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4 REACTOR DESCRIPTION

Th:s chapter nges gmdance for evaluatmg thc d&scnpbon in the SAR of the’
‘reactor and how it functions as well as the design features for ensuring that the
reactor can be safely operated and shut down from any operating pondmon or
“accident assumed in the safety analysis. - Information in this chapter of the SAR -
should provide the design bases for many systems and functions discussed in other
chapters of the SAR and for many technical specifications. The systems that
should be discussed in this chapter of the SAR include the reactor core, Teactor”
tank, and biological shield. The nuclear design of the reactor and the way systems
work together are also addressed. In this chapter the applicant should explain how
the design and proper operation of a non-power reactor make accidents extremely
unlikely. This chapter of the SAR along with the analysis in Chapter 13, "Accident
Analyses." should demonstrate that even the consequences of the design-basis -
accident would not cause unacceptable risk to the health and safety of the public.

4.1 Summary Description

This section of the SAR should contain a genéral overview of the reactor design
and mportant characteristics of operation. The reviewer need not make any
specific review ﬁndmgs for this section. The detailed discussions, evaluations, and
analyses should appear in the following sections of the SAR:

This section should contain a brief discussion of the prmcxpal safety considerations
in selecting the reactor type and the way the facility design pnncxp]m achieve the
principal safety considerations. Included should be summaries for the items
requested in this section of the format and content gmde and dwcnpuve text,

: summary tablw, drawmgs, and schemauc dxagrams

4.2 Reactor Core

This section of the SAR should contain the design information on all components
of the reactor core. The information should be presented in diagrams, drawings,
tables of specifications, and text and analysis sufficient to givea clear . .
understandmg of the core components and how they constitute a functional rion-
power reactor that could be opcrated and shut down safely Because radxanon is.
one of the essential prodicts from'a non-power reactor, a pnncxpal des:gn ‘ T
- objective is to safely obtain the highest neutron flux densities in expenmenta]
facilities.

By reviewing this sectlon, the reviewer gams an overview of the reactor core .
design and assurance that the SAR d&scn'b&s 2 complete operable non-power

Lot . I SO S !
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CHAPTER 4

reactor core. Subsequent sections should contain a description and analysis of the
specifications, operating characteristics, and safety features of the reactor
components. Although cooling systems and incore experimental facilities should
be discussed in Chapters 5, "Reactor Coolant Systems," and 10, "Experimental
Facilities and Utilization," of the SAR, respectively, relevant information should
also be presented or referenced in this chapter. The information in the following
sections should address these systems and components:

. reactor fuel

. control rods

. neutron moderator and reflector
. neutron startup source

e

core support structures

The information in the SAR for each core component and system should include
the following:

. design bases

. system or component description, including drawings, schematics, and
specifications of principal components, including materials

. operational analyses and safety considerations

. instrumentation and control features not fully described in Chapter 7,
"Instrumentation and Control Systems," of the SAR and reference to
Chapter 7

. technical specifications requirements and their bases, including testing and

surveillance, or a reference to Chapter 14, "Technical Specifications”
4.2.1 Reactor Fuel
Areas of Review

With very few exceptions, the fuel used in licensed non-power reactors has been
designed and tested under a broad generic development program. Therefore, the
information in the SAR should include a reference to the fuel development
program and the operational and limiting characteristics of the specific fuel used in
the reactor.

The design basis for non-power reactor fuel should be the maintenance of fuel
integrity nnder any conditions assumed in the safety analysis. Loss of integrity is
defined as the escape of any fission products from the primary barrier, usually

NUREG-1537,PArT 2 4-2 REV 0,2/96
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cladding or encapsulation. The reviewer should be able to'conclude that the
applicant has included all information nécessary to establish the limiting
charactenstlcs beyond whxch fuel mtegmy oould be lost

