E,E Carlson

NUREG-1368

?Preapplication Safety Evaluation
Report for the Power Reactor

Innovative Small Module (PRISM)
Liquid-Metal Reactor

Final Report

U.VS. Nuclear Regulatory Commission

 Office of Nuclear Reactor Regulation




AVAILABILITY NOTICE

Availability of Reference Materials Cited in NRC Publications

Most documents cited in NRC publications will be available from one of the following
sources:

1. The NRC Public Document Room, 2120 L Strest, NW, Lower Leve!, Washington, DC
20555-0001

2. The Superintendent of Documents, U.S. Government Printing Office, Mail Stop SSOP,
Washington, DC 20402-8328

3. The National Technical'Information Service, Springfield, VA 22161

Although the listing that follows represents the majority of documents cited in NRC publica-
tions, it is not intended to be exhaustive.

Referenced documents available for inspection and copying for a fee from the NRC Public
Document Room include NRC correspondence and internal NRC memoranda; NRC Office of
Inspection and Enforcement bulletins, circulars, information notices, inspection and investi-
gation notices; Licensee Event Reports; vendor reports and correspondence; Commission
papers; and applicant and licensee documents and correspondence.

The following documents in the NUREG series are available for purchase from the GPO Sales
Progrem: formal NRC staff and contractor reports, NRC-sponsored conference proceed-
ings, and NRC booklets and brochures. Also available are Regulatory Guides, NRC reguila-
tions in the Code of Federal Regulations, and Nuclear Regulatory Commission Issuances.

Documents available from the National Technical Information Service include NUREG series
reports and technical reports prepared by other federal agencies and reports prepared by
the Atomic Energy Commission, forerunner agency to the Nuclear Regulatory Commission.

Documents available from public and special technical libraries include all open literature
items, such as books, journal and periodical articles, and transactions. Federal Register
notices, federal and state legislation, and congressional reports can usually be obtained
from these libraries.

Documents such as theses, dissertations, foreign reports and translations, and non-NRC
conference proceedings are available for purchase from the organization sponsoring the
publication cited.

Single copies of NRC draft reports are available free, to the extent of supply, upon written
request to the Office of Information Resources Management, Distribution Section, U.S.
Nuclear Regulatory Commission, Washington, DC 20555-0001.

Copies of industry codes and standards used in a substantive manner in the NRC regulatory

process are maintained at the NRC Library, 7920 Norfolk Avenue, Bethesda, Maryland, and
are available there for reference use by the public. Codes and standards are usually copy-
righted and may be purchased from the originating organization or, if they are American
National Standards, from the American National Standards Institute, 1430 Broadway,
New York, NY 10018,




NUREG-1368

~ Preapplication Safety Evaluation
Report for the Power Reactor

Innovative Small Module (PRISM)
Liquid-Metal Reactor

Final Report

Manuscript Completed: January 1994
Date Published: February 1994

Office of Nuclear Reactor Regulation

U.S. Nuclear Regulatory Commission
Washington, DC 20555-0001




»

N4



&

ABSTRACT

This preapplication safety evaluation report (PSER)’

presents the results of the preapplication design review for
the power reactor innovative small module (PRISM) liquid-
metal (sodium)-cooled reactor, Nuclear Regulatory
Commission (NRC) Project No. 674. The PRISM
conceptual design was submitted by the U.S. Department
of Energy (DOE) in accordance with the NRC’s
"Statement of Policy for the Regulation of Advanced
Nuclear Power Plants” (51 Federal Register 24643). This
policy provides for the early Commission review and
interaction with designers and licensees. The PRISM
reactor design proposed by DOE is for a small, modular,
pool-type, liquid-metal (sodium)-cooled reactor. The
standard plant design for the PRISM consists of three
identical power blocks with a total electrical output rating
of 1395 MWe. Each power block comprises three reactor
modules, each with an individual thermal rating of 471
MWt. Each module is located in its own below-grade silo
and is connected to its own intermediate heat transport
system and steam generator system. The reactors utilize
a metallic-type fuel, a ternary alloy of U-Pu-Zr. The
design includes passive reactor shutdown and passive decay
heat removal features.

The review approach and criteria used by the staff are
directed toward meeting the guidance in the Commission’s
Advanced Reactor Policy which states that advanced
reactors must, as a minimum, provide at least the same
degree of protection for the public and the environment
that is required for current-generation LWRs. The staff
has interpreted current-generation LWRs to be those
evolutionary designs currently under review as standard
plant designs, such as the advanced boiling water reactor,
Further, the policy states that the Commission expects
advanced designs to provide enhanced margins of safety.

iii

Accordingly, in the review of the PRISM design, the staff
proposes to use and build on applicable existing regulations
and guidelines for safety developed for application to
LWRs, to develop additional criteria when necessary to
address the unique characteristics of these designs, and to
require that they be assessed for enhanced safety.
Additionally, the staff created further criteria following the
guidance provided by the Commission in the Staff
Requirements Memorandum dated July 30, 1993, that dealt
with key policy issues for the advanced reactors. In the
application of the existing regulations and guidelines, the
staff, in some cases, has had to interpret the guidance
developed for LWRs for application to the PRISM
concept and for issues under review. In making such
interpretations, the staff has directed its approach toward
maintaining limits and criteria at least equivalent to those
of LWRs for quality design, construction, and operation,
and for the release of radiation, maintaining defense in
depth, providing for conservatisms to account for plant-
specific uncertainties in the designs, and maintaining
consistency with the guidance under development of future
LWRs for the treatment of severe accidents.

The PSER is the NRC staff’s preliminary evaluation of the
safety features in the PRISM design, including the
projected research and development programs required to
support the design and the proposed testing needs.
Because the NRC staff review was based on a conceptual
design, the PSER did not result in an approval of the
design. Instead it identified certain key safety issues,
provided some guidance on applicable licensing criteria,
assessed the adequacy of the preapplicant’s research and
development programs, and concluded that no obvious
impediments to licensing the PRISM design had been
identified.
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EXECUTIVE SUMMARY

The staff of the U.S. Nuclear 'Regulatory Commission
(NRC) has prepared this preapplication safety evaluation
report (PSER) to document its review of the Department
of Energy’s (DOE’s) submittal of a conceptual design for
the Power Reactor Innovative Small Module (PRISM), as
part of DOE’s advanced liquid-metal reactor program.
PRISM is a small, modular, pool-type, liquid-metal
(sodium)-cooled reactor producing 471 MWt power.
Three reactor modules constitute a power block, and up to
three power blocks can be combined for a 1,395-MWe
station. The reactor modules would be a standard design
that would be built in a factory and shipped by rail to a
site. PRISM also uses an advanced metal-fuel (a
plutonium-uranium-zirconiumalloy) concept. Chapter 1 of
this PSER summarizes the plant, the reactor module, and
the reactor core designs.

The Preliminary Safety Information Document (PSID)
(Ref. E.1) for the PRISM design was submitted by DOE
in November 1986, for NRC review in accordance with
the NRC’s “Regulation of Advanced Nuclear Power
Plants; Statement of Policy” published in the Federal
Register (Ref. E.2). The three primary objectives of the
Commission’s advanced reactor policy statement are the
following:

= to encourage the earliest possible interaction of
applicant, vendors, and government agencies, with
NRC;

= to provide all interested parties, including the public,
with the Commission’s views concerning the desired
characteristics of advanced reactor designs, and;

s to express the Commission’s intent to issue timely
comment on the implications of such designs for safety
and the regulatory process.

The staff developed NUREG-1226, "Development and
Utilization of the NRC Policy Statement on the Regulation
of Advanced Nuclear Power Plants,” (Ref. E.3) in
response to the advanced reactor policy statement to
provide guidance to designers and the staff in performing
preapplication reviews. The NRC staff reviewed the
PRISM PSID according to the process and guidelines
outlined in NUREG-1226.

The review approach and criteria used by the staff are
directed toward meeting the guidance in the Commission’s
advanced reactor policy statement which states that
advanced reactors must, as 2 minimum, offer the same
degree of protection for the public and the environment as
is required for current-generation light-water reactors
(LWRs). The staff has interpreted "current-generation”
LWRs to be those evolutionary designs currently under
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review as standard plant designs, such as the advanced
boiling water reactor. Further, the policy states that the
Comnmiission expects advanced designs to provide enhanced
margins of safety. The following mnine desired
characteristics of advanced reactor designs were identified
in the advanced reactor policy statement:

= Highly reliable and less complex shutdown and decay
heat removal systems. The use of inherent or passive
means to accomplish this objective is encouraged
(negative temperature coefficient, natural circulation).

= Longer time constants and sufficient instrumentation to
allow for more diagnosis and management prior to
reaching safety system challenges and/or exposure of
vital equipment to adverse conditions.

« Simplified safety systems which, where possible,
reduce required operator actions, equipment subjected
to severe environmental conditions, and components
needed for maintaining safe shutdown conditions. Such
simplified systems should facilitate operator
comprehension, reliable system function, and more
straight-forward engineering analysis.

= Designs that minimize the potential for severe accidents
and their consequences by providing sufficient inherent
safety, reliability, redundancy, diversity and
independence in safety systems.

= Designs that provide reliable equipment in the balance
of plant (or safety-system independence from balance
of plant) to reduce the number of challenges to safety
systems.

= Designs that provide easily maintainable equipment and
components.

= Designs that reduce potential radiation exposure to
plant personnel.

» Designsthat incorporate defense-in-depth philosophy by
maintaining multiple barriers against radiation release,
and by reducing the potential for and consequences of
severe accidents. '

s Design features that can be proven by citation of
existing technology or which can be satisfactorily
established by commitment to a suitable technology
development program.

The staff published its preliminary findings in a draft
PSER (NUREG-1368) in September 1989 (Ref. E.4).
Early in 1990, DOE, in conjunction with the designer,
General Electric (GE), amended the PRISM PSID in
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response to staff comments in the draft PSER. In
responding to some of these concerns, design changes were
made and Amendments 12 and 13 were submitted, forming
a new Appendix G. These design changes are described
in Section A.2.2 of Appendix A of this PSER.

In response to a Commission staff requirements
memorandum (SRM) (Ref. E.5), the staff committed to
identify those policy and technical issues that require
Commission guidance or staff resolution for design
certification. The staff identified these issues during this
preapplication review, and discussed the issues with the
Advisory Committee on Reactor Safeguards (ACRS) and
the preapplicant. In a paper to the Commission
(SECY-93-092) (Ref. E.6), the staff listed eight PRISM
design features that deviated significantly from current
LWR regulatory requirements. For these issues, either
existing regulations do not apply to the design or the
preapplicant has proposed criteria that differ significantly
from the current regulations. These issues are (1) accident
evaluation, (2) calculation of source term, (3) containment
performance, (4) emergency planning, (5) operator staffing
and function, (6) residual heat removal, (7) positive void
reactivity coefficient, and (8) design of control room and
remote shutdown area. In an SRM dated July 30, 1993
(Ref. E.7), the Commission approved the staff
recommendations concerning these issues. This PSER
reflects those recommendations.

In its review of the PRISM design, the staff has used and
built on applicable existing regulations and guidelines for
safety that were developed for application to LWRs to
develop additional criteria when necessary to address the
unique characteristics of the design, and to assess the
design for enhanced safety. In the application of the
existing regulations and guidelines, the staff, in some
cases, has had to interpret the guidance developed for
LWRs for application to the PRISM concept and for issues
under review. In making such interpretations, the staff has
directed its approach toward maintaining limits and criteria
at least equivalent to those of LWRs for quality, design,
construction, and operation, and for the release of
radiation, maintaining defense in depth, providing for
conservatisms to account for plant-specific uncertainties in
the design, and maintaining consistency with the guidance
being developed for future LWRs for the treatment of
severe accidents.

The staff assessment presented here is based on the

designer’s expectations of systems and metal-fuel .

performance in response to transient and accidents,
including a hypothetical core-disruptive accident. In
evaluating the systems and fuel performance expectations,
the staff has reviewed supporting information submitted by
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the designer, and has also performed independent analyses
of a wide range of bounding events. Areas in which
additional information is needed to support the expectations
are noted as either being covered by current, ongoing
research and development efforts or by the planned
prototype reactor.  Guidance is also given on the
information that will need to be addressed during design
certification.

This PSER constitutes a record of the staff’s evaluation of
the conceptual design of the PRISM reactor. In Chapter
3, the staff identifies the key policy issues pertaining to the
PRISM design, and assesses the designer’s proposed
criteria- which, in the designer’s judgment, apply to the
design. The staff also reviewed confirmatory research and
development programs and plans for prototype testing. In
Chapter 4, the staff assesses the planned research and
development programs in support of the metal-fuel design.
In Chapter 14, the staff assesses the planned safety testing
program for the PRISM. In Appendix A, the staff reviews
the probabilistic risk assessment performed by the
preapplicant, including the 1990 design changes.
Appendix B records the staff’s independent analyses of
selected bounding events that were used to assess the
enhanced safety margin in the PRISM conceptual design
that are responsive to the Commission’s expectation as
stated in the advanced reactor policy. This PSER also
discusses those areas in which additional information will
be required to support design certification and indicates
where in the PSID the information either appears to
support the designer’s proposed criteria or where additional
work may be needed to strengthen those positions. This
PSER focuses on licensability issues and does not cover all
aspects of a full design, including balance of plant and
areas in which the technologies to be used are consistent
with operating sodium-cooled, fast reactor designs.

The staff discussed this PSER with the ACRS on
November 4, 1993, In a letter of November 10, 1993 (see
Appendix C), the ACRS agreed that the staff should
publish this report and supply DOE with its assessment of
the licensability of the PRISM concept. On the basis of
the review performed, the staff, with the ACRS in
agreement, concludes that no obvious impediments to
licensing the PRISM design have been identified. The
ACRS letter is reproduced in Appendix C of this PSER.

The preapplicant (GE) commented on the PSER in a letter
of November 29, 1993 (Ref. E.8). The comments add
some information, raise no new safety concerns, and are
generally editorial in nature. GE also clarified the DOE
requirement, in the Energy Policy Act of 1992, to submit
an application to the NRC for preliminary design approval
of a standard plant design by September 30, 1996. GE
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noted that this date will precede an application for design
certification by many years. In this PSER, the staff uses
the term "design certification” to denote the review stage
at which it expects the designer to address the concerns
identified. The staff expects that the designer will address
the concerns when DOE submits an application to the NRC
for preliminary design approval of a standard plant design.
The staff has incorporated the comments from GE, as
appropriate, into the report.

The staff's review of PRISM is based on a conceptual
design, that continues to evolve and for which
confirmatory research and development programs must be
completed. This PSER does not, nor is it intended to,
approve the design. For that approval, a formal
application must be submitted for Commission review.
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PREFACE

This preapplication safety evaluation report (PSER) for the
power reactor innovative small module (PRISM) liquid-
metal reactor is being issued to document the review
performed by the Nuciear Regulatory Commission (NRC)
staff. This review was performed at the request of the
U.S. Department of Energy (DOE) consistent with the
NRC’s advanced reactor policy statement (51 Federal
Register 24643).

This report presents the NRC staff’s evaluation of the
safety features of the. PRISM design, including the
projected research and testing needs. In addition, this
report presents criteria proposed by the NRC staff to judge
the acceptability of the PRISM design and, where possible,
includes statements on the potential of the PRISM design
to meet these criteria. However, it should be recognized
that final conclusions in all matters discussed in this report
require approval by the Commission.

Major differences in criteria proposed by the preapplicant
and the PRISM designers, which deviate from current

light-water reactor guidance for the review of designs,
were identified in a staff policy issue paper to the
Commission (SECY-93-092, April 8, 1993). The
Commission approved the staff’s recommendations
contained in the policy issue paper in a staff requirements
memorandum, July 30, 1993, which was released to the
public on August 16, 1993. At the time the PRISM design
is submitted for design certification, it will be necessary
for the staff to identify the data, analyses, acceptance
criteria, confirmatory research, and program plans in much
greater detail in order that the Commission, the designers,
and the public are more fully aware of the technical
regulatory requirements for prototype demonstration and
design certification.

The staff has reviewed this design placing emphasis on
those unique features in the design that accomplish key
safety functions for reactor shutdown, decay heat removal,
and the confainment of radioactive materials.
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1 INTRODUCTION AND SUMMARY

1.1 Introduction

The staff of the U.S. Nuclear Regulatory Commission
(NRC) has prepared this preapplication safety evaluation
report (PSER) to document its review of the Department
of Energy’s (DOE’s) submittal of a conceptual design for
the Power Reactor Innovative Small Module (PRISM), as
part of DOE’s advanced liquid-metal reactor (ALMR)
program. In response to a Commission staff requirements
memorandum (SRM) (Ref. 1.1), the staff committed to
identify those policy and technical issues that require
Commission guidance or staff resolution for design
certification. The staff identified these issues during this
preapplication review in a paper to the Commission
(SECY-93-092) (Ref. 1.2) which discussed eight PRISM
design features that deviated significantly from current
light-water reactor (LWR) regulatory requirements. In
these issues, either existing regulations did not apply to the
design or the preapplicants have proposed criteria that
differ significantly from the current regulations. These
issues, information on current LWR requirements,
preapplicant-proposed approaches, staff considerations, and
staff recommendations are discussed in Section 3.1 of this
report.

The Preliminary Safety Information Document (PSID)
(Ref. 1.3) for the PRISM design was submitted by DOE,
for NRC review and interaction in accordance with the
NRC’s “Statement of Policy for the Regulation of
Advanced Nuclear Power Plants” published in the Federal
Register (Ref. 1.4). The DOE submitted the initial design
documentation in November 1986. The NRC staff
reviewed the PSID according to the process and guidelines
outlined in NUREG-1226, "Development and Utilization
of the NRC Policy Statement on the Regulation of
Advanced Nuclear Power Plants” (Ref. 1.5). The staff’s
preliminary findings in a draft PSER (NUREG-1368) were
published in September 1989 (Ref. 1.6). Early in 1990,
the DOE, in conjunction with the designer, General
Electric (GE), amended the PRISM PSID in response to
staff comments in the draft PSER. Amendments 12 and 13
were submitted, forming a new Appendix G. The staff has
reviewed the first five volumes of the original PSID and
Appendix G (Vol. 6) in conducting its evaluation of the
PRISM design for this final PSER.

The design submitted by the DOE is for a small, modular,
pool-type, liquid-metal (sodium)- cooled reactor producing
471 MWt power. The reactor modules are a standard
design that would be built in a factory and shipped by rail
to a site. The PRISM design concept was selected because
it emphasizes

s passive safety characteristics

» passive shutdown and decay heat removal features that
permit simplification

» modularity for reduced costs
s a reduced number of safety-related systems

The significant design revisions submitted in Appendix G
to the PSID in response to concerns raised by the staff in
NUREG-1368 have changed some of the conclusions in the
draft PSER. Among these design changes are the
following:

« addition of the ultimate shutdown system (USS) and the
containment dome

« addition of the gas expansion modules (GEMs)
= increase in reactor power to 471 MWt

« switch to a single-wall-tube, helical-coil steam
generator design

The first two design changes are believed to represent
significant safety improvements, the latter two may have
changed some of the safety margins and will need to be
evaluated in greater detail.

This PSER does not constitute an approval of the PRISM
design but rather documents a preapplication review for the
purpose of providing guidance early in the design process
on the acceptability of the design. This PSER is intended
to aid the preapplicant and the designer in developing
further documentation to support licensing of the PRISM
concept; however, the Commission can make a licensing
determination only after the preapplicant has submitted the
PRISM design to the staff for design certification. The
preapplicant will have to comply fully with the
administrative processes of nuclear reactor licensing,
including public notification and participation, as required
by Part 52 of Title 10 of the Code of Federal Regulations
(CFR), "Energy.”

1.2 PRISM Approach and Objectives

The objectives of the PRISM project, as proposed by the
preapplicant, are to develop an advanced reactor design
with passive safety characteristics, which will be reliable,

.economical, and competitive with alternative electric power

generation sources available to the electric utility industry

NUREG-1368
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for large power plant complexes and will also be
deployable in smaller incremental power additions.

The design characteristics of the PRISM design, coupled
with its smaller reactor size make it practical to construct
and operate a full-scale prototypic safety test. The safety
test would not only provide the means to demonstrate
PRISM’s safety performance, but would also serve as the
vehicle to obtain valuable operational experience necessary
to support design certification. Data from the safety test,
together with supporting analyses, would help to facilitate
the staff safety review during the design certification
process.

1.3 General Plant Description

The PRISM reactor design proposed by the designer, GE,
is for a small, modular, pool-type, liquid-metal (sodium)-
cooled reactor producing 471 MWt power. Figure 1.1 is
a cut-away view of the reactor module. The standard plant
design consists of three identical power blocks (Figure 1.2)
of 465 MWe, for a total electrical rating of 1395 MWe.

Each power block (Figure 1.3) comprises three reactor
modules, each with an individual thermal rating of
471 MWt. Each module is located in its own below-grade
silo and is connected to its own intermediate heat transport
system (IHTS) and steam generator system. The steam
generator and secondary system hardware are located in a
separate building and are connected by a below-grade
pipeway. All the reactors on the site share a common
control center, reactor maintenance facility, remote
shutdown and radwaste facility, and assembly facility.
Each power block of three reactor modules, would share
a sodium service vault containing sodium purification
equipment. The facility is being designed to permit siting
at 90 percent of existing continental United States sites.
The designer has proposed a 60-year design life for the
facility. The major plant characteristics are listed in
Table 1.1.

Each reactor module has its own steam generator which is
combined with the two other steam generators in each
power blaock by a common header to feed a single turbine

Table 1.1 PRISM piant characteristics and design data

Overall Plant

Number of reactors per power block

3

Number of power blocks

1/2/or 3

Net electrical output

465/930/or 1395 MWe

Net station efficiency

32.9%

Turbine throttle conditions

6653 kPa/555 K (965 psia/540 °F)

L Reactor Module

Thermal Power

o e e e

471 MWt

Primary sodium inlet/outlet temp.

, 611 K/758 K (640 °F/905 °F)

Primary sodium flow rate

174,128 L/min (46,000 gpm)

Intermediate sodium inlet/outlet temp.

555 K/716 K (540 °F/830 °F)

Intermediate sodium flow rate

156,148 L/min. (41,250 gpm)

Reactor Core

———————-—————-—-——-———-————————————————————————-——_———-——_—-&'
Fuel Metallic

Refueling interval

18 months

I Breeding ratio

1.05%

* Reference design, see Reference 1.12

NUREG-1368
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generator. The reactor module is approximately 19 m
(62 ft) high and about 6 m (20 t) in diameter and is in a
silo below grade level. The reactor module and its
associated components are seismically isolated to reduce
horizontal oscillations (Figure 1.4). The reactor module
enclosure consists of the reactor vessel, the containment
vessel, and the reactor closure head. The reactor vessel is
a 5.08-cm (2 in.)-thick stainless steel vessel, 5.74 m
(18.83 ft) in diameter and 16.9 m (55 ft 7 in.) high. The
reactor containment vessel is a 2.5-cm (1-in.)-thick
stainless steel vessel approximately 6.04 m (19.83 ft) in
diameter (Figure 1.5). A 15.2-cm (6 in.) diametral gap
filled with argon gas exists between the reactor vessel and
the containment vessel. The vessels are designed to permit
inservice visual inspection of the two vessels. The gap
between the two vessels is also intended to contain a
primary coolant leak without resulting in core uncovery.
The reactor closure head is common to both vessels. The
closure head is a 0.3-m (1 ft)-thick steel plate with a
rotatable plug (Figure 1.6) for refueling, and with
penetrations for the primary coolant pumps, the
intermediate heat exchanger system, and instrumentation
and hardware. The system is designed so that all
containment penetrations only penetrate through the closure
head.

The PRISM core (Figure 1.7) is designed to use metallic
fuel rather than oxide fuel. The core is designed to have
a 21¢ reactivity swing during the fuel cycle. Reactivity
and power are controlled by six independently regulated
absorber assemblies (control rods). Any one of the six
absorber assemblies is capable of shutting down the reactor
and maintaining the core in a hot-shutdown condition. In
addition, the reactor core is designed to utilize passive
reactivity feedback mechanisms to give a negative
reactivity coefficient for all design-basis transients. Three
GEMs, on the core periphery, insert negative reactivity
(approximately -69¢) following a loss-of-flow event. The
GEMs are discussed in detail in Section 4.3.5.6. An
ultimate shutdown system is located in the center of the
core to provide an alternative means of reaching cold-
shutdown conditions if control rods cannot be inserted.

The main power system is displayed in Figure 1.8. The
primary coolant is forced through the core by four
electromagnetic (EM) pumps. During normal operations,
the EM pumps receive power from the non-Class 1E ac
distribution system. Should the preferred ac distribution
system fail, the secondary offsite power supply system

could also power the EM pumps. If the preferred and .

secondary offsite supplies are lost, the plant, and therefore
the EM pumps, have no emergency ac power system (see
Section 8.3). However, power is supplied to the EM
pumps to provide coastdown, similar to a centrifugal
pump, by four synchronous motor/generator machines.

NUREG-1368

The heat removed from the core is transferred from the
primary coolant to an intermediate sodium loop through the
intermediate heat exchanger. The IHTS piping is
connected to the steam generator through a below-grade
pipeway (Figure 1.9). The IHTS piping is enclosed in a
guard pipe to contain possible sodium leaks. The
shutdown heat is removed by three systems: (1) the main
condenser, (2) the auxiliary (steam generator to air)
cooling system (ACS), and (3) the safety-grade passive
reactor vessel auxiliary cooling system (RVACS).

The control system for the PRISM is a state-of-the-art,
hierarchical distributed microprocessor-based digital
control system. An overview of the plant control system
(PCS) concept is shown in Figure 1.10. Plant operations
from 0-to-25 percent power are semiautomatic (manually
initiated, but automatically implemented). This control
mode involves a progression through a series of hold
points or plant verification states. Operation from 25-to
100-percent power is fully automated. Each of the nine
reactor modules has an independent reactor protection
system (RPS) located in the reactor vault, but isolated from
the reactor .module. The RPS is a digital system entirely
independent of the PCS. The RPS is a quad-redundant
protection system.

According to the designer, GE, the PRISM design features
have been chosen to prevent core- melt/core-damage events
that previous LMR designs have traditionally been
designed to accommodate.  Accordingly, traditional
containment and emergency planning have not been
proposed for the PRISM design because, it is suggested,
the likelihood of events occurring needing such mitigation
features has been reduced below that which needs to be
considered in the design.

1.4 Comparison With Other Liquid-Metal
Reactors

The PRISM design has considered worldwide LMR
experience to date. This experience base is from operation
of a number of facilities. The major facilities are listed in
Table 1.2.  Each of these facilities uses a unique
combination of shutdown systems, shutdown heat removal,
and containment/confinement. Operating experience with
the more recent smaller facilities such as Experimental
Breeder Reactor-II (EBR-II), Fast Flux Test Facility
(FFTF), and Phenix has been very good. The largest
facility, Super Phenix, has had some operational problems
in recent years since full-power operation began. In
general, the PRISM designers have attempted to
incorporate the lessons learned from the worldwide
experience into the design.
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Table 1.2 Major world LMRs (operating or under construction)

Thermal Pool/ioop Date
Reactor Power Design Critical Country
EBR-II 62.5 MW Pool 1963 U.S.
Joyo 100 MW Loop 1977 Japan
FFTF 400 MW Loop 1980 U.S.
PFR 559 MW Pool 1974 U.K.
Phenix 563 MW Pool 1973 France
Monju 714 MW Loop - Japan
SNR 300 736 MW Loop - FRG
BN-350 1000 MW Loop 1973 USSR
BN-600 1470 MW Pool 1980 USSR
Super Phenix 3000 MW Pool 1983 France

1.5 Program Status Overview and Research
and Development (R&D)

The technology development work for the PRISM was
identified in four phases; these phases relate to major
phases in the ALMR design development program
(Figure 1.11):

Phase I (1985-1988)

Feasibility tests (conceptual design)

Phase II (1989-1993)
Key features tests (advanced conceptual

design)

Phase I (1994-1997)
Components and subsystems
(preliminary and detailed design)

tests

Phase IV (1998-2001)
Systems tests with prototype reactor module

During Phase I, which coincided with the initial conceptual
design phase, a series of feasibility tests was performed to
confirm that the innovative design features selected for the
PRISM would produce the expected enhancement of safety
characteristics. A series of demonstration tests carried out
by Argonne National Laboratories (ANL) with the EBR-II
clearly showed the capability of a small metal-fuel core to
accommodate unprotected loss-of-flow and loss-of-heat-

NUREG-1368

sink events with benign consequences. - These types of
events were previously considered as typical initiators for
hypothetical core-disruptive accidents. From these tests,
ANL showed that core outlet or inlet temperature increases
lead to wvegative reactive feedbacks so that a stable
neutronic, near-shutdown condition was reached at an
elevated but structurally acceptable temperature. Similar
tests were successfully conducted in the FFTF from 50-
percent power at 100-percent flow for a mixed-oxide core
with nine GEMs located at the periphery of the core to
enhance neutron leakage following the loss of core inlet
pressure.

The capability for air natural circulation cooling of the
reactor vessel for shutdown heat removal was demonstrated
with tests in the FFTF interim decay storage tank facility
and additional full length channel tests conducted at ANL
using an annular segment of the RVACS. Pertinent heat
transfer correlations were established. Limits of the
system performance were evaluated by testing the flow
channel with a blocked inlet. It was demonstrated that
significant heat removal capability is retained.

Seismic isolation is included in the ALMR design to
protect the reactor module and its safety equipment from
potentially damaging ground motions during earthquakes
by transforming the range of high-energy seismic input
motions into low-frequency harmonic motions thereby
reducing horizontal accelerations. The feasibility of the
concept has been demonstrated in many civil structures as

1-14
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well as by testing scale-size, high-damping, steel-laminated
elastomer bearings to displacements corresponding to more
than three times the predicted safe-shutdown earthquake
(SSE) displacement without failure.

A self-cooled EM pump is included in the design consistent
~ with the approach to hermetically seal the reactor during
operation. Since the reactor sodium is used to cool the
pump coils, the electrical insulation operates at elevated
temperatures (near 811 K (1000 °F)). Specimens tested in
ovens indicated potential insulation operating life in excess
of 60 years at the peak insulation temperature expected
under normal reactor operation.

The reactor thermal-hydraulic characteristics for natural
circulation and transient conditions were verified in a 1/5-
scale water-flow model at ANL. The flow stratification in
the upper and lower plenum was examined.

In Phase II of the technology development program, which
coincides with the ALMR advanced conceptual design
phase, key feature tests of components and systems were
scheduled. Significant progress has been made in selected
areas; however, some areas lag. Among the major
accomplishments are the following:

= completion of PhasesI and II of a mechanical
performance test of a 1/4-length, full- diameter
segment of the EM pump

The improved Phase I test module was exposed to a
maximum sodium temperature of 739 K (870 °F) for
more than 3000 hours and completed more than 30
startup/shutdown cycles without failure.

» accelerated aging tests of EM pump electrical insulation
bar specimens and full-size coils continued to show
long-term, high-temperature performance

The test operations exceeded 40,000 hours (at 953 K
(680 °C)) for bar specimens and 35,000 hours (at
823 K (550 °C)) for the full-size coils.

= completion of automated controller development for
turbine bypass and testing of this feature in EBR-II

= completion of development of supervisory technique for
module power allocation

= completion of static and dynamic testing of 1/2-size and
1/4-size seismic isolation bearings to determine
structural  characteristics, failure modes, and
performance margins

NUREG-1368

The environmental characterization of bearings include
the exposure of rubber specimens to low gamma-
~ irradiation at the EBR-II sodium purification cell.

« testing of a 70-MWt helical coil steam generator unit at
the Energy Technology Engineering Center (ETEC)
after 16,000 hours.of operation at various power levels

A post-test examination program was initiated to verify
the structural performance. The water side
examinations and sodium cleaning are completed.

» testing of the passive fission gas monitor

Testing was initiated at ENEA-Brasimone to
demonstrate the diffusion characteristics of fission gas
species (Xe-133) in helium under typical reactor
temperature and sodium environment conditions.

= removal of two flexible piping bellows from the hot leg
of the EBR-II IHTS after 5 years of testing

A post-test evaluation program is ongoing consistent
with ALMR data needs.

The additional work planned in Phase II will complete the
key features tests. Information on these tests is not
available at this time; however, the following
accomplishments are expected

= completion of testing of a 1/4-length segment of a
double-stator-type EM pump and completion of the
electrical insulation material qualification effort
including insulation lifetime predictions

« demonstration of performance characteristics of key
features of the in-vessel transfer machine (IVTM),
including shaft seals, bearings under sodium, and
gripper assembly

= demonstration of performance characteristics and
margins of the seismic isolation system with single
bearing tests and shake table tests using multiple
bearings to support a simple reactor simulation model,
as well as completion of the environmental qualification
of seismic isolation bearings

» evaluation of the performance characteristics of key
reactor shutdown system components including latch
solenoids and bellows in a prototypical environment
and verification of the performance of the absorber
release mechanism

1-16



= post-test examination of the 76-MWt helical coil steam
generator unit, including visual and structural/metal-
lurgical examinations, demonstration of tube removal
and tube sheet hole-plugging operations in the field,
and specification of supplementary key features tests

s performance demonstrations of the passive fission gas
monitor, delayed neutron monitor, high-temperature
source-range flux monitor, sodium aerosol detector,
and pressure sensors in a prototypical environment

= development of a plant system model for advanced
controls integration, and validation and completion of
the initial controller development effort

e thermal-hydraulic tests using a water simulation model
to evaluate flow stability under the range of operating
conditions and temperature distributions at various
structures, and to determine transient flow conditions,
plenum mixing effects, and 3-D effects for the compact
ALMR geometry

= RVACS performance demonstration with system model
to evaluate degraded systems performance and
environmental effects

= reactor shielding evaluations in support of advanced
conceptual design

= continuation of the qualification of structural materials
for 60-year life

s continuation of flexible bellows testing program

According to the designer, GE, Phase III of the technology
development program will include the testing of key
ALMR components to verify performance. characteristics
and safety response in a prototypical environment. This
work will be completed during the detailed design
phase and some of the prototype components will be
refurbished after testing for use in the first prototype
reactor module or be kept as spare components. Major
accomplishments expected during Phase III include

= performance and safety testing of the seismic isolation
system

= performance testing of a prototype EM pump

= pérformance testing and failure recovery tests for a
prototype IVTM

= performance and reliability testing of two control drive
prototypes

1-17
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« performance and reliability testing of the ultimate
shutdown system

= completion of structural materials qualification

» performance and reliability testing of automated
controls system prototype

s completion of tests supporting the license certification
effort

For Phase IV, safety tests have been scheduled with the
prototype reactor module as outlined in the PSID.
According to the preapplicant, these tests will be
performed in support of obtaining a standard design
certification for the PRISM. The Phase IV safety testing
and performance verification program will include the
following tests:

= preoperational, startup, and duty-cycle tests

= safety benchmark tests to demonstrate inherent safety
response characteristics, including core reactivity
feedback effects and RVACS heat transfer

= safety tests to demonstrate the reactor responses to
anticipated transients with scram and with delayed
scram, and responses to events simulating the
degradation of safety systems

®» demonstration of reactor module seismic isolation
system performance characteristics with forced

vibration and forced displacement/snapback tests

» demonstration of the on-line maintenance and in-service
inspection capability of the PRISM module

1.6 Scope of the Review

The following major documents were supplied by DOE
and were reviewed by the staff:

= Preliminary Safety Information Document (PSID),
Volumes 1-5

= PSID Amendments 12 and 13 (Volume 6)

= Probabilistic Risk Assessment (PRA)

= Safety Test Program

These documents, other DOE documents, and information
supplied by DOE contractors are formally identified in the
section on references at the end of each chapter of this
report. Because of the conceptual nature of the PRISM
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design, the review concentrated on those features, issues,
and research and development activities considered
important to its safety and viability. Because of the
differences in design from an LWR, certain issues of a
policy nature arose that require Commission review and
guidance. These policy issues are listed here, and are
discussed in detail in Section 3.1 of this report.

= accident evaluation

s calculation of source term

= containment performance

= emergency planning

operator staffing and function

residual heat removal

positive void reactivity coefficient

control room and remote shutdown area design

These issues were also discussed in a paper sent to the
Commission on April 8, 1993 (SECY-93-092). The key
policy issues were also reviewed by the Advisory
Committee on Reactor Safeguards (ACRS) at a meeting of
the full committee on January 6, 1993. The Commission
approved the staff’s recommendations contained in the
policy issue paper in a staff requirements memorandum,
July 30, 1993, which was released to the public on
August 16, 1993. Many other technical issues also arose
from the review of these policy issues. These are
addressed in the appropriate sections of this report. Each
chapter or major section within each chapter of this report
identifies the scope of its review. The staff directed its
review principally in the areas of review approach and
criteria, nuclear design, reactor physics, reactor vessel
integrity, the passive heat removal system, safety analysis,
and PRA. Less of an effort was expended in areas of
instrumentation, control and electrical systems, auxiliary
systems, ' occupational exposures, human factors,
safeguards and security, and balance-of-plant items.
Although the staff’s review was limited in some of these
areas because of the information available, important issues
were identified. The staff did not review the areas of
mechanical equipment design, the modeling of fission-
product transport, and other phenomena involving chemical
processes for which experimental data are important to the
staff acceptance of any models proposed.

1.7 Review Approach and Criteria

The guidance used by the staff in reviewing the PRISM
design is that provided by the recent Commission policies
on advanced reactors (Ref. 1.4), severe accidents
(Ref. 1.7), safety goals (Ref. 1.8), and standardization
(Ref. 1.9). Further guidance on the use of these policies
and on the review. process is given in NUREG-1226
(Ref. 1.5). In general, the review approach used by the
staff was one that parallels the review approach used on
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LWRs. The many factors that contribute to LWR safety
(such as conservative design practices directed toward
accident ' prevention, and the use of redundancy and
diversity in accomplishing key safety functions) were
evaluated to ensure that similar factors or adequate
substitutes were provided for the PRISM design. The
acceptability of the design was not determined by
measurement against a single parameter (such as the safety
goals) or by comparing PRA results with LWR results.
Although PRA analysis is a useful tool in evaluating a
design, the staff does not consider it to be developed to the
point where it can be used as the primary measure of
reactor safety or acceptability. The staff relied primarily
on a_ deterministic review to ensure that adequate
conservatism and defense in depth are maintained in the
design. This review also serves as the basis for making a
judgment on the potential of the PRISM design to provide
protection to the public and the environment at least the
equivalent of that provided by current generation LWRs.

Central to the staff’s evaluation was the treatment of the
policy issues discussed in Sections 3.1 and 3.2. These
policy issues resulted from the different approach used in
PRISM to accomplish key safety functions. The staff’s
approach in these areas is demonstrated in Section 3 of this
report. Because of the high potential to prevent core
damage, a mechanistic analysis of radionuclide releases for
a range of low-probability events (equivalent to severe
accidents in LWRs) was substituted for the traditional,
non-mechanistic, large source term (which is representative
of a source term from a core-melt accident) utilized in
LWR siting. Guidance from the safety goal policy was
used to help define the range of low-probability events that
need to be considered. However, provisions were
maintained for engineering judgment to bound uncertainties
in the selection of these events. Similarly, the review of
a design without a conventional containment building was
based on a mechanistic analysis of a range of low-
probability events and on the potential for demonstrated
capability of the design (via prototype testing) to perform
as predicted. Inherent in this approach is a shift in
empbhasis in defense in depth from accident mitigation to
accident prevention and plant protection. With respect to
emergency planning, the preapplicant asserts that, given
the potential for a long response time before core damage,
and given the use of passive reactor shutdown and cooling
systems, the PRISM is sufficiently safe so that the
emergency planning zone radius can be reduced to the site
boundary. The long response time may compensate for
certain emergency planning requirements.

Consistent with the above, the review followed the general
approach of a construction permit review as described in
the Standard Review Plan (SRP) (Ref. 1.10), but was far
less comprehensive, emphasizing only items believed to be
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important to feasibility and safety, and deferring to a later
stage of review those items judged less significant. The
chapter-by-chapter organization of this document, as well
as the PSID submitted by DOE, follows generally the
organization of the SRP.

The staff's review was aided by independent analyses at
Brookhaven National Laboratory (BNL) (Ref. 1.11),
directed toward confirming the potential of the key safety
features of the design to perform their function and to look
for vulnerabilities in the design through sensitivity studies.
This independent analysis is summarized in Chapter 15 and
in Appendix B. BNL also reviewed selected topics in fuel
design, thermal-hydraulics, reactor physics, and safety
analysis. These BNL reviews contributed to this report.

In reviewing the PRISM design, the staff defined three
event categories (ECs) for the evaluation. These ECs, in

general, correspond to traditional LWR event categories as

follows:

s EC-I Aanticipated Operational Occurrences
s EC-II Unlikely Events
e EC-III Extremely Unlikely Events

These event categories were developed to avoid confusion
over which events need to be considered in the design and
how they are to be selected. The consideration of EC-I11
in the design is intended to ensure that low-probability
events beyond the traditional design-basis envelope are
considered in the design which would provide a sufficient
challenge to the plant to allow the use of a mechanistic
calculation of siting source terms. This consideration also
provides a shift in emphasis from accident mitigation to
accident prevention. The events in this category would be
selected using engineering judgment, complemented by
PRA. The consideration of such events in the design also
meets the intent of the Commission’s Severe Accident
Policy Statement and the Safety Goals for the Operation of
Nuclear Power Plants. A description of these event
categories and their use can be found in Section 15.3 of
this report.
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2 SITE LOCATION AND DESCRIPTION

2.1 Site Characteristics

The site characteristics for the Power Reactor Innovative
Small Module (PRISM) design, as defined in the
Preliminary Safety Information Document (PSID)
(Ref. 2.1) by the Department of Energy (DOE) and its
contractor, General Electric (GE), are an envelope of
selected site-related parameters which are designed to
include the majority of potential reactor sites available and
are independent of the reactor type (e.g., light-water
reactor or liquid-metal reactor). This envelope of site-
related parameters establishes the conditions  and
phenomena that the PRISM is designed to accommodate.

2.2 Siting Parameters

The PRISM facility siting parameters have been selected
to envelope 90 percent of the existing sites in the
continental U.S. The selected siting parameters are
identical, with one exception, to those submitted for the
GESSAR II (Ref. 2.2) by GE in March 1980. The
exception to the GESSAR II envelope is the snow load,
3.83 kPa (80 Ib/f%) for PRISM versus 2.39 kPa (50 1b/f%)
for GESSAR II. The below-grade design of the PRISM
and the top structure permit this increased load. Should a
proposed site exceed the design conditions, reanalysis
would be performed with the appropriate siting conditions.

Site boundaries and public exclusion zones will be
determined to satisfy the exposure limit guidelines given in
10 CFR Part 20 (Ref. 2.3), 10 CFR Part 100 (Ref. 2.4),
and the U.S. Environmental Protection Agency (EPA)
protective action guidelines (PAGs). However, at the
conceptual design stage, values of 0.80 km (0.5 mi) and
3.22km (2.0 mi) were used for the exclusion area
boundary and low-population zone, respectively. Dose
calculations at these distances based on source terms
determined from mechanistic analysis of events in Event
Categories I through III (EC-I through -III), as well as a
GE-proposed enveloping siting source term (see Table 2.1)
were calculated. These are discussed in Chapters 6 and
15. The following hazards were excluded from the siting
parameter by the preapplicant:

aircraft impact

exploston

flammable vapor clouds

toxic chemicals

fires

collisions with intake structures
liquid spills
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The PRISM siting envelope parameters are summarized in
Table 2.2.

2.3 Conclusions

The Nuclear Regulatory Commission staff based its review
on information that the applicant submitted originally in the
PSID. GE submitted no new information in
Amendments 12 and 13 for Chapter 2 of the original PSID
submittal, which covers site location and characteristics.
On the basis of the review performed on the PRISM
conceptual design and the approval of the GESSAR II
siting envelope, the staff finds that the siting characteristics
specified for PRISM are reasonable and meet the intent of
Regulatory Guide 4.7 (Ref. 2.6). The acceptability of the
proposed siting source term is contingent upon final
Commission review of the siting source term policy issue
(see Chapter 3). Metropolitan siting was neither proposed
by the preapplicant nor considered in the staff review of
PRISM.

2.4 References

2.1  General Electric, PRISM—Preliminary Safety
Information Document, GEFR-00793 UC-87Ta,
November 1986.

2.2. General Electric Co., "GESSAR II, BWR/6
Nuclear Island Design, " (22A7007, Rev. 21) (Initial
issue March 1980).

2.3  U.S. Nuclear Regulatory Commission, Code of
Federal Regulations, Title 10, "Energy,” Part 20,
"Standards for Protection Against Radiation."

2.4 U.S. Nuclear Regulatory Commission, Code of
Federal Regulations, Title 10, "Energy," Part 100,
"Reactor Site Criteria."

2.5 U.S. Nuclear Regulatory Commission,
"Assumptions Used for Evaluating the Potential
Radiological Consequences of a Loss-of-Coolant
Accident for PWRs," Regulatory Guide 1.4.

U.S. Nuclear Regulatory Commission, "General
Site Suitability Criteria for Nuclear Power
Stations," Regulatory Guide 4.7.
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Site Location and Description

Table 2.1 Components of GE’s proposed site suitability source term

Radio-Nuclides Released to Containment” Assumed Release
Noble gases 100 %
Halogens (I & Br) ' 0.1%
Particles (Cs & Rb) 0.1%
Transuranics (Pu) 0.01 %

Containment Leak Rate 0.1 %/day

Meteorological Assumptions RG 1.4 (Ref 2.5)

* Representative of large core damage

Table 2.2 Proposed PRISM siting parameters

Condition Parameter

Meteorological

Extreme wind 209.2 km/hr (130 mph) — 9.1 m (30 ft) above ground

Tornado 579.3 km/hr (360 mph) maximum wind speed
466.7 km/hr (290 mph) maximum rotational
112.7 km/hr (70 mph) maximum translational
8.0 km/hr (5 mph) minimum translational
20.7 kPa (3 psi) pressure drop

13.8 kPa/sec (2 psi/sec) rate of pressure drop

Short-term (2 hr) x/Q = 2 X 103 sec/m® (5 %)

dispersion conditions

Temperature range 233 K (-40 °F) to 319 K (115 °F)

Hydrological

Ground water level 0.61 m (2 ft) below grade

Flood ievel

0.30 m (1 ft) below grade

Maximum rainfall rate

10.16 cm/hr (4 in./hr)

. Maximum snow load

3.83 kPa (80 Ib/ft%)

Maximum cooling water
temperature

311 K (100 °F)

Seismological
Safe-shutdown earthquake 0.3g horizontal and vertical free-field as
(SSE) measured at grade level

Operating-basis earthquake

0.15¢ % SSE
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3 REVIEW APPROACH AND CRITERIA

3.1 Review Criteria

The review approach and review criteria applied to the
Power Reactor Innovative Small Module (PRISM) design
are, in some cases, different from those applied to
conventional light-water reactors (LWRs) because of the
unique design characteristics of the PRISM. Major
differences in criteria proposed by the PRISM designers,
which deviate from current LWR guidance for the review
of designs, were identified in a staff policy issue paper to
the Commission (Ref. 3.1). The following areas which
depart from current regulatory requirements:

» accident evaluation

= calculation of source term

= containment performance

emergency planning

operator staffing and function

residual heat removal

positive void reactivity coefficient

control room and remote shutdown area design

There were two other policy issues, reactivity control
system and safety classification, in the staff policy issue
paper that did not relate to the PRISM design.

Each of these major differences results from the
characteristics of the design which, because of its modular
scheme and its use of passive reactor shutdown and decay
heat removal systems, are claimed by the Department of
Energy (DOE) to prevent fuel damage for a wide range of
accident conditions, among which are such very unlikely
events as anticipated transients without scram, station
blackout, and multiple operator errors. Accordingly, the
staff has studied the fundamental technical issues associated
with each of these areas and has developed an approach
and recommended criteria to address each issue. The
approach utilizes the guidance in four documents as the
basis for deriving a set of proposed decision criteria
against which the PRISM concept was reviewed:

(1) the Commission’s Advanced Reactor
‘ Statement (51 FR 24643) (Ref. 3.2)

Policy

(2) NUREG-1226, "Development and Utilization of the
NRC Policy Statement on the Regulation of
Advanced Nuclear Power Plants” (Ref. 3.3)

(3) the Safety Goals (Ref. 3.4)
(4)  the Severe Accident Policy Statement (Ref. 3.5)
The review approach and criteria used by the staff are

directed toward meeting the guidance in the Commission’s
Advanced Reactor Policy which states that advanced

reactors must, as a minimum, provide at least the same
degree of protection for the public and the environment
that is required for current-generation LWRs. The staff
has interpreted current-generation LWRs to be those
evolutionary designs currently under review as standard
plant designs, such as the advanced boiling-water reactor
(ABWR). Further, the policy states that the Commission
expects advanced designs to provide enhanced margins of
safety. Accordingly, in the review of the PRISM design,
the staff proposes to use and build on applicable existing
regulations and guidelines for safety developed for
application to LWRs, to develop additional criteria when
necessary to address the unique characteristics of these
designs, and to require that they be assessed for enhanced
safety. In the application of the existing regulations and
guidelixies, the staff, in some cases, has had to interpret the
guidance developed for LWRs for application to the
PRISM concept and for issues under review. In making
such interpretations, the staff has directed its approach
toward maintaining limits and criteria at least equivalent to
those of LWRs for quality design, construction, and
operation, and for the release of radiation, maintaining
defense in depth, providing for conservatisms to account
for plant-specific uncertainties in the designs, and
maintaining consistency with the guidance under
development for future LWRSs for the treatment of severe
accidents. Each of these considerations is discussed in this
first section of Chapter 3. However, because of the
fundamental importance of the defense-in-depth principle
to reactor safety, its application to the PRISM concept is
addressed first.

"Defense in depth” in nuclear power plant safety regulation
is a philosophy that ensures that safety is achieved through
multiple, diverse, and complementary means to prevent
and mitigate radioactive releases. Different aspects of
plant safety that are generally categorized as prevention,
protection, mitigation, and emergency planning include
such features as

(1) plant design that uses conservative assumptions,
appropriate codes and standards, and high quality in
the design, construction, testing, operation, and
maintenance to minimize the potential for accidents

(2) high reliability, redundancy, and diversity in
components, systems, and structures to adequately
respond to and protect the plant and the barriers to
radiation release in the event of an accident

(3)  mitigative capability to delay and limit the release
of fission products to the environment in the event
an accident leads to the failure of one or more
barriers to radiation release
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Review Approach and Criteria

(4) emergency planning for protecting the public in the
event radiation released from the plant exceeds
acceptable limits '

In general, the PRISM designers have attempted to
maintain the defense-in-depth concept by addressing the
four categories listed above. The PRISM designers have
approached plant design and the means of maintaining
defense in depth somewhat differently from the approach
taken by LWR designers. In general, the PRISM shifts
emphasis from mitigation features to highly reliable
protection or prevention features. For example, the
PRISM designers aim to achieve high reliability and
protection through the use of simple and passive reactor
shutdown and decay heat removal methods as compared to
high reliability through active redundant systems in LWR
designs. These passive protection features are directed
toward maintaining fuel integrity even for very unlikely
events. Mitigation is provided in the PRISM design
through a low-pressure/low-leakage containment system,
through physical phenomena (fission-product retention,
plateout, and holdup), and through use of the long time
response of the reactor in accident sequences. This has
resulted in a design that proposes to accomplish protection,
mitigation, and emergency planning in ways different from
LWRs, thus raising the issues discussed in Section 3.1.2
(below). In the development of the criteria discussed in
the remaining part of this safety evaluation report (SER),
requirements have been included to ensure that each of the
four categories of defense in depth listed above is
addressed consistent with the unique characteristics of the
PRISM design, but with the objective of providing at least
equivalent protection, as compared to current LWR, to the
public when the defense-in-depth provisions are considered
as a whole. In summary, the criteria directed toward the
accident-prevention aspects of defense in depth for the
PRISM are intended to require accident prevention
capabilities at least equivalent to those required for current
LWRs. The criteria directed toward the protection and
mitigation aspects of defense in depth are intended to
provide protection to the public and the environment,
against the release of radiation, at least equivalent to that
provided by LWRs. The criteria directed toward
emergency planning are intended to provide an equivalent
level of protection in consideration of the characteristics of
the PRISM design.

In assessing the PRISM design, the staff used the existing
general design criteria (GDC) in 10 CFR Part 50
(Appendix A) (Ref. 3.6) as the initial framework for its

review. Specific criteria have been proposed for each of

several important issues associated with the PRISM
concept. The criteria could be applied in the review of
any reactor design that was significantly different from
current-generation LWRs. It should be emphasized that
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the proposed criteria were developed with full
consideration of technical and policy issues and are
directed toward ensuring a level of safety at least
equivalent to that of current-generation LWRs. The staff
developed the proposed criteria from the perspective of
what it believes are required to support design
certification.

3.1.1 General Approach and Criteria

In reviewing the PRISM advanced reactor concept, the
staff used the following general criteria as a framework
and an approach for conducting its review. However, it is
from the GDC that the staff proposed more spectific criteria
to address such areas as emergency planning, accident
selection, containment, and source term. The staff has
structured its review conservatively, so that affirmations
about the licensability of the conceptual design during the

" preapplication review would serve as a reasonable basis for

finding the design acceptable at design certification.
During the design certification process, some of the
conservatism in the staff (or applicant) analyses could be
removed if completed research leads to improved
understanding of the design and to the development of
better analytical tools. Some sources of uncertainty
regarding the conceptual design are limited performance
and reliability data for passive safety features, lack of final
design information, unverified analytical tools used to
predict plant response, limited supporting technology and
research, limited construction and operating experience,
and incomplete information on the proposed metallic fuel.

