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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 wa: submitted by the U.S. Department
aof 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 Commussion review and
interaction with designers and licensees. The PRISM
reactor design proposed by DOE is for a small, modular,
pool-type, hguid-metal (sodium)-cooled reactor.  The
standard plant design for the PRISM consists of three
wentical power blocks with a total electrical output rating
of 1395 MWe. E ch power block compnses three reactor
modules, each with an individual thermal rating of 471
MWt. Each module is focated in its own below-gride silo
and 15 connected to 1s own intermediate heat transport
system and steam generator system. The reactors utilize
a metallictype fuel, a remary alloy of U-Pu-Zr. The
design includes passive resctor shutdown and passive decay
heat removal features,

The review approach and cniteria used by the staff are
directed toward meeting the guidance in the Comumission’s
Advanced Reactor Policy which states that advanced
reactors must, as a mimimum, provide at least the same
degree of protection for the public and the environment
that 1s required for current-genzration LWRs, The staff
has interpreted current-generation LWRs to be those
evolutionary designs currently under raview as standard
plant designs, such as the advanced boiling waler reactor.
Further, the policy states that the Commission expects
advanced designs to provide enhanced margins of safety.

i

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 crntena when necessary to
address the unique charactenstics of these designs, and to
require that they be assessed for enhanced safety.
Additionally, the staff created further critenia following the
guidance provided by the Commission in the Staff
Requirements Memorandum dated July 3C, 1993, that dealt
with key policy issues for the advanced reactors. In the
application of the existing regulations and guidelines, the
staff, 1 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 plani-
specific uncertainties 1o the devigns, and mamntaining
consistency with the guidance under development of future
LWRs for the treatment of severe accidents

The PSER 1s the NRC staff’s prelinunary 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 s conceptual
design, the PSER did not result in an approval of the
design. Instead it identified certain key safety issues,
provided some gwidancs on applicable licensing criteria,
assessed the adequacy of the preapplicant’s research and
development programs, and concluded that no obvious
impediments to hicensing 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 1s 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 &
site.  PRISM also uses an advanced metal-fuel (a
plutomum-uranium-zirconium alloy) 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
Commussion'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 Commussion’s views concerning the desired
characteristics of advanced reactor designs, and,

« 1o 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 guidelnes
outlined in NUREG-1226.

The review approach and criteria used by the staff are
directed toward meeting the guidance in the Commussion’s
advanced reactor policy statement which states that
advanced reactors must, as a minimum, offer the same
degree of protection for the public and the environment as
s required for current-generation light-water reactors
(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 reacior. Further, the policy states that the
Commission expects advanced designs to provide enhanced
margins of safety. The following nine 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, narural circulation).

* Longer time constants and sufficient instrumentation to
allow for more diagnosis and management prior {0
reaching safety system challenges and/or exposure of
vital equipment to adverse conditions.

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

s Designs that minimize the poiential 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.

s Designs that 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 satisfactonly
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 Appeodix G, These design changes are described
in Section A.2.2 of Appendix A of thus PSER.

In response to a Commission staff requirements
memorandum (SRM) (Ref. E.§), the staff commutted to
wentify 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 Reacto, Safeguards (ACRS) and
the preapplicant. In & 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 15sues are (1) accident
vvaluation, (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 Commussion 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 charactenstics 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 limuts and criteria
at least equivalent to those of LWRs for quality, design,
construction, and operation, and for the release of
rachation, maintaining defense in depth, providing for
conservatisms to account for plant-specific uncertainties in
the design, and maintaini ag consistency with the gwdance
being developed for future LWRs for the treatment of
severe accidents.

The staff assessment presented here 15 based on the
designer’s  expectations of systems and metal-fuel
performance in response to lransient and accidents,
including a hypothetical core-dhsruptive accident.  In
evaluating the sysiems and fuel performance expectations,
the statf 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 1s needed to support the expectations
are noted as either being covered hy current, ongoing
research and development efforts or by the planned
prototype reactor.  Guidance 1s also given on the
information that will need to be addressed during design
certification.

This PSER constitutes a record of the staft’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 nsk assessment performed by the
preapplicant, ncluding 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 staif 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 desigoer to address the concerns
identified. The staff expects that the designer will address
the concerns when DOE submuts 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 PSEDR. does not, nor is il intended to,
approve the design. For that approval, a formal
application must be submitted for Commussion review.
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PREFACE

This preapplication safety evaluation report (PSER) for the
power reactor innovative small module (PRISM) liquid-
metal reactor 1s being issued to document the review
performed by the Nuclear 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 Commussion.

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 1 a staff policy issue paper to the
Commussion (SECY-93-092, Apnl 8, 1993), The
Commussion 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, 1t will be necessary
for the staff to identify the data, analyses, acceptance
critena, 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 accomphish key
safety functions for reactor shutdown, decay heat removal,
and the containment of radioactive matenals.
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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
dentify those policy and technical issues that require
Commussion guidance or staff resolution for design
certification. The staff identified these issues duning this
preapplication review in a paper to the Commussion
(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 submutted 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 Pow-r 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
Electnic (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

» passive safety characteristics

» passive shutdown and decay heat removal features that
permit simplification

«  modulanty for reduced costs
« a reduced number of safety-related systems

The significant design revisions submitted in Appendix G
to the PSID n 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 constitu’e 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
preapphicant 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 Objeciives

The objectives of the PRISM project, as proposed by the
preapplicant, are to develop an advanced reactor design
with passive safety charactenstics, which wi'’ be reliable,
economical, and competitive with alternative electric power
generation sources available to the electric utility industry
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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 ¢ construci
and operate a full-scale prototypic safety test. The safely
test would not only provide the means o demonstrate
PRISMs safety performance, but would also serve as the
vehicle to obtain valuable operational expenence necessary
to support design certification.  Data from the safety test,
together with supporting analyses, would help to facilitate
the staft safety review dunng the design certification
process.

1.3 General Plant Description

The PRISM reactor design proposed by the designer, GE,
15 for @ small, modular, pool-type, liguid-metal (sodiun)-
cooled reactor producing 471 MWt power, Figure 1.1 18
4 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 15 located in its own below-grade
stio and 15 connected to its own intermediate heat transport
system (ITHTS) and steam generator system. The steam
generator and secondary system bardware are located in a
separate building and are connected by & below-grade
pipewsy. 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 contaiming sodum  purification
equipment.  The facility is being designed to pernut siing
at 90 percent of existing continental United States sites.
The designer has proposed a 60-year design life for the
facihity. The major plant charactenstics are hsted n
Table 1.1.

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

Table 1.1 PRISM plant characteristics and design data

Overall Plant

Number of reactors per power block

3

Number of power blocks

1/2/ot 3

Net electrical onLp

465/930'0r 1395 MWe

Net station efficiency

32.9%

Turhine throttle conditions

6653 kPa/555 K (965 psia/340 °F)

i

Thermal Power

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)

Fuel Metalhic
Refuchn& interval 18 months
Breeding ratio 1.05*
r-—-7

=
* Reference design, see Reference 1,12
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generator,  The reactor module s approximately 19 m
(62 ft) high and about 6 m (20 ft) in diameter and is in a
stlo below grade level. The reactor module and its
associated components are seismically isolated to reduce
hortzontal oscillations (Figure 1 4). The reactor module
enclosure consists of the reactor vessel, the containment
vessel, and the reactor closure head. The reactor vessel 1s
a 5.0Bcm (2 in.)-thick stainless steel vessel, 5.74 m
(18,83 f1) in diameter and 16.9 m (55 ft 7 in.) hugh. The
reactor contmnment vessel 15 & 2.5-cm  (1-in, )-thick
stainless steel vessel approximately 6,04 m (19.83 ft) in
diameter (Figure 1.5). A [5.2-cm (6 in.) diametral gap
filled with argon gas exists between the reactor vessel and
the containment vessel. The vessels are designed 1o permut
mservice visual inspection of the two vessels, The gap
between the two vessels 15 also intended to contain a
primary coolant leak without resulting in core uncovery,
Fhe reactor closure head 18 common to both vessels. The
closure bead is a 0.3-m (1 ft)-thick steel plate with a
rotatuble plug (Figure 1.6) for refueling, and with
penetrations  for  the primary coolant  pumps, the
intermediate heat exchanger system, and mstrumentation
ind  hardware The system is designed so that all
cntasnment penetrations only peneirate through the ¢losure
‘Il‘ﬂd
The PRISM core (Figure 1.7) 18 designed 1o use metallic
‘uel rather than oxide fuel. The core 1s designed to have
a 216 reactivity swing dunng the fuel cycle. Reactivaly
and power are controlled by six independently regulated
absorber assemblies (control rods).  Any one of the six
absorber ussemblies 18 capable of shutting down the reactor
and mauntaimng e core 10 a hot=shutdown condition. In
addition, (he reactor core 15 designed to utilize passive
reactivity  feedback mechanisms to give a negalive
reactivity coefficient for all design-basis transients. Three
GEMs, on the core periphery, insert negative reactivity
fapproximately -69¢) tollowing a loss-of-flow event, The
GEMs are discussed m detail in Section 4.3.5.6. An
ultimate shutdown system 18 located 1n the center of the
core to provide an alternative means of reaching cuold-
shutdown conditions if control rods cannot be inserted.

The mamn power system is displayed in Figure 1.8, The
primary coolant 18 forced through the core by four
electromagnetic (EM) pumps.  During normal operations,
the EM pumps receive power from the non-Class |E 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 “oastdown, similar to a centrifugal
pump, by four synchronous motor/generator machines,

NUREG-1368

B R TR =

The heat removed from the core 1s transferred from the
primary coolant to an intermediate sodium foop through the
intermoediate  heat exchanger.  The [HTS piping s
connected 1o the steam generator through a below-grade
pipeway (Figure 1.2}, The IHTS piping is enclosed in a
guard pipe o contain possible sodium leaks.  The
shutdown heat 1s removed by three systems: (1) the main
condenser, (2) the auxithiary (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 1s & state-of-the-art,
hierarchucal  distributed  nucroprocessor-based  digital
control svstem, An overview of the plant control system
(PCS) concept is shown m Figure 1,10 Plant operations
from 0«to-25 percent power are senuautomatic (manuvally
initiated, but automatically implemented).  This control
mode mnvolves a progression through a series of hold
pomnts or plant verification states.  Operation from 2540
100-percent power is fully sutomated, Each of the nine
reactor modules has an ndependent reactor protection
system (RPS) located in the reactor vault. but isolated from
the reactor module.  The RPS is & digital svstem entirely
independent of the PCS.  The RPS s a quad-redundaat
protection system.,

Aceording to the designer, GE, the PRISM design features
have been chosen (o prevent core- melt/ cure-damage @vents
that previous TMR designg have traditionally  been
designed o accommodate, Avcordingly, traditional
containment and emergency plannmg have not been
proposed tor the PRISM design because, 1t is suggested,
the likelihood of events occurnayg needing such mutigation
features has besn reduced below that which needs to be
considered in the design,

14 Comparison With Other Liquid-Metal
Reactors

The PRISM design has considered worldwide LMR
expenence o date. This expenence base i from operation
of & number of facilities. The major facilities are hsted in
Table 1.2, Each of these faciliies uses a unique
combination of shutd ywn systems, shutdown heat removal,
and containment/confinement. Operating experience with
the more recent smaller facilities such as Experimental
Breeder Reactor-1l (EBR-11), Fast Flux Test Facility
(FFTF), and Phenix has been very good. The largest
facility, Super Phenix, has had some operational problems
in recent years swice 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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Seismic isolation System
Characteristics

Safe Shutdown Earthquake (SSE)

— Design Requirement  0.3g (ZPA)
— Design Capability 05g

Lateral Displacement

— at0.3g 7.5in.
— Space Allowance

- Reactor Cavity 20in.
- Remaining
Structures 28in.
Natural Frequency 0.75 Hz

Lateral Load Reduction >3

Rubber/Steel Shim Plates

e = 1/ Rubber Coating

Seismic Isolator (31)

Figure 1.4 PRISM seismic isolation sysiem
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Figure 1.5 PRISM reactor containment design
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Table 1.2 Major world LMRs (operating or under construction)

o
Thermal Date

Power Design Critical Country
EBR-1 62.5 MW Pool 1963 U.s.
Joyo 100 MW Loop 1977 Japun
FFTF 400 MW Loop 1980 U.§,
PFR 559 MW Pool 1974 U.K.
Phenix 563 MW Pool 1973 France
Monju 714 MW Looy - Japan
SNR 300 736 MW Loop » FRG
BN-350 1000 MW Loop 1973 USSR
BN-600 1470 MW Poo! 1980 USSR
Super 'Jl:h_cnm 3000 MW Fool 1983 France

R e e s

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

The technology development work for the PRISM was
wdentified in four phases: these phases relate o major
phases 1n the ALMR design development program
(Figure 1. 111

s Phase | (1985-1988)
Feasibility tests (conceptual design)

*  Phase Il (1989-1993)
Key features lests (advanced conceptual
design;

Phase 111 (1994-1997)
Components  and  subsystems  (ests
(preliminary and detailed design)

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

Dunng Phase [, which comncided 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
charactenstics. A senies of demonstration tests carried out
by Argonne National Laboratories (ANL) with the EBR-1!
clearly showed the capability of a small metal-fuel core to
accommedate unprotected loss-of-flow and loss-of-heat-

NUREG-1368

sink events with benign consequences. These (ypes of
events were previously considered as typical iitiators for
hypothetical core-disruptive accidents.  From these tests,
ANL showed that core outlet or inlet temperature increases
lead to pegative reactive feedbacks so that 2 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 tor & muxed-oxide core
with mpe GEMs located at the periphery of the core to
enhance neutron leakage following the loss of core inlel
pressur

The capability for air natural circulation cooling of the
reactor vessel for shutdown heat removal was demonstrated
with tests 1 the FFTF interim decay storage tank facility
and additional full length channel tests conducted at ANL
using an annuiar 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
sigmficant heat removal capability 1s retained.