Withm the contm of the factors hsted in Sectxon 42 of thxs revxew plan, the
information on and analyses of fuel should include the information requested in this
section of the format and content guide. Sufficient information and analyses
should support the limits for operational conditions. These limits should be
selected to ensure the integrity of the fuel elements and their cladding.” Analyses in
this section of the SAR should address mechanical forces and stresses, corrosion ,
and erosion of cladding, hydraulic forces, thermal changes and temperature . ;
gradients, and internal pressures from fission products and the produchon of
fission gas. The analyses should also address radiation effects, mcludmg tbe
maximum fission densities and fission rates that the fuel is designed to
accommodate. Results from these analyses should form part of the design bases
for other sections of the SAR, for the reactor safety limits, and for other fuel-
related techmcal Specnﬁcatxons .

Acoeplance Cntena
The acoeptance criteria for the mformatlon on reactor fuel mclude the followmg

L 'I'hc dwgn bases for the ﬁael should be clmdy prmted and the design
considerations and functional description should ensure that fuel conforms
with the bases. Mamtmmng fuel mtegnty should be the most important
desxgn objectlve :

° The chemxoal, physxcal, and metallurgxcal charactenstxcs of the fusel -
constituents should be chosen for compatibility with each other and the
anticipated envxronmcm

e  Fuel ennchment should be oonsxstent thh the reqmrements of lO CFR
50.64. S o

J The fuel design should take into account charactenstlcs that could limit fuel

. integrity, such as heat capacxty and conductmty melting, softening, and
blistering temperatures; corrosion and erosion caused by coolant; physical
stresses from mechanical or hydraulic forces (intemsl pressures and
Bernoulli forces); fuel burnup; radiation damage to the fuel and the fuel
cladding or containment; and retention of fission products.

. ‘The fuel design should include the nuclear features of the reactor core,
such as structural materials with small neutron absorption cross-sections
and minimum impurities, neutron reflectors, and burnable poisons, if used.

REV.0,2/96 4.3 STANDARD REVIEW PLAN *



CHAPTER 4

The discussion of the fuel should include a summary of the fuel
development and qualification program.

The applicant should propose technical specifications as discussed in
Chapter 14 of the format and content guide to ensure that the fuel meets
the safety-related design requirements. The applicant should justify the
proposed technical specifications in this section of the SAR.

Review Procedures

The reviewer should confirm that the information on the reactor fuel includes a
description of the required characteristics. The safety-related parameters should
become design bases for the reactor operating characteristics in other sections of
this chapter, especially Section 4.6 on the thermal-hydraulic design of the core.

Evaluation Findings

This section of the SAR should contain sufficient information to support the
following types of conclusions, which will be included in the staff’s safety
evaluation report:

The applicant has described in detail the fuel elements to be used in the
reactor. The discussion includes the design limits of the fuel elements and
clearly gives the technological and safety-related bases for these limits.

The applicant has discussed the constituents, materials, components, and
fabrication specifications for the fuel elements. Compliance with these
specifications for all fuel acquisitions will ensure uniform characteristics
and compliance with design bases and safety-related requirements.

The applicant has referred to the fuel development program under which all
fuel characteristics and parameters that are important to the safe operation
of the reactor were investigated. The design limits are clearly identified for
use in design bases to support technical specifications.

Information on the design and development program for this fuel offers
reasonable assurance that the fabricated fuel can function safely in the
reactor without adversely affecting the health and safety of the public.

NUREG-1537,PART 2 4-4 Rev 0, 2/96



REACTOR DESCRIPTION

4.2.2 Control Rods
Areas of Review

The oontrol rods in a non-power reactor are demgned to change reactmty by
changing the amount of neutron absorber (or fuel) in or near the reactor core.
Depending on their function, control rods can be designated as regulating, safety,
- shim, or transient rods. To scram the reactor, the negative reactxvrty of the control
rods is usually added passively and qmekly when the rods drop into the core,
although gravity can be assisted by spring action. In the case of control rods
fabricated completely of fuel, the rods fall out of the bottom of the core. Because
the control rods serve a dual function (control and safety) ‘control and safety
systems for non-power reactors are usually not completely separable. In non-
power reactors, a scram does not challenge the safety of the reactor or cause any
undue strain on any systems or components assomated with the reactor.