The proposed GDC stem from criteria the designers must
satisfy to ensure a level of safety that is at least equivalent
to that of LWRs and are discussed below.

(1) In order to ensure a level of safety at least
equivalent to that of LWRs, applicable LWR rules
and regulations are interpreted for advanced reactor
concepts and applied to the PRISM design. The
LWR Standard Review Plan (SRP), GDC, and
other regulations or staff positions were reviewed
for their applicability to the PRISM design and
were supplemented, as necessary, to account for the
differences and unique attributes of the design as
compared to LWRs. The following major
exceptions to existing rules and regulations are
proposed by DOE for the PRISM.

+ Permit calculation of siting source term based
upon mechanistic analysis in lieu of the large
nonmechanistic source term applied to LWRs
such as the TID-14844 (Ref. 3.7) source term
used in the 10CFR Part 100 siting
determination.



@

(€))

@

¢ Permit the containment function to be performed
differently from that for LWRs.

* Permit offsite emergency planning to be
modified to reflect passive plant safety
characteristics.

The PRISM design must comply with the intent of
the severe accident requirements formulated for
LWRs, therefore

* Meet the four procedural criteria for new plants
stated in the Commission’s Severe Accident
Policy Statement (Ref. 3.5).

be

o Identify important severe events (o

considered in the design.

+ Evaluate design-dependent features incorporated
to prevent severe accidents.

» Evaluate design-dependent features provided for
mitigation and accident management.

The PRISM design must show fission-product (FP)
retention capability at least equivalent to that of
LWRs, (that is, for equivalent classes of events,
criteria associated with FP release — fuel damage
limits, primary system integrity, and offsite dose)
should require FP retention as good as or better
than that for LWRs

To account for the reduced experience, as
compared to LWRs, the use of new or innovative
features in the PRISM design to perform safety
functions must

¢ Be demonstrated prior to design certification via
testing on the first of a kind or prototype plant
“so that reasonable assurance will exist about the
ability of these features to prevent or
accommodate accidents. Specifics of plant
testing can be determined case by case based on
review of the plant-specific safety analysis,
probabilistic risk assessment (PRA), and other
analyses.

¢ Utilize additional inspection, surveillance, and
in-service testing techniques and programs, as
necessary, to ensure that the quality and
performance of the new/innovative safety
features are maintained within acceptable limits
over the life of the plant.

Review Approach and Criteria

3.1.2 Proposed Licensing Criteria From SECY-93-092
(Ref. 3.1)

Within the framework of the general approach described,
more-specific criteria are provided for each of the key
licensing policy issues where there were differences in the
criteria proposed by the PRISM designers. These specific
criteria are discussed below.

3.1.2.1 Accident Selection and Evaluation

The staff proposes to develop a single approach for
accident evaluation to be applied to all advanced reactor
designs during the preapplication review. The approach
will have the following characteristics:

= Events and sequences will be selected deterministically
and will be supplemented with insights from PRA of
the specific design.

= Categories of events will be established according to
expected frequency of occurrence. One category of
events to be examined is accident sequences of a lower
likelihood than traditional LWR design-basis accidents
(DBAs). These accident sequences would be analyzed
without applying the conservatisms used for DBAs.
Events within a category equivalent to the current DBA
category will require conservative analyses, as is
presently done for LWRs.

= Consequence acceptance limits will be established for
core damage and onsite and offsite releases to be
consistent with Commission policy guidance.

v Methodologies and evaluation assumptions will be
developed for analyzing each category of events
consistent with existing LWR practices.

» Source terms will be determined as approved by the
Commission and are discussed in Section 3.1.2.2 of
this report.

s A set of events will also be selected deterministically to
(1) assess the safety margins of the proposed designs,
(2) to determine scenarios to mechanistically determine
a source term, and (3) to identify a containment
challenge scenario.

= External events will be chosen deterministically on a
basis consistent with that used for LWRs.

Evaluations of multi-module reactor designs will
consider whether specific events apply to some or all
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Review Approach and Criteria

reactors on site for the given scenario for all operations
permitted by proposed operating practices.

Consideration in the design of a spectrum of accidents
beyond the traditional LWR design-basis accident envelope
was considered necessary for the PRISM. Consideration
of such a spectrum of accidents (1) ensures that advanced
designs comply with the Commission’s Safety Goals and
Severe Accident Policies (Refs. 3.4 and 3.5), (2) provides
a sufficient test of the capability of the design to allow use
of mechanistic source terms for siting determinations and
for decisions regarding containment and emergency
evacuation plans, and (3) ensures that the shift in emphasis
in defense in depth from accident mitigation to accident
prevention, as compared to LWRs, does in fact provide a
design with safety at least equivalent to that of current-
generation LWRs. Therefore, a set of event categories
corresponding to events that must be used for design,
siting, and emergency planning purposes was defined.
Events to be included in each of these categories were
selected deterministically, supplemented by insights gained
from a PRA. The events selected will be used as a basis
for calculating source terms, evaluating the safety
characteristics of the proposed designs, and assessing the
adequacy of their containment systems and offsite
emergency planning. The staff proposed the following
event categories.

Event Category I (EC-I): This category of events for
advanced reactors would be equivalent to the current
anticipated operational occurrences (AQOs) class of events
considered for LWRs. The frequency range for these
events is approximately 107 per plant-year, or greater,
which corresponds to the frequency of events that may be
expected to occur one or more times during the life of the
plant. These events would be analyzed in a manner similar
to the analysis for LWRs to demonstrate compliance with
Appendix I to 10 CFR Part 50 (Ref. 3.6) and 40 CFR
Part 190 (Ref. 3.8).

Event Category II (EC-II): This category of events for

advanced reactors would be equivalent to the current DBA
category for LWRs and would be selected consistent with
the selection of an LWR DBA envelope. Specifically,
events in EC-II would

Be selected using traditional engineering judgment,
complemented by PRA methods, that would include
individual internal events down to a frequency of
approximately 10 per plant-year (10%/yr is based
upon ensuring that any event expected to occur over
the lifetime of a population of reactors—I100
reactors operating for 100 years—is included). A
lower value of 107 per plant-year will be used by
the staff to increase the confidence that the

M)
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collective risk of most potential DBAs are
considered in the design and to account for
uncertainties, particularly for a preapplication
review. (Currently, GE considers all individual
events that might occur at a frequency higher than
10° per reactor-year to be design basis events
(DBEs). GE analyzes these events in a
conservative manner.)

) Include a traditional selection of design-basis
external events.
(3)  Be subject to the single-failure criterion and other

traditional conservatisms (such as no credit for non-
safety-grade equipment).  Events within this
‘category would require conservative analysis as is
presently done for LWRs.

Event Category III (EC-III): This category of events for

advanced reactors corresponds to those severe events
beyond the traditional DBA envelope that should be used
by designers in establishing the design bases for these
reactors. The staff believes that the identification and use
of such an event category is consistent with the
Commission’s Severe Accident Policy statement and is
justified for the PRISM design, particularly where the use
of a mechanistic calculation of source terms and a shift in
emphasis from accident mitigation to accident preveation
is proposed. The events in this category would be selected
using engineering judgment, complemented by PRA
insights. This is consistent with the guidance provided in
the Commission’s Safety Goal and Severe Accident
policies, which encourage the use of PRA methods to
supplement engineering judgment and deterministic
(nonmechanistic) analyses. Specifically, events in EC-III
would

Include events (less-likely internal initiating events
plus multiple-failure event sequences) down to an
individual sequence frequency of approximately 107
per plant-year. The selection of 107/yr is based
upon ensuring that the cumulative risk of several
event sequences below 10°/yr are considered in
assessing compliance with the Commission’s
proposed performance guideline of less than a
10%/yr frequency of a large release of radioactive
material to the environment. The inclusion of
external events beyond those in EC-II would be
consistent with their application to future LWRs,
which is currently being developed as part of the
implementation of the Commission’s Severe
Accident Policy.

¢y

Include, based on engineering judgment, additional
bounding events to account for plant-specific

¢



uncertainties.  Selected bounding events for the
PRISM design are described in Table 15.1 of this
report. Further specification of these events is
provided in Table 15.2. The rationale for bounding
event selection and wuse is described in
Section 15.3.4 of this report. :

In selecting the events to be included in EC-III, the design
would be specifically reviewed to identify those events that
have the potential for a large release, core melt, or
reactivity excursion, to ensure that adequate prevention or
protection is furnished for these events. EC-III events
should be analyzed on a best-estimate basis, rather than on
a known conservative basis as would be done for EC-II.

PRISM Bounding Event Selection: In evaluating the
PRISM design, the staff was faced with the task of

defining the range of events that should be considered in
the design. This task was made particularly important
because PRISM was proposing 2 design with containment
and emergency planning features significantly different
from those applied to conventional LWRs, and because the
primary justification for these features was the proposed
capability of PRISM to prevent accidents that could lead to
significant core damage and offsite release of radioactive
material. The bounding events are discussed in greater
detail in Section 15.3.4 of this report.

The Office of Nuclear Regulatory Research (RES) has
developed a sequence categorization scheme which relies
on the type and number of system, component, or operator
failures to bin sequences by qualitative risk based on the
likelihood of an initiating event. Subsequent failure
probabilities are not needed to determine the sequence end-
state (or event category).

The sequence information resulting from the solution of
event trees can be used to (1) clarify each sequence,
(2) identify the systems significant to safety, and
(3) identify key operator actions. Each sequence in the
event tree can be evaluated to determine its event category

* (EC) as a function of its initiating event frequency and the
type and number of failures in the event tree. RES defined
four ECs designated as EC-1, EC-HI, EC-1II, and EC-IV.
These ECs were defined to help identify scenarios to be
analyzed by an applicant for design certification. The ECs
definitions are

The RES EC-I category was defined to include
scenarios that might occur at least once in the lifetime
of a given plant. Scenarios similar to those in this
category might be selected by the staff as anticipated
operational occurrences for analysis by an applicant.

Review Approach and Criteria

e« The RES EC-II category was defined to include low
frequency initiators and single component or operator
failures. These scenarios might occur once in the
lifetime of a population of plants. Some of these
scenarios might later be selected as design-basis

accidents for analysis by an applicant.

The RES EC-III category was defined to include very
low probability scenarios, some with multiple failures
which would be typical of severe accidents. Such
scenarios might be analyzed in probabilistic safety
assessments to determine licensing source terms and to
assess containment (or mitigative) capabilities.

The RES EC-IV category was defined to include
scenarios of such low probabilities that detailed analysis
would probably not be worthwhile. These are referred
to by RES as "residual risk" scenarios.

The criteria for categorizing a particular sequence is
demonstrated in Figure 3.1. As indicated, each
categorization bin would be individually identified to relate
a sequence to its initiating event frequency.

The staff has not applied the RES event categorization to
the PRISM preapplication evaluation presented in Chapter

15 of this report. However, for comparative purposes
RES EC-I would be equivalent to the PRISM classification
of both "normal operation" (frequency = 10! per
reactor-year) and "anticipated event” (10" > frequency =

102 per reactor-year); RES EC-II would be equivalent to
the PRISM classification of "unlikely event" (10?2 >

frequency = 10 per reactor-year); RES EC-III would be
equivalent to the PRISM classification "extremely unlikely
event” (10“ > frequency = 10 per reactor-year); and
RES EC-IV would be equivalent to the PRISM
classification of a beyond design basis event (frequency

below 10° per reactor-year). The proposed criteria
presented in Chapter 15 are similar to the RES

categorization but the lower bound frequencies in EC-II

and EC-III would be an order of magnitude lower to
account for uncertainties in the conceptual design phase.

The RES method does not rely on a frequency estimate to

categorize any given scenario.

3.1.2.2 Siting Source Term

Source term development for advanced reactors could be
based on mechanistic analysis if

The performance of the reactor and fuel under normal
and off-normal conditions- is sufficiently well
understood to permit a mechanistic analysis. Sufficient
data should exist on the reactor and fuel performance
through the research, development, and testing
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Begin sequence
evaluation

Is initiator frequency
greater than No A
or equal to 102 ? Sheet 2
Yes
No failures Single failure Double failure Triple failure
in sequence. exists exists exists
in sequence. in sequence. in sequence.

Category

EC-I EC-HHl

Bin B / BinC

Notes: Single faifure denotes one component failure or one operator
error.
Double failure denotes one system failure or two component
tailures or two operator errors or combination component failure /
operator error.
Triple failure denotes multiple failures which exceed the criteria
for double failure.

Sheet 1 of 3
Figure 3.1 RES event category logic diagram
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Sheet 1

Review Approach and Criteria

Is initiator frequency

greater than No B
or equal to 10 ? Sheet 3
Yes
No failures Single failure Double failure Triple failure
in sequence. exists exists exists
in sequence, in sequence, in sequence.

equence
Category
EC-lI

BinE

Notes:
error.

Category
EC-ll

Category
EC-lil

Single failure denotes one component failure or one operator

Double failure denotes one system failure or two component

failures or two operator errors or combination component failure /
operator error.
Triple failure denotes multiple failures which exceed the criteria
for double failure.

Sheet 2 of 3

Figure 3.1 (continued) RES event category logic diagram
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B
Sheet 2

Is initiator frequency
greater than
or equal to 107 ?

equence
Category
EC-lV

Yes
No failures Single failure Double failure Triple failure
in sequence. exists exists exists
in sequence. in sequence. in sequence.

equence
Category
EC-llI

Bini

Single failure denotes one component failure or one operator
error.

Double failure denotes one system failure or two component
failures or two operator errors or combination component failure /
operator error.

Triple failure denotes muttiple failures which exceed the criteria
for double failure.

Notes:

Sheet 3 0of 3

Figure 3.1 (continued) RES event category logic diagram
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programs to provide adequate confidence in the

mechanistic approach.

= The transport of fission products can be adequately
modeled for all barriers and pathways to the environs,
including specific consideration of containment design.
The calculations should be as realistic as possible so
that the values and limitations of any mechanism or
barrier are not obscured.

= The events considered in the analyses to develop the set
of source terms for each design are selected to bound
severe accidents and design-dependent uncertainties.

This would yield a more realistic estimate of source terms
and would give designers of advanced reactors incentive to
develop designs that minimize radioactive releases. The
following criteria are proposed for the. preapplication
review of the PRISM design for the calculation of a
mechanistic siting source term:

» Using the EC-II spectrum perform a conservative
evaluation of EC-II scenarios and calculate source.

= Using the EC-III spectrum perform a best-estimate
evaluation of EC-III scenarios and calculate source.

=  Ensure that sufficient data exist (through an R&D
program or prototype testing) on reactor and fuel
performance under EC-II and EC-III conditions to
produce adequate confidence in the mechanistic analysis
methods used.

=  Ensure that none of the EC-II and EC-III scenarios are
on a threshold where a slight change in assumptions or
uncertainty can cause an unacceptable change in
source.

The dose guideline specified for EC-II events is based
- upon maintaining a dose guideline equivalent to that for
LWRs where mechanistically calculated source terms are
used (i.e., where the LWR Standard Review Plan
(Ref. 3.9) allows the use of mechanistically calculated
source terms in analyzing accidents, it specifies offsite
dose must be a small fraction of 10 CFR Part 100
guidelines, which is generally interpreted as 10-25 percent
of the 10 CFR Part 100 dose guidelines). For the
preapplication review, the staff has chosen 10 percent of
the 10 CFR Part 100 guidelines. The dose guidelines for
EC-1I is meant to ensure, at this stage of review, that the
likelihood of meeting the LWR equivalent of a small
fraction of the 10 CFR Part 100 guidelines is high and
there is confidence in licensibility at a later review stage.

Review Approach and Criteria

The dose guideline specified for EC-III events is based
upon applying the same siting dose guideline as is applied
to LWRs (10 CFR Part 100) to those events that are being
analyzed in place of the traditional non-mechanistic LWR
source term (i.¢., EC-III events are the severe events
which in an LWR have traditionally been predicted to
result in a core melt and which, for LWRs, led to the
establishment of the non-mechanistic TID-14844 (Ref. 3.7)
source term).

The staff recognizes that the Safety Goal large release
criteria would allow greater release than Part 100 at
sufficient low probability. The dose guideline for EC-III
is meant to ensure, at the preapplication stage, that the
likelihood of meeting the Safety Goals is high and there is
confidence that future licensability is assured.

To allow the use of mechanistic analysis for siting source-
term selection, the staff proposed and GE adopted the
following dose guidelines for siting assessment during the
preapplication and preliminary design approval review
stages.

Category Dose Guideline Meteorology
EC-II 10 % of 10 CFR Part 100  Conservative
EC-111 10 CFR Part 100 Conservative

These proposed criteria on siting source-term calculation
and dose guidelines would be used in conjunction with the
traditional assessment of site suitability using the guidelines
of Regulatory Guide (RG) 4.7 (Ref. 3.11) for such factors
as population distribution and meteorology. These criteria
are not intended to modify any of the other NRC siting
guidelines described in RG 4.7.

The criteria GE uses for the bounding-évent evaluations is
10 percent of the 10 CFR Part 100 criteria, based on a
conservative analysis.

3.1.2.3 Containment

The PRISM design maintains an accident mitigation
approach, part of which includes containment of fission
products. The reactor building and containment dome are
below grade, offering protection from external hazards.
The PRISM containment design is a high-strength steel,

low-leakage pressure-retaining boundary, comprising two

components, the upper containment dome and lower
containment vessel. The upper steel containment dome
differs from LWR containments.
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The staff recognizes that reactor designs without traditional
containment structures or systems represent a significant
departure from past practice on LWRs, and that existing
LWR containment structures have proven an effective
component of the staff defense-in-depth approach to
regulation. New reactor designs that deviate from current
practice need to be extensively reviewed to ensure that an
equivalent level of safety to that of current-generation
LWRs is provided, and that uncertainties in the design and
performance are taken into consideration. The staff
believes that new reactor designs with limited operational
experience require a containment system that provides a
substantial level of accident mitigation for defense in depth
against unforeseen events, including core damage
accidents.
standard based upon containment functional performance
to evaluate the acceptability of a proposed design rather
than to rely exclusively on prescriptive containment design
criteria. The staff intends to approach this by comparing
containment performance with the following accident
evaluation criteria:

s The containment design must be adequate to meet the
onsite and offsite radionuclide release limits for the
event categories to be developed as described in the
accident evaluation section, Section 3.1.2.1 of this
report.

=  For a period of approximately 24 hours following the
onset of core damage, the specified containment
challenge event resuits in no greater than the limiting
containment leak rate used in evaluation of the event
categories, and structural stresses are maintained within
acceptable limits (e.g., ASME Code Level C
requirements (Ref. 3.12) or' equivalent). After this
period, the containment must prevent uncontrolled
releases of radioactivity.

These criteria are intended to maintain at least the same
level of protection of the public and environment (by
specifying equivalent dose guidelines and protection) as is
provided by current-generation LWRs. In addition, safety-
related systems, structures, and components should be
protected from sabotage and external events at least as well
as they are for current-generation LWRs.

3.1.2.4 Offsite Emergency Planning

Although emergency plans are not required for the
issuance of a design certification under 10 CFR Part 52

(Ref. 3.13), they would be necessary for the issuance of a

combined license under Part 52 or a license issued under
10 CFR Part 50. According to 10 CFR 50.47, no
operating license will be issued unless the NRC finds that
there is reasonable assurance that adequate protective
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Accordingly, the staff proposes to utilize a -

measures can and will be taken in the event of a
radiological emergency.

The preapplicant claims that the PRISM design, with its
passive reactor shutdown and cooling systems, and with
core heatup times much longer than those of existing
LWRs is sufficiently safe that the emergency planning zone
(EPZ) radius can be reduced to the site boundary, and that
detailed planning and exercising of offsite response
capabilities need not be required by NRC regulation. The
designers of the PRISM have objectives of achieving very
low probabilities (< 1.0X 10 per year) of exceeding the
Environmental Protection Agency lower-level protective
action guidelines (PAGs). The preapplicant also states that
this does not imply that no offsite emergency plan would
be developed, but rather that such a plan could have fewer
details concerning movement of people, and need not
contain provisions for early notification of the general
public or periodic exercises of the offsite plan on a scale
consistent with present licensed reactors.

The NRC staff proposes no changes to the existing
regulations governing emergency planning (EP) for
advanced reactor preapplicants at this time. The staff will
provide regulatory direction at or before the start of the
design certification phase so that any EP implications can
be addressed. The staff views the incorporation of EP by
advanced reactor preapplicants as an essential element in
the regulatory philosophy of “defense in depth,” which is
consistent with the current regulatory approach. This
philosophy, briefly stated (1) requires high quality in the
design, construction, and operation of nuclear power plants
to reduce the likelihood of malfunctions; (2) recognizes
that equipment can fail and operators can make mistakes,
thus requiring safety systems to reduce the probability that
malfunctions will progress to accidents that release fission
products from the fuel; and (3) recognizes that, in spite of
these precautions, serious fuel] damage accidents can occur,
thus requiring containments and other safety features to
prevent the release of fission products off site. Therefore,
adding EP to the defense-in-depth philosophy provides
reasonable assurance that emergency protective actions can
be taken to protect the population around nuclear power
plants, even in the unlikely event of an offsite fission-
product release.

Once information is obtained from accident evaluations
conducted by preapplicants and licensees, it will be
factored into the EP requirements for advanced reactor
designs. Based in part upon these accident evaluations, the
staff will consider whether some relaxation from current
requirements may be appropriate for advanced reactor
offsite emergency plans. The relaxations the staff may
evaluate include, but are not limited to, size of the EPZ,
the frequency of exercises, and notification requirements.
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3.1.2.5 Operator Staffing and Function

The NRC established the requirements for control room
staffing in 10 CFR 50.54(m)(2)(iti) which lists the
minimum staffing requirements for an operating reactor.
The SRP Section 13.1.2, Paragraph IL.C, states that at any
time a nuclear unit is operated in modes other than cold
shutdown, the minimum shift crew shall include two
licensed senior reactor operators (SROs), one of whom
will be designated as the shift supervisor, two licensed
reactor operators (ROs), and two unlicensed auxiliary
operators (AOs).

According to the preapplicant, the PRISM control room
would contain the instrumentation and controls for up to
nine reactor modules and their associated power conversion
systems. The minimum number of operating staff for the
PRISM design would include one SRO shift supervisor,
one SRO assistant supervisor, and one RO per power block
(three modules) in the control room, and three roving or
plant ROs. This is a minimum of eight licensed operators
for nine reactor modules.

Present-day LWRs are required to have a minimum of one
shift supervisor, one SRO, and two ROs per reactor. The
PRISM preapplicants have stated that the highly automated
operating systems, the passive design of safety features,
and the large heat capacity of the reactor result in designs
that respond to transients in a manner that demands less of
the operators than do current operating plants, The
PRISM designers assert, that because of passive safety
features, operator actions may not be required for several
hours to several days following an accident. This design
also automates systems that start up, shut down, and
otherwise control the reactor. Because of these factors and
others, the designers of the PRISM suggest that the plant
could be operated with fewer licensed operators which
would significantly reduce the training and operating costs
to licensees.

The staff believes that operator staffing may be design
dependent and intends to review the justification for a
smaller crew size for the PRISM design by evaluating the
function and task analyses for normal operation and
accident management. The function and task analyses
must demonstrate and confirm the following through test
and evaluation:

e Smaller operating crews can respond effectively to a
worst-case array of power maneuvers, refueling and
maintenance activities, and accident conditions.

s An accident at a single unit can be mitigated with the
proposed number of licensed operators, less one, while
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all other units could be taken to a cold-shutdown
condition from a variety of potential operating
conditions, including a fire in one unit.

e The units can be safely shut down with eventual
progression to a safe-shutdown condition under each of
the following conditions:

+ a complete loss of computer control capability
» ‘a complete station blackout
 a design-basis seismic event

s The adequacy of these analyses will be tested and
demonstrated. The staff is currently recommending
that an "actual control room prototype” be used for test
and demonstration purposes.

3.1.2.6 Control Room and Remote Shutdown Area
Design

The current LWR requirements for control room and
remote shutdown area design are addressed in 10 CFR
Part 50, Appendix A (Ref. 3.6), and 10 CFR Part 100
(Ref. 3.10). The GDC require that a control room with
adequate radiation protection is provided to operate the
plant safely under normal and accident conditions and that
there be an ability to shut down the plant from outside the
control room. The GDC also require that the electrical
system for the control room and the remote shutdown
equipment meet the requirements for quality and
independence. These requirements are defined as Class 1E
in supporting Institute of Electrical and Electronics
Engineers (IEEE) standards. The GDC and 10 CFR
Part 100 require that the structures and systems important
to safety be designed to seismic Category I standards to
withstand the effects of natural phenomena without loss of
capability to perform their safety functions.

The current LWR acceptance criteria and guidelines for the
remote shutdown area are given in SRP Section 7.4. The
SRP states that the area should be separated from the
control room as, for example, local control panels. This
area should be in communication with the control room,
should have Class 1E monitoring instrumentation and
controls capable of bringing the reactor down to cold
shutdown, and should be designed to meet single-failure
criteria and seismic Category I requirements.

The control room for the PRISM design contains the
instrumentation and controls for up to nine reactor modules

and their power conversion systems. According to the

preapplicant and the designers, the control room structure
is not considered safety-related and, therefore, is not
designed to seismic Category I design requirements.
Additionally, the equipment in the control room is not
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safety-grade. A separate, alternate, remote shutdown
facility (RSF) withr Class 1E safety-grade electronics and
displays, is in close proximity to the control room located
in the protected area of the reactor service building. The
RSF is a seismic Category 1 structure with operator access
provided through a seismic Category II, tornado-hardened
underground tunnel connected to the control room.

The staff believes that the operator remains a critical and
key element in ensuring reactor plant safety. Operators
,are most familiar with the control room surroundings and
normally manage plant activities from there. At this time,
the staff is reluctant to approve any design that would
(1) increase the burden on operators managing off-normal
operations, (2) increase the frequency of evacuation of the
control room during design-basis accident conditions, and
(3) possibly hamper the control or monitoring of upset
conditions as an event sequence progresses. The staff
believes human performance will still play a large role in
the safety of the advanced reactor plants and that the
quality of support provided by a safety-related, seismic
Category I and electrical Class 1E control room is
appropriate. The staff also believes that any remote
shutdown area should be designed to complement the main
control room. Sufficient Class 1E instrumentation and
controls should be available to effectively manage
anticipated accidents that would cause a loss of the control
room functions. The location and qualification of the RSF
areas should also ensure protection of the remote shutdown
operations to the greatest extent possible. Therefore, the
staff will apply current LWR regulations and guidance to
the review of the PRISM design at this time. This will
ensure that plant controls and the operators will be
adequately protected so that safe shutdown can be assured
in accident situations.

3.1.2.7 Positive Void Reactivity CoefTicient

The existence of a positive sodium void coefficient, or any
reactivity feedback effect that tends to make a postulated
accident more severe, is a significant concern. :

In the PRISM design, the maximum sodium void worth,
according to the preapplicant, assuming only driver fuel
and internal blanket assemblies void, is nominally $5.50.
If radial blankets are included, the sodium void worth is
nominally $5.26, which does not include the —69¢ from
the gas expansion modules (GEMs). Should sodium

boiling occur on a core-wide basis, assuming failure-to- -

scram conditions with a total loss of flow without
coastdown, the reactor could experience a severe power
excursion and core disruption. The predicted temperature
reactivity feedback would be approximately —80¢
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preceding the onset of sodium voiding. This tends to

-mitigate, to some extent, the positive reactivity addition.

It should be noted that for sodium voiding to occur,
redundant and diverse safety-grade systems would have to
experience multiple failures.

GDC 11 requires that the reactor core and coolant system
be designed so that in the power operating range, the net
effect of prompt inherent nuclear feedback characteristics
tends to compensate for rapid increases in reactivity. The
staff concludes that a positive sodium void coefficient
should not necessarily disqualify a particular reactor
design. However, the staff is proposing that the PRISM
preapplicant analyze the consequences of events (such as
anticipated transients without scram (ATWS), unscrammed
loss-of-coolant accidents (LOCAs), delayed scrams, and
transients affecting reactivity control) that could lead to
core damage as a result of the positive void coefficient.
When reviewing these analyses, the staff will take into
account the overall risk perspective of the designs.

3.1.2.8 Residual Heat Removal

The PRISM design is equipped with three methods for
shutdown heat removal. These are (1) condenser cooling
in conjunction with the intermediate sodium and steam
generator systems, (2) the auxiliary cooling system (ACS)
which removes heat from the steam generator by natural
convection of air after transport of heat from the core by
natural convection in the primary and intermediate
systems, and (3) the reactor vessel auxiliary cooling system
(RVACS), which removes heat passively from the reactor
containment vessel by natural convection of air.

The PRISM design uses the RVACS as the safety-grade
system for removing residual heat from the reactor core.
Heat generated in the reactor is transferred through the
reactor vessel, across an argon gas gap, then to the outer
surface of the containment vessel. The containment vessel
surface is then cooled by transferring the residual heat by
natural circulation in the completely passive RVACS.
Cooler air from outside the plant flows downward into the
below-grade reactor silo, where it is turned inward and
upward to be heated by the outer surface of the
containment vessel and a special collector cylinder. The
heated air then flows out of the silo and is released to the
atmosphere. The RVACS is completely passive and
always in operation. The RVACS is proposed as a backup
system to normal non-safety-grade cooling through the
intermediate heat transport system, the steam generator,
and the condenser. If the condenser is not available for
cooling, but the intermediate sodium loop remains
available, then the non-safety-grade ACS supplements the
RVACS. The RVACS design-basis analysis (performed by
GE) results in high-temperature conditions, within design
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limits, for an extended period of time even if no other
system is operated. However, use of the ACS in
conjunction with the RVACS can limit peak coolant
temperature for decay heat removal to about 15 K (27 °F)
above normal operating temperatures. According to the
designer, the ACS was included in the plant to reduce the
number of RVACS transients and to have this system
available to cool the plant passively along with RVACS
whenever there is sodium in the intermediate heat transport
system.

Current LWR criteria (GDC 34) require the RHR to
function using only safety-grade systems, assuming a loss
of either onsite or offsite power, and assuming a single
failure within the safety system. Also Regulatory Guide
(RG) 1.139 (Ref. 3.14) augments GDC 34 stating that the
RHR function should be capable of bringing the plant to a
safe-shutdown condition within 36 hours after reactor
shutdown. Branch Technical Position RSB 5-1 also states
that the RHR function must be performed in a reasonable
period of time following reactor shutdown.

The time required to cool the reactor down to the hot
standby temperature of 561 K (550 °F) is approximately
80 days using RVACS-only cooling, unless the ACS or
normal heat removal system is restored. The safety-grade
RHR system is completely passive and in continuous
operation. Continuous performance monitoring of the
passive system is one advantage of constant operation.
The high heat capacity of the PRISM design results in
longer time periods before exceeding temperature limits.

" However, relying solely on passive systems may lead to
high-temperature challenges to the reactor vessel and
reactor internal structures. Passive cooling requires larger
temperature differences between the reactor and ultimate
heat sink (air in the PRISM), because natural convection
and radiation, the passive processes, utilize temperature
difference as the driving force, eliminating the necessity
for pumps, motors, and associated control equipment.
However, temperatures significantly above normal
operating values may exist in the vessel and internal
structures for long periods of time and, therefore, creep
damage may be more likely as a result of the long-term
high-temperature transients.

Similar issues were identified for the RHR system of the
passive LWR designs. In SECY-93-087 (Ref. 3.15), the
staff discussed issues relating to the (1) ability of passive
systems to reach safe shutdown, (2) definition of a passive
failure, and (3) treatment of non-safety-grade systems that
- reduce challenges to the passive systems. The staff
believes that ultimate reliance on a single, completely
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passive, safety-related RHR system may be acceptable.
Although these issues have not been resolved, the staff
proposed recommendations to the Commission for
resolving them (Ref. 3.1). In performing its detailed
design evaluation, the staff will ensure that NRC
regulatory treatment of non-safety-related backup RHR
systems is consistent with Commission decisions on passive
LWR design requirements.

3.2 Conformance With General Design
Criteria

In this section, the staff evaluates the principal design
criteria proposed by the preapplicant for the PRISM
design. The differences between acceptable criteria for the
PRISM design and the GDC for LWRs in Appendix A to
10 CFR Part 50 are discussed. In this section "principal
design criteria" refers to the PRISM design and "general
design criteria" refers to the criteria in Appendix A to
10 CFR Part 50.

This evaluation is based on a review of the following
documents: (1) PSID Section 3.1 and PSID Appendices
F.1, F.2, F.3, G.4.1 (containment), and PSID
Section G.4.2 (shutdown system) for the PRISM design
(Ref. 3.16); (2) the Commission’s Advanced Reactor
Policy Statement concerning GDC for advanced reactors
(Ref. 3.2); (3) ANSI/ANS-54.1, "American National
Standard, General Safety Design Criteria for a Liquid-
Metal Reactor Nuclear Power Plant," which is an industry
standard on GDC for a liquid-metal reactor (LMR)
(Ref. 3.17); and (4) NUREG-0968, "Safety Evaluation
Report Related to the Construction of the Clinch River
Breeder Reactor Plant," dated March 1983, which
evaluated the Clinch River Breeder Reactor (CRBR) design
including the conformance of the design to the
GDC (Ref. 3.18).

The preapplicant has also listed and discussed principal
design criteria for the PRISM design in PSID
Section 1.2.1. These design criteria are divided into two
categories: power generation design criteria and safety
design criteria. This review is not concerned with the
power generation design criteria. The safety design
criteria correspond to the GDC in PSID Section 3.1. They
do not include all the GDC considered applicable by the
preapplicant to the PRISM design (e.g., GDC 1, quality
standards and records, and GDC 3, fire protection). The

"safety design criteria do include additional criteria as, for

example, protection against sodium/water reactions. These
safety design criteria were not reviewed against the
preapplicant’s proposed GDC or the GDC in 10 CFR
Part 50.
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3.2.1 Review Criteria
3.2.1.1 10 CFR Part 52

Paragraph 47(a)(1)(1) of Subpart B, "Standard Design
Certification, " of 10 CFR Part 52 (Ref. 3.13) identifies the
technical information that is required for construction
permits and operating licenses. References to 10 CFR
Part 20 (Ref. 3.19), Part 50 and its appendices (Ref. 3.6),
and Parts 73 and 100 (Refs. 3.20 and 3.10) are
incorporated into Part 52. Information that is technically
relevant to the design and not site specific is required for
an application for a standard design certification.

Section 50.34(a)(3)(i) requires that the preliminary safety
analysis report for an LWR nuclear power plant design
include the principal design criteria for the proposed
facility. The principal design criteria establish the
necessary design, fabrication, construction, testing, and
performance requirements for structures, systems, and
components (SSCs) of the plant design which are important
to safety. These are the SSCs that provide reasonable
assurance that the plant can be operated without undue risk
to the health and safety of the public. The GDC in
Appendix A to 10 CFR Part 50 established minimum
requirements for the principal design criteria for LWR
nuclear power plants similar in design to plants for which
construction permits have been issued by the Commission
(i.e., the current-generation of LWRs).

3.2.1.2 Commission’s Advanced Reactor Policy

Statement

The Commission stated, in its final policy statement
(Ref. 3.2) on advanced reactors, that (1) the advanced
reactors are to have at least the same degree of protection
of the public and the environment that is required for
current-generation LWRs, (2)the advanced reactor
designers are encouraged to propose design criteria, and
(3) the GDC for the advanced reactor designs should use
LWR regulations where they are applicable to the design.
In the Commission’s response to Question 4 in the Final
Policy Statement, the Commission stated that it intended to
use existing LWR regulations where they are applicable to
the designs. The advanced reactor designers were also
encouraged to propose specific criteria and novel
regulatory approaches which apply to their designs.

The PRISM design is not an LWR design.
advanced liquid-metal reactor (LMR) design. The PRISM
design is considered an advanced reactor because it is
significantly different from the then-current-generation
LWRs under construction or in operation, and uses
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simplified inherent or other innovative means to
accomplish safety functions. The Commission’s final
policy statement and matters such as the use of the
GDC for the advanced reactor designs are discussed in
NUREG-1226 (Ref. 3.3).

The preapplicant, in PSID Section 3.1, has proposed
principal design criteria for the PRISM design. These
principal criteria were compared to the GDC to show
where the GDC are applicable to the PRISM design and
where they are not applicable. This comparison also
assisted the staff in determining if the PRISM design has
at least the same degree of protection that is required of
current-generation LWRs (i.e., Item (1) above).

3.2.1.3 Clinch River Breeder Reactor Plant Review

Before the Commission issued the Advanced Reactor
Policy Statement, the principal Commission statement on
advanced reactor review policy was given in the
introduction to the GDC. In this introduction, it is stated
that the GDC are considered to be generally applicable to
nuclear power plants other than LWRs and are intended to

-provide guidance in establishing the principal design

criteria for such other plants. This led to the "comparable
level of safety” philosophy under which non-LWR designs
were reviewed by NRC before the Advanced Reactor
Policy Statement; that is, a comparable level of safety
would be established for all reactor types, with the
recognition that the licensing criteria for the non-LWR
reactors would be developed using the criteria for LWRs
to the extent practicable. The wording "comparable level
of safety” is the same as the later "same degree of
protection” used in the Commission’s Advanced Reactor
Policy Statement.

The implementation of the "comparable level of safety”
philosophy in reviews of non-LWR designs by NRC took
three forms with respect to the GDC: direct adoption,
suitable adaptation, and recognition of the need for and
development of new specialized criteria. Direct adoption
of the existing criteria has been possible in many instances
and has provided a means of ensuring a comparable level
of safety for new reactor designs. An example of such a
review of a non-LWR design is the NRC review of the
sodium-cooled Clinch River Breeder Reactor Plant
(CRBRP), even though the plant was never constructed.
The CRBRP, like the PRISM design, is a sodium-cooled
LMR. A safety evaluation report (Ref. 3.18) documented
the evaluation by the staff of the CRBRP design, including
the conformance of the CRBRP design to the GDC.

The positions proposed by the preapplicant for the PRISM
principal design criteria were compared in this report to
the positions taken by the NRC staff on the principal
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design criteria for the CRBRP design in NUREG-0968.
This comparison was performed to use applicable work
completed by the staff on principal design criteria for
another LMR to assist in determining if the PRISM design
has the "same degree of protection” required by the
Commission’s Advanced Reactor Policy Statement.

3.2.1.4 Industry Standard ANSI/ANS-54.1

The nuclear industry standard, ANSI/ANS-54.1-1989
(Ref. 3.17), was written to establish GDC (Criteria 3.1.1
to 3.6.5) for large-loop and pool-type LMRs as well as
small modular reactors. The standard was developed with
the emphasis placed on retaining the GDC wherever the
criterion is applicable to the LMR design. Changes and
deletions to the GDC were made only to reflect the unique
characteristics of the LMRs. The CRBRP licensing
experience and the passive heat removal systems being
developed for the PRISM design have been factored into
the standard.

The approach taken in ANSI/ANS-54.1 is consistent with
the approach taken by the Commission in its Advanced
Reactor Policy Statement. Because the standard applies to
LMRs similar to the modular, pool-type PRISM design,
and because it incorporates the CRBRP licensing
experience and the passive heat removal systems of the
PRISM design, the standard is applicable to the PRISM
design. The preapplicant’s proposed principal design
criteria for the PRISM design have been compared to the
positions taken in this standard.

3.2.2 Evaluation

The evaluation of the preapplicant’s proposed principal
design criteria for the PRISM design provides guidance for
a set of principal design criteria. These criteria would
express broad requirements that the designer must meet to
ensure that the safety of the PRISM design would be at
least that required of the current-generation LWRs. As
discussed in Section 3.1.1 of this report, this would be
only one set of requirements that the designer must meet
to ensure this minimum level of safety. The resulting
criteria would then represent the minimum requirements
for principal design criteria acceptable to the staff for the
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PRISM design and would provide the point of departure
for the development of detailed engineering criteria for the
final PRISM design.

The preapplicant compared the GDC to the specific
PRISM design and decided whether or not a system was
needed for the design to meet the criteria. If it was
determined that no system was required, then the
preapplicant concluded that the GDC was not applicable to
the PRISM design. The staff took a broader view and
considered whether the GDC should be applicable to any
LMR design or to a possible revised PRISM design where
the systems were changed.

The preapplicant’s proposed principal design criteria for
the PRISM are compared to the GDC, the criteria in -
NUREG-0968, and ANSI/ANS-54.1-1989. Because the
minimum design requirements for the current-generation
LWRs are the GDC, the results of this comparison will
provide one part of the basis for the NRC staff to conclude
that the PRISM design will or will not provide at least the
same degree of protection that is required of current-
generation LWRs. This comparison will not be sufficient
in" itself because the PRISM design (1) may require
additional GDC to those provided in 10 CFR Part 50 and
(2) will require a review of margins in the design
compared to LWRs as, for example, fuel design and
earthquake design limits, and the potential consequences of
postulated accidents. See the discussion in Section 3.1.1
of this report on the criteria directed toward ensuring a
level of safety for the PRISM design at least equivalent to
that of LWRs.

In some cases, NUREG-0968 and ANSI/ANS-54.1-1989
have additional criteria not in the GDC. The preapplicant
will be requested to address why the additional criteria are
not included in the principal design criteria for the PRISM
design.

The preapplicant’s proposed principal design criteria will
be considered in the order of the GDC and discussed in
terms of the exceptions taken by the preapplicant for the
PRISM design to the requirements in the GDC. A
summary of this evaluation is given in Tables 3.1 through
3.3.
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Table 3.1 GDC applicable to the PRISM design, by GDC number

GDC Categories

Staff Evaluations by
GDC Number

Preapplicant Proposal
by GDC Number

GDC directly
applicable

1, 2, 3,5, 10, 11, 12, 13, 14,
16, 18, 20, 21, 22, 24, 29, 30,
32, 42, 43, 52, 53, 54, 56, 60,
62, and 63

1, 2, 3,5, 10, 11, 12, 13,
14, 15, 16, 17, 18, 20, 21,
22, 23, 24, 25, 26, 29, 30,
31, 32, 34, 38, 40, 52, 53,

54, 56, 60, 61, 62, 63, 64

GDC applicable but needing changes

4, 15, 17, 19, 23, 25, 26, 27,
28, 31, 34, 36, 37, 38, 39, 40,
41, 44, 45, 46, 50, 51, 55, 57,
61, and 64

4, 19, 27, 28, 39, 50, and 51

GDC not applicable

33" and 35

33, 35, 36, 37, 41, 42, 43,
44, 45, 46, 55, and 57

Possible additional criteria

Sections 3.2.4.1, 3.2.4.2, and
3.2.4.6

None

GDC for which the NRC staff agrees with
the preapplicant

1,2,3,5, 10, 11, 12, 13, 14,
16, 18, 20, 21, 22, 24, 29, 30,
32, 35, 39, 51, 52, 53, 54, 56,
60, 62, and 63

GDC for which the NRC staff requests the
preapplicant to address changes to its position
during the preliminary design phase on the
GDC

4, 15, 17, 19, 23, 25, 26, 27,
28, 31, 33", 34, 36, 37, 38,
40, 41, 42, 43, 44, 45, 46, 50,
55, 57, 61, and 64

[*] - An alternative to GDC 33 is discussed under that GDC.

NUREG-1368
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Table 3.2 Summary evaluation of GDC

GDC GDC GDC Staff/
GDC Number/Title Directly Applicable Not Preapplicant
Applicahle!" With Applicable! Position
Revisions! on the
GDCM
Staff/Preapp. Staff/Preapp. Staff/Preapp.
I Overall Requirements:
1 - Quality Standards and Records X/ X Agreement
2 - Design Bases for Protection Against X/ X Agreement
Natural Phenomena
3 - Fire Protection X/ X Agreement
4 - Environmental and Dynamic Effects X/7X Disagreement
Design Bases
5 - Sharing of Structures, Systems, and X7 X Agreement
Components
I Protection by Multiple
Fission Product Barriers:
10 - Reactor Design X/ X Agreement
11 - Reactor Inherent Protection X / Agreement
12 - Suppression of Reactor Power X /X Agreement
Oscillations
13 - Instrumentation and Control X/ X Agreement
14 - Reactor Coolant Pressure Boundary X /X Agreement
15 - Reactor Coolant System Design I X X / Disagreement
16 - Containment Design X/ X Agreement
17 - Electric Power System /X X / Disagreement
18 - Inspection and Testing of Electric Power X/7X Agreement
Systems )
19 - Control Room _ X/ X Disagreement
3-17 NUREG-1368
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Table 3.2 (continued) Summary evaluation of GDC

GDC GDC GDC Staff/
GDC Number/Title Directly Applicable Not Preapplicant
Applicablet With Applicable!™ Position
Revisions!” on the
Gbct
Staff/Preapp. Staff/Preapp. Staff/Preapp.
I Protection and Reactivity Control
Systems
20 - Protection System Functions X /X Agreement
21 - Protection System Reliability and X/ X Agreement
Testability :
22 - Protection System Independence X/ X Agreement
23 - Protection System Failure Modes / X X / Disagreement
24 - Separation of Protection and Control X/ X Agreement
Systems
25 - Protection System Requirements for D ¢ X / Disagreement
Reactivity Control Malfunctions
26 - Reactivity Control System Redundancy /X X/ Disagreement
and Capability
27 - Combined Reactivity Control Systems X7X Disagreement
Capability
28 - Reactivity Limits X /X Disagreement
29 - Protection Against Anticipated X/X Agreement
Operational Occurrences
IV_Fluid Systems
30 - Quality of Reactor Coolant Pressure X/X Agreement
Boundary
31 - Fracture Prevention of Reactor /I X X/ Disagreement
Coolant Pressure Boundary
32 - Inspection of Reactor Coolant Pressure X/ X Agreement
Boundary
33 - Reactor Coolant Makeup X7 X Disagreement
34 - Residual Heat Removal / X X / Disagreement

NUREG-1368

3-18




Review Approach and Criteria

Table 3.2 (continued) Summary evaluation of GDC

GDC GDC GDC Staff/
GDC Number/Title Directly Applicable Not Preapplicant
Applicable!” With Applicable™ Position
Revisions!" on the
GDC!
IV_Fluid Systems (cont.) Staff/Preapp. Staff/Preapp. Staff/Preapp.
35 - Emergency Core Cooling X/ X Agreement
36 - Inspection of Emergency Core Cooling X/ /X Disagreement
System
37 - Testing of Emergency Core Cooling X / /' X Disagreement
System
38 - Containment Heat Removal /I X X/ Disagreement
39 - Inspection of Containment Heat X /X Agreement
Removal System
40 - Testing of Containment Heat Removal /X X/ Disagreement
System )
41 - Containment Atmosphere Cleanup X / /I X Disagreement
42 - Inspection of Containment Atmosphere X/ /I X Disagreement
Cleanup Systems
43 - Testing of Containment Atmosphere X/ /I X Disagreement
Cleanup Systems
44 - Cooling Water X / / Disagreement
45 - Inspection of Cooling Water System X/ / Disagreement
46 - Testing of Cooling Water System X/ / Disagreement
V Reactor Containment:
50 - Containment Design Basis X /7 X Disagreement
51 - Fracture Prevention of Containment X /X Agreement
Pressure Boundary
52 - Capability for Containment Leakage X/7X Agreement
Rate Testing
53 - Provisions for Containment Testing X/X Agreement
and Inspection
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Table 3.2 (continued) Summary evaluation of GDC

GDC GDC GDC Staft/
GDC Number/Title Directly Applicable Not Preapplicant
Applicable! With Applicable!? Position
Revisions! on the
GDC!
V Reactor Containment (cont.): Staff/Preapp. Staff/Preapp. Staff/Preapp.
54 - Piping Systems Penetrating Containment X/ X Agreement
55 - Reactor Coolant Pressure Boundary X/ /X Disagreement
Penetrating Containment
56 - Primary Containment Isolation X /X ' Agreement
57 - Closed System Isolation Valves X / / X Disagreement

V1 Fuel and Radioactive Control:

60 - Control of Releases of Radioactive X /X Agreement
Materials to the Environment

61 - Fuel Storage and Handling and /1 X X/ Disagreement
Radioactivity Control

62 - Prevention of Criticality in Fuel Storage X/ X Agreement
and Handling '

63 - Monitoring Fuel and Waste Storage _ X/ X Agreement

64 - Monitoring Radioactivity Releases /X X/ Disagreement

*An "X" indicates that the staff and/or the preapplicant have concluded that there is a basis to consider that the specific
GDC of 10 CFR Part 50 is in the category represented by the column.

"Agreement” indicates that the staff and the preapplicant are in agreement with the applicability of the GDC to the
PRISM design and all the changes that have been proposed for the GDC; "Disagreement” means that the staff and the
preapplicant are NOT in agreement.
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Table 3.3 Summary of (1) changes proposed for and
(2) recommended additional general design criteria

Effects Design Bases

GDC Number/Title Staff/Preapplicant Changes Proposed by NRC Staff
Position on the to Revise the GDC
GDC
I Overall Requirements:
4 - Environmental and Dynamic Disagreement Delete the last sentence of the GDC, add a phrase at

the end of the first sentence stating "including the
effects of sodium and its aerosols and combustion
products,” and delete the phrase "including loss-of-
coolant accidents” from the sentence.

II Protection by Multiple
Fission Product Barriers:

15 - Reactor Coolant System

Disagreement

Add the phrase, "sodium heating system,” to the list

Requirements for Reactivity
Control Malfunctions

Design of systems associated with the reactor coolant system.

16 - Containment Design Agreement Incorporate the Commission’s decision on the
containment leak rate policy issue submitted in Policy
Issues Paper'!. :

17 - Electric Power System Disagreement Add the phrase "normal operation, including” to the
words "anticipated operational occurrences” in Item
(1) of the GDC.

19 - Control Room Disagreement Delete the phrase "including loss-of-coolant
accidents” after accident conditions in the first
sentence, delete the word "adequate” from the phrase
"adequate radiation protection shall be provided," add
the phrase "including those conditions from sodium
reactions” to the first sentence, and revise the
reference to cold shutdown in Item (2) of the GDC.

Il Protection and Reactivity

Control Systems:
23 - Protection System Failure Disagreement Add the phrase "sodium and sodium reaction
Modes products” to the list of adverse environments in the
GDC.
25 - Protection System Disagreement Delete the phrase "(rod ejection or dropout)” of

control rods in the last line of the GDC.
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Table 3.3 (continued) Summary of (1) changes proposed for and
(2) recommended additional general design criteria

.GDC Number/Title Staff/Preapplicant Changes Proposed by NRC Staff
Position on the to Revise the GDC
GDC
IIT Protection and Reactivity
Control Systems (cont.):

26 - Reactivity Control System Disagreement Incorporate the Commission’s decision on the control

Redundancy and Capability rods policy issue submitted in Policy Issues Paper!',
delete the phrase "(including xenon burnup)” in the
second sentence and the second to the last sentence of
the GDC, replace the phrase "cold conditions" in the last
sentence to that of conditions where the coolant
temperature is lower than normal operating conditions,
and add additional sentences discussed in
Section 3.2.4.22.

27 - Combined Reactivity Disagreement Delete the phrase "in conjunction with poison addition
Control Systems Capability by the emergency core cooling system”

28 - Reactivity Limits Disagreement Delete the words "rod dropout” and "steam line rupture”
from the list of postulated accidents listed in the last
sentence and replace "rod ejection” and "cold water
addition” by "accidental withdrawal of control rod(s)"
and "cold sodium addition” in the list of postulated
accidents, of the GDC.

IV_Fluid Systems:

31 - Fracture Prevention of Disagreement Add the phrase "effects of coolant chemistry" to the
Reactor Coolant Pressure phrase "effects of irradiation on material properties” in
Boundary the list of four items at the end of the GDC, and add the

, words "service degradation of properties, creep, fatigue,
stress rupture” between "service temperature” and "other
conditions of the boundary material” in the second
sentence of the GDC.

33 - Reactor Coolant Makeup Disagreement Replace the GDC by Criterion 27 in NUREG-096§"

and Criterion 3.4.1 of ANSI/ANS-54.1-1989",

NUREG-1368
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Table 3.3 (continued) Summary of (1) changes proposed for and
(2) recommended additional general design criteria

GDC Number/Title Staff/Preapplicant Changes Proposed by NRC Staff
Position on the to Revise the GDC
GDC

IV Fluid S!stems (cont.):

34 - Residual Heat Removal Disagreement Incorporate the Commission’s decision on single,
passive safety-related systems which is a policy issue
submitted in Policy Issues Paper”, add the phrase
"under all plant shutdown conditions following
normal operation, including anticipated operational
occurrences, and postulated accidents conditions” to
the second sentence, add the phrases "a passive
boundary shall normally separate reactor coolant from
the working fluids of the reactor residual heat
extrication system” and "any fluid in the residual heat
extrication system that is separated from the reactor
coolant by a single passive barrier shall not be
chemically reactive with the reactor coolant” to the
first paragraph, and add a statement that the working
fluid of the residual heat extrication system will be at
a higher pressure than the reactor coolant system.

35 - Emergency Core Cooling Agreement To consider this GDC is not applicable to
LMR/PRISM designs, GDC 34 must be revised to
add a reference to the residual heat removal system
being designed for postulated accidents.

36 - Inspection of Emergency Core Disagreement Replace the references to emergency core cooling,
Cooling System . including the title, to that of residual heat removal
system, and change the list of important components.

37 - Testing of Emergency Core Disagreement Replace the references to emergency core cooling,

Cooling System including the title, to that of residual heat removal
system, and delete the phrase "and the operation of
the associated cooling water system”.