Seismic isolation 1s included i the ALMR design to
protect the reactor module and its safety equipment from
potentially damaging ground motons duning 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
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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 electncal insulation operates at elevated
temperatures (near 811 K (1000 “F)). Specimens tested in
ovens indicated potential insulation operating Jife in excess
of €0 years at the peak insulation tunperature expected
under normal reactor operation,

The reactor thermal-hydraulic charactenstics 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 I 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 Phases | and [l of a mechanical
performance test of a 1/d-length, full- diameter
segment of the EM pump

The ymproved Phase 11 test module was exposed to &
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
har 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 aad 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 1in EBR-1I

« completion of devel:paont 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 charactenization of bearings include
the exposure of rubber specimens to low gamma-
irradiation at the EBR-II sodium punfication cell.

o testing of a 70-MW1 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 charactenstics 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-I1 [HTS after 5 years of testing

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

The additional work planned 1n Phase 1l will complete the
key features tests. Information on these tests is not
available at this time; however, the following
accomphishments 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 charactenistics of key
reactor shutdown system components including latch
solenoids and bellows in & prototypical environment
and venfication of the performance of the absorber
release mechanism

1-16



*  post-test examination of the 76-MW! 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 specilivation of supplementary key features tests

» 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

» thermal-hydraulic tests using a water simulation model
to evaluate flow stability under the range of operating
conditions and temperature distnbutions at vanous
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

s reactor shielding evaluations 1n 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 I1I of the technology
development program will include the testing of key
ALMR components to verity performance charactenstics
and safety response in a prototypical environment. This
work will be completed dunng 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 dunng Phase [11 include

»  performance and safety testing of the seismic isolation
system

o performance testing of a prototype EM pump

» performance testing and failure recovery tests for a
prototype IVTM

« performance and reliability testing of two control dnive
prototy pes
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s performance and reliability testing of the ultimate
shutdown system

» completion of structural materials qualification

« performance and rehability testing of automated
controls system prototype

« completion of tests supporting the license certification
effort

For Phase [V, safety tests have been scheduled with the
prototype reactor maodule 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 1V safety testing
and performance verification program will include the
following tests:

s 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 charactenstics with forced
vibration and forced displacement/snapback tests

s demonstration of the on-line maintenance and in-service
inspection capability of the PRISM maodule

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
umportant to its safety and viability, Because of the
differences in design from an LWR, certain issues of a
policy nature arose that require Commussion review and
guidance. These policy issues are listed here, and are
discussed in dJetail in Section 3.1 of this report.

» accident evaluation

o calculation of source term

* containment performance

» emergency planning

¢ operator staffing and function

s residual heat removal

* positive void reactivity coefficient

= control room and remote shutdown area design

These issues were also discussed 1n a paper sent to the
Commission on Apnl 8, 1993 (SECY-93-092). The key
pohicy issues were also reviewed by the Advisory
Committee on Reactor Safeguards (ACRS) ut a meeting of
the full committee ¢1 January 6, 1993, The Commission
approved the staff's recommendations contained in the
policy issue paper i a staff requirements roemorandum,
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 appropniate sections of this report. Each
chapter or major section within each chapter of this report
dentifies the scope of its review. The staff directed its
review principally in the areas of review approach and
critenia, nuclear design, reactor physics, resctor vessel
integrity, the passive heat removal system, safety analysis,
and PRA. Less of an effort was expended in areas of
mstrumentation, 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 1ssues
were identified.  The staff did not review the areas of
mechanical equipment design, the modeling of fission-
procluct transport, and other phenomena involving chemical
processes for which experimental data are important to the
statl acceptance of any models proposed

1.7 Review Approach and Criteria

The guidance used by the statf in reviewing the PRISM
design is that provided by the recent Commission policies
on  advanced (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
(Ret. 1.5). In general, the review approach used by the
staft was one that parallels the review approach used on

reactors
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LWRs. The many factors that contribute to LWR safety
(such as conservative design practices directed toward
accident prevention, and the wse 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 determuned by
measurement against a single parameter (such as the satety
goals) or by comparing PRA results with LWR results.
Although PRA analysis is a useful tool in evaluating a
design, the staft does not consider it to be developed to the
pomt vwiere it can be used as the primary measure of
reactor safety or acceptability. The staff relied primarily
on & determunistic review to ensure that adequate
conservatism and defense in depth are maintained o 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 analysic of radionuchde releases for
a range of low-probability events (equivalent to severe
accidents (n LWRs) was substituted for the traditional,
non-mechanistic, large source term (which 1s representative
of a source term from a core-melt accident) utifized 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 & 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 15 a shift in
emphasis 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-hy-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 summarnized 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 categonies (ECs) for the evaluation. These ECs, 1n
general, correspond to traditional LWR event categories as
follows:

= EC-1  Anticipated Operational Occurrences
* EC-II  Unlikely Events
» EC-IT! 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-]1
in the design 15 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 ot a mechanistic
calcuiation 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 engineening 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
categonies 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 majonty 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 [l (Ref. 2.2) by GE in March 1980, The
exception to the GESSAR Il envelope is the snow load,
3.83 kPa (80 Ib/f) for PRISM versus 2.39 kPa (50 Ib/f)
for GESSAR II. The below-grade design of the PRISM
and the top structure pernut 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
3.22 km (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 | through [l (EC-1 through ~1II), 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 preapphcant:

aircraft impact

explosion

flammable vapor clouds

toxic chemicals

fires

collisions with intake structures
hquid spills

2-1

The PRISM siting envelope parameters are summarized n
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 thal the siting characteristics
specified for PRISM are reasonable and meet the intent of
Regulatory Guide 4.7 (Ref. 2.6). Tne acceptability of the
proposed siting source term is contingent upon final
Commussion 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
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2.2. General Electric Co., "GESSAR II, BWR/6
Nuclear Island Design, " (22A7007, Rev. 21) (Initial

issue March 1980).

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

U.S. Nuclear Regulatory Commussion, Code of
Federal Regulations, Title 10, "Energy,” Part 100,
“Reactor Site Criteria.”
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Site Location and Description

Table 2.1 Components of GE's proposed site suitability source {erm

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

wkﬂ Asm.n&'uns RG 1.4 (Ref 2.5)

* Repiesentative of large core damage

Table 2.2 Proposed PRISM siting parameters

ﬂ — g |
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/br (5 mph) munimum 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 107 sac/m’ (5 %)
dispersion conditions
Temperature range 233 K (40 °F) to 319 K (115 °F)
Hydrological
Ground water level 0.6l m(2f) heluﬂmdc
Flood leve! 0.30 m (1 ft) below grade
Maximum rainfall rate 10.16 cm/hr (4 in. /hkr)
Maximum snow load 3.83 kPa (80 Ib/ft?)
Maximum cooling water 311 K (100 °F)
temperature
Seismological
Safe-shuidown earthquake 0.3g hornizontal and vertical free-field as
(SSE) measured at grade level
Operating-basis earthquake 0.15¢ '4 SSE '
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3.1 Review Criteria

The review approach and review criteria applied to the
Power Reactor Innovative Small Module (PRISM) design
are, n some cases, different from those applied to
conventional hight-water reactors (LWRs) because of the
unique design characteristics of the PRISM. Major
differences in critena 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 removas

»  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
charactenstics of the design which, because of its moduiar
scheme and 1ts 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 seram, station
blackout, and multiple operator errors.  Accordingly, the
staft has studied the fundamental technical issues associated
with each of these areas and bhas developed an approach
and recommended critena to address each issue.  The
approach utilizes the guidance in four documents as the
basis tor denving a set of proposed decision criteria
against which the PRISM concept was reviewed:

(13 the Comnussion’s Advanced Reactor Policy
Statement (51 FR 24643) (Ref. 3.2)

(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 cniteria used by the staff are

directed toward meeting the puidance in the Commussion s
Advanced Reactor Policy which stales that advanced

3 REVIEW APPROACH AND CRITERIA

reactors must, as a munimum, provide at least the same
degree of protection for the public and the environment
that 15 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 charactenstics of these
designs, and to require that they be assessed for enhanced
safety. In the application of the oxisting 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 tor future LWRs for the treatment of severe
accidents. Each of these considerations 1s discussed in this
first section of Chapter 3.  However, because of the
tundamental importance of the defense<in-depth principle
to reactor safety, its application to the PRISM concept 15
addressed first

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

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

{2)  high relisbility, 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

{3y  mitigative capahility to delay and Lt the release
of fission products to the environment 1n the event
an accident leads to the failure of one or more
barriers to radiation release
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(4)  emergency planming for protecting the public in the
event radiation released from the plant excesds
acceptable himits

In general, the PRISM designers have attempted to
maintain the defense-in-depth concept by addressiny the
four categones listed above, The PRISM designers have
aanroached plant design and the means of maintaining
aeiense 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 rehability 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 maintamning fuel integrity even for very unlikely
events, Mitigation s 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
LLWRs, 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 charactenistics 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 cntena directed toward the
accdent-prevention aspects of defense in depth for the
PRISM are intended to require acodent prevention
capahilities at least equivalent to those required for current
LWRs. The onteria directed toward the protection and
mutigation aspects of defense in depth are ntended to
provide protection to the pubhic and the eavironment,
against the release of radiation, at least equivaient to that
provided by LWRs.  The critena directed toward
emergency planning are intended to provide an equivalent
level of protection in consideration of the characteristics of
™. PRISM design.

In assessing the PRISM design, the staff used the existing
general design cntena (GDC) i 10 CFR  Part 50
(Appendix A) (Ref. 3.6) as the mnitial framework for its
review, Specific entenia have been proposed for each of
several important issues associated with the PRISM
concept.  The cnterta could be applied in the review of
any reactor design that was significantly difterent from
current-generation LWRs. 1t should be emphasized that
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the proposed cntena were developed with  full
consideration of technical and policy issues and are
directed toward ensuring a level of safeiy 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 statf proposed more specific critena
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
preapphication review would serve as a reasonable basis for
finding the design ccceptable 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, rated supporting technology and
research, hmited construction and operating experience,
and incomplete information on the proposed metallic fuel.

The proposed GDC stem from cniteria 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 L WR rules
and regulations are iterpreted 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 apphicability to the PRISM design and
were supplemented, as necessary, to account for the
difterences and unique attnbutes of the design as
compared to LWRs. The following majos
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 n the 10 CFR Part 100 siting
determination,



(2)

3)

(4)

« 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).

+ Identify important severe events to be
considered in the design.

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

» Evaluate design-dependent features provided for
mitigation and acciden! 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,
cnieria associated with FP release — fuel damage
limits, pnmary 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 pnor to design certification via
testing on the first of a kind or prototype plant
50 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,

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

Ao

Review Approach and Criteria

3.1.2 Proposed Licensing Critesia 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 determinisucally
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 Commussion policy guidance.

« 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
Commussion and are discussed in Section 3.1.2.2 of
this report.

» A set of events will also be selected determimistically to
(1) assess the safety margins of the proposed designs,
(2) to determine scenanos to mechanistically determine
a source term, and (3) to identify a containment
challenge scenano.

»  External events will be chosen determunistically 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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reactors on site for the given scenario for all operations
permitted by proposed operating practices,

Consideration 1n the design of a spectrum of accidents
beyond the traditional LWR design-hasis accident envelope
was considered necessary for the PRISM. Consideration
of such a spectrun - © pecidents (1) ensures that advanced
designs comp', viih the Commission's Safety Goals and
Severe Acc cent Policies (Refs. 3.4 and 3.5), (2) provides
a sufficie. t test of the capability of the design to allow use
of mechanistic source terms for siting determinations and
for decision.  regarding containiment and emergency
evacuation pians, and (%) easures that the shift in emphasis
in defense i depth from accident mitigation to accident
prevention, as compared o LWRs, does in fact provide a
design with safety at least equivalent to that of current-
generation LWRs. Therefore, a set of event categonies
corresponding to events that must be used for design,
siting, and emergency planning purposes was defined.
Events to be included in ecach 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
charactenstics of the proposed designs, and assessing the
adequacy of their containment systems and offsite
eroergency planning. The staff proposed the following
event categories.

Event Category 1 (EC-1):  This category of events for

advanced reactors would be equivalent to the current
anticipated operational occurrences (AOOs) class of events
considered for LWRs.  The frequency range for these
events is approximately 107 per plant-year, or greater,
which corresponds 1o the frequency of events that may be
expected to occur one or more times during the life of the
plani. These events would be analyzed in a manner similar
to the analysis for LWRs to demonstrate compliance with
Appendix | to 10 CFR Part 50 (Ref. 3.6) and 40 CFR
Part 190 (Ref. 3.8).

Event Category 11 (EC-1I):  Thus 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-11 would

(1) 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 ocour over
the lifeume of & population of reactors—100
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
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collective nsk  of most potential DBAs arc
considered 1n the design and to asccount for
uncertainties, particularly for a preapplication
review, (Currently, GE considers all individual
events that might occur at & frequency higher than
10¢ per reactor-year to be design basis events
(DBEs). GE analyzes these events in a
conservalive manner, )

(2)  Include a traditional selection of design-hasis
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 Cutegory U1 (EC-111): 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 prevention
15 proposed. The events in this category would be selected
using engineering judgment, complemented by PRA
insights. This 1s consistent with the guidance provided n
the Commussion'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-111
would

(1) Include events (less-likely internal initiating events
plus multiple-failure event sequences) down to an
individual sequence frequency of approximately 10”7
per plant-year. The selection of 107/yr is based
upon ensuring that the cumulative nisk 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-1I would be
consistent with their application to future LWRs,
which 1s currently being developed as part of the

implementation  of the Commission’s Severe
Accident Policy.,
(2)  Include, based on engineering judgment, additional

bounding events to account fos

plant-specific



uncertainties.  Selected bounding events for the
PF 'SM 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
evenl selection and use 15 described in
Section 15.3.4 of this repont,

In selecting the events to be included in EC-1[1, 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 15 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-11,

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 a 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 n greater
detail in Section 15.3.4 of this report.

The Office of Nuclear Regulatory Research (RES) has
deveioped 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
likelthood of an wmitiating event.  Subsequent failure
probabilities are not needed to determine the sequence end-
stale (or event category ).

The sequence information resulting from the solution of
event trees can be used to (1) clanfy each sequence,
(2) wWentify the systems significant to safety, and
(3) identity key operator actions. Each sequence in the
event tree can be evaluated to determine its event categon
(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-1l, EC-1II, and EC-1V.
These ECs were defined to help identify scenanos to be
analyzed by an applicant for design cartification. 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.  Scenanos sumlar to those in this
category might be selected by the staff as anticipated
operational ocourrences for anelysis by an applicant

Review Approach and Criteria

« The RES EC-II category was defined to include low
frequency imitiators and single component or operator
failures. These scenarios might occur once in the
lifetime of a population of plants. Some of these
scenanos 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 determune licensing source terms and to
assess containment (or mitigative) capabilities.

s 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 critena for categonizing 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 categonzation to
the PRISM preapplication evaluation presented in Chapter
15 of this report. However, for comparative purposes
RES EC-1 would be equivalent to the PRISM classification
of both “normal operation” (frequency 2 10" per
reactor-year) and "anticipated event” (10 > frequency 2
10° per reactor-year); RES EC-1l would be equivalent to
the PRISM classification of “unlikely event” (10° >
frequency = 10 per reactor-year); RES EC-I1T would be
equivalent to the PRISM classification “extremely unlikely
event” (10* > frequency 2 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-1I
and EC-1II would be an order of magmtude lower to
account for uncertainties in the conceptual design phase.
The RES method does not rely on a frequency estimate to
categornze any given sCenano.

