent with safety, functional, EUR Volume 2 Chapter 4 9 ALL ALL PERF

reliability and availability requirements.

¢ - Redundancy requirements;

e - Code requirements;

¢ - Regulatory requirements;

¢ - Isolation or maintenance requirements.

Simplicity is an ORG policy statement. The number of
valves affects the cost of the plant, construction difficulty,
and the operation and maintenance effort over the plant
lifetime.

EUR Volume 2 Chapter 7

Safety Analysis
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Req. # Requirement Basis Alignment Category Technology | Mission | Attribute
Check valve failures in nuclear power plants have caused
such problems as water hammer, system over
pressurization, and steam binding of pumps. They have URD Rev 13 Tier Il Chapter 1 Section 12
" o des o ot check val also beler;] respgmsible fpr %fanertating Ioosfe partstgnd,lin ] EUR Volume 2 Chapter 7 L . .
e reactor designer should assure that check valves general, have been a significant source of operational an B} . icensing an
3.05.0090.030 | ;e ised only where necessary. maintenance problems. The application of the guidelines EPRI Report NP-5479-R1, "Application | gafety Analysis ALL ALL PERF
should result in a substantial reduction in check valve- Guidelines for Check Valves in Nuclear
related problems and thereby increase plant availability, Power Plants Revision 1.
reduce maintenance effort, and reduce personnel radiation
dose.
3.05.0090.040 The number_o!c primary coolant bounda(y penetrations Unneces;ary penetrations are a potential leak path and URD Rev 13 Tier Il Chapter 1 Section 12 Licensing and. ALL ALL PERF
should be minimized to the extent practical. may require additional maintenance resources. Safety Analysis
Heat exchangers should be designed to withstand the
maximum system pressure, and relief valves should be This requirement is good engineering practice and avoids
3.05.0090.050 prowdeq only if necessary (e.g., the heat exchanger heat exchanger damage due to off normal pressure URD Rev 13 Tier Il Chapter 1 Section 12 | Licensing and' ALL ALL PERE
can be isolated). However, relief valves should not be g ) . o EUR Volume 2 Chapter 7 Safety Analysis
S . conditions which are within the capability of the system.
used to justify the use of a heat exchanger that is
designed for less than system pressure.
. . : - . This requirement reduces the number of drain spots and . . . .
3.05.0090.060 Piping system; \./vh'|ch require draining shoqld be laid associated equipment as well as the chance for system URD Rev 13 Tier Il Chapter 2 Section 3 Licensing and. ALL ALL PERE
out so as to minimize the number of low points. leaks EUR Volume 2 Chapter 11 Safety Analysis
The piping configuration can be a cause of erosion-
3.05.0090.070 Piping layouts that result in 90° elbows, miters, etc. corrosion in the steam line. Minimizing 90° elbows, miters, URD Rev 13 Tier Il Chapter 2 Section 3 Licensing and ALL ALL PERE
T ' should be minimized during the design phase. etc., will reduce turbulent flow conditions that are conducive | EUR Volume 2 Chapter 7 Safety Analysis
to erosion-corrosion problems.
3.05.0090.080 T.he arrgngement of piping should minimize the local The number of'drams qnd yents ghould be minimized URD Rev 13 Tier Il Chapter 8 Section 3 Licensing and. ALL ALL PERE
high points and low points. wherever practical to simplify maintenance and startups. Safety Analysis
A et o e e lor constucton GYESEU® |y components ot necessary o h operaton of e
3.05.0090.090 ) 9 g -eq P . plant should be removed in accordance with the ORG Industry Feedback 9 ) ALL ALL PERF
(including subsequent maintenance or pressure testing) | ©. o . Safety Analysis
simplification policy statement.
should be removed or capped before startup.
Air cooled rectifiers are recommended for the excitation
system of the main generator. If water cooling is used
3.05.0090.100 for t.he rect|f|er.s, the water cooling circuit must be A!r copled design is simpler and ehmmatgs a field ground URD Rev 13 Tier Il Chapter 13 Section 4 Licensing and. ALL GR PERF
designed and installed to preclude electrical flash-over | trip failure mode as a result of stator cooling water leakage. Safety Analysis oG
under all operating conditions, including temporarily
operating without the cooling water flow.
Such welds are often susceptible to stress corrosion
The plant design should avoid complex, dissimilar cracking and are difficult to analyze (possible requiring 3D Licensing and PERF
3.05.0090.110 metal welds where possible. finite element analysis). Avoiding these welds will save time Industry Feedback Safety Analysis ALL ALL ECON

and money.
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Req. # Requirement Basis Alignment Category Technology | Mission | Attribute
Plant systems should embody sufficient robustness of To assure that the plant will not be damaged, particularly in
design to tolerate a conservative number of spurious or | the event of accidental or inadvertent initiation of part or all Licensing and
3.05.0100.010 | inadvertent engineered safety system actuations of the systems and that operation of the systems will not URD Rev 13 Tier Il Chapter 5 Section 2 g and ALL ALL SAFE
) . X . S . Safety Analysis
without the need for follow-up tests or inspections to have effects which would inhibit operators from using the
verify systems’ integrity or operability. systems when required.
Components should be designed with sufficient margin Experience has shown that design aIIowance§ of certain
: ) components have been inadequate to cover likely problems . .
to allow for wear, normal corrosion and erosion or chanaes in performance. auamenting the need for plant URD Rev 13 Tier Il Chapter 1 Section 8 Licensing and
3.05.0100.020 | experienced in plant service, etc., without affecting g P S, aug 9 . P EUR Volume 2 Chapter 1 9 . ALL ALL PERF
. : shutdown to perform repairs. Examples of major problem Safety Analysis
plant performance and incurring unnecessary . EUR Volume 2 Chapter 7
. o areas are wear of pump parts and corrosion of heat
maintenance for the design life of the component.
exchanger tubes.
. . Providing a tube plugging margin maintains the design heat
Margln for he?‘ excha_nger IUb? plug_gmg should be exchanger performance, even with some degraded tubes URD Rev 13 Tier Il Chapter 1 Section 12 | Licensing and
3.05.0100.030 | provided consistent with experience in similar heat . . : . ALL ALL PERF
plugged. This can substantially extend the time before a EUR Volume 2 Chapter 7 Safety Analysis
exchangers.
tube bundle must be replaced.
In the absence of other data, some tube plugging margin is
A minimum tube plugging margin of 10% should be appropriate. Providing a tube plugging margin maintains the . . . .
3.05.0100.040 | considered in the heat exchanger design where other design heat exchanger performance, even with some URD Rev 13 Tier Il Chapter 1 Section 12 | Licensing and. ALL ALL PERF
: . . EUR Volume 2 Chapter 7 Safety Analysis
requirements do not take precedence. degraded tubes plugged. This can substantially extend the
time before a tube bundle must be replaced.
The feedwater/condensate system should be designed Expansmp and contraction of system volume occurs during
. - . changes in load. The condenser hotwell should be large . . . .
with sufficient volume to accommodate fluid thermal . . URD Rev 13 Tier Il Chapter 2 Section 4 Licensing and GR
3.05.0100.050 . ! . enough to accommodate normal operating transients ) ALL PERF
expansion and contraction, as well as occasional loss . . ; EUR Volume 4 Chapter 6 Safety Analysis oG
. . without short term reliance on condensate reject and
of fluid due to atmospheric steam dumps.
make-up.
The reactor design should include natural reactivity This requirement establishes the “inherently safe” principle USNRC RG 1.232 Licensing and
3.05.0110.010 | feedback mechanisms that result in self-controlled in which the reactor is self-limiting against uncontrolled URD Rev 13 Tier Il Chapter 1 Section 2 g and ALL ALL SAFE
i i ; Y ) ) Safety Analysis
behavior during all credible reactivity insertion events. power excursions. EUR Volume 2 Chapter 8
A negative reactivity response to an increase in
The MSR core should be designed such that the overall | temperature provides for inherent stability at operation and
3.05.0110.020 reactivity response is negative over the range of _ _prowdes a passive means to terminate the. fission process Industry Feedback Licensing and. MSR ALL SAFE
temperatures encountered in startup, normal operation, | in the event of an accidental power excursion or loss of heat Safety Analysis
and postulated event conditions. removal. A limited region of non-negative response is
acceptable if self-terminating.
The SFR control strategy should not rely on parameters
that are loosely coupled to reactor behavior or that Natural feedback mechanisms used as part of the control Licensing and
3.05.0110.030 could be decoupled from reactor behavior in a strategy are different than traditional LWR technologies. Industry Feedback Safety Analysis SFR ALL SAFE
postulated event.
. . . SFRs typically have positive sodium void worths. This void USNRC RG 1.232
SFR designs should include means of suppressing the worth is suppressed with active systems like control rods, or | American Nuclear Society “General Licensing and
3.05.0110.040 | positive reactivity worth due to coolant voiding, whether PP Y ' y 9 SFR ALL SAFE

through active systems or inherent feedback.

can be suppressed through natural responses like Doppler
reactivity.

Safety Design Criteria for a Liquid Metal
Reactor Nuclear Power Plant”, ANS 54.1

Safety Analysis
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core or in the primary system loop, which could be different.

Management IV (Merle-Lucotte, 2009).

Req. # Requirement Basis Alignment Category Technology | Mission | Attribute
3.05.0120.010 | the entire fuel salt volume and applicable portions of yp 9 ope e y Industry Feedback 9 . MSR ALL SAFE
L postulated events should consider the entire volume of the Safety Analysis
fuel salt polishing systems.
fuel salt.
Separating pipe routes from electrical cables or cabinets
3.05.0150.010 Piping should not be routed over electrically energized reduces the po.tent|al for damaging electncal equipment in URD Rev 13 Tier Il Chapter 6 Section 4 Licensing and. ALL ALL PERF
components. the case of a pipe leak. It also reduces the interference Safety Analysis
removal required for replacing electrical equipment.
3.05.0150.020 Exciter .coolers should be offset from the centerline of Cooler offset prevents exciter loss as a result of cooling URD Rev 13 Tier Il Chapter 13 Section 4 Licensing and. ALL GR PERE
the exciter. water leakage. Safety Analysis oG
The on-site safety power distribution systems should be hi . helps impl h f
divided into independent divisions. The divisions should This requirement 1elps implement the concepts o . . Licensing and
3.05.0170.010 - redundancy and divisional separation that support Defense- | URD Rev 13 Tier Il Chapter 11 Section 2 . ALL ALL SAFE
supply power to separate and functionally redundant in-Debth Safety Analysis
load groups. pin.
The design of the reactor vessel, reactor system, and
reactor building should be such that their integrity is USNRC RG 1.232
maintained during postulated events to ensure the The reactor vessel and reactor system for HTGR is relied “A Safety Re-evaluation of the AVR Licensing and
3.05.0180.010 | geometry for passive removal of residual heat from the | upon for effective heat removal and reactivity control during | Pebble Bed Reactor Operation and its 9 . HTGR ALL SAFE
. ) : i, : . Safety Analysis
reactor core to the ultimate heat sink and to permit all conditions (including postulated events). Consequences for Future HTR
sufficient insertion of the neutron absorbers to provide Concepts” (Moormann, 2008)
for reactor shutdown.
MSRs should use active reactivity control systems to
demonstrate acceptable margin to design limits in the While inherent negative feedback mechanisms can be Licensing and
3.05.0180.020 | event of the maximum positive reactivity insertion relied upon to safely shut down the plant, active control Industry Feedback 9 . MSR ALL SAFE
i . o : . Safety Analysis
resulting from cooldown, assuming the most limiting features are operationally desirable.
single failure of the reactivity control system.
Penetrations of the reactor vessel should be above a . . o .
. > . . ; . Locating vessel penetrations above a specified minimum
specified minimum elevation required to provide cooling level reduces the chance that a rupture could reduce Licensing and SFR
3.05.0180.030 | in a postulated event, with the exception of penetrations . - aruptur . Industry Feedback 9 . LFR ALL SAFE
o ; coolant inventory sufficient to jeopardize cooling or pump Safety Analysis
for specific safety purposes (e.g., a primary vessel o ) MSR
o net positive suction head.
drain in an MSR).
3.05.0190.010 | the entire fuel salt volume and applicable portions of yp 9 ope e y Industry Feedback 9 . MSR ALL SAFE
L postulated events should consider the entire volume of the Safety Analysis
fuel salt polishing systems.
fuel salt.
The amount of fuel salt circulating outside of the core will Minimizing the Fissile Inventory of the
3.05.0190.020 The design should specify the distribution of fuel salts affect the assumed source term during postulated events. Molten Salt Fast Reactor, E. Merle- Licensing and MSR ALL SAFE
T ' between the core and loops for postulated events. Some postulated events may assume a source term in the Lucotte et. al., Advances in Nuclear Fuel | Safety Analysis IMPL
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Req. # Requirement Basis Alignment Category Technology | Mission | Attribute
To deploy a new nuclear reactor, the applicant must receive
During the site selection process for an advanced permits from the regulator for the construction and
reactor deployment, the reactor designer and owner- operation of the reactor. In addition to the regulatory Licensing and
3.05.0230.010 | operator should analyze various numerical composite requirements, the approved site must also satisfy business | EPRI TR 3002005435 Safet A%al sis ALL ALL IMPL
ratings for each site being considered, and rank their objectives for the project, allow for plant operation, and y Y
overall suitability as nuclear power plant sites. comply with process requirements for the consideration of
alternative sites.
. USNRC RG 1.232
HTGRs should employ a defense in depth approach to “A Safety R luati f the AVR
fission product barriers, relying on the fuel, primary This requirement supports the multi-barrier approach of a alety re-evaluation or the _ Licensing and
3.05.0280.010 system boundary, and/or external structures to functional containment, which starts at the fuel kernel. Pebble Bed Reactor Operation and its Safety Analysis HTGR ALL SAFE
demonstrate adequate protection of the public. Consequences for Future HTR
Concepts”
Tristructural-isotropic (TRISO) type fuels should be
demonstrated to withstand postulated event conditions . ' . . : :
3.05.0280.020 | such that they can be relied upon as an effective fission ﬁ‘er;ajr?rrebe&?::ﬂg;gigﬂ;g:ﬁiitgﬁer'go}zgtrgﬁ)r(iztgn of Industry Feedback élgfee QSIR%:InSis glgR ALL gé;lE:
product barrier, reducing the need for other barriers to gnreq P ' y y
demonstrate a defense in depth strategy.
Passive plant containment systems for which a change
of state is necessary to assure an intact containment Minimizes the probability of containment failure or bypass in
during a severe event (e.g., containment isolation the unlikely event a transient progresses to radionuclide mPower DSRS Chapter 7 Licensing and
3.05.0320.010 9 9. ' yeventat prog onue’ URD Rev 13 Tier Il Chapter 1 Section 2 g and ALL ALL SAFE
containment heat removal) should be redundant and release by providing independent means of maintaining EUR Volume 2 Chapter 1 Safety Analysis
independent from the systems whose failure leads to containment integrity. P
radionuclide release.
If fuel circulation in the loops occurs on a timescale similar
. to delayed neutron precursor decay, then reactor kinetic . .
3.05.0330.010 -rl;gjt?oen&grr(])gg(?tlij(l)i ?)f;f;?ﬁﬁ;fog;?;fjfﬁéscgfrs(iaﬁgg behavior will be coupled to delayed neutron production in Industry Feedback ;I;fee r;su%;ngis MSR ALL gé;lE:
P 9 glon. the loops. This is a feedback mechanism unique to reactors y y
with circulating fuel.
HTGR designs should include sufficient monitoring to Thouglh most HTGRS. use heaF fransfer f'“'d? that do not
identify chemical hazards, including the leakage of heat resultin strong chem|cgl reactlo'ns, these ﬂu'd.s. are usually Licensing and SAFE
3.05.0380.010 transfer fluids that ma be: hazardous to blant personnel | & hazard to personnel if leaked in large quantities. Other Industry Feedback Safety Analvsis HTGR ALL PERF
. y plantp chemical hazards should be identified and monitored if y y
or equipment. .
applicable.
Freezing molten salt has the potential to block flow through
The MSR design should keep molten salts from the reactor and induce undesirable stresses on materials Licensing and
3.05.0390.010 | freezing, except where intended to freeze as a part of and mechanical components. Many molten salt designs use | Industry Feedback Safet A%al Sis MSR ALL PERF
the designed functionality. a "freeze plug" which melts to release the core volume into y y
an emergency drain tank or tanks.
Reflector materials have internal heat generation due to the
3.05.0390.020 | demonstrate that reflector materials can be adequately 9 9 : USNRC RG 1.232 9 MSR ALL SAFE

cooled.

They often have lower temperature limits than other reactor
materials. Cooling could be provided by the reactor coolant
or by a dedicated separate cooling system.

Safety Analysis
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and debris.

treated water source will mitigate many of these problems.

Evaluation and Treatment of Corrosion
and Fouling in Fire Protection Systems”.

Safety Analysis

Req. # Requirement Basis Alignment Category Technology | Mission | Attribute
;rheeagev:rllger;: H?g lgeﬁﬁ)zeaigﬁliwot/rv%? tfcr)effélenzgee;(r:]?jpt " Freezing sodium has the potential to block coolant flow and Licensing and SAFE
3.05.0390.030 yal ' induce undesirable stresses on materials and mechanical USNRC RG 1.232 9 . SFR ALL
should be able to unfreeze sodium throughout all Safety Analysis PERF
components.
reactor systems.
Heating systems should be prowdeq for systems and Freezing in undesirable locations could jeopardize the
components important to safety, which contain or could . ; ) . . _
: L performance of important equipment. Having the ability to USNRC RG 1.232 Licensing and SFR
3.05.0390.040 | be required to contain liquid metals or metal aerosols, A " . ALL IMPL
: . . S prevent or thaw such freezing is important for the operability | NUREG-1368 Safety Analysis LFR
to provide means for protection against freezing in .
. of plant equipment.
vulnerable areas, and a means for thawing the metal.
Division 5 of Section Il of the ASME B&PV Code was
For reactors designed to operate at high temperatures, | created to address the unique concerns associated with the
3.05.0480.010 the designer should perform the safety classification of | high operating temperatures of advanced reactors. The USNRC RG 1.232 Licensing and ALL ALL SAFE
T ' the plant's SSCs in accordance with applicable codes temperature threshold for "high" is variable, but existing URD Rev 13 Tier Il Chapter 1 Section 4 | Safety Analysis PERF
and standards. codes and standards may require further development for a
number of proposed reactor designs.
Heat exchangers should be built to the TEMA R . i Lo URD Rev 13 Tier Il Chapter 1 Section 12 | Licensing and
3.05.0480.020 Standard. The subject standard supports a 60-year design life. EUR Volume 2 Chapter 4 Safety Analysis ALL ALL PERF
Steam line |solat|o_n valyes and non-return valves URD Rev 13 Tier Il Chapter 2 Section 3
should be of a design, size, and arrangement to comply ANSI/ ASME TDP-2. “Prevention of
3.05.0480.030 thh the requirements of ANSI/ ASME TDP—23 This is an international standard for the design and Water Damage to Steam Turbines used Licensing and. ALL GR PERF
Prevention of Water Damage to Steam Turbines used | arrangement of steam valves. : P Safety Analysis oG
. - Y for Electric Power Generation: Nuclear-
for Electric Power Generation: Nuclear-Fueled Plants Fueled Plants” (ASME, 2012)
(or equivalent). u
The condenser should be designed in accordance with | Industry accepted standards for the design of heat . . Licensing and GR
3.05.0480.040 Heat Exchange Institute (HEI) Standards. exchangers. URD Rev 13 Tier Il Chapter 2 Section 4 Safety Analysis ALL 0oG PERF
Noncombustible and fire-resistant materials should be This reduces the susceptibility of the plant to a fire or Licensing and
3.05.0510.010 | used wherever practical throughout the plant, . pbrity P USNRC RG 1.232 g and ALL ALL SAFE
; . ) ) . explosion. Safety Analysis
particularly in locations with SSCs important to safety.
The plant should use barriers and physical separation : C :
) 7= To prevent the spread of a fire beyond the initiating location, : :
3.05.0510.020 to pre\(ent the spread of fire and to ehmmgte the and to ensure redundant pieces of equipment are not both URD Rev 13 Tier Il Chapter 6 Section 2 Licensing and. ALL ALL SAFE
potential for redundant systems to be subject to a . . : Safety Analysis ECON
: vulnerable to damage in the event of a single fire.
common mode failure.
URD Rev 13 Tier Il Chapter 9 Section 3
Fire orotection water should be from a dedicated Older plants are experiencing continuing difficulty using a EPRI TR 109633 “Guideline for the Licensing and
3.05.0520.010 su [I) raw water system from fresh water bodies. A properly Evaluation and Treatment of Corrosion Safet A?]al sis ALL ALL PERF
PRl treated water source will mitigate many of these problems. and Fouling in Fire Protection Systems” y y
(EPRI, 1999)
The fire protection water should be chemically treated Older plants are experiencing continuing difficulty using a ElsRDI I_?reRv11039'EI;'|363r ”G(L:uhdaerirr?é ?Ofter(]:gon 3 Licensing and
3.05.0520.020 | to reduce biological fouling and filtered to reduce silt raw water system from fresh water bodies. A properly 9 ALL ALL PERF