The areas of review are dxscussed in thls sectxon of the fomtat and content guide.
Acceptance Criteria
The acceptance criteria for the information on control rods include the following:

. The control rods, blades, followers (if used), and support systems should
. be designed conservatively to withstand all anticipated stresses and -
challenges from mechanical, hydraulic, and thermal foroes and the eﬁ'ects of
their chemical and radiation environment.

» - The control rods should be sufficient in number and reactivity worthto
comply with the "single stuck rod" criterion; that is, it should be possible to
shut down the reactor and comply with the requirement of minimum -
shutdown margin with the highest worth scrammable control rod stuck out

.. of the core.: The control rods should also be sufficient to control the
* ... reactor in all designed operating modes and to shut down the reactor safely
- .. from any operational condition. The desxgn bases for redundancy and
.- diversity should ensure these functions. - .

». . The control rods should be designed for rapid, fail-safe shutdown of the
-reactor from any operating condition. The discussion should addrees
- eondmons under which normal electncal power is lost
. The oontrol rods should be desxgned SO that scrammmg thetn ‘does not
challenge their integrity or operatnon or thei mtegnty or operatlon of other
.. reactor systems. - L

BT PR |
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CHAPTER 4

The control rod design should ensure that positioning is reproducible and
that a readout of positions is available for all reactor operating conditions.

The drive and control systems for each control rod should be independent
from other rods to prevent a malfunction in one from affecting insertion or
withdrawal of any other.

The drive speeds and scram times of the control rods should be consistent
with reactor kinetics requirements considering mechanical friction,
hydraulic resistance, and the electrical or magnetic system

The control rods should allow replacement and inspection, as required by
operational requirements and the technical specifications.

Technical specifications should be proposed according to the guidance in
Chapter 14 of the format and content guide, which describes important
design aspects and proposes limiting conditions for operations and
surveillance requirements, and should be justified in this section of the
SAR

Review Procedures

The reviewer should confirm that the design bases for the control rods define all
essential characteristics and that the applicant has addressed them completely.

Evaluation Findings

This section of the SAR should contain sufficient information to support the
following types of conclusions, which will be included in the staff’s safety
evaluation report:

The applicant has described the control and safety rod systems for the
reactor and included 2 discussion of the design bases, which are derived
from the planned operational characteristics of the reactor. All functional
and safety-related design bases can be achieved by the control rod designs.

The applicant has included information on the materials, components, and
fabrication specifications of the control rod systems. These descriptions
offer reasonable assurance that the control rods conform with the design
bases and can control and shut down the reactor safely from any operating
condition.

The staff has evaluated the information on scram design for the control
rods and compared it with designs at other non-power reactors having

NUREG-1537,PaArRT2 4-6 REev 0,2/96



REACTOR DESCRIPTION

. similar nperatmg characteristics Reasonable assurance exists that the
scram features designed for this reactor will perform as necessary 1o ensure
fuel integrity and to protect the health and safety of the pubhc

. (For pulsing reactors) The desxgn and functxonal descrxptlon of the
transient rod system offer reasonable assurance that pulses will be
reproducible and can be limited to values that maintain fuel integrity as
determined by the thermal-hydraulic analyses

. The control rod design includes reactivity worths that can control the
. excess reactivity planned for the reactor, including ensuring an acceptable
shutdown reactivity and margin, as defined and specified in the technical
specifications.

. Changes in reactmty caused by control rod dynarmc charactensucs are

‘ ’acceptable The staff’ evaluanons included maximum scram times and

" maximum rates of insertion of positive reactivity for normal and ramp
insertions caused by system malfuncﬁons .