3.1.2.2 Siting Source Term

Source term development for advanced reactors could be
based on mechanistic analysis 1f

s  The performance of the reactor and fuel under normal
and  off-normai  conditions is  sufficiently  well
understood Lo permit a mechamstic analysis. Sufficient
data should exist on the reactor and fuel performance
through the research, developmenti, and testing
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Begin sequence
avaluation

Is initiator frequency

greater than No A
or equal to 10% ? Sheet 2
Yeos
No failures Single failure Double failure Triple failure
in sequence exists axists axists
in sequence in sequence in sequence,

Notes:

NUREG- 1368

Single failure denotes cne component failure or one operator
ermor.

Double failure denotes one system failure or two component

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

Sheet 1 0of 3

Figure 3.1 RES event category logic diagram
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Sheet 1

Is initiator frequency
greater than No 8
or equal to 10*7? Sheet 3

Yes
No failures Single failure Double tailure Triple failure
in sequence exists exists exists
in sequence in sequence, in sequence

seyuence

Category
EC-I

Bin E

Notes: Single fallure 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 multiple failures which exceed the criteria

for double tailure

Sheet 2 0f 3

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

Is initiator frequency
greater than
or equal to 107 ?

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

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

Sheet 3 of 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 relesses. 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-ll spectrum perform a conservative
evaluation of EC-I1 sceparios and calculate source,

* Using the EC-III spectrum perform a best-estimate
evaluation of EC-I11 scenanos 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-11l conditions to
produce adequate confidence in the mechanistic analysis
methods used.

» Ensure that none of the EC-I1 and EC-11I scenanos are
on a threshold where a slight change in assumptions or
uncertainly can cause an unacceptable change 1n
source.

The dose guideline specified for EC-1I events 1s based
upon maintaining a dose guideline equivalent to that for
LWRs where mechanistically calculated source terms are
used (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 gwidelines. The dose guidelines for
EC-11 1s 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 1s high and
there 15 confidence in licensibility at a later review stage.

Review Approach and Criteria

The dose guideline specified for EC-III events i1s based
upon applying the same siting dose guideline as 15 applied
to LWRs (1C CFR Part 100) to those events that are being
analyzed in place of the traditional non-mechanistic LWR
source term (1.e., EC-IIl 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-111
1s meant to ensure, at the preapplication stage, that the
likelihood of meeting the Safety Goals is high and there 1s
confidence that future licensability 15 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-11 10 % of 10 CFR Part 100 Conservative
EC-I1I 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-event 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 1s 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
reeulation. 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
helieves 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,  Accordingly, the staff proposes to utilize a
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
contzinment performance with the following accident
evaluation criteria:

*  The containment design must be adequate to meet the
onsite and offsite radionuchide release limits for the
even! categones to be developed as described in the
accident evaluation section, Section 3.1.2.1 of this
report.

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

These cntena are intended to maintain at least the same
level of protection of the public and eavironment (by
specifving 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
us 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 heense will be issued unless the NRC finds that
there s reasonable assurance that adequate protective
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measures can and will be taken in the event of &
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 1s 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 ohjectives of achieving very
low probabilities (< 1.0x10° 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 ime. 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 preapphicants as an essential element in
the regulatory philosophy of "defense in depth,” which 1s
consistent with the current regulatory approach. This
philosophy, briefly stated (1) requires high quality o the
design, construction, and operation of nuclear power plants
to reduce the likelihood of malfunctions; (2) recognizes
that equmpment 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 oceur,
thus requining 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 mformation is obtained from accident evaluations
conducted by preapplicants and licensees, 1t 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 himited to, size of the EPZ,
the frequency of exercises, and notification requirements.
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Review Approach and Criteria

safety-grade. A separate, alternate, remote shutdown
faciliny (RSF) with 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 15 a seismic Category [ structure with operator access
provided through a seismic Category 1, tornado-hardened
underground tunnel connected to the control room.

The staff believes that the operator remains a cnitical 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 managirg 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 menitonng of upset
conditions as an event sequence progresses. The staff
believes human performance will still play a large role n
the safety of the advanced reactor plants and that the
quality of support provided by a safety-related, seismic
Category | and electncal Class 1E control room s
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 funcions, The location and qualification of the RSF
areas should also ensure protection of the remote shutdown
operations to the greatest extent possible.  Therefore, the
staft will apply current LWR regulations and guidance to
the review of the PRISM design at this time. This wall
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 existance of a positive sodium void coefficient, or any
reactivity feedback effect that tends to make & postulated
accudent mose severe, 1s 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 nomunally $5.50,
If radial blankets are included, the sodium void worth 1s
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 —B80¢
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preceding the onset of sodium vording. 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 1] 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
statf concludes that a positive sodium void coefficient
should not necessarily disquality 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 resuit of the positive vond coefficient.
When reviewing these analyses, the staff will take into
account the overall nsk perspective of the designs.

3.1.2.8 Residual Heat Removal

The PRISM design 1s 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
contsinment 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 generatea 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 1s then cooled by transferring the residual heat by
natural circulation in the completely passive RVACS.
Cooler wir from outside the plant flows downward into the
below-grade reactor silo, where it 15 turped inward and
upward to be heated by the outer surface of the
containment vessel and a special collector evlinder, The
heated air then flows out of the silo and s released to the
atmosphere.  The RVACS s completely passive and
always in operation. The RVACS is proposed as a backup
system to noimal non-safety-grade cooling through the
intermediate heat transport system, the steam generaior,
and the condenser. If the condenser 1s not available for
cooling, but the intermediate sodium loop remains
available, then the non-safety-grade ACS supplements the
RVACS The RVACS design-basis analysi< (performed by
GE) results in high-temperature conditions, within design



limits, tor an extended period of time even if no other
system 15 operated. However, use of the ACS in
conunction with the RVACS can limit peak coolant
temperature tor decay heat removal to about 1S K (27 °F)
above normal operating temperatures.  According to the
designer, the ACS was included in the plant to reduce the
number of RVACS transicats and to have this system
avatlable to cool the plant passively along with RVACS
whenever there 1s sodium in the intermediate heat transport
system.

Current LWR critenia (GDC 34) require the RHR 1o
function using only safety-grade systems, assuming a loss
of either onsite or offsite power, and assuming a single
fatlure 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 plaot to &
safe-shutdown condition within 36 hours after reactor
shutdown. Branch Technical Position RSB 5-1 also states
that the RHR function musi be performed in a reasonable
period of time following reactor shutdown.

The tume requirad to cool the reactur down to the hot
standby temperature of 561 K (550 °F) 1s approximately
B0 days using RVACS-only cooling, unless the ACS or
normal heat removal system 1s restored. The safaty-grade
RHR system 1s completely passive and in continuous
operation.  Continuous performance monitoring of the
passive system s 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
temperatore 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 drnving force, ehiminating the necessity
for pumps, molors, and associated control equipment.
However, temperatures  significantly  above normal
operating values may exist in the vessel and internal
structures for long penods of time and, therefore. creep
dattiage may be more likely as & result of the long-term
high-temperature transients.

Stmular 1ssues were wentified for the RHR system of the
passive | WR designs. In SECY-93-087 (Ref. 3.15), the
staft discussed issues relating to the (1) ability of passive
svstems o reach safe shutdown, (2) definition of a passive
farlure, and (3) treatment of non-satety-grade systems that
reduce challenges to the passive systems,  The stalf
believes that ultimate rebance on a single, completely
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Review Approach and Criteria

passive, safety-related RHR system may be acceptable
Although these issues have not been resolved, the staff
proposed recommendations to  the Commussion for
resolving them (Ref. 3.1), In performing its detailed
design evaluation, the staff will ensure that NRC
regulatory treatiment of non-safety-refated 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 preapphicant 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 ¢ntenia® refers to the PRISM design and "general
design critena” refers to the criteria in Appendix A to
10 CFR Part 50.

This evaluation 1s based on a review of the following
documents: (1) PSID Section 3 1 and PSID Appendices
F.1, F.2, F.3, G4.1 (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
{Ret. 3.2); (3) ANSI/ANS-54.1, "Amencan  National
Standard, General Safety Design Critena tor a Liquid-
Metal Redctor Nuclear Power Plant,® which is an industry
scandard on GDC for a hiquid-metal reactor (LMR)
(Rot. 3.17); and (4) NUREG-0968, "Safety Evaluation
Repost Related to the Construction of the Clinch River
Breeder Reactor Plant,” dated March 1983, which
evaluate | 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  critennia  for the PRISM  design i PSID
Section 1.2,1, These design critenia are divided into two
categones. power generation design critena and safety
design cnterie.  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 oot 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 critenta do include additional criteria as, for
example, protection against sodium/water reactions. These
safety design criteria were not reviewed agamnst the
preapplicani’s proposed GDC or the GDCin 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 i1s required for
an apphcation for a standard design certification.

Section 50.34(a)(3)(1) requires that the preliminary safety
analysis report for an LWR nuclear power plant design
include the principal design critena 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 plani can be operated without undue nsk
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 critena 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

Statement

Policy

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 critenia, 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 Commuission stated that it intended to
use existing LWR regulations where they are apphcable 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 s not an LWR design. It is an
advanced liquid-metal reactor (LMR) design. The PRISM
design 15 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 companson also
assisted the staff in determuning if the PRISM design has
al least the same degree of protection that 1s required of
current-generation LWRs (1.e., Item (1) above),

3.2.1.3 Clinch River Breeder Reactor Plant Review

Before the Commussion 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
recognitions that the licensing critenia for the non-LWR
reactors would be developed using the criteria for LWRs
to the extent practicable. The wording “comparable level
of safety” 15 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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Table 3.1 GDC applicable to the PRISM design, by GDC number

32, 42, 43 52, 53, 54, 56, 60,
62, and 63

—_— =
GDC Categories Staft Evaluations by Preapplicant Proposal
GDC Number by GDC Number
GDC directly b, 2.3,8, 10, 11,313 14 )i A0S, 50, 11,1218
applicable 16, 18, 20, 21, 22, 24, 29, 30, 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 cntena

Sections 3.2.4.1, 3.2.4.2, and
3.2.46

None

GDC for which the NRC staff agrees with
the preapphicant

Lok 8,09, 3010, 1318, 54;
16, 18, 20, 21, 22, 24, 29, 30,
32,735, 39, 51,52, 83,54, 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

A; 19,17, 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

NUREG-1368

‘ [’l ¥ nlteimGC 3 15 discussed under that GDC.

3-16




Nt

Staft
Preapplicant
Position
Revisions' on Lhe

G

I Overall Regquirements

i1 Protection by Multiple

Fission Product Barriers
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Table 3.2 (continued) Summary evaluation of GDC

NUREG-1368

I T I IR
E GDC GDC GDC Staff/
GDC Number/Title Directly Applicable Not Preapplicat
Applicable’™ With Applicable™ Position
Revisions™ on the
GDC™
Staft/Preapp. Staff/Preapp. | Staff/Preapp.
1 Protection and Reactivity Control
L Syitems ;
20 - Protection System Functions X/ X Agreement
21 - Protection System Rehiabtlity 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 I X X of Disagreement
Reactivity Control Malfunctions
26  Reactivity Control System Redundancy I X / Disagreement
and Capability
27 - Combined Reactivity Control Systems X /X Disagreement
Capability
28 - Reactivity Limits X/ X Disagreement
29 - Protection Against Anticipated X/ X Agreement
Operational Occurrences
| 1V_Fluid Svstems
30 < Qualit * ui Kk actor Coolant Pressure X 1 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 X/ X Disagreement
34 - Residual Heat Removal /X X / Disagreement
s
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Review Approach and Criteria

Table 3.2 (continued) Summary evaluation of GDC

=T
GDC GDC GDC Staft/
GDC Number/Title Directly Applicable Not Preapplicant
Applicable’” With Applicable™ Position
Revisions'™ on the
GDC™
Staff/Preapp. Staff/Preapp. Staft/Preapp.
54 - Piping Systems Penetrating Containment X/ X Agreement
55 - Reactor Coolant Pressure Boundary X / /I X Disagreement
Penetrating Containment
56 - Pnimary Containment Isolation X / X Agreement
57 - Closed System Isolation Valves X . Disagreement
-4
60 - Control of Releases of Radioactive X/ X Agreement
Matenals to the Environment
61 - Fuel Storage and Handling and S X / Disagreement
Radioactivity Control
62 - Prevention of Criticality in Fuel Storage X7 X Agreement
and Handling
63 - Monitoring Fuel and Waste Storage X/ X Agreement
64 - Mumlnnn* Radioactivity Releases I X X / Disagreement l

*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 15 in the category represented by the column.
"Agreement” indicates that the “taff and the preapplicant are in agreement with the applicability of the GDC 1o the

PRISM design and
preapphicant are NOT in agreement.

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

F e
GDC Number/Title Staft/Preapplicant Changes Proposed hy NRC Staff
Position on the to Revise the GDC
GDC
4 - Environmental and Dynamc Disagreement Delete the last sentence of the GDC, add a phrase at
Eftects Design Bases 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.
15 - Reactor Coolant System Disagreement Add the phrase, "sodium heating system,” to the list
Design of systems associated with the reactor coolant system.

16 - Containment Design Agreement Incorporate the Commission's decision on the
containment leak rate policy 1ssue submitted in Policy
Issues Paper'

17 « Electric Power System Disagreement Add the phrase "normal operation, including” to the
words "anticipated operational occurrences” in [tem

- (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.

H1 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
Requirements for Reactivity control rods in the last line of the GDC.
Control Malfunctions
i = ezl
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Review Approach and Criteria

Table 3.3 (continued) Summary of (1) changes proposed for and
(2) recommended additional genera! design criteria

Redundancy and Capability

SRR
GDC Number/Title Staff/Preapplicant Changes Proposed by NRC Staff
Position on the to Revise the GDC
GDC
1T Protection and Reactivity
| Control Svstems (cont.);
26 - Reactivity Control System Disagreement Incorporate the Commission’s decision on the control

rods policy issue submitted in Policy [ssues Paper!”!,
delete the phrase "(including xenon bumup;” 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
tsmperature is lower than normal operating conditions,
ana add additional sentences discussed m

Section 3.2.4.22.