ORG-130




Owner-Operator Requirements Guide (ORG) for Advanced Reactors, Revision 1

Owner-Operator Requirements Guide Tier lll Requirements

Req. # Requirement Basis Alignment Category Technology | Mission | Attribute
Firefighting systems should be designed to assure that : - , . .
3.05.0520.030 | their rupture or inadvertent operation does not Z:'Slor;glrjlces the susceptibility of the plant to a fire or USNRC RG 1.232 g';fer;s'/rﬁgngis ALL ALL SAFE
significantly impair the safety capability of any SSCs. P ' y y
The design of fire detection and fighting systems should
consider the total volume and location of combustible To provide a fire protection system at each location in the . . Licensing and SAFE
3.05.0520.040 materials and provide adequate measures for fire plant that is consistent with the fire hazard. URD Rev 13 Tier Il Chapter 6 Section 2 Safety Analysis ALL ALL ECON
protection.
The use of multiple monitoring systems, both in-core and
ex-core, allows for more accurate determination of core
Advanced reactor designs should include sufficient conditions, especially during events. This instrumentation Licensing and SAFE
3.05.0550.010 | instrumentation to characterize core conditions to should be designed to measure parameters important to the | Industry Feedback Safet A?wal sis ALL ALL PERF
prevent exceeding design limits. specific design. Modern analytical techniques may provide y y
sufficient modeling of reactor conditions that
instrumentation can be reduced relative to older designs.
3.05.0550.020 The rgactor core should be Qeglgned o be self- . The core should be designed for stability. URD Rev 13 Tier Il Chapter 4 Section 2 Licensing and. ALL ALL SAFE
damping against power oscillations throughout core life. Safety Analysis PERF
The SFR control strategy should not rely on parameters . . .
3.05.0550.030 | that are loosely coupled to reactor behavior or that Natural feedchk mechamsms_ l.Jsed as part of the cqntrol Industry Feedback Licensing and. SFR ALL SAFE
could be decoupled from reactor behavior in an event. strategy are different than traditional LWR technologies. Safety Analysis
The design should consider the potential for It is important to prevent fuel failure due to local flow
3.05.0550.040 | deformation of the fuel assembilies to prevent the b!ockagg caused by entrainment of.fore|gn substances, fuel Industry Feedback Licensing and. SFR ALL SAFE
blockage of coolant channels pin sy\{elllng, etp., since the reactor is close-packed and the Safety Analysis LFR
' specific power is high.
uMnSallz(:fgr?tlaqblIJ:lglr(;%?gr:‘tssTr??tljdeIdfomggii::iieotwhagoison The fuel salt chemistry should be sufficiently homogenous
3.05.0550.050 | concentration, or concentrations of other solutes will not to mitigate Fhe creation of Iocah;ed hot spots” in the I Industry Feedback Licensing and. MSR ALL SAFE
develop (e.g., as a result of differing molecular reactor, which would act as an increased source of radiation Safety Analysis IMPL
: o and heat.
weights).
Consideration should be given to the placement of
nozzles, etc., to prevent cover gas entrainment into the | Gas bubble inflow to the core due to cover-gas entrainment Licensing and
3.05.0550.060 primary system from occurring during normal and will result in a positive sodium void reactivity insertion. Industry Feedback Safety Analysis SFR ALL PERF
postulated event conditions.
3.05.0550.070 Helium shquld be used as the heat transfer fluid for Helium will not corrode components or equipment. USNRC RG 1.232 Licensing and. HTGR ALL PERF
HTGR designs. Safety Analysis
. , . Due to the fuel particles being mobile, there is potential for “A Safety Re-evaluation of the AVR
For pebble bed designs, the design should include the particles to develop localized areas of higher-than- Pebble Bed Reactor Operation and its Licensing and SAFE
3.05.0550.080 | features to promote homogeneous travel of fuel o L . HTGR ALL
articles throuah the reactor normal activity and temperature. The travel of individual Consequences for Future HTR Safety Analysis PERF
P 9 ' pebbles can be hindered by the periphery of the reactor. Concepts”
Instruments for identifying fuel failures should be If not carefully planned, instruments that identify fuel failures
3.05.0560.010 | positioned such that they can effectively distinguish true may be located in an area that would inhibit their ability to EUR Volume 2 Chapter 8 Licensing and ALL ALL PERF

fuel failures.

distinguish fuel failures from the other sources of ionizing
radiation.

Safety Analysis
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Req. # Requirement Basis Alignment Category Technology | Mission | Attribute
HTGR designs should be developed with a control Depending on the flux spectrum, the fuel type, and the
strategy that provides effective control of the reactor in | coolant, the control strategy could rely on many different Licensing and HTGR SAFE
3.05.0560.020 all conditions and is reliant on direct measurement of principles. The selection of an appropriate control strategy USNRC RG 1.232 Safety Analysis GFR ALL PERF
key variables without complex operator actions. may influence specific design features.
HTGR designs should include instrumentation that To ensure that specified acceptable core radionuclide Licensing and HTGR SAFE
3.05.0560.030 | allows for confidence in fuel temperatures measured release design limits are not exceeded throughout the core | USNRC RG 1.232 9 . ALL
. Safety Analysis GFR PERF
throughout the core. under all conditions.
MSR designs should be developed with a control Depending on the flux spectrum, the fuel type, and the
3.05.0560.040 strategy t.hat prowdes effec'uve (_:ontrol of the reactor in cqolant, the control strategy could rely_on many different USNRC RG 1.232 Licensing and. MSR ALL SAFE
all conditions and is reliant on direct measurement of principles. The selection of an appropriate control strategy Safety Analysis PERF
key variables without complex operator actions. may influence specific design features.
Depending on the flux spectrum, the fuel type, and the
SFR designs should be developed with a control cqolqn;[, the contrr?l strategy could.rc.ely on fnf1.a.ny dlffre]rent
strategy that provides effective control of the reactor in principles. SFRs have many reactivity coetficients that Licensing and SAFE
3.05.0560.050 o ) . ; change over the range of operating conditions experienced | USNRC RG 1.232 . SFR ALL
all conditions and is reliant on direct measurement of . . . T Safety Analysis PERF
: . . by the plant and therefore require special consideration in
key variables without complex operator actions. . . .
control strategy design. The selection of an appropriate
control strategy may influence specific design features.
. . . , The design of radiation detectors or other instruments that . .
3.05.0560.060 Fuel faﬂpre detection devices should be provided as can identify fuel failures is important in evaluating and Industry Feedback Licensing and. SFR ALL SAFE
appropriate. . Safety Analysis LFR
responding to events.
MSR designs should include reliable chemical
monitoring and polishing systems to ensure that Corrosion, fuel performance, and safety all depend on Licensing and
3.05.0560.070 fuel/coolant salt chemistry problems can be identified maintaining salt chemistry within specified bounds. Industry Feedback Safety Analysis MSR ALL PERF
and addressed in time to prevent adverse effects.
c itv should b tored intained. and CO\;er gas pu”;fy IS |rtnp0rtatnt for r2a|nta|?|ng thg it “Operating Experience from the BN 600 Li . d SFR
3.05.0560.080 over gas purity should be monitored, maintained, an performance of reactor systems. Aerosols can deposit on Sodium Fast Reactor”, O.A. Potapov icensing and LFR ALL PERF
provided with the means to remove coolant aerosols. components within the reactor vessel and result in (Potapov, 2015) Safety Analysis MSR
mechanical clearance and other problems. pov,
Analysis should confirm that the integrity of the reactor | The configuration of a reactor core is not maintained in its
coolant boundary will be maintained against the release | most reactive state. Therefore, a loss of core geometry due Licensing and
3.05.0570.010 | of mechanical energy due to a bounding re-criticality to a severe event such as fuel melting and relocating could | Industry Feedback 9 . ALL ALL SAFE
. I . . o ) Safety Analysis
event unless analysis shows that re-criticality is not place the fuel in a more reactive state allowing it to achieve
possible. prompt criticality.
: The addition of unacceptable air and fluid ingress, which is
e o2 hae. | Ui and cicl o the HTGR desin, o the USNRC'
3.05.0570.020 gned, o ] . Advanced Reactor Design Criterion 14 warranted the USNRC RG 1.232 9 . ALL SAFE
an extremely low probability of unacceptable ingress of Safety Analysis GFR

air, secondary coolant, or other fluids.

development of an HTGR design specific criterion for the
reactor helium pressure boundary.
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Req. # Requirement Basis Alignment Category Technology | Mission | Attribute
Barriers ensure that radioactive sodium does not have the
When the primary coolant system interfaces with a potential for exposure to steam or other incompatible
structure, system, or component containing fluid that is sgt;]stanpes. FO:j'mOSr SFR designs, this is accomplished
i ' ' i i with an intermediate loop. ' '
3.05.0570.030 _chem|caIIy mcpmpauble with thg primary coolant, the . . ! p ' USNRC RG 1.232 Licensing and_ SFR ALL SAFE
interface location should be designed to ensure that the | Barriers could include inert gas layers and/or mechanical Safety Analysis
primary coolant is separated from the chemically boundaries. The rates and exothermic energies of chemical
incompatible fluid by two redundant, passive barriers. reactions must be evaluated by the designer to determine
what constitutes "chemically incompatible."
3.05.0570.040 The number.oyc primary coolant boundar.y penetrations Unnecesgary pe.n.etratlons. are a potential leak path and URD Rev 13 Tier Il Chapter 1 Section 12 Licensing and. ALL ALL PERE
should be minimized to the extent practical. may require additional maintenance resources. Safety Analysis
Components which are part of the reactor helium
3.05.0570.050 | Pressure boundary should be designed, fabrlcgted, Limiting potential reactivity insertions limits the severity of USNRC RG 1.232 Licensing and. HTGR ALL SAFE
erected, and tested to the commensurate quality postulated events. Safety Analysis GFR
standards.
For HTGR designs, means should be provided for I . L : . : . .
3.05.0570.060 | detecting and, to the extent practical, identifying the Limiting potential reactivity insertions limits the severity of | \,o\pe R 1,232 Licensing and HTGR ALL SAFE
; . postulated events. Safety Analysis GFR
location of the source of the reactor helium leakage.
Components which are part of the primary coolant Limiting potential reactivity insertions limits the severity of Licensing and SFR
3.05.0570.070 | boundary should be designed, fabricated, erected, and USNRC RG 1.232 . LFR ALL SAFE
: postulated events. Safety Analysis
tested to the commensurate quality standards. MSR
For liquid metal and MSR designs, means should be SFR
3.05.0570.080 _prowde_d for detect|_ng and, to the extent practical, Limiting potential reactivity insertions limits the severity of USNRC RG 1.232 Licensing and. LFR ALL SAFE
identifying the location of the source of reactor coolant postulated events. Safety Analysis MSR
leakage.
Freezing molten salt has the potential to block flow through
The MSR design should keep molten salts from the reactor and induce undesirable stresses on materials Licensing and
3.05.0580.010 | freezing, except where intended to freeze as a part of and mechanical components. Many molten salt designs use | Industry Feedback 9 . MSR ALL PERF
4 ) . " A : Safety Analysis
the designed functionality. a "freeze plug" which melts to release the core volume into
an emergency drain tank or tanks.
The design should keep sodium from freezing except in
areas where it is deliberately allowed to freeze, and Freezing sodium has the potential to block coolant flow and Licensing and SAFE
3.05.0580.020 | should be able to unfreeze sodium throughout all induce undesirable stresses on materials and mechanical USNRC RG 1.232 g and SFR ALL
reactor systems Safety Analysis PERF
. components.
Note: Same as 3.05.0390.030.
A large temperature difference can occur within the short
The SFR design should mitigate the effect of thermal distance between the free sodium surface and top of the Licensing and SAFE
3.05.0580.030 | loads on the reactor coolant boundary, especially at the | reactor vessel. This stress can become transient during Industry Feedback 9 . SFR ALL
: . . Safety Analysis PERF
upper plenum. reactor startup when the sodium level rises with the thermal
expansion of sodium itself as it increases in temperature.
chould be designed to assure that a postiated single | 1115 requirement s based upon the USNRC's Advanced Licensingand | SFR
3.05.0580.040 | 3" 9 ; postul 9 Reactor Design Criteria (ARDCs) but was modified to be a | USNRC RG 1.232 g and ALL SAFE
failure could not result in a loss of coolant inventory Safety Analysis LFR

during normal reactor operation.

"should" statement.
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Req. # Requirement Basis Alignment Category Technology | Mission | Attribute
The primary coolant system and associated auxiliary,
control, and protection systems should be designed
with sufficient margin to assure that the design The cover gas boundary is included as part of the primary Licensing and SFR
3.05.0580.050 | conditions of the primary coolant boundary, including coolant boundary (referred to as RCPB by PRISM) per USNRC RG 1.232 Safet A%al sis LFR ALL SAFE
the cover gas boundary, are not exceeded during any NUREG-1368 (page 3-38). y y MSR
condition of normal operation, including anticipated
operational occurrences.
A gas service system should be provided to maintain Maintaining gas inventory in the primary gas circuit helps to TKe?r)ll 2?;{'8?8%egsqge()rgleegt;?;é&er High Licensing and
3.05.0580.060 | the primary gas circuit inventory, store gas during maintain coolability of the core during normal and Nuclgar Heat Subply Svstem " INL/EXT- | Safet A%al sis HTGR ALL PERF
depressurizations, and provide a backup supply of gas. | postulated event conditions. 10-19887 PRIy Sy ’ y y
Fuel solubility may change during plant transients and some
The MSR fuel qualification should demonstrate that fuel may precipitate out of solution. The effects of this Licensing and SAFE
3.05.0580.070 | expected changes in fuel salt solubility during operation | precipitation will change the concentration and gradient of Industry Feedback Safet A?]al sis MSR ALL IMPL
are well characterized and factored into the design. fuel distribution in the reactor, possibly leading to adverse y y
reactor conditions (i.e., localized hot spot).
Liquid-metal and liquid-salt-cooled reactors should use Sorr|1e iqument cannot .Ze subm?rged .W'th'n thefcoorllgnt
a cover gas to control pressure transients and to POO!. The cover gas provi es a safe environment for this Licensing and SFR
3.05.0580.080 : : : equipment. The cover gas is also capable of Industry Feedback . LFR ALL PERF
provide a physical buffer between coolant and materials dati ; ially th Safety Analysis
that should not be wetted accommodating pressure transients, especially those MSR
' resulting from thermal expansion of the coolant.
The SFR design should ensure that the sodium does The sodium is expected to be liquid during normal Licensing and
3.05.0580.090 | not approach boiling conditions during normal operation | operation, and deviations from this expectation should be Industry Feedback Safet A%al sis SFR ALL PERF
or transients. addressed in the design. y y
SFR designs should include methods to limit the
potential for sodium aerosols to plate out on plant . . . . .
3.05.0580.100 | components where such plating could affect 'Srood?lﬁ/ent clearance plugging and accumulation of solid USNRC RG 1.232 g';fer;S'R%;ngis SFR ALL géElE:
functionality (e.g., narrow clearances between ' y Y
mechanical components).
External building openings and temporary openings - . .
should be desiggneg withgj!oints and Srovexrg s?ructugr]al Providing positive, long-term controls and containment
> . . design features that minimize the unplanned, unmonitored URD Rev 13 Tier Il Chapter 1 Section 7 : .
3.0 seals that minimize the potential for in-leakage of . - ) Licensing and SAFE
.05.0590.010 D release of radioactivity to the environment supports EUR Volume 2 Chapter 11 . ALL ALL
precipitation or ground water and unplanned or Safety Analysis IMPL

unmonitored releases of radioactive materials to the
environment for the life of the plant.

regulatory compliance and the ORG’s good neighbor policy
intent.

EUR Volume 2 Chapter 13
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Req. # Requirement Basis Alignment Category Technology | Mission | Attribute
Placing portions of the reactor below-grade can simplify
structural support and containment design (e.g., airplane
impact and aerosol dispersion space are minimized).
However, the benefits must justify the added construction
) _ costs and time, which will be dependent on the ground
The reactor designer should_ perform an evaluation .of (e.g., hard rock versus dirt). Licensing and ECON
3.05.0590.020 | the relative costs and benefits of locating large portions .- . . . Industry Feedback . ALL ALL
Building piles or walls of soil around the outside of the Safety Analysis SEC/NP
of the reactor below grade. : iy
reactor may be a more practical method of achieving the
same benefits.
This requirement may not apply to designs that are small,
rail-transportable, or otherwise inappropriate for below-
grade construction.
. : Fuel salt leaks may occur as a result of manufacturing . :
3.05.0590.030 The design ShOl.“d include a method to collect any fuel- flaws, excessive wall temperatures and stresses, corrosion, | Industry Feedback Licensing and' MSR ALL SAFE
salt leaks and divert them to an emergency drain tank. : Safety Analysis PERF
thermal stress cycling, etc.
USNRC used language in their Advanced Reactor Design
A reactor containment consisting of a low leakage, Criteria (ARDCSs) to restrict the leakage of the containment
pressure retaining structure surrounding the reactor to be less than that needed to meet the acceptable on-site
and its associated cooling systems, should be provided | and off-site dose consequence limits (Ref. SRM, SECY-93- Licensing and
3.05.0590.040 | to control the release of radioactivity to the environment | 092). Therefore, the Commission agreed that the USNRC RG 1.232 g and SFR ALL SAFE
: . . S Safety Analysis
and to assure that the reactor containment design containment leakage for advanced reactors, similar to and
conditions important to safety are not exceeded for as including PRISM, should not be required to meet the
long as postulated event conditions require. "essentially leak tight" statement in GDC 16. (Ref: NUREG-
1368).
Each line that penetrates the containment structure and
is neither part of the reactor coolant boundary nor
connected directly to the containment atmosphere This requirement is based upon the USNRC's Advanced SFR
should have at least one containment isolation valve Reactor Design Criteria (ARDCSs) but was modified to be a Licensing and LFR
3.05.0590.050 (automatic or locked), unless it can be demonstrated "should" statement since not all advanced reactor designs USNRC RG 1.232 Safety Analysis MSR ALL SAFE
that the containment safety function can be met without | rely upon a containment structure. GFR
an isolation valve, while assuming failure of a single
active component.
Radiation detectors installed for the detection of fission
product releases should be designed and positioned Distinguishing radiation sources allows for the correct Licensing and
3.05.0590.060 | such that operators are able to distinguish the breach of | . gu g ) Industry Feedback 9 . ALL ALL PERF
e : . diagnosis of system failures. Safety Analysis
fission product barriers from other sources of radiation,
such as neutron/gamma flux from normal operations.
The on-site safety power distribution systems should be hi . helps impl h f
divided into independent divisions. The divisions should This requirement 1elps implement the concepts o . . Licensing and
3.05.0600.010 i redundancy and divisional separation that support Defense- | URD Rev 13 Tier Il Chapter 11 Section 2 ALL ALL SAFE

supply power to separate and functionally redundant
load groups.

in-Depth.

Safety Analysis
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and limiting fault events, including following natural
phenomena like earthquakes and tsunamis (defined by
applicable regulation) and man-made phenomena.

systems may or may not be safety-related, depending on
the design.