38 - Containment Heat Removal Disagreement Replace the reference to LOCAs by a references to
postulated accidents.
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Table 3.3 (continued) Summary of (1) changes proposed for and
. (2) recommended additional general design criteria

NUREG-1368
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GDC Number/Title Staff/Preapplicant Changes Proposed by NRC Staff
Position on the to Revise the GDC
GDC
[ IV _Fluid Systems (cont.):
39 - Inspection of Containment Agreement Delete references to a torus and sumps and add
Heat Removal System : pumps to the list of examples of important
components.

40 - Testing of Containment Heat Disagreement Delete the word "water” from the phrase "cooling

Removal System water system. "

4] - Containment Atmosphere Disagreement Add the phrases "sodium aerosols” and "combustion

Cleanup products,” and add the phrase that the containment
cleanup systems should consider "the effects of
sodium leakage and its potential reaction with oxygen
and its potential for hydrogen generation when in
contact with concrete,” to the first sentence of the
GDC.,

44 - Cooling Water Disagreement Change the title to "structural and equipment cooling”
and add the phrase "as necessary" to the end of the
first sentence of the GDC.

45 - Inspectidn of Cooling Water Disagreement Change the title to "inspection of structural and

System equipment cooling” and delete the word "water” from
the phrase "cooling water system” in the first
sentence of the GDC.

46 - Testing of Cooling Water Disagreement Change the title to "testing of structural and

System equipment cooling,” delete the word "water” from the
phrase "cooling water system” in the first sentence,
and delete the phrase "for reactor shutdown and for

I loss-of-coolant accidents” in Item 3 of the GDC.

V Reactor Containment:

50 - Containment Design Basis Disagreement Delete reference to 10 CFR 50.442 in Item 1 replace
reference to LOCAs with "postulated accidents,” and
replace metal-water and other chemical reactions
from a degraded ECCS with "fission products,
potential spray or aerosol formation, and potential
exothermic chemical reactions” at the end of Item 1

. of the GDC.
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Table 3.3 (continued) Summary of (1) changes proposed for and
(2) recommended additional general design criteria

GDC Number/Title Staff/Preapplicant Changes Proposed by NRC Staff
Position on the to Revise the GDC
GDC

V Reactor Containment (cont.);

51 - Fracture Prevention of Agreement Replace the phrase "ferritic materials” with "metallic
Containment Pressure materials. '
Boundary

55 - Reactor Coolant Pressure Disagreement Add the phrase "or the reactor cover gas boundary”
Boundary Penetrating ' to the first sentence of the GDC.

Containment

57 - Closed System Isolation Disagreement Add the phrase "or cover gas boundaries” to the end

Valves of the phrase "neither part of nor directly connected

to the reactor coolant pressure boundary” in the first
sentence of the GDC.

VI Fuel and Radioactivity

Control:
61 - Fuel Storage and Handling Disagreement Add a sentence that "The fuel handling and its
and Radioactivity Control interfacing systems shall be designed to minimize the
potential for fuel handling errors that could result in
fuel damage.”
64 - Monitoring Radioactivity Disagreement Delete the phrase "spaces containing components for
Releases recirculation of loss-of-coolant accident fluids."”
Possible New Criteria:
Criterion 3.2.5.1 - Protection This criterion would involve designing the SSCs to
Against Sodium Reactions limit the consequences of chemical reactions resulting

from a sodium leak. It should reference ANS 54.8-
1988P1, This is Criterion 4 of NUREG-0968% and
Criterion 3.1.4 of ANSI/ANS-54.1-19894,
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Table 3.3 (continued) Summary of (1) changes proposed for and

(2) recommended additional general design criteria

GDC Number/Title
Position on the
GDC

Staff/Preapplicant

Changes Proposed by NRC Staff
to Revise the GDC

Section 3.2.5.2 - Sodium
Heating System

This criterion would concern heating systems needed
to maintain the coolant in liquid form and to prevent
aerosols from condensing and plugging flow paths
important to safety. This is Criterion 7 of
NUREG-0968" and Criterion 3.1.7 of
ANSI/ANS-54.1-1989"1.

L

[11 U.S. Nuclear Regulatory Commission, "Policy Issue,” SECY-93-092, April 8, 1993.

[2] Code of Federal Regulations, Part 50, "Energy," January 1993.

[3] American Nuclear Society, ANS 54.8-1988, "Liquid Metal Fire Protection in LMR Plants. "

[4] U.S. Nuclear Regulatory Commission, NUREG-0968, "Safety Evaluation Report Related to the
Construction of the Clinch River Breeder Reactor Plant,” March 1983,

American National Standards Institute/American Nuclear Society, ANSI/ANS-54.1-1989, "General Safety
Design Criteria for Liquid Metal Reactor Nuclear Power Plants," April 1989,

Table 3.1 presents the GDC by numbers (i.e., the titles of
the GDC are not given) that would be in one or more of
the following categories:

(1) GDC directly applicable to an LMR/PRISM design
without any changes to the criteria

(2) GDC applicable to an LMR/PRISM design but
changes are needed to the criteria

(3) GDC not applicable to an LMR/PRISM design

(4)  GDC for which the staff and the preapplicant are in
agreement

(5) GDC for which the staff and the preapplicant are in
disagreement

(6) recommended additional GDC for an LMR/PRISM
design

Table 3.2 presents the GDC by titles for the first five
categories above; the first three categories above are
represented by the second, third, and fourth columns in
Table 3.2, and the fourth and fifth categories above are -
represented by the fifth column in the table. The
recommended additional GDC for an LMR/PRISM design
are not given in this table. The letter "X" in a column

NUREG-1368

means that the staff or the preapplicant concluded that the
GDC is in the category represented by the column.

Table 3.3 summarizes the following:

= changes proposed for
LMR/PRISM design

GDC to apply to an

» additional design criteria that may be needed

The details for the changes discussed in Table 3.3 are
given in Sections 3.2.3 and 3.2.4. In some cases, the
GDC are involved with the key policy issues on the
PRISM design. These key issues are discussed in
Section 3.2.3.10 below and in the appropriate GDC in the
next section.

3.2.3 Comparison to the GDC in 10 CFR Part 50

This evaluation provides GDC that are acceptable at the
preapplication stage for the PRISM design in terms of the
GDC and possible additional criteria. The abbreviation
"GDC: refers to the GDC in Appendix A to 10 CFR
Part 50. The preapplicant’s review was directed toward
the applicability of the GDC to only the PRISM design and
the staff’s review was directed toward the applicability of
the GDC to any likely LMR design, which would include
the PRISM design.
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GDC 1: Quality Standards and Records

This criterion requires (1) a safety classification system to
classify SSCs according to their importance to the safety of
the plant, (2) the designing, building, and testing of the
SSCs to quality codes and standards commensurate with
their safety function, (3) a QA program which ensures that
the SSCs will satisfactorily perform their safety function,
and (4) the maintenance of the appropriate records of these
SSCs for the life of the plant.

No exceptions were proposed to this GDC. Safety
classification criteria and SSCs important to safety (i.e.,
safety-related) for the PRISM design are discussed and
listed by the preapplicant in PSID Section 3.2. Recognized
codes and standards are stated to apply to ensure a quality
product consistent with the safety classification. The total
QA program, including contractor programs, is discussed
in PSID Chapter 17 and is stated to satisfy the quality-
related requirements of 10 CFR Part 50, including
Appendix B. Documents to demonstrate that all the
requirements of the QA program are satisfied would be
maintained for the life of the plant.

The requirements in GDC 1 are independent of the plant
design and the staff agrees with the preapplicant that the
criterion is directly applicable to the PRISM design.
GDC 1 is consistent with Criterion 1 of NUREG-0968 and
Criterion 3.1.1 in ANSI/ANS-54.1-1989. GDC11 is,
therefore, acceptable as written for the PRISM design.

In some cases, the staff disagrees with the preapplicant’s
decisions on the safety classification of certain systems or
components. For example, the preapplicant classifies the
control room and the equipment as non-safety-related and
the control room operators are considered not to have a
safety function. The staff does not agree with the
. preapplicant’s positions, as discussed in Section 13.2.3 of
this report.

GDC 2: Design Bases for Protection Against Natural
Phenomena

This criterion requires that a plant be designed with an
adequate margin of safety to withstand the natural
phenomena that could affect the ability of the plant’s
safety-related SSCs to perform their safety function for the
proposed site area.

No exceptions were proposed to this GDC. The
preapplicant stated that the PRISM design is a standard
plant design in accordance with 10 CFR Part 52 for which
a specific site is not part of the design. PSID Chapter 2
discusses the site characteristics for which the PRISM was
designed and PSID Table 2.1-1 summarizes the PRISM
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siting-related envelope. The preapplicant stated that the
PRISM will be designed for a majority of the potential
sites in the contiguous United States.

The requirements in GDC 2 are independent of the plant
design. The staff agrees with the preapplicant that the
criterion is directly applicable to the PRISM design.
GDC 2 is consistent with Criterion 2 of NUREG-0968 and
Criterion 3.1.2 of ANSI/ANS-54.1-1989. GDC?2 is,
therefore, acceptable as written for the PRISM design.

The staff will require a PRA-based analysis of seismic
margins in order to evaluate the robustness of the PRISM
design to withstand seismic events beyond the design basis.
This requirement is part of assessing the plant response to
severe accident sequences, as discussed in Chapter 15 of
this report.

GDC 3: Fire Protection

This criterion requires that a plant be designed and
constructed to (1) minimize the probability and effects of
fires and explosions on plant SSCs important to safety and
(2) prevent fire-fighting systems from adversely affecting
these SSCs.

No exceptions were proposed to this GDC. The
preapplicant stated that the SSCs considered important to
safety shall be located to minimize the probability and
effects of fires and explosions. Fire protection subsystems
shall be in compliance with requirements for improved risk
classification as defined by the Energy, Research, and
Development Administration (ERDA) Industrial Fire
Protection Manual, Chapter 0552, and by applicable
National Fire Protection Association (NFPA) codes.
PRISM is to follow guidelines in Appendix R to 10 CFR
Part 50 (Ref. 3.6) and SRP Section 9.5.1 of NUREG-0800
(Ref. 3.9).

PRISM is different from LWRs in that it contains large
quantities of sodium that reacts vigorously with water and
oxygen, and could cause fires that would not occur at
LWRs. The preapplicant stated that special precautions
will be taken for sodium fires. The plant will be designed
with special consideration given to detection and mitigation
of sodium leaks and reactions. The steam generator
system will have sodium-water reaction pressure systems
to detect sodium or water leakage, to relieve the pressure
pulses from sodium-water reactions, and to collect and
vent the reaction products.

Even though the presence of sodium in the PRISM design
presents additional problems compared to LWRs with
respect to fire protection, the overall requirements for fire
protection are independent of the design of the plant. The
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staff agrees with the preapplicant that this criterion is
directly applicable to the PRISM design. GDC 3 is
consistent with Criterion 3 in NUREG-0968 and
Criterion 3.1.3 of ANSI/ANS-54.1-1989. GDC 3 is,
therefore, acceptable as written for the PRISM design.

GDC 4: Environmental and Dynamic Effects Design
Bases

This criterion requires that the plant be designed and
constructed so that SSCs important to safety can withstand
environmental conditions and dynamic effects, including
missiles and pipe whip, without losing their ability to
perform their safety function.

The preapplicant’s proposed Criterion 4 would exclude the
last sentence in GDC 4 that states "However, dynamic
effects associated with postulated pipe ruptures in nuclear
power units may be excluded from the design basis when
analyses reviewed and approved by the Commission
demonstrate that the probability of fluid system piping
rupture is extremely low under conditions consistent with
the design basis for the piping.” This has allowed for pipe
leak before pipe break in LWRs. It is not being
considered by the preapplicant for PRISM because the
reactor coolant is a low-pressure system. Therefore, the
proposed criterion is more conservative than GDC 4.

The preapplicant stated that safety-related SSCs will be
protected from the worst potential environmental conditions
and a wide spectrum of credible missiles, including
tornado generated missiles. Spontaneous and massive
ruptures of the sodium piping are not considered credible
by the preapplicant because the piping is in low-pressure
and low-stressed systems. The dynamic effects of pipe
rupture (i.e., pipe whip) are not included in the PRISM
design.

Although sodium presents additional problems in PRISM
compared to LWRs with respect to plant environmental
conditions and dynamic effects, the requirements for this
criterion are independent of the plant design. The staff
agrees with the preapplicant that this criterion is applicable
to the PRISM design.

As proposed by the preapplicant, GDC 4 is consistent with
Criterion 5 of NUREG-0968 and Criterion 3.1.5 of
ANSI/ANS-54.1-1989 with the following three exceptions
which involve only NUREG-0968. First, to account for
the presence of sodium, NUREG-0968 adds the following

phrase on protection against sodium reactions at the end of -

the first sentence of GDC 4: ‘“including the effects of
sodium ... and [its] ... aerosols and combustion products. "
The intent of this additional phrase is to require that the
plant be designed and constructed with special
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consideration given to the effects of sodium. Because of
the high chemical activity of sodium, leaks and spills can
lead to chemical reactions, fires, and reaction products not
possible in LWRs and, therefore, special measures need to
be taken. The preapplicant should address why the
additional phrase on protection against sodium reactions
should not be included in the GDC 4 for the PRISM
design.

Second, NUREG-0968 has deleted the phrase "including
loss-of-coolant accidents,” which follows the words
"postulated accidents,” from the first sentence of GDC 4.
The staff did not consider LOCAs an important class of
accidents for the CRBRP design and they were, therefore,
not specifically referred to in the GDC. The reference to
postulated accidents will cover all the important accidents
for LMRs. This exception is considered important for the
PRISM design and the preapplicant should address why the
phrase "including loss-of-coolant accidents” should not be
deleted from GDC 4.

The third exception would add the same phrase "including
anticipated operational occurrences” to the first sentence of
GDC 4 to ensure that the criterion would apply to all
design-basis events. It is not considered necessary to
include “anticipated operational occurrences” for LMRs
among the design basis events because the design basis
events will determine the environmental and dynamic
design bases for the plant.

The proposed GDC 4, with the modifications discussed
above, appears to be acceptable for the PRISM design.

GDC 5: Sharing of Structures,
Components

Systems, and

This criterion requires that SSCs important to safety shall
not be shared among nuclear power units unless it can be
shown that such sharing will not significantly impair their
ability to perform their safety functions, including, in the
event of an accident in one unit, an orderly shutdown and
cooldown of the remaining units,

No exceptions were proposed to this GDC. The SSCs
important to safety for each module are not shared between
modules; however, the control room and primary sodium
processing subsystem (PSPSS) will be shared among
modules in a plant. The preapplicant does not classify the
control room, which is shared among all the nine modules,
as a safety-related structure and control system. The
staff’s evaluation of the control room is given in
Section 13.2.3 of this report.

Although the preapplicant has classified the PSPSS as
safety-related, it is shared among the three modules of a
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power block. As discussed in PSID Section 9.5, the
PSPSS is not used during power operation. The PSPSS is
designed to remove impurities from the sodium in the
reactor vessel during refueling and hot standby conditions
and from the sodium in the primary sodium storage vessel.
It is not designed to shut down a module, cool a module,
or mitigate the consequences of an accident involving a
module. Although the sharing of the PSPSS in a power
block appears to meet GDC 5, the preapplicant should
specifically address why the sharing of the safety-related
PSPSS meets the requirements in GDC 5.

The requirements in GDC § are independent of the design
of the plant. The staff agrees with the preapplicant that
this criterion is directly applicable to the PRISM design.
GDC 5 is consistent with Criterion 6 of NUREG-0968 and
Criterion 3.1.6 of ANSI/ANS-54.1-1989. GDCS5,
therefore, is acceptable as written for the PRISM design.

GDC 10: Reactor Design

This criterion requires that there be assurance in the plant
design that fuel design limits will not be exceeded during
normal operation and anticipated operational occurrences.

No exceptions were proposed to this GDC. The
preapplicant stated that maintenance of fuel rod structural
integrity with design limits is a design requirement for
normal and anticipated operational occurrences. Although
the preapplicant does not refer to control and protection
systems to ensure that fuel design limits are not exceeded
in its discussion of GDC 10, these will have to be designed
with adequate margin if they are being relied upon by the
PRISM designers. The fuel research and development
program discussed in Chapters 4 and 14 is designed to
provide the fuel normal operating and limiting condition
parameters necessary to define normal and off-normal
operating limits.

The requirements in this criterion are independent of the
design of the plant. The staff agrees with the preapplicant
that this criterion is directly applicable to the PRISM
design.

GDC 10 is consistent with Criterion 8 of NUREG-0968
and Criterion 3.2.1 of ANSI/ANS-54.1-1989 with two
exceptions. The first is that NUREG-0968 deletes the
word "core" following the word "reactor” in the first
sentence so that GDC 10 would not be limited to the
‘reactor core. The staff concludes that this is not important
for the PRISM design.

Exception two is that ANSI/ANS-54.1-1989 adds several
paragraphs of requirements to GDC 10 for LMRs. After
reviewing these paragraphs in ANSI/ANS-54.1-1989, the
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staff believes that these additional requirements, although
unique to LMRs, are details that are contained within the
generalities of GDC 10 of 10 CFR Part 50. Therefore,
these additional paragraphs need not be added to the
GDC 10 for the PRISM design.

Therefoie, GDC 10 is acceptable as written for the PRISM
design.

GDC 11: Reactor Inherent Protection

This criterion requires that the nuclear characteristics of
the core provide a prompt negative reactivity feedback to
positive reactivity insertions while the plant is in a transient
during any operating mode in the power operating range.

No exceptions were proposed to this GDC. The
preapplicant stated that the fuel Doppler effect for the
PRISM core provides prompt and strongly negative
reactivity feedback which is needed to mitigate the effects
of reactivity transients. The analysis of accident conditions
will use conservative values of the Doppler coefficient.
The core expansion and fuel assembly bowing are
predicted to provide additional negative reactivity feedback
for transients. These reactivity effects will be verified in
the prototype testing of the Safety Test Program for
PRISM, discussed in Chapter 14 of this report.

The requirements in this criterion are independent of the
design of the plant. The staff agrees with the preapplicant
that this criterion is directly applicable to the PRISM
design. GDC 11 is consistent with Criterion 9 of
NUREG-0968 and Criterion 3.2.2 of ANSl/
ANS-54.1-1989. GDC 11 is, therefore, acceptable as
written for the PRISM design.

In the PRISM design, a failure to scram and a total loss of
flow without coastdown could result in sodium boiling, and
a severe power excursion and core disruption. The staff is,
therefore, concerned that there are certain events that could
lead to sodium boiling and, thus, the PRISM design may
not meet GDC 11. The question of whether a reactor
design can be acceptable if its overall inherent reactivity
tends to increase under specific conditions or accidents,
even though the conditions require the multiple failures of
redundant and diverse safety-grade systems, is a policy
issue that was presented to the Commission (Ref. 3.1).
See Section 3.1.2 of this report. The preapplicant should
address the staff’s concern about whether the design meets
GDC 11.

GDC 12: Suppression of Reactor Power Oscillations

This criterion requires that the core and associated systems
be designed to ensure that power oscillations cannot exceed
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fuel design limits or that the oscillations can be reliably
detected and suppressed.

No exceptions were proposed to this GDC. The
preapplicant stated that the PRISM core is small compared
to the average neutron mean free path and, therefore, the
core is tightly coupled neutronically which will prevent
spatial instability. The strong fuel Doppler coefficient has
been shown by analysis to ensure a stable response to
reactivity perturbations at full power.

The requirements in this criterion are independent of the
design of the plant. The staff agrees with the preapplicant
that this criterion is directly applicable to the PRISM

design. GDC 12 is consistent with Criterion 10 of
NUREG-0968 and Criterion 3.2.3 of ANSIl/
ANS-54.1-1989. GDC 12 is, therefore, acceptable as

written for the PRISM design.

GDC 13: Instrumentation and Cbntrol

This criterion requires sufficient instrumentation and
controls to monitor and maintain system variables within
their prescribed operating ranges throughout normal
operation, anticipated operational occurrences, and
accidents.

No exceptions were proposed to this GDC. The
preapplicant stated that instrumentation and controls are
provided to monitor and control neutron flux, control rod
position, chemical composition, temperatures, pressures,
flows, and levels as necessary to ensure that adequate plant
safety can be maintained for normal operating conditions,
anticipated operating conditions, and accidents.

The requirements in this criterion are independent of the
design of the plant. The staff agrees with the preapplicant
that this criterion is directly applicable to the PRISM
design. GDC 13 is consistent with Criterion 11 of
NUREG-0968 and Criterion 3.2.4 of ANSI/ANS-54.1-
1989. GDC 13 is, therefore, acceptable as written for the
PRISM design.

GDC 14: Reactor Coolant Pressure Boundary

This criterion requires a high integrity for the reactor
coolant pressure boundary (RCPB) and a low probability
of gross rupture of this boundary.

No exceptions were proposed to this GDC. The
preapplicant stated that the RCPB will be designed and
counstructed to applicable sections of the American Society
of Mechanical Engineers (ASME) Boiler and Pressure
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Vessel Code and Code Case N-47 for elevated reactor
vessel temperatures. Because of the low operating
pressure and high operating temperatures, and because the
RCPB components are fabricated of highly ductile stainless
steel material, the potential for rapidly propagating failure
of the RCPB is considered negligible. Seals in the RCPB
are monitored for leakage.

The requirements in this criterion are independent of the
design of the plant. The staff agrees with the preapplicant
that this criterion is directly applicable to the PRISM

design. GDC 14 is consistent with Criterion 12 of
NUREG-0968 and Criterion 3.2.5 of ANSl/
ANS-54.1-1989. GDC 14 is, therefore, acceptable as

written for the PRISM design.

GDC 15: Reactor Coolant System Design

This criterion requires that the reactor coolant system and
its associated systems are designed with sufficient margin
to prevent the design conditions from being exceeded
during normal conditions and anticipated operational
occurrences.

No exceptions were proposed to this GDC. The
preapplicant stated that the reactor coolant system and
associated auxiliary, control, and protection systems are
designed with sufficient margin to ensure that GDC 14 is
met. Consistent with the safety classification, the systems
and components will be designed to the appropriate
sections of the ASME Code and code cases. The normal
operating conditions and the nature and frequency of
anticipated operational occurrences will be included in the
design analyses.

The requirements in this criterion are independent of the
design of the plant. The staff agrees with the preapplicant
that this criterion is directly applicable to the PRISM
design.

GDC 15 is consistent with Criterion 13 of NUREG-0968

. and Criterion 3.2.6 of ANSI/ANS-54.1-1989, except that

both documents added the phrase "sodium heating system"
to the list of systems associated with the reactor coolant
system. The addition of the sodium heating system to the
GDC for the PRISM is discussed in Section 3.2.4.2 below.
The preapplicant should address why the additional phrase
"sodium heating system" should not be accepted for the
PRISM design for this GDC.

A modified GDC 15 adding the phrase "sodium cooling
system" to the list of systems is acceptable for the PRISM
design. '
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GDC 16: Containment Design

This criterion requires that a reactor containment and
associated systems be provided to establish an essentially
leak-tight barrier against uncontrolled release of
radioactivity to the environment and ensure that important
containment design conditions are not exceeded during
postulated accidents.

No exceptions were proposed to this GDC. The
preapplicant stated in PSID Section G.4.1 that the PRISM
containment design is an upper containment dome above
the reactor closure head and a lower containment vessel
connecting to the closure head. The containment dome
and the containment vessel are designed to have a design
leakage during accidents no greater than 1.0 percent and
0.1 percent volume per day, respectively. The upper and
lower containment regions have different design leakage
requirements because the upper region is not required to
contain primary sodium leaks, as is the case for the lower

region. The containment pressure boundary will be
designed to meet NRC containment boundary
requirements.

The requirements in this criterion are independent of the
design of the plant. The staff agrees with the preapplicant
that this criterion is directly applicable to the PRISM
design. ’

GDC 16 is consistent with Criterion 14 of NUREG-0968
and Criterion 3.2.7 of ANSI/ANS-54.1-1989 except that
ANSI/ANS-54.1 refers to confinements in addition to
containments and an “effective” barrier instead of a
leaktight barrier. These exceptions change GDC 16 as
follows: (1) relaxes the requirement for an essentially
leaktight structure that is typical for LWRs and (2) allows
filtered, vented containments (these may have higher leak
rates than current LWRs, but will meet the same
requirements on dose consequences as these LWRs).

The staff does not make a distinction between containment
and confinement structures; therefore, the word
"confinement” is not used in the GDC. The issue of
permitting containments to have a design and tested
leakage greater than "essentially leaktight" in GDC 16 is
a policy issue that was presented to the Commission
(Ref. 3.1). See Sections 3.1.2.3 and 3.2.10 of this report.
The Commission approved the staff’s recommendation to
restrict the leakage of the containment to be less than that
needed to meed the acceptable onsite and offsite dose
consequence limits (Ref. 3.46). Therefore, the
Commission agreed that the containment leakage for
advanced reactors, similar to and including PRISM,
should not be required to meet the "essentially leaktight”
statement in GDC 16.
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Therefore, GDC 16 is acceptable as written for the PRISM
design. The Commission’s decision on the containment
policy issue discussed above may relax the current
requirements. ~

In PSID Section G.4.1, the preapplicant stated that the
refueling enclosure would be part of the containment
pressure boundary during refueling. This is discussed in
Section 6.6 of this report; however, the preapplicant has
not explained how the GDC 16 for the PRISM design may
affect the design of this enclosure.

GDC 17: Electric Power Systems

This criterion requires a highly reliable onsite and offsite
electric power system to ensure that electric power will be
available to the systems and components important to
safety. The reliability of the electric power is to ensure
that the SSCs will be able to perform their safety
functions.

No exceptions were proposed to this GDC. The
preapplicant described the onsite and offsite electric power
systems for the PRISM design in PSID Sections 3.1.2.8,
8.2, and 8.3.

The requirements in this criterion are independent of the
design of the plant. The staff agrees with the preapplicant
that this criterion is directly applicable to the PRISM
design.

GDC 17 is consistent with Criterion 15 of NUREG-0968
and Criterion 3.2.8 of ANSI/ANS-54.1-1989 with the
following two exceptions:

(1)  The words "normal operation, including” have been
added in front of “anticipated operational
occurrences” in Item (1) of the GDC in
NUREG-0968.

(2) Requirements for station blackout are specified ina
separate paragraph in ANSI/ANS-54.1-1989.

The first exception is to include normal operating
conditions with anticipated operational occurrences in
assuring that "specified acceptable fuel design limits and
design conditions of the reactor coolant boundary are not
exceeded.” The staff believes that the preapplicant should
address why the additional phrase on normal operation, as
given in NUREG-0968, should not be included in this

- GDC for the PRISM design.

The second exception is to add a paragraph with
requirements for station blackout. After reviewing this
paragraph, the staff believes these additional requirements
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are details that are contained within the generalities of
GDC 17 of 10 CFR Part 50 and, therefore, are not
needed.

Therefore, a modified GDC 17 with the phrase "normal
operation, including” added to the criterion is acceptable
for the PRISM design.

GDC 18: Inspection and Testing of Electric Power
Systems

This criterion requires that the electric power system for
the plant be designed to allow for periodic inspection and
testing to ensure that electric power will be available to the
systems and components important to safety.

No exceptions were proposed to this GDC. The
preapplicant stated that the alternating current (ac) and
direct current (dc) systems will be designed to be tested
during plant operation in accordance with the IEEE
Standard 338-1977 and NRC RG 1.118 (Ref. 3.21).

The requirements in this cn'ter;on are independent of the
design of the plant. The staff agrees with the preapplicant
that this criterion is directly applicable to the PRISM

design. GDC 18 is consistent with Criterion 16 of
NUREG-0968 and Criterion 3.2.9 of ANSI/
ANS-54.1-1989. GDC 18 .is, therefore, acceptable as

written for the PRISM design.
GDC 19: Control Room

This criterion requires that (1) a control room be designed
to permit access and occupancy under all nmormal and
postulated accident conditions and (2) the maximum
occupational exposure to operators under accident
conditions be 5 rem whole body or its equivalent. In
addition, equipment at appropriate locations outside the
control room shall be provided with a (1) design capability
for prompt hot shutdown of the reactor, including
necessary instrumentation and controls to maintain the unit
in a safe condition during hot shutdown, and (2) potential
capability for subsequent cold shutdown of the reactor
through the use of suitable procedures.

The following two changes were proposed to this
GDC: (1) delete the phrase ", including loss-of-coolant
accidents” after "accident conditions” in the last part of the
first sentence in the GDC and (2) delete the word
"adequate” from the phrase "adequate radiation protection

shall be provided.” These changes are not discussed by

the preapplicant; however, the first acknowledges the
reduced importance of LLOCAs for the low-pressure,
pool-type PRISM design and still requires that the control
room will be maintained in a safe condition under all
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"accident conditions.” The second change does not alter
the radiation exposure limits for operators in the control
room during an accident; therefore, the radiation protection
necessary to meet this limit is still required. The
preapplicant does not propose to delete the reference to
“cold shutdown" of the reactor, where the refueling
temperature for the PRISM design is at least 478 K
(400 °F) to prevent the sodium from freezing.

The preapplicant stated that equipment needed to operate

-and shut down the plant, and to maintain safe control of

the reactor modules, will be located in the control room;
however, because the inherently safe design responds to
accidents without any need for operators, special protection
features have not been provided for the operators. In the
event the control room must be vacated, the reactor
modules can be maintained in a hot shutdown condition for
an extended time using the remote shutdown facilities
located in either the reactor service building or the
individual reactor module, :

Except for the reference to “"cold shutdown," these
requirements are independent of the plant design. The
staff agrees with the preapplicant that GDC 19 is
applicable to the PRISM.

The preapplicant’s proposed GDC 19 for the PRISM
design is consistent with Criterion 17 of NUREG-0968 and
Criterion 3.2.10 of ANSI/ANS-54.1-1989 with the
following exceptions:

(1) Consistent with NUREG-0968 and ANSI/ANS-
54.1-1989, the phrase "including loss-of-coolant
accidents" after the words "accident conditions” in
the first sentence of GDC 19 is deleted. The
phrase ", including those conditions from sodium
... reactions” has been added.

(2) The word "postulated” has been added twice to
modify the words "accident conditions" in both
documents.

(3)  The entire Item 2 of the second paragraph in the
GDC has been deleted in both documents to remove
_the reference to cold shutdown, which is not
applicable to sodium-cooled reactors, and the
phrase "and with a design capability for subsequent
control of the reactor at any coolant temperature
lower than that during the hot shutdown" was added

in NUREG-0968.

(4) The phrase ", including anticipated operational
occurrences” has been added after the words "under
normal condition” in the first sentence of GDC 19
in ANSI/ANS-54.1-1989.
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For the first exception, the phrase ", including the loss-of-
coolant accident” should be deleted from GDC 19 and the
phrase ", including those conditions from sodium ...
reactions” should be added. The intent of this additional
phrase, as in GDC 4 above, is to require that the plant be
designed and constructed with special consideration given
to the effects of sodium. Because of the high chemical
activity of sodium, leaks and spills can lead to chemical
reactions, fires, and reaction products not possible in
LWRs and, therefore, special measures need to be taken.
The preapplicant should address why the additional phrase
on protection against sodium reactions should not be
included in the GDC 19 for the PRISM design.

For the second and fourth exceptions, the use of the word
"postulated” in the phrase "postulated accident conditions™
and the addition of the phrase ", including anticipated
operational occurrences” to modify "normal operation” are
not considered important and the preapplicant does not
have to address these changes. The word "postulated”
does not need to be added to the phrase "accident
conditions" for the appropriate accident conditions to be
applied to the design. It is also not necessary to include
"anticipated operational occurrences” with normal
conditions when GDC 19 requires the control room to be
designed for accident conditions.

In the third exception, the reference to "cold shutdown"
should be modified for the PRISM because an equivalent
LWR reactor condition of "cold” shutdown is not
applicable to sodium-cooled reactors. The PRISM design
has a hot shutdown temperature of about 589 K (600 °F)
and a refueling temperature of about 478 K (400 °F). The
applicant should address whether Item 2 in GDC 19 should
be revised to refer to these lower temperature conditions.

The preapplicant’s safety classification for the control
room, and the equipment therein, disagrees with the
position of the staff and is discussed in Section 13.2.3 of
this report. The use of safety-grade equipment to reduce
power to hot shutdown and perhaps refueling is discussed
in Section 5.7 of this report. This is one of the policy
issues that the staff presented to the Commission
(Ref. 3.1). See Sections 3.1.2.6 and 3.2.10 of this report.

The preapplicant’s proposed GDC is acceptable for the
PRISM design..

GDC 20: Protection System Functions

This criterion requires that the RPS automatically respond

(1) to prevent the fuel from exceeding its design limits and
(2) to initiate appropriate systems and components
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important to safety and that may be needed to mitigate
accidents.

No exceptions were proposed to this GDC. The
preapplicant stated that the reactor protection system (RPS)
trips will (1) release all control rods and operate rod
drive-in motors, assuring full rod insertion, not exceeding
design fuel limits and (2) initiate primary sodium coolant
pump coastdown, containment isolation, and plant control
system adjustments to respond to the reactor trip. The
RPS will be designed to accepted codes and standards to be
highly reliable and testable with redundant input and output
channels, separated logic elements, and single-failure
capability.

The requirements in this criterion are independent of the
plant design. The staff agrees with the preapplicant that
this criterion is directly applicable to the PRISM design.
GDC 20 is consistent with Criterion 18 of NUREG-0968
and Criterion 3.3.1 of ANSI/ANS-54.1-1989. GDC 20 s,
therefore, acceptable as written for the PRISM design.

GDC 21: Protection System Reliability and Testability

This criterion requires a highly reliable RPS which has a
single-failure capability and can be tested with the reactor
at power without loss of its safety function.

No exceptions were proposed to this GDC. The
preapplicant stated that the RPS includes automated on-line
testing and that all channels used during power operation
are sufficiently redundant so that individual channel testing
and calibration can be performed with the reactor at power
without loss of either the RPS shutdown function or single-
failure capability. Information will be available to the
operator on the status of the RPS.

The requirements in this criterion are independent of the
plant design. The staff agrees with the preapplicant that
this criterion is directly applicable to the PRISM design.
GDC 21 is consistent with Criterion 19 of NUREG-0968
and Criterion 3.3.2 of ANSI/ANS-54.1-1989. GDC 21 is,
therefore, acceptable as written for the PRISM design.

GDC 22: Protection System Independence

This criterion requires that the RPS be designed to
(1) prevent loss of its safety function resulting from the
effects of natural phenomena, normal operation,
maintenance, testing, and accidents, and (2) include aspects

" of diversity in the performance of its safety function.

No exceptions were proposed to this GDC. The
preapplicant stated that the RPS has defenses against the
loss of the protection function from such natural
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phenomena as tornado, flood, earthquake, and fire. It is
tested and qualified for extreme environmental conditions,
and the equipment cabinets, tests, and maintenance will
prevent failure from normal wear, dust, or dirt. The RPS
will be designed with redundant logic trains and reactor
trip devices, and engineered safety feature actuation
devices are physically separated and electrically isolated.
Functional diversity will be included in the RPS.

The requirements in this criterion are independent of the
plant design. The staff agrees with the preapplicant that
this criterion is directly applicable to the PRISM design.
GDC 22 is consistent with Criterion 20 of NUREG-0968
and Criterion 3.2.3 of ANSI/ANS-54.1-1989. GDC 22 is,
therefore, acceptable as written for the PRISM design.

GDC 23: Protection System Failure Modes

This criterion requires the RPS to be designed so that, if
the system fails or is in a faulted condition, it will fail into
a safe state for the reactor.

No exceptions were proposed to this GDC. The
preapplicant stated that the RPS is designed with
consideration of the most probable failure modes of the
components. Where practical, channel and logic circuit
failures will result in a reactor trip. Fault-tolerant circuit
architecture is incorporated in the design of the RPS to
minimize adverse effects of faults, on-line channel
monitoring and testing to detect channel failures, and
divisional redundancy to prevent single-failure loss of the
safety function. Failure modes and effects analyses will be
performed to assess the faulted performance capabilities of
the design to perform its safety function.

The requirements in this criterion are independent of the
plant design. The staff agrees with the preapplicant that
this criterion is directly applicable to the PRISM design.

GDC 23 is consistent with Criterion 21 of NUREG-0968
and Criterion 3.2.4 of ANSI/ANS-54.1-1989 except that
both documents add the phrase "sodium and sodium
reaction products,” to the list of postulated adverse
environments in GDC 23. Sodium and sodium reaction
products are additional adverse environments that the
PRISM design should address. The preapplicant should
address why this phrase should not be added to the
GDC 23 for the PRISM design.

Therefore, 8 modified GDC 23, with the addition of the

phrase "sodium and sodium reaction products, " is proposed
for the PRISM design.
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GDC 24: Separation of Protection and Control Systems

This criterion requires sufficient separation of the two
systems so that a failure, or taking out of service, of any
single component or channel, either within the control
system or common to the RPS, will not prevent the RPS
from meeting its reliability, redundancy, and independence
requirements and performing its safety function. Because
the RPS and the control system need the same process
information to perform their functions, the systems may
share components and channels.

No exceptions were proposed to this GDC. The
preapplicant stated that the components common to both
the RPS and the control system are the RPS sensors and
signal conditioning equipment. The RPS is separate and
distinct from the control system, and the control system
input signals are transferred from the RPS by RPS optical
isolators which are designed to isolate the RPS from the
control system. No credible failure at the isolator will
prevent the corresponding RPS channel from performing
its safety function, and adequacy of this system separation
under faulted conditions will be tested. The control system
is designed so that a single failure of a sensor will not
cause a control system malfunction requiring the RPS to
function. The RPS will be designed to appropriate codes
and standards. '

The requirements in this criterion are independent of the
plant design; thus, the staff agrees with the preapplicant
that this criterion is directly applicable to the PRISM
design. © GDC 24 is consistent with Criterion 22 of
NUREG-0968 and Criterion 3.3.5 of ANSI/ANS-54.1-
1989. GDC 24 is, therefore, acceptable for the PRISM
design.

GDC 25: Protection System Requirements for
Reactivity Control Malfunctions

This criterion requires that the RPS be designed to prevent
fuel design limits from being exceeded during any
anticipated operational occurrence involving a single
reactivity control system malfunction.

No exceptions were proposed to this GDC. The
preapplicant stated that the inherent shutdown capability of
the PRISM design, coupled with the safety-grade heat
removal system (reactor vessel air cooling system), will
ensure that fuel design limits are not exceeded for a
postulated single control rod withdrawal without a reactor
trip. However, the RPS would detect the reactivity change
associated with the rod withdrawal and would shut down
the reactor, to prevent the fuel design limits from being
exceeded. :
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The requirements in this criterion are independent of the
plant design. The staff agrees with the preapplicant that
this criterion is directly applicable to the PRISM design.

GDC 25 is consistent with Criterion 23 of NUREG-0968
and Criterion 3.3.6 of ANSI/ANS-54.1-1989, except that
NUREG-0968 did not include the phrase "(rod ejection or
dropout)” of control rods in the last line of GDC 25.
These words were deleted from the criterion in
NUREG-0968 because they were not considered applicable
to the CRBRP design. The preapplicant should address
why this phrase should not be deleted from its proposed
GDC 25 for the PRISM design.

A modified GDC 25 with the deletion of rod ejection and
dropout is acceptable for the PRISM design.

GDC 26: Reactivity Control System Redundancy and
Capability

_This criterion requires that there be at least two

independent reactivity control systems of different design
principles for diversity of control in responding to normal
operation and off-normal conditions, without exceeding
fuel design limits. One system shall use control rods, the
other shall be capable of holding the core subcritical under
cold conditions.

No exceptions were proposed to this GDC. The
preapplicant stated in PSID Section G.4.2.2 that the
PRISM design has multiple and diverse means for
reactivity control and reactor shutdown. Although, as
discussed above for GDC 19, an equivalent LWR reactor
condition of cold shutdown is not applicable to the PRISM
design, the preapplicant did not propose deleting the
reference to "cold conditions” in the last line of the
criterion.

The requirements in this criterion, except for the reference
to "cold shutdown," are independent of the plant design.
The staff agrees with the preapplicant that this criterion is
applicable to the PRISM design.

GDC 26 is consistent with Criterion 24 of NUREG-0968
and Criterion 3.3.7 of ANSI/ANS-54.1-1989 with the
following exceptions:

(1)  Both documents delete the statement that "one of
the two systems shall use control rods, preferably
including a positive means for inserting the rods,”
and the phrase “"(including xenon burnup),” in the
second sentence and in the second-to-the-last
sentence, respectively, of the criterion.

Review Approach and Criteria

(2) NUREG-0968 changed the requirements in the
criterion for one system to reliably control
reactivity changes and the other system to reliably
control the rate of reactivity changes, both to
prevent fuel design limits from being exceeded, to
the requirements that both systems independently
and reliably sense and respond to off-normal
conditions with one system to prevent fuel design
limits from being exceeded and the other system to
ensure that the capability of cooling the core is
maintained.

(3) ANSI/ANS-54.1-1989 adds the sentences that
"Suitable independence and diversity shall be
provided to assure adequate protection against
common cause failures.” and "Each of the means of
reactivity control shall be capable of performing its
nuclear safety function with a single active failure."

(4) NUREG-0968 adds the following sentence: "Each
system has sufficient worth, assuming failure of any
single active component, to shut down the reactor
from any operating condition to zero power and
maintain subcriticality at the hot shutdown .
temperature of the coolant, with allowance for the
maximum reactivity associated with any anticipated
operational occurrence or postulated accident.”

(5) Both documents replace the reference to "cold
conditions” in the last sentence of the criterion to a
reference to conditions where the coolant
temperature is lower than normal operating
temperatures.

The first exception, deleting the statement that "one of two
systems shall use control rods," has not been proposed by
the preapplicant. There is also no reference to Xenon
burnup in NUREG-0968 and ANSI/ANS-54.1-0968
because the higher flux spectrum in LMRs significantly
reduces the importance of xenon in LMR cores compared
to LWRs. The preapplicant should address why this
reference should not be deleted from the GDC 26 for the
PRISM design.

The issues of permitting an advanced reactor design which
does not have control rods was presented to the
Commission. The staff concluded that a reactivity control
system without control rods should not necessarily
disqualify a reactor design. The Commission approved the
staff’s position regarding this requirement (Ref. 3.46).

For the second exception, NUREG-0968 revised GDC 26

to require that both reactivity control systems
independently and reliably sense and respond to off-normal
conditions. One system is used to prevent fuel design
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limits from being exceeded and the other system is used to
ensure that the capability of cooling the core is maintained.
As stated in NUREG-0968, the intent of the revised
GDC 26 was to require two independent reactivity control
systems of different design principles, each capable of
responding to off-normal events. One system was to
maintain the fuel within design limits; the other system was
to maintain core coolability. These requirements are a
more conservative criterion to account for inherent
differences in nuclear characteristics between LWRs and
the CRBRP design. The preapplicant does not have to
address these changes.

The third and fourth exceptions (listed above) are to add
sentences to GDC 26. These changes state more clearly
requirements for the reactivity control systems concerning
single failures in the system. The preapplicant should
address why these changes should not be added to the
GDC 26 for the PRISM design.

The fifth exception treats the fact that the LWR equivalent
of cold shutdown or cold condition does not apply to
LMRs with coolants that freeze above the boiling
temperature of water. This is also discussed under
GDC 18 and GDC 25. The preapplicant should address
why the reference to "cold conditions” should not be
revised in the GDC 26 for the PRISM design.

A modified GDC 26 with the addition of these more
clearly stated requirements for the reactivity control
system, the deletion of the reference to "xenon burnup”
and "cold shutdown," and the additional! sentences from
NUREG-0968 and ANSI/ANS-54.1-0968 is acceptable for
the PRISM design.

The GDC 26 requirement for an independent and diverse
means of reactivity control is provided in the PRISM
design by the inherent reactivity feedback of the design
which, according to the designers, brings the reactor to
zero power upon loss of flow or loss of a normal heat
removal path, even if there is a failure to scram. This is
acceptable to the staff as a means of meeting GDC 26 and
the minimum level of safety criteria discussed in
Section 3.1.1 of this report, provided that certain
conditions can be met (see Section 7.2.5.1). Adequacy of
the proposed design to meet the purpose of this GDC
through passive feedbacks should be demonstrated by
prototype testing before the design certification stage.

GDC 27: Combined Reactivity Control
Capability

Systems

This criterion requires that the reactivity control systems
be designed to have a combined capability, in conjunction
with poison addition from the emergency-core cooling
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system (ECCS), of reliably controlling core reactivity
changes to ensure, under postulated accident conditions and
with margin for stuck control rods, the capability to
maintain a cooled core.

The exception proposed to this GDC is to delete the words
"in conjunction with poison addition by the emergency
core cooling system.” The preapplicant stated that poison
addition by the ECCS is not a design feature for the
PRISM as it is for LWRs. A system of active control rods
is supplied for the PRISM core. This system has
redundant and diverse core shutdown methods designed to
shut down the reactor and bring the core to refueling
temperatures (1) with the single highest worth rod
withdrawn from the core (including rod worth uncertainties
and the additional shutdown margin) and (2) with only one
of six rods inserted, not including the additional shutdown
margin.

GDC 27 was written for LWRs where boron addition from
the ECCS is used to control reactivity changes during
accidents. The PRISM design, a pool-type reactor, does
not rely on the addition of poison and the PRISM design
does not have an ECCS. Deleting the references to poison
addition and the ECCS from GDC 27 would still require
that the reactivity control systems are designed "to have a
combined capability of reliably controlling reactivity
changes to assure that under postulated accident conditions
and with appropriate margin for stuck rods the capability
to cool the core is maintained. "

Without the reference to a system of poison addition by the
ECCS, the requirements on the reactivity control systems
in this revised criterion are independent of the plant
design. The staff agrees with the preapplicant that this
criterion is applicable to the PRISM design.

The preapplicant’s proposed GDC 27 for the PRISM
design is consistent with Criterion 25 of NUREG-0968 and
Criterion 3.3.8 of ANSI/ANS-54.1-1989 in that both
documents have deleted the requirement for poison
addition by the ECCS, but with the following exceptions:

(1) ANSI/ANS-54.1 states that "each of the reactivity
control [systems] shall be designed to independently
prevent fuel damage limits from being exceeded ...
assuming failure of any single active component. "

(2) NUREG-0968 revises the statement that the
reactivity control systems shall be designed to have
"a combined capability ... of reliably controlling
reactivity changes” to state "an independent
capability of reliably sensing and responding to off-
normal conditions.”
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The first exception repeats the requirements in the revised
GDC 26 that two independent reactivity control systems
are required. These requirements do not have to be
repeated in GDC 27.

The second exception was required for the CRBRP design
because of the inherent differences in nuclear
characteristics between LWRs and the CRBRP design.
The preapplicant should address why this exception should
not be added to the GDC 27 for PRISM.

The proposed GDC 27 with the addition of requirements
on reliably sensing and responding to off-normal conditions
is acceptable for the PRISM design.

GDC 28: Reactivity Limits

This criterion requires that the reactivity control systems
be designed to prevent the potential amount and rate of
reactivity increase in postulated reactivity accidents from
significantly damaging the reactor coolant pressure
boundary and impairing the capability to cool the core.
The list of accidents to be considered, however, include
two specific to LWRs and. not applicable to the PRISM
design: steam line rupture and cold water addition.

The preapplicant proposed an exception to this GDC to
delete the phrases "steam line rupture” and "cold water
addition” from the postulated reactivity accidents listed in
the last sentence of the GDC. The preapplicant stated that
these two accidents are specific to LWRs and are not
applicable to the PRISM design. These are not significant
accidents for the design because there is an intermediate
heat exchanger between the steam generator and the core,
and the reactor coolant is sodium, not water.

The reactivity control system is designed to reliably control
normal reactor operations and the reactor protection system
is designed to reliably detect off-normal events. Rod
ejection is prevented by a mechanical control driveline and
mechanism, and by having the rod bundle weight greater
than the uplift force of the core flow. The core support
structures, vessel, and internal components are also
designed for the anticipated rates and magnitudes of
temperature changes that are calculated to occur in
postulated reactivity accidents.

After deleting references to steam line break and cold
water addition, the requirements in this revised criterion
are independent of the plant design. The staff agrees with
the preapplicant that this criterion is applicable to the
PRISM design.

Review Approach and Criteria

The preapplicant’s proposed GDC 28 is consistent with
NUREG-0968 and Criterion 3.3.9 of ANSI/ANS-54.1-
1989 with the following exceptions:

(1) In listing accidents, ANSI/ANS-54.1 also deletes
"rod dropout,” revises rod ejection to "accidental
withdrawal of control rod(s),” and changes cold
water injection to "cold sodium addition. "

(2) NUREG-0968 has replaced GDC 28 with two
additional criterion concerning the heat transport
system design and adequate reactor coolant
inventory, which are unique to the CRBRP design.

The first exception concerns the postulated reactivity
accidents that are applicable to the PRISM design, instead
of to an LWR. Rod dropout is not applicable to the
PRISM design. Withdrawal of control rod(s) is more
applicable than rod ejection. - Cold sodium addition is more
applicable than cold water addition. The preapplicant
should address why these changes should not be made to
the GDC 28 for the PRISM design.

The second exception is the addition of two criteria to the
PRISM design concerning the heat transport system and
adequate reactor coolant inventory. See the discussion on
GDC 29 (below). These additional criteria are discussed
in Section 3.2.4 on an additional criterion to the GDC on
the heat transport system and in the discussion (below) on
GDC 33, reactor coolant makeup, respectively.

The proposed GDC 28, with the additional changes
concerning rod dropout, withdrawal of rods, and cold
sodium addition, is acceptable for the PRISM design.

GDC 29: Protection Against Anticipated Operational
Occurrences

This criterion requires that the RPS and the reactivity
control system be designed to assure a high probability that
they will accomplish their safety functions.

No exception is proposed to this GDC. The preapplicant
stated that both the RPS and the plant reactivity control
system are being designed with sufficient redundancy,
testability, and reliability to provide assurance that the
systems will perform their intended functions. The
systems contain fault-tolerant architecture and on-line
testing and monitoring. The reactivity control system will

_ take protective actions to automatically keep the reactor

within its safe operating range. The RPS will
independently act to shut down the reactor if the control
system does not shut it down. The reactivity control
system is designed to reliably control normal reactor
operations and the reactor protection system is designed to
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reliably detect off-normal events. See also the discussions
of the RPS and the reactivity control systems in sections on
GDC 20 to GDC 28, above.

The requirements in this criterion are independent of the
plant design. The staff agrees with the preapplicant that
this criterion is directly applicable to the PRISM design.
GDC 29 is consistent with Criterion 32 of NUREG-0968
and Criterion 3.3.10 of ANSI/ANS-54.1-1989, except for
the following:

(1) ANSI/ANS-54.1 adds a paragraph on requirements
to protect against anticipated transients without
scram (ATWS), an anticipated operational
occurrence.

(2) NUREG-0968 lists two: additional criterion,
Criteria 26 and 27, which are unique to the CRBRP
design concerning the heat transport system design
and adequate reactor coolant inventory.

The first exception concerns possibly additional
requirements on ATWS being listed in the revised GDC 29
for the PRISM design. It is not considered necessary to
add these requirements to the current GDC 29 because
ATWS are just one group of anticipated operational
occurrences. GDC 29 applies to all anticipated operational
occurrence, including ATWS. The preapplicant does not
bave to address this exception.

The second exception which is also discussed under
GDC 28 (above), is the addition of two criteria to the
PRISM design concerning the heat transport system and
adequate reactor coolant inventory. These additional
criteria are discussed (below) in Section 3.2.4 on an
additional criterion to the GDC on the heat transport
system and in the discussion below on GDC 33, reactor
coolant makeup, respectively.

Therefore, GDC 29 is acceptable as written for the PRISM
design.

GDC 30: Quality of Reactor Coolant Pressure

Boundary

GDC 30 requires that the reactor coolant pressure
boundary (RCPB) be designed, fabricated, erected, and
tested to the highest quality standards practical and that

means be provided to detect and locate, if practical, leaks -

from the RCPB. The reactor cover gas space for LMRs,
including the PRISM design, is considered within the
RCPB and is also discussed in the sections on GDC 32,
55, 56, and 57.
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No exception is proposed to this GDC. The preapplicant
stated that the RCPB comprises the reactor vessel,
intermediate heat exchanger (IHX), and reactor closure.
This boundary will be designed, fabricated, erected, and
tested to the highest quality standards. Monitoring
instrumentation in the reactor vessel/containment annulus
and in the reactor closure head will provide continuous
boundary leak detection. Reactor vessel coolant level
instrumentation will detect leaks in the IHX.

Internal components of the refueling machine will become
part of the RCPB during refueling. The preapplicant has
not addressed how this criterion and GDC 31 and 32 will
affect the design of the machine. The use of this machine
outside of the upper dome containment differs from the use
of refueling machines for LWRs.

The requirements in GDC 30 are independent of the design
of the plant; thus, the staff agrees with the preapplicant
that this criterion is directly applicable to the PRISM
design. GDC 30 is consistent with Criterion 28 of
NUREG-0968 and Criterion 3.4.2 of ANSIU/
ANS-54.1-1989, except that the second sentence of
GDC 30, which requires the detection and location of
RCPB leaks, is not included in Criterion 3.4.2. However,
ANSI/ANS-54.1-1989 does have this requirement (for
detection and location of RCPB leaks) as a criterion for
RCPB inspection and surveillance. The requirement for
detection and location of RCPB leaks should remain in
GDC 30; the preapplicant does not need to address this
exception.

Therefore, GDC 30 is acceptable as written for the PRISM
design.