. The apphcant has Jliﬁﬁﬁéd appropnate désign lumts hmmng cc;ndmons for
operation, and surveillance requirements for the control rods and mcluded
them in the techmcal spectﬁcanons o ,

4.2.3 Neutron Moderator and Reﬂector

Areas of Revzew

In this section of the SAR, the applicant should describe moderators and reflectors

demgned into the reactor core and their special features. The cores of most non-

" power reactors consist of metallic fuel elements immersed in moderator and

. surrounded by either a liquid or solid neutron reflector. The solid reflectors are

" chosen primarily for favorable nuclear properties and physical characteristics. In

' 'some pool-type reactors (e.2, TRIGA), the fuel elements contain some of the core

neutron moderator and reflector material. Section 4.2.1 of the SAR should

contain a description of the relationship of all moderators to the core. For most

non-power reactors, the water neutron moderator and reflector also function as the

coolant, as discussed in Chapter 5. - Buildup of contaminating radioactive material

" in the moderator or coolant and reflector during reactor operation should be
discussed in Chapter 11, "Radxatxon Protectwn Program and Waste Management,

of the SAR. . . _

'Areas of raifiew shonld mcludethe féiloia;ingﬁ o

. geometry S L
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CHAPTER 4

materials

compatibility with the operational environment
structural designs

response to radiation heating and damage
capability to be moved and replaced, if necessary.

Nuclear characteristics should be discussed in Section 4.5 of the SAR.

Acceptance Criteria

The acceptance criteria for the information on neutron moderators and reflectors
include the following:

The non-nuclear design bases such as reflector encapsulations should be
clearly presented, and the nuclear bases should be briefly summarized.
Non-nuclear design considerations should ensure that the moderator and
reflector can provide the necessary nuclear functions.

The design should ensure that the moderator and reflector are compatible
with their chemical, thermal, mechanical, and radiation environments. The
design specifications should include cladding, if necessary, to avoid direct
contact with water or to control the escape of gases. If cladding used to
avoid direct contact with reactor coolant should fail, the applicant should
show that the reactor can continue to be operated safely until the cladding
is repaired or replaced or should shut the reactor down until the cladding is
repaired or replaced.

The design should allow for dimensional changes from radiation damage
and thermal expansion to avoid malfunctions of the moderator or reflector.

The design should include experimental facilities that are an integral part of
the reflector. If the facilities malfunction, the reflector components should
neither damage other reactor core components nor prevent safe reactor
shutdown.

The design should provide for removal and/or replacement of solid
moderator or reflector components and systems, if required by operational
considerations.

Technical specifications, if required, should be proposed according to the
guidance in Chapter 14 of the format and content guide, which describes
important design aspects, and proposes limiting conditions for operations
and surveillance requirements. The proposed technical specifications
should be justified in this section of the SAR.

NUREG-1537, PART 2 4-8 Rev 0,2/96
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ReﬁewProcedures ' _ . R

The reviewer should conﬁrm that the mformatxon on the neutron moderator and
reflector completely describes the required systems. The bases for the nuclear
characteristics should appear in Section 4.5 of the SAR.

Ewaluation Findings

This section of the SAR should contain sufficient mfoxmatlon to support the
following types of conclusions, which will appear in the stafP’s safety evaluation
report: , :

. The moderator and reflector are integra] constituents Of a relacto'r core; the
staff’s evaluation of the nuclear features appears in Section4 5. The
*. - designs take into account interactions between the moderator or reflector
and the reactor environment. Reasonable assurance exists that degradation
rates of the moderator or reflector will not affect safe reactor operation,
prevent safe reactor shutdown, or cause uncontrolled release of radioactive
material to the unrestricted environment.