EUR Volume 2 Chapter 1

Safety Analysis

Req. # Requirement Basis Alignment Category Technology | Mission | Attribute
The protection system should be designed (1) to initiate
automlatmally the operation of appropriate systems, This requirement differs from the Tier Il requirement based
including the reactivity control systems, to assure that h 's Ad d . terion 20 1
specified acceptable core radionuclide release design on the USNR.C s Advanced Reactor Design Criterion 20 in Licensing and HTGR
3.05.0640.010 e - that the criterion is dependent on fission product release USNRC RG 1.232 . ALL SAFE
limit is not exceeded as a result of anticipated L g ; Safety Analysis GFR
: rate rather than fuel design limits. This is owing to the
operational occurrences and (2) to sense postulated : . :
" L . functional containment boundary of a TRISO fuel particle.
event conditions and to initiate the operation of systems
and components important to safety.
The protection system should be designed to assure This requirement differs from the Tier Il requirement based
that specified acceptable core radionuclide release on the USNRC's Advanced Reactor Design Criterion 25 in Licensing and HTGR
3.05.0640.020 | design limits are not exceeded during any anticipated that the criterion is dependent on fission product release USNRC RG 1.232 9 . ALL SAFE
. . 4 LT g : Safety Analysis GFR
operational occurrence resulting from a single rate rather than fuel design limits. This is owing to the
malfunction of the reactivity control systems. functional containment boundary of a TRISO fuel particle.
Digital protection systems can be programmed to revert to
known safe states when identifying a control system failure.
The protection system should be designed to fail into a | Defining these states carefully ensures that a control
safe state or into a state demonstrated to be acceptable | System failure does not place the plant in an unanalyzed
on some other defined basis if conditions such as condition.
3.05.0680.010 dlsconnectlon qf the System', loss of energy (e.g., In NUREG-1368, Table 3.3 (page 3-21), (ML06341Q561) USNRC RG 1.232 Licensing and_ SER ALL SAFE
electric power, instrument air), or postulated adverse USNRC staff recommended adding the phrase "sodium and Safety Analysis
environments (e.g., extreme heat or cold, fire, sodium | sodium reaction products” to the list of postulated adverse
and soohum reaction pro.ducts, pressure, steam, water, | environments in the Generic Design Criteria (GDC).
and radiation) are experienced. Therefore, "sodium and sodium reaction products” are
added to the second list of examples in parenthesis in the
USNRC's Sodium Fast Reactor Design Criterion 23.
The reactivity control system should be designed so the
amount and rate of reactivity insertion is limited in order . . . : : .
. . This requirement provides assurance that a major failure in
to ensure, when coupled with the reactor protection the reactivity control system will not prevent control or USNRC RG 1.232 Licensing and
3.05.0700.010 | system, that postulated reactivity events do not result in y Y , P - . 9 . ALL ALL SAFE
o . shutdown of the core, and will not cause damage to the URD Rev 13 Tier Il Chapter 4 Section 2 Safety Analysis
fuel damage, fission product barrier damage, or
. . - reactor fuel or the reactor boundary.
impairment of the capability to adequately cool the
core.
The reactivity control systems should be designed with
appropriate limits on the potential amount and rate of
reactivity increase to assure that the effects of
postulated reactivity events can neither (1) result in I . L . . : . .
3.05.0700.020 | damage to the reactor helium pressure boundary Lglﬂ?&g{;’fgﬁ!eaaw'ty insertions limits the severity of USNRC RG 1.232 gacfergsﬂg];ngis g};gR ALL SAFE
greater than limited local yielding nor (2) sufficiently P ' y y
disturb the core, its support structures or other reactor
vessel internals to impair significantly the capability to
cool the core.
Safety-related reactivity control systems should be
designed to assure that they perform their safety Failure of control systems to operate can lead to
3.05.0710.010 functions under normal, moderate frequency, infrequent | unacceptable consequences. Active reactivity control URD Rev 13 Tier Il Chapter 4 Section 2 Licensing and ALL ALL SAFE
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Req. # Requirement Basis Alignment Category Technology | Mission | Attribute
Equipment at appropriate locations outside the control
room should be provided (1) with a design capability for
prompt hot shutdown of the reactor, including Having a means of achieving safe shutdown outside the Licensing and
3.05.0710.020 | necessary instrumentation and controls to maintain the | control room ensures that safe shutdown can be achieved if | USNRC RG 1.232 g and ALL ALL SAFE
. . . ) : Safety Analysis
plant in a safe condition during hot shutdown, and (2) the control room is compromised.
with a potential capability for subsequent cold shutdown
of the reactor through the use of suitable procedures.
Natural feedback mechanisms or time-based safety
MSR designs should include an engineered means of features (e.g., a salt plug that drains to a sub-critical tank) Licensing and
3.05.0710.030 | maintaining the plant shutdown, i.e., they should not should not be the only means of achieving a safe condition. | USNRC RG 1.232 g and MSR ALL SAFE
. o ; Safety Analysis
rely solely on natural feedback mechanisms for safety. | Operators should be able to take positive action to shut-
down the reactor.
Postulated events resulting in emergency draining could
Emergency drain tanks used to achieve subcritical subject the fuel to other effects. For example, emergency
geometries for liquid-fueled reactors should be drain tanks at low elevations could be subjected to water
3.05.0710.040 deS|gneq to con5|d§r con§ervat!ve assumptlpns for floodmg in surrogndmg areas, which would result in ' Industry Feedback Licensing and. MSR ALL SAFE
post-accident conditions, including surrounding increased reflection of neutrons and should be considered Safety Analysis
moderator and reflector materials, fuel temperature, in the criticality analysis of the drain tanks. Additionally, the
fuel enrichment, and chemical composition. chemical and isotopic concentration of drained fuel should
span the range of possible compositions.
The reactivity control systems should be designed with
appropriate limits on the potential amount and rate of
reactivity increase to assure that the effects of SER
3.05.0710.050 postulated reactl\(lty events can neither (1) result in Limiting potential reactivity insertions limits the severity of USNRC RG 1.232 Licensing and_ LER ALL SAFE
damage to the primary coolant boundary greater than postulated events. Safety Analysis
L S L . MSR
limited local yielding nor (2) sufficiently disturb the core,
its support structures or other reactor vessel internals to
impair significantly the capability to cool the core.
Such features could include, but are not limited to,
automatic drains to subcritical geometries and automatic B.M. Elsheikh, "Safety Assessments of
o _ . heat sink removal, which provides immediate temperature Molten Salt Reactors in Comparison with _ _
3.05.0720.010 ;?S“J?éf:ﬁ'bi"rﬁi'z;i?;?(‘)’l'lgv'\:;ﬁg’gﬁ passie features that | feedback. Light Water Reactors," Journal of ;‘;fe':;'ga :Sgis MSR ALL A
' Since MSRs especially lend themselves to passive safety Radiation Research and Applied
features (by changing the core's geometry), these methods | Sciences (Elsheikh, 2013)
should be employed.
SFRs should demonstrate the ability to counteract the SFR core void reactivity cqefﬁments are positive, so control
maximum core void reactivity with active reactivity syste.m_s need t_o be established to provide negative Licensing and
3.05.0720.020 . I ; reactivity as voids are created. These control systems USNRC RG 1.232 . SFR ALL SAFE
control systems, assuming the most limiting single o : . Safety Analysis
s ; . . : should be capable of functioning with an assumed single
failure (i.e., rod insertion with one rod stuck out). failure
Wachholz, “The Present State of the
Reflector blocks exposed to high radiation doses Irradiation must be accommodated to prevent structural HTR Concept Based on Experience
3.05.0730.010 | should be designed to accommodate radiation-induced damage. Past HTGRs have designed reflectors with slits in | Gained from AVR and THTR, Licensing and HTGR ALL PERF

stresses and to have sufficient cooling.

their surface to allow better cooling and reduce the
radiation-induced stresses in the components.

Hochtemperatur-Reaktorbau, Mannheim
Federal Republic of Germany”
(Wachholz, 1988)

Safety Analysis
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Req. # Requirement Basis Alignment Category Technology | Mission | Attribute
Analysis should confirm that the integrity of the reactor | The configuration of a reactor core is not maintained in its
coolant boundary will be maintained against the release | most reactive state. Therefore, a loss of core geometry due Licensing and
3.05.0740.010 | of mechanical energy due to a bounding re-criticality to a severe event such as fuel melting and relocating could | Industry Feedback 9 . ALL ALL SAFE
4 I . : T ; Safety Analysis
event unless analysis shows that re-criticality is not place the fuel in a more reactive state allowing it to achieve
credible. prompt criticality.
The reactor helium pressure boundary should be
designed with sufficient margin to assure that when " | boundary’ has b labeled
stressed under operating, maintenance, testing, and Reactor coolant pressure boundary” has been refabeled as Licensing and HTGR
3.05.0740.020 L ' ' “reactor helium pressure boundary” to conform to standard | USNRC RG 1.232 . ALL SAFE
postulated event conditions (1) the boundary behaves Safety Analysis GFR
; . - ; terms used for HTGRs.
in a non-brittle manner and (2) the probability of rapidly
propagating fracture is minimized.
The primary coolant boundary should be designed with
operating, mantenance, testing, and postiated event | e COVer gas boundary is ncluded as partof the reactor Licensingand | ST
3.05.0740.030 | °Perating, ' g, andp . primary coolant boundary (referred to as RCPB by PRISM) | USNRC RG 1.232 g and LFR ALL SAFE
conditions (1) the boundary behaves in a non-brittle Safety Analysis
. . ; per NUREG-1368 (page 3-38). MSR
manner and (2) the probability of rapidly propagating
fracture is minimized.
Materials, design, and fabrication methods of the
components of reactor systems should be selected so
that the material will not behave in a brittle manner, be . URD Rev 13 Tier Il Chapter 4 Section 2 Licensing and SAFE
3.05.0740.040 subject to rapidly propagating failure, or otherwise fail Components of reactor systems are critical components. EUR Volume 2 Chapter 6 Safety Analysis ALL ALL PERF
considering the environmental conditions that will be
present during all normal operations.
The design should consider and define the maximum Helium and hydrogen embrittlement will be a constant “Minimizing the Eissile Inventory of the
acceptable helium embrittlement and hydrogen degradation mechanism for the structural materials and is g " y Licensing and SAFE
3.05.0740.050 . : : - . - Molten Salt Fast Reactor”, E. Merle- . MSR ALL
embrittlement for the core and primary loop structural likely the limiting factor is determining the replacement Lucotte et. al Safety Analysis IMPL
materials. frequency for components. T
. : Fuel salt leaks may occur as a result of manufacturing : .
3.05.0750.010 The design ShOl.Jld include a method to collect any fuel- flaws, excessive wall temperatures and stresses, corrosion, | Industry Feedback Licensing and. MSR ALL SAFE
salt leaks and divert them to an emergency drain tank. . Safety Analysis PERF
thermal stress cycling, etc.
A gas service system should be provided to maintain Maintaining gas inventory in the primary gas circuit helps to Key Design Requirements for the High . .
. AR ; L . ; Temperature Gas-Cooled Reactor Licensing and
3.05.0750.020 | the primary gas circuit inventory, store gas during maintain coolability of the core during normal and " . HTGR ALL PERF
J o . o Nuclear Heat Supply System," INL/EXT- | Safety Analysis
depressurizations, and provide a backup supply of gas. | postulated event conditions. 10-19887
A system to maintain primary coolant inventory for
protection against small breaks in the primary coolant
boundary should be provided as necessary to assure “Reactor coolant pressure boundary” has been relabeled as
3.05.0750.030 | thatspecified acceptable fuel design limits are not primary coolant boundary” to reflect that the SFR primary USNRC RG 1.232 Licensing and SFR ALL SAFE
exceeded as a result of primary coolant inventory loss system operates at low-pressure and to conform to Safety Analysis LFR

due to leakage from the reactor primary coolant
boundary and rupture of small piping or other small
components.

standard terms used in the LMR industry.
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Req. # Requirement Basis Alignment Category Technology | Mission | Attribute
The design of the reactor vessel, reactor system, and
reactor building should be such that their integrity is USNRC RG 1.232
maintained during postulated events to ensure the The reactor vessel and reactor system for HTGR is relied “A Safety Re-evaluation of the AVR Licensing and
3.05.0760.010 | geometry for passive removal of residual heat from the | upon for effective heat removal and reactivity control during | Pebble Bed Reactor Operation and its 9 . HTGR ALL SAFE
. ) . i, : . Safety Analysis
reactor core to the ultimate heat sink and to permit all conditions (including postulated events). Consequences for Future HTR
sufficient insertion of the neutron absorbers to provide Concepts”
for reactor shutdown.
Some modular HTGR Reactor Cavity Cooling System
The passive residual heat removal system should be (RCCS) designs should provide continuous passive
designed to permit appropriate periodic functional operation without need for a requirement to test the
testing to assure (1) the structural integrity of its operation sequence that brings the system into operation. Licensing and HTGR
3.05.0760.020 components, (2) the operability and performance of the | This requirement reflects the passive nature of the HTGR USNRC RG 1.232 Safety Analysis GFR ALL SAFE
system components, and (3) the operability of the RCCS and the need to verify ability to transition the RCCS
system as a whole. from active mode (if present) to passive mode during
postulated events.
Residual heat removal systems should be based on
3.05.0760.030 passive systems rejecting heat to effectively infinite An effectively infinite ultimate heat sink reduces the need USNRC RG 1.232 Licensing and ALL ALL SAFE
o ' heat sinks (e.g., natural-circulation air-cooled for outside action in the event of an accident. EUR Volume 2 Chapter 1 Safety Analysis PERF
condensers).
Successful means of achieving this have been based upon:
e Two pressure-tight covers; Schoening, “Design, Features and
3.05.0780.010 Penetrauonrs] n tlhe reaclfor (\j/gsse! should pelde5|gned ¢ An outer pressure-tight cover, and an inner flow limiting '\Eﬂngln;er;n? Sta;us of tgf IH-I,-,R 300 gcfensug a:nd. HTGR ALL SAFE
to prevent the release of radioactive material. cover which, in the case of the outer cover being Sevl\’/] roto ype9 o(\;ver ation afety Analysis
damaged, restricts the escaping coolant flow to a precise (Schoening, 1970)
value.
In addition to the heat rejection capability of the passive
residual heat removal system, systems to transfer heat
3.05.0800.010 from SSCs |mportant to safety, to an ultimate heat sink Removmg decay heat is required to support the safety USNRC RG 1.232 Licensing and' ALL ALL SAFE
should be provided, as necessary to transfer the basis. Safety Analysis
combined heat load of these SSCs under normal
operating and postulated event conditions.
. : : . . . . GR
3.05.0800.020 A'II flow branching from the main steam lines should be This requirement conserves BOP water inventory. URD Rev 13 Tier Il Chapter 2 Section 3 Licensing and' ALL oG PERE
directed to the condenser. EUR Volume 4 Chapter 6 Safety Analysis PH
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the continuous feed of fuel pebbles.

need to be available on-site, and the storage method will
need to be licensed.

Safety Analysis

Req. # Requirement Basis Alignment Category Technology | Mission | Attribute
URD Rev 13 Tier Il Chapter 1 Section 12
Experience at numerous operating and decommissioning ,\NAEI 09-14 Gtmgalmde for thed Pini d
commercial nuclear power stations has positively identified anagemeh ? naerground Fiping an
unintentional releases of small quantities of radionuclides Tank Integrity” (NEL,_2009)
The design should allow piping carrying radioactive or fcroogb?:]zll;]{[oitrgfcélcj)ﬁs,oFr)gr]](tjSsaggeaooallidAsrt?lu?:?uer;Irir?te rit E e repor 102'1175, ' Licensing and
3.05.0810.010 | potentially radioactive liquids to be placed above or fail has ulti FI) led » Y g’ d activity bei grty Recommendations for an Effective Saf 9 Vi ALL ALL PERF
below ground allures has ultimate y' edto unmomtore activity EI.I"Ig' Program to Control the Degradation of afety Analysis
' released to both the site and local environment. Designing Buried and Underground Piping and
these piping systems to allow installation above or below Tanks” (EPRI, 2010)
ground gives the owner-operator the opportunity to weigh NUREG-1801, Generic Aging Lessons
risks and benefits of the two options. Learned (GALL report) (USNRC
2010b)
The design of the reactor should include appropriate Metals diffuse in fuel kernels, coatings, and graphite and
margin to assure that specified acceptable core they may break through during long term reactor operation Licensing and
3.05.0810.020 | radionuclide release design limits are not exceeded ymay : g Ing long P " | USNRC RG 1.232 9 . HTGR ALL SAFE
) - N ; Therefore, the typical "specified acceptable fuel design Safety Analysis
during any condition of normal operation, including the Lo
- . limits" do not apply.
effects of anticipated operational occurrences.
Liquid-salt fueled reactors should be designed with
provisions for managing fission product off-gassing Liquid fuels will naturally off-gas all gaseous fission
during operations to minimize the impact of fission roducts. These require management to control reactivit Licensing and
3.05.0810.030 | product poisons and to manage radioactive b : N 9 L y Industry Feedback 9 . MSR ALL SAFE
L . L effects of these gases and to control radiation exposure due Safety Analysis
contamination of plant equipment, radiation exposure to g
. to fission product decay.
plant personnel, and fission product release to the
environment.
Holdup tanks for radioactive effluents should include Industry experience has found that some analyses show
the means for controlling release following an significant radiological consequences for releases from Licensing and SFR
3.05.0810.040 | interfacing system break (e.g., "backflow" preventers or | holdup tanks. By preventing outflow from holdup tanks in USNRC RG 1.232 9 . LFR ALL SAFE
. . X Safety Analysis
other automatic isolation valves acting upon sensed the event of a system break, these consequences can be MSR
depressurization). avoided.
Sufficient holdup capacity should be provided for
facioactve materale, paricilarly where unfavorabje | T11S redurement is based upon the USNRC's Advanced Licensing and
3.05.0810.050 . . P Reactor Design Criteria (ARDCSs) but was modified to be a USNRC RG 1.232 . ALL ALL SAFE
site environmental conditions can be expected to " " Safety Analysis
; : e should" statement.
impose unusual operational limitations upon the release
of such effluents to the environment.
The MSR design should minimize excess reactivity as The ability to externally add fissile material when needed Licensing and
3.05.0820.010 | much as possible by applying continuous fuel reduces the need for excess reactivity inventory, minimizing | Industry Feedback 9 . MSR ALL SAFE
: S ) o . Safety Analysis
processing. the likelihood and severity of a criticality accident.
SFR fuel should be handled submerged in sodium Licensing and SAFE
3.05.0820.020 | where possible to provide cooling and shielding (for SFR fuel is designed for the sodium environment. Industry Feedback 9 . SFR ALL
. . Safety Analysis PERF
irradiated fuel).
For pebble bed HTGR designs, the reactor designer | (028 B2 08 HC B B8 e A e e Licensing and
3.05.0820.030 | should include a licensed fresh fuel storage system for b 9 P ' pply b Industry Feedback 9 HTGR ALL SAFE
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Req. # Requirement Basis Alignment Category Technology | Mission | Attribute
Criticality in the fuel storage and handling system Ictc:zfiprSIZ:irgr?st?h:fi;\?g Sggzlrlhgnelrtggggtsr:l?e:jeﬁacge Licensing and
3.05.0840.010 | should be prevented by physical systems or processes, gu . . USNRC RG 1.232 9 . ALL ALL SAFE
. . ; subcritical through analysis, rather than relying on Safety Analysis
preferably by use of geometrically safe configurations. S
procedural steps to ensure subcriticality.
The flow geometry of fuel salt should limit the areas Licensing and
3.05.0840.020 | where fuel salt may become critical, accounting for Inadvertent criticality of the fuel loop should be avoided. Industry Feedback Safet A?]al sis MSR ALL SAFE
localized salt concentrations. y y
Postulated events resulting in emergency draining could
Emergency drain tanks used to achieve subcritical subject the fuel to other effects. For example, emergency
geometries for liquid-fueled reactors should be drain tanks at low elevations could be subjected to water
3.05.0840.030 de3|gneq to con5|d¢_r conservative assumptions for _floodmg in surrogndmg areas, which would result in _ Industry Feedback Licensing and_ MSR ALL SAFE
post-accident conditions, including surrounding increased reflection of neutrons and should be considered Safety Analysis
moderator and reflector materials, fuel temperature, in the criticality analysis of the drain tanks. Additionally, the
fuel enrichment, and chemical composition. chemical and isotopic concentration of drained fuel should
span the range of possible compositions.
When SFR fuel is handled outside of sodium, physical Most SFRs have positive void coefficients. Generally SFR
3.05.0840.040 controls (i.e., physical limitations of cranes, storage f_uell is more reactive when vgld of sod|.um.l Physical Industry Feedback Licensing and. SFR ALL SAFE
racks, etc.) should be used to prevent criticality in limitations are more reliable in preventing improper Safety Analysis IMPL
preference to administrative controls. positioning of fuel during handling.
Providing positive, long-term controls and containment
External building openings and temporary openings design features that minimize the unplanned, unmonitored URD Rev 13 Tier Il Chapter 1 Section 7 Licensing and SAFE
3.05.0860.010 | should be designed in concert with leak detection release of radioactivity to the environment supports EUR Volume 2 Chapter 11 Safet A%al sis ALL ALL IMPL
systems so that leaks can be identified. regulatory compliance and the ORG’s good neighbor policy | EUR Volume 2 Chapter 13 y y
intent.
. Lo The underlying concept of monitoring radioactivity releases
Mgans should be provided for monitoring the reactor from the HTGR particle fuel to the reactor building, effluent
building atmosphere, effluent discharge paths, and the discharge paths, and the plant environs applies. High Licensing and HTGR
3.05.0860.020 | plant environs for radioactivity that may be released harge patns, plant €  applies. Hig USNRC RG 1.232 9 . ALL SAFE
; ; . e radioactivity in the reactor building provides input to the Safety Analysis GFR
from normal operations, including anticipated . " o
. plant protection system. In addition, the reactor building
operational occurrences, and from postulated events. . : )
atmosphere is monitored for personnel protection.
The design should include a method to detect the In a liquid fueled reactor, a leak of the primary boundary is Licensing and SAFE
3.05.0860.030 | leakage of fuel salt and immediately alert the operator an immediate concern because such a leak constitutes a Industry Feedback 9 . MSR ALL
" . ) Safety Analysis PERF
to the condition. relocation of fuel material.
Means should be provided for monitoring the reactor
containment atmosphere, spaces containing
components for primary system sodium and cover gas : : . . . . .
3.05.0860.040 | cleanup and processing, effluent discharge paths, and SFR designs include unique requirements for monitoring USNRC RG 1.232 Licensing and. SFR ALL SAFE
! . o atmospheres. NUREG-1368 Safety Analysis LFR
the plant environs for radioactivity that may be released
from normal operations, including anticipated
operational occurrences, and from postulated events.
Radiation detectors installed for the detection of fission
product releases should be designed and positioned Distinguishing radiation sources allows for the correct Licensing and
3.05.0860.050 | such that operators are able to distinguish the breach of 9 9 Industry Feedback 9 ALL ALL PERF

fission product barriers from other sources of radiation,
such as neutron/gamma flux from normal operations.

diagnosis of system failures.

Safety Analysis
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leakage.