GDC 31: Fracture Prevention of Reactor  Coolant
Pressure Boundary

This criterion requires that the RCPB be designed with
sufficient margin and with consideration. of certain
conditions (i.e., service temperatures, conditions of the
boundary material, and uncertainties in material properties,
effects of irradiation, internal stresses, and size of flaws)
to avoid brittle and rapidly propagating fractures thus
minimizing the likelihood of RCPB leaks greater than those
assumed in the design basis.

No exception is proposed to this GDC. The preapplicant
stated that the reactor vessel, IHX, and reactor closure
head will be fabricated of materials capable of meeting the
deformation and fatigue failure modes in accordance with
the specifications of ASME Code Service Levels A, B, and
C (except for the closure head which never exceeds 700 K
(800 °F)) as defined in Appendix T to ASME Code Case
N-47, "Safety Class 1 Components." The purity of the
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coolant will be maintained to prevent material damage,
sodium freezing, and plugging. The RCPB is sufficiently
shielded or separated from the core that the effects of
neutron fluence on material properties over the life of the
plant should be negligible.

The requirements in this criterion and the list of conditions
are independent of the design of the plant; thus, the staff
agrees with the preapplicant that this criterion is directly
applicable to the PRISM desiga.

The proposed GDC 31 for the PRISM design is consistent
with Criterion 29 of NUREG-0968 and Criterion 3.4.13 of
ANSI/ANS-54.1-1989 except for the following:

(1) Both documents added the phrase "effects of
coolant chemistry” to the phrase “effects of
irradiation on material properties” to the second
item in the list of four items in the last sentence of
GDC 31 for which uncertainties must be considered
in the design of the RCPB.

(2) NUREG-0968 added the phrase “service
degradation of material properties, creep, fatigue,
stress rupture, " between "service temperatures” and
"and other conditions of the boundary material,” to
reflect what the design Shall consider, in the first
part of the second sentence of GDC 31.

(3) ANSI/ANS-54.1-1989 added the phrase "and those
parts of other coolant boundaries that use the leak
before break principle to define design basis leaks”
after "the reactor coolant pressure boundary” in the
first sentence to describe what parts of the RCPB
are affected by GDC 31.

(49) Both documents replace the phrase “under
operating” in the first and second sentences of
. GDC 31 with the phrase "under normal operations,
including anticipated operational occurrences. "

The first and second exceptions would add the phrase
“coolant chemistry" and "service degradation of properties,
creep, fatigue, stress rupture” to address unique concerns
of CRBRP because of the high design and operating
temperatures of the RCPB and the use of sodium as the
coolant. The preapplicant should address why these
phrases should not be added to GDC 31 for the PRISM
design.

The preapplicant is not taking credit for leak before break
in the design of the piping for the PRISM reactor coolant
system. See the section on GDC 4. Therefore, the
addition of the phrase referring to components designed for
leak before break (in the third exception above) would not

Review Approach and Criteria

apply to the PRISM design and the preapplicant does not
need to address this exception.

The fourth exception would replace the phrase "under
operating” with the phrase "under normal operations,
including anticipated operational occurrences”; however,
this is not considered important for the PRISM design and
the preapplicant does not have to address this exception.
Therefore, a modified GDC 31 with additions concerning
coolant chemistry, service degradation, creep, fatigue, and
stress rupture is acceptable for the PRISM design.

Internal components of the refueling machine will become
part of the RCPB during refueling. The preapplicant will
have to address how this criterion and GDC 30 and 33 will
affect the design of the machine. The use of this machine
outside of the upper dome containment is different from
the use of refueling machines for LWRs.

GDC 32: Inspection of Reactor Coolant Pressure
Boundary

This criterion requires that the RCPB be designed to allow
for periodic inspections and an appropriate material
surveillance program.

No exception is proposed to this GDC. The preapplicant
stated that the RCPB comprises the reactor vessel, THX,
and reactor closure head. The RCPB will be inspected in
accordance with the appropriate sections of the ASME
Code. The preapplicant will use what is considered an
alternative examination method in the code and will include
a combination of continuous monitoring and remote visual
video techniques. Because the external walls of the reactor
vessel and the annulus between the reactor vessel and
containment vessel will be continuously monitored, they
are designed with inspection access ports for remote visual
inspection. The annulus space between the sodium level
and reactor closure head will be continuously monitored
and periodically inspected. The experience at test facilities
and experimental reactors with the continuous monitoring
devices being considered for the PRISM indicated that the
devices were sensitive to sodium leaks. The preapplicant
did not address the materials surveillance program for the
reactor vessel.

The requirements in this criterion are independent of the
design of the plant; therefore, the staff agrees with the
preapplicant that this criterion is directly applicable to the
PRISM design. GDC 32 is consistent with Criterion 30 of
NUREG-0968 and Criterion 3.4.3 of ANSI/
ANS-54.1-1989, except that the latter document extended
the criterion to include the reactor cover gas boundary and
added a requirement concerning detecting and locating
RCPB leakage.
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The extension of the proposed GDC to the reactor cover
gas boundary is not necessary because this cover gas
region is considered within the RCPB for the PRISM and
CRBRP designs. The addition of a requirement to provide
detection and location of RCPB leakage is also not
necessary because this requirement is in GDC 30, as
discussed above. The preapplicant does not need to
address these exceptions.

Therefore, GDC 32 is acceptable as written for the PRISM
design. Also, the use of remote visual video techniques
as an alternative examination method for meeting the
requirements of GDC 32 for the PRISM design appears to
be acceptable. This will be reviewed in detail at the PSAR
review stage. :

Internal components of the refueling machine will become
part of the RCPB during refueling. The preapplicant will
have to address how this criterion and GDC 31 and 32 will
affect the design of the machine. The use of this machine
outside of the upper dome containment differs from how
refueling machines are used for LWRs.

GDC 33: Reactor Coolant Makeup

This criterion requires a reactor coolant makeup system for
the RCPB to prevent leakage or flow from small pipe
breaks from uncovering the core or causing coolant
circulation in the core to be lost, and thus cooling to be
lost.

The preapplicant proposed an exception to this GDC to
delete the phrase "and for offsite electric power system
operation (assuming onsite power is not available)” from
the third sentence of the GDC. The preapplicant stated
that a reactor coolant makeup system is not required for
the PRISM because of the low operating pressure of the
RCPB and the existing sodium pool. In effect, the
preapplicant is stating that this criterion is not applicable to
the PRISM design.

The requirements in this criterion are not unique to
LWRS; however, because of the LMR operating conditions
of low coolant pressure, this criterion is not as important
for LMRs as it is for LWRs. For LWRs, the high coolant
pressure allows small breaks to release significant
quantities of the coolant in a short time which could
uncover the core. There is no GDC 33 for LMRs in either
NUREG-0968 or ANSI/ANS-54.1-1989, and the staff
agrees with the preapplicant that GDC 33 should not be
applied to the PRISM design.

However, there is an alternative to GDC 33, "Assurance
of Adequate Reactor Coolant Inventory,” in Criterion 27
of NUREG-0968 and Criterion 3.4.1 of
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ANSI/ANS-54.1-1989 for the PRISM design. This is a
criterion for the assurance of adequate reactor coolant
inventory, the intent of which would be to require that the
RCPB, associated components, and control and protection
systems be designed to maintain an adequate inventory of
coolant for the heat transport system to perform its safety
functions. The preapplicant should address why this
alternative GDC 33 should not be applied to the PRISM
design.

The preapplicant stated that the RCPB for PRISM is
designed to limit the loss of coolant so that an adequate
inventory is available at all times for the residual heat
removal system to perform its safety functions. The
containment vessel ensures that the core will not be
uncovered and the core can be cooled even if the reactor
vessel leaks.

Therefore, the alternative GDC 33 is acceptable for the
PRISM design.

GDC 34: Residual Heat Removal

This criterion requires a reliable means of removing
reactor residual decay heat to maintain the fuel and RCPB
within design limits assuming loss of offsite and onsite
electric power concurrent with a single failure. This
system is required to have suitable redundancy, leak
detection, and isolation capabilities.

No exception is proposed to this GDC. The preapplicant
stated that each PRISM reactor module has its own
independent, passive, safety-grade, shutdown-heat-removal
system—the reactor vessel air cooling system (RVACS).
This system is designed to maintain conditions within the
fuel and RCPB design limits without operator action and
during design-basis events, including natural phenomena.
The RVACS functions by the natural circulation of outside
air over the containment vessel. The RVACS has no
moving parts and is operating all the time. Furthermore,
no operator action could shut it down or keep it from
functioning.

The requirements in this criterion are independent of the
design of the plant; therefore, the staff agrees with the
preapplicant that this criterion is directly applicable to the
PRISM design.

GDC 34 is consistent with Criterion 35 of NUREG-0968
and Criterion 3.4.7 of ANSI/ANS-54.1-1989 with the
following exceptions:

(1)  Both documents added the phrase "to ultimate heat
sinks under all plant shutdown conditions following
normal operation, including anticipated operational
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occurrences, and postulated accident conditions” in
the second sentence in the GDC to describe the heat
flow from the reactor coolant system.

(2)  Both documents added the word "reliably” to the
second sentence to describe the act of heat removal
from the reactor coolant system.

(3) NUREG-0968 deleted the phrase "such that
specified acceptable fuel design limits and the
design conditions of the reactor coolant pressure
boundary are not exceeded.”

(4)  Both documents added two additional requirements
to the first paragraph, that "a passive boundary
shall normally separate reactor coolant from the
working fluids of the reactor residual heat
extraction system" and “any fluid in the residual
heat extraction system that is separated from the
reactor coolant by a single passive barrier shall not
be chemically reactive with the reactor coolant."
ANSI/ANS-54.1-1989added another requirement to
keep the working fluid of the heat removal system
at a higher pressure than the reactor coolant system,
if there is a single passive barrier, so that leakage
would be into the reactor coolant system.

(5) Both documents added the phrase "independence
- and diversity in systems" as additional capabilities
of the heat removal system in the second paragraph,

(6) Both documents added the requirement for having
at least two flow paths available for residual heat
removal.

(7)  ANSI/ANS-54.1-1989 added a paragraph to the
criterion to specify acceptable methods to address
anticipated transients without scram and station
blackout. ‘

The first exception (above) explains that (1) the heat flow
is from the reactor coolant system to the ultimate heat
sinks and (2) the residual heat removal system should be
designed for "all plant shutdown conditions following
normal operation, including anticipated operational
occurrences, and postulated accident conditions.” It is not
necessary to refer to the ultimate heat sink in GDC 34
because this requirement is in GDC 44. However, adding
the phrase on plant shutdown conditions including
postulated accidents would only be adding the same words
to GDC 34 that already exist in other GDC. The
preapplicant should address why Item 2 above should not
be included in the GDC 34 for the PRISM design.
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Exceptions 2, 5, and 6 (above) potentially add
requirements to GDC 34 on reliability, independence, and
diversity, and require two flow paths for the residual heat
removal' system. Because GDC 34 refers to suitable
redundancy in components and features, and suitable
interconnections so that even with loss of electric power
and a single failure, the system can still perform its safety
function, the existing words in GDC 34 are adequate to
include these requirements from NUREG-0968 and
ANSI/ANS-54.1-1989 and, therefore, these additional
words are not considered necessary for GDC 34.

For the third exception, the GDC 34 requirement that the
fuel and RCPB design limits should not be exceeded is
important and should not be deleted from the GDC;
therefore, this exception from NUREG-0968 should not be
included in the revised GDC 34 for the PRISM design.

The fourth exception (above) concerns additional
requirements on the residual heat removal system: a
passive barrier may be needed between the reactor coolant
and the working fluid of the residual heat removal system,
the fluid in the heat removal system with a single passive
barrier shall not react with the reactor coolant, and the
fluid in the residual heat removal system with a single
passive barrier will be at a higher pressure than the reactor
coolant. NUREG-0968 states that the barrier will normally
exist in the plant design and ANSI/ANS-54.1-1989
requires the barrier.

It is not obvious that the residual heat removal system for
any design would have a different working fluid from the
reactor coolant system; however, this might be true for
LMRs. Therefore, the preapplicant should address why
the additional requirements (in the fourth exception) on
passive barriers, working fluids, and working fluid
pressure should not be included in a revised GDC 34 for
the PRISM design.

For the seventh exception (above), ANSI/ANS-54.1-1989
added a paragraph to specify acceptable methods to address
ATWS and station blackout. This detail is not necessary
for GDC 34 because this criterion would apply to all plant
shutdown conditions following normal operation, including
anticipated operational occurrences, and postulated
accidents. See the first exception discussed above. ATWS
and station blackout are examples of anticipated operational
occurrences and thus would be considered in applying
GDC 34 to a reactor design without specifically identifying
them in the criterion.

Therefore, a modified GDC 34 with the addition of the

phrases concerning the (1) removal of heat during all plant
shutdown conditions including accidents and (2) passive
barriers between the residual heat removal system fluid and
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the reactor coolant, as_discussed above, is acceptable for
the PRISM design. ]

There is an issue of whether the RVACS, the single,
passive, safety-related, residual heat removal system for
the PRISM design, meets the "suitable redundancy in
components and features, and suitable interconnections” of
GDC 34. This is discussed in Section 5.7 of this report.
This is one of the policy issues the staff presented to the
Commission in SECY-93-092 (Ref. 3.1). The
Commission approved the staff’s recommendations (see
Section 1.6 of this report) contained in SECY-93-092
(Ref. 3.46).

GDC 35: Emergency Core Cooling

This criterion requires that a heat removal system to
supply emergency core cooling be provided and that the
system be designed to prevent fuel and cladding damage
and significant clad metal-water reaction from a loss of
coolant that could interfere with continued effective core
cooling. This system is required to have suitable
capabilities for redundancy, leak detection, and isolation.
For LMRs, however, LOCAs and effect on cladding from
metal-water reactions are not important.

The preapplicant stated that GDC 35 is not applicable to
the PRISM design because a LOCA is prevented by the
containment vessel.  The preapplicant is narrowly
interpreting GDC 35 to require that a system be provided
only for a LOCA, which is very important for LWRs but
not important for LMRs, and, concluding, because the
PRISM design does not have such a system, that this GDC
is not applicable to the PRISM design.

The requirements in this criterion, except for the
references to LOCAs and metal-water reactions, are
independent of the plant design and are important
requirements for the protection of the core. However,
there is no GDC 35 for LMRs in NUREG-0968 and
ANSI/ANS-54.1-1989.  Both these documents also
concluded that GDC 35 does not apply because, as stated
in NUREG-0968, the emergency core cooling function is
provided by the reactor residual heat removal system and
this system is addressed under GDC 34 in Criterion 35 in
NUREG-0968 and Criterion 3.4.7 in
ANSI/ANS-54.1-1989.

The residual heat removal system of GDC 34 is designed
to remove decay heat to maintain the fuel and RCPB

within design limits for conditions that do not include a’

postulated accident. The ECCS of a revised GDC 35
would be designed to prevent fuel and cladding damage
that could interfere with continued effective core cooling
during postulated accidents. These two design
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requirements on providing sufficient cooling to the core are
equivalent because not exceeding fuel design limits is the
same as maintaining effective core cooling to prevent fuel
and cladding damage and vice versa; however, the
requirements on the residual heat removal system in
GDC 34 are not directed toward postulated accidents as
they are for the emergency core cooling system in
GDC 35. The requirements on suitable redundancy, leak
detection, and isolation capabilities in GDC 34 and 35 are
the same.

For LWRs, the residual heat removal system is designed
for low-pressure conditions because the RCPB will be
depressurized when the system is used; the ECCS is
designed for high-pressure conditions because the RCPB
may not be depressurized when the ECCS is used.
Therefore, for LWR designs, the residual heat removal
system and the ECCS are two different systems, and there
are two separate GDC. For LMR designs, the RCPB is at
low pressure, and only one system and one GDC are
needed.

If the criterion for the design of the residual heat removal
system applied to all reactor conditions including
postulated accidents, then all the criteria in GDC 35 for an
emergency core cooling system would be included in the
revised GDC 34. As discussed under GDC 34,
Criterion 35 of NUREG-01968 and Criterion 3.4.7 of
ANSI/ANS-54.1-1989 added a phrase to the GDC to
include "all plant shutdown conditions following normal
operation including ... postulated accidents.” This phrase
would be sufficient to have the revised GDC 34 include the
requirements in GDC 35 on accidents.

The staff proposes to accept the approach taken in both
NUREG-0968 and ANSI/ANS-54.1-1989, to eliminate
GDC 35 for emergency core cooling and add references to
postulated accidents in GDC 34 for residual heat removal,
for the PRISM design. This agrees with the preapplicant’s
position that GDC 35 is not applicable to the PRISM
design.

GDC 36: Inspection of Emergency Core Cooling
System

This criterion requires that the ECCS be properly designed
for periodic inspection of the important components of the
system, such as spray rings and water injection nozzies.
Because the ECCS function for PRISM is provided by the
residual heat removal system, these inspection
requirements, which are important to safety, should be
applied to the latter system and the important components
of this system should be listed.
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The preapplicant stated that GDC 36 is not applicable to
the PRISM design because the PRISM does not require an
ECCS. The preapplicant is narrowly interpreting GDC 36
for an LMR design to require inspection of a system
designed only for LOCAs and concluding, because the
PRISM design does not have an ECCS, that this GDC is
not applicable to the PRISM design.

The title of GDC 36 should be changed to "Inspection of
Residual Heat Removal System” because, as discussed
under GDC 35, the ECCS function for LMRs is provided
by the residual heat removal system.

The inspection requirements in this criterion, except for the
reference to the ECCS and specific components of the
ECCS, are not unique to LWRs. GDC 36 should
reference the residual heat removal system, not the ECCS
and the list of specific important ECCS components should
be deleted. The revised GDC 36 should require the
capability to inspect the residual heat removal system. The
preapplicant should further address this criterion and its
application to the PRISM design.

There is no GDC 36 for ECCS inspection for LMRs in
either NUREG-0968 or ANSI/ANS-54.1-1989; however,
the ECCS function is provided by the residual heat
removal system and the inspection of this system is
required in Criterion 36 of NUREG-0968 and
Criterion 3.4.8 of ANSI/ANS-54.1-1989.

The revised GDC 36 with the reference to residual heat
removal and deletion of specific important ECCS
components would be consistent with Criterion 36 of
NUREG-0968 and Criterion 3.4.8 of ANSI/ANS-54.1-
1989 except for the following:

(1)  Both documents referred to important components,
* as heat exchangers and piping, other than the
specific ones listed for an LWR ECCS. .

(2) ANSI-54.1-1989 added a requirement that means
shall be provided to detect leakage from the system.

The first exception (above) is to account for the fact that
the residual heat removal system for the LMR design
provides both the emergency core cooling and residual heat
removal " functions for the LMR design, and to list the
components important to inspect in LMRs. Therefore, the
preapplicant should address why these changes should not
be made to the GDC 36 for the PRISM design.

The second exception (above) would require leak detection
of the residual heat removal system. This requirement is
in the revised GDC 34; therefore, this requirement does
not have to be included in GDC 36.
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A revised GDC 36, replacing references to emergency
core cooling with references to residual heat removal, and
changing the title, and making a change in the list of
important system components, could be acceptable for the
PRISM design.

GDC 37: Testing of Emergency Core Cooling System

This criterion requires that the ECCS be properly designed
for periodic pressure and functional testing of the
important components. Because the ECCS function is
provided by the residual heat removal system, these testing
requirements, which are important to safety, should be
applied to the latter system.

The preapplicant stated that GDC 37 is not applicable to
the PRISM design because an ECCS is not required. The
preapplicant is interpreting GDC 37 too narrowly for an
LLMR design to require testing of a system designed only
for a LOCA and concluding, because the PRISM design
does not have an ECCS, that this GDC is not applicable to
the PRISM design.

The title of GDC 37 should be changed to "Inspection of
Residual Heat Removal System" because, as discussed
under GDC 35, the ECCS function for LMRs is provided
by the residual heat removal system.

The testing requirements in this criterion, except for the
reference to the ECCS, are not unique to LWRs. Because
the ECCS function for LMRs is provided by the residual
heat removal system, GDC 37 should also be revised to
change references to the ECCS to refer to the residual heat
removal system. With this change, the staff does not agree
with the preapplicant that this criterion is not applicable to
the PRISM design. The revised GDC 37 would require
the capability to test the residual heat removal system.
The preapplicant should further address why this criterion
should not apply to the PRISM design.

There is no specific GDC for ECCS testing for LMRs in
either NUREG-0968 or ANSI/ANS-54.1-1989; however,
the ECCS function is performed by the residual heat
removal system, and testing of this system is required in
Criterion 37 of NUREG-0968 and Criterion 3.4.9 of
ANSI/ANS-54.1-1989.

The revised GDC 37 is consistent with Criterion 37 of
NUREG-0968 and Criterion 3.4.9 of ANSI/ANS-54.1-
1989 except for the following:

"and the
operation of the associated cooling water system" in
addition to deleting the reference to emergency core
cooling.
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(2)  ANSI-54.1-19189 adds a requirement that "passive
systems shall be-designed to permit performance
demonstration, under conditions as close to design
as practical, to assure operability of the systems. "

For an LMR design, the first exception (above) takes into
account that (1) the residual heat removal system also
performs the emergency core cooling function, which is
discussed above, and (2) water systems for cooling the
RCPB should be avoided. Therefore, references to
"emergency core cooling” and "cooling water" should be
deleted from GDC 37 for the PRISM design. The
preapplicant should address why these changes should not
be made to the GDC 37 for the PRISM design.

The second exception, the addition of the requirement that
"passive systems shall be designed to permit performance
demonstration, under conditions as close to design as
practical, to assure operability of the systems" repeats the
requirement in Item 3 of GDC 37 that the system be
designed so that the operability of the system as a whole
can be tested; thus, this change does not need to be made
to GDC 37.

Therefore, a revised GDC 37 with the deletion of the
references to emergency core cooling and water cooling
systems, is acceptable for the PRISM design.

GDC 38: Containment Heat Removal

This criterion requires that a containment heat removal
system be provided and be designed to ensure that the
containment design temperature and pressure limits are not
exceeded following any LOCA. This system is required
to have suitable redundancy, leak detection, and isolation
capabilities. Because the RCPB of an LMR is at low
pressure, the LOCA is not an important accident for the
containment design of LMRs, as it is for LWRs.

No exceptions were proposed to this GDC. The
preapplicant stated that each reactor module has its own
independent and passive shutdown heat removal system,
the RVACS, to ensure that the peak containment vessel
temperature does not exceed the ASME Code Level C
limit. The preapplicant should address the effect on this
GDC of the changes made to the containment in PSID
Section G.4.1, which added the upper dome containment.

The- design requirements in GDC 38, except for the
reference to a LOCA, are independent of the plant design;

therefore, the staff agrees with the preapplicant that this

criterion is applicable to the PRISM design.

There is no specific GDC on the design of a containment
heat removal system for LMRs in NUREG-0968 and
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ANSI/ANS-54.1-1989. The former document concludes
that GDC 38 does not apply to the CRBRP design because
postulated design-basis events did not cause the CRBRP
containment to exceed its design temperature or pressure
limits, and a containment heat removal system was not
required for the design. However, the preapplicant has
proposed a containment heat removal system for PRISM,

Equivalent to GDC 38 for LMRs are
ANSI/ANS-54.1-1989, Criterion 3.4.10, "Structural and
Equipment Cooling," which applies to safety-related
structures in general, and Criterion 3.5.1, "Reactor
Containment/Confinement System Design Basis," which
applies to containments. The preapplicant’s proposed
GDC 38 was compared to Criterion 3.4.10 since the
proposed GDC 38 requires cooling for containments
because they are safety-related structures, and to
Criterion 3.5.1 because that criterion requires the
containment to be designed to accommodate the calculated
pressure and temperature conditions from postulated
accidents.  Therefore, ANSI/ANS-54.1-1989 supports
having a GDC 38 on the design of containment heat
removal systems for LMRs and also does not include
references to a LOCA. The preapplicant should address
why the specific reference to a LOCA should not be
replaced by a general reference to postulated accidents.

Therefore, a revised GDC 38, with the reference to
LOCAs being replaced by a reference to postulated
accidents, is acceptable for the PRISM design.

GDC 39: Ihspection of Containment Heat Removal
System

This criterion requires that the containment heat removal
system be designed to permit periodic inspection of such
important components as the torus, sumps, spray nozzles,
and piping. The torus and sumps are not important. to
LMRs. The requirement to be able to inspect the
containment heat removal system is important and should
be required for LMRs.

The preapplicant’s proposed exceptions to this GDC would
delete the reference to a torus and sumps, and add a
reference to pumps, as examples of important components
of a containment heat removal system. The preapplicant
stated that the RVACS for each reactor module will be
(1) continuously monitored by measuring air flow and exit
air temperature, (2) monitored for water intrusion,
radiation, and fire and smoke, and (3) periodically
examined by remote visual means for blockage of the flow
passages and system integrity. The preapplicant should
address the effect on this GDC of the changes to the
containment in PSID Section G.4.1, which added the upper
dome containment to the PRISM design.
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The inspection requirements in GDC 39, except for the
reference to the torus and sumps as important components,
are independent of the plant design. The proposed
exceptions are only a list of important components of the
containment heat removal system and do not affect the
requirements on those components or the system.
Therefore, the staff agrees with the preapplicant that this
criterion is applicable to the PRISM design.

. There is no specific GDC on the inspection of an LMR
containment heat removal system in either NUREG-0968
or ANSI/ANS-54.1-1989. The former document concludes
that GDC 39 does not apply to the CRBRP design because
postulated design-basis events did not cause the
containment to exceed its design temperature or pressure
limits and a containment heat removal system was not
required for the design. However, this GDC may apply to
LMRs in general. - The PRISM design includes a
containment heat removal system.

ANSI/ANS-54.1-1989, Criterion 3.4.11, "Inspection of
Structural and Equipment Cooling,” which applies to
safety-related structures, would also apply to the
containment structure. Therefore, this document supports

_having a GDC 39 on inspection of the containment heat
removal system for LMRs. The preapplicant’s proposed
GDC 39 is in agreement with Criterion 3.4.11 in that this
criterion also does not refer to components of LWR
systems. /

Therefore, the proposed GDC 39, which has the deletion
of the reference to a torus and sumps, and the addition of
a reference to pumps, to a list of important LMR
components in the GDC, is acceptable for the PRISM
design.

GDC 40: Testing of Containment Heat Removal
System

This criterion requires the containment heat removal
system to be designed to permit periodic pressure and
functional testing of important components. The reference
to "cooling water systems" comes from the GDC
applicability to LWRs. LMR designers would avoid the
use of water and would likely use cooling systems other
than cooling water in an LMR.

No exception was proposed to this GDC. The preapplicant
stated that periodic testing of the heat removal function of
the RVACS for each reactor module is not required
because the system is operating continuously (i.e., there
are no means for an operator to start up or shut down this
system) and any significant degradation of the system
would be detected by the inspections of the system
discussed under GDC 39 above. The preapplicant does not
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discuss the effect of changes to the containment in PSID
Section G.4.1, which added the upper containment dome
to the PRISM design.

The testing requirements in GDC 40 are not unique to
LWRs, except for the reference to the "associated cooling
water system,” but are independent of the plant design;
therefore, the staff agrees with the preapplicant that this
criterion is applicable to the PRISM design.

There is no specific GDC for testing LMR containment
heat removal systems in either NUREG-0968 or
ANSI/ANS-54.1-1989. The former document concluded
that GDC 40 does not apply to the CRBRP design because
a containment heat removal system was not required for
the design. The PRISM design has a containment heat
removal system (i.e., RVACS), and this system will be
tested through inspections to assure its operation as
designed. See discussion under GDC 39 (above).

Criterion 3.4.12 of ANSI/ANS-54.1-1989, "Testing of
Structural and Equipment Cooling," applies to
safety-related structures and, thus, would apply to the
containment structure. Therefore, this document supports
having a GDC 40 on testing of the containment heat
removal system for LMRs. GDC 40 is consistent with
Criterion 3.4.12, except that this criterion does not state
that the test of the full operational sequencé includes "the
operation of the associated cooling water system." In the
ANSI/ANS document, references to water have been
removed and the preapplicant should address why this
should not also be done for the GDC 40 for the PRISM
design.

Therefore, a modified GDC 40, with the deletion of the
word "water" from the phrase "cooling water system,” is
acceptable for the PRISM design.

GDC 41: Containment Atmesphere Cleanup

This cnterion requires that systems be provided as
necessary to control the amount of combustible gases to
ensure containment integrity, and to reduce the amount of
fission products in the containment atmosphere following
postulated accidents. These systems are required to have
suitable redundancy, leak detection, and isolation
capabilities. These design requirements are important to
safety, because they would ensure that containment
integrity will not be compromised during accidents.

_ The preapplicant stated that GDC 41 is not applicable to

the PRISM design because the containment volume is
sufficiently small that natural processes will remove
aerosols and "systems" are not needed. The recovery
from accidents that release fission products to the
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containment is proposed to be accomplished through the
gaseous waste processing system. The preapplicant does
not discuss the effect on GDC 41 of changes to the
containment discussed in PSID Section G.4.1.

These design requirements are independent of the plant
design; therefore, the staff believes that GDC 41 is
applicable to the PRISM design even though the
compliance of the PRISM design with the criterion may be
assured by means other than "systems.” Also, GDC 41
states that systems shall be provided "as necessary,” which
means that a reactor design may not need any containment
atmosphere cleanup systems. This position is consistent
with Criterion 49 in NUREG-0968 and Criterion 3.5.11 in
ANSI/ANS-54.1-1989 on the design of containment
atmosphere cleanup systems for LMRs. Therefore, the
preapplicant should further address why this criterion is
not applicable to the PRISM design.  Also, the
preapplicant should discuss the effect of changes to the
containment in PSID Section G.4.1 on this GDC.

GDC 41 is consistent with Criterion 49 in NUREG-0968
and Criterion 3.5.11 in ANSI/ANS-54.1-1989 with only
the following exceptions:

(1)  Both documents add the phrases "sodium aerosols”
and "combustion products” to the list of things to
be controlled by the containment cleanup systems in
the first sentence.

(2) Both documents add that the containment cleanup
systems should consider "the effects of sodium
leakage and its potential reaction with oxygen and
its potential for hydrogen generation when in
contact with concrete” to the first sentence.

(3) ANSI/ANS-54.1-1989 also refers to both
confinements and containments.

The first and second exceptions (above) refer to important
containment cleanup problems that are unique to LMRs,
except for the reference to combustion products; therefore,
the preapplicant should address why these changes should
‘not be made to the GDC 41 for the PRISM design.

The third exception would add words to refer to both
confinements and containments; however, the GDC do not
distinguish between containments and confinements and do
not address a confinement system; therefore, the staff
believes such an addition is not warranted in a GDC 41 for
the PRISM design.

Therefore, a modified GDC 41, with the addition of a.

reference to sodium aerosols, combustion products, and the
consideration of the effects of sodium leakage, is
acceptable for the PRISM design. :
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GDC 42: Inspection of Containment Atmosphere
Cleanup Systems

The requirements in GDC 42, including the list of
important system components, are independent of the plant
design; therefore, the staff believes that this criterion is
still applicable to the PRISM design even though the
compliance of the PRISM design with GDC 41 may be
assured by means other tham containment atmosphere
cleanup systems. Inspection of these "other means” may
be needed. Therefore, the preapplicant should further
address why GDC 42 is not applicable to the PRISM
design.

The preapplicant stated that GDC 42 is not applicable to
the PRISM design because the design does not require
such a system. If the system is not required, the
inspection of the system is also not required. See the
discussion above under GDC 41.

Compliance -with GDC 41 would require containment
atmosphere cleanup systems if they are needed. GDC 42
would require that these systems be designed to permit
periodic inspections of such important components as filter
frames, ducts, and piping, to ensure the integrity and
capability of the systems.

This position on the applicability of GDC 42 to LMRs is
consistent with criteria on the inspection of containment
atmosphere cleanup systems for LMRs in NUREG-0968
and ANSI/ANS-54.1-1989. GDC 42 is consistent with
Criterion 50 of NUREG-0968 and Criterion 3.5.12 of
ANSI/ANS-54.1-1989, with the only addition, from ANSI/
ANS-54.1-1989, to also refer to both confinements and
containments. As discussed under GDC 41, this change
should not be included in a GDC 42 for the PRISM
design. :

Therefore, GDC 42 is acceptable as written for the PRISM
design.

GDC 43: Testing of Containment Atmosphere Cleanup
Systems

The requirements in GDC 43 are independent of the plant
design; therefore, the staff believes that this criterion is
still applicable to the PRISM design even though the
compliance of the PRISM design with GDC 41 may be
assured by means other than containment atmosphere
cleanup systems. Testing in the same manner of these
"other means” may be needed. Therefore, the preapplicant
should further address why GDC 43 is not applicable to
the PRISM design.
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The preapplicant stated that GDC 43 is not applicable to
the PRISM design because the design does not require a
containment atmosphere cleanup system and, if the system
is not required, then testing of the system must also not be
required. See the discussion under GDC 41.

Compliance with GDC 41 would require containment
atmosphere cleanup systems if they are needed. GDC 43
would require that these systems be designed to allow
periodic testing of important components to ensure the
operability and functionality of the systems.

This position on the applicability of GDC 43 to LMRs is
consistent with criteria on the testing of containment
atmosphere cleanup systems for LMRs in NUREG-0968
and ANSI/ANS-54.1-1989. GDC 43 is consistent with
Criterion 51 in NUREG-0968 and Criterion 3.5.13 of
ANSI/ANS-54.1-1989, except that ANSI/ANS-54.1-1989
also refers to both confinements and containments. As
discussed under GDC 41, this change should not be
included in 2 GDC 43 for the PRISM design.

Therefore, GDC 43 is acceptable as written for the
PRISM design.

GDC 44: Cooling Water

GDC 44 requires a cooling water system to transfer heat
from SSCs important to safety to the ultimate heat sink(s)
with suitable redundancy, leak detection, interconnections,
and isolation capabilities and assuming loss of offsite or
onsite power, and normal or accident conditions. This
criterion, however, should not be restricted to only cooling
water systems, and the reference to water in the title of the
criterion should be deleted.

No exception is proposed to this GDC; however, the
preapplicant stated that the PRISM design does not require
a safety-related cooling water system. The staff concludes
that the preapplicant believes that this GDC is not
applicable to the design. See discussion under GDC 45
(below).

There are systems to transfer heat from structures,
systems, and components (SSCs) by condenser water and
air to the ultimate heat sinks under normal operating and
accident conditions; however, for accidents involving the
loss of the condenser or steam generator feedwater, heat is
stated to be rejected to the air only. The preapplicant has
also stated, without justification, that the leak detection and
isolation capabilities requirement in the GDC are not
applicable to the PRISM design, but the preapplicant did
not propose to delete this requirement from the GDC. The
preapplicant did not address. redundancy in components,
features, and interconnections.
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For LLMRs, the title of this criterion should be changed to
"Structural and Equipment Cooling" to eliminate the
reference to water and to modify this GDC to cover any
cooling systems used to transfer heat from SSCs important
to safety to the ultimate heat sink(s). This would include
the heat transfer from the residual heat removal system and
the containment heat removal system, which are also
covered by GDC 34 through 40, to the ultimate heat
sink(s). GDC 34 through 40 are not concerned with the
ultimate heat sink(s). The new title is also used in
NUREG-0968 and ANSI/ANS-54.1-1989.

The GDC 44 requirements, under the proposed revised
title, are independent of the plant design and are the only
general design requirements concerned with the rejection
of heat, from SSCs important to safety, to the ultimate heat
sink(s). Even though the preapplicant concluded that leak
detection and isolation capabilities are not needed for the
PRISM design, other safety-grade cooling systems may be
added to the design requiring leak detection and isolation
and the GDC only states that "suitable” leak detection and
isolation capabilities are required. Therefore, this criterion
should remain and should retain the requirements for
having suitable leak detection and isolation capabilities, and
the preapplicant should further address why GDC 44 and
this requirement should not be applicable to the PRISM
design.

GDC 44 is consistent with Criterion 38 in NUREG-0968
and Criterion 3.4.10 in ANSI/ANS-54.1-1989, except that
both documents have made the following changes:

(1) The phrase "In addition to the heat rejection
capability provided by the reactor residual heat
extraction system,"” now begins the first sentence.

(2) The phrase ", as necessary” have been added to the
end of the first sentence.

(3) The phrase ", including anticipated operational
occurrences,” has been added to the phrase "under
normal operation" and the word "postulated” has
been added in front of to the word "accident," near
the end of the second sentence.

The first exception was made to exclude the residual heat
extraction or removal system for LMRs from GDC 44,
because this system is covered in GDC 34, 36, and 37.
This exclusion could also apply to the containment heat
removal systems by the fact that GDC 38 through 40 exist;
however, GDC 44 applies to transferring heat from
systems to the ultimate heat sinks and GDC 34 through 40
do not. Therefore, these systems should not be excluded
from GDC 44 and this phrase should not be added to
GDC 4.
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The second exception would add the phrase ", as
necessary” to the statement in GDC 44 that a system to
transfer heat from SSCs shall be provided. Because this
GDC may be interpreted to require a system, the addition
of "as necessary” will show that providing a system to
transfer heat from SSCs is not a requirement. See
discussion of GDC 41. The preapplicant should address
why this phrase should not be added to the GDC 44 for the
PRISM design. The third exception is not considered
sufficiently important to be added to the GDC and the
preapplicant does not have to address it.

Therefore, a modified GDC 44 with the change in the title
and the addition of the phrase "as necessary” is acceptable
for the PRISM design.

GDC 45: Inspection of Cooling Water System

This criterion requires that the cooling water systems to
transfer heat from SSCs important to safety to the ultimate
heat sink(s) should have provisions for periodic inspections
of important components to ensure the integrity and
capability of the system. The LMR systems that perform
the same function are not referred to as cooling water
systems, but are important to safety, and this criterion
should be applied to these systems.

The preapplicant has stated that GDC 45, inspection of the
cooling water systems that are covered in GDC 44, is not
applicable because the design does not require any safety-
related cooling water systems. The staff concludes that the
preapplicant has also concluded that GDC 44 is not
applicable to the design.

For LMRs, the title of this criterion should be changed to
inspection of "structural and equipment cooling system” to
eliminate the reference to water and because this GDC
should be applicable to any cooling system used to transfer
heat from SSCs important to safety to the ultimate heat
sink(s). This would include the transfer of heat from the
residual heat removal system and the containment heat
removal system, which are also covered by GDC 34
through 40, to the ultimate heat sink(s). GDC 34 through
40 do not address the ultimate heat sink(s). This new title
is also used in NUREG-0968 and ANSI/ANS-54.1-1989.

The GDC 45 requirements, without the reference to water,
are independent of the plant design. The staff believes that
the modified criterion is applicable to the PRISM design
because GDC 45 is the only GDC concerned with

inspection of the means to reject heat from SSCs important

to safety to the ultimate heat sink(s). GDC 45 is consistent
with Criterion 39 in NUREG-0968 and Criterion 3.4.11 in
ANSI/ANS-54.1-1989, except that both documents also
delete the word "water” from "cooling water system” in
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the first sentence of the criterion. The preapplicant should
further address why this modified GDC 45 should not be
applicable to the PRISM design. Therefore, a modified
GDC 45 with the deletion of the word "water” and the
change in the title is acceptable for the PRISM design.

GDC 46: Testing of Cooling Water System

This criterion requires that the cooling water systems to
transfer heat from SSCs important to safety to the ultimate
heat sink(s) should have provisions for periodic testing of
important components and the system. This criterion
should not be restricted to cooling water systems.

The preapplicant has stated that GDC 46, testing of the -
cooling water systems that are covered in GDC 44, is also
not applicable because the PRISM design does not reqmre
any safety-related cooling water systems.

For LMRs, the title of this criterion should be changed to
inspection of "structural and equipment cooling system” to
eliminate the reference to water and to make this GDC
applicable to any cooling system used to transfer heat from
SSCs important to safety to the ultimate heat sink(s). This
would include the transfer of heat from the residual heat
removal system and the containment heat removal system,
which are also covered by GDC 34 through 40, to the
ultimate heat sink(s). GDC 34 through 40 do not address
the ultimate heat sink(s). This new title is also used in
NUREG-0968 and ANSI/ANS-54.1-1989.

The GDC 46 requirements, except for the reference to
"cooling water” and the LOCA, are independent of the
plant design. The staff believes that the modified criterion
is applicable to the PRISM design because GDC 46 is the
only GDC concéerned with the testing of the means to
reject heat from SSCs important to safety to the ultimate
heat sink(s). The preapplicant should further address why
this criterion should not be appllcable to the PRISM
design.

GDC 46 is consistent with Criterion 40 in NUREG-0968
and Criterion 3.4.12 in ANSI/ANS-54.1-1989, except that
both documents have made the following changes:

(1) The word "water” in the phrase "cooling water
system” was deleted.

(2) The phrase "for reactor shutdown and for
loss-of-coolant accidents” in the middle of Item 3 of
the criterion was deleted.

The first exception would delete the reference to water, as
discussed above. The preapplicant should address why this
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reference should not be deleted from the GDC 46 for the
PRISM design.

The second exception would delete a restriction to testing
the performance of the full operational sequence that brings
the cooling system into operation only "for reactor
shutdown and for loss-of-coolant accidents."  The
preapplicant should address why this restriction should not
be deleted from the GDC 46 for the PRISM design.

A modified GDC 46 with the deletion of the word "water”
and the phrase "for reactor shutdown and loss-of-coolant
accidents,” and a change in the title, is acceptable for the
PRISM design.

GDC 50: Containment Design Basis

This criterion requires that the containment structure,
internal compartments, and associated penetrations be
designed with sufficient margin to accommodate, without
exceeding the design leakage rate, the potential energy
releases during any LOCA. The margin shall reflect
certain specified considerations, including 10 CFR 50.44
requirements on energy from metal-water reactions. This
criterion, however, should not be restricted to metal-water
reactions and LOCAs which are important to LWRs but
not to LMRs.

The only exception proposed to this GDC is deletion of the
reference to 10 CFR 50.44 in Item 1 of the criterion. The
preapplicant stated that the containment is designed with
margin to accommodate the calculated pressure and
temperature conditions under normal operation and design-
basis events, including coolant leakage into the
containment. The containment for the PRISM design is
the containment vessel and the upper dome containment.
The preapplicant did not address the effect on compliance
with GDC 50 from the changes to the containment design
discussed in PSID Section G.4.1.

The requirements in GDC 50, with the deletion of the
references to the LOCA, 10 CFR 54.44, and metal-water
reactions, are independent of the design of the plant. The
LOCA is not an important accident for the LMR
containment design, 10 CFR 50.44 is not applicable to an
LMR, and metal-water reactions will not be important for
LMRs with a minimum of water inside containment.
Therefore, the staff agrees with the preapplicant that a
modified criterion is applicable to the PRISM design;
however, the staff has considered additional modifications
to the criteria that are in NUREG-0968 and
ANSI/ANS-54.1-1989. ' :

The preapplicant’s proposed GDC 50 for the PRISM
design, with the deletion of the reference to
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10 CFR 50.44, is consistent with Criterion 41 in
NUREG-0968 and Criteria 3.5.1
("Containment/Confinement Design Basis"), 3.5.2
("Containment Design Basis"), and 3.5.3 ("Confinement
Design Basis”) in ANSI/ANS-54.1-1989, with the

following exceptions:

(1) NUREG-0968 replaces the phrase "the containment
heat removal system" with the phrase " if
necessary, in conjunction with additional
postaccident heat removal systems including ex-
vessel systems” in the list of systems, in the first
sentence, that the criterion applies to.

(2)  Both documents replace the phrase "loss-of-coolant
accident” with the phrase "normal operation,
including anticipated operational occurrences, and
any of the postulated accidents” and
ANSI/ANS-54.1-1989 adds the phrase, "assuming
failure of a single active component” at the end of
the first sentence.

(3)  Both documents replace the phrase "such as energy

" in steam generators and as required by {10 CFR]

50.44 energy from metal-water and other chemical

reactions that may result from degradation but not

total failure of emergency core cooling functioning”

with the phrase "such as decay heat in released

fission products, potential spray or aerosol

formation, and potential exothermic chemical

reactions” at the end of Item 1 in the second
sentence.

(4) ANSI/ANS-54.1-1989 adds a requirement that the
containment or confinement or both shall be
designed to limit the release of radioactivity so that
established guidelines (i.e., 10 CFR Part 100) are
not exceeded for postulated accidents.

(5) ANSI/ANS-54.1-1989 does not refer to the
"containment heat removal system."

(6) ANSI/ANS-54.1-1989 adds requirements for
confinement systems concerning provisions for
operation at an internal negative pressure,
recirculation rates, mixing, and filtration efficiency.

The first exception has the criterion refer to a more
general "postaccident heat removal system” rather than to
the more specific "containment heat removal system."

“This criterion should, for conservatism, refer only to the

systems designed to remove heat from the containment
(i.e., the containment heat removal systems) and not to
other heat removal systems within the containment that
are, for example, removing heat from the reactor coolant.
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This exception and the fifth exception (above) from
ANSI/ANS-54.1-1989 should not be made to the GDC 50
for the PRISM design.

In GDC 50, the containment is required to be designed for
the LOCA; however, the LOCA is important to the design
of containments for LWRs but not for LMRs. The second
exception would replace the reference to LOCAs in the
criterion with the phrases "normal operation, including
anticipated operational occurrences, and any of the
postulated accidents" and ", assuming failure of a single
active component.” Because the limiting design conditions
for containments are not normal operation, including
anticipated operational occurrences, but are postulated
accidents, the phrase "loss-of-coolant accident” in GDC 50
should be replaced by "postulated accident.” The proposed
inclusion of the phrase about a single failure during a
postulated accident is unnecessary. The specific postulated
accidents used to determine the containment design
conditions would be selected during the review of the
design. These proposed changes do not change the
fundamental principle of GDC 50, but ensure that
accidents important to the containment design for the
PRISM, or for any LMR, are considered.  The
preapplicant should address why these changes should not
be made to the GDC 50 for the PRISM design.

The third exception would replace the phrase "such as
energy in steam generators and as required by [10 CFR]
50.44 energy from metal-water and other chemical
reactions that may result from degradation but not total
failure of emergency core cooling functioning” with the
phrase “"such as decay heat in released fission products,
potential spray or aerosol formation, and potential
exothermic chemical reactions.” As explained above, the
reference to 10 CFR 50.44 and metal-water reactions that
may result from emergency core cooling (ECC)
degradation is incorrect for LMRs. The reference to
energy into containment from decay heat from fission
products, spray or aerosol formation, and exothermic
chemical reactions is important to LMRs, and exothermic
chemical reactions is another way of stating “"other
chemical reactions” in GDC 50.  Although steam
generators are typically placed outside the containment to
reduce the size of the containment as in the PRISM design,
they were placed inside the containment for the CRBRP
design and, thus, a reference to the energy from steam
generators should remain in GDC 50. Therefore, for the
PRISM designs, the phrase "50.44 energy from metal-
water reactions and other chemical reactions from

degradation but not total failure of emergency core cooling

functioning” should be replaced by a reference to energy
from fission products, spray or aerosol formation, and
exothermic chemical reactions. The preapplicant should
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address why these changes should not be made to the
GDC 50 for the PRISM design.

The fourth exception would add a requirement that the
containment or confinement or both shall be designed to
limit the release of radioactivity so that established
guidelines are not exceeded for postulated accidents.
GDC 50 requires that the containment shall be designed
not to exceed its design leakage rate during an accident.
The leak rate of the containment during an accident limits
the release of radioactivity from the containment to
acceptable dose consequences. The design leak rate must
be less than that which would limit dose consequences for
the postulated accident to acceptable values. Therefore, it
is not necessary to add this requirement to the GDC 50 for
the PRISM design.

The sixth exception would add requirements for
confinement systems. The GDC do not address a
confinement system, and the staff believes such an addition
is unwarranted, and should not be included in the GDC 50
for the PRISM design.

Therefore, this proposed GDC 50 with the additional
replacement of (1) LOCAs by postulated accidents and
(2) metal-water and other chemical reactions from a
degraded ECC by fission products, potential spray or
aerosol formation, and exothermic chemical reactions is
acceptable for the PRISM design.

GDC 51: Fracture Prevention of Containment Pressure
Boundary

This criterion requires that the containment boundary
structure be designed with sufficient margin to avoid brittle
fracture under all postulated loading conditions, including
postulated accidents.  Replacing the phrase "ferritic
materials” with "metallic materials" broadens the
application of the GDC to all likely containment materials
rather than to only ferritic metals.

The only exception proposed to this GDC is to change the
phrase "ferritic materials” to "metallic materials" in the
first sentence of the GDC. The preapplicant stated that the
containment is designed with sufficient margin to ensure,
under plant operation, maintenance, testing, and postulated
accidents, that its metallic materials, which include metallic
materials other than ferritic materials, will behave in a
nonbrittle manner, and that the probability of rapidly
propagating fracture is minimized. The preapplicant stated
that the containment will be shop fabricated to better
ensure material and fabrication quality of the structure
compared to building it on site.
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The requirements in this criterion with the proposed
change are independent of the design of the plant;
therefore, the staff agrees with the preapplicant that this
criterion is applicable to the PRISM design.

The preapplicant’s proposed GDC 51 is consistent with
Criterion 42 in NUREG-0968 and Criterion 3.5.4 in
ANSI/ANS-54.1-1989, except that both documents replace
the word "operation" with the phrase "normal operation,
including anticipated operational occurrences” in the first
and second sentences. This change is not considered
important for the PRISM design and the preapplicant does
not bave to address it. Both documents also replaced the
phrase “ferritic materials" with "metallic materials” in the
first sentence of the criterion.

Therefore, the proposed GDC 51 which replaces "ferritic
materials” by "metallic materials" is acceptable for the
PRISM design. '

GDC 52: Capability for Containment Leakage Rate
Testing

This criterion requires that the containment and applicable
equipment be designed for periodic integrated leakage rate
testing at the containment design pressure. The
requirements are independent of the design of the plant;
therefore, the staff agrees with the preapplicant that this
criterion is directly applicable to the PRISM design.

No exceptions were proposed to this GDC. The

preapplicant stated that the containment is designed for

periodic leakage rate testing; however, the preapplicant did
not specify pressure for the tests.

GDC 52 is consistent with Criterion 43 in NUREG-0968
~and Criterion 3.5.5 in ANSI/ANS-54.1-1989, except that
ANSI/ANS-54.1-1989 does not have the requirement that
the leakage rate testing be done at the containment design
pressure. This difference is not based on the unique
characteristics of the LMRs and would reduce
requirements because GDC 52 requires that the testing be
done at the containment design pressure. Therefore, this
difference should not be included in the GDC 52 for the
PRISM design.

The current GDC 52 is acceptable as written for the
PRISM design.

GDC 53: Provisions for Containment Testing and
Inspection

This criterion requires that the containment be designed for
periodic inspections of all important areas, such as the
penetrations, including the leaktightness at containment
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design pressure of the penetrations which have resilient
seals and expansion bellows. These requirements are
independent of the design of the plant, and penetrations
with resilient seals and further expansion bellows could
exist in LMR plants. The staff agrees with the
preapplicant that this criterion is directly applicable to the
PRISM design.

No exceptions were proposed to this GDC. The
preapplicant stated that the containment will be subjected
to (1) a structural integrity test in accordance with
Article CC-6600 of Division 2, Section III of the ASME
Code (Ref. 3.22) and (2) a program of preoperational and
periodic leakage rate verification tests similar to that
required for LWRs in Appendix J to 10 CFR Part 50. The
containment and internal equipment and structures will be
designed to accommodate these tests.

GDC 53 is consistent with Criterion 44 in NUREG-0968
and Criterion 3.5.6 in ANSI/ANS-54.1-1989, except that
ANSI/ANS-54.1-1989 added words concerning
confinement systems. As discussed previously, these
additional words are not considered necessary for GDC 53.

Therefore, GDC 53 is acceptable as written for the PRISM
design.

GDC 54: Piping Systems Penetrating Containment

This criterion requires that piping systems penetrating the
containment have leak detection, isolation, and containment
capabilities with redundancy, reliability, and performance
consistent with the importance to safety of isolating the
piping system. The piping systems shall have the
capability to also periodically test the operability of the
isolation valves and allow the determination that the valve
leakage is within acceptable limits.

No exceptions were proposed to this GDC. The
preapplicant stated that piping systems penetrating the
containment are designed to have leak detection, isolation,
and containment capabilities with redundancy, reliability,
and performance capabilities that reflect the importance to
safety of isolating these piping systems, while allowing for
periodic testing of operability and the determination that
leakage is within acceptable limits.

The requirements in this criterion are independent of the
design of the plant; therefore, the staff agrees with the
preapplicant that this criterion is directly applicable to the
PRISM design. '

GDC 54 is consistent with Criterion 45 in NUREG-0968

and Criterion 3.5.7 in ANSI/ANS-54.1-1989, with the
following exceptions: ’
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(1) ANSI/ANS-54.1-1989 replaced the phrase "which
reflect the importance to safety of isolating these
piping systems" with the phrase "as required to
meet the containment safety function” at the end of
the first sentence.

(2) ANSI/ANS-54.1-1989 replaced the phrase "having
redundancy, reliability, and performance
capabilities” in the first sentence of the criterion
with the sentence "See criteria contained in
[Criteria] 3.5.8, 3.5.9, and 3.5.10 for the
redundancy, reliability, and performance
requirements. "

For both exceptions, there are no substantive differences
between the requirements in the two phrases being deleted
and the requirements in the phrase and sentence being
added. Therefore, these changes should not be made to
the GDC 54 for the PRISM design.

Therefore, GDC 54 is acceptable as written for the PRISM
design.