. Graphite moderators or reflectors are clad in aluminum (or state cladding
material) if they are located in an environment where coolant infiltration
could cause changes in neutron scattering and absorption, thereby changing
core reactivity. Reasonable assurance exists that leakage will not occur. In

. the unlikely event coolant infiltration occurs, the applicant has shown that
this infiltration will not interfere with safe reactor operatxon or prevent safe
reactor shutdown. :

e . The moderator or reflector is composed of chemically inert materials
- incorporated into a sound structure that can retain size and shape and
support all projected physical forces and weights. Therefore, no unplanned
changes to the moderator or reflector would occur that would interfere
with safe reactor operatlon or prevent safe reaetor shutdown

o The appheant has Jusnﬁed appropnate deslgn limits, hrmtmg condmons for
- operation, and surveillance requirements for the moderator and reflector
and included them in the technical specifications. :
4.2.4 Neutron Startup Source

AreasofRewew S

Each nuclear reactor should contain a neutron startup source that ensures the
presence of neutrons during all changes in reactivity. This is especially important

“REV.0,2/96 T _4-9 STANDARD REVIEW PLAN



CHAPTER 4

when starting the reactor from a shutdown condition. Therefore, the reviewer
should evaluate the function and reliability of the source system.

Areas of review should include the following:

type of nuclear reaction
energy spectra of neutrons
source strength

interaction of the source and holder, while in use, with the chemical,
thermal, and radiation environment

design features that ensure the function, integrity, and availability of the
source

technical specifications

Acceptance Criteria

Acceptance criteria for the information on the neutron startup source include the
following:

The source and source holder should be constructed of materials that will
withstand the environment in the reactor core and during storage, if
applicable, with no significant degradation.

The type of neutron-emitting reaction in the source should be comparable
to that at other licensed reactors, or test data should be presented in this
section of the SAR to justify use of the source.

The natural radioactive decay rate of the source should be slow enough to
prevent a significant decay over 24 hours or between reactor operations.

The design should allow easy replacement of the source and its holder and
a source check or calibration,

Neutron and gamma radiations from the reactor during normal operation
should not cause heating, fissioning, or radiation damage to the source
materials or the holder.

NUREG-1537, PART 2 4-10 REV 0,2/96
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e K the source is regenerated by reactor operation, the design and analyses
' _ should demonstrate its capability to function as a rehable neutron startup
source in the reactor environment. PR

. Technical specifications, if required, should be proposed according to the
guidance in Chapter 14 of the format and content guide, which proposes
limiting conditions for operation and surveillance requrrements, and should
be justified in this section of the SAR.

Review Procedures

The reviewer should conﬁrm that the mformatron on the neutron startup source

- and its holder includes a complete descnpnon of the components and functions. In
: ‘con;unctron with Chapter 7 of the SAR, the information should demonstrate the
minimum source charactenstrcs that will produce the reqmred output srgnals on.
the startup mstmmentatxom ‘

Emluatzon Findings

 This section of the SAR should contam suﬂic:ent mformat:on to support the .
following types of conclusions, which will be included in the staﬁ‘s safety
evaluatxon report: o .

. 3—The design of the neutron startup source isofa type (i e., neutron-emrttmg
. “reaction) that has been used reliably in similar reactors hcensed by NRC (or
the design has been fully described and analyzed) The staff concludes
thrs type of source is acceptable for this reactor. - o

] 'I'he source will not degrade in the radiation environment during reactor
operation. Either the levels of external radiation are not significant or the
source will be retracted while the reactor is at high power to limit the
exposure. S ST T PR

. Because of the source holder design and fabrication, reactor neutron
absorptton is low and radiation damage is negligible in the environment of

-" use.” When radiation heatmg occurs, the holder temperature does not
" increase stgmﬁcantly above the arnbrent water temperature ;

o The source strength produces an acceptable count rate on the reactor
" startup instnimentation and allows for a momtored startup of the reactor
" under all operating conditions. "~ %" ‘
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CHAPTER 4

. The applicant has justified appropriate limiting conditions for operation and
surveillance requirements for the source and included them in the technical
specifications.

. The source and holder design operate safely and reliably.