Req. # Requirement Basis Alignment Category Technology | Mission | Attribute
Radiation detectors installed for the detection of fission
product releases should be designed and positioned Distinguishing radiation sources allows for the correct Licensing and
3.05.0860.060 | such that (coupled with their data systems) they are stingu 9 . Industry Feedback 9 . ALL ALL PERF
A 2 . diagnosis of system failures. Safety Analysis
able to distinguish the breach of fission product barriers
from the failure of installed shielding systems.
Vents, drains and suitable isolation valves should be This requirement allows for drainage of lines for URD Rev 13 Tier Il Chapter 3 Section 2 Maintenance and
3.06.0010.010 | provided for draining, filling, and venting piping systems S req ainag . ) . URD Rev 13 Tier Il Chapter 8 Section 3 o ALL ALL PERF
; . . maintenance and prevents buildup of radioactive materials. Operability
at all locations that are capable of trapping fluid. EUR Volume 2 Chapter 7
A drain should be located at each low point in the main | The consideration of hot and cold conditions of the piping is . : .
3.06.0010.020 | steam piping system where water may collect during necessary due to the possible difference in pipe position URD Rev 13 Tier Il Chapter 2 Section 3 Mamten_a_mce and ALL GR PERF
. ) " EUR Volume 2 Chapter 11 Operability oG
startup, shutdown, or normal operation of a unit. between the cold and hot conditions.
In long runs of piping with no special low point, a low , . . .
3.06.0010.030 | point drain should be installed at the turbine end of the | 10 Prévent condensation from accumulating and entering | ;o5 pey 13 Tier I Chapter 2 Section 3 | Maintenance and |, | GR PERF
section the turbine, possibly causing damage. Operability oG
If the main steam line is split into more than one lead To prevent condensation from accumulating and enterin Maintenance and GR
3.06.0010.040 | going into the turbine, then each of these leads and the preve : : 9 9 URD Rev 13 Tier Il Chapter 2 Section 3 I~ ALL PERF
. . . the turbine, possibly causing damage. Operability 0oG
main header should be reviewed for low points.
The routing of drain piping should trend downward, and | To ensure proper flow in drain lines and to prevent . . .
3.06.0010.050 | horizontal pipes should slope to allow for proper condensation from accumulating and entering the turbine, URD Rev 13 Tier Il Chapter 2 Section 3 Ma'”ter!"?‘“ce and ALL GR PERF
= . : EUR Volume 4 Chapter 6 Operability oG
removal of liquid. possibly causing damage.
Instruments for identifying fuel failures should be Ir];gmbcealrggtlgdp:ﬁn;neg’régs':rg?v?/ghsldﬂiﬁ;ilgi?rt]:]l(fgrf:gIiftalltl:Jres Maintenance and
3.06.0020.010 | positioned such that they can effectively distinguish true | . y D€ | : ablity EUR Volume 2 Chapter 8 o ALL ALL PERF
: distinguish fuel failures from the other sources of ionizing Operability
fuel failures. L
radiation.
URD Rev 13 Tier Il Chapter 1 Section 12
NEI 09-14 “Guideline for the
Experience at numerous operating and decommissioning Management of Underground Piping and
commercial nuclear power stations has positively identified | Tank Integrity”
Engineered barriers with leak detection and monitoring | unintentional releases of small quantities of radionuclides EPRI report 1021175, Maintenance and
3.06.0020.020 | capabilities should be used for piping that is required to | from plant structures, ponds and pools. Any one or a “Recommendations for an Effective o ALL ALL PERF
. : ) " g - : . . Operability
carry radioactive/potentially radioactive liquids. combination of component, system, and structural integrity Program to Control the Degradation of
failures has ultimately led to unmonitored activity being Buried and Underground Piping and
released to both the site and local environment. Tanks
NUREG-1801, “Generic Aging Lessons
Learned (GALL report)”
For HTGR designs, means should be provided for I . L : . : .
3.06.0020.030 | detecting and, to the extent practical, identifying the Limiting potential reactivity insertions limits the severity of | \,o\pe R 1,232 Maintenance and | HTGR ALL SAFE
; . postulated events. Operability GFR
location of the source of the reactor helium leakage.
For liquid metal and MSR designs, means should be SFR
3.06.0020.040 prowlde.d for detectmg and, to the extent practical, Limiting potential reactivity insertions limits the severity of USNRC RG 1.232 Mamtengnce and LER ALL SAFE
identifying the location of the source of reactor coolant postulated events. Operability MSR
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Req. # Requirement Basis Alignment Category Technology | Mission | Attribute
For tasks which require access to areas with high The use of robotic devices can greatly reduce the burden of
3.06.0030.010 radiation fields, the design should consider the use of o . T . . URD Rev 13 Tier Il Chapter 6 Section 2 Maintenance and
.06. . X . . . - perating a maintaining the plant. This requirement helps I~ ALL ALL PERF
robotic devices incorporating radiation hardened d EUR Volume 2 Chapter 14 Operability
ecrease personnel dose.
components.
Multi-pass pebble bed HTGRs should include the The absence of a means of ascertaining fuel burnup would Maintenance and
3.06.0030.020 | means to monitor the burnup of individual fuel pebbles, | require reactor operation with much greater margins and Industry Feedback i~ HTGR ALL PERF
) L S e~ . - Operability
or estimate a statistical distribution of pebble burnup. would therefore limit the reactor's capability.
Additional sensor taps as noted in EPRI NP- 3915, _ w il
“Guidelines for Nuclear Plant Performance Data The taps would allow for the installation of temporary Egﬁ: I’;l;fci?::r']ceeggglgisqz?;ygrﬁ,lear Maintenance and
3.06.0060.010 | Acquisition,” should be installed to facilitate instrumentation which can be used to monitor and analyze (EPRI, 1985) Operability ALL ALL PERF
performance monitoring and analysis of heat cycle off-design performance. URD Rev 13 Tier Il Chanter 2 Section 3
components. P
The power industry has recognized the need for
The heat balance instrumentation should include as a development of a cost-reduced, less complex method of
3.06.0060.020 minimum the recommended sensors shown in accurately obtaining heat cycle information. Sufficient ANSI/ASME PTC 6 Maintenance and ALL GR PERF
T ' ANSI/ASME PTC 6 (or equivalent) for an alternative instrumentation should be provided to allow accurate testing | URD Rev 13 Tier Il Chapter 2 Section 3 Operability oG
procedure for testing steam turbines. of BOP components and for the calibration of nuclear
instruments based on heat balance measurement.
HTGR designs should include instrumentation that To ensure that specified acceptable core radionuclide Maintenance and | HTGR SAFE
3.06.0060.030 | allows for confidence in fuel temperatures throughout release design limits are not exceeded throughout the core | USNRC RG 1.232 i~ ALL
. Operability GFR PERF
the core. under all conditions.
3.06.0060.040 The steam system design sh_ould provide connections Necessary for testing of steam chemistry. URD Rev 13 Tier Il Chapter 2 Section 3 Mainten_a_mce and ALL ALL PERF
for steam sampling for chemical analysis. EUR Volume 4 Chapter 6 Operability
USNRC used language in their Advanced Reactor Design
Criteria (ARDCS) to restrict the leakage of the containment
to be less than that needed to meet the acceptable on-site
Containment leakage should be restricted to be less and off-site dose consequence limits (Ref. SRM, SECY-93- Maintenance and
3.06.0100.010 | than that needed to meet the acceptable on-site and 092). Therefore, the Commission agreed that the USNRC RG 1.232 0 bilit SFR ALL SAFE
off-site dose consequence limits. containment leakage for advanced reactors, similar to and perability
including PRISM, should not be required to meet the
"essentially leak tight" statement in GDC 16. (Ref: NUREG-
1368).
Methods should be developed to control the
concentrations of radionuclides in high temperature Limiting the radionuclide content of the secondary/tertiary "Key Design Requirements for the High
3.06.0100.020 fluids used by the plant such that radionuclide levels loop will reduce the dose received by workers in the plant Temperature Gas-Cooled Reactor Maintenance and ALL ALL SAFE
T ' that could be transported from the primary circuit or and reduce the burden of additional radiation shielding and | Nuclear Heat Supply System," INL/EXT- | Operability ECON
activated by proximity to the primary circuit do not protection measures in the plant. 10-19887
exceed design specifications.
The shielding design should be based upon radiation :;d?a?i((e)rr)]os;gc&rdgg(?gtl:\;?r;[e?ig%ﬁrﬁllla}nmd g]c? tehxeptectgd URD Rev 13 Tier Il Chapter 6 Section 2 Maintenance and
3.06.0100.030 | sources validated through analyses and applicable P 9 b YPe, EUR Volume 2 Chapter 1 and ALL ALL SAFE

experience.

arrangement, and thickness of shielding installed in the
plant.

Appendix A

Operability
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Req. # Requirement Basis Alignment Category Technology | Mission | Attribute
If access to the reactor vessel interior or internals is
required, the means provided to achieve such access Access to vessel internals and interior requires minimal Maintenance and
3.06.0110.010 | should minimize or eliminate the need to construct or operator time for exposure to be As Low as Reasonable URD Rev 13 Tier Il Chapter 1 Section 12 o ALL ALL PERF
: . Operability
provide temporary access tools such as platforms and Achievable (ALARA).
rigging.
Mechanical equipment should be modular in design to This reduces the level of effort and exposure associated URD Rev 13 Tier Il Chapter 1 Section 12 | Maintenance and
3.06.0110.020 . . . o ALL ALL PERF
the extent practical. with repair, removal, and replacement. EUR Volume 2 Chapter 7 Operability
Pump internals should be designed so that they may be | Pumps are a significant portion of the maintenance burden
readily removed for maintenance; however, if this is on the plant staff. Minimizing and simplifying pump . . .
3.06.0110.030 | impractical, the pump should be designed to facilitate maintenance will help achieve the availability goals for the URD Rev 13 Tier Il Chapter 1 Section 12 Mamten_a_mce and ALL ALL PERF
. ) . . ) EUR Volume 2 Chapter D49 Operability
removal and replacement, e.g., flanged connections reactor. For pumps in radioactive service, these
and intelligently oriented electrical connections. requirements are important to meeting reactor goals.
There is a significant ongoing effort in the nuclear industry
to characterize and predict weld induced residual stresses
If complex or dissimilar metal welds are required, the in order to mitigate material degradation and optimize
reactor designer and owner-operator should consider performance. Of particular importance is the confidence and
using state-of-the-art three-dimensional finite element accuracy of Weld Residual Stress (WRS) numerical Maintenance and PERF
3.06.0120.010 analysis capabilities to include and model weld residual | modeling and experimental measurement techniques. EPRI TR 3002010464 (EPRI, 2017a) Operability ALL ALL ECON
stresses in the design phase to optimize the design and | Although finite element analysis may not precisely predict
possibly the fabrication of specific components. the weld residual stress values, when utilized appropriately
it can be a useful tool to evaluate locations of tension and
compression.
3.06.0180.010 Condenser tubmg .ShOUId be of commercially available Consistent with the ORG standardization policy statement. URD Rev 13 Tier Il Chapter 2 Section 4 Mamten_a_mce and ALL GR PERF
lengths and pipe sizes. Operability oG
While 316L is acceptable for low chloride environments, a
higher alloyed stainless steel such as 904L or 6X is
recommended. A higher grade of stainless steel (such as
The condenser tubes. tube sheets. and tube qauge 904L, 6X or 6XN) should be used for chloride levels
materials should be b'ased on oper'ating expegr]ien?:e be“"feer.‘ 500 and 800 bpm. For brackis.h or salt 'Water . . Maintenance and GR
3.06.0180.020 ; . f ’ applications containing high concentrations of dissolved URD Rev 13 Tier Il Chapter 2 Section 4 L ALL PERF
published literature, and standard practice for both ) f Operability 0G
: solids (1000 ppm) or chlorides (greater than 800 ppm) or
fossil and nuclear plants. . . ey :
water contaminated by sewage discharges, titanium tubing
should be used. Titanium tubing may be used for any water
condition if the reactor designer’s studies show this is
optimum as a standard design.
Critical or frequently operated/accessed components
that are not directly accessible from the floor (elevated) . . L . . . . .
3.06.0200.010 | should use locator labels with directional indication at This allows access while minimizing the time spent in URD Rev 13 Tier Il Chapter 1 Section 8 Maintenance and ALL ALL IMPL

the floor level to direct personnel to the appropriate
area.

radiological areas searching for the component(s).

EUR Volume 2 Chapter 11

Operability
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Req. # Requirement Basis Alignment Category Technology | Mission | Attribute
Pre-engineered work plans and facilities have been shown
Work plans and facilities for cleanup, inspections and by experience to be necessary to permit efficient and
3.06.0210.010 maintenance of cc')ndens.er internals ;hould be pre- rellablg upkge_p of the condenser mternals, partlcplarly the URD Rev 13 Tier Il Chapter 2 Section 4 Mamten_a_mce and ALL GR IMPL
engineered. Special equipment required for normal extraction piping and neck heater protection lagging. Operability oG
outage work should be minimized. Special equipment requirements are minimized to reduce
costs.
Permanent type labels should be |n.stalled in time for Confusion in identifying equipment has caused operation URD Rev 13 Tier Il Chapter 1 Section 8
start-up testing. Labels should be sized and located to . : .
- ; ; . . and maintenance errors and has contributed to plant events | EUR Volume 2 Chapter 11 Maintenance and
3.06.0260.010 | facilitate reading from the floor elevation using visual . ) L ALL ALL IMPL
. . . . when a component mistakenly taken out of service for EUR Volume 2 Chapter 12 Operability
enhancement devices, including binoculars and :
scopes maintenance has been called upon to operate. EUR Volume 2 Chapter 14
In addition to being readable by a human, labels also need
to be readable by machines to enable increased use of Maintenance and
3.06.0260.020 | Component labels should be machine readable. automation in maintenance and operations. This can be Industry Feedback i~ ALL ALL IMPL
: . Operability
done using bar codes, Quick Response (QR) codes, or
other methods.
Labels for robotic devices merit unique considerations due
Component labels should be provided for robotic to the potential mobility of the devices. For example, the Maintenance and
3.06.0260.030 devices, and should be readable at all times. orientation of the robot could affect the readability of the Industry Feedback Operability ALL ALL IMPL
label.
If only one personnel could modify the configuration
The CMIS should facilitate collaboration such that management database at one time, a bottleneck would be
3.06.0261.010 mu.It|pIe perso_nnel can work on requirements or created, limiting product|V|t_y. An integrated coI[a_borauve Industry Feedback Mamten_a_mce and ALL ALL PERF
deliverables simultaneously while minimizing database would allow multiple personnel to edit items Operability IMPL
duplication, lost work, and errors. simultaneously while merging edits and managing version
control, similar to how Git is used in programming.
For tasks which require access to areas with high
radiation fields, the design should consider the use of | The use of robotic devices can greatly reduce the burden of | ;o0 o 12 Tier Il Chaoter 6 Section 2 | Maintenance and
3.06.0290.010 | robotic devices incorporating radiation hardened operating a maintaining the plant. This requirement helps P ' ALL ALL PERF
ts. EUR Volume 2 Chapter 14 Operability
componen decrease personnel dose.
Note: Same as 3.06.0030.010.
The use of Complementary Metal Oxide Semiconductor . o . . .
3.06.0290.020 | (CMOS) components should be avoided in robotic F:Ic\iAOSdcomponents are susceptible to random radiation URD Relv 13 Tlerhll Chapter 6 Section 2 Malntel??nce and ALL ALL PERF
devices. induced errors. EUR Volume 2 Chapter 14 Operability
If the design uses robotic devices for inspections,
generic access ports (designed to accommodate robots | The use of robotic devices can greatly reduce the burden of . : .
3.06.0290.030 | that are likely to be available in the future) should be operating and maintaining the plant. This requirement URD Rev 13 Tier Il Chapter 6 Section 2 Malntengnce and ALL ALL IMPL
) . . ! " A . EUR Volume 2 Chapter 14 Operability
provided for equipment to allow robotic devices access | facilitates the use of robotic devices.
to component interiors.
The use of robotic devices can greatly reduce the burden of
If the design uses robotic devices, means should be operating and maintaining the plant. This requirement Maintenance and
3.06.0290.040 | provided to retrieve robots from areas that are facilitates the use of robotic devices and limits the financial Industry Feedback ALL ALL IMPL

unreachable or potentially uninhabitable by humans.

loss if a robot experiences a malfunction while operating in
an inaccessible space.

Operability
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Req. # Requirement Basis Alignment Category Technology | Mission | Attribute
If the design uses robotic devices, robot-battery The use of robotic devices can greatly reduce the burden of
charging stations with a standardized docking geometry | operating and maintaining the plant. This requirement . . .
3.06.0290.050 | and protocol should be located throughout the plant facilitates the use of robotic devices. URD Rev 13 Tier Il Chapter 6 Section 2 | Maintenance and | , | ALL IMPL
. . ; o , , . ) . EUR Volume 2 Chapter 14 Operability
with clear access for ingress and egress of robotic One possibility to satisfy the intent of this requirement is to
devices. have robots tethered to AC power supplies.
The design should consider using robotic devices to The use of robotic devices can greatly reduce the burden of . . .
3.06.0290.060 | replace lighting. If incorporated into the design, lights operating a maintaining the plant. This requirement helps URD Rev 13 Tier Il Chapter 6 Section 2 Mamtenqnce and ALL ALL IMPL
. . EUR Volume 2 Chapter 14 Operability
should be designed for replacement by robots. decrease maintenance burden.
To prevent possible damage to the robotic equipment.
The plant arrangement should provide secure areas for | Robotic equipment used for maintenance will likely Maintenance and ECON
3.06.0290.070 | the storage of robotic equipment with provisions for constitute a significant investment. The equipment should URD Rev 13 Tier Il Chapter 6 Section 2 I~ ALL ALL
N - ; Operability IMPL
decontamination. be protected through the provision of dedicated storage
areas.
If access to the reactor vessel interior or internals is
required, the means provided to achieve such access Access to vessel internals and interior requires minimal Maintenance and
3.06.0310.010 | should minimize or eliminate the need to construct or : q URD Rev 13 Tier Il Chapter 1 Section 12 I~ ALL ALL PERF
. operator time for exposure to be ALARA. Operability
provide temporary access tools such as platforms and
rigging.
Consistent with ALARA principles for maintenance
activities.
Systems that could become contaminated should be This should include both a low concentration
3.06.0320.010 | designed to accommodate a decontamination process decontamination process to be used during normal URD Rev 13 Tier Il Chapter 3 Section 2 | Maintenance and | , ALL PERF
e ' to reduce shutdown radiation levels in piping and shutdowns and provisions and planning for adding high EUR Volume 2 Chapter 1 Operability
components. concentration decontamination techniques, if needed, to
reduce radiation levels for major inspection, backfit, repair
or replacement. Consider use of temporary system
connected to hook-in points.
Equipment that cannot be moved using manual labor
3.06.0320.020 | (ifting) should be situated with direct access to Ease of maintenance. URD Rev 13 Tier Il Chapter 6 Section 2 | Maintenance and |, , ALL PERF
appropriate lifting devices including pad eyes, rails and Operability
cranes.
Provisions should be made for mechanical component
rjg?:gﬁ:%{%ﬂﬁggﬁ?;n;]u dd:(?cggs Sﬁz rails, This reduces the level of effort and exposure associated
- > o . with repair, removal and replacement. This also reduces the | URD Rev 13 Tier Il Chapter 1 Section 12 | Maintenance and PERF
3.06.0320.030 | component or rigging equipment termination point : . . . . o ALL ALL
: ! . potential for industrial safety accidents and adjacent plant EUR Volume 2 Chapter 7 Operability IMPL
(carts, pallet jacks, forklift) commensurate with the .
Sy . . equipment damage.
component's size, weight, and importance to plant
operation.
Any crane handling high risk loads (e.g., spent fuel)
should have a sufficiently slow movement speed to Large loads can get stuck or enter odd geometries during Maintenance and
3.06.0331.010 | allow reasonable time (e.g., greater than 30 seconds) handling, making the maintenance activity more difficult for | Recent Lessons Learned ALL ALL IMPL

for personnel to respond to violating a load or position
limit.

personnel.

Operability
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Req. # Requirement Basis Alignment Category Technology | Mission | Attribute
The residual heat removal system should be designed In many advanced reactor designs, the systems or
3.06.0340.010 to permit appropriate penog:hc inspection of important components relied upon for reS|duaI.heat .removal are USNRC RG 1.232 Malnten_a_mce and ALL ALL SAFE
components to ensure the integrity and capability of the | passive, fixed components. Some will be inspected as a Operability
system. matter of course due to other requirements.
The passive residual heat removal system should be Som_e modular HTGR RCC.:S de_S|gns should provide
: . . SIS . continuous passive operation without need for a
designed to permit appropriate periodic functional . h . hat bri h
testing to assure (1) the structural integrity of its requirement to test the operation sequence that brings the Maintenance and | HTGR
3.06.0340.020 o system into operation. This requirement reflects the passive | USNRC RG 1.232 S ALL SAFE
components, (2) the operability and performance of the . ” Operability GFR
o nature of the HTGR RCCS and the need to verify ability to
system components, and (3) the operability of the g : .
transition the RCCS from active mode (if present) to
system as a whole. . .
passive mode during postulated events.
The reactor building should be designed to permit (1) The reactor building of a gas-cooled reactor has specific
3.06.0340.030 | @Ppropriate periodic inspection of all important safety functions of protecting and maintaining the USNRC RG 1.232 Maintenance and | HTGR ALL SAFE
structural areas and the depressurization pathway, and | configuration needed for passive cooling and providing a Operability GFR
(2) an appropriate surveillance program. discharge pathway for helium depressurization events.
. . . This ensures that sufficient instrumentation and test . . .
3.06.0340.040 System design should allow for periodic testing of connections are provided to monitor performance and trend URD Rev 13 Tier Il Chapter 1 Section 12 Malnten_a_mce and ALL ALL PERF
valves. X o EUR Volume 2 Chapter 14 Operability IMPL
degradation and ensures valve accessibility.
. . - This ensures that sufficient instrumentation and test . . .
3.06.0340.050 TheT system QeS|gn should include provisions for connections are provided to monitor performance and trend URD Rev 13 Tier Il Chapter 1 Section 12 Malnten_a_mce and ALL ALL PERF
periodic testing of pumps. X - EUR Volume 2 Chapter 7 Operability IMPL
degradation and ensures pump accessibility.
Such testing includes performance characteristics like
Electric power systems important to safety should be (1) the operability and functional performa_nce of the
; ; : N : components of the systems, such as on-site power sources,
designed to permit appropriate periodic inspection and | itch db d h bility of th
testing of important areas and features, such as wiring relays, switches, and buses, and (2) the operability of the Maintenance and
3.06.0340.060 | . . . : ' ' | systems as a whole and, under conditions as close to USNRC RG 1.232 . ALL ALL PERF
insulation, connections, and switchboards, to assess . . . : Operability
) o . design as practical, the full operation sequence that brings
the continuity of the systems and the condition of their ; S ) . .
the systems into operation, including operation of applicable
components. ) ;
portions of the protection system, and the transfer of power
among systems.
Components which are part of the reactor coolgnt. This requirement was adapted from the USNRC's
boundary should be designed to permit (1) periodic d d . o but has b
inspection and testing of important areas and features A vance Reactor Design Cntenal(ARDCs) ut has been Maintenance and
3.06.0340.070 ) . . modified to a "should" statement since not all advanced USNRC RG 1.232 o ALL ALL IMPL
to assess their structural and leak tight integrity, and (2) Operability
. ; . reactors rely on the reactor coolant boundary to perform a
an appropriate material surveillance program for the )
safety function.
reactor vessel.
The structural and equipment cooling systems should
be designed to permit appropriate periodic inspection of | This requirement is based upon the USNRC's Advanced Maintenance and
3.06.0340.080 | important components, such as heat exchangers and Reactor Design Criteria (ARDCSs) but was modified to be a USNRC RG 1.232 ALL ALL IMPL

piping, to ensure the integrity and capability of the
systems.