27 - Combined Reactivity
Control Systems Capability

e

Disagreement

Delete the phrase "in conjunction with poison addition
by the emergency core cooling system”

28 - Reactivity Limits

Disagreament

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

31 - Fracture Prevention of
Reactor Cooiant Pressure

Boundary

Disagreement

Add the nhrase "effects of coolant chemustry” to the
phrase "effects of irradiation on material properties™ in
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-0968"
and Criterion 3.4.1 of ANSI/ANS-34.1-1989%
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Table 3.3 (continued) Summary of (1) changes proposed for and
(2) recommended additional genera! design criteria

Removal System

FM' Fi SSSaa
GDC Number Title Staff/Preapplicant Changes Proposed by NRC Staff
Position on the to Revise the GDC
GDC
v i 01
39 - Inspection of Containment Agreement Delete references to a torus and sumps and add
Heat Remaoval System pumps to the list of examples of umportant
components.
40 - Testing of Containment Heat Disagreement Delete the word "water” from the phrase “cooling

water system.”

41 - Containment Atmosphere
Cleanup

Disagreement

Add the phrases "sodium aerosols” and "combustion
products,” and add the phrase that the containment
cleanup systems should consider “the effects of
sodium leakage and its potential reaction with oxygen
and 1its 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 - Inspection of Cooling Water Disagreement Change the title to "mnspection 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™ trom the
phrase "cooling water system” in the first sentence,
and delete the phrase "for reactor shutdown and for
loss-of-coolant accidents” in Item 3 of the GDC.

Vv 3 i s

50 - Containment Design Basis Disagreement Delete reference to 10 CFR 50.44™ in Item 1 replace

NUREG-1368

of the GDC.

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 |
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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

Position on the

Changes Proposed by NRC Staff
to Revise the GDC

Releases

GDC
51 - Fracture Prevention of Agreementl Replace the phrase “fernitic 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 houndanes” 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
61 - Fuel Storage and Handling Disagreement Add a sentence that "The fuel handling and its
and Radactivity Control interfacing systems shall be designed to minimize the
potential for fuel handling errors that could result in
fuel damage. "
64 - Monitonng Radioactivity Disagreement Delete the phrase “spaces containing components for

recirculation of loss-of-coolant accident fluids.”

Criterion 3.2.5.1 - Protection
Against Sodium Reactions

This criterion would involve designing the S8Cs to
limit the consequences of chemical reactions resulting
from a sodium leak. It should reference ANS 54.8
1988% . This 1s Criterion 4 of NUREG-0968% and

Criterion 3.1.4 of ANSI/ANS-54,1-1989% j
S
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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 CDC

Section 3.2.5.2 - Sodium
Heating System

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

{11 U.S. Nuclear Regulatory Commussion, "Policy Issue,” SECY-93-002, April 8, 1993,

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

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

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

[5] Amencan National Standards Institute/ American Nuclear Society, ANSI/ANS-54,1-1989, "General Safety

i Design Criteria for Liquid Metal Reactor Nuclear Power Plants,” April 1989,

Table 3.1 presents the GDC by numbers (1.e., the titles of
the GDC are not given) that would be in one or more of
the following categones:

(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 critena

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

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

(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 i this table. The letter “X" in a column

means that the staff or the preapplicant concluded that the
GDC 15 in the category represented by the column.

Table 3.3 summarnizes the following:

* changes proposed for GDC to apply to an
LMR/PRISM design

* additional design critena that may be needed

The details for the changes discussed wn Table 3.3 are
given in Sections 3.2.3 and 3.2.4. [n 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 hikely 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) @ QA program which ensures that
the SSCs will satisfactorily perform their safety function,
and (4) the maintenance of the appropriiate records of these
S8Cs 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
vodes and standards are stated to apply (o 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 sausfy the quality-
related requirements of 10 CFR  Part 50, mcluding
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 i GDC | are independent of the plant
design and the staft agrees with the preapplicant that the
eriterion is directly applicable to the PRISM design.
GDC 1 is consistent with Criterion 1 of NUREG-D968 and
Criterion 3.1.1 in ANSI/ANS-54.1-1989, GDC | 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, s 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 nitural
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 1s 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 charactenistics for which the PRISM was
designed and PSID Table 2.1-1 summarizes the PRISM

Review Approach and Criteria

siting-related envelope. The preapplicant stated that the
PRISM will be designed for a majority of the potential
sites 1n the contiguous United States.

The requirements in GDC 2 are independent of the plant
design. The staff agrees with the preapplicant that the
criterion s directly applicabie to the PRISM design.
GDC 2 is consistent with Criterion 7 of NUREG-0968 and
Criterion 3.1.2 of ANSI/ANS-54.1-1989. GDC 2 s,
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) mimmize the probability and effects of
fires and explosions on plant SSCs important to safety and
(2) prevent fire-fighting systems from adversely affecting
these S5Cs.

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 1n compliance with requirements for improved risk
classification as defined by the Energy. Research, and
Development Admunistration (ERDA) Industrial Fire
Protection Manual, Chapter 0552, and by applicable
National Fire Protection Association (NFPA} codes.
FRISM 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 caterion is
directly apphicable to the PRISM design. GDC 3 s
consistent with Cntenon 3 in - NUREG-(0968  and
Crterion 3.1.3 of ANSI/ANS-54.1-1989. GDC 3 s,
therefore, acceptable as wnitten 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 umportant to safety can withstand
environmental conditions and dynamic effects, cluding
missiles and pipe whip, without losing their ability to
perform their safety function.

The preapplicant’s proposed Criterion 4 would exclude the
Jast sentence in GDC 4 that states "However, dynamic
effects associated with postulated pipe ruptires 1o nuclear
power umits may be excluded from the design basis when
analyses reviewed and approved by the Commussion
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 0 LWRs. It 1s not being
considered by the preapplicant for PRISM because the
reactor coolant is a low-pressure system. Therefore, the
proposed criterion 15 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 mussiles, including
tornado  genersted mussiles,  Spontaneous and massive
ruptures of the sodivm piping are not considered cradible
by the preapphicant because the piping 15 in low-pressure
and low-stressed systems. The dynamic effects of pipe
rupture (i.¢., 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 preapphicant that this criterion is applicable
to the PRISM design.

As proposed by the preapplicant, GDC 4 15 consistent with
Criterion § 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 aganst sodivm reactions at the end of

the first sentence of GDC 4:  "including the effects of

sochiam .. and [its] ... serosols and combustion products. ™
The intent of this additional phrase is o require that the
plant be designed and  constructed  with  special

consideration given to the effects of & am. Because of
the high chemical activity of sodium, lea s and spills can
lead to chemucal reactions, fires, and react n products not
possible in LWRs and, therefore, special o -asures need to
be taken. The preapplicant should addi-ss 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-ot-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 1o
postulated accidents will cover all the important accidents
for LMRs. This exception 1s considered important for the
PRISM design and the preapplicant should address why the
phrase “including loss-of-coolant acaidents™ 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 cntenion would apply to all
design-basis events. It s 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
ahove, appears to be acceptable for the PRISM design.

GDC §: Sharing  of  Structures, Systems, and
Components

This eniterion requires that SSCs important to safety shall
not be shared among nuclear power units unless it can be
shown that such shanng will not significantly impair their
abibity 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 (o this GDC. The S8Cs
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 18 given n
Section 13,2.3 of this report.

Although the preapplicant has classified the PSPSS as
safety-related, it 15 shared among the three modules of a
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power block. As discussed in PSID Section 9.5, the
PSPSS 1s not used during power operation. The PSPSS 1s
designed to remove impurities from the sodium w (he
reactor vessel during refueling and hot standby conditions
and from the sodium in the primary sodium storage vessel.
It 1s not designed to shut down a module, cool a module,
or wtigate 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 s GDC S,

The requirements in GDC § are independent of the design
of the plant. The staff agrees with the preapplicant that
this critenion 1s directly applicable to the PRISM design.
GDC § is consistent with Criterion 6 of NUREG-0968 and
Criterion 3.1.6 of ANSI/ANS-54.1-1989, GDC S,
therefore, is acceptable as wnitten for the PRISM design.

GDC 10: Reactor Design

This criterion requires that there be assurance in the piant
design that fuel design limits will not be exceeded during
normal peration 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 1f they are being relied upon by the
PRISM designers. The fuel research and development
program discussed in Chapters 4 and 14 15 designed 10
provide the fuel normal operating and limiting condition
parameters necessary to define normal and off-normal
operating himits,

The requirements in this criterion are independent of the
design of the plant. The staff agrees with the preapplicant
that this cniternion 1s dirsctly applicable to the PRISM
design.

GDC 10 is consistent with Criterion 8 of NUREG-0968
and Cntenon 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 1s 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

3.
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staff believes that these additional requirements, aithough
unigue 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,

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

GDC 11: Reactor Inherent Protection

This criterion requiies thal ihe auclear cheracteristics of
the core provide a prompt negative reactivity feedback to
positive reactivity insertions while the plant is 1n 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 venfied in
the prototype testing of the Safety Test Program for
PRISM, discussed in Chapter 14 of this report.

The requirements in this criterion gre independent of the
design of the plant. The staff agrees with the preapplicant
that this cnterion s directly applicable to the PRISM
design. GDC 1l 15 consistent with Criterion 9 of
NUREG-0968 and Cnterion 3.2.2 of ANSU/
ANS-54.1-1989. GDC {1 is, therefore, acceptable as
written for the PRISM design.

In the PRISM design, a fatlure 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 1f 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, 1s & policy
issue that was presented to the Commussion (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 u 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 1s directly applicable to the PRISM
design. GDC 12 is consistent with Cnterion 10 of
NUREG-0968 and Criterion 3.2.3 of ANSI/
ANS-54.1-1988. GDC 12 15, therefore, acceptable as
written for the PRISM design.

GDC 13: Instrumentation and Control

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

No exceptions were proposed to this GDC.  The
preapphicant 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 s consistent with Criterion 11 of
NUREG-0968 and Cntenion 3.2.4 of ANSI/ANS-54.1-
1989, GDC 13 15, therefore, acceptable as written for the
PRISM design.

GDUC 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 houndary.

No exceptions were proposed to this GDC.  The
preapplicant stated that the RCPB will be designed and
constructed 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 ductiie stainless
steel material, the potential for rapidly propagating failure
of the RCPB is considered negligible. Seals in the RCPB
are monmitored for leakage.

The requirements in this criterion are independent of the
design of the plant. The staff agrees with the preapplicant
that this criterion s directly applicable to the PRISM
design. GDC 14 is consistent with Criterion 12 of
NUREG-0968 and Criterion 3.2.5 of ANSI/
ANS-54.1-1980. GDC 14 s, therefore, acceptable as
written for the PRISM design.

GDC 15: Reactor Coolant System Design

This cnterion 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 auxibiary, control, and protection systems are
designed with sufficient margin to ensure that GDC 14 s
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 cntenion are independent of the
design of the plant. The staff agrees with the preapplicant
that this criterion 1s directly applicable to the PRISM
design.

GDC 15 s consistent with Criterion 13 of NUREG-0968
and Cniterion 3.2.6 of ANSI/ANS-54.1-1989, except that
both documents added the phrase "sodium heating system”
to the hList 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,



GDC 16: Containment Design

This c¢ritenion 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 dunng
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 1sgions have different design leakage
requirements because the upper region 1s 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 cnterion are independent of the
design of the plant. The staff agrees with the preapplicant
that this criterion 1s directly applicable to the PRISM
design.

GDC 16 1s consistent with Critenion 14 of NUREG-0968
and Critenion 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 barner. 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 ssue of
permitting containments to have a design and tested
leakage greater than “essentially leaktight® in GDC 16 1s
a policy issue that was presented to the Comnussion
(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 he 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 o and including PRISM,
should not be required 1o 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 contamment
pressure boundary duning refueling. This 1s 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 electnic 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 i 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 Critenion 15 of NUREG-0968
and Critenion 3.2.8 of ANSI/ANS-54.1-1989 with the
following two exceptions:

{1y  The words "normal operation, including " bave b
added in  front of “anticipated operational
occurrences® in ltem (1) of the GDC in
NUREG-0968,

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

The first exception is (o nclude normal operating
conditions with anticipated operational occurrences
assunng that "specified acceptable fuel design himits 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 uot
needed.

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

GDC 18: Inspection and Testing of Electric Power
Systems

This critenion requires that the electric power system for
the plant be designed to allow for periodic inspection and
testing to ensure that electne 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 curreat (ac) and
direct current (de) systems will be designed to be tested
during plant operation in accordance with the [EEE
Standard 3358-1977 and NRC RG 1. 118 (Ref. 3.21).

The requirements in this criterion are independent of the
design of the plant. The staff agrees with the preapplicant
that this criterion 1s directly applicable to the PRISM
design. GDC 18 15 consistent with Criterion 16 of
NUREG-0968 and Criterion 3.2.9 of ANSU
ANGS-54.1-1986, GDC 18 s, 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 normal end
postulated accident conditions and (2) the maximum
occupational exposure to  operators  under accident
conditons be 5 rem whole body or its equivalent. In
addition, equipment at appropriale locations outside the
control room shall be provided with a (1) design capability
tor prompt hot shutdown of the reactor, including
necessary instrumentation and controls to maintain the unit
in & safe condition duning 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 <oolant
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 LOCAs 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 vadiation exposure lumits for operators in the control
room dunng an accident; therefore, the radiation protection
necessary to meet this limit s 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 inhereatly safe design responds to
accidents without any need for operators, special protection
features have not heen provided for the operators. In the
event the control room must be vacated, the reactor
madules can be maintained in a ho. shutdown condition for
an extended time using the remote shutdown facilities
located i1n esther 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 s
applicable to the PRISM.

The preapplicant’'s proposed GDC 19 for the PRISM
design s consistent with Critenion 17 of NUREG-0968 and
Critennon 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 iy 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™ n 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 ", mcluding 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.