4.2.5 Core Support Structure
Areas of Review

All reactor core components must be secured firmly and accurately because the
capability to maintain a controlled chain reaction depends on the relative positions
of the components. Controlling reactor operations safely and reliably depends on
the capability to locate components and reproduce responses of instrument and
control systems, including nuclear detectors and control rods Predictable fuel
integrity depends on stable and reproducible fuel components and coolant flow
patterns. Most fixed non-power reactor cores are supported from below. Some
are suspended from above, and may be movable. Generally, the control rods of
non-power reactors are suspended from a superstructure, which allows gravity to
rapidly change core reactivity to shut down the reactor.

Areas of review include the design of the core support structure, including a
demonstration that the design loads and forces are conservative compared with all
expected loads and hydraulic forces and that relative positions of components can
be maintained within tolerances

Additional areas of review are discussed in this section of the format and content
guide.

Acceptance Criteria

Acceptance criteria for the information on the core support structure include the
following:

. The design should show that the core support structure will conservatively
hold the weight of all core-related components with and without the
buoyant forces of the water in the tank or pool.

. The design should show that the core support structure will conservatively
withstand all hydraulic forces from anticipated coolant flow with negligible
deflection or motion.

. The methods by which core components (individual fuel elements, reflector
pieces, control rods, experimental facilities, and coolant systems) are

NUREG-1537,PART 2 4-12 Rev 0,2/96
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attached to the core support structure should be considered in the design.
The information should include tolerances for motion and reproducible
positioning. These tolerances should ensure that variations will not cause
" reactivity design bases, coolant design bases, safety limits, or limiting ~
.condmons for operatxon in the techmcal speaﬁcatxons to be exceeded

J The effect of the local environment on thc matenal of the core support
structure should be considered in the design. The impact of radiation
- damage, mechanicl stresses, chemical compatibility with the coolant and
- core components, and reactivity effects should not degrade the
performance of the supports sufficiently to impede safe reactor operation
for the design life of the reactor

. The desxgn should show that stresses or forces from reactor components
other than the core could not cause malfunctions, interfere with safe
reactor operation or shutdown, or cause other core-related components to

. ~malfuncnom : S ¢

o The desxgn for a movable core should contam features that ensure safe and
reliable operation. This includes position tolerances to ensure safe and
reliable reactor operation within all design limits including reactivity and

- cooling capability.  The description should include the interlocks that keep
the reactor core from moving while the reactor is critical or while forced
cooling is required, if applicable. The design should show how the reactor
1sshutdowmfunwantedmotlonocan's o :

e Techmcal specnﬁmtxons 1f reqmred, should be proposed accordmg to the
guidance in Chapter 14 of the format and content guide, which proposes
limiting conditions for operation and surveillance requirements, and should
be justified in this section of the SAR.

Review Procedures

The rev:ewer should conﬁrmthat the desxgn bases deﬁoe_i)corhplete core support

Evaliiation Findings

B

“This sectxon of the SAR should contam suﬁcxent mformatlon to support the . _
following types of conclusrons wh:ch wﬂl appear in ‘the staﬁ"s safety evaluation |

report:

. The applicant has described the support system for the reactor core,
including the design bases, which are derived from the planned operational

REV.0,2/96 ' 11413 STANDARD REVIEW PLAN
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characteristics of the reactor and the core design. All functional and safety-
related design bases can be achieved by the design

. The core support structure contains grid plates that accurately position and
align the fuel elements. This arrangement ensures a stable and reproducible
reactivity. Hydraulic forces from coolant flow will not cause fuel elements
to move or bow.

. The core support structure includes acceptable guides and supports for
other essential core components, such as control rods, nuclear detectors,
neutron reflectors, and incore experimental facilities.

. The core support structure provides sufficient coolant flow to conform
with the design criteria and to prevent loss of fuel integrity from
overheating.

. The core support structure is composed of materials shown to be resistant

to radiation damage, coolant erosion and corrosion, thermal softening or
yielding, and excessive neutron absorption.

] The core support structure is designed to ensure a stable and reproducible
core configuration for all anticipated conditions (e.g., scrams, coolant flow
change, and core motion) through the reactor life cycle.