"should" statement.

Operability
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Req. # Requirement Basis Alignment Category Technology | Mission | Attribute
The structural and equipment cooling systems should
be designed to permit appropriate periodic functional
testing to ensure (1) the structural and leak tight
integrity of their components, (2) the operability and
performance of the system components, and (3) the This requirement is based upon the USNRC's Advanced Maintenance and
3.06.0340.090 | operability of the systems as a whole and, under Reactor Design Criteria (ARDCSs) but was modified to be a USNRC RG 1.232 Operabilit ALL ALL IMPL
conditions as close to design as practical, the "should" statement. P y
performance of the full operational sequences that
bring the systems into operation for reactor shutdown
and postulated events, including the operation of
associated systems.
In designs with dedlcatgd containment structures, the This requirement is based upon the USNRC's Advanced
structure and other equipment which may be subjected Reactor Design Criteria (ARDCSs) but was modified to be a Maintenance and
3.06.0340.100 | to containment test conditions should be designed so " " 9 : ; USNRC RG 1.232 o ALL ALL SAFE
L . should" statement since not all advanced reactor designs Operability
that periodic integrated leakage rate testing can be .
i , rely upon a containment structure.
conducted at containment design pressure.
The reactor containment structure should be designed
to permit (1) appropriate periodic Inspection of all This requirement is based upon the USNRC's Advanced
Important areas, such as penetrations, (2) an Reactor Design Criteria (ARDCs) but was modified to be a Maintenance and
3.06.0340.110 | appropriate surveillance program, and (3) periodic " i 9 . ; USNRC RG 1.232 S ALL ALL SAFE
: . . should" statement since not all advanced reactor designs Operability
testing at containment design pressure of the leak- .
) . . o rely upon a containment structure.
tightness of penetrations which have resilient seals and
expansion bellows.
During testing, there may not be a suitable destination for
the plant’'s product. For example, when testing the reactor
When testing reactor systems (either during plant of an electricity generation plant, the plant may not want to
startup testing or after initial operation) a “steam dump” | output power, so the steam from the reactor would not be Maintenance and
3.06.0340.120 should be provided to receive the steam generated by sent through the turbine, but would need to be sent Industry Feedback Operability ALL ALL PERF
the reactor. somewhere else for condensing and, if required,
recirculating back to the reactor or steam generator.
Temporary systems should be considered.
Safety-related valves that cannot be tested while the Valves that are important to safety should have some Maintenance and
3.06.0350.010 | plantis operating should be evaluated for a means to means to verify operability when not able to be tested due Industry Feedback - ALL ALL PERF
. - . Operability
test/verify operability between shutdowns. to lengthy periods between shutdowns.
The risk of frequent testing while operating should be Testing during operation can present new failure modes.
3.06.0350.020 compared to that of undetected fa|Iur.efs during However, more frgquent testing can also identify degraded Industry Feedback Malnten_a_mce and ALL ALL PERF
extended test intervals when determining test component conditions. These consequences should be Operability
periodicity. balanced.
Potential failure modes of features included solely to Testing during operation can present new failure modes.
3.06.0350.030 permit testing during operation should be agsessed to However, more fre_quent testing can also identify degraded Industry Feedback Malnter!gnce and ALL ALL PERE
determine if the feature presents a greater risk than component conditions. These consequences should be Operability
testing only while shutdown. balanced.
Provisions should be made for conveniently (e.g., by The ability to pin hangers during a hydro test is desirable to Maintenance and
3.06.0360.010 | pinning hangers) supporting the deadweight loads prevent hangers from being knocked out of alignment and URD Rev 13 Tier Il Chapter 2 Section 3 ALL ALL PERF

imposed during hydrostatic tests of piping systems.

to prevent possible nozzle fatigue after several hydro tests.

Operability
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Insulation is required for personnel protection as well as
Insulation for components which can be contacted by thermal performance. Hot conditions are those conditions Maintenance and
3.06.0410.010 | personnel during hot conditions should limit the outside | during normal plant operation or expected system operation | URD Rev 13 Tier Il Chapter 3 Section 2 L ALL ALL SAFE
R ) Operability
wall temperature to 140°F. that can result in elevated temperatures to components that
are readily accessible to plant personnel.
HTGR designs should include sufficient monitoring to Thom:g.h most HTSRS. usie heaF trans;‘]er ﬂuflldsdthat do not”
identify chemical hazards, including the leakage of heat result In strong chemical reactions, these fluids are usually Maintenance and SAFE
3.06.0410.020 : ' a hazard to personnel if leaked in large quantities. Other Industry Feedback S HTGR ALL
transfer fluids that may be hazardous to plant personnel . . e ; ; Operability PERF
. chemical hazards should be identified and monitored if
or equipment. .
applicable.
URD Rev 13 Tier | Chapter 3 Section 2
Operation by a single operator is not
The desian should be such that a sinale operator can This is consistent with utility desires and expectations. currently allowed for in NUREG-0800.
3.06.0430.010 | ade uategl control the plant (or mult gle Ignts) qurin Though actual manning may never rely on only one single | ThiS requirement is not intended to Maintenance and | , | ALL ECON
R ' norrﬂal o }ératin condigons biep 9 | operator, this metric is a good standard for evaluating the contradict regulation, but is intended to Operability IMPL
p g . simplicity of reactor operation. reduce operatlona[ cpmplexny and
burden, and to anticipate future
operational possibilities that may arise
due to change in regulation.
This tooling and equipment should include, but is not limited
to: valve seat honing and lapping devices, pump seal
. _ _ cartridge replacement devices, and bolt tensioning devices.
Maintenance tooling and test equipment needed to The preferred implementation of this requirement is to _ , _
3.06.0440.010 demonstrate the effectiveness of mam'genanqe provide at least one such tool or device per application. URD Rev 13 Tier Il Chapter 1 Section 12 Mamten_a_\nce and ALL ALL IMPL
performed, which are not normally available in the o . . . EUR Volume 2 Chapter 14 Operability
plant's tool room inventory, should be provided. The avallab|lllty and use of qualified maintenance tooling
and test equipment has been shown to reduce the number
of man-hours required to successfully complete required
maintenance.
If access to vessel internals and interior is required, the
vessel should be designed for ease of disassembly and | Access to vessel internals and interior requires minimal . . Maintenance and
3.06.0450.010 . . URD Rev 13 Tier Il Chapter 1 Section 12 S ALL ALL PERF
assembly and ready access for removal, maintenance, | operator time for exposure to be ALARA. Operability
and replacement of internals.
These means may include permanently installed monitoring
equipment or periodically performed measurements.
SFR designs should include means by which major Measurement and/or monitoring may not be required for all . .
3.06.0450.020 | component material condition can be evaluated or components. g.e:igia‘hgzz,sgﬁg:;e;gﬁr)System gggft;ﬁ\tr;ce and SFR ALL PERF
inspected without removal from the sodium pool. The opacity of the coolant prevents any visual inspection or ’ ;
inspection relying on optical means unless the vessel is
drained of sodium.
3.06.0450.030 The steam system design should provide connections Necessary for testing of steam chemistry. URD Rev 13 Tier Il Chapter 2 Section 3 Maintenance and ALL ALL PERE

for steam sampling for chemical analysis.

EUR Volume 4 Chapter 6

Operability
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Allows for operational flexibility.
The containment penetrations are an example of such an
Critical interfaces between systems or buildings that interface. The number of E]enetlrations ?rOVid,ed upon plant
could constrain operational flexibility should be construction constrains what plant configurations are Maintenance and
3.06.0461.010 identified, and suitable margin (or mitigating features) obtainable throughout the life of the plant (since in most Industry Feedback Operability ALL ALL IMPL
should be considered. cases, adding penetrations after commissioning would be
impractical). If the minimum number of penetrations is
provided, operational flexibility could be severely limited.
Therefore, additional penetrations should be provided.
. . . A balance must be found between operational flexibility and
When adding margin to a critical interface, a cost- ital ind ining th iate level )
benefit analysis should be performed to provide capital costs in determining the appropriate leve of margin Maintenance and
3.06.0461.020 | . .- : to be added to an interface (e.g., 100% additional Industry Feedback o ALL ALL IMPL
justification for the added capital cost that may be . i . . . Operability
. . . . containment penetrations likely would not provide benefit
associated with the additional margin. : i
proportional to the associated costs).
Adding margin to an interface to gain operational flexibility
When adding margin to a critical interface, an could introduce unforeseen problems. For example, if
evaluation should be performed to ensure that there are | several containment penetrations are added in close Maintenance and
3.06.0461.030 | no adverse consequences (e.g., reduced structural proximity, the leakage is potentially increased and structural | Industry Feedback S ALL ALL IMPL
. ) X | ; . . . . Operability
integrity, poor human factors) to adding the margin, or integrity of containment is weakened in that area, and a
that such consequences are adequately mitigated. structural evaluation is required to ensure that it is still
adequate.
Complete maintenance and operating procedures,
including detailed drawings and diagrams, materials of
construction, etc., should be provided with each Repair and condition monitoring of plant equipment is often
purchased component (e.g., instructions for proper complicated by a lack of detailed information on equipment. | URD Rev 13 Tier Il Chapter 1 Section 12 | Maintenance and
3.06.0491.010 lubricati 4 . . . o ALL ALL IMPL
ubrication of components, replacement of components, | For example, field repair may be impossible because of a EUR Volume 2 Chapter 14 Operability
inspections for condition, and control settings). The lack of detailed dimensions.
information should be compatible with the CMIS utilized
by the project as described in 2.04.0310.
Shop and warehouse facilities for contaminated and Maintenance and
3.06.0500.010 | non-contaminated equipment should be sufficiently To prevent further contamination of equipment. URD Rev 13 Tier Il Chapter 6 Section 2 Operabilit ALL ALL IMPL
separated. P y
Feedwater/condensate system water chemistry should
3.06.0520010 | P& maintained suitable for long-term plant operations, Maintaining water chemistry is important for preventing URD Rev 13 Tier Il Chapter 2 Section 4 Maintenance and | , GR PERF
including power operation, startup, shutdowns, and corrosion and/or cracking. Operability oG
extended outages.
For most cooling applications, raw service water should | This concentrates the problem of dealing with the fouling . . .
3.06.0520.020 | not be used. Water from a clean closed-loop source and corrosion caused by raw service water to one location URD Rev 13 Tier Il Chapter 8 Section 2 Mamten_a_mce and ALL ALL PERF
EUR Volume 2 Chapter 8 Operability
should be used. rather than throughout the plant.
URD Rev 13 Tier Il Chapter 9 Section 3
The fire protection water should be chemically treated Older plants are experiencing continuing difficulty using a EPRI TR 109633 “Guideline Maintenance and
3.06.0520.030 | to reduce biological fouling and filtered to reduce silt raw water system from fresh water bodies. A properly for the Evaluation and Treatment of ALL ALL PERF

and debris.

treated water source will mitigate many of these problems.

Corrosion and Fouling in Fire Protection
Systems”.

Operability
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The reactor designer should select corrosion resistant The general corrosion resistance of an alloy needs to be
3.07.0030.010 matengls compg.tlble with the environment, to account adequate to minimize the release of impurities to the reactor URD Rev 13 Tier Il Chapter 1 Section 5 Materials ALL ALL SAFE
for design conditions over the life of the plant (i.e., coolant EUR Volume 2 Chapter 6
shutdown and startup cycles, etc.). '
MSR materials should be demonstrated to perform Temperature and chemistry conditions in MSRs are unique
3.07.0030.020 adeq.u.ately at the temperatures aqd chemistry _ and require that .matenals are appropr!atgly qual|f|ed._ _ Industry Feedback Materials MSR ALL PERF
conditions expected during operation and transient Operating experience from MSRs or similar salt applications
conditions for the life of the plant. should be used to the extent practical.
. . : The chemistry of fuel salts is unique and the corrosive
The des'.gf‘ of MSR fuels should_conS|d.er. conservative aspect of the heat transfer fluid should not impact the . SAFE
3.07.0030.030 | vessel/piping corrosion assumptions within the . o X Industry Feedback Materials MSR ALL
e L structural capacity of the piping/vessel over the life of the IMPL
structural qualification of the vessel/piping.
reactor.
The reactor designer should consider the use of large Although passive anodes require periodic inspection and URD Rev 13 Tier Il Chapter 1 Section 12
passive anodes (located very close to any dissimilar . o EPRI Report # 1011905, “Cathodic .
3.07.0030.040 metal interface) for cathodic protection in heat replacemgnt, the design has historically proven to be robust protection system application and Materials ALL ALL PERF
. . and effective. : P
exchangers exposed to corrosive environments. maintenance guide” (EPRI, 2005a)
3.07.0030.050 Helium shquld be used as the heat transfer fluid for Helium yv|ll does not affect .reaf:tor core susceptibility to USNRC RG 1.232 Materials HTGR ALL PERF
HTGR designs. coolant induced power oscillations.
TRISO type fuels should be demonstrated to withstand
event conditions such that they can be relied upon as . . . .
3.07.0050.010 | an effective fission product barrier, reducing the need A major ben_eflt of the TRISO fgel type s the relaxatlon of Industry Feedback Materials HTGR ALL SAFE
) : design requirements for other fission product barriers. GFR PERF
for other barriers to demonstrate a defense in depth
strategy.
Fuel solubility may change during plant transients and some
The MSR fuel qualification should demonstrate that fuel may precipitate out of solution. The effects of this SAFE
3.07.0050.020 | expected changes in fuel salt solubility during operation | precipitation will change the concentration and gradient of Industry Feedback Materials MSR ALL
. . ) o . ) IMPL
are well characterized and factored into the design. fuel distribution in the reactor, possibly leading to adverse
reactor conditions (i.e., localized hot spot).
MSR fuel quallflca'qon should demonstratg that . The fuel salt chemistry should be sufficiently homogenous
unacceptable gradients in fuel concentration, poison to mitigate the creation of localized "hot spots" in the SAFE
3.07.0050.030 | concentration, or concentrations of other solutes will not gate t : P - Industry Feedback Materials MSR ALL
e reactor, which would act as an increased source of radiation IMPL
develop (e.g., as a result of differing molecular
: and heat.
weights).
. . . The chemistry of fuel salts is unique and the corrosive
The de5|_g_n of MSR fuels should_con5|d_er_ conservative aspect of the heat transfer fluid should not impact the . SAFE
3.07.0050.040 | vessel/piping corrosion assumptions within the . - ; Industry Feedback Materials MSR ALL
PO L structural capacity of the piping/vessel over the life of the IMPL
structural qualification of the vessel/piping.
reactor.
MSR fuel qualification should demonstrate the
acceptability of chemical properties and the stability of The fuel salt chemistry should be sufficiently homogenous
3.07.0050.050 chemical compounds over the range of temperatures to mitigate the creation of localized "hot spots" in the Industry Feedback Materials MSR ALL SAFE

and pressures (and under the influence of a neutron
and gamma flux) that could be experienced during
normal operation and event conditions.

reactor, which would act as an increased source of radiation
and heat.
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interface location should be designed to ensure that the
primary coolant is separated from the chemically
incompatible fluid by two redundant, passive barriers.

Barriers could include inert gas layers and/or mechanical
boundaries. The rates and exothermic energies of chemical
reactions must be evaluated by the designer to determine
what constitutes "chemically incompatible."

Req. # Requirement Basis Alignment Category Technology | Mission | Attribute
High temperatures in the HTGR or Gas-cooled Fast
Reactor (GFR) will aggravate chemical attack from any
) . impurities in the helium and negate the benefit of using an USNRC RG 1.232
The reactor design should control the purity of the heat | inert coolant. “Th iah HTGR
3.07.0070.010 | transfer fluid within specified limits for particulate and . MPR-4218, "The Very High Temperature | jaterials ALL PERF
dissolved impurities. The owner-operator needs to understand the operational Reactor: A Technical Summary GFR
and financial impact of maintaining purity. Maintenance (Chapin, 2004)
requirements include how frequently purification must run,
makeup gas purity requirements (i.e., prior to polishing).
MSR designs should include reliable chemical
3.07.0070.020 monitoring and pollsh|_ng systems to ensure Fhat 3 Cor.ros!o.n, fuel performance,. and safelty all depend on Industry Feedback Materials MSR ALL PERF
fuel/coolant salt chemistry problems can be identified maintaining salt chemistry within specified bounds.
and addressed in time to prevent adverse effects.
Cover gas purity is important for maintaining the SFR
Cover gas purity should be monitored, maintained, and | performance of reactor systems. Aerosols can deposit on Operating Experience from the BN 600 .
3.07.0070.030 . ; o ; : Materials LFR ALL PERF
provided with the means to remove coolant aerosols. components within the reactor vessel and result in Sodium Fast Reactor, O.A. Potapov MSR
mechanical clearance and other problems.
Cover gas purity is important for maintaining the SER
3.07.0070.040 Reactor design should mclgde means to' r'estore cover performance of rgactor systems. Aerosols can dgposn on Ope'ratlng Experience from the BN 600 Materials LER ALL PERE
gas purity from out-of-specification conditions. components within the reactor vessel and result in Sodium Fast Reactor, O.A. Potapov MSR
mechanical clearance problems, and other complications.
. . . USNRC RG 1.232, Appendix B, SFR-DC
The design should control the purity of sodium and the Sodium and cover gas purity is important for preventing the | praft ARDC Criterion 71 i di
cover gas within specified limits to prevent: plugging of ) o> ! : ra rierion /1 requires soaium .
3.07.0070.050 passages, adverse chemical reactions, and to control ngggglitflfoer(]:g activation products, oxides and other and cover gas purity control. E.X'St'ng Materials SFR ALL PERF
radionuclide concentrations. . SFR experience .has showp this to be an
important operational consideration.
Experience has shown that under the influence of heat and
radiation, organic compounds containing chlorine and
3.07.0080.010 Non-metallic matena!s in reactor c.oollant applications fluorine W|I_I bregk down to chlorides and fluorides, wh|c.h URD Rev 13 Tier Il Chapter 1 Section 5 Materials ALL ALL SAFE
should meet appropriate impurity limits. may negatively impact the reactor coolant. Other chemical EUR Volume 2 Chapter 6
impurities, and particulates, should be evaluated to
determine the acceptability of selected materials.
3.07.0080.020 Non-me.talhc. matgrlal§ in BOP applications should meet !mpur]ty I|m|ts should be usgd to limit the impact of URD Rev 13 Tier Il Chapter 1 Section 5 Materials ALL ALL SAFE
appropriate impurity limits. impurities in the process fluid. EUR Volume 2 Chapter 6
o . Fuel salt leaks may occur as a result of manufacturing
3.07.0090.010 Any mixing of the MSR fuel salt and coolant salts in the flaws, excessive wall temperatures and stresses, corrosion, | Industry Feedback Materials MSR ALL SAFE
collected leaks should be evaluated. . PERF
thermal stress cycling, etc.
Barriers ensure that radioactive sodium does not have the
When the primary coolant system interfaces with a potential for exposure to steam or other incompatible
structure, system, or component containing fluid that is sul%stances. Fogmoslt SFR designs, this is accomplished
i i i i i with an intermediate loop.
3.07.0090.020 | chemically incompatible with the primary coolant, the P USNRC RG 1.232 Materials SFR ALL SAFE
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Req. # Requirement Basis Alignment Category Technology | Mission | Attribute
The reactor design should include means to detect Sodium reactions may be violent and require special SAFE
3.07.0090.030 | sodium leakage and control the extent of sodium-air, iderati h Y d he pri q | b USNRC RG 1.232 Materials SFR ALL
sodium-concrete, and sodium-water reactions. consideration when used as the primary coolant. PERF
The sodium-steam generator system should be
designed to detect and contain sodium-water reactions . .
3.07.0090.040 | and limit the effects of the energy and reaction products Pr_evpus experience has s.uggeste_d the negd fora separate | USNRC RG 1.232 Materials SFR ALL SAFE
released by such reactions, as well as to extinguish a criterion for protection against sodium reactions. NUREG-1368
fire as a result of such reactions.
. . : Some salts react violently with water or burn in air.
Reactions between the primary heat transfer fluid and . . ) .
3.07.0090.050 | water or air should be considered when choosing the :eiergé?:?)’vt’g?e?r;mngzirs?cl;[rstﬂgulgtgitic;ﬁrgéizg);;nert with Industry Feedback Materials MSR ALL gé;'E:
chemical composition of the primary heat transfer fluid. Spec P
minimized or controlled).
The HTGR design should reflect consideration of
service temperatures and other conditions of the
boundary material under operating, maintenance, “ | boundary’ has b labeled
testing, and postulated event conditions and the Reactor coolant pressure boundary” has been relabeled as . HTGR
3.07.0100.010 o e . . “reactor helium pressure boundary” to conform to standard USNRC RG 1.232 Materials ALL SAFE
uncertainties in determining (1) material properties, terms used for HTGRs GFR
(2) the effects of irradiation on material properties, '
(3) residual, steady state and transient stresses, and
(4) size of flaws.
The reactor design should reflect consideration of
service temperatures and other conditions of the
tbeosl:ir;]dagnrgatgsnt‘zll:tg?jeé\?epnirggQgi’tig]r?sln;igi?%e’ The cover gas boundary is included as part of the reactor SFR
3.07.0100.020 uncergt]éintiespin determining (1) material properties primary coolant boundary (referred to as RCPB by PRISM) | USNRC RG 1.232 Materials LFR ALL SAFE
(2) the effects of irradiation on material properties, per NUREG-1368 (page 3-38). MSR
(3) residual, steady state and transient stresses, and
(4) size of flaws.
Portable engineering workstations and M&TE - . . Physical
) : - . ) Providing physical access to CDAs could give bad actors an .
3.08.0050.010 equ!pment that mterfaces' dlgltally with safety-related access point to infiltrate cyber systems. Portable devices IEEE 7-4.3.2-2016 Section 5.9.1 Protgchqn and All ALL SEC/NP
equipment should be maintained, controlled, and could be used as a medium for such attacks Proliferation
accessed in a physically secure location. ' Resistance
- Physical
All safety-related digital components and network - . , .
3.08.0050.020 | cabling should be installed in plant locations that Providing physical access to CDAs could give bad actors an | \re 7.4 3 22016 Section 5.9.1 Protectionand | ALL SEC/NP
rovide phvsical security for the equipment access point to infiltrate digital systems. Proliferation
P Phy y quip ' Resistance
Permanently connected engineering workstations and Providing physical access to CDAs could give bad actors an E?c?ltsel(c:;ii(l)n and
3.08.0050.030 | connections for M&TE should be installed in a plant g pny 9 IEEE 7-4.3.2-2016 Section 5.9.1 ALL ALL SECINP

area that provides physical security.

access point to infiltrate cyber systems.