GDC 55: Reactor Coolant Pressure
Penetrating Containment

Boundary

GDC 55 requires two containment isolation valves near the

containment pressure boundary on lines penetrating

primary containment and connecting directly to the RCPB.
Acceptable combinations of automatic isolation valves and
locked-closed valves are specified in the criterion. A
simple check valve may not be used as the automatic
isolation valve outside the containment. The "other
appropriate requirements” discussed in the criterion are to
minimize the probability or consequences of an accidental
rupture of such lines that could potentially release fluids
from the RCPB which are normally very radioactive.

The preapplicant stated that GDC 55 does not apply to the
PRISM design because all the primary sodium is within the
reactor vessel during reactor operation, and the core is
inside a pool of sodium. However, the preapplicant has
also stated that the primary sodium service system piping
is open to the sodium pool but will have containment
isolation in accordance with GDC 56 instead of GDC 55.

The PRISM design has piping that is directly connected to
the RCPB and that penetrates the containment. The
preapplicant stated that the primary sodium service system
which is used during reactor shutdown has piping open to
the sodium pool and, therefore, to the RCPB. The fact
that the system would not be used during reactor operation
should not relieve the system from the requirements of
GDC 55. Because the requirements for containment
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isolation valves are the same for GDC 55 and 56 (i.e., the
preapplicant would apply GDC 56 to these lines), one
might conclude that it does not matter which GDC is
applied to this system; however, the "other appropriate
requirements” in the last paragraph of GDC 5S could result
in additional requirements on this system if it is designed
in accordance with GDC 55 instead of GDC 56.

The requirements in this criterion are independent of the
design of the plant and impose important restrictions of
containment isolation that do not exist elsewhere in the
GDC. Also, even if having no systems within the PRISM
design fall within GDC 55, does not mean that GDC 55
should not apply to the design. Therefore, the staff
believes that this criterion is directly applicable to the
PRISM design. The preapplicant should further justify
why GDC 55 should not apply to the PRISM design.

GDC 55 is consistent with Criterion 46 in NUREG-0968
and Criterion 3.5.8 in ANSI/ANS-54.1-1989, with the
following exceptions:

(1) Both documents add the phrase "or directly
: connected to" to the description of the applicable
piping systems in the first sentence of the criterion.

(2) ANSI/ANS-54.1-1989 adds the phrase "or the
reactor cover gas boundary” to the description of
the applicable piping systems in the first sentence.

The first exception modifies the description of the
applicable piping systems to include such supporting
systems as drain lines and purification system lines (e.g.,
the primary sodium service system piping in the PRISM
design) under GDC 55 because they are connected to and
contain the primary sodium coolant. However, these
systems should already be included in the existing
statement that GDC 55 applies to systems "that are part of
the RCPB"; therefore, it is not necessary to add this phrase
to the GDC.

The second exception seems to address the question of
whether the piping which is directly connected to the
reactor cover gas space should be considered under
GDC 55 for piping that is part of the RCPB or under
GDC 56 for piping connected directly to the containment
atmosphere. Because the cover gas space is in direct
contact with the coolant and is not part of the containment
atmosphere, GDC 55 should apply to this piping. This
change would clarify which systems should be subject to
GDC 56 because of the unique design of LMRs and would
not add new requirements to the criterion; therefore, the
preapplicant should further justify why this phrase is not
added to the GDC 55 for the PRISM design.
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The modified GDC 55, with the additional words
concerning the reactor cover gas space, is acceptable for
the PRISM design.

GDC 56: Primary Containment Isolation

This criterion requires two containment isolation valves
near the containment pressure boundary on lines
penetrating the primary containment and connecting
directly to the containment atmosphere.  Acceptable
combinations of automatic isolation valves and locked-
closed valves are specified in the criterion. A simple
check valve may not be used as the automatic isolation
valve outside the containment. These requirements are
independent of the design of the plant; therefore, the staff
agrees with the preapplicant that this criterion is directly
applicable to the PRISM- design. GDC 56 is consistent
with Criterion 47 in NUREG-0968 and Criterion 3.5.9 in
ANSI/ANS-54.1-1989.

No exceptions were proposed to this GDC. The
preapplicant stated that during operation all gaseous service
system lines that penetrate the primary reactor containment
boundary are closed and that redundant isolation valves are
located as close as practical to the reactor closure head.
The gaseous service lines are open to the reactor coolant
cover gas space and the designer considers them part of
the containment atmosphere. The preapplicant has not
addressed the changes to its implementation of GDC 56 in
response to the addition of the upper dome containment in
PSID Section G.4.1 which places the containment
boundary at the upper dome. The primary sodium service
lines and cover gas piping are shown with double isolation
valves located near the upper dome containment boundary
in PSID Figure G.4.1-5. The preapplicant did not address
the type of isolation valves to be used for the penetrations.

Therefore, GDC 56 is acceptable as written for the PRISM
design.

GDC 57: Closed System Isolation Valves

GDC 57 requires a single containment isolation valve,
which is either automatic (but not a simple check valve),
or locked closed, or capable of remote manual operation,
for piping that penetrates the containment but is neither
part of the RCPB nor connected directly to the containment
atmosphere. The valve shall be outside the containment
and located as close as practical to the containment.

The preapplicant stated that GDC 57 does not apply to the

PRISM design because there is no piping of this type, that
is, piping that penetrates the containment but is neither part
of the RCPB (i.e., piping under GDC 55) nor connected
directly to the containment atmosphere (i.e., piping under
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GDC 56). This may have been correct before PSID
Section G.4.1 of Amendment 13 was issued, when the
upper dome containment was added to the containment
design to enclose the reactor closure head and the IHX. In
addition to the piping from the IHX to the steam generator
penetrating the upper dome, there is the upper dome
containment cooling system piping that penetrates the
upper dome but is neither part of the RCPB nor is it
connected directly to the containment atmosphere.
GDC 57 should apply to this piping for both systems.

1t also appears that the JHX piping that lies within the
reactor coolant system should be considered part of the
RCPB (i.e., the outside of the single wall piping is part of
the RCPB) and that aspects of GDC 55 concerning "other
appropriate requirements” may apply to this system for
piping which penetrates containment. This is discussed in
Section 6.6 of this report.

The requirements in GDC 57 are independent of the design
of the plant and apply to piping not covered by GDC 55
and 56. Such a GDC should be retained for LMRs. Even
though the PRISM design may not have this type of
piping, this should not mean that the requirements should
not exist and should not apply to the design, because this
type of piping may be added to the design in the future.
This criterion is directly applicable to the PRISM design.
If none of this type of piping exists in a design, then the
requirements of the GDC would not be imposed on the
design. Therefore, the preapplicant should further justify
why GDC 57 should not apply to the PRISM design.

GDC 57 is consistent with Criterion 48 in NUREG-0968
and Criterion 3.5.10 in ANSI/ANS-54.1-1989, with the
following exceptions: -

(1) Both documents replace the phrase "part of the
reactor coolant pressure boundary” with either the
phrase "part of nor directly connected to the reactor
coolant pressure boundary” (NUREG-0968) or the
phrase "part of nor directly connected to the reactor
coolant or cover gas boundaries”
(ANSI/ANS-54.1-1989).

(2) Both documents add the phrase ", unless it can be
demonstrated that containment isolation provisions
for a specific class of lines are acceptable on same
other defined basis" after the phrase "at least one
containment isolation valve.”

The. first exception (considering first only the
NUREG-0968 proposal) would exclude systems that
penetrate the containment and contain primary coolant
because these systems are addressed in GDC 55. Because
GDC 55 applies to piping that is "part of the reactor
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coolant pressure boundary” and GDC 57 applies to piping
that is not "part of the reactor coolant pressure boundary,”
there should be no confusion about the piping covered by
either GDC and it is not necessary to include this change
to GDC 57 for the PRISM design.

The addition of the phrase "or cover gas boundaries” in the
first exception would include the cover gas space within
the reactor coolant pressure boundary. As discussed under
GDC 55, some may question whether the piping that is
directly connected to the reactor cover gas space should be
considered to be part of the RCPB or to be connected
directly to the containment atmosphere (i.e., under
GDC 55 or 56). Because the cover gas space is in direct
contact with the coolant and is not part of the containment
atmosphere, such piping is part of the RCPB. This addition
would clarify GDC 57 for I.MRs but would not add new
requirements to the design of nuclear power reactors. The
preapplicant should address why this phrase should not be
added to the GDC 57 for the PRISM design.

The second exception would allow an alternate approach to
containment isolation to the one specified in the GDC.
The additional phrase is a relaxation of GDC 57 which
might provide flexibility to the designer in meeting the
GDC and is currently stated in GDC 55 and 56. However,
because this is a relaxation of the GDC which is not based
on the unique characteristics of the LMR, it should not be
applied to the PRISM design.

Therefore, a modified GDC 57, with the addition of the
phrase "or cover gas boundaries” to the RCPB, is
acceptable for the PRISM desiga.

GDC 60: Control of Releases of Radioactive Materials
to the Environment

This criterion requires the plant to have provisions for the
controlled release of gaseous, liquid, and solid radwaste
from the plant during normal reactor operation and
anticipated operational occurrences. Sufficient holdup
capacity shall be provided for gaseous and liquid radwaste.
The preapplicant did not address anticipated operational
occurrences, sufficient holdup capacity, and the waste gas
system for the reactor system cover gas in the PSID. This
information. should be provided at a later design review
stage.

No exceptions were proposed to this GDC. The liquid
radioactive waste system is divided into intermediate and
low-level waste streams. Normal operation liquids are
released to the environment within Federal guidelines, after
discharge and dilution. The solid and gaseous radioactive
waste systems are provided by the onsite fuel cycle
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facility.  Solid waste will be shipped in approved

containers. '
The requirements of this criterion are indeperillent of the

design of the plant. LMRs have gaseous, liquid, and solid

radwaste; therefore, the staff is consistent with the

preapplicant that this criterion is directly applicable to the

PRISM design. GDC 60 is consistent with Criterion 52 of
NUREG-0968 (Ref. 3.18) and Criterion 3.6.1 of
ANSI/ANS-54.1-1989 (Ref. 3.17) and is acceptable as

written for the PRISM design.

GDC 61: Fuel Storage and Handling and Radioactivity
Control

This criterion requires that systems that store and handle
fuel, radwaste systems, and other systems containing
radioactivity be designed for periodic inspection, testing,
shielding, adequate coolant inventory, confining or
filtering, and cooling to ensure adequate safety under
normal and postulated accident conditions.

The preapplicant proposed no exceptions to this GDC.
The sections discussing fuel handling and radioactive waste
management provided details on the design basis of these
systems. '

The requirements in GDC 61 are independent of the design
of the plant; therefore, the staff is in agreement with the
preapplicant that this criterion is directly applicable to the
PRISM design. GDC 61 is consistent with Criterion 53 in
NUREG-0968 and Criterion 3.6.2 in ANSI/ANS-54.1-
1989, with the following exceptions:

(1) A sentence is added at the end of each criterion that
"The fuel handling and its interfacing systems shall
be designed to minimize the potential for fuel
management errors that could resuit” in either "fuel
rod failure” (NUREG-0968) or "fuel damage limits
being exceeded” (ANSI/ANS-54.1-1989).

2 In the first sentence of each criterion, a phrase ,
including -anticipated operational occurrences” is
added after "normal operation".

The first exception clarifies the reference to adequate
safety in GDC 61 for fuel handling and the interfacing
systems so that they be designed to minimize fuel
management errors that could result in fuel damage. This
could also be applied to LWRs because it is not based on
the unique characteristics of LMRs; however, it is not
considered a new requirement. Therefore, the preapplicant
should address why this clarification should not be added
to the GDC 61 for the PRISM design.
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The second exception, would add the phrase ", including
anticipated operational occurrences” to modify "normal
operation” in the criterion. This is not considered
important for the PRISM design because it is not necessary
to include "anticipated operational occurrences” with
normal operation when GDC 61 requires that fuel storage
and handling, radioactive wastes, and other systems be
designed for accident conditions. The preapplicant does
not have to address it.

Therefore, 2 modified GDC 61, with the addition of a
sentence on the design of the fuel handling system, is
needed for the PRISM design.

GDC 62: Prevention of Criticality in Fuel Storage and
Handling

This criterion requires physical systems or processes,
“preferably by geometrically safe configurations, to prevent
criticality in handling and storing fuel. The requirements
are independent of the design of the plant; therefore, the
staff finds this criterion directly applicable to the PRISM
design. GDC 62 is consistent with Criterion 54 in
NUREG-0968 and Criterion 3.6.3 in ANSI/ANS-54.1-
1989, and it is acceptable as written for the PRISM design.

No exceptions were proposed to this GDC. The
preapplicant stated that means will be provided to prevent
criticality among fuel assemblies using poison columns in
the interstices between the fuel storage positions. These
positions are also spaced to ensure a geometrically safe
configuration.

GDC 63: Mohitoring Fuel and Waste Storage

This criterion requires systems to monitor fuel and
radwaste storage areas to ensure adequate heat removal and
acceptable radiation levels. This is independent of the
plant design; thus, the staff agrees with the preapplicant
that GDC 63 is directly applicable to the PRISM design.
GDC 63 is consistent with Criterion 55 in NUREG-0968
and Criterion 3.6.4 in ANSI/ANS-54.1-1989, and it is
acceptable as written for the PRISM design.

The preapplicant proposed no exceptions to this GDC.
The PSID states that a means has been provided for
monitoring fission gas release from fuel in the fuel
handling cell. The preapplicant did not state if this would
also be true for the fuel storage facility, radioactive waste
systems, and fuel handling areas, and how this monitoring
would detect conditions that may result in loss of residual
heat removal.
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GDC 64: Monitoring Radioactivity Releases

This criterion requires means to monitor the containment
atmosphere, spaces containing components for recirculation
of LOCA fluids, effluent discharge paths, and the plant
environs for radioactivity that may be released from the
plant during normal operations and postulated accidents.

No exceptions were proposed to this GDC. The
preapplicant stated that means have been provided for
monitoring radioactivity releases resulting from normal and
anticipated operational occurrences. The preapplicant did
not state if this would be true for releases during postulated
accidents, as also required in GDC 64. This information
should be provided at a later design review stage.

The requirements in this criterion are independent of the
design of the plant, except for the reference to "spaces
containing components for recirculation of loss-of-coolant
accident [LOCA] fluids" which is specific to LWRs. LMR
designs, including CRBRP and PRISM, do not allow for
collection and recirculation of coolant lost from the RCPB.
Therefore, the staff agrees with the preapplicant that this
criterion is applicable to the PRISM design; however, the
phrase concerning spaces for recirculation of LOCA fluids
should be deleted from this criterion for the PRISM
design.

GDC 64 is consistent with Criterion 56 in NUREG-0968
and Criterion 3.6.5 in ANSI/ANS-54.1-1989 in that the
two documents also delete the phrase "spaces containing
components for recirculation of loss-of-coolant accident
fluids” from the criterion. The preapplicant should address
why this phrase should not be deleted from the GDC 64
for the PRISM design.

Therefore, a modified GDC 64, with the deletion of the
phrase "spaces containing components for recirculation of
loss-of-coolant accident fluids,” is needed for the PRISM
design.

3.2.4 Additionai GDC Proposed for the PRISM Design
Not in 10 CFR Part 50

There are additional proposed GDC in NUREG-0968 (the
staff’s safety evaluation report on the CRBRP design,
including the conformance of the design to the GDC), and
in the industry’s standard (ANSI/ANS-54.1-1989), for
GDC for LMRs, for which there is no directly
corresponding criterion in the GDC in Appendix A to

-10 CFR Part 50. The additional GDC that are discussed

in Sections 3.2.4.1 through 3.2.4.9 are the following:
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= protection against sodium reactions

a  sodium heating sy'stenlnsr“‘for the liquid-metal coolant
= heat transport system design

» assurance of adequate reactor coolant inventory

»  design of the intermediate coolant system that interfaces
with the RCPB

= reactor and intermediate coolant, and cover gas purity
control

e inspection and testing of the residual heat removal
system

= protection against fuel rod failure propagation

= protection against coolant flow blockage
3.2.4.1 Protection Against Sodium Reactions

NUREG-0968 and ANSI/ANS-54.1-1989 (i.e., Criterion
4 and Criterion 3.1.4, respectively) propose what would be
a new criterion for LMR reactor designs. This new
criterion concerns designing structures, systems, and
components to limit the consequences of chemical reactions
resulting from a sodium leak. The intent of the criterion
is to require that the plant be designed and constructed
with special consideration given to the effects of sodium,
including the detection, consequences, and mitigation of
sodium reactions and spills. Because of the high chemical
activity of sodium, leaks or spills can lead to chemical
reactions, fires, and combustion products not possible in
LWRs. Therefore, requirements that special measures be
taken to prevent contact of sodium with water, concrete,
and oxygen, and to extinguish any sodium fires that occur
need to be considered in the design. In addition, means to
detect sodium spills and to protect plant equipment and
personnel from the corrosive and potentially radioactive
corrosion products are required.

Because there is no similar design criterion in the GDC to
account for the high chemical activity of sodium with such
common plant materials as water, air, and concrete, a
GDC covering the sodium coolant for LMR designs
warrants developing. Therefore, the preapplicant should

address the development of an additional criterion for the

PRISM design on protecting the plant against sodium
reactions similar to those developed in NUREG-0968,
ANSI/ANS-54.1-1989, and ANS 54.8, “"Standard for
Liquid Metal Fire Protection in LMR Plants" (Ref. 3.23).
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This criterion appears to be one of the safety design
criteria presented by the preapplicant in PSID
Section 1.2.1.2.2.

3.2.4.2 Sodium Heating Systems

NUREG-0968 and ANSI/ANS-54.1-1989 (i.e., Criterion
7 and Criterion 3.1.7, respectively) propose what would be
a new Criterion 7 for LMR reactor designs. This criterion
concerns heating systems needed to maintain sodium in
liquid form and to prevent sodium aerosols from
condensing and plugging flow paths; it would be unique
for LMR designs. The intent of the criterion is to require
that systems important to safety, and which contain sodium
or sodium aerosols and require a controlled temperature
for the system to perform its safety function, be designed
and maintained to preclude overheating (creating aerosols)
and underheating (condensing aerosols and freezing
sodium) the system. Because the physical properties of
sodium are significantly different from those of water, and
because sodium freezes above the boiling point of water,
special measures should be taken for LMR designs that are
not needed for LWR designs.

An LWR design feature similar to the sodium heating
system in LMRs is the heat tracing of high-concentration
boric acid and water lines outside buildings where the
temperature is below the freezing point of water.
Requirements for system features similar to those listed in
SRP Section 9.3.4, Item III.LA.9 (Ref. 3.9), should be
developed for sodium systems in LMRs.

The preapplicant should address the development of an
additional criterion on sodium heating systems for the
PRISM design similar to those developed in NUREG-0968
and ANSI/ANS-54.1-1989.

3.2.4.3 Heat Transport System Design

The intent of Criterion 26 of NUREG-0968 is to ensure the
system that transports heat from the reactor to the turbine
generator or ultimate heat sink will be designed to (1)
provide sufficient cooling to not exceed the fuel design
limits for normal operation and anticipated operational
occurrences, (2) maintain the integrity of the RCPB to
provide adequate core cooling for postulated accidents with
at least two flow paths available, and (3) have at least two
independent flow paths. There is no corresponding
criterion in ANSI/ANS-54.1-1989.

This criterion is the same as GDC 34, "Residual Heat
Removal”; GDC 35, "Emergency Core Cooling"; and
GDC 44, "Cooling Water,” for LWRs. As discussed
above for GDC 34 and 35, a revised GDC 34 which was
also for (1) all reactor conditions including postulated
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accidents and (2) preventing fuel and clad damage that
could interfere with continued effective core cooling,
would cover the design of the residual heat removal
system, the emergency core cooling system, and the heat
transport system. In the discussion on GDC 44, it is stated
that GDC 44 provides the general design requirements for
systems transferring heat to the ultimate heat sinks.
Therefore, the revised GDC 34 and GDC 44 encompass
the requirements proposed in Criterion 26 of NUREG-0968
and it is not necessary to have an additional criterion on
the heat transport system.

3.2.4.4 Assurance of Adequate Reactor Coolant
Inventory

The intent of Criterion 27 of NUREG-0968 and
Criterion 3.4.1 of ANSI/ANS-54.1-1989 is to ensure the
heat transport system provides for retention of sufficient
sodium inventory to ensure adequate decay heat removal
capability. This is discussed under GDC 33, "Reactor
Coolant Makeup.” A revised GDC 33 using the words
from Criterion 27 of NUREG-0968 and Criterion 3.4.1 of
ANSI/ANS-54.1-1989 is proposed for the LMR and the
PRISM design instead of the GDC 33 for LWRs.

3.2.4.5 Design of the Intermediate Coolant System

Criteria 31 through 33 of NUREG-0968 and Criteria 3.4.5
and 3.4.6 of ANSI/ANS-54.1-1989 are concerned with the
design of the intermediate coolant system between the
reactor coolant system and the steam generator for the
LMRs. There are equivalent criteria in the GDC for
LWRs regarding the cooling water systems for SSCs
important to safety (i.e., GDC 44 to 46). The LWR
intermediate cooling system is between the safety-related
SSCs and the ultimate heat sink. Another equivalent
system for LWRs would be the steam generator for
pressurized water reactors (PWRs) for which GDC 14, 15,
31, and 32 are applicable.

The requirements in Criterion 31, "Intermediate Coolant
System," and Criterion 33, "Inspection and Surveillance of
Intermediate Coolant System,” of NUREG-0968 are
consistent with requirements imposed in the GDC for
equivalent systems in LWRs or add new requirements
which come from the differences between sodium and
water. Criteria 3.4.5 and 3.4.6, respectively, of ANSI/
ANS-54.1-1989 correspond to these .criteria.  The
preapplicant should address why these two criteria are not
included with the GDC for the PRISM design.

The requirements in Criterion 32, "Fracture Prevention of
Intermediate Coolant Boundary,” of NUREG-0968 are not
consistent with requirements imposed in the GDC for
equivalent systems in LWRs. In SRP Section 5.4.2.1,
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"Steam Generator Materials, " it 1s stated that GDC 31 on
fracture prevention of the - reactor coolant pressure
boundary is applied up to the steam line isolation valves
and not beyond, however, Criterion 32 of NUREG-0968
appears to be applied to the entire intermediate coolant
system up to the steam generator.

The GDC 31 for LMRs, discussed above, should require
that the intermediate coolant system be designed for
fracture prevention up to the isolation valves and not
beyond. Therefore, there should not be a need for a
separate criterion on fracture prevention of the intermediate
coolant system and Criterion 32 of NUREG-0968 should
not be considered as a GDC for the PRISM design.

3.2.4.6 Reactor and Intermediate Coolant, and Cover
Gas Purity Control

This is Criterion 34 of NUREG-0968 and Criterion 3.4.4
of ANSI/ANS-54.1-1989 which require that systems shall
be provided to monitor and maintain reactor coolant,
intermediate coolant, and cover gas purity within
acceptable limits. A corresponding system for LWRs is
the reactor water cleanup system for boiling water reactors
(BWRs). In SRP Section 5.4.8, “Reactor Water Cleanup
System,” the system is required to be capable of
maintaining acceptable reactor water purity in normal
operation and anticipated operational occurrences in
accordance with GDC 14, "Reactor Coolant Pressure
Boundary.”  Therefore, as discussed under GDC 14
(above), a similar extension for LMRs should require that
there be LMR systems to keep the reactor coolant,
intermediate coolant, and cover gas purity within
acceptable limits for LMR designs; however, it would be
more explicit to have a specific GDC for LMR designs.

Therefore, the preapplicant should address the development
of an additional criterion for the PRISM design similar to
Criterion 34 in NUREG-0968 and Criterion 3.4.4 in
ANSI/ANS-54.1-1989.

3.2.4.7 Inspection and Testing of the Residual Heat
Removal System

The intent of Criteria 36 and 37 of NUREG-0968 and
Criteria 3.4.8 and 3.4.9 of ANSI/ANS-54.1-1989 is to
ensure that the residual heat removal system is designed
for periodic inspection and testing of principal components
important to safety. This is discussed above for GDC 36,

"Inspection of Residual Heat Removal System,” and

GDC 37, "Testing of Residual Heat Removal System."
The revised GDC 36 and 37 with the deletion of the
references to emergency core cooling and water, and a
change in the list of important components would have the
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requirements given in Criteria 36 and 37 of NUREG-0968
and Criteria 3.4.8 and 3.4.9 of ANSI/ANS-54.1-1989.

3.2.4.8 Protection Fuei Rod Failure

Propagation

Against

Criterion 59 of NUREG-0968 which requires features to
limit propagation of stochastic fuel rod failures which
could lead to a disruption of a significant fraction of the
core, and to monitor for fuel pin failures. This criterion
was originally proposed for CRBRP because of design
differences between CRBRP fuel and LWR fuel and the
limited experience compared to LWR fuel.

There is presently no Section 50.44 and Appendix K to
10 CFR Part 50 for LMR designs; however, as discussed
in SRP Section 4.2, "Fuel System Design," GDC 10, 27,
and 35 impose requirements on the reactor design,
including fuel, reactivity control, and emergency core
cooling, respectively, to limit fuel damage during normal
operation and postulated accidents to avoid losing the
ability to cool the core effectively. SRP Section 4.2 also
requires on-line fuel failure monitoring and post-irradiation
surveillance to detect anomalies or confirm that the fuel
has performed as expected. Although there are differences
between LMR fuel and LWR fuel, there does not seem to

be a need to add a new GDC for the PRISM design to

properly address the fuel beyond the GDC 10, 27, and 35
for the PRISM design. These. criteria are discussed under
GDC 10, 27, and 35 above.

3.2.4.9 Protection Against Coolant Flow Blockage

Criterion 60 of NUREG-0968, requires the reactor and
core assembly designs to incorporate features to minimize
the potential for flow blockage while the fuel assemblies
are in the reactor core so that flow blockage can be
eliminated as a design-basis event. Because the core
assemblies in CRBRP were ducted assemblies, blockages
or restrictions at the inlet of an assembly affect flow
through the entire assembly and could cause fuel failure
such as occurred at the Fermi-1 reactor.

The applicant discusses flow blockage events for the
PRISM design in PSID Section G.4.6 and in
Section 4.4.6.4 of this report. This GDC should be
considered for the PRISM design.

3.2.5 10 CFR Part 52

Section 50.34(a)(3)(i) of 16 CFR Part 50 requires that the -

preliminary safety analysis report for an LWR nuclear
power plant design include the principal design criteria for
the proposed facility. = The preapplicant met this
requirement by submitting GDC for the PRISM design.
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This is in PSID Section 3.1. These proposed criteria were
evaluated in Section 3.2.3 ("Comparison to the GDC in
10 CFR Part 50"), and Section 3.2.4 ("Additional GDC
Proposed for the PRISM Design Not in 10 CFR Part 50").
The preapplicant was requested to address changes to its
proposed criteria in these two sections.

3.2.6 Commission’s Advanced Reactor Policy

Statement

As discussed in Section 3.2.1.2 above, the preapplicant
proposed GDC for the PRISM design in PSID Section 3.1
and has compared these criteria to the GDC to show where
the GDC are applicable to the PRISM design. The
preapplicant has, therefore, complied with Items 2 and 3,
listed in Section 3.2.1.2 above, of the Commission’s
Advanced Reactor Policy Statement on the GDC.

The preapplicant’s proposed GDC for the PRISM design
were evaluated against the GDC for LWRs in
Section 3.2.3 ("Comparison to the GDC in 10 CFR
Part 50”), and Section 3.2.4 ("Additional GDC Proposed
for the PRISM Design Not in 10 CFR Part 50"). The
preapplicant was requested to address changes to its
proposed criteria in these two sections. With the
resolution of these changes, the staff would conclude that
the PRISM design has complied with one part of the
Commission’s policy statement that the advanced reactor
should provide at least the same degree of protection that
is required of current-generation LWRs (i.e., Item 1 of
Section 3.2.1.2 above), that is the GDC for the PRISM
design would require at least the same degree of protection
that is required in the GDC for the LWR designs. The
other parts would come from the review of the specific
margins in fuel design limits, containment design limits,
and so forth, of the PRISM design compared to the current
LWR designs.

3.2.7 Review of Clinch River Breeder Reactor Plant
{(CRBRP)

In the evaluation of the GDC proposed by the preapplicant
for the PRISM design, the proposed criteria were
compared to the GDC for the CRBRP in Section 3.1 of
NUREG-0968. The comparison is discussed in
Section 3.2.3 ("Comparison to the GDC in 10 CFR
Part 50"), and Section 3.2.4 ("Additional GDC Proposed
for the PRISM Design Not in 10 CFR Part 50"). Where
GDC for the CRBRP were relevant to the PRISM design
and not part of the criteria proposed by the preapplicant,
the preapplicant was requested to address why these
criteria are not included in the GDC for the PRISM
design.
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3.2.8 Industry Standard ANSI/ANS-54.1

In the evaluation of the GDC proposed by the preapplicant
for the PRISM design, the proposed criteria were
compared to the GDC for an LMR design in the industry
standard ANSI/ANS-54.1-1989. The comparison is
discussed in Section 3.2.3 ("Comparison to the GDC in
10 CFR Part 50"), and Section 3.2.4 ("Additional GDC
Proposed for the PRISM Design Not in 10 CFR Part 507).
Where GDC for an LMR design in the standard were
relevant to the PRISM design and not part of the criteria
proposed by the preapplicant, the preapplicant is requested
to address why these criteria are not included in the GDC
for the PRISM design during the preliminary design phase.

3.2.9 Advanced Reactor Design Policy Issues

In the Commission policy paper (SECY-93-092) dated
April 8, 1993 (Ref. 3.1), the staff presented ten key policy
issues bearing on the future advanced reactor designs,
including the PRISM design, to request guidance from the

" Commission on these issues. These key issues are the
following: accident evaluation, source term, containment
performance, emergency planning, reactivity control,
operator staffing, residual heat removal, positive void
coefficient, control room design, and safety classification.
These issues are discussed in the GDC: GDC 1 (safety
classification, operator staffing, accident evaluation, and
source term), GDC 11 (positive void coefficient), GDC 16
(containment performance), GDC 19 (control room
design), GDC 26 (reactivity control), and
GDC 34 (residual heat removal). These key issues were
made available to the preapplicant and the public by a
Commission paper dated April 8, 1993. The key policy
issues were also reviewed by the ACRS at a full-committee
meeting on January 6, 1993. The Commission approved
the staff’s recommendations contained in SECY-93-092 in
an SRM, July 30, 1993, which was released to the public
on August 16, 1993,

3.2.10 Conclusions

The preapplicant proposed GDC for the PRISM design in
PSID Section 3.1. These criteria were evaluated against
the requirements in 10 CFR Part 52, the Commission’s
Policy Statement on advanced reactors, the GDC for the
CRBRP design, and the GDC for an LMR design in
ANSI/ANS-54.1-1989. The preapplicant was requested
(1) to address why certain additional changes, not proposed
by the preapplicant, should not be included in the proposed
GDC for the PRISM design and (2) to provide additional
Jjustification why certain GDC should be considered not
applicable to the PRISM design. Additional requirements
were identified that may be needed for the GDC for the
PRISM design, and the applicant was requested to address
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why these additional requirements should not be included
in the GDC for the PRISM design.

With the resolution of the changes identified in these two
sections above, the staff would conclude that the PRISM
design has met one part of the Commission’s policy
statement that the advanced reactor should provide at least
the same degree of protection to the public and the
environment that is required of current-generation LWRs.
The other parts, as discussed in Section 3.1.1 of this safety
evaluation, would come from the review of the specific
margins in fuel design limits, containment design limits,
and so forth, of the PRISM design compared to the current
LWR designs.

3.3 Seismic Design

The seismic design consists of the specification of the

"seismic input to the plant, plant system analysis, system

seismic analysis, seismic instrumentation, and the seismic
base isolation system.

3.3.1 Seismic Input, Plant System Analysis, and
System Seismic Analysis

3.3.1.1 Design Description and Safety Ohjectives

The seismic input described the generic site characteristics
(including soil properties and shear wave velocities),
vibration spectra, site validation, damping values, and
time-history development. The plant system analysis
described embedded structures analysis, development of
floor response spectra, interaction of structures, and
incorporation of torsional effects. System seismic analysis
described analysis and qualification-by-test of mechanical
and electrical components; and piping; heating, ventilation,

‘and air conditioning (HVAC) ducts; electrical raceways;

buried pipes; and tunnels analysis.

3.3.1.2 Scope of Review

This review focused on information submitted in PSID
Chapter 3, as modified by Amendments 12 and 13 to the
PSID.

3.3.1.3 Design Criteria

GDC 2 of Appendix A to 10 CFR Part 50 requires, in
part, that nuclear power plant structures, systems, and
components important to safety be designed to withstand
the effects of such natural phenomena as earthquakes,
tornadoes, floods, tsunamis, and seiches without loss of
capability to perform their safety functions.
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It is the purpose of Appendix A to 10 CFR Part 100 to
give the principal seismic and geologic considerations to
guide the Commission in its evaluation of the suitability of
proposed sites for nuclear power plants, and in the design
suitability of the plant for a particular site. Appendix A of
10 CFR Part 100 applies primarily to LWRs, but is also
applicable to other types of reactors.

3.3.1.4 Research and Development

Applicant-sponsored R&D was not described or reviewed
at this time. :

3.3.1.5 Safety Issues

The design used to ensure that the required safety functions
are maintained during and after the vibratory ground
motion associated with the safe-shutdown earthquake (SSE)
shall involve the use of either a suitable dynamic analysis
or a suitable qualification test.

The analysis or test shall take into account soil-structure
interaction at various typical sites and should include
structure-to-structure  interaction between modules,
variability in soil properties, and the expected duration of
vibratory motion. It is permissible to design for strain
limits in excess of yield strain in some of these safety-
related structures, systems, and components during the
SSE and under the postulated concurrent conditions,
provided that the necessary safety functions are
maintained.

3.3.1.6 Evaluation

The evaluation is limited to discovering potential safety
problems with the design and identifying information the
applicant is expected to submit at the next licensing stage.

In PSID Section 3.7.1.1, "Generic Site Characteristics,”
the applicant should submit a discussion on liquefaction
potential either generically or specifically in the next
submittal. Also, seismic classification of structures,
systems, and components important to safety should be
indicated, as should any component that could affect a
safety-related system.

SRP Sections 2.5.2, 3.7.1, 3.7.2, and 3.7.3 were revised
in 1989 as part of the resolution of Unresolved Safety
Issue A-40, "Seismic Design Criteria.” The applicant
should review applicable sections of the PRISM PSID as
appropriate, to reflect new staff positions on the location
of the seismic input motion control point, variability in soil
properties, and design time-history options, or should
submit technical justifications in support of the deviations.
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The procedures and criteria used for piping analysis,
HVAC duct analysis, electrical raceway analysis, and
buried pipe and tunnels should be included in the next
submittal.

3.3.1.7 Conclusion

Unless specified above, the information in the PSID is
considered to be sufficient at this stage of the review to
conclude that the seismic response of nuclear power plant
features important to safety can be determined promptly.

3.3.2 Seismic Instrumentation

When an earthquake occurs, it is. important to assess
immediately the affects on a nuclear power plant. Suitable
instrumentation shall be provided so that the seismic
response of features important to safety can be determined
promptly, and the response can be compared with the
design-basis response. Such a comparison is needed to
decide whether the plant can continue to be operated safely
and to permit appropriate and timely response.

3.3.2.1 Design Description and Safety Objectives

It is important to determine quickly whether or not seismic
design conditions were exceeded. The seismic
instrumentation system should supply in a readily usable
form the information for making the determination.

A typical instrumentation system consists of a tri-axial
time-history accelerograph and a tri-axial response
spectrum recorder to measure directly the input time-
history and response spectra. Additional time-history
accelerographs, response spectrum recorders, peak
accelerographs, seismic switches, and response spectrum
switches are recommended to measure the responses of
structures, equipment, and components at selected
locations.

The time-history accelerograph measures and records
absolute acceleration as a function of time during an
earthquake. This may be a self-contained instrument or it
may consist of acceleration sensors that detect absolute
acceleration and transmit the data to a remote central
recorder. From the resulting time-history records, the
peak accelerations and response spectra can be determined.

The response spectrum recorder measures and records
spectral accelerations at specified frequencies during an
earthquake.

A peak accelerograph (which requires no power) detects
and records peak acceleration.
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A seismic switch sends an immediate signal to indicate if
a specified acceleration has been exceeded. It consists of
an acceleration sensor and a switch closure. A response
spectrum switch can send an immediate signal to indicate
if a specified spectral acceleration has been exceeded.

3.3.2.2 Scope of Review

This review focused on a comparison of the proposed
seismic instrumentation presented in PSID Chapter 3 with
the seismic instrumentation guidelines of RG 1.12
(Ref. 3.24).

3.3.2.3 Design Criteria

Technical specifications are required by 10 CFR 50.36 to
include surveillance requirements to ensure that the
necessary quality of systems and components is
maintained, that facility operation will be within safety
limits, and that the limiting conditions of operation will be
met. Appendix A to 10 CFR Part 100 requires a suitable
program for implementing the requirements of
10 CFR 50.36 to determine the response of plant features.
RG 1.12 gives applicants the necessary guidance for
implementing the cited regulations.

3.3.2.4 Research and Development

Preapplicant-sponsored R&D was not described or
reviewed at this stage.

3.3.2.5 Safety Issues

Paragraph V(a)(2) of Appendix A to 10 CFR Part 100
indicates that if vibratory ground motion exceeds that of
the operating-basis earthquake (OBE), then the nuclear
power plant must be shut down. Before resuming
operations, the applicant will be required to demonstrate
that those features necessary to protect the health and
safety of the public have not been functionally damaged.

The seismic instrumentation needs to be designed to
withstand the conditions of reactor vessel auxiliary cooling
system (RVACS) operation, or, if not so designed, it needs
to be replaced following RVACS operation.

3.3.2.6 Evaluation

The evaluation is limited to identifying potential safety
problems with the design and information the applicant will
be expected to submit at the next licensing stage. In
addition, current staff activities (for instance, the proposed
revision of Appendix A to 10 CFR Part 100) have been

3-61

Review Approach and Criteria

identified so that the applicant will be aware of these
changes and can take appropriate action coincident with the
next licensing stage.

The seismic instrumentation program is consistent with
RG 1.12 with the following exceptions and clarifications:

e A permanently installed response spectrum analyzer is
provided, rather than a response spectrum recorder.
Data from the strong-motion accelerometers are fed
into the response spectrum analyzer to produce
immediately earthquake spectra following an
earthquake. The response spectrum analyzer is located
in an electrical and instrumentation vault in the reactor
building; readout is in the control room.

s Accelerometers are located at the top of the operating
floor, the head access area enclosure, the basement,
and the top of the reactor silo basemat.

e« Only one complete set of seismic instrumentation is
required for a given site, since the expected seismic
response is the same for all units. However, the first

“two reactor buildings on a PRISM site will be
instrumented to allow for one set of instruments being
out of service.

Consistent with RG 1.12, instruments are located at the top
of the radioactive waste building basemat and in the free
field. The remainder of the seismic instrumentation
program is similar to that used for current nuclear plants.

The PRISM facility will use seismic-base isolation to
reduce the response to an earthquake relative to a fixed-
base building. Therefore, it is recommended that acceler-
ometers be placed on both the rigid and isolated portions
of the structures at approximately the same elevations.
The additional instrumentation wilt allow a comparison of
response between the isolated and non-isolated portions of
the structure. This is consistent with the NRC staff
position taken in Draft RG DG-1016 (Ref. 3.25).

3.3.2.7 Conclusion

Except as specified above, the information in the PSID is
considered to be sufficient to conclude that adequate
seismic instrumentation will be provided so that the seismic
response of nuclear power plant features important to
safety can be determined promptly.

‘Because of the continuous enhancements in seismic

instrumentation and the proposed revisions to Appendix A
to 10 CFR Part 100 and to RG 1.12, conformity with
instrumentation guidelines in existence at the time of an
individual licensee application will be required. This is
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consistent with the NRC staff position taken in the SER for
the advanced boiling-water reactor (ABWR).

3.3.3 Seismic Base Isolation System

A seismic base isolation system is a system installed
between a structure and its foundation which reduces the
ground motion transmitted to the structure. This relatively
new technology is being used in numerous applications
worldwide to reduce the acceleration of buildings and their
contents.

3.3.3.1 Design Description and Safety Objectives

The PRISM ALMR design uses horizontal seismic
isolation. The seismic base isolator system transforms the
high-energy horizontal ground motions into reduced
horizontal accelerations, at a lower natural frequency,
thereby allowing for a rigid body response of the
structures; relative displacements between the isolated and
nonisolated portions of the facility are increased, however,
and the design must accommodate this.

Seismically isolated equipment in the plant design includes
the reactor module, containment, RVACS, head access
area (HAA) components, the safety-related reactor
instrumentation, and EM pump synchronous machines.

The seismic base isolation system consists of 31 high-
damping, steel-laminated, elastomeric bearings arranged in
a separate vault with access for inspection and
maintenance. The seismic bearings are supported on a
2.1-m (7-ft)-thick basemat. The bearings support a
platform 21.9 m (72 ft) wide and 24.8 m (81.5 ft) long.
The bearings are positioned below the major loads
supported by the seismic platform; each bearing carries a
vertical load of about 2 MN (500 kips). Within the
seismic bearing vault, a 0.76-m (2.5-ft)-thick continuous
circular shield wall located adjacent to the reactor module
shields the bearings from radiation.

The seismic isolator bearing is 1.32 m (52 in.) in diameter
and 0.59 m (23.1 in.) high, and consists of 30 layers of
12.7-mm (%4-in.)-thick elastomer and 29 steel shim plates,
3.2 mm (Y5 in.) thick. A 76.2-mm (3-in.)-thick layer of
elastomer is added to the circumferential surface area of
the bearing as a protective barrier against harsh
environmental conditions. There are 25.4-mm (1-in.)-thick
steel plates forming the top and bottom surfaces of the
seismic isolator bearing which interface with the
connecting structures. All steel and rubber layers are
vulcanized together into a composite structure.
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The elastomeric compound used in the seismic isolator
bearings is formed from natural rubber filled with a
damping material. To control the relative displacements
between the ground and the building, and to attenuate the
small component of the earthquake energy which coincides
with the natural frequency of the isolator, sufficient
damping must be built into the isolators. Damping is
desired to provide energy absorption characteristics,
thereby reducing the maximum relative displacement
magnitudes.

Lateral displacement between the top and bottom bearing
plates results from the horizontal shear forces applied
through the flexible rubber layers. The load is applied on
the bearings through dowels that connect the top and
bottom plates to the superstructure and the basemat,
respectively. A different method than the use of dowels is
under consideration. The bearings are bolted to both the
basemat and the isolated platform. One feature of this
design is the more positive connection between bearings
and support structures.

The isolation system should be stiff enough to avoid
perceptible vibrations under low-level lateral loads, such as
wind loads, small seismic events, and normal operational
loads. Also, to minimize amplifications in vertical
response due to the vertical flexibility of the isolators, a
high vertical-to-horizontal stiffness ratio is provided.

Table 3.4 summarizes the performance characteristics of
the ALMR seismic isolator system.

The service lifetime of these bearings is expected to extend
beyond the 60-year design life of the ALMR. Experience
has shown that natural rubber retains its physical
characteristics for many years when protected from ozone
and high temperatures. Radiation effects are a concern in
the ALMR application and radiation shielding has been
provided. The rubber material is expected to retain its
properties if its accumulated radiation dose is kept below
20 kGy (2 Mrad). An in-service inspection program has
been planned to monitor the condition of the bearings.
The bearings will be examined in place every refueling
interval, and every 12 years, two bearings will be removed
for testing (and replaced with qualified spare bearings).
The isolated platform will be jacked up locally to support
the vertical load while bearings are being removed and
replaced. If any bearing coadition is found to be outside
of operating limits, the bearing will be replaced. Adequate
space is available to transport the bearings to and from the
surface.
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Table 3.4 Characteristics of the ALMR seismic isolation system

Safe shutdown earthquake (SSE)

Design requirement 0.3 g

Design capacity 0.5g
Operating basis earthquake (OBE)

Design capacity 0.17 g

Seismic platform to ground relative displacement

At03 g 21.6 cm (8.5 in.)
At0.5 g 35.6 cm (14 in.)
At bearing limit 76.2 cm (30 in.)

Seismic platform natural frequencies

Horizontal 0.75 Hz

Vertical > 20 Hz
Reactor horizontal seismic load reduction factor

Horizontal >3

Vertical None

3.3.3.2 Scope of Review

This review focused on the seismic isolator system’s
design rationale, characteristics, operational experience,
and qualification program described in PSID Section 3.7.5
and PSID Section G.4.4; the ALMR Technology
Development Requirements Plan (Refs. 3.26 and 3.27);
and material presented to the NRC staff on October 25,
1990, and October 16, 1991, (Refs. 3.28 and 3.29).

3.3.3.3 Design Criteria

The design criteria are the same as those given in
Section 3.3.1.3, above.

3.3.3.4 Research and Development

The practice of placing buildings on seismic isolation
bearings is relatively new. However, this approach to
protecting important structures from the effects of
earthquakes is receiving considerable worldwide attention.
In the United States, the practice was first applied to the
Foothill Communities Law and Justice Center located in
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the municipality of Rancho Cucamonga in San Bernardino
County, California. Other applications include the Fire
Command-and-Control Building and University Hospital in
Los Angeles, California. The earthquake response of these
buildings is monitored by the California Department of
Conservation, Division of Mines and Geology, as part of
the California Strong Motion Instrumentation Program
(CSMIP).

The French applied seismic isolation concepts to a two-unit
nuclear power plant on a common basement at Koeberg,
South Africa (commercial operation began in 1987) and a
four-unit standardized design located at Cruas-Meysse in
the Rhone Valley of France. An extensive test program is
being conducted in Japan to develop more information for
this new technology.

In support of the PRISM ALMR, a technology

~ development program supports the qualification of a

seismic isolation system for the ALWR. The qualification
program includes '

o testing high damping rubber bearings
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s qualifying gimbaled expansion joints for the secondary
heat transfer system piping

» conducting tests on large buildings with prototypical
isolators

= testing scale models of reactor structures with isolators
on a shake table

» developing analytical models

= optimizing and qualifying blearing materials
s developing seismic isolation guidelines

= assessing seismic margins

3.3.3.5 Safety Issues

Although seismic base isolation appears to offer significant
benefits for nuclear power plants, there are a number of
issues and concerns that must be considered and resolved
before seismic isolation can be accepted for such plants.
These issues include such items as the effects of long
period earthquake ground motion; the effects, other than
horizontal, of isolation systems on vertical, rocking, and
torsional responses of isolated structures; non-linear effects
during beyond-design basis earthquakes; and the effects of
non-ideal conditions.

The natural frequencies of seismically isolated structural
systems are lower than those of non-isolated systems; the
effects of long period ground motions become more
important. The resulting relative displacements between
isolated and non-isolated portions of the plant or the
ground must be adequately considered in the design. In
addition, specific design problems, such as fluid sloshing,
must be evaluated.

Detailed modeling of structures with isolation systems
indicates that vertical motion, rocking, and torsional
motion may be induced in the isolated structure. These
modes may be significant for the isolated structure or
components therein; for example, rocking could lead to a
reactivity control problem.

Analytical capabilities need to be enhanced so that there is
a better correlation between experiments and analysis. For
example, for beyond-design-basis earthquakes, numerical
computations have not revealed the high frequency

response in secondary systems shown to exist during -

laboratory tests of isolated structures. Multiple degrees-of-
freedom representation of the isolator, structure, and
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secondary systems in revised computational models are
needed to predict and evaluate coupling or interferences.
Prototypical models and computational methodologies need
to be validated by tests for both static and dynamic
environments.

Concerns related to such effects as non-ideal field
conditions, as-built tolerances, differential settlements,
aging, inspection and maintenance, and replacement need
to be evaluated.

3.3.3.6 Evaluation

The evaluation focuses on discovering potential safety
problems with the design and identifying information the
applicant is expected to submit at the next licensing stage.
In addition, current staff activities (for instance, the
proposed revision of Appendix A to 10 CFR Part 100)
have been identified so that the applicant will be aware of
these changes and can take appropriate action coincident
with the next licensing stage.

Experience With Seismic Isolation of Structures

The responses of the Foothill Communities Law and
Justice Center (in San Bernardino County), the Fire
Command-and-Control Building (in Los Angeles), and
University Hospital (in Los Angeles) buildings to various
earthquakes are given in Tables 3.5, 3.6, and 3.7. Data
from the tables can be used to compare horizontal and
vertical accelerations at the basement (above the isolators)
to those at the foundation (below the isolators). Also the
amplification or attenuation of the roof acceleration can be
examined.

One-half of the borizontal accelerations above the isolators
were lower in magnitude than those below the isolators,
approximately 33 percent of the time the accelerations
were equal, and 17 percent of the time they were greater
in magnitude. A similar comparison for the vertical
direction showed that approximately 17 percent of the time
accelerations above the isolators were lower in magnitude
than the accelerations below the isolators, 58 percent of the
time they were equal, and 25 percent of the time they were
greater.

In general, the roof acceleration was twice the basement
(above the isolators) acceleration. It is also apparent that,
in some cases, there was a rocking or torsional response.
In six cases the maximum acceleration on the basement
was from a sensor in a different location or orientation
than the foundation level sensor.
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Table 3.5 Response of the Rancho Cucamonga - San Bernandino County Law
and Justice Center to various earthquakes

RANCHO CUCAMONGA - SAN BERNARDINO COUNTY LAW AND JUSTICE CENTER
CSMIP Station No. 23497
Isolation type: Elastomeric bearings
Foundation Basement™ Roof
Earthquake Freefield Below Isolators Above Isolators
Date Name, [Magnitude-M, ], Dist. Horiz. Vert. Horiz. Vert. Horiz. Vert. | Horiz.
(Ref. No.) (km) ® (g) (8) (g) (4] 8 (8
10/2/85 Redlands, [4.9], 31 0.04 N.A. 0.04 N.A. N.A. N.A. 0.03
(Ref. 3.35)
7/8/86 Palm Springs, [5.9], 90 0.02 N.A. 0.02 0.02 0.02 0.02 0.04
(Ref. 3.36)
10/1/87 Whittier, [6.1], 47 0.06 0.04 0.03 0.03 0.03 0.03 0.06
(Ref. 3.37)
2/28/90 Upland, [?], 12 0.26 0.19 0.15 0.10 0.06 0.12 0.16
(Ref. 3.38) 0.08
6/28/91 Sierra Madre, [5.8], 43 0.04 0.03 0.03 0.02 0.04 0.02 0.08
(Ref. 3.39)
6/28/92 Landers, [7.5 M, 106 0.12 0.05 0.11 0.05 0.10 0.07 0.19
(Ref. 3.40)
6/28/92 Big Bear, [6.6 M4, 70 0.05 0.04 0.06 0.04 0.02 0.04 0.07
(Ref. 3.41) 0.05

* If two acceleration values are given, the first is from the basement sensor in the same location and

orientation as the foundation sensor; the second value is the maximum value on the foundation.
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“Table 3.6 Response of the Los Angeles - 2 Story Fire
- - Command-Control Building to various earthquakes

LOS ANGELES — 2 STOCRY FIRE COMMAND/CONTROL BUILDING - CSMIP Station No. 24580
. Isolation type: Laminated steel and rubber bearings
: Foundation Basement” Roof
Earthquake Freefield Below Isolator Above Isolator
Date Name, [Magnitude-M, ] Dist. Horiz. Vert. . Horiz. Vert. Horiz. Vert. Horiz.
(Ref. No.) (km) (8) ® (g) (g) ® _® (g)
6/28/91 Sierra Madre, [5.8] 28 0.12 0.06 0.08 0.05 0.07 0.06 0.11
(Ref. 3.39) 0.09
6/28/92 Landers, {7.5 M{] 161 0.05 0.04 0.05 0.04 0.08 0.02 0.12
(Ref. 3.40) 0.03
6/28/92 Big Bear, [6.6 Ml 125 '0.05 0.03 0.05 0.03 0.05 0.02 0.05
(Ref. 3.41)

* If two acceleration values are given, the first is from the basement sensor in the same location and orientation as the
foundation sensor; the second value is the maximum value on the foundation.

Table 3.7 Response of the Los Angeles - 7 Story University Hospital to various earthquakes

LOS ANGELES - 7 STORY UNIVERSITY HOSPITAL - CSMIP Station No. 24605
Isolation type: Laminated steel and rubber bearings with lead cores
Foundation Basement’ Roof
Earthquake Freefield Below Isolator Above Isolator
Date Name, {Magnitude-M;] Dist. Horiz. Vert. Horiz. Vert. Horiz. Vert. Horiz.
(Ref. No.) (km) ® | ©® @) ) (&) ® 9]
6/28/91 Sierra Madre, [5.8]} ‘ 29 0.16 0.07 0.09 0.04 0.04 0.04 0.09
{Rel. 3.39) 0.05 0.06
4/22/92 Desert Hot Springs, 173 0.02 0.01 N.A. N.A. N.A. N.A. 0.04
[6.1}, (Ref. 3.42)
6/28/92 Landers, {7.5 MJ} 163 0.05 0.03 0.04 0.02 0.04 0.02 0.09
(Ref. 3.40)
6/28/92 Big Bear, [6.6 M} 127 0.06 0.02 0.05 0.02 0.03 0.02 0.06
(Ref. 3.41)

* If two acceleration values are given, the first is from the basement sensor in the same location
and orientation as the foundation sensor; the second value is the maximum value on the foundation.
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In an October 25, 1990, meeting (Ref. 3.28) with staff
from the NRC, General Electric, Department of Energy,
and Argonne National Laboratory the response of the
Foothills Communities Law and Justice Center to the
Upland earthquake (Ref. 3.30) was discussed. It was
noted that some amplification was observed at the top
floor. This was attributed to the relatively higher stiffness
of the bearings for earthquakes smaller than maximum
design earthquakes. For the maximum earthquake, a
predominant rigid body mode response with no horizontal
top floor amplification is predicted.