“



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, jeaks 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
inciuded 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 t. 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 whather Item 2 1n 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 i1s 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 mitiate appropriate  systems and components
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unportant 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)
tnips 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 reacior 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 ibis 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 Cniterion 3.3.1 of ANSI/ANS-54.1-1989. GDC 2015,
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 critenon are independent of the
plant design. The staff agrees with the preapplicant that
this criterion 1s 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 cnterion 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 s tormado, flood, earthquake, and fire. It is
tested and qualified for extreme environmental conditions,
and the equipment cabinets, tests, and maintenance wll
prevent falure 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 &re independent of the
plant design. The staff agrees with the preapplicant that
thic criterion is directly applicable to the PRISM design.
GDC 22 1s consistent with Criterion 20 of NUREG-0968
and Critenor: 3.2.3 of ANSI/ANS-54.1-1989, GDC 22 15,
therefore, acceptable as wnitten 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 15 in & 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
fuilures will result in & reactor trip.  Fault-tolerant circuit
architecture is incorporated in the design of the RPS 1o
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 critenion s directly applicable to the PRISM design,

GDC 23 is consistent with Criterion 21 of NUREG-0968
and Critenon 3.2.4 of ANSI/ANS-54.1-1989 except that
hoth documents add the phrase "sodium and sodium
reaction  products,” to the list of postulated adverse
environments 1in 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, a modified GDC 23, with the addition of the
phrase "sodium and sodium reaction products, ” is proposed
for the PRISM design.

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
wsolators 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 taulted conditions will be tested. The control system
is designed so that a single failure of a sensor will not
cause & control system malfunction requiring the RPS to
function. The RPS will be designed to appropriate codes
and standards,

The requirements in this cnterion are independent of the
plant design; thus, the staff agrees with the preapplicant
that this criterion 1s directly applicable to the PRISM
design.  GDC 24 is consistent with Criterion 22 of
NUREG-0968 and Criterion 3.3.5 of ANSI/ANS-534.1-
1989, GDC 24 is, therefore, acceptable for the PRISM
design.

GDC 25: Protection  System  Requirements  for
Reactivity Control Malfunctions

This eriterion requires that the RPS be designed 1o prevent
fuel design limits from being exceeded during any
anticipated operational occurrence involving a4 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 i this criterion are independent of the
plant design. The staff agrees with the preapplicant that
this enterion is directly applicable to the PRISM design.

GDC 25 1s 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 gjection or
dropout)” of control rods in the last line of GDC 25.
These words were deleted from the cnterion 1n
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 1s acceptable for the PRISM design.

GDC 26: Reactivity Control System Redundancy and
Capability

This cnterion 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 oft-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 bas multiple and diverse means for
reactivity contro! and reactor shutdown. Although, as
discussed above for GDC 19, an equivalent LWR reactor
condition of cold shutdown 15 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 critenon, except for the reference
o "cold shutdown," are independent of the plant design,
The staff agrees with the preapplicant that this criterion 1s
applicable to the PRISM design.

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

(1) Both documents deicte the statement that "one of
the two systems shall use control rods, preferably
inciuding 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 cnitenon.

ol

Review Approach and Criteria

(2) NUREG-0968 changed the requirements in the
criterion  for one system to  rehably 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 preveat fuel design
limits from being exceeded and the other systemn 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 fatlure 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 ceolant, with allowance for the
maximum reactivity associated with any anticipated
operational occurrence or postulated accident.”

(5)  Both documents replace the reference to “cold
vonditions” in the last sentence of the criterion o 4
reference  to  condiions where the coolant
temperature  is  lower than npormal operating
lemperatures,

The first exception, deleting the statsment that "one of two
systems shall use control rods, " has not been proposed by
the preapplicant. There s also no reference to xenon
bumup n NUREG-0968 and ANSI/ANS-54.1-0068
because the higher flux spectrum wn LMRs significantly
reduces the unportance 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 1ssues of permitting an advanced reactor design which
does not have control rods was presented Lo the
Comnussion. The staff concluded that a reactivity control
system without control rods should not necessarily
disqualify a reactor design. The Commussion approved the
staff's position regarding thus requirement (Ref. 3.46),

For the second exception, NUREG-0968 revised GDC 26
to  require that both reactivity control  syst2ms
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 1s used to
ensure that the capability of coonng the core 1s 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
maimntain the fuel within design limits; the other system was
to maintain core coolability, These requirements are &
more conservative criterton 1o account for inherent
differences in nuclear charactenistics between LWRs and
the CRBRP design.  The preapplicant does not have to
address these changes

The third and fourth exceptions (histad above) are to add
sentences to GDC 26, These changes state more clearly
requirements for the reactivity control systems concerning
single fatlures in the system. The preapphicant 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 s also discussed under
GDC I8 and GDC 25, The preapplicant should address
why the reference to "cold conditions® should not be
revised 6 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-096K and ANSI/ANS-54.1-0968 15 acceptable for
the PRISM design

The GDC 26 requirement for an independent and diverse
means of reactivity control 18 provided in the PRISM
design by the inherent reactivity feedback of the design
which, according to the designers, hrings the reactor to
zero power upon loss of flow or 1oss of a normal heat
removal pati, even if there s a failure to scram.  This is
acceptadle to the staff as a means of meeting GDC 26 and
the mimmum level of safety critena  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 Combin d - Reactivity  Control  Systems
Capab ity

This crtenon 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 s to delete the words
“in conjunction with poison addition by the emergency
core cooling system. ™ The preapplicant stated that poison
addition by the ECCS 15 not a design feature for the
PRISM as it is for LWRs. A system of active control rods
15 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 ancertainties
and the additional shutdown margin) and (2) with only one
of six rods inserted, not including the add:stional shutdown
margin.

GDC 27 was wniten for LWKs where boron addition from
the ECCS 15 used to control reactivity changes dunnag
accidents. The PRISM design, a pool-type reactor, does
noi rely on the addition of poison and the PRISM design
does not have an ECCS. Deleting the references to poison
wddition and the ECCS from GDC 27 would still require
hat 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 1s mamtained. *

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

The preapplicant’s proposed GDC 27 for the PRISM
design i1s consistent with Criterion 25 of NUREG-096% and
Crterion 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 independentty
prevent fuel damage hmits 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® 1o 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 contro! 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 wath the addition of requirements
on reliably sensing and responding to off-normal conditions
is acceptable for the PRISM design.

GDC 28: Reactivity Limits

This cnterion requires that the reactivity control systems
be designed to prevent the potential amount and rate of
reactivity increase n postulated reactivity accidents from
significantly damaging the reactor coolant pressure
boundary and impaining 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 ke rupture” and “cold water
addition” from the postulated reactivity accidents histed 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 1s designed to reliably control
normal reactor operations and the reactor protection system
15 designed to reiiably detect off-normal events. Rod
ejection 1s prevented by a mechanical control driveline and
mechanism, and by having the rod bundie 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 arc calculated to occur in
postulated reactivity accidents.

After deleting references to steam line break and cold
water addition, the requirements in this revised cnitenon
are independent of the plant design. The staff agrees with
the preapplicant that this criterion 15 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:

(n 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 critenon 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 1s not applicable to the
PRISM design. Withdrawal of control rod(s) 1s more
applicable than rod gjection. Cold sodium addition is more
applicable than cold water addition. The preapplicant
shiould address why these changes should not be made to
the GDC 28 {or the PRISM design.

The second exception is the addition of two critena to the
PRISM design concerning the heat transport system and
adequate reactor coolant inventery. See the discussion on
GDC 29 (below). These additional criteria are discussed
in Section 3.2.4 on an additional critenon to the GDC on
the heat transport system and n 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 & 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
systern are being designed with sufficient redundancy,
testability, and rehability 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 15 designed to reliably control nornal 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
oceurrence.

(2)  NUREG-0968 lists two additional cnitenon,
Critenia 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
tor the PRISM design. It i1s 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
have to address this exception.

The second exception which 15 also discussed under
GDC 28 (above), is the addition of two critena 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
systemn 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 mighest 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 1s also discussed in the sections on GDC 32,
55, 56, and §7.
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No exception 1s proposed to this GDC. The preapplicant
stated that the RCPB comprises the reactor vessel,
utermediate heat exchanger (IHX), and reactor closure.
This boundary will be designed, fabricated, erected, and
tested to the highest quality standards.  Monitoring
nstrumentation in the reactor vessel/containment annulus
and in the reactor closure head will provide continuous
b udary 'eak detection. Reactor vessel coolant level
instrumenta ion will detect leaks in the [HX,

Internal comonents of the refueling machine will become
part of the '\CPB 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 15 directly applicable to the PRISM
design. GDC 30 is consistent with Critenon 28 of
NUREG-0968 and Criterion 3.4.2 of ANSIl/
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 cntenon 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 s 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 matenial properties,
effects of trradiation, internal stresses, and size of flaws)
to avoid brittle and rapidly propagating fractures thus
mummizing 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, ITHX, and reactor closure
head will be fabncated 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 | 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 critenon and the list of conditions
are independent of the design of the plant: thus, the staff
agrees with the preapplicant that this criterion 8 directly
applicable to the PRISM design.

The proposed GDC 31 for the PRISM design 15 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
ttem n 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 matenal properties, creep, fatigue,
stress rupture,” between "service temperatures” and
"and other conditions of the boundary matenal,”
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 boundanes 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,

(4)  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 umigue 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 referning to components designed for
feak before break (in the third exception above) would not

Review Approach and Criteria

apply to the PRISM design and the preapplicant does not
nned 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 bave o address this exception,
Therefore, a modified GDC 31 with additions concerning
coolant chemistry, service degradation, creep, fatigue, and
stress rupture 18 acceptabie 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 desiga 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 1s proposed to this GDC. The preapplicant
stated that the RCPB comprnises the reactor vessel, IHX,
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
& combination of continuous monitoring and remolte visual
video technigues. Because the external walls of the reactor
vessel and the annulus between the reactor vessel and
containment \ 2ssel 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 critenion are independent of the
design of the plant; therefore, the staff agrees with the
preapplicant that this criterion is directly apphcable to the
PRISM design. GDC 32 is consistent with Criterion 30 of
NUREG-0968 and Criterion 3.4.3 of ANSU
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 1s not necessary because this cover gas
region is considere. within the RCPB for the PRISM and
CRBRP designs. The addition of a requirement to provide
detection and location of RCPB leakage 1s 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 wntten for the PRISM
design.  Also, the use of remote visual video techniques
as an alternative examination method for meeting the
requirements of GDC 22 for the PRISM design appears to
be scceptable. This will be reviewed in detail at the PSAR
review stage.

Internal components of the refueling machine will become
part of the RCPB dunng refueling. The preapplicant will
have to address how this critenon 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 3% 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 1s not applicable to
the PRISM design.

The requirements in this critenon are not unique to
LWRS; however, because of the LMR operating conditions
of low coolant pressure, this critenon 18 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-(968 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 15 an alternative to GDC 33, "Assurance
of Adequate Reactor Coolant Inventory,® in Criterion 27
of NUREG-0968 and Criterion 3.4.1 of

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 inveatory 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 s
designed to limut the loss of coolant so that an adequate
mventory 15 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 maimntain 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 1solation capabilities,

No exception 1s 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 1s 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 critenion are independent of the
design of the plant; therefore, the staff agrees with the
preapplicant that this criterion i directly applicable to the
PRISM design.

GDC 34 18 consistent with Cniterion 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 cperational
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occurrences, and postulated accident conditions™ in
the second sentence 1n the GDC to describe the heat
flow from the reactor coolant system.

(2)  Both documents added the word “reliably” to the
second sentence to descrnibe 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 coolan! from the
working fluids of the reactor residual heat
extraction system” and "any fluid o the residual
heat extraction system that is separated from the
reactor coolant by a single passive barner 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 u higher pressure than the reactor coolant system,
if there 1s & 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)) ANS NS-54.1-1989 added a paragraph to the
entenon to specify acceptable methods to address
anticipated transients without scram and  station
blackout.

The first exception (above) explains that (1) the heat flow
15 from the reactor coolant system to the uitimate heat
sinks and (2) the residual heat removal system should be
designed for “all plant shutdown conditions following
normal  operation, including  anticipated  operational
oceurrences, and postulated accident conditions. 1t 15 not
necessary to refer to the ultimate heat sink 1in GDC 34
because this requirement 1s 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 an other GDC.  The
preapphicant should address why ltem 2 above should not
be included in the GDC 34 for the PRISM design.
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Exceptions 2, 5, and 6 (above) poientially add
requirements to GDC 34 on reliability, independence, and
diversity, and require two flow paths for the residual heat
removal system.  Because ODC 34 refers to suitable
redundancy in components and features, and suitable
interconnections 50 that even with loss of electric power
and & single failure, the system can still perform its safety
function, the existing words in GDC 34 are adequate to
clude these requirements from NUREG-0968 and
ANSI/ANS-54.1-1689 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 barner may he 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 barner will normally
exist in the plant design and ANSI/ANS-54.1-1989
requires the barner.

It is not obvious that the residual heat removal system for
any design would have a ditferent 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 fluds, and working flud
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 specity acceptable methods to address
ATWS and station blackout, This detail 15 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 n 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 1s 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 i Section 5.7 of this report.
Thus is one of the policy issues the staff presented to the
Commussion i SECY-93-092 (Ref. 3.1). The
Commussion 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
coohing.  This system 1s required to have suitable
capabilities for redundancy, leak detection, and isolation.
For LMRs, however, LOCAs and effect on cladding from
metil-water reactions are not important.

The preapplicant stated that GDC 35 15 not applicable to
the PRISM design because a LOCA 1s prevented by the
containment vessel.  The preapplicant s narrowly
interpreting GDC 35 to require that 2 system be provided
only for a LOCA, which 1s very important for L WRs but
not important for LMRs, and, concluding, because the
PRISM design does not have such a system, that this GDC
15 not applicable to the PRISM design.

The requirements in this critenion, 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 Joes not apply because, s stated
in NUREG-0968, the emergency core cooling function is
provided by the reactor residual heat removal system and
this system is addresred 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 linuts 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 1n
GDC 34 are not directed toward postulated accidents as
they are for the emergency core cooling system in
GDC 35. The reguirements on suilable redundancy, leak
detection, and isolation capabilities in GDC 34 and 35 are
the same.