Proliferation
Resistance
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Req. # Requirement Basis Alignment Category Technology | Mission | Attribute
Most molten salt designs include dissolution of the fuel in
the coolant. This results in the potential for fuel isotopes to
deposit in the piping or otherwise be diverted. Appropriate
inventory control processes should be established to
account for the greater uncertainty in fuel inventory. Physical
3.08.0060.010 | MSR designs should include means by which fissile These methods should account for distribution of fissile Industry Feedback Protection and MSR ALL SEC/NP
isotope inventory can be adequately tracked. material in plant piping and components and should Prol!feratlon
account for uncertainty associated with measurements of Resistance
weight or activity. The maximum potential uncertainty in
fissile isotope inventory should be clearly determined and
inventory procedures should be established at periodicities
appropriate for the calculated uncertainty.
MSR designs should include means by which the "Proliferation Resistance and Physical Phvsical
diversion of fissile material is prevented or they should Some salts make extraction of fissile isotopes relatively Protection of the Six Generation IV Prgtection and
3.08.0060.020 | include chemistries which make diversion of fissile easy. MSRs should be designed to prevent their direct Nuclear Energy Systems," Generation 1V Proliferation MSR ALL SEC/NP
materials less appealing than direct procurement implementation as a means of proliferating weapons. International Forum, Resistance
through mining and enrichment. GIF/PRPPWG/2011/002
The HTGR design should reflect consideration of
service temperatures and other conditions of the
reactor helium pressure boundary material under ‘R | boundary’ has b labeled
operating, maintenance, testing, and postulated event eactor €00 ant pressure boundary” has been relabeled as . HTGR
3.09.0010.010 L RN o “reactor helium pressure boundary” to conform to standard | USNRC RG 1.232 Quality Assurance ALL SAFE
conditions and the uncertainties in determining GFR
) ) . e terms used for HTGRs.
(1) material properties, (2) the effects of irradiation on
material properties, (3) residual, steady state and
transient stresses, and (4) size of flaws.
The reactor design should reflect consideration of
service temperatures and other conditions of the
ﬁ:ﬁgn;%(ﬂ:n:eg?iﬂndzg dmiﬁﬂ?allt:gdcee\/re%ge(:r;?gi%'ons "Reactor coolant pressure boundary" has been relabeled as SFR
3.09.0010.020 » testing, POstule . “"reactor coolant boundary" to avoid the assumption that the | USNRC RG 1.232 Quality Assurance | LFR ALL SAFE
and the uncertainties in determining (1) material . :
. LS : boundary is pressurized. MSR
properties, (2) the effects of irradiation on material
properties, (3) residual, steady state and transient
stresses, and (4) size of flaws.
Materials should be selected to accommodate erosion
3.09.0010.030 commensqrate with thg expected pgrtlculatg In some advanced reactor d.e3|gns, erosion may be a Industry Feedback Quality Assurance | ALL ALL IMPL
concentrations and fluid flows experienced in the greater concern than corrosion.
reactor.
Materials of construction for reactor components should | Exposure of reactor components to high neutron flux should | URD Rev 13 Tier Il Chapter 4 Section 2 .
3.09.0010.040 have low susceptibility to neutron damage. not limit their ability to perform their functions. EUR Volume 2 Chapter 6 Quality Assurance | ALL ALL PERF
SFR components should be compatible with the fast
3.09.0010.050 heutron flux enV|ror'1m'ent.as applicable, |nclud'|ng such Prevent component damage from fast neutrons. USNRC RG 1.232 Quality Assurance | SFR ALL SAFE
phenomena as radiation-induced creep, swelling, and PERF

embrittiement.
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Req. # Requirement Basis Alignment Category Technology | Mission | Attribute
Valves in which the valve disc is not positively
restrained or can otherwise move in response to flow- Looseness of the disc can result in significant valve damage
3.09.0010.060 induced forces should not be used in appllcathns when flow-induced forces batter the disc onto valve internal URD Rev 13 Tier Il Chapter 1 Section 12 Quality Assurance | ALL ALL PERF
where the valve internals will be subjected to high surfaces EUR Volume 2 Chapter 7
velocity flow, variable flow velocity or pressure, or fluid '
flashing conditions.
Many advanced reactor applications will involve fluids and
Flow concerns (e.g., cavitation, erosion, flashing) flow conditions outside the bounds of typical industrial
3.09.0010.070 | should be considered in the selection process for valve | applications. The ability to accommodate or prevent such Industry Feedback Quality Assurance | ALL ALL PERF
designs. phenomena will need to be specially considered in selecting
valve designs.
3.09.0010.080 Gate yalves should not be used in flow regulation or Gate yalves h.ave exp.erlenced service disc erosion when URD Rev 13 Tier Il Chapter 1 Section 12 Quality Assurance | ALL ALL PERF
throttling service. used in throttling services. EUR Volume 2 Chapter 7
Solid wedge gate valves should be limited to . . _ . .
3.09.0010.090 | applications where service temperatures will not result Solid wed.ge gate valves are subject to sticking because of URD Rev 13 Tier Il Chapter 1 Section 12 Quality Assurance | ALL ALL PERF
. . ; thermal distortion. EUR Volume 2 Chapter 7
in unacceptable thermal distortion.
Check valve failures in nuclear power plants have caused
such problems as water hammer, system over
pressurization, and steam binding of pumps. They have URD Rev 13 Tier Il Chapter 1 Section 12
also been responsible for generating loose parts and, in EUR Volume 2 Chapter 7
The reactor designer should assure that check valves general, have been a significant source of operational and . o .
3.09.0010.100 | .0 sed only where necessary. maintenance problems. The application of the guidelines EPRI Report NP-5479-R1, “Application Quality Assurance | ALL ALL PERF
should result in a substantial reduction in check valve- Guidelines for Check Valves in Nuclear
related problems and thereby increase plant availability, Power Plants Revision 1.
reduce maintenance effort, and reduce personnel radiation
dose.
Check valve failures in nuclear power plants have caused
such problems as water hammer, system over
pressurization, and steam binding of pumps. They have URD Rev 13 Tier Il Chapter 1 Section 12
The reactor designer should assure that the system glsr?etr)gle?]ar“e;zpggsllqb;esﬁzrn%ﬁ;;rta;gﬁré?gfe o%ir::lti%r;ogl Ign q EUR Volume 2 Chapter 7
3.09.0010.110 :Z?eu;ref(r;:een;heéﬁéc?(l?lzllj\r/(; grrr;eé(l)?;;\kg?; aggffi:?gllj maintenance problems. The application of the guidelines EPRI Report NP-5479-R1, “A_pplication Quality Assurance | ALL ALL PERF
’ pietely ' should result in a substantial reduction in check valve- Guidelines for Check Valves in Nuclear
related problems and thereby increase plant availability, Power Plants Revision 1.
reduce maintenance effort, and reduce personnel radiation
dose.
Check valve failures in nuclear power plants have caused
such problems as water hammer, system over
pressurization, and steam binding of pumps. They have URD Rev 13 Tier Il Chapter 1 Section 12
The reactor designer should assure that the type and also been responsible for generating loose parts and, in EUR Volume 2 Chapter 7
3.09.0010120 | SiZ€ of each check valve selected is proven in service general, have been a significant source of operational and Quality Assurance | ALL ALL PERF

and compatible with plant (environment) and system
requirements.

maintenance problems. The application of the guidelines
should result in a substantial reduction in check valve-
related problems and thereby increase plant availability,
reduce maintenance effort, and reduce personnel radiation
dose.

EPRI Report NP-5479-R1, “Application
Guidelines for Check Valves in Nuclear
Power Plants Revision 1."
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provided with drain and flush connections for
decontamination, if applicable.

reactor. For pumps in radioactive service, these
requirements are important to meeting reactor goals.

EUR Volume 2 Chapter D49

Req. # Requirement Basis Alignment Category Technology | Mission | Attribute
Check valve failures in nuclear power plants have caused
such problems as water hammer, system over
plressburization, anqbslte?m bindin% of ﬁ)umps. T?ey ho?v'e URD Rev 13 Tier Il Chapter 1 Section 12
The reactor designer should ensure special precautions g:r?ergle?];\e;ng);:r; aesigzﬁ‘ﬁzg?lrtasgqgrc?;‘e ol?aaerr:\tﬁ)r:\al’l Ign q EUR Volume 2 Chapter 7
3.09.0010.130 Z:]edt(f;llggztteodasrzureerlthziant tehaechic:wneclg vsatlglri is located maintenance problems. The application of the guidelines EPRI Report NP-5479-R1, “A_pplication Quality Assurance | ALL ALL PERF
propery PIpIng system. should result in a substantial reduction in check valve- Guidelines for Check Valves in Nuclear
related problems and thereby increase plant availability, Power Plants Revision 1.
reduce maintenance effort, and reduce personnel radiation
dose.
Check valve failures in nuclear power plants have caused
such problems as water hammer, system over
pressurization, and steam binding of pumps. They have URD Rev 13 Tier Il Chapter 1 Section 12
The reactor designer should assure that for each check | also been responsible for generating loose parts and, in EUR Volume 2 Chapter 7
valve part clearances, disc stability, and wear relative to | general, have been a significant source of operational and . o .
3.09.0010.140 | 40 actyal operational flow conditions should be are maintenance problems. The application of the guidelines EPRI Report NP-5479-R1, “Application Quality Assurance | ALL ALL PERF
considered. should result in a substantial reduction in check valve- Guidelines for Check Val\llles in Nuclear
related problems and thereby increase plant availability, Power Plants Revision 1.
reduce maintenance effort, and reduce personnel radiation
dose.
. . Flow is not linear as a function of valve position. Large
3.09.0010.150 \I/-Ivlr?:npbeurzgpfqlar\]/(;levggt;ergl{ut\illziizl\égi‘(frhtohurgtﬁr? cgg\?\;dered globe valves are cost prohibitive. Experience shows that URD Rev 13 Tier Il Chapter 1 Section 12 | Quality Assurance | ALL ALL PERF
y 9 ' high performance butterfly valves can work effectively.
" pattern alobe valves should not be used in raw These valves tend to foul with silt and corrosion products.
3.09.0010.160 wat[e)r a Ii(?ations The actuators do not have adequate margin to overcome URD Rev 13 Tier Il Chapter 1 Section 12 | Quality Assurance | ALL ALL PERF
PP ' the additional loads imposed by fouling.
Valves should be designed and fabricated of materials . .
proven in service to have a high resistance to internal Adequate corrosion allowance must be provided to assure
3.09.0010.170 | and external corrosion and erosion. Special attention life expectancy of the valve. CTaV|tat|.on and erosion of . URD Rev 13 Tier Il Chapter 1 Section 12 Quality Assurance | ALL ALL PERF
should be taken in the selection of materials of valves control valves has been a major maintenance problem in EUR Volume 2 Chapter 7
subject to cavitation. older plants.
A means to cope with leaking safetv valves and safet All valves should be assumed to leak. However, the
3.09.0010.171 relief valves she)uld be roviged y y leakage of safety valves and safety relief valves needs to Industry Feedback Quality Assurance | ALL ALL PERF
P ' be mitigated.
Pumps which handle highly radioactive liquids or which Pumps are a signifigapt pprtion of the ma!ntenance burden
are located in a radiation environment should be on J.[he plant staff. M|n|m|2|.ng and SImpllfylpg pump URD Rev 13 Tier Il Chapter 1 Section 12 .
3.09.0010.180 maintenance will help achieve the availability goals for the Quality Assurance | ALL ALL PERF
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Req. # Requirement Basis Alignment Category Technology | Mission | Attribute
The assumed fouling factor has a significant effect on heat
exchanger sizing. A conservative value is desirable from the
Heat exchanger fouling factors should be established point of view of not limiting operation or requiring
by the reactor designer considering conservative excessively frequent cleaning; however, too large a value . :
3.09.0010.190 | predictions of material buildup based on actual system | could result in unnecessarily high capital cost and in some URD Rev 13 Tier Il Chapter 1 Section 12 Quality Assurance | ALL ALL PERF
: ; . . . EUR Volume 2 Chapter 7
and equipment designs and expected plant operating cases can result in operational problems because of
conditions. excessive heat transfer capability. Failure to provide a
fouling factor may result in inappropriate assumptions on
the part of component designers and manufacturers.
. . Providing a tube plugging margin maintains the design heat
Margln for he?t excha_nger tub_e plugglng_ should be exchanger performance, even with some degraded tubes URD Rev 13 Tier Il Chapter 1 Section 12 :
3.09.0010.200 | provided consistent with experience in similar heat : : : Quality Assurance | ALL ALL PERF
plugged. This can substantially extend the time before a EUR Volume 2 Chapter 7
exchangers.
tube bundle must be replaced.
In the absence of other data, some tube plugging margin is
appropriate. Providing a tube plugging margin maintains the
A minimum tube plugging margin of 10% should be design heat exchanger performance, even with some . ,
3.09.0010.210 | considered in the heat exchanger design where other | degraded tubes plugged. This can substantially extend the ESF[: \F}el" 13 Tz'eér:' Cha‘)?ter 1 Section 12 1 5 jality Assurance | ALL ALL PERF
requirements do not take precedence. time before a tube bundle must be replaced. olume apter
More margin may be needed if heat exchanger includes
FOAK design or chemistry.
Heat exchangers should be designed to withstand the
maximum system pressure, and relief valves should be This requirement is good engineering practice and avoids
3.09.0010.220 prowdeq only if necessary (e.g., the heat exchanger heat exchanger damage due to off normal pressure URD Rev 13 Tier Il Chapter 1 Section 12 Quality Assurance | ALL ALL PERF
can be isolated). However, relief valves should not be g . o - EUR Volume 2 Chapter 7
o . conditions which are within the capability of the system.
used to justify the use of a heat exchanger that is
designed for less than system pressure.
Threaded and flanged connections should not be used . _ . .
3.09.0010.230 | in the main steam system except where required to These connections have been sources of reliability URD Rev 13 Tier Il Chapter 2 Section 3 Quality Assurance | ALL ALL PERF
i . problems in operating LWR plants. EUR Volume 2 Chapter 7
permit component removal for maintenance.
Operating velocity should be selected to provide the most
The flow area of the steam piping should be selected to | economical pipe size as calculated by optimization studies.
provide an acceptable steam velocity based on Although carbon steel has been successfully employed for
3.09.0010.240 supcessfu} operating experience, considering e>_<pected steam piping fpr up to 25 years wnhout S|gn|f|cant operating URD Rev 13 Tier Il Chapter 2 Section 3 | Quality Assurance | ALL ALL PERF
fluid conditions (pressure, temperature, and moisture problems and is much less expensive than either chrome
levels) and considering the material requirements moly or stainless steel, selection of the latter materials
necessary to limit corrosion. should be considered to reduce corrosion product transport
and the risks of flow assisted corrosion.
- I Loads due to water hammer events have resulted in
Piping should be arranged so as to minimize the . . i
substantial damage in the past. The loads resulting from
occurrence of water hammer. When water hammer water hammer may be the most severe loads imposed on
3.09.0010.250 | effects cannot be completely eliminated, provisions to y b URD Rev 13 Tier Il Chapter 6 Section 4 | Quality Assurance | ALL ALL PERF

accommodate the loads in appropriate analyses must
be made.

the system and, improperly addressed, may result in
degradation of safety function, damage to plant equipment,
or loss of plant availability.

ORG-157




Owner-Operator Requirements Guide (ORG) for Advanced Reactors, Revision 1

Owner-Operator Requirements Guide Tier lll Requirements

another system.

main steam is not available.