The applicant must demonstrate an understanding of how
the ALMR facility will respond to a wide range of
earthquakes. This range should include levels both below
and beyond the maximum design earthquake.

Seismic Isolator Qualification Program

A research and development program (Refs. 3.26 and
3.27) has been established for the use of the seismic base
isolation system to provide adequate system character-
ization and qualification for certification. The program is
supported by the Energy Technology Engineering Center,
the Argonne National Laboratory, the University of
Southern California, the University of California at
Berkeley, the California Institute of Technology, the
General Electric Company, Rockwell International, and
Bechtel National, Inc..

Unless otherwise noted, for this stage of the licensing
review, the program appears adequate. Revisions to the
plan reflecting new issues and experience obtained through
plan implementation should be provided to the NRC staff
for review and comment. The plan is summarized below.

=  Testing of High-Damping Rubber Bearings

Steel-laminated high-damping natural rubber bearings
(similar to the bearings used in the Foothill
Communities Law and Justice Center building) will be
used. More than SO bearings at scales ranging from
one-fourth to full size will be tested to characterize; the
horizontal static and dynamic stiffness; the vertical
stiffness; damping; the vertical load and horizontal
displacement margins; and the failure modes which
include horizontal shear, vertical tension and
compression, or combinations of these. Tests will
include sustained compression/creep tests, cyclic tests
at various frequencies, self-centering tests, and
buckling tests.

Results from the first series of these tests on half-size
seismic bearings follow.
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The bearings demonstrated large margins for
accommodating relative horizontal displacements and
vertical loads. The bearings are designed for a shear
strain of 50 percent (maximum relative horizontal
displacement divided by bearing height of 0.5); the
maximum displacement is associated with ground
acceleration of 0.3g (an SSE event). While carrying a
load of 1.9 MN (420 kips), the bearings were subjected
to movement and distortion of four times the expected
maximum value. At this relative displacement, the
limit of the test rig, substantial warping of the bearing
end plates and some disengagement of the dowel
occurred but failure could not be induced. Followup

- tests showed the bearing load-deflection behavior was

unchanged from initial tests up to 50 percent shear
strain.

The stiffness of the bearing increases at high strains
due to stiffening of the elastomer, even though yielding
of the end plates results in lower stiffness than if the
plates were rigid. The resulting benefit is a further
limiting effect on relative displacements during extreme
events.

In an attempt to determine the ultimate load-carrying
capability of the bearings, a bearing was loaded
vertically to the maximum capacity of the testing
machine; the maximum of the machine is 20 MN (4000
kips). The bearing sustained no apparent damage to
cither the elastomer or internal steel plates. Failure
would be anticipated to occur by tensile failure of the
steel plates under the vertical load.

Two bearings were stacked, then a load was applied in
a ramp fashion. Note that the bearing end plates were
free to move laterally. The buckling load was reached
at 28 times the design load.

Gimbaled Expansion Joints Qualification

Programs have been conducted in the U.S. and Japan
to evaluate the performance characteristics of flexible
piping joints. The joints could be used in the heat-
transfer system piping of a liquid-metal reactor for
accommodation of differential thermal expansion and
relative seismic motions. Work in that area led to the
specification of the American Society of Mechanical
Engineers (ASME) Code Case N-290-1. The code
provides guidelines for design analyses and required
supplementary performance tests of flexible piping.
The present experimental data base appears sufficiently
advanced to allow a modification of the code case for
design by analysis only, rather than by analysis and
testing.
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Section III Code Case N-290-1 and its application to
the ALMR was discussed in the October 25, 1990,
meeting with the staff (Ref. 3.28). The IHTS is a non-
safety-grade system designed to ASME Code
Section VIII. However, the ASME Code rules
developed for Section III Code Case N-290-1 will be
used. :

The qualification testing of the reference gimbaled
expansionn joint will include an evaluation of the
available U.S. and Japanese (PNC) data base to
establish requirements for supplemental full-size
flexible-expansion-joint tests for accommodation of
seismic displacements. The 25-mm (10 in.)-diameter
flexible piping bellows tested in the hot-leg piping of
the Experimental Breeder Reactor II (EBR-II)
intermediate heat transport system will also be
evaluated. Tests to characterize safety margins beyond
the design basis for seismic events will be performed
as needed.

The gimbaled joints should be qualified at temperature
and pressure, and should include the effects of aging.
In addition, the potential for creep damage combined
with seismic considerations should be considered.

Large Building/Prototypic Reactor Module Tests

Seismic base isolation systems installed in buildings
with seismic instrumentation will be used to gain
information on response characteristics for a
comparison with analytical predictions. Four types of
tests will be conducted to verify large structure
responses: (1) vibration tests with counter-rotating
oscillators to provide uni-directional excitation, (2)
static displacement tests to a maximum displacement,
(3) tests of instantaneous releases from a maximum
displacement, and (4) measurement of building
responses to natural seismicity.

A prototype reactor module test will be performed to
verify system performance characteristics, if required
to support utility approval and licensing certification.

A prototype test of the reactor module will be required.
The test configuration should also include the gimbaled
expansion joints to verify system-structure interaction
during earthquake excitation. In commercial
applications of base isolation, the interfaces between
the isolated and rigid portions of buildings, particularly

at the higher elevations, are kept to a minimum. For

example, -water and sewer service lines enter the
building through the foundation and basement where
the accelerations and displacements are the smallest.
Stairways between the sidewalk and building are
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cantilevered from the building to avoid a friction point
that may introduce a torsional response or inhibit the
performance of the isolator system. Inclusion of the
gimbaled expansion joints and applicable piping onto
the large building tests (at the appropriate elevation)
will verify that interfaces between the isolated and rigid
portions of the ALMR can be adequately modeled and
that the resulting responses are understood.

Systems Tests

Shake-table tests using simple structural representations
of the ALMR structure (an approximate mass
distribution of the reactor system modeled by a steel
frame structure) mounted on multiple bearings (four
bearings or more) will be performed to characterize
system responses under a range of earthquake time-
histories and different acceleration levels, including
high-energy waves (representative of El Centro) and
low-frequency waves (representative of Hachinohe,
Akita). Responses to excitations approaching the
isolation frequency will be evaluated. The tests will
also characterize the effects of coupling, torsion,
rocking, and uplift. System safety margins will be
established and tests to failure or near-failure conditions
will be used to verify analysis tools and demonstrate
their effectiveness in predicting the response of isolated
structures.

Foundation level response spectra from the eight
earthquakes noted in Tables 3.5 to 3.7 should be
developed and compared to the dynamic characteristics
(such as fundamental frequency) of the CSMIP
monitored buildings. The earthquake time-histories
used in the seismic isolator qualification program
should be selected so that there is a similar relationship
between the frequency content of the seismic input and
the fundamental building frequency. The variation of
earthquake magnitude should range from very low level
to beyond the design-basis conditions. The mass of the
test specimen should be varied to validate analytical
predictions of amplification or attenuation of seismic
responses in the structures.

Development of Numerical Models and Model -
Validation

Existing dynamic analysis computer programs will be
evaluated. To establish licensable evaluation models,
data obtained from the system tests and the large
building or prototypic reactor module tests (as modified
to incorporate NRC staff comments) will be used to
verify the computer programs and demonstrate the
accuracy of the computed response. The analysis
models will be used to evaluate the effects of torsion,



rocking, and basemat uplift of the rectangular portion
of the foundation. Additionally, the effects of soil-
structure interaction on the isolated response, including
basemat flexibility, spatial variation of ground motion,
and ground settlement, will be studied. Three-
dimensional large displacement finite element models
will be used to support the evaluation of bearing tests,
specification of parameters and allowable defects or
deviations in design guidelines, and further
optimization of the isolation bearing properties and
geometry, if required to enhance the bearing
performance characteristics.

Bearing Material Characterization and
Environmental/Aging Assessment

Required materials performance parameters are:
(1) adequately high damping (> 10%), (2) acceptable
-temp7erature sensitivity of compound in the design
range, including temperature dependence of shear
modulus, etc., (3) acceptably low creep for the high
shape factor bearing, (4) consistent good bonding to

steel plates with a bond strength greater than the rubber

strength, and (5) long-life capability.

Seismic bearings will be characterized for expected
environmental conditions; for example, temperature
variations, low gamma radiation, ozone, and fires,

Selected tests will be performed with rubber compound
specimens to determine the effects of the environment
on such key properties as tensile strength, stiffness,
compression creep, and rubber elongation.
Constitutive materials equations will be established as
needed for analytical models. Full-size bearing tests
under controlled environmental conditions are not
presently being considered.

Performance data will be collected over a long period
of time as subscale bearings stored under vertical
compressive loads to demonstrate aging characteristics
of the seismic bearings. Potential degradation effects
will be established by performing periodic testing under
benchmark vertical loads in combination with
horizontal displacements.

Seismic Isolation Design Guidelines
Support is provided for the American Society of Civil

Engineers (ASCE) development of guidelines for
seismic isolated nuclear facilities. Specific guidelines
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include (1) definition of ground motions, (2) design
requirements and analysis methods for isolated
buildings and isolated support structure, (3) design and
performance requirements for overall seismic isolation
systems, (4) design requirements and analysis methods
for isolated structures, systems, and components,
(5) design requirements and analysis methods for
interface components, (6) design requirements for
individual isolation devices, (7) qualification of seismic
isolation bearings, (8) acceptance testing of isolator
bearings, (9) seismic safety margin assessment, and
(10) seismic monitoring.

s Soil-Structure Interaction Development

Maintain awareness of soil-structure-interaction
experiments being carried out to_verify computer
programs that account for embedment and foundation
flexibility and other soil-related effects.  Soil-silo
interactions will be evaluated, if required, using an
underground expansion test approach.

This scope will be redefined after a specific site
selection has been selected.

In-service Inspection Program

The in-service inspection program summarized in
Table 3.8 (PSID Table G.4.4-2) has been planned to
frequently monitor the condition of the bearings. The
frequency of the inspections and the number of bearings
that are inspected or tested for each category must be -
justified. In addition, the criteria used to determine
acceptability or failure (for instance, acceptable range of
bearing stiffness, location for the hardness measurement
points, limits on vertical height) for each inspection or
testing activity and action to be followed if the criteria are
not met must be identified and justified.

Procedures similar to those recommended in Draft
Regulatory Guides (RGs) DG-1017, “"Pre-Earthquake
Planning and Immediate Nuclear Power Plant Operator
Post-Earthquake Actions” (Ref. 3.31), and DG-1018,
"Restart of a Nuclear Power Plant Shut Down by a
Seismic Event” (Ref. 3.32), should be noted in Table 3.8,
Category IV, "Following an OBE." The NRC staff is
developing a similar, voluntary position on exceeding the

- OBE of operating plants.
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Table 3.8 Planned in-service inspection program

Category Frequency Type of Component Inspection/Testing Number of
Inspection Inspected/Tested Activity Bearings
Inspected
or Tested
I Every 18 Visual Bearing Rubber Check for obvious surface cracks or All 31
Months Cover tears bearings
Check for surface bulges which may
be indicative of bond failure
between the rubber and steel shim
plate
Bearing Verify vertical height [11
Testing Bearing Rubber Measure hardness (indicative of 16 bearings [2]
Cover shear modulus) at 6 points using a
Durometer
I Every Additional Bearing Perform vertical static compression Perform
4-1/2 tests to Specimens [3] tests to determine vertical bearing vertical
years determine stiffness and horizontal
aging Perform horizontal static tests to tests on 5 test
effects determine horizontal bearing specimens
stiffness
11 Every Additional Bearing Perform vertical static compression Replace and
12 years testing tests to determine vertical bearing test
stiffness : 2 bearings [4).
Perform horizontal static tests to vertical and
determine horizontal bearing horizontal tests
stiffness performed on
both bearings |
v Following Visual/ Same as Category 1 Repeat all Category I inspections Same as
an OBE testing and tests Category 1
Additional Bearing Verify no permanent horizontal All 31
Visual displacement of bearings [5] bearings
NOTES:
[1]  Any vertical height reduction represents bearing shortening and its effect on continued bearing performance is
evaluated against established limits. _
[2] Different bearings are tested after each inspection until all 31 of the bearings have been tested; then the process is
repeated. .
[31 Five 1/4-scale (or smaller) bearing specimens subjected to equivalent vertical design loads are aged during storage
in the seismic bearing vault. At 4-1/2 year intervals all 5 bearing specimens are removed from storage and tested.
After testing, the bearing specimens are returned to storage for further aging in the loaded condition. Any
deterioration in bearing stiffness based on test results is used to evaluate degradation effects of all bearings due to
aging.
[4]  Select bearings for testing on a random basis; replacement bearings are qualified spares. After testing, tested
bearings become qualified spares.
[S]  Following an earthquake, the bearings are expected to return to their approximate horizontal starting position. The
effects of any permanent displacement on continued bearing performance is evaluated against established limits.
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Experience With Seismic Base Isolation of Nuclear
Power Plants

The French have applied seismic base isolation concepts to
a two-unit nuclear power plant at Koeberg, South Africa.
This facility began commercial operation in 1987. Data
about isolator performance and their in-service inspection
program should be obtained. The applicant should address
comparison of measured to predicted responses of the plant
to actual earthquakes; comparison of measured to expected
stiffness of the seismic isolators measured during in-service
inspections (after several years operation); general
comments on the in-service inspection program (frequency
of inspections, evaluation criteria) and major differences.

Required Operating-Basis Earthquake Ground Motion
Analysis

. Consistent with Appendix A to 10 CFR Part 100, the OBE
for the ALMR is 1/2 of the SSE; an analysis is required.
Proposed Appendix S, "Earthquake Engineering Criteria
for Nuclear Power Plants,” to 10 CFR Part 50 would
allow the value of the OBE ground motion to be set at one-
third or less of the SSE ground motion, where the
requirements associated with this OBE can be satisfied
without the applicant performing explicit response or
design analyses. An applicant may voluntarily select an
OBE greater than one-third of the SSE; however, analysis
and design must be performed to demonstrate that the
requirements associated with this OBE are satisfied. The
elimination of the OBE analysis may not be applicable to
the PRISM. The supplemental information to the proposed
regulation (published October 20, 1992, 57 FR 47802,
Item V(B)(6)) includes the following statement: "More
than one earthquake response analysis for a seismic base
isolated nuclear power plant design may be necessary to
ensure adequate performance at all earthquake levels.
Decisions pertaining to the response analysis associated
with base isolated facilities will be handled on a case-by-
case basis."

3.3.5.7 Conclusions

Unless specified above, the information provided in PSID
Section 3.7.5 and PSID Section G.4.4, as supplemented by
material presented to the NRC staff on October 25, 1990,
and October 16, 1991, is considered to be sufficient at this
stage of the review to conclude that adequate testing and
analysis is being performed or planned in support of
seismic isolator licensing.

Revisions to the Seismic Isolator Qualification Program
reflecting new issues or experience obtained through plan
implementation should be submitted to the NRC staff.
Research results from the specific topics in the plan will
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receive a detailed review at a later stage in the design
review.

3.4 Seismic Category I'Structures

The design of seismic Category I structures includes
specifying and complying with the following:
standards,

s applicable codes, specifications, and

regulations
= methods and criteria for loads and load combinations
] des';gn and analysis procedures
= structural acceptance criteria
= materials
= testing and inservice inspection requirements
» standards for quality assurance
3.4.1 Design Description and Safety Objectives

Applicable codes, standards, specifications, and regulations
contain information pertaining to design, fabrication,
construction, testing, and surveillance of seismic
Category I structures. The loads and load combination
descriptions describes the normal, severe environmental,
extreme environmental, and abnormal loads, and identifies
how these independent loads are combined in the design of
reinforced-concrete and structural steel structures. The
analysis and design description describes the mathematical
representation of the buildings and foundation and
references applicable industry standards. The structural
acceptance criteria describe the design limits imposed on
the various parameters that serve to quantify the structural
behavior of each structure and its components; specifically
stresses, strains, gross deformations, and factors of safety
against structural failure were included. For each load
combination specified, allowable limits are compared with
acceptable limits. The materials description describes the
properties of concrete and the foundation (soil or rock type
and thickness), grade of reinforcement and structural steel,
anchors, and other pertinent information. If applicable,
any post-construction testing and inservice surveillance
programs are described. Standards for quality assurance
are to be identified.

- 3.4.2 Scope of Review

This review focused on information submitted in the
PRISM " PSID, Sections 3.8.1 through 3.8.6, and
Appendix F (Ref. 3.16). :
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3.4.3 Design Criteria

Appendix A of 10 CFR Part 50, lists the GDC applicable
to construction and operation of light-water reactor plants.
The following identifies those considered applicable to the
structural design of ALMR seismic Category I structures.

GDC 1, "Quality Standards and Records,” and
10 CFR 50.55a require safety-related structures to be
designed, fabricated, erected, and tested to quality
standards commensurate with the importance of the safety
function to be performed.

GDC 2, "Design Bases for Protection Against Natural
Phenomena,” requires that nuclear power plant structures,
systems, and components important to safety be designed
to withstand the effects of natural phenomena such as
earthquakes, tornadoes, floods, tsunamis, and seiches
without loss of capability to perform their safety functions.

GDC 4, "Environmental and Dynamic Effects Design
Basis, " requires that safety-related structures be capable of
withstanding the dynamic effects -of equipment failures,
including missiles and blowdown loads associated with the
loss-of-coolant accidents.

GDC 5, “Sharing of Structures, Systems, and
Components," requires sharing of structures important to
safety not be done unless it can be shown that such sharing
will not significantly impair the validity to perform their
safety functions.

GDC 16, "Containment Design, " requires the containment
to act as a leaktight membrane to prevent the uncontrolled
release of radioactive effluents to the environment.

GDC 50, “Containment Design Basis,” requires
containment internal structures be designed with sufficient
margin of safety to accommodate appropriate design loads.

3.4.4 Research and Development

Applicant-sponsored R&D was not described or reviewed
at this time. ‘

3.4.5 Safety Issues

The design of seismic Category I structures must ensure
that safety-related structures are properly classified,
designed, fabricated, erected, constructed, tested, and
inspected to quality standards commensurate with their
safety function.

The designer must ensure that safety-related structures will
withstand the 0.3 g ground motion spectra discussed in RG
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1.60 at all sites considered for design certification with
sufficient margin, and the combinations of the effects of
normal and accident conditions with the effects of
environmental loadings of earthquakes and other natural
phenomena.

Safety-related structures must be capable of withstanding
the dynamic effects associated with missiles, pipe
whipping, and discharging fluids.

Safety-related structures, systems, and components may
not be shared between units or any sharing will not impair
the ability to perform intended safety function.

The containment must be an essentially leaktight barrier to
prevent the uncontrolled release of radioactive effluents to
the environment.

Furthermore, the designer must ensure that the
containment will have sufficient margin to accommodate
the leak rate, pressure, and temperature resulting from
accident conditions, and that appropriately defined design
conditions are not exceeded during the full course of the
accident condition.

3.4.6 Evaluation

The evaluation is limited to discovering potential safety
problems with the design and identifying information the
applicant is expected to submit at the next licensing stage.

The majority of the NRC RGs cited in Section 3.8.1.2 of
the PRISM PSID do not pertain to the design of seismic
Category I structures. Although the following RGs are not
cited in the PSID, they are applicable to the design of
seismic Category I structures:

= RG 1.57, "Design Limits and Loading Combinations
for Metal Primary Reactor Containment System
Components" (Ref. 3.43)

= RG 1.94, "Quality Assurance Requirements for
Installation, Inspection and Testing of Structural
Concrete and Structural Steel During the Construction
Phase of Nuclear Power Plants" (Ref. 3.44)

» RG 1.142, "Safety-Related Concrete Structures for
Nuclear Power Plants” (Ref. 3.45)

The applicable sections of the ASME Boiler and Pressure
Vessel Code should be included. Also, the designer
should use the latest revision of applicable codes,
standards, and specifications. Note that the NRC Office of
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Nuclear Regulatory Research is presently evaluating a
number of recent codes for use in future plants.

The load combination equations and structural stability
factors of safety given in PSID Tables 3.8-1 to 3.8-3 was
not reviewed at this stage of the review.

Before the next licensing stage, the applicant should
thoroughly review applicable SRP sections and RGs, and
should submit technical justification for deviations from
those documents.

Leak Before Break

The application of leak-before-break technology is
proposed for moderate energy piping systems. However,
because there are no postulated ruptures in moderate
energy piping, leak-before-break technology cannot be
implemented in this case. Postulated leakage cracks in
moderate energy lines used to determine environmental
qualification of safety equipment cannot be eliminated by
leak-before-break technology. In GDC 14, the NRC staff
states: "the reactor coolant pressure boundary shall be
designed...so as to have an extremely low probability of
abnormal leakage...." Inservice inspection (ISI) is
applicable to the detection of random cracks or flaws of
finite size and unknown origin, and, therefore, conflicts
with .the basic intent of the criterion; its intent is to
preclude the initiation of cracks due to known causes.
Furthermore, Supplements 1 and 2 of NRC Bulletin 88-08
(Ref. 3.33) show that ISI is not always reliable for
detecting flaws before they develop into leaking cracks.

In the final broad-scope rule to modify GDC 4, the staff
states that the leak before break concept cannot be used in
ferritic steel piping when operating temperatures exceed
644 K (700 °F), and in austenitic steel piping when the
operating temperature exceeds 700 K (800 °F)(Ref. 3.34).
These limitations reflect uncertainties in creep behavior
after long service times. These limits may be lower than
PRISM operating temperatures. Use above these operating
temperatures can be approved only when concerns with
creep, creep rupture, and creep fatigue after a 60-year
service life are addressed.

The preapplicant’s reference to the Clinch River Breeder
Reactor Plant (CRBRP) in PSID Section 3.6.2.1 is
misleading. Leak-before-break technology, as presently
understood, was not applied to this design. Instead,
because the double-end guillotine break was unacceptable
in terms of core physics, guard pipes and guard vessels
were used to reduce the consequences of pipe rupture. No
proof was developed that the probability of pipe rupture is
extremely low, although such proof is mandated by present
rules. However, it is likely that if such measures as the
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use of guard pipes are implemented for the PRISM, pipe
ruptures could be eliminated from design consideration.
The pipe ruptures were not considered in CRBRP and the
Fast Flux Test Facility (FFTF) due to the use of guard
pipes. Not only dynamic effects design bases are affected
in such a case, but also requirements for emergency core
cooling systems and environmental qualification.

3.4.7 Conclusions

Unless specified above, the information in the PSID is
considered to be sufficient at this stage of the review to
conclude that seismic Category I structures will be
adequately designed and analyzed.

3.5 Mechanical Systems and Components

The design of mechanical systems and components includes
specifying and complying with the analytical methods used
for all components and component supports covered by the
American Society of Mechanical Engineers Boiler and
Pressure Vessel Code Class 1, 2, and 3. Further, it is
necessary to define specifications for components not
covered by the ASME Code.

3.5.1 Design Description and Safety Objectives

In the ASME Code, Class 1 components and component .
supports are categorized as low-temperature components or
elevated-temperature components, and are described by
inelastic and limit analyses. ASME Code Class 2 and 3
components and component supports are described by
component operating conditions and design loading
conditions, design stress and pressure limits, analytical and
empirical methods for design of pumps and valves and
design and installation criteria for pressure-relieving
devices and component and piping supports. In addition,
core components and the control rod system which are not
covered by the ASME Code are described.

3.5.2 Scope of Review

This review focused on information in PSID Sections 3.9.1
through 3.9.3.

3.5.3 Design Criteria

Appendix A of 10 CFR Part 50 lists the requirements used
to design and evaluate light-water nuclear plants. Each of

the requirements is referred to as a GDC. Certain of these

are considered generally applicable to ALMRs (see
Section 3.2 of this report) and were used to evaluate the
preapplicant’s structural design of mechanical systems and
components for the PRISM design. :
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Both 10 CFR 50.55a and GDC 1, "Quality Standards and
Records, " require safety-related structures to be designed,
fabricated, erected, and tested to quality standards
commensurate with the importance of the safety function
to be performed.

GDC 2, "Design Bases for Protection Against Natural
Phenomena, " requires that nuclear power plant structures,
systems, and components important to safety be designed
to withstand the effects of such naturai phenomena as
earthquakes, tornadoes, floods, tsunamis, and seiches
without losing their capability to perform safety functions.

GDC 4, "Environmental and Dynamic Effects Design
Basis, " requires that safety-related structures be capable of
withstanding the dynamic effects of equipment failures,
including missiles and blowdown loads associated with
loss-of-coolant accidents.

GDC 14, "Reactor Coolant Pressure Boundary," requires
that the reactor coolant pressure boundary be designed,
fabricated, erected, and tested to have an extremely low
probability of abnormal leakage, rapidly propagating
failure, and gross rupture.

GDC 15, "Reactor Coolant System Design," requires that
the reactor coolant system be designed with sufficient
margin to ensure that the design conditions are not
exceeded.

3.5.4 Research and Development

Preapplicant-sponsored R&D was not described or
reviewed at this time.

3.5.5 Safety Issues

The design of mechanical systems and components must
ensure that systems and components important to safety are
designed to quality standards commensurate with their
importance to safety and that these systems can
accommodate such events as loss-of-coolant accidents and
earthquakes. The specified design and service combina-
tions of loadings as applied to ASME Code Class 1, 2, and
3 pressure-retaining components in systems designed to
meet seismic Category 1 standards are such as to provide
assurance that in the event of an earthquake or other
service loadings due to postulated events or system
operating transients, the resulting combined stresses
imposed on system components will not exceed allowable
stress and strain limits for materials of construction.

The designer must ensure that overpressure relief devices

are designed to standards commensurate with their safety
functions, and can accommodate the effects of discharge
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due to normal operation and such events as LOCAs and
the dynamic effects resulting from the ground motion of an
SSE. The reactor coolant pressure boundary design limits
for normal operation and anticipated operational occur-
rences must not be exceeded. The criteria used in the
design and installation of ASME Class 1, 2, and 3
overpressure relief devices must provide adequate
assurance that the stresses resulting from discharge will not
exceed allowable stress and strain limits.

Component supports important to safety must be designed
to quality standards commensurate with their safety
functions, and the designer must ensure that they can
accommodate the effects of discharge due to normal
operation as well as such postulated events as I.OCAs and
the dynamic effects resulting from the ground motion of an
SSE. The combination of loadings (including system
operating transients) considered for each component
support within a system, including the designation of the
appropriate service stress limit for each combination, has
met applicable NRC staff positions and criteria. The
specified design and service loading combinations used for
the design of ASME Code Class 1, 2, and 3 component
supports in systems classified as seismic Category [
provide assurance that in the event of an earthquake or
other service loadings due to postulated events or system
operating transients, the resulting stresses imposed on
system components will not exceed allowable stress and
strain limits for the materials of construction.

3.5.6 Evaluation

The evaluation is limited to discovering potential safety
problems with the design and identifying the information
the applicant will be expected to submit at the next
licensing stage.

It is stated in PSID Section 3.9.1 that inelastic and limit
analysis methods may be used in conjunction with the
dynamic analysis, provided that the designer observes the
stress and deformation limits established by the ASME
"Class 1
Components in Elevated Temperature Service, Section I1I,
Division 1"). The components associated with the reactor
system (reactor vessel, primary control rod driveline,
upper internal structure, etc.) and the heat transport system
(steam generators, intermediate heat exchanger, etc.) for
which inelastic analysis has been performed or is being
considered are listed in PSID Table 3.9-1.

At this time, the staff has not endorsed Code Case N-47
and, in general, has not accepted the application of
inelastic stress and deformation limits in the initial design
evaluations. Therefore, at the next licensing stage, the
applicant should anticipate considerable discussion and
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correspondence with the NRC staff pertaining to the
application of this code case and inelastic analysis to the
PRISM design.

" A thorough review of the load combination equations and
stress criteria listed in PSID Tables 3.9-2 through 3.9-6
was not performed at this stage of the licensing review.

3.5.7 Conclusions

Except as described in "Evaluation” above, the information
provided in the PSID is considered to be sufficient at this
stage of the review to conclude that adequate design and
analysis of mechanical systems and components will be

performed.
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4 REACTOR SYSTEM

4.1 Summary Description

The PRISM reactor is designed to use a heterogeneous
metal-alloy core. The conceptual design is for a ternary
fuel, that comprises uranium with 26 wt. % plutonium and
10 wt. % zirconium, (U-26wt. %Pu-10wt. % Zr), clad with
the ferritic steel alloy HT9, and arranged in 42 fuel
assemblies, each consisting of 331 fuel rods. The core
will also contain 24 internal blanket assemblies, 33 radial
blanket assemblies, 42 reflector assemblies, 48 radial
shield assemblies, and 6 control and shutdown assemblies.
Three peripheral assembly locations, in the radial blanket,
are replaced with gas expansion modules (GEMs). An
uitimate shutdown system (USS) assembly is at the center
of the core. The present core is designed for 471 MWt
(155 MWe) power output per reactor module. A full nine-
module plant site is rated at 1,395 MWe. The bulk
sodium temperature is expected to increase in the core by
148 K (265 °F), with an inlet temperature of 610 K
(640 °F) and a bulk outlet temperature of 758 K (905 °F).
The active height of the fuel is 1.35 meters (53 inches).
Fuel life is 4.5 years with refueling intervals of 18 months.
Spent fuel will be stored in the reactor vessel for one fuel
cycle.

The core internal structural material is HT9, the same as
the fuel rod cladding. This tempered martensitic stainless
steel material was selected for its low-swelling
characteristics upon irradiation.

The control and shutdown system is designed to operate
with six control rods. The six control rods provide scram
diversity and shutdown redundancy. Rod positioning
during normal operation is accomplished through a
stepping motor, controlled by the plant control system
(PCS), which actuates a lead screw to insert and withdraw
the absorber. The PCS actuates only one control rod at a
time. Each control rod unit consists of a drive mechanism,
a driveline, and a control assembly (absorber bundle and
outer duct). Each unit has two diverse means of
scramming the absorber bundle. For rapid emergency
shutdown (scram), the Class 1E reactor protection system
(RPS) causes the electromagnets on all six control rod
assemblies to deenergize, thus opening the mechanical
latches and allowing the absorbers to drop into the core.
Unlatch time is less than 0.2 seconds and full stroke
insertion takes about 2 seconds. The second means is by
an irreversible, high-speed drive-in motor controlled by the
RPS from an uninterruptible power supply. The high-
speed drive-in is initiated at the same time as the latch
release and exerts up to 8,900 newtons (2,000 pounds
force). Fast drive-in produces full stroke insertion in
18 seconds. Each control rod has sufficient worth for
reactor shutdown, a 6:1 redundancy.

A Class 1E, electronically positioned, mechanical rod stop
system (RSS) prevents the unprotected rod withdrawal
event from exceeding 40C reactivity insertion, with
uncertainties. Components in the RSS include a redundant
Class 1E controller, a rod stop drive selector (only one rod
may be repositioned at a time), and a single limited-
capacity power supply that controls power to each of the
six rod stop adjustment motors, one motor for each control
rod.

Three GEMs are located at the periphery of the active
core. A GEM is the same external size and configuration
as the ducts on the other core assemblies. The GEMs are
filled with inert gas and sealed at the top. Each GEM
communicates with the core inlet plenum through an
opening in the nose piece. With the primary pumps
running, the pressure in the core inlet plenum compresses
the gas captured in the GEMs and raises the sodium level
in the GEMs to a height above the active core. When the
pumps are turned off, the core inlet plenum pressure drops
and the gas expands, displacing the sodium in the GEMs
to a level below the active core. This change in the
sodium level introduces significant negative reactivity and
limits the peak temperatures  attained during loss-of-flow
events. The GEMs also enhance the PRISM capability to
safely withstand severe undercooling accidents without
scram, including loss of all cooling by the intermediate
heat transport system (IHTS) from a full-power condition.

The USS is a diverse, independent means of bringing the
reactor to cold shutdown. The USS is operator activated
to release neutron-absorbing spheres containing fully
enriched boron-10 (B-10) in the form of boron carbide
(B,C) from a container at the closure head of the reactor
vessel; these fall into an open assembly in the center of the
reactor core. ’

4.2 Fuel System
4.2.1 Design Description and Safety Objectives

The fuel and blanket subassembly design and operational
parameters are presented in Chapter 4 and Appendix G of
the Preliminary Safety Information Document (PSID)
(Ref. 4.1), and are not repeated here. The fuel design
uses a ternary metal-alloy made of wranium (U) that
contains 26wt.% of plutonium (Pu) and 10wt. %of
zirconium (Zr), the blanket design specifies U-10wt. % of
zirconium. The plutonium source assumed for the PRISM
design is light-water reactor (LWR) recycle plutonium.

" Both fuel and blanket are clad with low-swelling HT9

steel, and the subassembly ducts are also fabricated of
HT9. The fuel and blanket assemblies are designed for a
4.5-year and 7.5-year lifetime, respectively, with fuel
discharged with a peak burnup of 135 MWd/kg and a
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blanket with a peak burnup on the order of 55 MWd/kg.
During this period of operation, considering normal and
anticipated duty-cycle events*which include load following
and run beyond cladding breach operation, no more than
0.01 percent of the pins in the (equilibrium) core are
expected to fail. In addition, the system is designed to
tolerate a set of design-basis accidents with allowable
consequences ranging from no significant degradation of
expected fuel lifetime to maintenance of a coolable
geometry.

The reactor core subsystem performs the following
functions:

» Generates thermal power through controlled nuclear
fission and transfers it to the liquid sodium of the
primary heat transport system.

= Contains and confines within the core, the fissile and
fertile materials and the solid and gaseous fission
products to prevent excessive contamination of the
coolant.

e« In conjunction with the reactor structures, shields
permanent structures peripheral to the core subsystem
to prevent excessive nuclear irradiation damage during
the plant design life.

o Supports safety goals and requirements through the use
of passive (inherent) reactivity feedback mechanisms.

s Performs an initial cleanup of the primary heat
transport system sodium with special . non-fueled
assemblies which also have the capability for hydraulic
characterization of the core components during
preoperational testing. Core special assemblies also
contain the startup neutron source for the initial core
loading.

The core is comprised of removable components. The
structural design requirements for these components are
determined by cladding and assembly integrity and by duct
interaction requirements. These requirements are explicitly
embedded within the operational and reliability
requirements for fuel failure probability and duct
interactions based on applicable materials properties,
applicable duty cycles, and applicable liquid-metal reactor
(LMR) core analytical computer programs.

4.2.2 Scope of Review

The metal-fuel system (U-Pu-Zr fuel with HT9 cladding)
is a new concept with little operational experience. A
research and development (R&D) program sponsored by
the Department of Energy (DOE) and being implemented
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by Argonne National Laboratory (ANL) as part of the
Integral Fast Reactor (IFR) Fuel Performance Program is
currently supporting the PRISM fuel and core design
(Ref. 4.2). Despite many years of successful operation
with metal fuel in the Experimental Breeder Reactor-1I
(EBR-II), the differences in material, geometry, and
operating conditions are such that direct application of that
experience to the PRISM design is difficult without
additional fuel and material testing, safety tests, and
analytical model development. The review presented here
was carried out with the recognition that a new technology
is under development and, although much research has
already been done in support of the program, much
remains to be done.

The staff review consisted of an assessment of the current
state of knowledge with respect to the PRISM fuel system
concept and a review of the R&D effort planned within the
IFR program. Final determination regarding the ability of
the PRISM design to meet the design criteria of 10 CFR
Part 50 (Ref. 4.3) and the objectives given above must
await a detailed review of the results of the R&D program.
Thus, the limited objective of this review was to identify

- potential problems in the design that could be ascertained

at this early date and that might have the potential to be
major safety-related problems. A second objective was to
determine whether the R&D program would lead to
development of the experimental data base and analytical
tools that will eventually be required to support licensing
of the PRISM design.

- The review was carried out using published literature as a

basic resource, and the ANL IFR collection of reports. It
must be noted that these reports are subject to the DOE
applied technology provisions under 10 CFR Part 810,
which restricts their general availability. This literature
was supplemented by several information exchange
meetings presented by the ANL staff to Brookhaven
National Laboratory (BNL) and NRC personnel. In
addition, a series of written exchanges in the form of
questions and answers provided useful clarifications.

4.2.3 Design Criteria ,
Section 4.2, "Fuel System Design," of the Standard
Review Plan (SRP) (Ref. 4.4) discusses the criteria to be
used in performing fuel system safety reviews. The
objectives of the review are derived from 10 CFR Part 50,
General Design Criterion (GDC) 10. The reactor core and
associated coolant, control, and protection systems shall be
designed with appropriate margin to ensure that specified
acceptable fuel design limits are not exceeded during any
condition of normal operation, including the effects of
anticipated operational occurrences. The objectives of the
fuel safety review are to assure the following:



The fuel system is not damaged as a result of normal
operation and anticipated operational occurrences.

Fuel system damage is never so severe as to prevent
control rod insertion when it is required.

The number of fuel rod failures is not underestimated
for postulated accidents.

Coolability is always maintained.

The general requirements for maintaining control rod
insertability and core coolability appear repeatedly in the
light-water reactor (LWR) GDC.

In GDC 27, it is stated that "The reactivity control systems
shall be designed to have a combined capability, in
conjunction with poison addition by the emergency core
cooling system, of reliably controlling reactivity changes
to assure that under postulated accident conditions and with
appropriate margin for stuck rods the capability to cool the
core is maintained.”

The chemical poison system requirement in GDC 27 is not
applicable to the PRISM design. Excess negative
reactivity requirements, including uncertainties, to obtain
cold shutdown with the highest worth control rod stuck out
will be maintained in the design.

In GDC 35, it is stated that

A system to provide abundant emergency
core cooling shall be provided. The system
safety function shall be to transfer heat from
the reactor core following any loss of
reactor coolant at a rate such that (1) fuel
and clad damage that could interfere with
continued effective core cooling is prevented
and (2) clad metal-water reaction is limited
to negligible amounts. Suitable redundancy
in components and features, and suitable
interconnections, leak detection, isolation,
and containment capabilities shall be
provided to assure that for onsite electric
power system operation (assuming offsite
power is not available) and for offsite
electric power system operation (assuming .
onsite power is not available) the system
safety function can be accomplished,
assuming a single failure.

The PRISM design, a low-pressure pool reactor with no
piping or fittings below the surface of the pool and with a
containment (guard) vessel surrounding the reactor vessel,
precludes a large loss-of-coolant accident (LOCA) and
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does not require an emergency core cooling system similar
to those in current-generation LWRs. GDC 35, is
therefore, not applicable to the PRISM design.

With minor changes in wording, the PRISM PSID uses the
appropriate GDCs as guidance for its reactor and fuel
system design criteria. These are stated in Section 3.1 of
the PRISM PSID.

4.2.4 Research and Development

Analytical tools and a supporting experimental data base,
are being developed for use in analyzing the fuel system
response to the anticipated range of design and exposure
conditions. EBR-II can serve as an extensive irradiation
experience data base for the metal fuel concept (Refs. 4.5
and 4.6). The Mark-II uranium-fissium driver fuel clad
with austenitic Type 316 stainless steel, which has had
many years of experimental and analytical development,
has been successfully irradiated to burnups close to the
PRISM design limit, which is 15 atomic percent (at. %)
peak burnup. Such experience lends support to the metal
fuel concept proposed by PRISM.

Peak burnups achieved in EBR-II with ternary metal fuel
(as of mid-1991) include

» 18.4 at.% burnup with U-8wt. %Pu-10 wt. %Zr with
HT9 cladding

16.2 at. % burnup with U-19wt. %Pu-10wt. % Zr with
HT9 cladding

4.1 at.% burnup with U-22wt. %Pu-10wt. %Zr with
HT?9 cladding

4.1 at. % burnup with U-26wt. %Pu-10wt. % Zr (PRISM
specific fuel) clad with HT9

There is also a large amount of data for ternary metal fuels
with Type 316 stainless steel cladding and D9 cladding,
and also for binary (U-Zr) metal fuel.

The basic materials, geometry, and exposure conditions for
most of the ternary metal fuels irradiated in the EBR-1I are
different from the PRISM fuel design. Because of these
differences, analytical models are used to extrapolate the
EBR-II data to the PRISM design concept. Much
prototypic experimental data remain to be developed in
order to verify the models and to establish the basic
relationships regarding material compatibility between fuel,
cladding, and sodium.

Eight PRISM terpary fuel rods (U-26wt. %Pu-10wt. %Zr
with HT9 cladding) have been in the EBR-II irradiation
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program since November 1988. In January 1990,
specimens were removed, with an accumulated burnup of
2.3 at. %, for ex-reactor testing (Ref. 4.7).

In order to meet the NRC safety criteria for the proposed
design, analytical tools and supporting experimental data
are required in two broad areas: (1) fuel design and
performance based on the specified duty cycle of the
system and (2) response of the fuel to transients. The
development efforts in progress are discussed briefly
below.

Fuel and Cladding Fabrication Technology

The PRISM plant is designed to accommodate fuel
repracessing in the form of a commercial-scale fuel cycle
facility that includes fabrication, reprocessing, and waste
treatment. At the end of its reactor lifetime, fuel can be
reprocessed using a pyrometallurgical technique to separate
out fission products. This processing technique has been
demonstrated on a laboratory scale. The development
work leading to engineering-scale demonstration of the
technique is being done at the present time (Ref. 4.8).
The ability of the reprocessing technique to produce
U-Pu-Zr fuel with the requisite quality assurance standards
of uniform composition from batch to batch has yet to be
demonstrated on a commercial scale. There will no doubt
be "fissium" products remaining in the fuel. The final
composition of the reprocessed fuel, however, has yet to
be determined.

If spent fuel from LWRs is to be used to make fuel for the
advanced liquid-metal reactor (ALMR), and if
pyroprocessing of the LWR oxide fuel is to be utilized,
then the minor actinides are going to come along with the
plutonium. The minor actinides will also build up from
the planned recycling of the ALMR fuel. The minor
actinides increase the decay heat load and add further
complications to the metal fuel, which would become
approximately U-26wt. % Pu-1wt. % Np-2wt. % Am-0.2wt %
— Cm-10wt. %Zr. There is significant uncertainty in the
cross-sections for the minor actinides, so calculations
regarding burnups and reactivity feedbacks would contain
more uncertainly than is presently the case.

HT9 steel has been chosen as the reference cladding
material because of its demonstrated low-swelling
characteristics at neutron fluences of interest to the ALMR
program. The staff notes that, although this material may
have potentially favorable properties, little is known about

its structural response to the extended irradiation planned -

in the PRISM design. More data, including response
characteristics data, are anticipated as experience with this
material is gained through the EBR-II and Fast Flux Test
Facility (FFTF) irradiation programs. As planned, the
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irradiation programs appear to be adequate to produce the
needed information in a timely manner consistent with the
proposed PRISM schedule. This steel alloy is relatively
new and its uniformity of composition and
thermomechanical properties from batch to batch have not
yet been adequately demonstrated. In addition, techniques
have only recently been developed to weld and fabricate
this alloy.

Since the technology is new, particular attention needs to
be paid to quality assurance of material supply and
fabrication and welding techniques.

Fuel Design and Performance Methodology

A program of analytical model development, irradiation
performance testing, out-of-pile materials testing and
experimental verification is in progress as part of the ANL
IFR program. This program contains the essential
research efforts required to develop the technology to
support the PRISM design. The brief review of the major
elements of the program (below) points out several
phenomenological issues that are of sufficient importance
to the success of the metal-fuel program to require that
close attention be given to future research.

The LIFE-METAL computer code (Ref. 4.9) is the
analytical tool being developed at ANL to model the
response of the metal fuel and blanket elements to
steady-state and operational transient conditions. The
code, which is used as the fuel design tool, has been
adapted from earlier versions that were used to analyze
oxide, carbide, and nitride fuel systems. It is fully
operational in its application to metal fuel at this time. It
contains preliminary models or correlations of the relevant
physical phenomena and incorporates the latest -available
thermophysical property data on metal fuels. The staff has
not reviewed the LIFE-METAL code modeling; however,
analysis done by ANL using this code indicates good
agreement with experimental data. The staff should assess
the LIFE-METAL code in subsequent ALMR reviews.

At the present time, ANL believes that the fuel lifetime is
limited by the mechanism of creep rupture of the HT9
cladding under internal loading caused by fission gas
plenum pressurization. Cladding wastage resulting from
fuel-cladding chemical-exchange processes is also
considered. It is believed that, because of the properties
of the highly porous fuel and the high strength of the
cladding, the fuel-cladding mechanical interaction
component of cladding loading is a physical mechanism of
the second order. Confirmatory investigations that deal
with all of the relevant mechanisms involved in predicting
fuel failure within the bounds of this scenario are in
progress.



The global aspects of fission gas release from metal fuels
have been studied and characterized to the extent that
models are available to predict fission gas release and
plenum pressurization. Local effects along the fuel pin
axis are currently under investigation. Fission gas
retention and swelling on a local basis are also under
investigation. Models for fuel swelling and radial versus

axial fuel strain are being developed. The LIFE-METAL.

code modeling of these phenomena is supplemented by
more-detailed modeling in the STARS code (Ref. 4.10).
Early indications were that axial fuel strain terminated after
approximately 5 at.% burnup; more-recent evidence,
- however, suggests that axial strain may continue to
increase up to 10 at. % burnup. This evidence has a strong
influence on the control characteristics of the reactor
system. Close attention should be paid to research in this
area.

Significant fuel restructuring has been observed to occur as
a result of irradiation. There is also some evidence that
plutonium may redistribute at high burnups. Since the fuel
melting characteristics are dependent wupon alloy
composition, these effects could strongly influence the fuel
element design, both in terms of geometry and in terms of
maximum operating power density. The mechanisms of
migration within fuel elements are not well understood at
present. Available evidence indicates that restructuring
occurs with ternary fuels of all compositions, and also in
U-Zr fuel. The experimental observations of migration are
used as empirical input to the LIFE-METAL code at the
present time in order to estimate the effects on the thermal
and mechanical responses of the fuel elements.

Multi-phase boundaries present in the fuel during operation
lead to annular zones that differ in swelling properties and
metallurgical composition. This zone structure is most
prominent in observations from 19wt.%Pu fuel. By
2 at. % bumup, an interchange between the zirconium and
uranium occurs, Depending on the fuel temperature, this
leaves either a Zr-depleted
mid-radius surrounding a Zr-rich core (a two-ring
structure) or a Zr-depleted nugget at slug center encircled
by Zr-rich fuel (a three-ring structure). Wedge-shaped
cracks appear in the early stages of burnup, but are
completely "healed” by 10 at. % burnup.

Three issues relate to performance effects that preferential
radial redistribution can have on U-Pu-Zr fuels. These are

(1)  If plutonium should redistribute preferentially to the
outer radius of the fuel elements, then there are
potential effects on the expected
fuel-cladding-chemical interaction. U-Pu-Fe phase
diagrams indicate that fuel-cladding would melt at
a lower temperature if plutonium is concentrated

shell (<2wt.%Zr) at
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near the fuel-cladding interface. This effect would
limit the allowable fuel-cladding temperatures,
especially during off-normal events of long
duration.

(2)  If plutonium concentrates in the Zr-depleted areas
(mid-radius in high-temperature fuel), then the fuel
melting temperature could be further reduced
(increased Pu and decreased Zr, or both, reduce the
fuel solidus temperature). This could potentially
lower the limiting fuel temperatures during
off-normal events. There is currently no evidence
that during steady-state operation the Zr-depleted
zone would form at a location where temperatures
-approach the fuel solidus temperature.  The
secondary imposition of an off-normal event would,
however, not allow time for additional fuel
redistribution, and the fuel could melt at a
pre-existing low-Zr area if temperatures were high
enough. .

(3) Plutonium redistribution can also potentially
redistribute the local fission density, changing the
radial temperature distribution in a fuel element.
The potential negative secondary effects are then
increased in the fuel center, the issues being similar
to those just discussed in item 2.

Having reviewed the data available to date, ANL has
summarized the U-Pu-Zr redistribution characteristics as
follows:

o At low burnup (<6 at. %) there is no significant radial
variation in plutonium concentration (by at. %).

= At high burnup (> 10 at. %) there is some evidence of
slight increases in plutonium concentration in zones
enriched with zirconium. These are the inner and outer
zones in three-ring structures, and the outer ring in
two-ring structures. The influence of fission products
could affect this, but the exact correlation is not
known. Likewise, the statistical significance of the
plutonium variations are not documented, as the
influence of porosity variations on the experimental
results could be significant for these small amounts of
possible segregation, and the porosity influence is not
currently known. The influence of the observed
plutonium variations on solidus temperature or
fuel-cladding interaction should be insignificant
compared to uranium and zirconium migration effects.

It is clear that significant: uranium and zirconium
redistribution occurs in U-Pu-Zr fuel. At low burnup, the
plutonium distribution (at. %) appears essentially unchanged
across the fuel radius.. Analysis of high-burnup fuel shows
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some indication of slight plutonium redistribution to
high-Zr portions of the fuel. . Effects of this plutonium
distribution are difficult to-predict as a result of the degree
of segregation when compared to the potential
experimental errors or those errors involved in modeling
the fuel elements. DOE plans to investigate this
phenomenon. Currently there are several high-plutonium
experiments in progress to gain steady-state performance
data and to produce irradiated fuel for ex-reactor testing.

In addition to fuel restructuring, irradiation and fission gas
release are observed to lead to the development of a
nonuniform porous fuel structure with porosities observed
in excess of 60 percent on a local basis. Although the
mechanisms of fission gas release are understood and
preliminary models are available, porosity distributions
cannot be predicted at present. Models for porosity
distribution are being developed and evaluated.

The effects of fuel restructuring and porosity have a strong
influence on the thermal-mechanical behavior of the
ALMR fuel element. The local thermal conductivity of the
fuel depends strongly on both the local elemental
concentration and the local porosity. The behavior of bond
sodium, in possibly filling some of the porosity, is an
additional unknown and is being investigated. The creep
properties of the fuel depend on the porosity as well,
although local effects may not be important. Since, at
present, neither phenomenon is well wunderstood,
experimental observations are being used to specify the
material and porosity distributions in calculations of the
thermal response of the fuel element. The computed
temperature distribution within the fuel element must be
compared with the local alloy solidus temperature in order
to determine reasonable design limits for power density
and possible modifications of fuel design. These areas are
crucial for future decisions regarding maximum operating
power.

Although the current hypothesis is that the porous and
spongy nature of the fuel leads to negligible fuel-cladding
mechanical interaction loading of the cladding, this area
still requires additional research. Work at ANL will
address the creep behavior of the porous fuel structure so
that models for LIFE-METAL may be verified.
Additional questions relate to possible fuel growth due to
the presence of solid fission products and to the possibility
that near the end of life, some of the porosity will be
closed by the solid fission products.

Cladding breach criteria are being developed for
implementation into the LIFE-METAL code. Preliminary
models have been incorporated in the LIFE-METAL code.
The models are based on out-of-pile HT9 tube burst data
developed at Hanford Engineering Development
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Laboratory (HEDL). Little in-pile data relevant to failure
of HT9 tubes are currently available. Models developed
will eventually be verified against in-pile fuel-cladding
performance data.

An extensive program of fuel-cladding compatibility
experiments is in progress to characterize the chemical
exchange processes at the fuel-cladding interface. An
out-of-pile facility is used to test fresh and irradiated fuel
samples over a range of prototypic temperatures.
Although the current data base for HT9 is not extensive,
additional data are anticipated. A correlation developed
for the cladding penetration rate has been implemented in
the LIFE-METAL code. At present, it is believed that the
penetration rates are small enough to have no influence on
fuel lifetime. Since this phenomenon has a potentially
significant impact on fuel lifetime, it is important to keep
track of developments.

The ternary metal fuel and the HT9 cladding are in a
developmental stage at present and little data are available
at significant burnups (>10 at. %). Therefore,
temperature limits, such as eutectic formation, are not well
known. There are several areas where more data is
required to address concerns with the metal-fuel concept.
These include

s Fuel-cladding chemical interaction forms the eutectic
with the minimum melting temperature at the
fuel-cladding interface, caused mainly by iron (Fe)
diffusion into the fuel. This effect is compounded by
the migration of lanthanide, plutonium, zirconium, and
the kinetics at the fuel-cladding interface.  The
minimum eutectic temperature must be determined for
the pratotypical PRISM fuel design.

 The maximum fuel-cladding liquid penetration rate
from the eutectic formation must be determined from
irradiated fuel, taking into account the lanthanide,
plutonium, and zirconium migration, the iron diffusion,
and the Kkinetics of potential transients (time at
temperature).

The fuel-cladding eutectic temperature limit is currently
thought to be 980 K (1,300 °F) based on available
experimental data from U-10wt. %Zr and ternary fuel with
less than 26wt. %Pu clad in D9, Type 316 stainless steel,
or HT9. There are limited data on unirradiated fresh fuel
typical of the PRISM design that indicates that the eutectic
temperature may be as low at 903 K (1,165 °F). The test
does not include surface effects, irradiation effects, or
kinetic factors. Recently completed testing on low-burnup
(2.3 at.%) PRISM fuel (Ref. 4.7) indicates that no
fuel-cladding interaction occurs for temperatures below
1,025 K (1,385 °F).  Additional data are needed to



establish a fuel design limit for use in licensing the PRISM
design.