For LWRs, the residual heat removal system s designed
for low-pressure conditions because the RCPB will be
depressurized when the sysiem is used; the ECCS is
designed for high-pressure conditions because the RCPB
may not be depressunized 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 15 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 Cnterion 3.4.7 of
ANSI/ANS-54.1-1985 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 nozzles,
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 s
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 beat 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 i+ 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 n  Criterion 36 of NUREG-0968 and
Cnterion 3.4.8 of ANSI/ANS-54.1-1989,

The revised GDC 36 with the reference to residual heat
removal and deletion of specific umportant ECCS
components would be consistent with Cnterion 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 thai means
shall be provided to detect leakage trom 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,

Review Approach and Criteria

A revised GDC 36, replacing references to emergency
core cooling with references to residual heat removal, and
changing the utle, and making a change wn the list of
important system components, could be acceptable for the
PRISM design.

GDC 37: Testing of Emergercy Core Cooling System

This criterion requires that the ECCS be properly designed
for peniodic 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 15 not required. The
preapplicant 1s interpreting GDC 37 too narrowly for an
LMR 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
Pesidual Heat Removal System” because, as discussed
under GDC 35, the ECCS function tor LMRs 1s provided
by the residual heat removal system.

The testing requirements in this criterion, except for the
reference to the ECCS, are not unigue to LWRs. Because
the ECCS function for LMRs is provided by the residual
heat removal system, GDC 37 should aiso be revised to
change references to the ECCS to refer to the residual heat
removal systemi. With this change, the staff does not agree
with the preapplicant that this criterion 1s not appheable 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 1s no specific GDC for ECCS testing for LMRs in
either NUREG-0968 or ANSI/ANS-54.1-1989; however,
the ECCS function 1s 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 s consistent with Critenion 37 of
NUREG-0968 and Critenion 3.4.9 of ANSI/ANS-54.1-
1989 except for the following:

(1)  Both documents delete the phrase “"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 o 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 tor 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 Mtem 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 (o be made
to GDC 37.

Thercfore, 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. " 'his 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 Leve! C
limit, The preapplicant should address the effect on this
GDC of the changes made to the containment n PSID
Section G 4.1, which added the upper dome containment.

The design requirements in GDC 38, except for ihe
reference to a LOCA, are independent of the plant design;
therefore, the staff agrees with the preapplicant that this
criterion s applicable to the PRISM design.

There 1s ne specit. © GDC on the design of & 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  safoty-related
structures in general, and Critenon 3.5.1, "Reactor
Containment/Confinement System Design Basis,” which
apphes to containments.  The preapplicant’s proposed
GDC 38 was compared to Criterion 2.4.10 since the
proposed GDC 38 requires cooling for containments
because they are safety-related structures, and to
Crterion 3.5.1 because that cntenon  requires  the
containment 1o be designed to accommodate the caleulated
pressure and temperature conditions from  postulated
accidents.  Therefore, ANSI/ANS-54.1-1989 supports
having a GDC 38 on the design of contamment 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: Inspection of Containment Heat Removal
System

This eniterion 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
contamnment heat removal system is important and should
be required for LMRs.

The preapplicant . 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) penodically
examined by remote visual means for blockage of the flow
passages and system infegrity. The preapplicant should
address the effect on this GDC of the changes to the
containment i PSID Section G.4. 1, which added the upper
dome containment to the PRISM design.



The nspection requirements in GDC 39, except for the
reference to the torus and sumps as important components,
are indepcndent 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 staft agrees with the preapplicant that this
criterion ts applicable to the PRISM design.

There 15 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-basiz events did not cause the
containment to exceed its design temperature or pressure
linits 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, "lnspection of
Structural and Equipment Cooling,” which applies to
safety-related structures, would also apply to the
containment structure. Therefore, this document suppaorts
having a GDC 39 on inspection of the containment heat
removal system for LMRs. The preapplicant’s proposed
GDC 39 1s 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, 1s 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 peniodic testing of the heat removal function of
the RVACS for each reactor module is not required
because the system is operating contingously (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
w the PRISM design.

The testing requirements in GDC 40 are not unigue 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
cnterion is applicable to the PRISM design.

There 1s 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 (abave).

Criterion 3.4.12 of ANSI/ANS-54.1-1989, "Testing of
Structural and  Equipment Cooling,” apphies to
safety-related structures and, thus, would apply to the
containment structure. Therefore, this document supports
haviag a GDC 40 on testing of the containment heat
emoval 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 sequence 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, & 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 Atmosphere Cleanup

This criterion 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 1s not applicable to
the PRISM design because the containment volume is
sufficiently small that natural processes will remove
acrosols and "systems® are not needed. The recovery
from accidents that release fission products to the
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containment 15 proposed to be accomplished through the
gaseous waste processing system. The preapplicant does
oot 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 s
applicable to the PRISM design even though the
compliance of the PRISM design with the criterion may be
assured hy means other than "systems.” Also, GDC 4]
states that systems shall be provided "as necessary,” which
means that 4 reactor design may not need any containment
atmosphere cleanup systems, This position is consistent
with Criterion 49 in NUREG-0968 and Cnterion 3.5.11 1n
ANSI/ANS-54.1-1989 on the design of containment
atmosphere cleanup systems for LMRs.  Therefore, the
preappiicant should further address why this critenon 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 15 consistent with Criterion 49 in NUREG-0968
and Cnitenion 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 contamnment 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 ANSIVANS-54.1-1989  also  refers to  both
confinements and containments,

The first and second exceptions fabove) refer to important
containment cleanup probiems that aic unique to LMRs,
except for the reference to combustion products; therefore,
the preapplicant shoul | address why these chang s should
not be made to the GLC 41 for the PRISM desigo.

The third exception vould add words to refer tv both
confinements and conta nments; however, the GDC 05 not
distinguish between containments and confinements and do
not address a confinement system; therefore, the staff
believes such an addition 1s not warranted in a GDC 41 for
the PRISM design.

Therefore, & modified GDC 41, with the addition of &
reference to sodum aerosols, combustion products, and the
consideration  of the effects of sodium leakage, is
acceptable for the PRISM design,

GDC 42: Inspection  of  Containment  Atmosphere
Cleanup Systems

The requirements i 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
comphance of the PRISM design with GDC 41 may be
assured by means other than containment atmosphere
cleanup systems. Inspection of these "other means” may
be needed.  Therefore, the preapplicant should further
address why GDC 42 18 not applicable to the PRISM
design.

The preapplicant stated that GDC 42 1s 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 1f they are needed. GDC 42
would require that these systems be designed o 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 1s
consistent with cnteria on the spection of containment
atmosphere cleanup systemns for LMRs in NUREG-0968
and ANSI/ANS-54.1-1989. GDC 42 is consistent with
Critenion 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 o hoth confinements and
containments.  As discussed under GDC 41, thas 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 1s not applicable to
the PRISM design because the design does not require a
containment atmospherc cleanup system and, if the system
15 not required, then testing of the system must also not be
required, See the diccusjon under GDC 41,

Comphiance with GDC 41 would require containment
atmosphere cleanup systems if they are needed. GDC 43
would require that these systems be designed to allow
penodic 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 cnitena 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 Cnterion 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 shoild not be
included in a GDC 43 for the PRISM design.

Therefore, GDC 43 is acceptable as writt.n 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 dstection, 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
critenion should be deleted.

No exception s 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 preapphicant believes that this GDC is not
applicable to the design. See discussion under GDC 43
(below).

There are systems to transfer heat from structures,
systems, and components (S8Cs) by condenser water and
air 1o the ultimate heat sinks under normal operating and
accident conditions; however, for accidents involving the
loss of the cond _nser or steam generator feedwater, heat is
stated to be rgected to the air only, The preapplicant has
also stated, without justification, that the leak detection and
isolatic. capabilities requirement in the GDC are not
apr.icable 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.

Review Approach and Criteria

For LMRs, the title of this criterion should be changed to
"Structural and Equipment Cooling” to eliminate the
reference to water and o 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 utle 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 S8Cs important to safety, to the ultimate heat
sink(s). Even though the preapplicant concluded that leak
detection and 1solation capabilities are not needed for the
PRISM design, other safety-grade cooling systems may be
added to the design requinng leak detection and isolation
and the GDC only states that "suttable” 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 s 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 4« 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 44,
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The second exception would add the phrase °, as
necessary” to the statement in GDC 44 that a system to
transter heat from SSCs shall be provided. Becsuse 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 preapphicant should address
why this phrase should not be added to the GDC 44 for the
PRISM design. The third exception is not considersd
sufficiently important to be added to the GDC and the
preapplicant does not have to address it

Theretore, a modified GDC 44 with the change in the title
and the addition of the phrase "as necessary” 15 acceptable
for the PRISM design.

GDC 45 Inspection of Cooling Water System

This eritenion requires that the cooling water systems to
transfer heat from SSCs important to safety to the ultimate
heat sank(s) should have provisions for penodic 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 i 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 15 not
applicable to the design

For LMRs, the title of this criterion should be changed 10
mspection of “structural and equipment cooling system” to
eliminate the reference to waler and because this GDC
should be applicable to any cooling system used (o transfer
heat from SSCs important to safety to the ultimate heat
stnk(s). This would include the transfer of heat from the
tesidual heat removal system and the containment heat
removal systens, which are also covered by GDC 34
through 40, to the ultimate beat sink(s). GDC 34 through
40 do not address the ultimate heat sink(s). This pew title
18 also used in NUREG-096R8 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 1s applicable to the PRISM design
because GDC 45 s 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 1s 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

NUREG-1368

the first sentence of the criterion. The preapplicant should
further address why this modified GDC 45 should not be
applicable 1o the PRISM design.  Therefore, a moditied
GDC 45 with the deletion of the word “water” and the
change n 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 beat from SSCs important (o salety to the ultimate
heat sink(s) should have provisions lor penodic testing of
important components and the system,  This enterion
should not he restncted W cooling water systems,

The preapplicant has stated that GDC 46, testing of the
cooling water systems that ar¢ covered in GDC 44, 1s also
oot applicable because the PRISM design does not require
any safety-related cooling water systems.

For LMRs, the title of this critenion shouid be changed to
inspection of "structural and equipment cooling system” to
elinunate the reference to water and to make this GDC
applicable to any cooling system used (o 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 contmnment heat removal system,
which are also covered by GDC 34 through 40, o the
ultimate heat sink(sj, GDC 34 through 40 do not address
the ultimate heat siok(g), This new ttle is also used in
NUREG-0968 and ANSI/ANS-54.1-1989,

The GDC 46 requirementx, except for the reference o
"cooling water” and the LOCA, are independent of the
plant design, The staff believes that the modified cnterion
15 applicable to the PRISM design because GDC 46 15 the
only GDC concerned with the testing of the means to
reject bieat from SSCs important 1o safety 1o the ultimate
heat sink(s). The preapplicant should furtheér address why
this ¢ritenion should not be applicable (0 the PRISM
design.

GDC 46 is consistent with Critenon 40 in NUREG-09638
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-otf-coolant accidents” in the middle of Item 3 of
the cnitenon 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 CDC 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 & change in the title, is acceptable for the
PRISM design.

GDC 50: Containment Design Basis

This critenion requires that the containment structure,
mnternal 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
eriterion, 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 s deletion of the
reference to 10 CFR 50,44 in Item 1 of the criterion. The
preapplicant stated that the containment i1s designed with
margin (o accommaosdate 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 reguirements 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 nmunimum of water wnside containment.
Theretore, the staff agrees with the preapplicant that a
modified criterion 1s applicable to the PRISM design;
however, the staff has considered additional modifications
to the crteria that are n NUREG-0968 and
ANSI/ANS-54.1-1989,

The preapplicant's proposed GDC 50 for the PRISM
design, with the deletion of the reference 1o

Review Approach and Criteria

10 CFR 50.44, is consistent with Criterion 41 in
NUREG-0968 and Criteria 3.5.1
CContmnment/Coofinement  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 * f
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
fatlure of & 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 ltem 1 in the second
sentence.

(4)  ANSI/ANS-54.1-1989 adds a requirement that the
containment or confinement or both shall bhe
designed to limit the release of radivactivity so that
established guidelines (1.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 nternal negative pressure,
recirculation rates, mixing, and filtration efficiency,

The Ffirst exception has the criterion refer to a more
general "postaccident heat removal system” rather than to
the more specific "containment heat removal system.”
This ¢ntenion should, for conservatism, refer only to the
systems designed to remove heat from the containment
(1.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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The requirements in this cntenion with the proposed
change are independent of the design of the plant;
therefore, the staff agrees with the preapplicant that this
eriterion is applicable o 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 15 not considered
important for the PRISM design and the preapplicant does
not have to address it. Both documents also replaced the
phrase "ferritic materials® with "metallic matenals® in the
first seatence of the critenon.

Therefore, the proposed GDC 51 which replaces “ferntic
materials® by "metailic matenals® is acceptable for the
PRISM design.

GDC 52: Capability for Containment Leakage Rate
Testing

This cnterion requires that the containment and applicable
equipment be designad for penodic 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 o this GDC.  The
preapplicant stated that the contamnment is designed for
penodic leakage rate testing; however, the preappheant did
not specify pressure for the tests.

GDC 52 is consistent with Critenion 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 thal
the leakage rate testing be done at the containment design
aressure.  This difference is not based on the unique
characteristics  of the LMRs and would reduce
requirersents because GDC 52 requires that the testing be
done at tre containment design pressure.  Therefore, this
ditference should not be included 1o the GDC 52 for the
PRISM desiga.

The current GDC 52 is acceptable as wntten for the
PRISM design

GDC 83; Provisions for Containment Testing and
Inspection

This critecion requires that the containment be designed for
periodic inspections of all important areas, such as the
penetrations, including the leaktightness at containment

Review Approach and Criteria

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 integnty test in accordance with
Article CC-6600 of Division 2, Section 11l of the ASME
Code (Ref. 3.22) and (2) a program of preoperational and
periodic leakage rate verification fests 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, rehability, and performance
consistent with the importance to safety of isolating the
piping system.  The piping systems shall have the
capability to also peniodically 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, 1solation,
and containment capabilities with redundancy, reliability,
and performance capabilities that reflect the umportance to
safety of isolating these piping systems, while allowing for
periodic testing of operability and the determination that
leakage is within acceptable limuts.

The requirements in this critenon 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-096K

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 10
meet the containment safety function” at the end of
the first sentenve,

(2)  ANSI/ANS-54.1-1989 replaced the phrase “having
redundancy, rehability, and performance
capabilities” in the first sentence of the criterion
with the sentence "See cnitena contained n
[Criteria]) 3.5.8, 359, and 3.510 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 critenon. A
simple check valve may not be used as the sutomatic
isolation valve outside the containment, The “other
appropnate requirements” discussed 1o the criterion are to
minimize the probability or consequences of an accidental
rupture of such lines that could potentially release fluids
trom the RCPB which are normally very radioactive.