Req. # Requirement Basis Alignment Category Technology | Mission | Attribute
For example, the presence of heat tracing, temperature and
Insulation on pibina svstems should be selected to humidity conditions, whether the insulation is to be painted
3.09.0010.260 pIpIng Sy . o - or not, whether the piping is in a space accessed by Industry Feedback Quality Assurance | ALL ALL IMPL
account for the specific service conditions of the piping. : : )
personnel, whether the insulation needs to be periodically
removed for inspections, etc., should all be considered.
Plants that have three-phase AC electrical distribution The unbalanced power source created by an open-phase
3.09.0010.270 | systems should design for the possibility of an open - P ; ed by ben-p EUR Volume 4 Chapter 4 Quality Assurance | ALL ALL PERF
” condition can damage electrical equipment.
phase condition (fault of one or two phases).
The pressure drop at the maximum guaranteed rated The actual level of pressure drop is the result of design and GR
3.09.0010.280 | operation should not cause the inlet moisture level to operating limitations imposed by the steam quality on the URD Rev 13 Tier Il Chapter 2 Section 3 Quality Assurance | ALL oG PERF
the turbine to exceed its rated moisture level. material and output economics of the plant.
The equipment specification for each pump important to
safety should require shop performance tests to Shop testing of pumps is standard practice. These URD Rev 13 Tier Il Chapter 2 Section 4
demonstrate that head/flow characteristics, Net Positive | requirements incorporate recommendations included in “Evaluation of Basic Causes of GR SAFE
3.09.0010.290 | Suction Head (NPSH) and horsepower requirements “Evaluation of Basic Causes of Repetitive Failures of Repetitive Failures of Nuclear and Fossil | Quality Assurance | ALL oG IMPL
meet design, and that cavitation or excessive vibration Nuclear and Fossil Feedwater Pumps,” EPRI Report NP- Feedwater Pumps,” EPRI Report NP-
are not encountered over the entire operating range of | 1571. 1571 (EPRI, 1980)
flows and pump speeds.
3.09.0190.010 SSCs shquld be Fested dyrmg and following fabrication | Examinations and tests help assure the critical process URD Rev 13 Tier Il Chapter 1 Section 5 Quality Assurance | ALL ALL IMPL
for compliance with service requirements. steps are controlled. EUR Volume 2 Chapter 6
Liquid-fueled reactors using emergency drain tanks Emergency drain tanks are designed to achieve subcritical
should be designed so that the fuel can be recovered geometries. After draining and subsequent cooling, the fuel Reliability and
3.10.0010.010 | after draining. should be recoverable, even if this requires electric heating Industry Feedback Availability MSR ALL ECON
Note: Same as 3.04.0020.010. to melt the fuel prior to pumping back to the primary system.
The instrumentation and control system should be Designing the instrumentation and control schemes to
3.10.0020.010 designed to allow the required periodic testing without support the required periodic testing without placing the mPower DSRS Chapter 7 Reliability and ALL ALL PERF
T ' placing the plant in an unacceptable one-out-of-two or plant in an easy-to-trip condition will enhance availability, URD Rev 13 Tier Il Chapter 1 Section 8 | Availability IMPL
one-out-of-three trip logic. operability, reliability and maintainability.
Significant power operation should be possible with a The plant should maintain relatively high availability with a URD Rev 13 Tier Il Chapter 2 Section 4 | Reliability and
3.10.0020.020 | single major feedwater/condensate component out of ne p . yhg y P ablity ALL ALL PERF
service single component unavailable. EUR Volume 4 Chapter 6 Availability
o
3.10.0020.030 | circulating water so that a single pump or intake can be P P powel . URD Rev 13 Tier Il Chapter 2 Section 4 abiity ALL PERF
) : o . . : Condenser arrangement should consider turbine back end Availability oG
isolated without significant impact to turbine operation. SR :
condition limitations when one or more paths are isolated.
Auxiliary system design should maximize operational Industry experience with auxiliary steam systems has
flexibility by ensuring that the auxiliary systems' shown that operational flexibility is hampered in designs . . Reliability and GR
3.10.0030.010 availability does not unduly depend on the operation of | which preclude the use of the auxiliary steam system when URD Rev 13 Tier Il Chapter 2 Section 7 Availability ALL oG PERF
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Req. # Requirement Basis Alignment Category Technology | Mission | Attribute
Conditions causing the automatic initiation of Unnec/eslgary ili\itiatior;l of eTgrgency systems and
emergency cooling systems (including passive safety safety/re l(?f valves will result In excessive wear, . .
3.10.0040.010 | Systems that are not normally in operation) or the consumption of allowable thermal cycles, reduced lifetime, LEJLF\J)FE \F/ng;&(;gleér:gctg?qter 1 Section 3 Reliability and ALL ALL ECON
e ' automatic actuation of primary safety valves or relief and additional maintenance on these systems. b Availability
L o EUR Volume 2 Chapter 10
valves should be selected such that these systems are | |nitiation of emergency systems also has a negative impact
only automatically initiated when appropriate. on the public perception of the plant due to media exposure.
The reactor designer should evaluate the need for each
valve based on:
e System safety functions;
e System operational functions;
e Expected flow rate range;
¢ Design pressure drop range;
Fluid systems should be designed to minimize the ¢ Reliability requirements; URD Rev 13 Tier Il Chapter 1 Section 12 Reliability and
3.10.0050.010 | number of valves consistent with safety, functional, « Redundancy requirements; EUR Volume 2 Chapter 4 Availabili)t/ ALL ALL PERF
reliability and availability requirements. ' EUR Volume 2 Chapter 7 y
e Code requirements;
¢ Regulatory requirements;
e |solation or maintenance requirements.
Simplicity is an ORG policy statement. The number of
valves affects the cost of the plant, construction difficulty,
and the operation and maintenance effort over the plant
lifetime.
The design should consider and minimize the potential . . L . N
3.10.0170.010 | effects of Flow Accelerated Corrosion (FAC) and Flow FACIs a knowr! dggrqdatlon mechgnlsm in operating plants | EUR Volume 2 Chapter 4 Re“ab”!t.y and ALL ALL PERF
L that should be limited in newer designs. EUR Volume 2 Chapter 6 Availability
Induced Vibration (FIV).
Threaded and flanged connections should not be used
3.10.0170.020 in the main steam system except where required to These connections have been sources of reliability URD Rev 13 Tier Il Chapter 2 Section 3 | Reliability and ALL ALL PERF
T ' permit component removal for maintenance. problems in operating LWR plants. EUR Volume 2 Chapter 7 Availability
Note: Same as 3.09.0010.230.
Water hammer pressure pulses can be generated as a
The feedwater system layout, valve characteristics, etc. | result of feedwater isolation or control valve "
3.10.0170.030 | should be designed so that water hammer loads are closure/opening, check valve closure or pump start and mPower DSRS. 10.3 . Rellgbll!ty and ALL GR PERF
S URD Rev 13 Tier Il Chapter 2 Section 4 | Availability OG
below steam generator design limits. stop and resultant system/component damage must be
prevented.
Centerline mounting allows symmetric thermal expansion
3.10.0170.040 Horizontal centrifugal pumps should be centerline- grqvvth of the casing from' thg shaft centerline outwards. URD Rev 13 Tier Il Chapter 2 Section 4 Rellgbn!ty and ALL GR PERE
mounted, rather than foot-mounted. This prevents coupling misalignment regardless of Availability oG
temperature variations.
3.10.0170.050 A static excitation system is recommended for the main | Static excitation systems have improved inherent reliability URD Rev 13 Tier Il Chapter 13 Section 4 | Reliability and ALL GR PERF
T ' generator, as opposed to a rotating excitation system. due to the absence of a rotating component. EUR Volume 4 Chapter 5 Availability oG
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Req. # Requirement Basis Alignment Category Technology | Mission | Attribute
The reactor designer should inform failure analyses and Many lessons learned may be provided from non-nuclear Reliability and
3.10.0180.010 | probabilistic risk assessment with applicable data from yi : ybep Industry Feedback i b'I'y ALL ALL PERF
relevant non-nuclear experience. operating experience. Availability
gﬁgjgiz’ggsr?gpnoen de;';]s dséjc?r:rs}tertjgc?g (j'nsghti;?ﬂ:lé? pool Entrained gas is deleterious to heat transfer and reactivity
3.10.0180.020 | promote the passive removal of entrained gas bubbles stability. Design for passive remqva] .Of e””.a"’.“?d gas. Industry Feedback Rel'f"lb'l!t.y and SFR ALL PERF
during normal operation and during evolutions that reduces plant complexity and reliability by limiting active Availability
require removal or repositioning of the component. components.
The drainage system for main steam piping should be This requirement is based on standard practices in LWR . . _—
3.10.0180.030 | designed to remove water prior to and during initial designs. Such draining prevents operational and LEJSg Ssm;izl(a:;ctré?%ter 2 Section 3 Esgﬁgtljl:ﬁt/ and ALL gg PERF
rolling of the turbine and during shutdown. maintenance problems. P y
Experience has shown that condenser tube materials are
. very susceptible to pitting in stagnant water. A circulating . . _
3.10.0180.040 Megns shpuld bg provided to protect the tubes from water recirculation loop or provisions to completely drain the URD Rev 13 Tier Il Chapter 2 Section 4 Rellgb|l!ty and ALL GR PERF
pitting during periods of condenser shutdown. o EUR Volume 4 Chapter 6 Availability oG
condenser waterbox and tubes are examples of achieving
this requirement.
The postulated events specific for a HTGR should
include (but not be limited to):
3.10.0190.010 | ® Water ingress to Reactor Pressure Vessel (RPV):; Th?1 reTponse éo 'Lheslfj Events g&e un(;que for the reactor Industry Feedback ie“?llbllal!fy and HTGR ALL SAFE
e Fuel compaction due to seismic events; technology and should be considerec. vallability
¢ Double pipe break.
The postulated events specific for a MSR should
include (but are not limited to):
e Freezing of salt in primary loop (over-cooling event); The res : P
ponse to these events are unique for the reactor Reliability and
3.10.0190.020 | Fuel precipitation (over-cooling event); technology and should be considered. Industry Feedback Availability MSR ALL SAFE
e Primary loop failure representative of a fuel failure);
¢ Loss of fuel/coolant confinement.
The postulated events specific for a SFR should include
(but not be limited to):
e Water flooding of reactor cavity (chemical
reactions/contamination); The response to these events are unique for the reactor Reliability and
3.10.0190.030 |4 sjoshing of coolant during a seismic event; technology and should be considered. Industry Feedback Availability SFR ALL SAFE
e Overcooling event;
¢ Reactor vessel leaks and intermediate system leaks;
e Decay heat removal system leaks.
The flow geometry of fuel salt should prevent the fuel Reliability and
3.10.0190.040 | salt from becoming critical except in the reactor volume, | Inadvertent criticality of the fuel loop should be avoided. Industry Feedback Availabili)t/y MSR ALL SAFE

accounting for localized salt concentrations.
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Req. # Requirement Basis Alignment Category Technology | Mission | Attribute
The feedwater system should be designed to allow
3.10.0200.010 feedyvater hgatlng to commence at thel minimum Initiation of feedwater heating at low power will help to URD Rev 13 Tier Il Chapter 2 Section 4 Rellgbll!t_y and ALL GR PERF
feasible turbine power, preferably at initial load reduce thermal stress on components. Availability oG
following synchronization.
The feedwater and condensate system should be
designed with the capability of automatically providing
the required flow to the steam generators during To reduce the complexity of operating the feedwater and . . _—
3.10.0210.010 | startup, power operation, and shutdown evolutions at condensate systems during startup and reduce the chances URD Rev 13 Tier Il Chapter 2 Section 4 Re“f"lb”!t.y and ALL ALL PERF
. ; . . . EUR Volume 4 Chapter 6 Availability
power levels up to, and including, rated load and during | of a low steam generator level trip during startup.
plant design transients without interruption of operation
or damage to equipment.
The turbine bypass system should have sufficient e . . . .
capacity and transient response capability to permit D|ff|_cult|es with operating LWRS (_:ieS|gned with |nngquate URD Rev 13 Tier Il Chapter 2 Section 3 Reliability and GR
3.10.0210.020 L : : . turbine bypass systems have indicated that specification of . ALL oG PERF
generator synchronization with the power grid during . ; ! . EUR Volume 4 Chapter 6 Availability
. : . this requirement is needed for stable plant operation. PH
startup without impacting the plant.
The turbine bypass system should have sufficient
capacity and transient response capability to permit Difficulties with operating LWRs designed with inadequate . . _— GR
3.10.0210.030 | stable operation of the automatic control of the reactor turbine bypass systems have indicated that specification of URD Rev 13 Tier Il Chapter 2 Section 3 Rel'f"lb'l!t.y and ALL oG PERF
) . ; / : EUR Volume 4 Chapter 6 Availability
and to permit manually controlled cooldown of the this requirement is needed for stable plant operation. PH
plant.
HTGR technology is examined as a long term source of
AN HTGR should operate at a higher temperature than | Y 0 1 BOEsy PRy E o0 B0 Ot € e Reliabilty and GR
3.10.0215.010 | the traditional LWRs for efficient power generation and hi h? fici P lectri P b'I" h EPRI TR 1009687 i b'I'y ALL oG PERF
high temperature-based process heat applications ighly efficient electric power generation capability. The Availability PH
' robust nuclear safety characteristics of HTGR technology
allow its use adjacent to major industrial facilities.
The leading hydrogen production processes are:
¢ the membrane-based low temperature, high-pressure
electrolysis process;
, e the membrane-based steam methane reforming process;
The reactor core outlet temperature in a HTGR used for o ) Reliability and
3.10.0215.020 | hydrogen production should be optimized for the » the sulfur-iodine thermo-chemical process; EPRI TR 1009687 Ava“ab"i)t’y HTGR PH PERF
hydrogen production system used. « the high-temperature steam electrolysis process.
The processes have different reference design temperature
operating regimes, and so the temperature of the reactor
core outlet helium and the temperatures in the coupling
heat transfer system (CHTS) are different.
For a hydrogen producing plant, the process plant
should be made up of a large number of multiple The large capital investment in the hydrogen production Reliability and
3.10.0290.010 | modules (e.qg., electrolyzers) to assure that no system implies a premium on high availability and short EPRI TR 1009687 abiiity HTGR PH PERF
S . ) . . Availability
significant fraction of the process plant is down at one refueling down times for the nuclear heat source.
time.
A hydrogen producing HTGR plant should have fewer . _—
3.10.0290.020 | planned shutdowns (e.g., for refueling) than electricity ;igi capacity factors for hydrogen HTGR plants must be EPRI TR 1009687 Esgﬁgg:}%yand HTGR PH PERF

generation plants.
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Req. # Requirement Basis Alignment Category Technology | Mission | Attribute
Economics and the intended high capacity factor design
criteria indicate a very high probability that only one
Considering a modular reactor arrangement for a modular reactor will be out of service at any time. However,
hydrogen producing HTGR plant, the hydrogen process | the requirement for periodic refueling and an unscheduled Reliability and
3.10.0290.030 plant and the CHTS should be designed to operate with | outage allocation implies that during some percentage of EPRITR 1009687 Availability HTGR PH PERF
a portion of the reactor modules out of service. the time a forced outage in a second module will reduce the
thermal output further. Therefore, the process plant should
run at a reduce capacity as a normal mode of operation.
Localized neutronic effects may impact power distributions
or assumptions for shutdown reactivity. Designs should
. . consider flux discontinuities occurring during power
For advanced reactors with experiment ports or other . : . :
core penetrations (e.g., for radioisotope production), the operations, change;s in shutdown reactivity margins, and Reliability and
3.10.0300.010 . A ' other effects resulting from the presence of irradiation Industry Feedback NS ALL RP SAFE
neutronic effects of insertion and removal of the . ; : Availability
L . targets. Accounting for these concerns early in the design
irradiation targets must be considered. e .
may allow some reactors to meet a radioisotope production
mission, even if not intended as the primary mission of the
reactor during the initial design.
Division 5 of Section Il of the ASME B&PV Code was
For reactors designed to operate at high temperatures, | created to address the unique concerns associated with the
3.11.0040.010 the designer should perform the safety classification of | high operating temperatures of advanced reactors. The USNRC RG 1.232 Seismic and ALL ALL SAFE
T ' the plant's SSCs in accordance with applicable codes temperature threshold for "high" is variable, but existing URD Rev 13 Tier Il Chapter 1 Section 4 | Structural PERF
and standards. codes and standards may require further development for a
number of proposed reactor designs.
The location and finish of applicable welds should be
suitable and accessible for future automated In-Service .
: ; ASME Code Section XI (ASME, 2017 I
Inspection (ISI) of 100% of the ASME Section XI (or . . o ) . Seismic and
3.11.0040.020 equivalent) -required volume using Ultrasonic Testing Automated ISI aligns with ALARA principles. LEJSg \Ijelv 13 'I;eéhll Ctharitgr 4 Section 2 Structural ALL ALL PERF
(UT) or other exam techniques in accordance with olume apter
ASME Section XI.
Molten-Salt Reactor Program
Thermal cycling of the heat transfer fluid (in the As the salt expands/contracts from melting/freezing, cracks | “Semiannual Progress Report for Period Seismic and SFR SAFE
3.11.0070.010 | extreme, repeated freezing and melting) should not in structural materials may be subjected to additional Ending July 31", 1964, Oak Ridge Structural MSR ALL PERE
damage structures in the reactor. stresses and could propagate. National Lab, ORNL-3708. pg. 381
(ORNL, 1964)
The reactor structural design should be qualified to The pressure-temperature combinations expected from
withstand the elevated temperatures, low pressures, SFRs present unique challenges to structural design. Seismic and
3.11.0070.020 and fluid conditions characteristic of SFRs for the Changes in free surface level, high-temperature creep, and Industry Feedback Structural SFR ALL SAFE
design life of the plant. other effects are unique to SFRs.
Steam-line supports should be designed for water-filled | Water-filled conditions are specified to ensure that they are Seismic and
3.11.0100.010 | line loads under static loading conditions that may be included in the design of piping supports because they may | URD Rev 13 Tier Il Chapter 2 Section 3 Structural ALL ALL PERF

encountered in plant operations.

be encountered in plant operation.
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Owner-Operator Requirements Guide Tier lll Requirements

Req. # Requirement Basis Alignment Category Technology | Mission | Attribute

There is a significant ongoing effort in the nuclear industry
to characterize and predict weld induced residual stresses
in order to mitigate material degradation and optimize
performance. Of particular importance is the confidence and L
; . . Seismic and PERF

accuracy of WRS numerical modeling and experimental EPRI TR 3002010464 ALL ALL

: > - . Structural ECON
measurement techniques. Although finite element analysis
may not precisely predict the weld residual stress values,
when utilized appropriately it can be a useful tool to
evaluate locations of tension and compression.

If complex or dissimilar metal welds are required, the
reactor designer and owner-operator should consider
using state-of-the-art three-dimensional finite element
analysis capabilities to include and model weld residual
stresses in the design phase to optimize the design and
possibly the fabrication of specific components.

3.11.0130.010
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ORG Definitions

Definitions are provided to frame the discussion and establish clear terms for use in the ORG
(both in this document, and in the Tier Il and Tier 11l requirements). These definitions are usually
the same as usage in the arena of LWRSs, but they contain some important distinctions to make
them useful in the broader technical domain of advanced reactors.

The following terms are defined as used in the ORG:

e Active Component — A component which is required to change state to perform a safety
function (e.g., a valve shutting or a breaker opening) through the reliance on externally
supplied energy (e.g., AC power) or operator action.

e Advanced Reactor — A reactor that is not a traditional light water reactor and provides a
distinct advantage over a LWR in meeting a market need. The term *““Generation 1V”” is not
used because the ORG is not necessarily limited to the technologies designated as such by
the Generation IV International Forum (GIF), nor is the ORG connected to the GIF.

e Aspirational Goal — An ambitious goal which, if achieved, provides the potential to take full
advantage of the capabilities and advantages offered by advanced reactor technologies.
Aspirational goals, while not requirements at present, could be promoted to policies and
requirements at a later date as technologies mature.

e Attribute — A broad reactor characteristic embodied by many specifications. Attributes retire
risks. Five attributes are included in the ORG. Each requirement is linked to one or more of
these attributes.

e Availability — The percentage of time a reactor is capable of meeting its mission, if
demanded®.

e Balance-of-Plant (BOP) — The portion of the nuclear plant that produces the desired output.
Considered separate from the Reactor and reactor support systems.

e Beyond Design Basis Event — This term is used as a technical way to discuss accident
sequences that are possible but were not fully considered in the design process because they
were judged to be too unlikely. In that sense, they are considered beyond the scope of
design-basis events that a nuclear facility must be designed and built to withstand. As the
regulatory process strives to be as thorough as possible, "beyond design-basis" accident
sequences are analyzed to fully understand the capability of a design. Generally, the ORG
used “severe event” to avoid wording that may be specific to a particular country or
regulator.

4 Traditionally, the availability of a nuclear power plant is very close to its capacity factor (i.e., the ratio of a plant’s
average output to potential full capacity output). Capacity factor is equal to the plant’s availability multiplied by a
load factor, which represents the percentage of the plant’s full capacity that is demanded. Most nuclear power plants
have supplied baseload power (i.e., they operate at 100 percent power continuously), which is represented by a load
factor of 100 percent. This gives a capacity factor that is equal to availability. However, this mode of operation may
not be the norm for all advanced reactors and missions, making the distinction between availability and capacity
factor more important. For some missions and/or owner-operators, availability may be a more important metric than
capacity factor.
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e Boiling Water Reactor (BWR) — A type of traditional LWR in which primary coolant
water is heated by the reactor to create steam, which is sent directly to the turbine to generate
power. Contrasted with a pressurized water reactor.

e Breeding — Breeding refers to the production of fissile fuel during the normal operation of a
nuclear reactor. All nuclear reactors generate fissile material if a fertile material (e.g.,
Uranium-238) is present. In the context of the ORG, breeding refers only to reactors whose
rate of production of fissile material exceeds the rate of consumption of fissile material.

e Commercial Off-the-Shelf (COTS) — Refers to a standard item (hardware or software) that
is available for purchase and does not need to be specially designed for an application.

e Constructor — The organization responsible for the construction of the reactor plant at the
owner-operator’s chosen site. The constructor is typically an EPC (Engineering,
Procurement, and Construction) firm.

e Coolant — A fluid that is used to remove heat from a nuclear reactor and is relied upon to do
so for safety needs. Light water is the coolant predominantly used in existing reactors. Most
missions use the heat absorbed by the coolant to some productive end (e.g., generate steam to
spin a turbine). For most designs, the heat transfer fluid enabling the productive use of the
reactor is also the coolant relied upon for safety. For these designs the term coolant can be
used interchangeably with heat transfer fluid. The term coolant is used in technology-
independent ORG content to refer to both coolant and heat transfer fluid.

e Could - Used to indicate a specification or aspirational goal that is intended to introduce
possibilities, not mandates. “Could” statements are not intended to constrain design in any
way, but encourage the consideration of features or capabilities that have the potential to
provide significant advantages. As technology and markets progress, “could” statements may
be promoted to “should” or “shall” statements.

e Design Basis Event — A postulated accident that a nuclear facility must be designed and built
to withstand without loss to the systems, structures, and components necessary to ensure
public health and safety. Generally, the ORG used “postulated event” to avoid wording that
may be specific to a particular country or regulator.

e Engineering, Procurement, and Construction (EPC) — Refers to the contractor hired by
the Owner-Operator to manage the construction of the plant. The owner-operator and the
EPC can be the same organization.

e Fast Reactor — A nuclear reactor in which the fission chain reaction is sustained by “fast
neutrons,” or neutrons with high kinetic energy. Such reactors do not need a neutron
moderator, which intentionally slows neutrons.

e Fertile Material — A material (such as Uranium-238) that can be transmuted to become
fissile material (e.g., Pu-239 and Pu-241) by neutron absorption. Fertile materials are the
basic material for breeding. In the thorium fuel cycle, Th-232 is the fertile isotope.

e Fissile Material — A material (such as Uranium-235) that can sustain a nuclear fission
reaction with neutrons of any speed, including very slow neutrons. More highly enriched
nuclear fuel contains a higher percentage of fissile material.
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Fissionable Material — A material that can sustain a nuclear fission chain reaction. Fissile
materials are a subset of fissionable materials. Some materials may be fissionable but not
fissile (e.g., a material that can only sustain nuclear fission with fast neutrons, like U-238).

Fluoride salt-cooled High Temperature Reactor (FHR) — A fluoride salt-cooled, solid-
fueled reactor. These reactors are distinguished from typical MSR concepts in that the fuel in
an MSR is dissolved in the salt. For the purposes of the ORG, the term MSR refers to the
liquid-fueled reactor, but many MSR requirements could be easily adapted to FHR designs.

Gas-cooled Fast Reactor (GFR)® — GFRs are fast spectrum reactors with gas heat
transfer fluid. They are designed to operate at high temperatures up to the same ranges as
HTGRs but are distinguished by their fast neutron spectrum.

Heat Transfer Fluid —A fluid that enables the productive use of the reactor by absorbing
heat and using it to some productive end (e.g., generate steam to spin a turbine). See coolant
for the distinction between the two terms. Coolant is used in the ORG to refer to both terms
in general discussion, and when both terms apply (e.g., most reactor types). Heat transfer
fluid is used in technology specific discussion when the term coolant does not apply (e.g., for
gas reactors).

High Temperature Gas-Cooled Reactor (HTGR)® — HTGRs are cooled by a flowing gas
(generally helium or CO>). They can use pebble-type fuel or prismatic fuel and can be used
in electricity generation and other missions. Some reactor vendors use the term Very High
Temperature Gas-Cooled Reactor (VHTR) to distinguish HTGRs that operate at an even
higher temperature than most HGTRs.

Human-Machine Interface (HMI) — An instrumentation and controls (I&C) system that
facilitates the interaction between human operators and plant equipment.

Light Water Reactor (LWR) — LWRs are thermal spectrum reactors with light water as
coolant. Most commercially operated reactors in the history of nuclear power are LWRs.
PWRs and BWRs are different types of LWRs. The ORG is intended to support the
development of reactor technologies that offer distinct advantages when compared to the
traditional LWR.