The IFR Fuel Performance Program for fuel assembly
irradiations and post-test examinations supports the
analytical model development program described above.
A very strong program has been carried out and is planned
for the future in the EBR-1I, which will be converted to
the ternary fuel. Additional experiments are currently
being carried out in the FFTF using experimental metal-
fuel assemblies (Ref. 4.11). Consideration is also being
given to eventually utilizing metallic fuel elements in the
FFTF, although this appears to be the binary U-Zr system
for the present. Ternary fuels will, however, be tested in
the FFTF as experimental assemblies. Thus, a substantial
data base will be developed over the next 5 years relevant
to the behavior of metal fuel systems. At present, most of
the available in-pile ternary fuel irradiation data have been
obtained using D9 cladding. Data from HT9 fuel-cladding
systems are being obtained at the present time. One fuel
assembly in EBR-II has successfully achieved 9 at.%
burnup in ternary and binary fuel clad with HT9.

Transient Fuel Response

Research is in progress to develop a set of computer codes
to predict the behavior of ALMR fuel subject to transient
overpower and other transient events. . The FPIN2
(Ref. 4.12) code is a detailed thermal-mechanical model of
an individual fuel element used for analyses of fuel
performance under transient conditions. The code has
been modified from earlier versions used to model oxide
fuel. It is currently operational using the latest
thermal-mechanical properties of the metal-fuel-cladding
system and has undergone some verification through
comparisons with the transient overpower M-series of
Transient Reactor Test Facility (TREAT) experimental
data. Supporting the FPIN2 computer code are more
detailed codes, currently under development, for modeling
fission-product retention and swelling in U-Pu-Zr alloy
fuels during steady-state irradiation (STARS code) and for
modeling the transient fission gas bubble gas distribution
in solid and molten fuel (FRAS3 code). A less-detailed
model for the fuel element thermal-mechanical response is
being developed in the DEFORM-5 (metal fuel) module,
a more recent version of the DEFORM-4 (oxide fuel)
module from the SAS4A computer code (Ref. 4.13), for
use as the fuel behavior model in the SASSYS (Ref. 4.14)
whole-core-response computer code. Both of these codes
are designed to predict transient events to the time of
cladding rupture. In particular, the codes will provide
predictions of fuel failure location and timing. However,
neither contains the capability for ex-pin fuel motion
modeling. A peer review of these codes may be necessary
for future reviews.

Reactor System

Models are being developed, implemented, and tested in
the transient response codes for cladding rupture based on
the HEDL test data for HT9. Fission-gas retention and
distributions are obtained from more detailed STARS
calculations and from experimental data. Fuel-swelling
rate is calculated using a model of gas-bubble growth.
The creep behavior of the porous fuel is modeled using an
empirically based correlation.

The fuel-cladding interaction rate at elevated temperatures
is treated empirically using data obtained from both in-pile
and out-of-pile experiments. Data from experimeuts using
HT9 samples are now being obtained. These data appear
to be making a consistent picture when combined with
earlier information.

The results from the FPIN2 code and DEFORM-5 module
are being compared with the results of the M-series of
TREAT experiments (M2-M7) performed using both fresh
and irradiated fuel elements. Comparison of code
calculations with the data is leading to an understanding of
the behavior of the EBR-II fuel elements with U-fissium
fuel and, more recently, with ternary fuel with both D9
and HT9 (M7) cladding. The comparisons of code results
with the data have provided an understanding of the
mechanisms of failure of these fuel elements during "slow"
overpower transients. Experiments and analyses indicate
that, under the "slow" overpower conditions of the
experiments, the fuel pins fail near the top of the fuel
column, where the molten fuel is released into the coolant
channel. Experiments indicate that the molten fuel is
swept downstream from the failure location, presumably
by the movement of the flowing sodium. Although the
arguments appear plausible, they should be verified by
experiments using fuel elements more prototypical of the
PRISM fuel. Additional experiments should be performed
with higher burnup fuel.

The modeling and fuel failure arguments that have been
applied to the M-series of overpower experiments should
be tested with experiments using fuel elements that are
closer to the PRISM design than are the EBR-II elements.
This means that the fuel elements irradiated in the FFTF
should eventually be tested to build confidence in the
models and in the interpretation of results. Consideration
is currently being given to such testing as part of the IFR
program. Other experiments that simulate more-rapid
transients are not planned at the present time. This
decision appears reasonable for simulating rod-withdrawal
accidents. Faster transients are, however, needed for
simulating accidents under conditions of large reactivity
insertion due to sodium boiling, a hypothetical core

“disruption accident (HCDA).
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Fuel motion during an HCDA is the mechanism that limits
the energy release that the-reactor vessel and structures
need to be capable of absorbing. Rapid prefailure (before
the reactor fails) extrusion of the molten fuel into the
plenum fission gas volume and out of the active core
region during the power excursion results in a negative
reactivity feedback which, in turn, limits the overpower
excursion. FFTF data based on oxide fuel have been used
to estimate the upper bound on the maximum excursion
that could be developed in the PRISM design. The FFTF
reactivity ramp rates, which could exceed $100 per second,
and the energy release, which reaches a few hundred
megajoules (MJ), are considered to be higher than would
occur in a metal-fuel core and, therefore, conservative
when applied to PRISM. A 500-MJ energy release is
currently being used by GE in the PRISM design studies.
GE believes this to be a conservative upper bound for the
primary boundary assessment.

The behavior of molten fuel during a power excursion,
particularly the extrusion mechanism, needs to be verified
by appropriate testing. Such tests are expected to be
complex and costly. The IFR test program includes a
series of TREAT experiments to develop the needed data
base for postulated severe accidents and core disruption
events. These data will be used to validate the SAS4A
code.

In general, the use of TREAT tests to determine the
transient response appears to be acceptable. Plans to use
TREAT tests are currently being developed for
investigating such factors as rapid eutectic formation and
cladding penetration, fuel melting and motion
characteristics, and more prototypical pin and transient
tests. Modeling uncertainties remain, many of which are
the uncertainties that have already been discussed in this
section. Research is in progress to reduce the modeling
uncertainties. Transient overpower data will be available
to verify the modeling. However, the staff believes that
additional experiments using fuel elements more prototypic
of the PRISM design are appropriate, as discussed above.
It should be noted that current analyses of transient events
rely largely on system response simulations and eutectic
formation versus time and temperature correlations.
Generally, detailed analyses of fuel pin dynamics are not
performed.

Experiments performed thus far using breached metal-fuel
elements have indicated good compatibility of the metal-
fuel system with sodium. Little erosion of metal has been
observed. Additional run-beyond-cladding-breach (RBCB)
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experiments are planned in EBR-II with the ternary fuel
system (Ref. 4.15). The data produced should allow
assessment of the potential for problems related to erosion
or corrosion product formation.

Future analyses to determine that fuel coolability will be
maintained under operational and anticipated transients will
be developed in the IFR fuel research programs. Although
HT9 is not expected to swell under extended irradiation,
the fuel irradiation performance program should produce
the experimental data necessary to establish whether
ballooning will close the coolant channels and to study
issues related to ensuring that the control rods will insert.

Ope possible weakness in the program involves
experimental verification of the claim that no more that
0.01 percent of the PRISM fuel pins in the (equilibrium)
core will fail during normal and transient conditions. The
FFTF irradiations will be the closest to prototypical
PRISM conditions. The number of planned ternary fuel
elements to be irradiated, to produce an adequate data base
for a statistical analysis, remains an open item along with
how the differences in geometry and other relevant
characteristics will be accounted for in such a statistical
analysis. Prototypical fuel fabrication processes, fuel
composition, fuel geometry, and irradiation typical of
anticipated end-of-cycle burnups need to be accounted for
in the testing program.

Planned Metal-Fuel System Research and Development
Program’

The metal-fuel system to be used in the PRISM reactor is
still under development, and a significant R&D program,
the IFR program, is in place at ANL. Figure 4.1 shows
the current IFR technology development schedule. The
IFR is a complete advanced reactor concept which
capitalizes on the unique characteristics of metallic fuel and
liquid-metal cooling; it aims for significant improvements
in reactor safety, reactor operations, fuel cycle economics,
environmental protection, and safeguards.

The IFR technology R&D program consists of three
phases:

= Phase I — Technical Feasibility (1985-1986)

= Phase II — Technology Development (1987-1990)

o Phase III — Technology Demonstration (1991-1995)
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Figure 4.1 IFR technology demonstration schedule
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Major accomplishments during Phase I include

s feasibility demonstration of electrorefining on a
laboratory scale

s passive safety demonstration tests in EBR-II

= adaptation of the IFR concept to the PRISM and SAFR
(sodium advanced fast reactor) designs

Major accomplishments during Phase I include

s demonstration of high-bumnup potential and fuel
performance characterization

o engineering-scale demonstration of electrorefining

a development of safety data to support the PRISM
design team licensing interactions with the NRC

=  EBR-II core conversion to the IFR metallic U-Zr and
U-Pu-Zr fuels

w refurbishment of the original EBR-II fuel cycle facility

The major gbals of Phase III include

» demonstration of performance of recycled IFR fuel up
to the 150,000 MWd/T burnup level

- »  demonstration of the passive (inherent) safety potential
of the IFR concept through actual EBR-II plant tests
with recycled IFR fuels
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a demonstration of the entire IFR fuel cycle on a
prototype scale

s definition and characterization of the IFR waste
package

= demonstration of actinide recycle capability

= developing a licensing data base in support of the
ALMR project interactions with the NRC (PRISM
review)

The objective of the Phase III safety program is to perform
safety research and development activities to develop the
data base and the validated analysis tools to support the
licensing of a demonstration reactor near the tum of the
century. Validation of these analysis tools requires an
experimental data base. Testing in the TREAT reactor, in
EBR-II, and out-of-pile experiments in the whole pin
furnace (WPF) facility, and the fuel behavior test apparatus
(FBTA), is necessary to validate the analytical tools. The
methods are largely in place to facilitate the evaluation of
design options and to proceed with licensing activities in
several areas of IFR safety technology, for example,
sodium void reactivity, decay heat removal, loss of
primary sodium, sodium fires, and sodium-water reaction
in the steam generators.

The safety technology areas requiring significant additional
development to support licensing are

= anticipated transients without scram

s local faults

s containment function

A brief summary of the IFR fuel-related R&D program is

given.

In-Reactor Experiments

Transient tests in the TREAT reactor produce two types of
validation data:

o data on fuel element failure mechanisms and fuel
element margins to failure (These data are necessary
for the evaluation of the IFR-based reactor to respond
to all transients, including anticipated transients without
scram (ATWSs), without fuel failure.)

= integral experiment data on post-failure fuel dynamics

using multipin experiments to allow validation of the
SAS4A code for severe core disruption events
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Other issues, such as local faults phenomenology and
fission-product release and transport characteristics, may
also be addressed depending upon their need.

The following four series of tests, in TREAT, are planned
during Phase III:

(1) Cladding Failure Mechanisms and Margins to
Failure

The first series will be a continuation of the
previous M-series of tests to obtain data on fuel
failure mechanisms and failure margins for
combinations of fuel, cladding, and burnup for
which the current data base is now deficient. One
test will investigate fuel damage, cladding failure,
and prefailure fuel expansion of IFR reprocessed
fuel or unreprocessed 26 wt. % Pu fuel, or both.
Use of the high-Pu-content fuel should demonstrate
the expected insensitivity of fuel behavior to
plutonium content. One other test in this series will
be performed on longer fuel (92 centimeters (36
inches)), to confirm the adequacy of existing
models to the prediction of full-length fuel and
demonstrate the absence of any phenomenon
peculiar to longer fuel.

(2) Post-Failure Fuel Motion

The second series will specifically address fuel
disruption and post-failure fuel dynamics in
pin-bundle geometry. Transient heating and flow
conditions that are characteristic of the principal,
hypothetical, severe-accident scenarios will be
included in the tests. These tests will address
conditions pertaining to loss-of-flow (LLOF) and
loss-of-heat sink (LOHS) ATWS events.

(3) Local Faults

The third series will determine the outcome of
certain local fault situations. These tests will
address the comsequences of undetected internal
blockage, or an enrichment error in fuel
fabrication.

(4)  Fission-Product Source Term

The fourth series of tests will investigate the release
and transport of fission products during hypothetical
fuel disruption sequences. The basic goal of these
tests will be to obtain data that gives a quantitative
understanding of the phenomenology of the
transport and retention of fission products and
actinides following a core-melt accident. Two
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general classes of transport mechanism appear to be
important: radionuclide transport by the sodium
flow through the above-core sodium pool, and
fission gas—driven transport in large gas bubbles.
The data to be obtained includes

s the quantity of radionuclides released to the
cover gas region

w the nature of this release, partiéularly the
aeroso] portion

e the deposition of aerosols on surfaces in the
cover gas region

= the aerosol behavior within the cover gas region
= retention within the above-core sodium

= deposition on surfaces within the above-core
sodium

Two tests using seven-pin bundles are planned, one
to simulate transient overpower conditions and one
to simulate loss-of-flow conditions.

Ex-Reactor Experiments

These experiments involve furnace testing of irradiated
metal alloy fuel pins in a hot cell under simulated accident
conditions. Additional tests are planned with unirradiated
metallic fuel to study severe-accident phenomenology.

s Irradiated Fuel Pin Tests

Out-of-pile tests on EBR-Il-irradiated fuel pins are
being performed in the WPF system. The objectives of
these tests are to (1) study the behavior of irradiated
fuel pins under simulated reactor accident conditions of
relatively long duration (minutes to days) typical of
loss-of-flow and loss-of-heat-sink events, and (2) to
generate data for the validation of the FPIN2 and
LIFE-METAL codes. The WPF tests fill that gap
between the short-term (on the order of seconds)
transient overpower experiments in the TREAT reactor
and the relatively low-temperature, inherent safety
demonstration experiments in EBR-II.

The recently completed WPF test, FM-3, was performed
on low-burnup (2.3 at. %) U-26wt. %Pu-10wt. %Zr fuel
samples.

Current tests are related to the licensing needs of the IFR
EBR-1I Mark V core (U-19wt.%Pu-10wt.%Zr) to
demonstrate safety margins under (1) accident transients
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like loss- of-flow without scram’ and (2) high-temperature
operating conditions.

Testing beyond FY-1993 will emphasize higher-burnup
Mark V fuels, recycled fuels, and the PRISM reactor
design fuel. Details of these tests will be developed later
depending on the availability of appropriate irradiated fuel
pins.

s Unirradiated Fuel Tests

Previous ex-reactor tests confirm that there is no
energetic interaction between molten uranium alloy fuel
and sodium for the fuel and sodium temperatures
typical of a core-melt accident. These tests also
indicated that, in the event of a core melt, the core
debris should be coolable in the reactor vessel by
single-phase natural convection cooling of the sodium.

There is a need to address hypothetical core-melt accidents
to gain assurance of containment integrity. Tests are
planned to address the following broad issues: (1) melt
relocation in the subassembly region; (2) melt breakup,
quench, and the extent of solidification in the sodium-filled
region of the lower internals and bottom head, including
the effects of iron (from structures) in the melt
composition from U-Fe to various compositions of
U-Fe-Zr; (3) the coolability of core debris accumulated on
horizontal surfaces (lower core support structure) in the
sodium pool; (4) melt penetration into substrates; (5) fuel
dispersal in a transient overpower event; and (6) the
retention of fuel and fission products within the sodium,
The objectives of these tests are to (1) develop validated
models for the melt progression in the SAS4A code and
(2) demonstrate that in-vessel retention and low
radiological release can be achieved, given continuing
availability of reactor vessel heat rejection.

4.2.5 Safety Issues

Although all major problems are currently being
addressed, much research remains to be performed in
order to establish the safety and reliability of the specific
fuel concept to the burnups planned. The data base to
support the metal-fuel system to be used in the PRISM
design needs to be developed. The data needed to support
the establishment of the fuel design limits and the fuel
damage limits for licensing, and for the validation of the

analytical tools for licensing evaluations, include

» the uniformity of quality (for example, the
composition, thermophysical properties, and strength
characteristics) resulting from production and
fabrication technologies for the fuel and cladding
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= behavior and extent of fuel restructuring and porosity
characteristics as a function of burnup (> 10 at. %); the
development of Zr-depleted regions and potential
plutonium distribution; and the axial strain limits

» fuel-cladding eutectic formation temperature; cladding
wastage, oOr penetration rate, as a function of
temperature; cladding failure mechanism(s); and
run-beyond-cladding-breach data

=« data for fast, rapid reactivity insertion, transients to
quantify the axial extrusion reactivity feedback to
establish the energetics of a hypothetical core disruptive
accident, and the behavior of molten fuel during a
power excursion

= the statistical data base to support the claim of
<0.01 percent fuel failures

= the conclusions drawn with respect to the behavior of
the PRISM fuel system under "slow” overpower
transients to be verified in experiments with fuel
elements of prototypic geometry

s source term data: fission-product release from fuel
matrix, the transport and holdup in the sodium pool,
the transport and holdup in the cover gas region above
the sodium pool, and the transport and holdup within
the containment boundary

= a peer review of the analytical tools (LIFE-METAL,
FPIN2, STARS, FRAS3, DEFORM-5, SAS4A, and
SASSYS), the ANL IFR program needs to be
monitored periodically to follow the progress of the
metal fuel system development

4.2.6 Evaluation

In general, the staff considers the planned IFR program of
fuel performance irradiation to be satisfactory. The list of
planned experiments is extensive and involves irradiation
in EBR-1I, FFTF, and testing in TREAT. The program
should provide a very substantial data base for the
modeling efforts described above. One possible weakness
in the program has to do with experimental verification of
the claim that no more that 0.01 percent of the PRISM fuel
pins in the (equilibrium) core will fail during normal and
transient conditions. The FFTF irradiations will be the
closest to prototypical PRISM conditions. The number of

planned ternary fuel elements to be irradiated, to gain an-

adequate data base for a statistical analysis, remains an
open item along with how the differences in geometry and
other relevant characteristics will be accounted for in such
a statistical analysis.
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On the basis of the preceding discussion, the present DOE
R&D program seems capable of providing the relevant
analytical tools and supporting data base to support the
PRISM design. Although many uncertainties exist, there
appears at present to be no major problem in the area of
fuel performance that is likely to prevent ultimate
acceptance of the basic ternary fuel concept, and the IFR
program should confirm the expected performance
characteristics of the PRISM fuel.

One important series of tests, recently performed on
low-burnup PRISM-specific fuel, reinforces the metal-fuel
concept and tends to support the performance characteristic
expected by the designers on the basis of their previous
experiences with other metal-fuel designs (of various alloy
weight percentages and various cladding materials).

A series of ex-reactor heating tests on low-bumup
(2.3 at. %) U-26wt. %Pu-10wt. %Zr metallic fuel for the
PRISM reactor was conducted to evaluate the fuel-cladding
metallurgical interaction and its effect on cladding integrity
at elevated temperatures (Ref. 4.7). The test specimens
were irradiated in EBR-II from November 1988 until

.January 1990.

Although these tests are limited in scope and only address
low burnups, the results tend to support the metallic fuel
concept and are consistent with expected behavior based on
previous, tests of a lower weight percentage of plutonium
and tests with other cladding materials, D9, and Type 316
stainless steel.

The results of these tests are summarized as follows:

s Fuel-Cladding Reaction Mechanism: At an elevated
temperature, above 1,075 K (1,470 °F), the HT9

cladding constituents, mainly iron, that diffuse into the
U-Pu-Zr fuel cause the fuel to liquefy, forming a
solid-liquid two-phase mixture. At these high
temperatures, cladding dissolution (wastage) by the
molten fuel-cladding alloy also occurs. At a lower
temperature, such as the 1.0-hour 1,025 K (1,380 °F)
test, there was no fuel liquefaction and, therefore, no
fuel-cladding interaction. These results are consistent
with the expected behavior of the fuel based on
previous studies with alternate metal fuel system
designs.

= Cladding Penetration Rates: The deepest penetration in
the 1.0-hour 1,075 K (1,475 °F) test was 55 um which
corresponds to a penetration rate of 1.5 X 102 ym per
second. This rate, and the "null" rate for the 1,025 K
test, is substantially below the existing penetration rate
correlation current in use for design and modeling
purposes. This indicates that the PRISM metal-fuel
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system has larger margins to failure (longer time at
temperature) than measured with previous metal-fuel
systems designs.

Fuel Behavior During Simulated PRISM UTOP and
NRC Bounding Events: The PRISM unprotected
transient overpower (UTOP) event was simulated in the
FBTA, 2 minutes at 1,090 K (1,510 °F). The fuel
surface liquefaction and the fuel-cladding interaction
were minimal, with a maximum cladding penetration of
19 um. Bounding Event 1B (UTOP with LOHS) was
simulated in the FBTA by following the UTOP test
with a 36-hour hold at 975 K (1,290 °F). Apparently
due to the sluggishness of iron diffusion into the fuel at
the "modest” L.OHS temperature, there was no
substantial additional surface liquefaction. However,
the maximum cladding penetration was 121 um, about
28 percent of the initial cladding thickness. This
amount of cladding wastage is considered to be
moderate for the extreme severity of the event.

Pin Cladding Integrity Margin: A WPF test (FM-3)
was conducted at a peak cladding temperature of

1,090 K (1,510 °F) until the cladding breached 146.7
minutes into the test. Since the duration of events
terminated by the plant protection system and the
duration of ATWS events are typically on the order a
few minutes, this test demonstrated a large cladding
integrity margin. Pre-test analyses with FPIN2 and
LIFE-METAL predicted failure times of 93 minutes
and 217 minutes, respectively. The FM-3 test data are
being used to refine the predictive capabilities of both
codes.

Pin_ Cladding Breaching Mode and Mechanism:
Post-test neutron radiographs indicated that the cladding

failed near the top of the fuel column where the
cladding temperature was highest during the test.
Once-molten fuel debnis, released from the breach and
trapped in the gap between the pin cladding and the test
capsule wall, was apparent at the top of the column.
The cladding breach mode was a benign crack, not a
burst rupture. At the breach site, nearly 80 percent of
the original cladding thickness had reacted with the
fuel, indicating that fuel-cladding interaction played the
dominant role in the cladding breach, with fission-gas
pressure loading causing the final rupture of the thinned
cladding. The fuel failure mechanism, cladding
wastage, and cladding thinning with cladding breach
due to the internal fission-product gas pressure, is
consistent with previous findings for other metal-fuel
system designs.

, Reactor System

4.2.7 Conclusions

Section 4.2, "Fuel System Design,” of the SRP discusses
the criteria to be used in fuel system safety reviews. The
objectives of the review are derived from 10 CFR Part 50,
GDC 10, "Reactor design"; GDC 27, "Combined
reactivity control systems capability”; and GDC 35,
"Emergency core cooling."”

Fuel design limits — temperature, burnup, fluence, and
cladding strain — considering normal and anticipated duty
cycle events, which include load following and run beyond
cladding breach operation, will be established to ensure a
failure rate of no more than 0.01 percent of the pins in the
(equilibrium) core.

Fuel damage limits — cladding strain, amount of fuel
melting, amount of cladding deformation or melting, and
fractional fuel failure beyond which accident consequences
are unacceptable — will be established from a set of
design-basis accidents with allowable consequences ranging
from no significant degradation of expected fuel lifetime to
maintenance of a coolable geometry.

The chemical poison system requirement in GDC 27 is
deemed by the staff to be unique to light-water reactors
and is not applicable to the PRISM design. Excess
negative reactivity requirements, including uncertainties, to
obtain cold shutdown with the highest worth control rod
stuck out will be maintained in the design.

The PRISM design, a low-pressure pool reactor with no
piping or fittings below the surface of the pool and with a
containment (guard) vessel surrounding the reactor vessel,
precludes a large LOCA and does not require an
emergency core cooling system similar to those in current-
generation light-water reactors. GDC 35 is, therefore, not
applicable to the PRISM design.

The PRISM fuel system, U-Pu-Zr fuel clad with HT9, is
a new concept. Many of the basic design principles have
been developed from EBR-II metal-fuel experience.
However, because of differences in material, geometry,
and exposure conditions, this experience must be
extrapolated to the PRISM design through the use of
analytical tools that characterize the operational history and
transient responses of the fuel system. Experimental data
must be obtained both to support the model development
efforts and to verify the integrated computer codes.

- At this stage of the design, the staff review was carried out

with the limited objective of identifying potential problems
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in the fuel system design that could be ascertained at this
early date and that could ‘potentially lead to major
safety-related problems. -A second objective was to

determine whether the R&D program currently in place "

would lead to the development of the experimental data
base and analytical tools that will eventually be required to
support licensing of the PRISM design.

Although no new major safety-related problems in the
proposed PRISM fuel system design were identified, many
phenomenological uncertainties must be resolved in order
to develop a set of analytical tools and a supporting
experimental data base necessary for licensing. These
include

¢ The uniformity of quality (for example, the
composition, thermophysical properties, and strength
characteristics) resulting from production and
fabrication technologies for the fuel and cladding needs
to be established. The ability of the reprocessing
technique to produce U-Pu-Zr fuel with the requisite
uniformity from batch to batch has yet to be
demonstrated on a commercial scale. There will no
doubt be "fissium” products remaining in the fuel. The
final composition of the reprocessed fuel, however, has
yet to be determined. Since the technology is new,
particular attention needs to be paid to quality
assurance of material supply, fabrication, and welding
techniques.

e Behavior of and the extent of fuel restructuring and
porosity characteristics as a function of burnup needs
to be confirmed. These phenomena are as yet poorly

understood, although first-order estimates of their .

effects based on experimental evidence have been
made. Although early indications were that axial fuel
strain terminated after approximately 5 at. % burmup,

more recent evidence suggests that axial strain may ]

continue to increase up to 10 at.% burnup. This
evidence has a strong influence on the control
characteristics of the reactor system. Close attention
should be paid to research in this area. The

fuel-cladding eutectic temperature limit is currently .

thought to be 980 K (1,300 °F) based on available
experimental data from U-10wt. %Zr and ternary fuel
with less than 26wt. %Pu clad in D9, 316SS, or HT9.

At this time, there is limited data on unirradiated fresh ]

fuel typical of the PRISM design that indicate that the
eutectic temperature may be as low at 903 K
(1,165 °F). The test does not include surface effects,
irradiation effects, or kinetic factors.  Recently
completed testing on low-burnup (2.3 at. %) PRISM
fuel indicates that no fuel-cladding interaction occurs
for temperatures below 1,025K (1,385 °F).
Additional data are needed to establish a fuel design
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limit and for burnups greater than 10 at. % for use in
licensing the PRISM design.

The behavior of prototypical fuel at high burnup
(>10at. %) in prototypic geometry needs to be
established. Among concerns that need to be addressed
are the closure of porosity due to solid fuel swelling
and, perhaps, the effect of the weight of the fuel
column. The computed temperature distribution within
the fuel element must be compared with the local alloy
solidus temperature in order to determine reasonable
design limits for power density and possible
modifications of fuel design. These areas are crucial
for future decisions regarding maximum operating
power. A correlation that was developed for the
cladding penetration rate has been implemented in the
LIFE-METAL code. At present, it is believed that the
penetration rates are small enough to have no influence
on fuel lifetime. Since this phenomenon has a
potentially significant impact on fuel lifetime, it is

important to keep track of developments. Additional -

data are needed to establish fuel damage limits for use
in licensing the PRISM design.

The behavior of molten fuel during a power excursion,
particularly the extrusion mechanism, needs to be
verified by appropriate testing. It is expected that such
tests will be complex and costly. The IFR test
program includes a series of TREAT experiments to
develop the needed data base for postulated severe
accidents and core disruption events. These data will
be used to validate the SAS4A code.

The statistical data base to support the claim of less
than 0.01 percent fuel failures needs to be developed
using ternary fuel of prototypical geometry.

The conclusions drawn with respect to the behavior of
the PRISM fuel system under "slow" overpower
transients must be verified in experiments with fuel
elements of prototypical geometry.

The run-beyond-cladding-breach and potential for fuel
failure propagation needs to be experimentally
established.

Research is in progress to develop a set of computer
codes to predict the behavior of ALMR fuel subject to
transient overpower and other transient events. The
LIFE-METAL computer code is the analytical tool
being developed at ANL to model the response of the
metal fuel and blanket elements to steady-state and
operational transient conditions. The FPIN2 code is a
detailed thermal-mechanical model of an individual fuel
element used for analyses of fuel performance under
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transient conditions. Supporting the FPIN2 computer
code are more detailed codes, currently under
development, for modeling fission-product retention
and swelling in U-Pu-Zr alloy fuels during steady-state
irradiation (STARS) and for modeling the transient
fission gas/bubble gas distribution in solid and molten
fuel (FRAS3). A less-detailed model for the fuel
element thermal-mechanical response 1is being
developed in the DEFORM-5 (metal fuel) module, a
more recent version of the DEFORM-4 (oxide fuel)
module from the SAS4A computer code, for use as the
fuel behavidr model in the SASSYS whole-core
response computer code. Both of these codes are
designed to predict transient events to the time of
cladding rupture. In particular, the codes will offer
predictions of fuel failure location and timing.
However, peither has the capability for ex-pin fuel
motion modeling. A peer review of these codes may
be necessary to support future reviews,

1t is the staff’s opinion that DOE has in place the programs
related to fuel system characterization, both operational
and transient, that will lead toward resolution of the
technological uncertainties and development of the
appropriate analytical tools.

The staff considers the planned IFR program of fuel
performance irradiation to be satisfactory. The list of
planned experiments is extensive and involves irradiation
in EBR-II and FFTF, and testing in the TREAT. The
staff believes that the program will produce a very
substantial data base for the modeling efforts described
above. The FFTF irradiations will be the closest to
prototypical PRISM conditions. The number of planned
ternary fuel elements to be irradiated, to produce an
adequate data base for a statistical analysis, remains an
open item along with how the differences in geometry and
other relevant characteristics will be accounted for in such
a statistical analysis.

4.3 Nuclear Design
4.3.1 Design Description and Safety Objectives

The PRISM reactor core was designed to meet several
objectives: to limit peak fuel burnup to 135 MWD/kg; to
limit the burnup reactivity swing to -21¢; and to permit an
18-month refueling interval, a 54-month life for the fuel
and a 90-month life for the blankets. One of the most
significant design goals is to provide sufficient negative
reactivity feedback to withstand almost all failure-to-scram
events without fuel damage. This passive safety
characteristic is described further in Section 4.6.
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The PRISM reactor core uses a heterogeneous ternary
metal-alloy-fueled core of uranium, 27 wt. % plutonium,
and 10wt.% zirconium. The core contains
199 assemblies: 42 fuel assemblies, 24 internal blanket
assemblies, 33 radial blanket assemblies, 42 reflector
assemblies, 48 shield assemblies, 3 gas expansion modules,
6 control assemblies, and 1 ultimate shutdown assembly.
In the metallic fuel, the zirconium imparts structural
strength to the fuel while being relatively transparent to the
neutron spectrum. The reactor is termed a fast reactor
because the macroscopic fast-absorption cross-sections are
much smaller than the macroscopic fast-scattering cross-
sections. Therefore, most neutrons are absorbed or leak
from the core before slowing down and the flux at or
below epithermal level energies is negligible.

Forty-two reflector assemblies are located at the core
perimeter. The reference core has been designed with
reflectors and without axial blankets so that excess
plutonium is not produced; breeding in the reference core
is close to break even. The core is designed for the
addition of more fertile material to increase breeding
should the design goals be changed.

The initial design submittal for the PRISM had a plant
rating of 1245 MWe and plant core power rating of
425 MWt. The most recent design descriptions have
increased these numbers to 1395 MWe and 471 MWt.
The power fraction in each region of the core in the initial
design submittal was predicted to vary from the beginning
to end of equilibrium core from 72 percent to 65 percent
in the driver fuel, while the inner blanket shifts from
10 percent to 16 percent. The radial blankets shift power
fractions from 17 percent to 18 percent during the same
period. No estimates of the power fraction shifts in the
separate regions of the core have been given for the
revised design, which is an open issue. The power
generation is shifted to the blankets during a fuel cycle
because fissile plutonium is being bred from the depleted
uranium in the blankets. This allows the design to have a
minimal reactivity swing during a fuel cycle, which
permits operation throughout core life with the control rods
almost fully withdrawn. The initial design submittal for
the PRISM reactor has a burnup reactivity swing of —21¢.
Such operation limits the amount of reactivity available for
insertion in a rod withdrawal accident and contributes to
the passive safety characteristics of the PRISM design.
Also, fast reactors are insensitive to xenon, therefore, total
rod worth needed is essentially limited to only that amount
of reactivity needed to overcome the Doppler effect, the
power defect. This contributes to the passive safety
characteristics.

Each of the six control rods has two diverse methods of
insertion: a gravity-driven rod drop and a powered drive-
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in. Shutdown redundancy is provided by designing each
of the six control rods with sufficient worth to shut down
the reactor from hot full power to a cold shutdown
condition. Total rod scram worth of all six rods using
natural B,C is $20.43. The reactivity control and
shutdown system is described further in Section 4.5. The
use of metal fuel is another important feature since the
metal fuel operates at a relatively low centerline
temperature, thus limiting the stored reactivity (power
reactivity decrement) which the negative reactivity
feedbacks would need to overcome during an ATWS
event. .

The PRISM nuclear design for passive shutdown is
described in more detail in Section 4.6 of this report and
Appendix G of the PSID.

4.3.2 Scope of Review

The review of Section 4.3 focused on the reactor design
calculations, reactivity feedback estimations, and
uncertainties associated with each. GE, the preapplicant,
used an extensive package of computer codes, but many of
these codes are standard in scope and methods. The staff
did not prepare a detailed independent calculation of
reactor characteristics during the current review, but this
will need to be done. BNL’s analyses of the design are
presented and discussed further in References 4.16 and
4.17, :

4.3.3 Review Criteria

GDC 11 and 12 (10 CFR Part 50, Appendix A) requires
that the reactor core be designed so that, in the power
operating range, (1) the net reactivity nuclear feedback
characteristics compensate in the event of a reactivity
insertion and (2) there are no power oscillations that can
result in exceeding fuel design limits.

GDC 13 requires that instrumentation will monitor
variables in their anticipated ranges to ensure adequate
safety and that appropriate controls will maintain the
variables and their systems within prescribed operating
ranges.

The requirements of GDC 25 through 29 were used to
assess the diverse methods for inserting control rods, the
limitations for withdrawing control rods, and the use of
passive feedback effects to provide a diverse means of
shutdown.

SRP Section 4.3, "Nuclear Design, " provided guidance for
this review. This SRP specifically requires that the review
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of the nuclear design is carried out to aid in confirming
that fuel design limits will not be exceeded during normal
operation or anticipated operational occurrences, and that
the effects of postulated reactivity accidents will not cause
significant damage to the reactor coolant pressure boundary
or impair the capability to cool the core and to ensure
conformance with the requirements of GDC 10, 11, 12,
13, 20, 25, 26, 27, and 28.

The staff wused design standards proposed by
ANSI/ANS-54.1-1989, General Safety Design Criteria for
a Liquid Metal Nuclear Power Plant (Ref. 4.18), to
acquire more specific guidance for review of areas
involving unique characteristics of the PRISM. These
criteria supplement the required general design criteria
(GDCs) contained in 10 CFR Part 50 (Appendix A).

Several design guidelines proposed by the Advanced Light
Water Reactor Utility Requirements Document (ALWR
Passive Plant) (Ref. 4.19) were referred to in this review.
Although intended to address LWR safety or operability
issues, these guidelines warrant consideration for their
potential for reducing PRISM safety systems challenges.
These points do not reflect regulatory positions, but are
intended to provide early indication of expected industry
design objectives for standard plants.

4.3.4 Research and Development

Most of the R&D support will be in the metal-fuels area,

‘specifically at a hot fuel examination facility (HFEF/South)

and additional testing in EBR-II. These planned R&D
activities are discussed in more depth in Section 4.2 of the
PSID and in this report. Additional R&D is planned via
full-scale critical experiments in the Zero Power Plutonium
Reactor (ZPPR) to confirm power distribution, control rod
worths, and reactivity feedbacks, and to validate analytical
tools. The preapplicant intends to develop and construct
a prototype PRISM reactor, which will be ready for startup
around the year 2005. System tests performed with the
first prototype will quantify and characterize passive safety
features and safety-enhancing mechanisms, including
passive reactivity reduction and the passive shutdown heat
removal. The preapplicant has stated that agreement will
be reached with the NRC on the scope of these safety
tests. The preapplicant has conducted tests on passive
reactivity reduction and passive shutdown heat removal.
The details and results of these tests are discussed in
Section 4.6.4 of this report. The R&D program planned
by the preapplicant appears to be adequate. The NRC will
review the scope and depth of the prototype testing to be
performed after the prototype reactor has been built.
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4.3.5 Safety Issues - Identification and Evaluation
4.3.5.1 Analytical Methods

The package of computer codes used by GE were standard
in scope and methods. The nuclear evaluation process was
initiated by the generation of region-wide microscopic
cross-sections utilizing a technique based upon the
TDOWN data processing code. All fuel cycle calculations
were carried out with the three-dimensional flux solution
code, DIF3D. Control worth calculations were carried out
with six neutron energy groups, three-dimensional
hexagonal-Z geometry, and nodal approximation in DIF3D
flux solutions. Reactivity feedback coefficients and
neutron Kinetics parameters were calculated by a series of
computer codes. These computer codes include DIF3D,
SN2D, SNPERT, and SNASS (a develop-mental code at
GE), and were used to perform the neutron flux and
adjoint solution calculations, perturbation computations,
and data manipulations. The program ORIGEN-2 was
utilized for the irradiation and decay heat calculations.
The designer validated the analytical methods and
computer codes against critical experiments and other
analytical approaches. ANL performed some PRISM
analysis and the GE methods compared well with the ANL
analytical approach. The NRC staff did not perform a
detailed independent calculation of reactor characteristics.
Independent calculations and verifications will be required
during future reviews of the PRISM design.

4.3.5.2 Physics Calculations During Voiding

For the present, the staff reviewed the GE calculational
process and concluded that the GE calculations are
credible, but that GE’s estimates of the uncertainties may
be inappropriately small. In addition, since the passive
shutdown characteristics are based on reactivity feedbacks,
it is important to properly determine the values of such key
feedbacks as radial expansion, axial expansion, Doppler,
" sodium density, and control rod drive line expansion.
Therefore, scoping calculations were done as part of the
review to verify these reactivity feedbacks as being
reasonably accurate. Sodium density feedback was the
most difficult parameter to estimate. However, judging
from other LMR designs, the overall sodium void
reactivity worth appears to be reasonable. Additional
discussion of the staff’s review in this area is provided in
Section 4.6.

4.3.5.3 Reactivity CoefTicients

Although the nominal values presented for the various
reactivity coefficients appear to be in the range of what is
expected for a liquid-metal reactor of this design, a more
accurate analysis defining their magnitude, dependencies,
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and variation over core burnup and region will need to be
performed when the final design application is submitted.
These predictions will also need to be qualified and
verified on a prototype plant. The role of passive
reactivity feedbacks in an ATWS event in combination
with the USS needs to be thoroughly evaluated. To this
end, the reactivity coefficient for sodium voiding must be
accurately calculated and portrayed in all accident
scenarios.

The positive sodium void coefficients result in certain
EC-III events having the potential to lead to positive
reactivity insertion events (see Chapter 15). The positive
sodium void reactivity coefficient is a concern to the staff
and efforts should be made to reduce its magnitude, as
much as practical, even if the likelihood of sodium boiling
is so reduced that no events that could lead to sodium
boiling are in the EC-III probability events.

In Appendix G to the PSID, GE presented a study on core
design alternatives to reduce the void worth. The
following criteria were applied for the study:

e  The total positive sodium void reactivity worth of the
core must be reduced to less than 50¢,

s The impact of the design changes on the passive
performance characteristics of the core must be
acceptable.

s The impact on the economics of power production must
be acceptable.

A core height study was performed and resulted in a
reduction from $5.26 to about $4.20, or about a 15 to -
20 percent reduction. In addition, the burnup swing would
increase to a value between $2 and $3.

Studies involving (1) composition changes at fixed core
layout encompassing changes in steel, sodium and void
volume fractions and the addition of BeO and B,C;
(2) changes to height to diameter ratios at fixed assembly
design; and (3) changes to core layout encompassing axial
heterogeneous, radial heterogeneous, annular and coupled
cores were also performed. The following conclusions
were reported:

»  Sodium void worth can be reduced to near zero or even
made negative, but the result will be an unfavorable
change in one or more of the performance parameters
considered.

» There is no universal best way to reduce sodium void
worth because the relative importance of the several
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other performance changes will depend upon the
specific design criteria. "

GE concluded that design changes required to reduce the
sodium void worth adversely impact other safety and
economic performance parameters. A 25 to 35 percent
reduction could be achieved, but would be of little safety
significance. Therefore, GE concluded that because
(1) significant reductions in sodium void worth impact
other safety - parameters, (2) significant reductions in
sodium void worth require reactor designs which increase
the cost of power reduction, (3) it can be shown that
sodium voiding is highly improbable, and (4) it can be
shown that the consequences of sodium voiding are
tolerable if it were to occur, no design changes to reduce
sodium void worth should be made.

4.3.5.4 Core Power Fractions

Similar to the reactivity coefficients, the core power
fractions and their shift over the burnup of the core must
be determined and presented in the final design application
along with a more accurate calculation of reactivity swing
over the fuel cycle.

4.3.5.5 Reactor Instrumentation
Appropriate instrumentation should be chosen to ensure

that fuel integrity is maintained. " The final design
application should address the following:

» spatial variations of core flux, flow, and temperature,
and the significance of these effects

a  a description of the instrumentation that is safety grade
and provides input into the reactor protection system

« calibration and calculation methods to be used for all
reactor system instrumentation

« limits and setpoints for actions, alarms, or scram
signals for all reactor process instrument systems

s translation of the design limits, uncertainties, operating
limits, instrument requirements, and setpoints into
technical specifications and instrumentation setpoints

4.3.5.6 Gas Expansion Modules (GEMs)

Three GEMs have been added to the core which contribute

significantly to the mitigation of postulated unscrammed

events involving loss of pumps. Because of the GEMs, the
passive shutdown now appears to work much better for the
unprotected loss-of-flow (ULOF) events. The GEMs are
located at the periphery of the active core and are the same
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size and configuration as the ducts on the other core
assemblies. They are filled with inert gas and are sealed
at the top. Under full pumping conditions, the gas is
compressed enough that sodium occupies the portion of the
GEM that resides in the active core, while the gas is
trapped above the core. When the pumps stop and the
system pressure falls, the gas region expands into the core,
speeding the decrease in reactor power through increased
leakage of neutrons. The change in sodium level
introduces significant negative reactivity and limits the
peak temperatures attained during loss-of-flow events.

Some potential risks are associated with the GEMs. If
some of the gas leaks out during normal operation and the
GEM  fills with sodium, the GEM could fail to operate
when required during a loss-of-flow event. Alternately, if
the pumps are turned on only after the reactor is critical,
power would increase significantly. The addition of GEMs
also raises questions about shielding (more neutrons escape
through the gas) and possible reactivity insertions should
the gas escape and migrate into the central regions of the
core. These potential risks suggest a need for continuous
monitoring of GEM level, either directly or indirectly.
This is an issue that needs further evaluation at the design
certification stage of review.

A major unknown that needs resolution is the worth of
GEMs in PRISM. The GE prediction is 69¢ at full-power
conditions. However, that estimate was performed using
a diffusion theory code, and Hanford Engineering
Development Laboratory (HEDL) has determined that
diffusion theory should not be used for initial estimates.
This is discussed further in Reference 4.20, “Assessment
of the Pump Restart Tests in FFTF Using SSC." The
streaming effect of the neutrons requires the use of
transport theory or Monte Carlo methods. GEM worth
and insertion rate are functions of temperature, because of
the sodium level within the device. The worth of the
GEM was also measured to be different in each FFTF fuel
cycle. The accumulation of fission products might be the
cause of this phenomena. The vendor needs to specify the
worth as a function of burnup and temperature within the
fuel cycle, along with the cold-shutdown and hot-standby
condition.

4.3.6 Conclusions

The PRISM reactor nuclear design appears to be at an
appropriate stage, given the status of the metal-fuel
program and other R&D. While there are uncertainties
associated with the reactivity feedbacks, it appears that the
GE/ANL projections are plausible, although perhaps
slightly on the optimistic side, and that the approach to the
core nuclear design and its supporting R&D is generally
acceptable. The results of further in-reactor experiments,
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critical experiments, and prototypical testing (see
Chapter 14) should be followed closely and will be
required to support final acceptance. Further effort
should, however, be applied to making the positive sodium
void coefficient more negative.

4.4 Thermal and Hydraulic Design
4.4.1 Design Description and Safety Objectives

This section addresses thermal and hydraulic design
considerations of such reactor vessel internal components
as fuel, blanket and control assemblies; the core support
structure; upper internals structure; core former rings;
thermal liner; and the core barrel. Information pertaining
to structural design and material selection of the reactor
vessel and internal components is in Chapter 5 of this
report.

The PRISM design is a pool-type system, with the entirety

of the primary heat transport system (PHTS) contained
within the reactor vessel. During normal operation, the
level of primary sodium is maintained at 1.22 m (4 ft)
below the level of the closure head, and circulating sodium
is maintained within the liner. In transient operation,
sodium heatup causes the level to rise to the reactor vessel
auxiliary cooling system (RVACS) overflow slots, located
approximately 0.91 m (3 ft) below the closure head, on the
reactor vessel liner. Instrumentation for primary flow
measurement is located in the upper internals structure
(UIS). The boundary between the hot and cold sides of
the PHTS is formed by the support cylinder and seal plate.
The flow path for the PHTS goes from the hot pool above
. the core through the intermediate heat exchangers (IHXs)
where it is cooled; the sodium exits the IHX at its base and
enters the cold pool. The cold pool sodium is then drawn
through the fixed shield assemblies into the pump inlet
manifold. The four electromagnetic (EM) pumps take
suction from the cold pool sodium through a manifold and
discharge into the high-pressure core inlet plenum through
the piping connecting each manifold to the plenum. The
sodium is then heated as it flows upward through the core
and back into the hot pool. '

The PRISM reactor has inlet orifices for each assembly, to
ensure proper cooling in all channels, which results in a
relatively flat core outlet temperature, particularly at end
of life, when breeding has resulted in higher fission rates
in the blanket assemblies. The 11 orifice zones are 5 for
driver fuel, 4 for internal blanket regions, and 2 for radial
blanket regions.

Blockage of flow assemblies is a concern; a flow blockage
event at the Fermi LMR led to partial fuel melt in 1966.
Amendment 13 to the PRISM PSID describes design
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features and analyses related to the issue of fuel assembly
flow blockage. GE also plans to use mechanical key
discriminators on the assembly nosepieces to preclude
misloading of assemblies, for example, the placement of
fuel assemblies in a blanket region. Furthermore, the core
inlet plenum and nozzles (at the bottom of the assemblies)
are designed so that it is difficult to block all flow to any
given channel. Multiple entrance holes all around the inlet
plenum and assembly nozzles make it unlikely that any
credible form of blockage will block all of the entrance
holes. Furthermore, the PRISM designer has specified
delayed neutron detectors in the ITHXs which will detect
flow blockage by detecting a molten fuel-cladding
interaction with the flowing sodium. Although no in-core
instrumentation is presently specified for the design to
confirm no blockage, the preapplicant is evaluating
methods to verify in-reactor flow and orificing for the inlet
modules.

One concern raised during the review involved flotation of
the absorber assemblies during refueling. In Appendix G
of the PSID, the preapplicant has presented an analysis
demonstrating that flotation is not likely. Assemblies are
held down in two ways: mechanical (snap-rings) and
hydraulic (core bypass flow) to increase core outlet
pressure. Furthermore, in an analysis discussed later in
this section, the preapplicant has stated that under full-flow
conditions, the weight of the assemblies is sufficient to
keep an assembly from being lifted from the grid plate
even if other means of hold-down are lost. Hold-down of
the assemblies is important to avoid flow bypass of the
core in the event one should lift up. In addition, hold-
down of the moveable absorber bundles is important to
preclude reactivity additions during refueling.

The reactor thermal-hydraulic design also facilitates
adequate cooling under natural circulation conditions (such
as would occur if there were a station blackout) for the
conditions where a successful scram or a successful
"shutdown" via the passive reactivity feedback process has
occurred. Such a capability is present in most sodium-
cooled systems; however, its use under passive reactivity
shutdown conditions is new and needs to be reviewed.

One objective of the preapplication review is to ensure that
the conceptual thermal and hydraulic design of the PRISM
reactor coolant system (RCS) has been carried out using
appropriate methods. The RCS should provide acceptable
margins of safety from conditions that would lead to fuel
damage during normal operation and anticipated

_ operational transients. Other objectives include meeting

the intent of current guidelines, in particular Regulatory
Guide (RG) 1.68 (Ref. 4.21), governing startup testing,
and RG 1.133 (Ref. 4.22), which covers loose-parts
detection systems.
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4.4.2 Scope of Review

Thermal-hydraulic design of the PRISM RCS was
reviewed to examine the design basis, system design,
analytical methods and codes, performance evaluation,
tests, inspections, and instrumentation where applicable.
Structural/materials evaluation of RCS components is in
Chapter 5 of this report. Acceptance of PRISM thermal-
hydraulic methods at the design certification stage will
partly depend on (1) independent computer calculations to
substantiate designer analysis, (2) the preapplicant’s use of
experimental data to verify design principles, and
(3) independent comparison to data from experimental
programs. Further guidance is given in areas of possible
design weaknesses, and in other areas where the design
may conflict with possible future regulatory guidance
concerning LMRs. System design for the reactor vessel,
closure head, and rotatable plug is provided by the
designer in Section 4.4 of the PSID and Appendix G of the
PSID, which contains modifications to the reference
design. Other sources of material reviewed are
supplemental reports issued by the designer, and responses
to staff requests for additional information (Refs. 4.23,
4.24, 4.25, 4.26). :

Computer calculations performed by GE and the NRC staff
to evaluate postulated scrammed and unscrammed events
consistently showed adequate natural circulation cooling —
as long as the power production was at or near decay heat
levels. Many of the staff calculations were performed
using SSC (a BNL code), which was developed for the
NRC to evaluate natural circulation cooling in the Clinch
River design (Ref. 4.27)..

4.4.3 Review Criteria

The following regulatory guidance was reviewed for
general applicability to the PRISM design. However,
current SRPs and regulatory guides were developed
specifically for LWRs. Similar guidance for liquid-metal
reactors has not been developed.

(1)  SRP Section 4.4, "Thermal and Hydraulic Design”
— This SRP gives guidance for acceptable design
methods for the reactor coolant systems of LWRs.
The SRP is applied to PRISM, where possible, in
a manner conmsistent with the intent of the SRP
toward LWRs.

(2) RG 1.68, "Initial Test Programs for Water-Cooled

Nuclear Power Plants”

(3) RG 1.133, "Loose-Part Detection Program for the
Primary System of Light-Water-Cooled Reactors”
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(4) 10 CFR Part 50, Appendix A, General Design
Criterion (GDC) 10 — This GDC states that fuel
design limits must not be exceeded during any
condition of normal operation, including anticipated
operating occurrences.

4.4.4 Safety Issues

During the review, a number of issues were addressed by
the staff as having significant importance at either the
preapplication stage or the design certification stage, as
noted. These issues are thermal and hydraulic analysis,
initial testing plans, loose-parts monitoring system, flow
blockage, sloshing, protection against inadequate core
cooling, and natural circulation cooling, and absorber
bundle flotation. These issues are discussed in the sections
that follow.

4.4.5 Evaluation
4.4.5.1 Thermal and Hydraulic Analysis

To satisfy GDC 10, the preapplicant will be required, at
the design certification stage, to submit more information
on methods used for the thermal and hydraulic analysis.
Empirical confirmation of analytical relationships for
PHTS components of unusual geometry should also be
submitted. The staff must confirm that appropriate and
adequate methods are used for meeting the intent of
GDC 10 governing thermal and hydraulic design. More

_particularly, flow correlations used in the PRISM thermal-

hydraulic analysis, justification for the temperature limits
that are mentioned in the PSID, the basis for flow
velocities and pressure losses listed in the PSID, and flow
correlations for determining fuel and cladding temperatures
should be submitted. Uncertainties associated with the
data and correlations should also be examined.

For the design certification review, supporting analysis
should be submitted pertaining tc hot-channel factors that
are used in determining margins to fuel failure and
evaluating natural circulation. The factors should be
demonstrated to be conservative.

4.4.5.2 Initial Testing Plans

SRP Section 4.4 specifies that initial testing plans for the
thermal-hydraulic design aspects of the PHTS are to be
evaluated. The SRP refers to RG 1.68 as a satisfactory
method of planning and carrying out initial and startup
testing programs. The designer has committed to
complying with the intent of RG 1.68 and the associated
subsections that govern initial and preoperational testing of
boiling-water reactor (BWR) feedwater and condensate
systems, remote shutdown capability, and instrument and
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control air systems. At the design certification stage, the
designer should submit more detailed information
pertaining to administrative details and control of initial
test programs and also preoperational test plans for RCS
components and other related components.

4.4.5.3 Loose-Parts Monitoring System (LPMS)

SRP Section 4.4 specifies review procedures for the loose-
parts monitoring system. The SRP states that the design
criteria, instrument types, location, and mounting for the
LPMS be reviewed at the construction permit stage.
Under 10 CFR Part 52 licensing, this information would
be required at the design certification stage. In the design
of the LPMS, the designer has committed to complying
with the intent of RG 1.133, "Loose-Part Detection
Program for the Primary System of Light-Water-Cooled
Reactors.” The LPMS is mentioned in PSID
Section 7.6.7; however, at the design certification stage,
more information is required on the PRISM LPMS,
particularly with respect to the time required after a loose-
part alert to detect the location and cause of the problem,
and its effects. Early detection can provide the time
required to take appropriate actions to avoid or mitigate
damage to or malfunctions of safety-related equipment and
primary system components.