The preapplicant stated that GDC 55 does not appiy to the
PRISM design because all the primary sodium is within the
reactor vessel dunng 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 s 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 conlainment

NUREG-1368

1solation valves are the same for GDC 55 and 56 (1.¢., the
preapplicant would apply GDC 56 to these lines), one
might conclude that it does not matier which GDC s
applied to this system; however, the "other appropnate
requirements” in the last paragraph of GDC 55 could result
in additional requirements on this system if it is designed
in accordance with GDC 55 instead of GDC 56.

The requirements i this criterion are independent of the
design of the plant and impose important restrictions of
containment tsolation 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 s directly applicable to the
PRISM design. The preapplicant should further justify
why GDC 55 should not apply to the PRISM design.

GIDC 55 1s consistent with Criterion 46 in NUREG-0968
and Criterion 3.5 8 tn ANSI/ANS-54.1-1989, with the
following exceptions:

(1)  Both documents add the phrase “or directly
connected to” to the descniption 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 svstems in the first sentence.

The first exception modifies the description of the
applicable piping systems to include such supporting
systems as drain lines and punfication 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 s 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 tor piping connected directly to the containment
atmosphere.  Because the cover gas space is in direct
contact with the coolant and 1s not part of the containment
atmosphere, GDC 55 should apply to this piping.  This
change would clanfy 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 yustify 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 86: Primary Containment Isolation

This ¢nterion requires two containment isolation valves
near the containment pressure boundary on  lines
penctrating  the primary containment and connecting
directly to the contsinment 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 1s directly
applicable to the PRISM design. GDC 56 is consistent
with Critenion 47 in NUREG-0968 and Criterion 3.5.9 in
ANSI/ANS-54.1-1989.

No exceptions were proposed to this GDC,  The
preapphicant stated that during operation all gaseous s=rvice
system lines thai penetrate the pnmary reactor containment
boundary are closed and that redundant isolation valves are
located as close as practical to the res tor closure head.
The gaseous service lines are open 1o e reactor coolamt
cover gas space and the designer considers them pant 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
houndary at the upper dome. The prumary sodium service
lines and cover gas piping are shown with double 1solation
valves located near the upper dome containment boundary
in PSID Figure G.4.1-5. The preapplicant did not address
the type of 1solation valves to be used for the penetrations.

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

GDC 57: Closed System Isclation Valves

GDC 57 requires a single containment 1solation 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 :lose as practical to the containment.

The preapphicat “tated that GDC 57 does not apply to the
PRISM design becau. * thr is no piping ot 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 contanment was added (o the containment
design to enclose the reactor closure head and the IHX. In
addition to the piping from the [HX 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.

It also appears that the IHX piping that lies within the
reactor coolant system should be considered part of the
RCPB (i.e., the outside of the single wall piping 15 part of
the RCPRB) and that aspects of GDC 55 concerning "other
appropriate requirements” may apply to this system for
piping which penetrates containment. This 15 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 shouid 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
tvpe 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 15 consistent with Criterion 48 in NUREG-0968
and Criterion 3,5.10 in ANS! 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 dire:tly 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 propcsal) would exclude systems that
penetrate the containment and contain primary coolant
hecause these systems are addressed in GDC 55, Because
GDC 55 apphies to piping that is "part of the reactor
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coolant pressure boundary” and GDC 57 applies to piping
that is nor "part of the reactor coolant pressure boundary,”
there should be no confusion about the piping covered by
either GDC and it 1s 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 s
directly connected to the reactor cover gas space should be
considered to be part of the RCPB or to he connected
directly to the containment atmosphere (i.e., under
GDC 35 or 56). Because the cover gas space is in direct
contact with the coolant and 1s not part of the containment
atmosphere, such piping is part of the RCPB. This addition
would clanfy GDC 57 for LMRs 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
contsnment isolation to the one specified in the GDC.
The additional phrase 15 a relaxation of GDC 57 which
might provide flexibility to the designer in meeting the
GDC and s currently stated 1n GDC 55 and 56. However,
because this is & relaxation of the GDC which 18 not based
on the unique characteristics of the L MR, it should not be
applhied to the PRISM design

Theretore, a modified GDC 57 with the addition of the
phrase "or cover gas bound.nes” to the RCPB, s
acceptable for the PRISM design.

GDC ol Control of Releases of Radioactive Materials
to the Eavironment

This critenion requires the plant to have provisions for the
controlled release of gaseous, hquid, and solid radwaste
from the plant dunng 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 hqud
radioactive waste system 15 divided inte 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
wiste 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 indepedllent of the
design of the plant. LMRs have gaseous, hquid, and solid
radwaste; thercfore, the staff 1s consistent with the
preapplicant that this criteron s directly applicable to the
PRISM design. GDC 60 15 consistent with Critenion 52 of
NUREG-0968 (Ref. 3.18) and Crterion 3.6.1 of
ANSI/ANS-54.1-1989 (Ref. 3.17) and s scceptable as
written for the PRISM design

GDC 61: Fuel Storage and Handling and Radioactivity
Control

This critenion requires that systems that store and handle
fuel, radwaste systems, and other systems contaming
radioactivity be designed tor periodic 1nspection, 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 handhing 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 15 in agreement with the
preapphicant that this cniterion is directly applicable to the
PRISM design. GDC 61 15 consistent with Critenion 53 i
NUREG-0968 and Criterion 3.6.2 in ANSI/ANS-54.1-
1989, with the following exceptions:

(H A sentence i1s added at the end of each critenon thal
"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 cnterion, a phrase *

including anticipated operational occurrences” s

added after “normai operation®

The frst 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 n fuel damage. This
could also be apphied to LWRs because it 18 not based on
the unique charactenstics 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” n 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 wasies, and other systems be
designed for accident conditions. The preapplicant does
not have to address it.

Therefore, a 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 1s consistent with Criterion 54 in
NUREG-0968 and Criterion 3.6.3 in ANSI/ANS-54, |-
1989, and 1t 1s 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 geometnically safe
configuration.

GDC 63: Monitoring Fuel and Waste Storage

This cnterion 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 15 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,

n
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GDC 64: Monitoring Radioactivity Releuses

[his cntenon 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 1f 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 componeats 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 critenon for the PRISM
design.

GDC 64 is consistent with Criterion 56 in NUREG-0968
and Cniterion 3.6.5 in ANSI/ANS-54.1-1989 n 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
tor 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 Additional 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 ndustry's standard (ANSI/ANS-54.1-1989), for
GDC for LMRs, for which there is no directly
corresponding cniterion in the GDC 1n Appendix A o
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 soddium reactions

o sodium heating systems for the hquid-metal coolant
»  heat transport system design

« assurance of adequate reactor coolant inventory

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

« reactor and intermediate coolant, and cover gas purity
control

« 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.¢., Critenon
4 and Critenon 3.1.4, respectively) propose what would be
a new cntenon for LMR reactor designs. This new
criterton  concerns  designing  structures, systems, and
components to limit the consequences of chemical reactions
resulting from & sodium leak. The intent of the criterion
15 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
| WRs. Therefore, requirements that special measures be
ien to prevent contact of sodium with water, concrete,
and oxygen, and to extinguish any sodium fires that occur
need 1o be considered in the design. In addition, means (o
detect sodium spills and to protect plant equipment and
personnel from the corrosive and potentially radioactive
corrosion products are required.

Because there 1s no similar design critenon in the GDC o
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 preapphcant 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
Liguid Metal Fire Protection in LMR Plants” (Ref, 3.23)
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This critenion appears to be one of the safety design
criteria  presented by the preapplicant i PSID
Section 1.2,1.2.2,

3.2.4.2 Sodium Heating Systems

NUREG-0968 and ANSI/ANS-54.1-1989 (1.¢., Criterion
7 and Critenion 3. 1.7, respectively) propose what would be
a new Criterion 7 for LMR reactor designs. This eritenion
concerns bheating systems needed to mamntain sodivm in
liguid form and to prevent sodwm aerosols from
condensing and plugging flow paths; it would be unique
for LMR designs. The intent of the criterion 1s to require
that systems important to safety, and which contain sodium
or sodiumn aerosols and require a controlled temperature
for the system to perform its safety tunction, be designed
and maintained 1o 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 18 below the freezing point of water,
Requirements for system features simular to those listed in
SRP Section 9.3.4, Item 111.A.9 (Ref. 3.9), should be
developed for sodium systems in LMRs.

The preapplicant should address the development of an
additional cnterion on sodium heating systems for the
PRISM design similar to those developed in NUREG-096%
and ANSI/ANS-54.1-1989,

3.2.4.3 Heat Transport System Design

The intent of Criterion 26 of NUREG-0968 15 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 crterion 18 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 mtent of Crterion 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 1s 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 15 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 Cniteria 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
LLMRs. There are equivalent criteria in the GDC for
LWRs regarding the cooling water systems for SSCs
important to safety (1.e., GDC 44 to 46). The LWR
intermediate cooling system 15 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 Cnitenion 33, "Inspection and Surveillance of
Intermediate  Coolant System,” of NUREG-0968 are
consistent with requirements 1mposed in the GDC for
equivalent systems in LWRs or add new requirements
which come from the differences between sodium and
water, Critenia 3.4.5 and 3.4.6, respectively, of ANSI/
ANS-54.1-1989 correspond to these cnteria.  The
preapplicant should address why these two criteria are not
included with the GDC for the PRISM desig:..

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 Matenials,” it 1s stated that GDC 31 on
fracture prevention of the reactor coolant pressure
boundary 1s apphied up o the steam line isolation valves
and not beyond, however, Criterion 3. 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 mtermediate coolant system be designed for
fracture prevention up to the isolation valves and not
beysnd. 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 monmitor 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 shouid 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 Cntenia 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.
1.2.4.8 Protection  Against  Fuel Rod  Failure
Propagation

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

There 1s 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 dunng normal
opevation and postulated accidents to avoid losing the
ability to cool the core effectively. SRP Section 4.2 also
requires on-line fuel farlure monitoring and post-irradiation
surveillance to detect anomalies or confirm that the fuel
nas periormed as expected. Although there are differences
between LMR fuel and LWR fuel, there does not seem to
be @ need to add a new GDC for the PRISM design to
properly address the tuel beyond the GDC 10, 27, and 35
for the PRISM design. These critena are discussed under
GDC 10, 27, and 35 above,

3.2.4.9 Protection Against Coolant Flow Blockage

Critenon 60 of NUREG-0968, requires the reactor and
core assembly designs to incorporate features to minimize
the poteatial for flow blockage while the fuel assemblies
are in the reactor core so that flow blockage can be
ehiminated 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 G4.6 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)(1) of 10 CFR Part 50 requires that the
preliminary safety analysis report for an LWR nuclear
power plant design include the principal design critena for
the proposed facility, The preapphcant met ths
requirement by submitting GDC for the PRISM design.
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This 1s in PSID Section 3.1, These proposed criteria were
evaluated in Section 3.2.3 ("Comparison to the GDC i
10 CFR Part 507), and Section 3.2.4 ("Additional GDC
Proposed for the PRISM Design Not in 10 CFR Part 507).
The preappiicant 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 i 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, comphed with Items 2 and 3,
listed in Section 3.2.1.2 above, of the Commussion’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 m 10 CFR
Part 50”), and Section 3.2.4 ("Additional GDC Proposed
tor 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
Commussion’s policy statement that the advanced reactor
should provide at least the same degree of protection that
is required of current-generation LWRs (1.e., ltem 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 1s 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 critenia were
compared to the GDC for the CRBRP in Section 3.1 of
NUREG-0968. The companson is discussed in
Section 3.2.3 ("Companson 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
critenia are not included in the GDC for the PRISM
design.
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318 Indusiry Standard ANSI/ANS-54.1

In the evaluation of the GDC proposed by the preapplicant
for the PRISM design. the proposed criteria were
compared (o the GDC for an LMR design in the industry
standard ANSI/ANS-54.1-1989,  The comparson s
discussed in Section 3.2.3 ("Comparison to the GDC in
10 CFR Part 50%), and Secuon 3.2.4 ("Additional GDC
Proposed for the PRISM Design Not in 10 CFR Part 50°).
Where GDC for an LMR design in the standard were
relevant to the PRISM design and not part of the critena
proposed by the preapplicant, the preapplicant is requested
to address why these criteria are not included in the GDC
1or the PRISM design during the preliminary design phase

3.2.9 Advanced Reactor Design Policy Issues

In the Commussion policy paper (SECY-93-002) dated
Ao 8, 1993 (Ref. 3.1), the staff presented ten key policy
ssugs bearing on the future advanced reactor designs,
including the PRISM design, to request guidance from the
Commission on these issues. These key 1ssues are the
following: accident evaluation, source term, containment
performance, emergency planning, reactivity control,
operator staffing, residual heat removal, positive void
coetficient, control room design, and safety classification
These 1ssues are discussed in the GDC: GDC | (safety
classification, operator stafling, accident evaluation, and
source term), GDC 11 (positive voud coefficient), GDC 16
(containment  performance), GDC 19 (contral  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
1ssues were also reviewed by the ACRS at a fullcommuttee
meeting on Japuary 6, 1993, The Commission approved
the staff's recommendations contained in SECY-93-002 in
an SRM, July 30, 1993, which was released to the public
on August 16, 1993,

1210 Conclusions

The preapplicant proposed GDC for the PRISM design in
PSID Section 3.1, These crniteria were evaluated against
the requirements in 160 CFR Part 52, the Commission's
Policy Statement on advanced reactors, the GDC for the
CRBRP design, and the GDC for an LMR design 1n
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
justification why certain GDC should be considered not
apphcable to the PRISM design,  Additional requirements
were jdentified that may be needed for the GDC for the
PRISM design, and the applicant was requested to address

Review Approach anu Criteria

why these additional requirements should not be ncluded
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 Commussion's policy
statement that the advanced reactor should provide at least
the same degree of protection to the public and the
environment that 1s required of current-generation LWRs.
The other parts, as discussed in Section 3.1.1 of this safety
evaluaticn, would come from the review of the specific
margins in fuel design limits, containment design himuts,
and so forth, of the PRISM design compared 1o the current
LWR designs.

3.3 Seismic Design

The setsmic design consists of the specification of the
seismic nput to the plant, plant system analysis, system
seismic analysis, seismic instrumentation, and the sesmic
base isolation system.