Liquid Metal-Cooled Fast Reactors (LMFR) — Reactors that use liquid metal as coolant
and operate on a fast spectrum. They are capable of being built as breeder reactors and
they typically operate at high temperatures and very low reactor coolant pressures. LMFRS
can be large or small and pool-type or loop-type in design. LMFRs include Sodium-Cooled
Fast Reactors (SFRs)’ and Lead-Cooled Fast Reactors (LFRs)?&.

Mission — An application of reactor technology for a particular societal purpose. Missions
are related to the products of reactor operation — heat, neutron flux, and radioactive isotopes.

5 No GFRs have ever been built and operated.

& Commercial gas-cooled reactors have operated successfully around the world.

" Many SFRs have been built and operated both experimentally and commercially.

8 LFRs were built and operated as part of the Soviet submarine propulsion program, with mixed success.
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Missions are dependent on the owner-operator (government, utility, industrial activity) and
some reactors may serve multiple missions, potentially for multiple customers.

e Molten Salt Reactor (MSR)® — MSRs are reactors that use a molten salt mixture as coolant
with fuel dissolved in it. The fuel and coolant are therefore one and the same. Nuclear fuel
may either be solid fuel (as is used in other reactor designs), or a liquid fuel that is dissolved
in the coolant and circulates through the reactor. For the purposes of the ORG, the term MSR
refers to the liquid-fueled reactor, but many MSR requirements could be easily adapted to
solid-fueled designs (such as the FHR). When referring to the liquid fuel in a MSR, the
reader should recognize that these discussions refer to aspects of reactor design and operation
that would apply to both fuel and heat transfer fluid in other designs. MSRs can operate on a
fast or thermal spectrum.

e Modular — Refers to construction techniques in which major portions of a design are
constructed off-site, typically in an enclosed/covered fabrication facility, allowing for better
production quality than in traditional construction techniques. Modular construction can
present additional challenges, including transporting prefabricated modules to the site, and
integrating modules with each other, and with the plant structures and layout.

e Neutron Moderator — A medium that reduces the speed of fast (high kinetic energy)
neutrons, turning them into thermal (low kinetic energy) neutrons, which are capable of
sustaining a nuclear chain reaction with fuel used in thermal reactors. LWRs use light water
as a moderator, which is also the heat transfer fluid. However, not all thermal reactors use
the heat transfer fluid as a moderator.

e Owner-Operator — The organization that owns and is responsible for the day-to-day
operation of the reactor. The owner-operator is invested in the ability of the reactor to
perform its intended mission(s) to generate profit throughout its design life. In some cases,
the Owner and Operator may be separate entities; however, the ORG avoids this distinction
for simplicity, and treats the Owner-Operator as one entity.

e Passive System — Systems which employ primarily passive means (e.g., natural circulation,
gravity, stored energy) for essential safety functions. Contrasted with active systems (i.e.
systems with primarily active components). In passive systems, some components may
re-position, but they do so without reliance on an outside power source. In passive systems,
such re-positioning components are usually limited to valves, relays, blow-down discs, or
other simple components.

e Passively Safe — Passively safe reactors are those which can be demonstrated to avoid
unacceptable consequences for a minimum of 72 hours after design basis events (and much
longer for some designs), without any need for operator action and without reliance on any
active components.

° Only experimental MSRs have been built and operated; all without power conversion.
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Pebble Bed Fuel — Fuel used in HTGRs that consists of fuel embedded in a spherical matrix
of graphite (“pebble”), which acts as a neutron moderator. The reactor consists of many
pebbles moving downward through a funnel, while gas flows through the funnel to cool the
fuel. These pebbles are formed with thousands of small fuel particles commonly referred to
as “TRISO” particles (for tri-structural isotopic). The fuel contains built-in barriers to fission
product release.

Plant — The term applied to the nuclear facility established and operated to take advantage of
the nuclear heat source. The plant includes all the auxiliary and support systems required to
operate and complete the designated mission(s). It is generally synonymous with the physical
boundary of the property under the Owner-Operator’s control.

Plant Designer — The organization responsible for the design of the reactor plant (i.e., the
Original Equipment Manufacturer). In most cases, the plant designer develops a reactor
design and searches for potential owner-operators to purchase the design.

Postulated Event — An abnormal plant occurrence that must be considered in the plant
design. Generally used in favor of design basis accident in the ORG to avoid wording that
may be specific to a particular country or regulator.

Pressurized Water Reactor (PWR) — A type of LWR in which primary coolant water is
maintained at a relatively high pressure so that it remains liquid when heated by the reactor.
The hot pressurized water then transfers heat to lower pressure secondary water via a steam
generator. The secondary water is sent to the turbine to generate power. Contrasted with a
boiling water reactor (BWR).

Prismatic Fuel — Fuel used in HTGRs that consists of more traditional style vertical
elements that are molded into compacts or rods and then inserted into graphite blocks (the
reactor’s moderator material). Molten-salt cooled reactors with the fuel in solid form can use
prismatic fuels as well.

Probabilistic Risk Assessment (PRA) — A method of quantifying risks. PRA is used
extensively in the existing LWR fleets to determine the likelihood of certain events
occurring in a plant.

Programmable Digital Device (PDD) — A digital component that must meet certain
software and cyber security requirements.

Proliferation — The spread of fissionable material to persons, organizations, or nations that
intend to produce nuclear weapons.

Reactor — A nuclear device in which fission may be initiated and controlled in a self-
sustaining chain reaction to generate heat or produce useful radiation.

Regulator — The organization responsible for ensuring the operation of nuclear technology
does not present a risk to the health of the public or the environment in the country of
operation. The owner-operator must be licensed to operate their plant by the regulator.
The regulator establishes safety requirements that must be followed.
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e Requirement — In the ORG, requirements are those items which represent best-practice,
compliance with international standards, and adherence to existing regulatory standards.
These are expectations which should be met for all designs. Deviations from ORG
requirements should be made only with strong technical justification.

e Risk — A negative consequence to plant personnel, stakeholders and investors, the local
population, the environment, or society that has a probability (no matter how remote) to
occur due to the continued operation of a nuclear reactor during its lifecycle.

e Safeguards — The use of material control and accounting programs to verify that all special
nuclear material is properly controlled and accounted for, as well as the physical protection
(or physical security) equipment and security forces. As used by the International Atomic
Energy Agency, this term also means verifying that the peaceful use commitments made in
binding nonproliferation agreements, both bilateral and multilateral, are honored.

e Safety Function — A function that a component performs that is part of the designed reactor
response to an event and helps prevent the release of radiological material.

e Safety Related — Systems, structures, components, procedures, and controls (of a facility or
process) that are relied upon to remain functional during and following design-basis events
(e.g., loss of power offsite power, loss of core cooling, earthquake). Their functionality
ensures that key regulatory criteria, such as levels of radioactivity released, are met.
Examples of safety-related functions include shutting down a nuclear reactor and maintaining
it in a safe-shutdown condition.

e Severe Event — A type of event that may challenge safety systems at a level much higher
than expected. Generally used in favor of beyond design basis event in the ORG to avoid
wording that may be specific to a particular country or regulator.

e Shall — Used to indicate a specification that is mandated by the ORG. Deviation from such a
specification is likely to require very strong, well-documented justification to the owner-
operator and, in most cases, to the regulator as well.

e Should - Used to indicate a specification that is strongly encouraged, yet not mandated, by
the ORG. Deviation from such a specification is likely to require justification to the owner-
operator.

e Site — The property on which the plant resides. Used in favor of plant to refer to the land or
the location, rather than the equipment and facilities.

e Used fuel — The term used fuel has traditionally meant fuel that has undergone irradiation
during a normal cycle in a nuclear reactor. With changes in the intended fuel cycle for some
advanced designs, used fuel in the context of the ORG refers only to fuel that has been
removed from the reactor and will not be irradiated again without reprocessing.

e Stakeholder — A group or individual impacted or perceived to be impacted by any decision
to construct, operate, maintain, or decommission a nuclear reactor.

e Structures, Systems, and Components (SSC) — A term used in the context of the ORG to
refer broadly to the equipment and buildings of which the plant is comprised.
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Supercritical Water Reactor (SCWR) — SCWRs are similar to modern BWR or PHWR
(pressurized heavy water reactor) designs, except the light water coolant becomes a
supercritical fluid (i.e., operating at a pressure above the critical point). High pressures and
temperatures are used to generate supercritical water. Requirements specific to SCWRs have
not been included in the initial ORG since there were no major commercial efforts to deploy
one at the time of writing.

Supplier — An organization responsible for providing components, equipment, materials,
software, or any other product that is used in the construction, operation, maintenance, or
decommissioning of the reactor plant. Suppliers are subject to quality assurance requirements
commensurate with the quality classification of the item provided.

Technology-inclusive — A term used in the ORG to describe requirements structured to
accommaodate any reasonably feasible nuclear technological concept.

Thermal Reactor — A nuclear reactor in which the fission chain reaction is sustained by
“thermal neutrons™, or neutrons with low kinetic energy (slow). Such reactors need a
neutron moderator, which intentionally slows neutrons so that fission is more likely to
occur. Most commercially operated reactors in the history of nuclear power have been
thermal spectrum reactors. This principle of operation can be contrasted with Fast Spectrum
Reactors.

Unit — Each individual nuclear reactor core and the associated support systems unique to that
core together form a single “unit.” Some vendors use the term “module” rather than “unit”
for plant designs predicated on an arrangement of several nuclear reactors. Though multiple
units may be coupled to the plant’s load, each unit’s reactor is characterized by an
independent, sustained fission reaction.

Verification and Validation (V&YV) — The process by which software is proven to perform
its functions and meet necessary requirements.
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ORG Revision 1 Position Paper and Potential Listings for Future ORG
Revisions

In Rev. 13 of the URD, EPRI and industry representatives agreed to produce topic position
papers to inform the new portions of the URD as they relate to smLWRs. This method included
assigning research topics and then putting together all the results in the final version of the URD.
The same approach was used for the ORG Revision 0 and Revision 1 work. EPRI has identified
topic/issue areas for further research and has asked for volunteers to write these (Issue) papers.
Four potential outcomes of each Issue Paper are:

1. New requirement(s).

2. Summary of information still needed to adequately define a requirement.

3. Conclusion that no requirement is needed, or that defining a requirement is not feasible.
4. New Aspirational Goal(s).

As part of ORG Revision 1 work, “Automation and Human Factors” was identified as a crucial
aspect in the future development, design and deployment of advanced reactors. The resulting
position paper is documented in the next section.

Other potential position papers, of interest for future ORG revisions are provided in the table
below.

Table 1
Potential ORG Position Papers

Title Description

Material Control and
Accounting for Molten Salt
Reactors

This paper should address the unique effects a circulating fuel could have
on material control and non-proliferation objectives for MSRs.

This paper should discuss load following in the electric generation mission
Flexibility for Operation and | and identify metrics for an aspirational goal with respect to electric load
Load Following following. The aspirational goal should state ramp rates to achieve
breakthroughs in electricity generation.

Owner-Operators are interested in seeing vendors develop reliability

Developing Metrics for studies and failure analyses to determine the reliability risks that may
Risk-Based Investor endanger the capital investment and the assumptions for the availability of
Protection the plant. This paper will address what metrics are appropriate and what

methodologies owner-operators want to see.

This paper should identify important terms to define, define them
according to a technology-inclusive mindset, and develop requirements
whose clarity was dependent on such definitions. The paper should
especially address terms which are commonly used but whose definition
Special Definitions for may have significance in the licensing treatment, safety case, or
Advanced Reactors operational patterns of advanced reactors. For instance, is “shutdown”
defined as safe, stable, and controlled while not producing useful power?
Or is it defined as lower than a certain maximum thermal power? There
may be several terms which require tailored definitions in order to remain
technology inclusive or to apply generically around the world.
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Title

Description

Historical Experiences with
Insufficient Margin

This paper should compile all the utility experiences in design aspects that
had insufficient margin, causing major delays on outages or early
shutdowns. The person or group charged with competing the paper could
make determinations on which margins are likely worthwhile to build-in to
requirements based on the cost of the margin increase. Examples include
spare space or for expansion, spare connections, etc. The person or group
completing the issue paper should ask: Can existing margin issues be
captured and compared against the gain/loss of that margin to determine
which margins are likely to be worth their inclusion? The comparison
should be against the “next best” option. Margin is not just achieved by
specifying the design with margin against the regulatory and owner-
operator requirements. It also includes margin in manufacturing tolerances
so that slight deviations in as-built configuration do not impact whether the
system is acceptable. Good examples of margin issues in recent
experience are: the AP-1000 basemat, reactor vessel head penetrations,
extra space in battery rooms, spare fiber optic conduit. The paper should
be forward-looking and should therefore consider the types of systems
included in advanced reactor designs. One method of beginning to scope
this out is to consider the portions of the URD which provide explicit
requirements for margin.

Methods of Measuring
Economic Competitiveness

Three possible methods of analyzing the economic competitiveness of a
nuclear reactor have been identified:

(1) Capital Cost per kW Installed
(2) Levelized Cost of Electricity (LCOE)

(3) Affordability (a measure of the consequences to the owner-operator if
the project fails)

This paper should consider the three options above (and other methods, if
identified) and determine which should be the primary consideration of an
owner-operator.

Cost Estimation for
Advanced Reactors

Cost estimating for advanced reactors may warrant some industry
standard practices. The issue paper should address such questions as:

(1) What assumptions should be made on the cost estimate responsibility
for each contributor, i.e., vendor/utility/EPC?

(2) How are costs categorized?

(3) At what stage can you determine each cost category and at what level
of fidelity? There is a recent study by “Energy Options Network” that
attempted to quantify cost advantages of advanced reactor technologies.

This work may be a good starting point to categorize costs and to develop
initial criteria for defining advantages/challenges of different technologies.
The person or group completing this paper should be aware that nuclear
construction is not wholly different from other industries in terms of cost
uncertainty. Analogous cost estimating challenges abound in other
industries, e.g., chemical process plants, commercial and military aircraft,
shipbuilding, etc.
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Title

Description

Electricity Generation
Needs of the Future

There are numerous efforts underway across the electricity generation
industry to answer questions on energy storage, costs, transmission
infrastructure, etc., that will influence the needs of owner-operators in the
future. This disparate information does not necessarily tailor itself to use
by advanced reactor designers as they attempt to create technologies that
meet these shifting needs. This paper would aggregate the applicable
information from these various industry efforts to define electricity
generation’s needs of the future, in terms that would assist advanced
reactor designers in meeting those needs. It would inform questions on
needed ramp rates, sizing electrical output for grid stability, frequency
response, and load profile with competing generation from other
resources.

Current Licensing and
Advanced Reactors

There are some licensing concepts or nearly universal licensing
requirements that are not likely to apply for advanced reactors. One
example is the set of firm requirements for staffing (numerically), the need
to have control rods, pre-defined values for EPZs, electrical power supply
requirements (GDC 17), prescriptive ISI/IST requirements, etc. This paper
would attempt to catalogue a host of prescriptive regulatory requirements
or regulatory concepts (e.g., “severe accident” being defined as one
leading to fuel damage) and to make a determination as to whether there
are meaningful differences for advanced reactor designs. The person or
group completing this paper should start with industry comments to the
USNRC ARDCs. The issue paper would look internationally as well,
starting by evaluating which international regulatory constructs are based
on USNRC. NEI's regulatory task force has begun a similar effort. This
issue paper may simply incorporate findings from that task force, or may
complement that effort.

Staffing and Advanced
Reactors

This paper should be a historical investigation of how ultility staffing got to
be what it is today. This topic has been studied in depth to support many
industry efforts to reduce staffing. However, these studies have not been
performed through the lens of advanced reactors. Much of the previous
utility work could be built upon to evaluate opportunities for staff
optimization at advanced reactor plants. The assumptions of these studies
and the outcomes could be used to inform advanced reactor design.

Design Life of Advanced
Reactors

Many concept designs may take advantage of shorter design lives if the
result is a much cheaper plant that achieves cost recovery sooner for the
owner. This introduces the question of whether there is an optimum
balance between a plant’s design life and the risk profile (financing
especially, and construction timeline). This paper would investigate the
sensitivity of a plant’s capital cost and LCOE as a function of the plant’s
design life, with appropriate assumptions for the cost of capital,
construction timelines, etc.
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Automation and Human Factors Position Paper for ORG Revision 1

Issue:

The original treatment of Human Factors in the first draft of the EPRI Owners-Operators
Requirements Guide (ORG) did not adequately incorporate the concept of automation in the
overall advanced nuclear plant design philosophy, particularly in the treatment of the
instrumentation and control systems.

Background and Basis:

The policy statement on Human Factors in the first draft of the ORG was virtually the same as
that provided in the ALWR Utility Requirements Document with an emphasis on human factors,
human-machine interfaces and simplification. There was no treatment of automation for
advanced nuclear plant operation and maintenance. Presently, automation of almost all
engineered systems is inevitable. It is estimated that 40% of all manual tasks will be replaced by
robots or automation by the time the advanced nuclear plants are deployed in the late 2020s.
Consequently, the instrumentation and control systems of the advanced plants should be
designed to support the eventual automation of all advanced nuclear plant functions.

Proposed Resolution:

Automation of engineered systems is most mature in the field of vehicular transportation. Many
lessons and insights from the automated vehicle development can be applied to the automation of
advanced nuclear plants. In many ways the automation of nuclear facilities is less complicated
than the automation of automobiles. One of the principal tenants of the automated vehicle is the
phased approach to automation. The six phases of automobile automation are articulated by the
Society of Automotive Engineers in the Taxonomy and Definitions for Terms Related to Driving
Automation Systems for On-Road Vehicles (SAE International, J3016TM, June 2018).

The proposed solution is to modify the existing policy statement to facilitate automation in the
advanced nuclear plants in a phased approach. The new policy statement with the additional
language highlighted in italics follows:

The advanced reactors should be capable of full automation in all modes of operation, including
accident conditions. This capability will reduce human error, staffing requirements and costs.
Automation will be phased in stages beginning with full manual operation and use machine
learning (artificial intelligence) methods to gain ‘experience and knowledge' of reactor behavior
as the design moves from full manual to full automatic operation. Fully automatic operation
permits the plant(s) to be operated remotely and autonomously with no operators physically on-
site. Offsite supervisory control is required under these circumstances. Throughout this evolution
to full automation, it is critically important for the human machine interfaces be simple and
intuitive, be consistent across all system displays, and consider remote or multi-unit operation.

Interactions between human and machine create opportunities for human error. These errors
can be minimized by:

e Making the human-machine interface as simple and easy to use as possible.
e Making the human-machine interfaces consistent throughout the plant.

e Building human-machine interfaces to support phased automation.
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RATIONALE FOR THE REVISION

Automation of most engineered systems is underway. It is estimated that 40% of all manual tasks
will be replaced by robots or automation. The tasks range from simple floor sweeping to
complex surgical procedures, including brain surgery. Human error in one form or another
constitutes about 90% of the root causes of engineering failures and disasters. In the field of
automobile safety, 94% of all crashes in the U.S. are attributable to human error and cost the
economy more than $250B annually. It is in this field that automation is advancing most rapidly.
Many lessons from the automated vehicle development can be applied to the automation of
nuclear plants. In many ways the automation of nuclear facilities is less complicated than the
automation of automobiles. One of the principal tenants of the automated vehicle is the phasing
of degrees of automation. The Society of Automotive Engineers (SAE) defines six levels of
automation, ranging from no automation (Level 0) up to full automation (Level 5).

Using the SAE approach to automation as a template and applying it to advanced nuclear plants,
the following matrix of levels of automation for advanced nuclear plants was developed:

Summary of levels of advanced nuclear plant automation

Level Name Definition Control Primary Support Operanqnal
System Operator Operator Domain
Control by
operator of the
No :
. entire spectrum Operator and Normal,
Automation : . .
0 of operation with | conventional Operator Operator Upset and
(current state | . :
limited I&C system Accidents
of the art) Lo
automation, i.e.
alarms
Limited control of
power level
change at steady Operator and
Operator state (frequency Normal
1 . Automated Operator Operator S
Assistance control or load (Limited)
Control System
follow) by
automation
system
. All Normal Plant Automated Automated
Partial Control System
2 . Modes (Startup . Control Operator Normal
Automation with Operator
to Shutdown) L System
Supervision
All Normal Plant
Conditional Modes (Startup Automated Automated Operator Normal and
3 . to Shutdown) Control o
Automation Control System supervising | Upset
plus upset System
conditions
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Level Name Definition Control Primary Support Operanqnal
System Operator Operator Domain
Normal and
All Normal Plant X(F:)sizzmth
. Modes (Startup Automated | Automated e
High Automated Conditions
4 . to Shutdown) Control Control
Automation Control System managed by
plus upset System System
o Operator
conditions
(may be
remote)
All Normal Plant Normal,
Modes (Startup Upset and
Full to Shutdown) Automated Automated | Automated Accidents
5 . Control Control )
Automation plus upset and Control System with no
i System System
accident Operator
conditions onsite.

The control space for an advanced nuclear plant is actually much simpler than the control space
for vehicles. With the advent of accurate reactor, multi-physics models which span the spectrum
from micro- to macroscopic scale coupled with exascale computing, the experimental programs
required to ‘qualify’ advanced reactor designs will be more resource effective than that required
for the light water reactor development program. Fuel behavior under normal, upset and accident
conditions will be better understood and predictable. Taken together, the advanced reactor
models with the appropriate amount of qualification testing will provide the basis for the control
and instrumentation systems required for the phased-in automation of the future plants. The
experience gained from the lower automation levels of plant operation will provide the
foundation and confidence to progress to the next level of automation. The cumulative

experience of the operating fleet of LWR plants will be used to the maximum extent possible
using machine learning techniques.
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