. The applicant has justified appropriate limiting conditions for operation and
surveillance requirements for the core support structure and included them
in the technical specifications.

4.3 Reactor Tank or Pool
Areas of Review

The tank or pool (hereinafter referred to as "the tank") of most licensed non-power
reactors is an essential part of the primary coolant system, ensuring sufficient
coolant. The tank may also provide some support for components and systems
mounted to the core supports, beam ports, and other experimental facilities.

The areas of review are the design bases of the tank and the design details needed
to achieve those bases. The information that the applicant should submit for
review is discussed in this section of the format and content guide.
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Acceptance Criteria

The acceptance criteria for the mformatlon on the reactor tank mclude the ”
following: - - : :

. The tank dimensions should include thickness and structural supports, and
fabrication methods should be discussed. The tank should be
conservatively designed to withstand all mechanical and hydraulic forces
and stresses to whneh it could be subjected dunng its lifetime. .

'« The construction materials and tank treatment should resist chenucal'

interaction with the coolant and be chemically compatxble with other
reactor components in the pnmaty coolant system

. The dlmenswns of the tank, thé materials used to fabncate the tanlg and
the position of the reactor core should help avoid radiation damage to the
tank for rts projected hfetxme .

. :The construction matenals and tank treatment should be appropnate for
. prevcntmg corrosxon in maccessible locatxons on the tank extenor ,

. A plan should be in place to assess irradiation of and chenncal damage to
the tank matenals Remedles for damage ora replacement plan should be
. All pcnetratxons and attachments to the tank below the coolant lével,
especially those below the top of the core, should be desngned to avoid
o malfunctlon and loss of coolant '

. The shape and volume of the tank should be designed so that the coolant in
it augments solid radiation shields to protect personnel and components
- from undue radiation exposure. “The bases for personnel radiation doses
should be derived from Chapter 11 of the SAR. The bases for components -
should be derived from the descriptions in various sections of the SAR
mcludmg Sectxon 4. 4 :

e - The coolant shou]d cxtcnd far enough above the core to ensure the coolant
flows and pressures assumed in thermal- hydraulxc analyses L
. Technical specifications, if required, should be proposed according to the
;- cguidance in Chapter.14 of the format and content guide, whlch proposes
. limiting conditions for operation and surveillance requxrements ‘and should
be justified in this section of the SAR.
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CHAPTER 4

Review Procedures

The reviewer should confirm that the design bases describe the requirements for
the tank and that the detailed design is consistent with the design bases and
acceptance criteria for the tank.

Evaluation Findings

This section of the SAR should contain sufficient information to support the
following types of conclusions, which will appear in the staff’s safety evaluation

report:

The tank system can withstand all anticipated mechanical and hydraulic
forces and stresses to prevent loss of integrity which could lead to a loss of
coolant or other malfunction that could interfere with safe reactor
operation or shutdown.

The penetrations and attachments to the tank are designed to ensure safe
reactor operation. Safety and design considerations of any penetrations
below the water level include analyses of potential malfunction and loss of
coolant. The applicant discusses credible loss-of-coolant scenarios in
Chapter 13, "Accident Analyses.™

The construction materials, treatment, and methods of attaching
penetrations and components are designed to prevent chemical interactions
among the tank, the coolant, and other components.

The outer surfaces of the tank are designed and treated to avoid corrosion
in locations that are inaccessible for the life of the tank. Tank surfaces will
be inspected in accessible locations.

The applicant has considered the possibility that primary coolant may leak
into unrestricted areas, including ground water, and has included
precautions to avoid the uncontrolled release of radioactive material.

The design considerations include the shape and dimensions of the tank to
ensure sufficient radiation shielding to protect personnel and components.
Exposures have been analyzed, and acceptable shielding factors are
included in the tank design.