4.4.5.4 Flow Blockage

Amendment 13 to the PSID describes design features and
analyses related to the issue of fuel assembly flow
blockage. The designer describes the startup sequence for
the PRISM which brings the reactor sodium flow to that
corresponding to 100 percent power before withdrawing
control rods. Power is to be increased to 25 percent over
no less than 30 minutes. After a short hold time, the
power is ramped to 100 percent at a maximum rate of
1 percent per minute. Starting with reactor sodium flow
at 100 percent will provide maximum cooling to the
surrounding assemblies in the event of a blocked fuel
assembly. Full flow also ensures that the time that it takes
molten fuel to activate delayed neutron monitors (DNMs)
will be minimized. The DNM will be an important source
of information for determining how much fuel is in the
sodium. However, at a later stage, the designer will be
required to submit more information on post-melt behavior
of the fuel, particularly experimental data on reactivity
insertions due to molten fuel and the basis for judgments
made in the PSID that "fuel movement will probably result
in a less reactive core state.” The designer should also
substantiate claims that fuel movement will be away from
the core center, and that pin failures will be limited to the
blocked assembly. Phase III of the IFR fuel development
program at ANL will address these issues, as is discussed
in Section 4.4.7 of this report.
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To ensure that margin is retained in the design to
accommodate a blocked assembly, the staff requests that
the following commitments discuseed in Amendment 13 be
maintained:

= Technical specification limits are provided that require
establishing full reactor sodium flow before withdrawal
of control rods and limit the startup rate to less than
1 percent per minute.

» Technical specification limits are provided on DNM
operability and alarm setpoints sufficient for rapid
detection of fuel melting.

4.4.5.5 Sloshing

In LMR systems, both pool and loop-type reactors can
experience some sloshing of a free surface (Ref. 4.28); this
is applicable to the PRISM PHTS interface with the argon
cover gas in the reactor vessel. Sloshing involves
movement of the sodium free surface, possibly in response
to seismic events. Seismic events have the potential to
cause input frequencies near the resonant frequencies of
PRISM internal components, particularly the UIS, reactor
closure, and support cylinder. The pertinent resonant
frequencies and possible seismic input frequencies are both
on the order of 1 hertz (Hz). Because sloshing may have
an important effect on the seismic and structural design of
the PRISM, further information should be submitted on
this topic at the design certification stage.

4.4.5.6 Protection Against Inadequate Core Cooling

SRP Section 4.4 on thermal and hydraulic design gives
guidance for ensuring that preapplicants have an acceptable
program for incorporation of instrumentation and
procedures for detection and recovery from conditions of
inadequate core cooling. Although this guidance is not a
requirement and was intended for LWRs, the PRISM
designers should address this issue in a manner analogous
to LWRs. This means that the PRISM should have
temperature monitors that are useful up to the sodium
boiling temperature. It appears that the PRISM has
adequate temperature detection above the core; however,
the range of this instrumentation has not been confirmed.
At the design certification review, the designers will need
to determine whether operating procedures for detection
and recovery from inadequate core cooling (ICC) are
needed. If the determination is made that procedures are
not needed, the designers will have to justify that finding.

~ 4.4.5.7 Natural Circulation Cooling

Although natural circulation cooling has been shown to be
viable in LMR systems (Ref. 4.29), the adequacy must be

NUREG-1368



Reactor System

confirmed for the PRISM. Instabilities or flow oscillations
that may exist during the transition to natural circulation
during reactor heatup transients should also be examined,
particularly low flow and possible flow reversal that may
exist in the transition to natural circulation cooling. This
is an important issue, but it appears that natural circulation
cooling will work well in the PRISM design and can be
tested during prototype testing. Startup testing of the
PRISM should involve verifying primary coolant flow
values given in the PSID, as stated in SRP Section 4.4.

4.4.5.8 Absorber Bundie Fiotation

An issue raised during the review involved inadvertent
ejection or flotation of absorber rods during refueling. An
absorber bundle design requirement is that the bundle not
be lifted (floated) by hydraulic forces when the driveline is
disconnected and the pumps are operated at full flow, and
also that the absorber bundle be able to fall into the core
in a few seconds against full flow following a reactor
scram. The inadvertent pump startup accident is most
likely to happen during refueling if the operator
accidentally starts the pumps. The pressure drop across
the bundle required to lift the bundle is 45.5 kPa (6.6 psi),
considerably higher than the lifting force from full flow of
S kPa (0.72 psi). Periodic scram testing will ensure
absorber bundle drop against full flow. Analysis involved
with this issue is not complicated and designer expectations
should be relatively easy to verify at a later review stage.

4.4.6 Research and Development

The ultimate testing of the orificing and the core thermal-
hydraulic design will be done during the safety tests
petformed on the first reactor module.

Phase III of the ANL IFR testing program (Ref. 4.24)
involves significant experimental and analytical work. In-
reactor experiments will establish a data base for validation
of fuel disruption analysis capability for both transient
overpower and loss-of-flow sequences by running multi-pin
bundle transient tests in TREAT. Safety analysis and
model development will complete development of models
of metallic fuel response to severe-accident conditions.
Ex-reactor experiments will investigate core-melt
phenomena in detail, including melt relocation, behavior of
fission gas in molten fuel, effect of iron in melt
composition, and fuel dispersal. As mentioned earlier,
studies should include substantiation of claims that fuel
movement will be away from the core center, that pin
failures will be limited to blocked assemblies if such
blockage occurs, and that fuel movement will result in a
less-reactive core state.
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4.4.7 Conclusions

It appears that the thermal and hydraulic design has the
potential to satisfy the intent of important LWR regulations
and guidelines, including GDC 10, SRP Section 4.4, Three
Mile Island (TMI) Action Plan requirements (Ref. 4.33),
and regulatory guides covering loose-parts detection and
startup testing. However, the preapplicant will need to
give more consideration to a number of the areas, listed
below, before a final safety judgment can be made.

4.4.7.1 Thermal and Hydraulic Analysis

At the design certification stage, the applicant should
present more detailed information on the flow correlations
used in the thermohydraulic analysis, the basis for
temperature limits used in the PSID, and the basis for flow
velocities and pressure losses also listed in the PSID. Hot-
channel factor analyses should also be submitted.

4.4.7.2 Initial Testing Plans

At the design certification stage, the designer should
submit more-detailed information pertaining to
administrative details and control of initial test programs
and also pre-operational test plans for RCS components
and other related components.

4.4.7.3 Loose-Parts Monitoring System

The designer has committed to comply with the intent of
RG 1.133 on the LPMS. At the design certification stage,
more information is required on the PRISM LPMS,
particularly with respect to the time required after a loose-
part alert to detect the location and cause of the problem,
and its effects.

4.4.7.4 Flow Blockage

To ensure that margin is retained in the design to
accommodate a blocked assembly, the following
commitments discussed in Amendment 13 are to be
maintained: (1) technical specification limits are provided
which require establishing full reactor sodium flow before
withdrawal of control rods and limit the startup rate to less
than 1 percent per minute, and (2) technical specification
limits are provided on DNM operability and alarm
setpoints sufficient for rapid detection of fuel melting. The
IFR Phase III molten-fuel testing at ANL will also be
important to making a final safety judgment on the issue of
flow blockage. The preapplicant should substantiate claims
made on fuel performance during the ANL testing.
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4.4.7.5 Sloshing

Because sloshing may have an important effect on the
seismic and structural design of the PRISM, and because
little information has been submitted on the topic, further
information should be submitted at the preliminary design
application.

4.4.7.6 Protection Against Inadequate Core Cooling

At the design certification review, the designers will need
to determine whether operating procedures for detection
and recovery from ICC are rieeded. If the determination
is made that such procedures are not needed, the designers
will have to justify that finding.

4.4.7.7 Natural Circulation Cooling

Various aspects associated with the transient and steady-
state performance of natural circulation in the PRISM will
need to be verified during prototype testing. In particular,
the transition to natural circulation during transient
operation should be examined.

4.5 Active Reactivity Control and Shutdown
System

4.5.1 Design Description and Safety Objectives

The primary safety-grade reactivity control and shutdown
system consists of six absorber bundles that are used for
power control, burnup compensation, and reactor shutdown
in response to demands from the plant control system,
from the plant protection system, or from loss of electric
power. Each bundle consists of an array of tubes
containing B,C. The absorber material moves within a
hexagonal duct, similar to FFTF (Ref. 4.30) and the
Clinch River Breeder Reactor (Ref. 4.27). The control
rod system regulates reactivity during startup, power
operation, shutdown, and scram. Any one of the six rods
can insert sufficient negative reactivity to achieve cold
shutdown with the remaining five rods at their operational
positions.

‘For scram diversity, each control rod unit has features to
ensure absorber insertion in the event of a scram signal.
Each unit has a latch that releases the rod from the drive
line when the scram coil is deenergized, allowing the rod
to drop into the core. Each drive mechanism also has a
drive-in motor that can drive the rods in and can exert
8,896 newtons (2,000 psi) of drive-in force to overcome
astuck rod, if necessary. The control rod scram system is
illustrated in Figure 4.2.

4-23

Reactor System

In order to limit the amount of reactivity insertion due to
an uncontrolled rod withdrawal event, a rod stop system
(RSS) (Figure 4.3) has been added to the control rod
design. Through the use of a motor-driven movable stop
and a computerized controller, the RSS provides for a
physical limitation to control rod withdrawal. The rod
stops will have to be periodically reset to compensate for
reactivity changes to the core during the fuel cycle.

Diverse shutdown is provided in the PRISM by the USS
and the passive negative feedback characteristics discussed
in Section 4.6 of this report. The USS consists of B,C
spheres contained in a canister above the core. Upon
manual actuation, the spheres drop into a hexagonal
channel in the center of the core to provide enough
negative reactivity to achieve cold shutdown. The system
is designed for an unscrammed unprotected loss-of-flow
(ULOF), unprotected loss-of-heat sink (ULOHS), or
unprotected transient overpower (UTOP) event in which
the inherent passive negative reactivity feedback
characteristics would greatly reduce the power of the core
until the USS could be activated either by energizing
actuation circuitry or manually shearing hinge pins on the
ball release door. The USS is illustrated in Figure 4.4 and
Figure 4.5.

4.5.2 Scope of Review

The PRISM reactivity control and shutdown system was
reviewed for compliance with the GDCs and SRP
Sections 4.3 and 4.5. Reactivity worths of the control
rods have not been independently verified at this stage of
the review. Also, the design was evaluated for similarity
to the FFTF and CRBR reactivity control designs which
have been extensively tested.

4.5.3 Review Criteria

10 CFR Part 50, Appendix A, Section III, "Protection and
Reactivity Control Systems,"” GDCs 25 through 29 require
the protection system to sense accident conditions, actuate
automatically, and have sufficient capability to reliably
control reactivity changes under postulated accident
conditions to maintain the specified acceptable fuel design
limits, with enough margin to account for stuck rods.

4.5.4 Research and Development

Extensive irradiation testing of B,C absorber pins-has
already been performed (these pins are used in the FFTF)

" (Ref. 4.30), and additional testing is not expected to be

necessary. The latch design was extensively evaluated and
tested for use in the secondary control rod system in the
CRBR design. No additional R&D programs have been
identified at this stage of review.
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The need for additional R&D on components of the system
will be determined preceding’ the design certification
application. It is expected that, if needed, any such R&D
would not be extensive, consisting at most of full-scale
life-cycle testing under prototypical conditions.

4.5.5 Safety Issues
4.5.5.1 Ultimate Shutdown System

The NRC staff position on the design of the USS is that it
should be safety grade if it is to be considered as the
second diverse means of reactor shutdown. The integrity
of the center core assembly into which the B,C spheres are
dropped and held must be ensured for all postulated events
requiring actuation of the USS. Actuation of the USS is
an active process requiring electrical power with a manual
backup accomplished by shearing a hinge bar with the
actuator bar above the reactor. This manual actuation
process must be adequately developed to ensure the ability
to achieve shutdown following an unscrammed event with
a loss of electrical power. Employment of the USS as a
diverse means of shutdown is acceptable pending review of
the final design when the design certification application is
submitted.

4.5.5.2 Support Systems

All essential support systems (i.e., systems that provide
cooling for the control rod drive housing) necessary to
ensure the proper function of the control rod drive system
and the USS should be identified and analyzed preceding
design certification application to develop performance
criteria and address single-failure and common-
mode~-failure conditions.

4.5.5.3 Structural Materials

The properties of the materials used in the control rods and
the support systems will need to be reviewed before final
design approval to ensure adequate performance throughout
the design life of the component within the design
environment. '

4.5.5.4 Control Rod Stops

Electromechanical control rod stops are used to minimize
the reactivity insertion from an unplanned control rod
withdrawal event. The rod stops will be adjusted over the
fuel cycle of the reactor to account for burnup.
Adjustments must be performed by a licensed operator five
to six times per fuel cycle. The present design of the RSS
would limit the potential inadvertent reactivity insertion to
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less than 30¢. The designer has added a 10¢ reactivity
margin to account for uncertainties in the safety analyses.

The designer has proposed the rod stops as a safety-grade
system. However, their importance as a means of
mitigating a rod withdrawal event suggests that the rod
position should be reliably known. The preapplicant
should consider a diverse means of verifying rod stop
position to prevent any mispositioning. The preapplicant
should address this item in the next stage of review. The
positioning of the rod stops will need to be accomplished
using safety-grade equipment with reliable information
obtained through the RPS or some similar safety-grade
system. Rod stop position calculation should also be
redundant and diverse to guard against common-mode
failures occurring in data- acquisition systems.
Administrative procedures and verification' of rod stop
positioning activities will need to be described in a
surveillance and testing program for the rod stops. The
actual design of the system will be reviewed when the
design certification application is submitted.

4.5.5.5 CRD Drive-in Motors

The control rod drive motors are designed to exert 8,896
N (2,000 psi) of driving force to overcome a stuck rod, if
necessary, in the event of a scram signal. The design of
this system will need to be addressed preceding application
for design certification to assess the possibility that forcing
a stuck rod into the core may result in damage to the fuel
that would compromise an important barrier to fission-
product release.

4.5.6 Conclusions

The reactivity control and shutdown system discussed in
this section has much internal redundancy and calculations
of rod worth appear satisfactory. The rod worth
calculations and the system as a whole will be more closely
reviewed following a formal license application. The
design appears to be well supported by existing data and
experience. The overall design of the control rod system,
its essential support systems, structural materials, rod
stops, and drive-in motors, will be reviewed upon receipt
of an application for preliminary design approval of a
standard plant design.

The USS appears to be an acceptable approach to provide
for a diverse scram capability and will be reviewed further
upon receipt of an application for preliminary design
approval of a standard plant design. The contribution of
the inherent negative reactivity feedback toward the
function of the USS will require prototype testing to
characterize and quantify this effect.
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4.6 Passive Safety System Design
4.6.1 Design Description and Safety Objectives

Passive safety refers to the inherent negative temperature
coefficient of reactivity of PRISM that results in a
reduction in reactor power when the reactor core average
temperature increases. An ULOHS involves a failure of
the reactor scram system concurrent with a failure of the
heat removal system (e.g., failure of the intermediate heat
transport system pumps; or a reduction in feedwater flow
to, or steam flow from, the steam generator), causing the
primary sodium system to heat up without insertion of
negative reactivity by an active system. The resulting
thermal expansions tend to reduce core power as the
coolant and core heat up. This type of reactor response is
sometimes referred to as "inherent shutdown,” but this
term can cause confusion. Depending upon the relative
magnitudes of the structural and fuel feedbacks, the core
may be either stably critical or subcritical. After a period
of time, thermal equilibrium is established between core
power generation and primary loop heat removal capacity
(i.e., RVACS). Thus, the core appears to achieve thermal
equilibrium without any operator intervention. However,
to reach a zero-power, subcritical condition, at least one of
the control absorbers (control rods) must enter the core.
The inherent shutdown characteristics of the PRISM
reactor core were considered by the preapplicant as a
diverse and independent means of shutdown in addition to
the control rod scram. This passive feature is composed
of several reactivity feedback properties. The main
components of this feedback follow.

Doppler Effect. As the fuel temperature rises, the fuel
captures more neutrons in non-fission events. This has the
effect of removing active neutrons from the core and
reducing reactivity. Doppler feedback is also the fastest
acting feedback mechanism. Fuel temperature is instantly
affected by core power level and is a practically
instantaneous indicator of power excursions. Doppler

- feedback removes reactivity as the temperature rises and
can thus help limit the extent of power-increase excursions.
As the fuel temperature drops with the power reduction,
the Doppler effect adds reactivity and tends to increase the
core fission power.

- Sodium Density/Void. For a small liquid-metal-cooled/

reactor (such as EBR-II) this is a negative feedback due to
dominance of leakage effects, and is helpful. For the
larger PRISM reactor, this is a positive feedback. As long
as the sodium is subcooled, the positive reactivity
contribution is small. If the sodium thermally expands,
there are fewer sodium atoms within and surrounding the
core. The reduced density surrounding the core results in
fewer neutrons being scattered back into the core, and
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produces a small negative feedback effect by increasing the
leakage around the periphery. However, the dominant
effect is to reduce the collisions between neutrons and
sodium atoms, which increases the average neutron energy
and yields a net positive reactivity feedback. If the sodium
boils, this feedback becomes large and prompt
(approximately $5 positive reactivity for total core void
within a few seconds). The prevention of sodium voiding
or sufficient mitigation of its effects is the most significant
issue regarding the passive reactivity effects of the PRISM
reactor.

Axial Fuel Expansion. Metal fuel expands significantly
when it heats up. Axial expansion within the cladding
increases the core size and decreases the effective density
of the core materials. This increases the probability that
neutrons will escape from the core, creating a significant
negative reactivity feedback. The size of this feedback
changes after about 2 percent burnup, when the fuel swells
into contact with the cladding. The axial expansion is then
controlled by the expansion rate of the cladding, since
metal fuel has little strength. Fuel axial expansion and the
Doppler effect are the dominant negative feedbacks, with
fuel axial expansion being slightly more negative than the
Doppler feedback at all power levels, as illustrated in
Appendix F4, page 52, of the PRISM PSID.

Radial Expansion. The radial dimension of the core is
determined largely by the assembly spacing. This spacing
is determined by the grid plate below the core and by two
sets of load pads above the core. When the structures heat
up and expand, the core expands radially and the core
density reduces, which increases leakage and thereby
reduces the net reactivity.

Bowing. When a fuel or blanket assembly is heated more
on one side than the other, the heated side will expand
more than the other side, and the center of the assembly
will bow toward the hotter direction. This type of
behavior occurs in the PRISM fuel and blanket assemblies.
It has some reactivity contribution, but it is difficult to
calculate accurately. The PRISM uses a limited free bow
restraint system, which limits the importance of bowing
and makes the contribution negative under conditions of
interest.

Control Rod Drive Line Expansion. The control rod drive
lines, which are fixed in the upper internal structure,
expand downward when they are heated. This inserts the
control rods further into the core and adds negative

- reactivity.

Reactor Vessel Expansion. Since the control rod drives
are attached to the top of the vessel and the reactor core
attaches to a point much lower along the vessel wall, the
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expaunsion of the vessel wall as it heats up pulls the control
rods out. This is a positive feedback, but is not an
immediate factor because it is quite slow to act.

4.6.2 Scope of Review

In performing this review, the staff analyzed test data from
existing sodium fast reactors to approximate the
performance of the PRISM core under normal and accident
conditions. Independent analysis of the reactivity
feedbacks has been limited to scoping calculations and
comparison against values for similar designs.

4.6.3 Review Criteria

10 CFR Part 50, Appendix A, GDC 11 requires that the
reactor core and associated coolant system be designed so
that in the power operating range the net effect of the
prompt inherent nuclear feedback characteristics tends to
compensate for a rapid increase in reactivity. The
requirements of 10 CFR Part 50, Appendix A, GDC 27
through 29 were used to assess the use of passive feedback
effects to provide a diverse means of shutdown.

Design standards proposed by ANSI/ANS-54.1-1989,
"General Safety Design Criteria for a Liquid Metal
Nuclear Power Plant,” were used to provide more specific
guidance for review of areas involving unique
characteristics of the PRISM. These criteria supplement
the required design criteria contained in 10 CFR Part 50,
Appendix A.

Standard Review Plan Section 4.3, "Nuclear Design,”
provided guidance for this review. This SRP specifically
requires that the review of the nuclear design is carried out
to aid in confirming that the effects of postulated reactivity
accidents will not cause significant damage to the reactor
coolant pressure boundary or impair the capability to cool
the core and to ensure conformance with the requirements
of GDC 10, 11, 12, 13, 20, 25, 26, 27, and 28.

4.6.4 Research and Development

The DOE/GE approach for the PRISM is to build a
prototype reactor test facility. The characterization and
qualification of the passive safety features and safety
enhancing mechanisms, including passive reactivity
reduction and the passive shutdown heat removal, will be
completed by performing systems tests on the prototype
reactor. A series of unscrammed transients will be

performed to test the passive response of the reactor. This

is discussed in Chapter 15 of the PSID. Given the
uncertainties in the reactivity feedbacks and the degree to
which these feedbacks are dependent on the design of the
reactor, this is clearly the preferred approach.
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Tests involving passive reactivity have already been
performed. Integral transient tests to demonstrate the
inherent shutdown characteristics have been completed in
EBR-II for a small metallic core and in FFTF for a
mixed-oxide core. The transients involved loss-of-flow
and loss-of-heat-sink conditions without reactor scram and
were previously considered to potentially result in core
disruptive events. For EBR-II, the results were benign,
either a short-term temperature peak of 978 K (1300 °F)
for less than 100 seconds or a temperature increase in the
core support structure of 300 K (80 °F). For FFTF, nine
gas expansion modules were included to perform loss-of-
flow tests from 100-percent flow and 50-percent power.
A sodium outlet temperature increase of 339 K (150 °F) in
90 seconds reduced the fission power to zero. Details of
R&D in this area are further discussed in the PSID.

4.6.5 Safety Issues and Evaluation
4.6.5.1 Adequacy of Reactivity Feedbacks

The negative feedbacks maintain the reactor at a safe,
stable state at an elevated temperature, but the reactor may
still be critical if none of the reactor control rods have
been inserted. The ultimate shutdown system has been
added to bring the reactor to a subcritical state.
Independent analysis of the reactivity feedbacks has been
limited to scoping calculations and comparison against
values for simiiar designs. Details of the independent
analyses are discussed in BNL’s, "Summary of Advanced
LMR Evaluations - PRISM and SAFR" (Ref. 4.16). The
reactivity coefficients given by GE for the PRISM design
were obtained using the three-dimensional flux solution
code DIF3D and the fuel management and burnup code
FUMBLE. The independent review estimated the radial
expansion feedback within 5 percent of that cited by GE,
and extrapolation to axial expansion follows. All other
feedbacks are clearly within reasonable ranges. As a result
of this review, the staff considers the feedbacks cited by
GE to be achievable, although they contain uncertainties
which at this time appear to be in the 10-25 percent range.

The preapplicant designed the PRISM to achieve reactor
power runback ("shutdown") in response to reductions in
both heat removal and reactor sodium flow rate without the
intervention of any active safety systems. NRC concerns
about the magnitude and characteristics of the passive
reactivity feedbacks prompted the preapplicant to modify
the design with the addition of the USS. Because the
designer has provided an additional means with which to
shut down the reactor using the USS, the passive reactivity
characteristics are no longer being directly relied upon to
effect a reactor "shutdown.” Although this reduces the
importance of the inherent reactivity feedbacks from an
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5 REACTOR COOLANT SYSTEM AND CONNECTED SYSTEMS

5.1 Summary Description

The reactor coolant system and connected systems contain
the heat removal systems for the PRISM conceptual
design. Included are all systems and components needed
for removing and transporting reactor heat to the steam
generator and systems responsible for removing residual
heat. The principal components discussed herein include
the following:

reactor vessel and closure head
reactor internal structures
primary heat transport system
intermediate heat transport system
steam generator system

residual heat removal systems

The containment vessel and dome, reactor vessel and
closure head, and all of the reactor vessel internal make up
the reactor module. The heat transported from each
reactor module is used to produce steam in the steam
generator. A general description of each system and
corresponding design requirements is given in this section.
In subsequent sections of Chapter 5, the PRISM reactor
coolant systems are evaluated against present guidelines
and regulations. Figure 5.1 gives an overview of major
components of PRISM cooling systems and associated
systems,

Reactor Vessel and Closure Head

The reactor vessel is located directly inside the
containment vessel. It is separated from the containment
(or guard) vessel by a 5-inch annular region that is filled
with argon. The reactor vessel has no penetrations and
provides the support for all of the internal components,
along with all primary sodium and part of the intermediate
heat transport system (IHTS). The reactor vessel is
suspended from the reactor closure head, and the reactor
closure head is supported by the containment vessel flange.

The reactor closure head is the top head of the reactor
vessel, and contains all penetrations for instrument lines,
IHTS piping, sodium-processing equipment, and other
monitoring equipment. The closure head, which includes
a rotatable plug for access to the internal reactor vessel,
and the shell side of the intermediate heat exchanger (IHX)
form the boundary for the primary sodium coolant system.

The reactor vessel and closure head are reviewed in
Section 5.2 below.

Reactor Internal Structures

The principal function of the reactor internal structures is

to provide the mechanical support and restraint of the ~

reactor core. The internal structures also provide restraint
for the primary coolant system components, direct primary
system flow, and supply in-vessel radiation shielding.
Some of the internal structures are shown in Figure 5.2.
Below are listed internal structural /support components
that were reviewed; the primary functional requirements
are also listed. '

Core Support Structure
Prode lateral and vertical restraint of the core.

Support Cylinder
Provide thermal separation of hot and cold sides of the
primary heat transport system (PHTS).

Fixed Shielding

Limit activation of sodium coolant and air flowing
through the reactor vessel auxiliary cooling system
(RVACS) air, and limit irradiation of reactor vessel.

Electromagnetic (EM) Pump Inlet Manifold
Provide direction for PHTS flow from the fixed
shielding to the EM pumps.

Reactor Vessel Liner and Seal Plate

Mitigate effects of thermal transients on reactor vessel;
the seal plate is a large portion of the boundary
between hot and cold primary sodium.

Pump Discharge Manifold and Seals

The outlets of the EM pumps are onnected to two
manifold assemblies that distribute the discharge flow
into eight pipes that lead to the core inlet plenum.7

IHX Seals and Supports

Provide a seal at the IHX penetration of the seal plate
and the reactor closure head; provide vertical support
of the JHX at the reactor closure head.

In-Vessel Fuel Storage Racks
Provide support for spent fuel assemblies.

Core Assembly Transfer Station
Used to move fuel assemblies during refueling.

Hot Pool Therma! Insulation

Miize heat transfer from hot to cold primary sodium
near the level of the core outlet.
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4.6.5.3 Reactivity Swing Due to Burnup

Changes in the magnitude of the reactivity effects must be
accounted for over the fuel cycle for the PRISM reactor.
A test and surveillance program to measure the magnitude
and nature of the feedbacks over the reactor life will need
to be established. The actinide content of the fuel also has
a bearing on the reactivity coefficients and should be
addressed.

4.6.5.4 Ultimate Shutdown System Activation

Concerns that the inherent core characteristics, while
placing the core in a safe hot standby but still critical
condition, would not take the core to cold shutdown led the
preapplicant to incorporate an additional active shutdown
system in the PRISM design. This USS is designed to
release spheres of B,C into a channel in the reactor core,
which will bring it to a subcritical state. Similar to the
liquid poison shutdown systems in LWRs, it is not as rapid
as a control rod scram and is manually initiated. The
inherent negative reactivity of the PRISM core would still
play a role in an unscrammed event in limiting the extent
of the transient until the USS is activated. The worth of
the USS absorber inserted into the core is sufficient to
bring the reactor from 135 percent of full power to a cold
shutdown.

The USS is activated from the RPS vaults or the remote
shutdown facility (RSF). Unlike the control rods, the time
response of the USS must take into account delays
associated with decisional protocol to activate the USS and
in the transit time for an operator to proceed to the RPS
vaults or the RSF to initiate the USS. Upper limits on the
total time to initiate must be determined in order to
complete the transient analysis of the PRISM reactor core.
It is possible that the staff may insist on a safety-grade
actuation from the control room at a later date.

4.6.5.5 Rod Stop System

An RSS limits control rod withdrawal so as to bound the
amount of reactivity that can be added to the core as a
result of an uncontrolled rod withdrawal event. . This
feature makes possible the passive accommodation of
events that are precipitated by one or more control rod
withdrawals accompanied by a failure to scram. The rod
stop physically limits the withdrawal stroke of the control
rod drives. The RSS is designed to limit the reactivity
insertion possible from all control rods being withdrawn
from the normal power banked position until stopped by
the limiter to 40¢ (30¢ from rods and 10¢ for uncertainty)
worth of reactivity. Analyses of transient overpower
events indicate that the PRISM core can accommodate up
to 40¢ of reactivity insertion from full power without
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scram, and still meet EC-III limits. However, if the RSS
were to fail to perform its intended function during a
UTOP event, the preapplicant has estimated the maximum
reactivity insertion to be $1.65. Details are discussed
further in BNL’s, "Evaluations of 1990 PRISM Design
Revisions” (Ref. 4.18). Under such conditions, cladding
failure and fuel dispersion could occur in less than one
minute. The staff will review a UTOP event with RSS
failure in more detail during the design certification phase.

4.6.5.6 Gas Expansion Modules

GEMSs are devices designed to passively insert negative
reactivity during loss-of-primary-flow events. GEMs
significantly enhance the negative reactivity feedback
during the loss-of-flow without scram. The GEM design
and its potential weaknesses are discussed in detail in
Section 4.3.5.6 of this report.

4.6.6 Conclusions

The passive response of the PRISM reactor is not a true
reactor shutdown mechanism as it does not place the
reactor in a subcritical condition leading to cold shutdown.
However, the reactivity feedbacks play a very important
role in the transient response of the reactor. The addition
of the USS precludes the reliance on passive reactivity
feedback as a diverse and independent means of achieving
reactor shutdown. The need to characterize and qualify
these reactivity feedbacks still exists and should come from
safety tests performed in a prototype reactor.
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sources of material that were reviewed include highlights
of Advisory Committee on Reactor Safeguards (ACRS)
meetings with the designer (Ref. 5.2).

5.2.3 Review éﬁteria

The staff reviewed the following regulatory guidance for
general applicability to the PRISM design. However,
current standard review plan (SRP) and regulatory guides
were developed specifically for light-water reactors
(LWRs). Similar regulatory guidance for liquid-metal
reactors has not been developed.

The following SRP (Ref. 5.3) sections were considered in
this review:

s 5.2.1.1, "Compliance With the Codes and Standards
Rule, 10 CFR Part 50.55a"

= 5.2.3, "Reactor Coolant Pressure Boundary Materials”
»  5.3.1, "Reactor Vessel Materials"

The following regulatory guides were considered in this
review:

u 1.44, "Control of the Use of Sensitized Stainless Steel”
(Ref. 5.4)

s 1.87, “"Guidance for Construction of Class1
Components in Elevated Temperature Reactors,”
(Ref. 5.5)

5.2.4 Safety Issues

The staff concentrated its review of the PRISM reactor
vessel on areas in which the design departs from LWR
design, and where design weaknesses may exist in
comparison to accepted standards and practices.
5.2.4.1 High-Temperature Environment — Stress
Corrosion

The high temperatures realized, particularly during Level
C and D transients, in the austenitic stainless steel of the
PRISM vessel, can lead to stress corrosion cracking,
particularly near welded areas of the reactor vessel. Ata
later stage, the designer should develop manufacturing,
quality control, and quality assurance plans that will
minimize sensitization of any part of the vessel that leads
to stress corrosion cracking,

Reactor Coolant System and Connected Systems

5.2.4.2 Flowing Sodium Environment

Degradation of the vessel can also occur with exposure to
a flowing sodium environment, which initiates migration
of carbon and nitrogen from the vessel surface and can
lower the strength of the vessel. Erosion of the vessel wall
during transient situations also should be examined at a
later stage in the design review.

5.2.4.3 Neutron Embrittlement

The PRISM reactor vessel is one of the components to be
designed for a 60-year lifetime. Over this extended time
period, the vessel is exposed to neutron irradiation, which
decreases ductility and fracture resistance. The effects of
neutron embrittlement need to be accounted for in the final
design and safety analyses.

5.2.4.4 Stress Analysis/Time-Dependent Failures

At a later stage of review, the designer should submit a
more detailed analysis, to include the following:

= verification of component temperatures in Level A/B to
allow usage of Section III-NB of the ASME Code

s Level D analysis which utilizes the safe-shutdown
earthquake (SSE)

= consideration of all types of time-dependent failures
detailed in Code Case N-47

5.2.4.5 In-Service Inspection

The reactor vessel and closure head ISI will be performed
in accordance with Section XI, Division 3, of the ASME
Boiler and Pressure Vessel Code, "Rules for In-Service
Inspection and Testing of Components of Liquid Metal
Cooled Plants.” Among particular problems that may arise
are converting -inspection requirements from 40 to
60 years, and visual inspection plans for the reactor vessel.
More information should also be submitted on inspection
of the inner surface of the reactor vessel, particularly
following an RVACS transient heatup of the reactor vessel
and internal components.

5.2.4.6 High-Temperature Code Cases
At a later stage, the applicant’s use of Code Cases N-47,

N-48, N-49, N-50, N-51, and N-201 (Ref. 5.6) in the
PRISM design must be approved by the NRC.

NUREG-1368
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= Upper Internals Structure (UIS)
Provide support for instrumentation lines and control
rod drivelines. '

Reactor internal structures are reviewed in Section 5.3
which follows.

Primary Heat Transport System

The PHTS is contained entirely within the reactor vessel.
Primary sodium flows from the core outlet to the upper
plenum, IHX shell side to the cold pool, pump inlet
manifold, EM pump and pump discharge, to the core inlet
plenum. This process is shown in Figure 5.3.

The four EM pumps circulate the primary sodium coolant.
The pumps have no moving parts, are cooled by the
sodium coolant, and are suspended from the reactor
closure head. Because of the high temperature of the
sodium coolant, research is being performed to select an
electrical insulating material for the power supply to the
EM pumps. Because the EM pumps have no moving parts
and, therefore, no stored kinetic energy, a synchronous
coastdown machine is required for each pump to provide
coastdown flow of the coolant upon loss of power.

The heat from the PHTS is transferred to the IHTS
through the IHX. Two IHXs per module are suspended
from the reactor closure head. The design has the primary
sodium coolant on the shell side and the intermediate
sodium coolant on the tube side.

The PHTS is reviewed in Section 5.4 of this report.

Intermediate Heat Transport System

The IHTS transfers heat to the water-steam system through
the steam generator during both normal operation and
upset conditions. The main components are the tube side
of the THX, the shell side of the steam generator, the
intermediate sodium pump with an auxiliary pony motor,
the IHTS piping, and the IHTS isolation valves. The
isolation valves close to isolate the reactor from pressure
surges from the 6895 kPa 1000 psi water-steam system that
may occur during sodium-water reactions due to steam
generator tube ruptures. The sodium-water-reaction
pressure-relief system (SWRPRS) is connected to the steam
generator and produces an IHTS isolation signal.

The SWRPRS is reviewed in Section 5.6 of this report,
and the IHTS is reviewed in Section 5.5.
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Steam Generator System

Each reactor module has an independent steam generator,
which supplies saturated steam to the turbine. The steam
generator is also linked to the SWRPRS. The SWRPRS
initiates isolation and blowdown of the water-steam system
and reactor scram in the event of sodium-water reactions.
The steam generator is used for residual heat removal
(RHR) by the auxiliary cooling system (ACS). The ACS
serves as a non-safety-grade backup RHR system. The
ACS operates by air (natural circulation) cooling of the
steam generator and is only useful when intermediate
sodium is circulating through the steam generator, either
by forced or natural circulation.

The steam generator system is discussed in Section 5.6 of
this report, and ACS is discussed in Section 5.7.

Residual Heat Removal Systems

Three systems can perform the RHR functions in the
PRISM design: normal condenser cooling, the auxiliary
cooling system, and the reactor vessel auxiliary cooling
system. The first two systems are non-safety-grade;
RVACS is the only safety-grade RHR system.

The ACS removes heat by air circulation past the steam
generator outer shell while sodium is available in the steam
generator.  Airflow dampers can be opened by the
operators to permit air to flow by natural circulation
around the steam generators when the water supply is lost.
In this mode, heat is removed by natural convection to the
airr The ACS can operate with forced or natural
circulation of the intermediate sodium.

Should the operators be unable to open the airflow
dampers or should the IHTS flow or IHTS sodium
inventory be lost, the residual heat will be removed by
natural circulation airflow around the reactor containment
vessel using atmospheric air through the RVACS. Heat
will transfer from the reactor vessel to the containment
vessel (by radiation) and then to the air surrounding the
containment vessel (by convection), and then to a collector
cylinder (by radiation). The heat transferred to the
collector cylinder will be removed by convection to the air.

Of the three cooling mechanisms, only the RVACS
functions continuously and does not require operator action
or supply of coolant by an engineered system. Although
heat is constantly being removed by the RVACS, the rate
of heat removal increases to a significant level in the
absence of the normal heat remioval mechanisms because
of the increased temperature in the containment vessel.

¥
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the surface layer of the vessel. This phenomenon is more
dependent on time and temperature than on sodium
velocity, so this effect is important for the reactor vessel.
At a later stage of the design review, the designer should
more fully describe the effects of carbon loss on the
properties of the stainless steel.

5.2.5.3 Neutron Embrittlement

The PRISM reactor vessel is one of the components to be
designed for 60-year use. Degradation of the vessel
material properties over this extended period is a
consequence of neutron irradiation. Neutron exposure
decreases ductility and fracture resistance. Embrittlement
of the vessel is measured by the designer using
displacements per atom (dpa) methods, and is a way of
measuring reductions in ductility and fracture resistance.
The dpa limit is set at a value that ensures 10-percent
residual total elongation (RTE) in load-bearing components
and 5-percent RTE in non-load-bearing components. The
RTE is a measure of the remaining ductility of a certain
material. The designer has estimated dpa values in the
reactor vessel, and these are within design limits that
ensure the required RTE, a measure of ductility, and
include such conservatisms as accounting for uncertainties
in neutron flux and energies at the reactor vessel.
However, the PSID contains no information on the
justification for choosing the 10-percent and 5-percent RTE
limits. The justification for the RTE limits should be
submitted at a later review stage. This analysis has not
been independently verified and no tests have been
performed in real time to determine the effects of neutron
irradiation for this length of time; therefore, the validity of
not using real-time test specimens should be examined. It
appears that the PRISM design can satisfy 10 CFR
Part 50, Appendix H (Ref. 5.36) requirements by using
permanent and replaceable shielding outside the core and
shielding at the level of the IHX to minimize neutron
irradiation of the reactor vessel to a stated level of
6.8 X10'2 peutrons per square centimeter, which is well
below the level of 1.0x10'7 stated in Appendix H.
However, consideration should be given to the fact that the
fast neutron spectrum of PRISM can cause more damage
than thermal neutrons for a given fluence. Furthermore,
the Clinch River Breeder Reactor (CRBR) Plant Safety
Evaluation Report (Ref. 5.11) stated that, for fluences less
than 1.0 10?! neutrons per square centimeter, the effects
of neutron irradiation are not significant. If neutron
irradiation levels are verified at a later stage of the review,
it appears that the PRISM design can achieve a low level
of neutron embrittlement of the reactor vessel.

o~
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5.2.5.4 Stress Analysis in Design-Basis Scenarios —
Time-Dependent Failures

Utilizing elastic and simplified inelastic analysis methods,
GE performed a steady-state thermal stress analysis in the
reactor vessel using the ANSYS 4.2 finite element code.
Temperature distributions were calculated for the top half
of the reactor vessel, where thermal stresses are expected
to be the highest. Normal operating temperatures in the
PRISM are low enough that time-independent stress limits
of the ASME Code are limiting values. Results from the
designer’s stress analysis list reactor vessel stresses that are
below the allowable stress limits stated in Section III-NB
of the ASME Boiler and Pressure Vessel Code, with
maximum radial and circumferential reactor vessel stresses
of 222.7 MPa (32,300 psi) and 106.7 MPa (15,400 psi),
respectively. The designer will need to demonstrate that
Section III-NB can be used, because PRISM vessel
temperatures exceed the limit for using III-NB. These
thermal stresses were combined with the stresses from
gravity, system pressure, and .the operating-basis
earthquake (OBE) loads and compared with the ASME
Code Service Level A/B stress limits to assess the
adequacy of the reactor vessel and internal components.
The results generally exhibited large margins to Level A/B
limits with a minimum 25-percent margin in stress limits
in the vessel at the level where the sodium meets the cover
gas. Exceeding design stress limits might cause outward
ratcheting of the vessel. Gross distortion of the vessel and
other components due to ratcheting in this manner is
considered in Code Case N-47, but has not been addressed
by the designer. Other time-dependent failure modes,
including creep rupture and creep-fatigue failure, have
been analyzed as part of the station blackout analysis
submitted by the designer, and as part of Code Case N-47
analysis requirements. As part of the Level A/B service
life of the PRISM, the operating temperatures are low
enough that time-independent stress levels are more
restrictive than time-dependent limits, and the PRISM
appears to be within the more restrictive values. In Level
C/D analysis, creep and fatigue damage also are well
below the total allowable damage limits, as shown in PSID
Section G.4.17. Cumulative creep and fatigue values are
low enough that damage limits do not appear attainable for
any reasonable frequency of Level C and D events that
have the potential to cause creep or fatigue damage at
elevated temperatures (station blackout). Presently, the

. designer is using four Level C events and one Level D

event over the lifetime of the reactor module for design
analyses.

NUREG-1368
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Residual heat removal is evalliated in Section 5.7 of this
report. v

5.2 Reactor Vessel and Closure Head
5.2.1 Design Description and Safety Objectives

The reactor vessel for the PRISM supports the core and
related components, the reactor internal structures, fixed
shielding, EM pumps, intermediate heat exchangers, the
reactor liner and support cylinder, the in-vessel transfer
machine (IVTM), control rod drives, and all primary
sodium and part of the intermediate sodium inventories.
The reactor vessel has an outer diameter of 5.74 m
(18 ft-10 in.) and a 5.08-cm (2-in.) wall thickness, and is
constructed of Type 316 stainless steel. The components
supported by the reactor vessel weigh 391 metric tons
(431 tons) for the reactor internals, 76 metric tons
(84 tons) for the core, and 220 metric tons (242 tons) for
internal sodium from the primary and secondary loops.

The reactor vessel is supported by the top flange of the
containment vessel. The containment vessel closely
surrounds the reactor vessel, and the 12.7 cm (§-in.)
annular gap between the two cylindrical vessels contains
argon to minimize the effects of sodium-air-water reactions
that may arise from reactor vessel leakage to the
containment vessel. The PRISM reactor has a leakage
detection system, comprising contact detectors and sodium
aerosol detectors, to monitor sodium leakage out of or into
the reactor vessel. The leakage detection system also

monitors cover gas pressures in the containment vessel and -

reactor vessel to detect leakage of gases between the two
vessels.

A vessel liner protects the reactor vessel during normal
operation from the high temperature of the circulating
primary sodium 758 K (905 °F), and maintains sodium
that is in contact with the vessel below 700 K (800 °F).
Relatively low operating temperatures compared to other
liquid-metal reactors (LMRs) also help to minimize creep
in the vessel during normal operation. During heatup
scenarios, natural circulation sodium flow is induced, by
sodium thermal expansion, in the annular gap between the
vessel and the vessel liner, and reactor vessel temperatures
rise considerably. Such high temperatures are reached in
the vessel under these abnormal scenarios, that the high-
temperature ASME Code Cases N-47 through N-51 are
required for determining material stress limits for such

time-independent and time-dependent forms of failure as

ductile rupture, creep rupture, creep fatigue, and
ratcheting. At present, the high-temperature code cases
have not presently been approved by the Nuclear
Regulatory Commission (NRC) for use in the design of
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nuclear power plant components, and will need to be
reviewed for acceptance at a later stage in the review
process.

The closure head is the top head of the reactor vessel. Its
basic component is a 30.5-cm (12-in.)-thick stainless steel
plate, 6.04 m (19 ft-10 in.) in diameter. The closure head
provides support for control rod drive (CRD) lines, the
IVTM, penetrations for IHX lines, sodium and cover gas
processing lines, a port for in-service inspection (ISD),
ports for inspection conduits and the rotatable plug (RP).
Penetrations for the six CRD lines, the IVTM , and ISI
lines are within the RP. In addition, the RP has suspended
from its underside the UIS. During power operation, to
hermetically seal the RP, it will be welded to the closure
head.

The closure head and the RP are designed to operate at
relatively low temperatures, from 367 to 422 K (200 -
300 °F). The 30.5-cm (12-in.)-thick reactor closure head
is insulated from the circulating sodium coolant by 22
horizontal layers of stainless steel plate (each
15.9-mm-thick) supported beneath the closure head plate.
The high-temperature code cases are, therefore, not
required for the closure head or the RP stress evaluation.
The containment vessel and the connected dome exist
primarily to serve as a barrier against release of
radioactive materials. The containment vessel also serves
as the surface for radiative heat transfer to the RVACS
collector surface during an RVACS transient. The -
functional design of the containment is reviewed in
Chapter 6 of this report.

The reactor vessel, containment vessel, reactor closure
head, and rotatable plug will be designed in accordance
with ASME Boiler and Pressure Vessel Code (ASME
Code), Section III, and will all be seismic Category I.
They are also being designed for the 60-year life of the
plant.

5.2.2 Scope of Review

The reactor vessel, closure head, and the rotatable plug
were reviewed in terms of the design basis, system design,
performance evaluation, tests, inspections, and
instrumentation. The functional requirements of the
reactor vessel and closure head were reviewed in terms of
satisfying structural/support, material, and instrumentation
requirements. Compliance with codes, proposed research
and development, and system performance were also
evaluated where applicable. System design for the reactor
vessel, closure head, and rotatable plug appear in PSID
Section 5.2 and PSID Appendix G (Ref, 5.1) which
contains modifications to the reference design. Other



dependent failures detailed in Code Case N-47, such as
outward ratcheting of the vessel.

The preapplicant has stated that for nuclear-class
components, which include the reactor vessel and closure
head, ISI will be performed in accordance with Section XI,
Division 3, of the ASME Boiler and Pressure Vessel
Code. However, the designer will be required to submit,
at the design certification stage, more detailed information
on the ISI and testing of the reactor vessel and closure
head.

Regarding elevated temperature, the NRC staff will review
the ASME code cases used for the PRISM design upon
receipt of a design certification application.

For the certification review, the preapplicant should submit
a more complete analysis pertaining to failure modes for
the reactor vessel, addressing the importance of all failure
modes described in Code Case N-47, as well as synergistic
effects that may occur as a result of a combination of the
various failure and degradation modes.

‘5.3 Reactor Internal Structures
5.3.1 Design Description and Safety Objectives

The principal function of the reactor internal structures is
to provide the mechanical support and restraint of the
reactor core, reactor instrumentation, fuel transfer
equipment, and in-vessel stored fuel. Reactor internals
also provide restraint of the primary coolant system
components, direction for primary system flow, and in-
vessel radiation shielding. The reactor internal structures
also contain features to prevent the hydraulic fluid forces
from levitating core assemblies. All internal components
are classified as safety-grade. Most reactor internal
structures are specified for a 60-year service life. Items
that cannot reasonably be expected to last 60 years will be
designed to be easily replaceable.  Key internal
components are shown in Figure 5-4.

5.3.1.1 Core Support Structure

The core support structure consists of eight radial beams
welded to the bottom of the reactor vessel. This weldment
supports the primary sodium inlet plenum, the core barrel,
and core restraint rings. Taken together, these structures
restrain the core laterally and vertically.

The core is restrained laterally by the restraint rings
located near the top of the core and inboard of the core
barrel, and by the assembly nosepieces that meet the inlet
plenum. One restraint ring is provided at the top of the
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assemblies. The inner surface contour of the restraint ring
will closely match that of the outermost row of core
assemblies. Load pads are in place between the restraint
rings and the core assemblies. As lateral support is
provided only near the top and bottom of the assembly, the
core assemblies will be free to bow as dictated by
temperature differences and their metailurgical condition.

The primary sodium inlet plenum, located directly below
the core and above the radial support beams, contains 199
penetrations for the assembly nosepieces, and also contains
eight inlets from the EM pump discharge. Structurally,
the inlet plenum is comprised of upper and lower
horizontal flat plates, a large-diameter cylinder that seals
the two plates of the plenum, and six small-diameter
sleeves inside the plenum that support the upper plate.
The assembly receptacles are in the upper plate; the eight
inlet holes from the pump discharge are on the outer
cylinder. The lower plate serves as the vertical support for
. the assemblies.

5.3.1.2 Support Cylinder

The support cylinder extends upward from its connection
at the upper plate of the core inlet plenum to the upper
portion of the reactor hot plenum (Figure 5.5). The
cylinder supports all internal components except the core,
and also provides pressure and temperature separation
between the hot and cold sides of the primary system. The
functions supported by the support cylinder are discussed
in the sections that follow. The cylinder has a 3.04-m
(10-ft) outside diameter and 5.08-cm (2-in.) thickness at its
lower end, and 2.54-cm (1-in.) thickness over its top
1.22 m (4 ft) of length.

5.3.1.3 Fixed Shielding

Fixed shielding is used in the PRISM design to
limit activation of RVACS air and secondary sodium in the
[HX, to provide an adequate environment for neutron flux
monitors, and to limit secondary fissioning in the stored
fuel due to thermal neutrons in the hot plenum. Near-core
fixed shielding is carried out by four cylinders, two made
from steel and two made with B,C. The two steel shields
and one of the B,C shields are located immediately
outboard of the core barrel. The other B,C shield is
located inside the core barrel, to mitigate radiation damage
to the barrel. The core barrel shielding is exposed to the

. highest neutron flux and so has been designed as
" removable shield assemblies which can be replaced before

problematical deterioration of the B,C. All fixed shielding
is supported by the support cylinder. Additional shielding
just inside the support cylinder at the level of the IHXs
prevents activation of the intermediate sodium. The design
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5.2.4.7 Vessel Closure-Rotatable Plug

The rotatable plug is a non-integral, but mechanically
attached, part of the reactor closure, governed by the
closure design criteria. The basic structure of the RP is
much the same as that of the stationary part of the closure
having a 30.48-cm (12-in.)-thick load-carrying plate with
22 layers of insulating plate underneath and thermal
insulation on top. The RP has six penetrations for the
CRD lines, a port for the IVTM, an ISI port, and a port
for a cluster of above-core instrumentation conduits. In
addition to these penpetrations, the RP has the UIS and the
IVTM suspended from the underside. The vessel closure
head, including the RP, shall conform to the ASME Boiler
and Pressure Vessel Code, Section III, Subsections NCA
and NB, and also Code Cases N-47, N-48, N-49, N-50,
and N-§51. The designer has stated that the closure head
and the RP fall under the jurisdiction of the ASME Code,
Section 111, for nuclear power plant components, and shall
be designed to accommodate the load combination
prescribed therein without producing total combined
stresses in excess of those allowed by the code. ASME
Class 1, Class MC, or seismic Category I shall be
designed to withstand the concurrent loadings associated
with Service Level B conditions and the vibration effects
of 50 percent of the SSE. -

5.2.5 Evaluation

5.2.5.1 High-Temperature Environment — Stress
Corrosion

Type 316 stainless steel is specified for the reactor vessel.
Type 316 is an austenitic sensitized stainless steel, so stress
corrosion cracking of the reactor vessel becomes important
(Ref. 5.7). The PRISM retains the circulating sodium at
temperatures that exceed 700 K (800 °F) inboard of the
reactor vessel liner during normal operation so that sodium
in contact with the vessel walls remains below 700 K
(800 °F). However, during certain transient heatups of the
vessel, internal components, and the core, the primary
sodium in the vessel will expand and rise above the level
of openings in the liner. Natural circulation flow is
established between the vessel and the liner, and
temperatures near the vessel wall will approach core outlet
temperatures, which increase to between 867 K (1100 °F)
and 978 K (1300 °F) in these transients. Because stress
corrosion becomes more likely at elevated temperatures,
the designer will have to submit more complete
information at a later stage of the design review about
stress corrosion of the vessel, particularly with respect to
the core support structure welded to the reactor vessel.
Guidelines for the allowable stress limits of welds in the
vessel are being developed as part of ASME Code Case
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N-47, and will be reviewed as more design information
becomes available. More work is planned for
extrapolating of N-47 applicability from 34 years to
60 years, and the basis of extrapolation methods should be
submitted at a later date. The designer should develop
steps to minimize sensitization of stainless steel
components, particularly near welded components,
including appropriate heat treatments and processes during
fabrication, and quality assurance and quality control
programs. The PRISM design also specifies a low oxygen
level (2 ppm) and core outlet temperatures that will help to
minimize corrosion of the vessel.

5.2.5.2 Dynamic Sodium Environment

As a consequence of exposure to a dynamic sodium
environment, the vessel can experience two different types
of degradation: erosion-corrosion and property changes.
Erosion-corrosion decreases the effective load-carrying
thickness of austenitic stainless steels; property changes
can decrease time-dependent strength properties and
properties not dependent on time. This issue is also
considered in Section 5.3 (below) on reactor internals.

Erosion-corrosion rates are given in the Nuclear Systems
Materials Handbook (Ref.5.8), as shown in PSID
Figure G.4.3-12. This type of erosion or corrosion will be
more pronounced during reactor vessel heatup transients,
possibly in scenarios when only passive heat removal is
available. Because sodium in contact with the vessel is
stationary during normal operation, erosion of the vessel
should not be a major concem. This issue is further
discussed in Section 5.3 of this report.

Exposure to flowing sodium also produces changes in
material properties (Refs. 5.9 and 5.10). Two types of
effects that cause the changes are important: surface
effects and interstitial effects.