331 Seismic Input, Plant System Analysis, and
System Seismic Analysis

33,11 Design Description and Safety Objectives

The seismic input described the generic site charactenistics
(including sot! properties and shear wave velocities),
vibration spectra, site validation, damping values, and
tume-history development,  The plant system analysis
described embedded structures analysis, development
floor response spectra. interaction of structures, a
incorporation of torsional etfects. System seismic analysis
described analysis and gualification-by-test of mechanical
and electnical components; and piping; heating, veatilation,
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 te 10 CFR Part 5O requires, in
part, that nuclear power plant structures, systems, and
components important to safety be designed 1o withstand
the effects of such natural phenomena as earthguakes,
tornadoes, floods, tsunamus, and seiches without loss of
capability to perform their safety functions,

1.59 NUREG-1368



Review Approach and Criteria

It 15 the purpose of Appendix A to 10 CFR Part 100 to
give the pnncipal 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 i5 also
apphicable 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
maotion 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 inio account soil-structure
interaction at vanous typical sites and should include
structure-to-structure  interaction  between  modules,
variability in soil properties, and the expected duration of
vibratory motion. It is permussible 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.

3.1.1.6 Evaluation

The evaluation 1s himited to discovening potential safety
problems with the design and identifying information the
applicant 15 expected to submit at the next licensing stage.

In PSID Section 3.7.1.1, "Generic Site Characteristics,”
the applicant should submit & discussion on liquefaction
potential either genencally 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
submut technical justifications i support of the deviations,
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The procedures and critenia used for piping analysis,
HVAC duct analysis, electrical racewsy analysis, and
buried pipe and tunnels should be included 10 the next
submuttal.

3.3.1.7 Conclusion

Unless specified above, the nformation 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 1s 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.

2.3.2.1 Design Description anu Safety Ohjectives

It 1s inportant 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 & 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 (0 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
carthquake. 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 dunng an
carthquake.

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. 1t 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 companson of the proposed
selsmic 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 1o
include surveillance requirements to ensure that the
necessary  quality of systems and components s
maintained, that facility operation. will be within safety
limits, and that the hmiting 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 pgives applicants the necessary guidance for
implementing the cited regulations.

3.3.2.4 Rescarch and Development

Preapplicant-sponsored R&D  was not descnibed  or
reviewed at this stage,

3.3.2.85 Safety Issues

Paragraph V(a)2) of Appendix A to 0 CFR Part 100
indicates that if vibratory ground motion exceeds that of
the operating-basis earthquake (OBE. inen the nuclear
power plant must be shut down. Before resuming
operations, the applicant will be rec uired 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.

1.3.2.6 Evaluation

The evaluation is limuted to identifying potential safety
problems with the design and information the applicant will
be expected 1o submut 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 Appruach and Criteria

wentified 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 ¢lanfications:

* A permanently installed response spectrum analyzer 1s
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 15 located
in an electrical and instrumentation vault in the reactor
building; readout is in the control room.

*  Accelerometers are located at the top of the operating
floor, the head access area enclosure, the hasement,
and the top of the reactor silo basemat.

s Only one complete set of seismic imstrumentation 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 nigid and 1solated portions
of the structures at approximately the same elevations.
The additional instrumentation will 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 ephancements in  seismic
instrumentation and the proposed revisions to Appendix A
to 10 CFR Part 100 and to RG 1.12, conformuty 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 statf position taken in the SER for
the advanced boiling-water reactor (ABWR).

133 Seismic Base Isolation System

A seismic base isolation system 1s & system installed
between a structure and its foundaiion which reduces the
ground motion transmitted to the structure. This relatively
new technology is being used i numerous applications
worldwide to reduce the acceleration of buildings and their
contents.

3031 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
honzontal accelerations, at a lower natural frequency,
thereby allowing for a rigid body response of the
structures; relative displacements between the tsolated and
notsolated portions of the facility are increased, however,
and the design must accommodate this.

Seismically 1solated equipment in the plant design includes
the reactor module, contamment, RVACS, head access
arca (HAA) components, the safety-related reactor
instrumentation, and EM pump synchronous machines.

The seismic base isolation system consists of 31 high-
damping, steel laminated, elastomenc bearings arranged in
a  separate  vault with  access  for inspection  and
matntenance.  The seismic beanngs are supported on &
2.1m (7-f)-thick basemat.  The beanings support &
platform 21.9 m (72 ft) wide and 24.8 m (1.5 f) long.
The beanngs are positioned below the major loads
supported by the seismic platform; cach beanng 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 seismuc isolator bearing 15 1.32 m (52 in.) in diameter
and 0.59 m ™3 | ) high, and consists of 30 layers of
12, 7-mm (4 o )-thick elastomer and 29 steol shim plates,
3.2 mm (%A in.) thick. A 76.2-mm (3-in.)-thick layer of
elastomer 15 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
seisimic  1solator  bearing  which interface with  the
connecting structures.  All steel and rubber layers are
vilcanized together into a composite structure.

The elastomeric compound used in the seismic isolator
bearings s formed from natural rubber filled with &
damping material. To cuntrol 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 15
desired to provide energy absorption charactenstics,
thereby reducing the maximum relative displacement
magnitudes.

Lateral displacement between the top and bottom bearing
plates results from the horizontal shear forces apphed
through the flexible rubber layers. The load is applied on
the bearings through dowels that connect the top and
bottom piates to the superstructure and the basemat,
respectively. A different method than the use of dowels s
under consideration, The beanings are bolted 1o both the
basemat and the solated plattorm, 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 munimize amplifications 1 vertical
response due to the vertical flexibility of the isolators, a
high ver sal-to-honizontal stiffness ratio 18 provided.

Tahle 3.4 summarizes the performance charactenstics of
the ALMR setsmic isolator system.

The service hfetime of these bearings is expected to extend
beyond the 60-year design life of the ALMR. Expenence
has shown that natural rubber retains its  physical
characteristics for many years when protected from ozone
and high temperatures. Radiation effects are & concern in
the ALMR application and radiation shielding has been
provided. The rubber material is expecied to retain its
properties if its accumulated radiation dose 1s kept below
20 kGy (2 Mrad).  An in-service inspection program has
heen planned to monitor the condition of the bearings
The bearings will be examined in place every refucling
interval, and every 12 years, two beanings will be removed
for testing (and replaced with qualified spare bearings).
The 1solated platform will be jacked up locally to support
the vertical load while bearings are being removed and
replaced. 1 any bearing condition is found to be outside
of operating limits, the bearing will be replaced.  Adequate
space 15 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) H

Design requirement 03g
Design capacity 0.5¢
Operuting basis earthquake (OBE)
# Design capacity 0.17 ¢
Seismic platform to ground relative displacement
At03 g 21.6 cin (8.5 in.) n
At 0.5 g 35.6 em (14 in.)

At h«rirllimn

76.2 cm (30 in.)

Seismic platform natural frequencies

Horizontal 0.75 Hz

Vertical 7 > 20 Hz
Reactor horizontal seismic load reduction factor

Horzonta! v o

Vertical None

3.3.3.2 Scope of Review

This review focused on the seismic 1solator system’s
design rationale, charactenstics, 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 matenial 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,

1334 Research and Development

The practice of placing buildings on seismic 1solation
bearings 15 relatively new, However, this approach to

protecting important  structures  from the effects of

earthquakes 15 receiving considerable worldwide attention,
In the United States, the practice was first applied to the
Foothill Communities Law and Justice Center located n

the municipality of Rancho Cucamonga in San Bernardino
County, California. Other applications include the Fire
Command-and-Control Building and Univeriiy Hospital in
Los Angeles, California, The earthquake response ol the e
butldings is monitored by the California Department of
Conservation, Division of Mines and Geology, as part of
the California Strong Motion Instrumientation Program
(CSMIP).

The French applied seismic 1solation concepts to a two-unit
nuclear power plant on a common basement at Koeberg,
South Afnica (commercial operation began in 1987) and a
four-unit standardized design located at Cruas-Meysse in
the Rhone Valley of France. An extensive lest program is
being conducted 1n Japan to develop more information for
this new technology.

In support of the PRISM ALMR, a technology
development program supports the quahification of a
seismic 1solation system for the ALWR. The qualification
program includes

» testing high damping rubber bearings
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» qualifying gimbaled expansion joints for the secondary
heat transfer system piping

s conducting tests on lare= buildings with prototypical
solators

s testing scale models of reactor structures with 1solators
on a shake table

» developing analytical models

» optimizing and qualifying bearing materials
» developing seismic isolation gumdelines

®  ASSCRSING SEISMIC MArging

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 cor v 1s that must be considered and resolved
befors ~=ismic isolation can be accepted for such plants.
Th. ¢ 1ssues include such items as the effects of long
p.iod earthguake ground motion; the effects, other than
horizontal, of isolation systems on vertical, rocking, and
torsional responses of 1solated structures; non-linear effects
during beyond-design basis earthquakes; and the effects of
non-deal 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 isclation 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 probiem,

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
laburatory tests of isolated structures. Multiple degrees-of-
freedom  representation of the 1solator, structure, and

secondary systems in revised computational models are
needed (» 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 evaluaied,

3.3.3.6 Evaluation

The evaluation focuses on discovenng potential safety
problems with the design and identifying information the
applicant is expected to submut 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.

Expenence With Seismic Isolation of Structures

The responses of the Foothill Communities Law and
Justice Center (in San Bemardino 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 cai be used to compare hornizontal and
vertical accelerations at the basement (above the 1solators)
to those at the foundation (below the 1solators), Also the
amplificati~e or attenuation of the roof acceleration can be
examined.

One-half of the honzontal acc.lerations above the 1solators
were lower in magnitude tha those below the isolators,
approximately 33 percent of the time the accelerations
were equal, and 17 percent o' the time they were greater
i magnitude. A similar omparison for the vertical
direction showed that approximately 17 percent of tie time
accelerations above the 1solators were lower 1n 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 15 also apparent that,
n some cases, there was a rocking or torsional response.
In six cases the maximum acceleration on the basement
was from a sensor in a Jifferent 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

m
RANCHO CUCAMONGA - SAN BERNARDINO COUNTY LAW AND JUSTICE CENTER
CSMIP Station No. 23497
Isolation type: Elzstomeri bearings
Foundation Basement’ Roof
Earthquake Freefield Below Isolators Above lsolators
Date Name, [Magnitude-M, |, Dist. Honz. Vert Horiz. Vert. Horiz Ven Horiz
(Ref. No.) (km) (g) g & &) &) g g)
10/2/85 | Redlands, [4.9], a1 0.04 N.A 004 NA. N.A NA 003
(Ref 3.35)
7/8/86 Palm Springs, [5.9], 90 002 NA. 002 002 0.02 ¢ 02 004
(Ref. 3.36)
10/1/87 Whittier, [6.1], 47 0.06 004 0.03 0.03 0.03 003 0.06
(Ref. 3.37)
228190 Upland, (7], 12 0.26 0.19 0.15 0.10 0.06 012 0.16
(Ref 2.38) 0 08
6/28/91 Sierra Madre, {5 8], 43 0.04 0.03 0.03 0.02 004 002 0.08
(Ref. 3.39)
6/28/92 Landers, {7.5 M, 106 0.12 0.05 0.1l 0.05 010 0.07 0.19
{Ref 3.40)
628/92 | Big Bear, [6.6 M, 70 0.05 0.04 0.06 0.04 0.02 0.04 0.07
{Rel. 3.41) 0.05
— =

* It two acceleration values are given, the first 1s from the basement sensor in the same location and
orentation 2 the foundation sensor; the second value 15 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 amplificabon was observed at the top
floor. This was attributed to the relatively higher stiffoess
of the beanngs for earthquakes smaller than maximum
design earthquakes. For the maximum earthquake, &
predomunant rigid body mode response with no honzontal
top floor amplification 1s 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.

180 ato ificali ra

A research and development program (Refs. 3.26 and
3.27) has been established for the use of the seismuc 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 Umversit” of
Southern California, the University of California at
Berkeley, the California Institute of Technolegy, 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 expenience obtained through
plan implementation should be provided to the NRC staff
for review and comment, The plan 18 sumnianized below.

»  Testing ot High-Damping Rubber Bearings

Steel-laminated high-damping natural rubher bearings
(similar (o the beanngs used in the Foothill
Communities Law and Justice Conter building) will be
used. More than 50 bearings at scales ranging from
one-fourth to full size will be tested to charactenze; the
horizontal staiic and dynapuc stiffooss; the vertical
stiffness; damping; the verucal load and horizontal
displacement margins; and the failure modes which
include  honzontal  ~hear, vertical tension and
compression,  or comwoinations of these. Tests will
include sustamned compression/creep tests, cyclic tests
at vanous frequenoies, self-centening tests, and
buckling tests.

Results from the first series of these tests on half-size
seismic bearings fol'ow,

3-67

Review Approach and Cniteria

The beanngs demonstrated larg margins  for
accommodating relative horizontz] displacements aod
vertical loads. The bearings are designed for & shear
strain of 50 percent (maxivum relative bonizontal
displacement divided by beaning height + 0.5); the
maximum displacement is associated with ground
acceleration) of 0.3g (an SSE evert). While carrying &
load of 1.9 MIN (420 kips), the bearmgs were subjected
to movement and distortion of four times the ex  cted
maximum value. At this relative displacement, the
limi: of the iest rig, substantial warping of the beaning
end slates and some disengagement of the dowel
occurred but failure could not be inde-ed. Followup
tests showed the bearing load-deflection behavior was
unchanged from witial tests up to 50 percent <hear
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 resuiting Lonefit 1s a further
limiting effect on relative displacements during extreme
events.

In an attempt to determine the ultimate load-<carying
capability of the bearings, a beanng was loaded
vertically to the maximum capacity of the testing
machine; the maximum of the machine 1s 20 MN (4000
wips). The bearing sustained no apparent damage to
either the elastomer or internal steel plates. Fulure
woul¢ be anticipated to occur by tensile failure of the
steel plaies under the vertical load.

Two bearings wvere 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 wsed in the heat-
transfer system piping of a liqud-tetal 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 modificaton of the code cas for
design by analysis only, rather than by analysis and
testing.
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rocking, and basemat uplift of the rectangular portion
of the foundation. Additonally, the effects of soil-
structure interaction on the 1solated response, including
hasemat 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 parametess and allowable defects or
deviations i design guidelines, and further
optimization of the isolation bearing properties and
geometry, 1f 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, ete., (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-lite capability.

Seismic bearings will be characterized for expected
eavironmental conditions; for example, temperature
vanations, 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
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