The applicant has justified appropriate limiting conditions for operation and
surveillance requirements for the tank and included them in the technical

specifications.
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e ~ The desxgn features of the tank offer reasonable assurance of its reliability
and integrity for its anticipated life. .The design of the tank is acceptable to
' avoxd undue risk to the health and safety of the public. -

4.4 Biological Shleld
Areas of Revzew '

The radmnon shxelds around non-power reactors are called btologlcal shlelds and
are designed to protect personnel and reduce radiation exposures to reactor
components and other equipment. - The principal design objective is to protect the
staff and pubhc The second design objective is to make the shield as thin as
* possible, consistent with acceptable protection factors. Non-power reactors are
sources of radiation used for a variety of reasons. Therefore, their shielding
. systems must allow access to the radiations intemally near the reactor core and
“externally in radiation beams. Traditional methods of improving protection factors
without increasing shield thickness are to use materials with higher density, higher
atomic numbers for gamma rays, and higher hydrogen concentratxon for neutrons.
The opnmum shield design should consxder all these RIS ~ -

Areas of feview are dxscussed in thls secuon of the format and content gmde
Acceptance Cntena

The acceptance criteria for the information on the biological shields inchide the -
following:

. 'I'he prmcxpa] objectxve of the shxeld dwgn should be to ensure that the
o _pro;ected radiation dose rates and accumulated doses in occupied areas do
“not exceed the limits of 10 CFR Part 20 and the guidelines of the facility -
ALARA (as low as is reasonably achievable) program discussedin ©
Chapter 11 of the SAR.

. The shield design should address potential damage ﬁ'om radnatlon hwtmg
and induced radioactivity in reactor components and shields. The design-
should limit heating and mduced radioactivity to levels that could not oause
significant risk of failure.

J The tank or pool design, the coolant volume, and the solid shielding
" materials should be apportioned to ensure protecnon from all applxcable
radxatxon and all condmons of operanon 4

. Shielding materials should be based on demonstrated eﬁ‘ectweness at other
non-power reactors with similar operating characteristics, and the
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calculational models and assumptions should be justified by similar
comparisons. New shielding materials should be justified by calculations,
development testing, and the biological shield test program during facility
startup.

. The analyses should include specific investigation of the possibilities of
radiation streaming or leaking from shield penetrations, inserts, and other
places where materials of different density and atomic number meet. Any
such streaming or leakage should not exceed the stated limits.

) The shielding at experimental facilities, such as out-of-service beam tubes,
should be sufficient to match the shielding factors of the gross surrounding
shield.

. Supports and structures should ensure shield integrity, and quality control
methods should ensure that fabrication and construction of the shield
exceed the requirements for similar industrial structures.

. Technical specifications, if required, should be proposed according to the
guidance in Chapter 14 of the format and content guide, which proposes
limiting conditions for operation and surveillance requirements. The
applicant should justify the proposed technical specifications in this section
of the SAR.

Review Procedures

The reviewer should confirm that the objectives of the shield design bases are
sufficient to protect the health and safety of the public and the facility staff, and
that the design achieves the design bases. The reviewer should compare design
features, materials, and calculational models with those of similar non-power
reactors that have operated acceptably.

Evaluation Findings

This section of the SAR should contain sufficient information to support the
following types of conclusions, which will be included in the staff’s safety
evaluation report:

. The analysis in the SAR offers reasonable assurance that the shield designs
will limit exposures from the reactor and reactor-related sources of
radiations so as not to exceed the limits of 10 CFR Part 20 and the
guidelines of the facility ALARA program.
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e - Thedesign offers reasonablé assurarice that the shield can be successfully
- ~installed with no radiation streaming or other leakage that would exceed
" the limits of 10 CFRPart 20 and thegmdehnes ofthe facilxtyALARA

-program.

e ' Reactor components are sumcnently shxelded to avoid sxgmﬁcant radiation-
related degradatlon or malﬁmctnon N

e " The apphcant has Jusnﬁed appropnate limiting condxttons for operanon and
surveillance requxrements for the shxeld and mcluded them in the technical
speclﬁcanons g

4.5 Nuclear De51gn Lo
In this section of the SAR, the applicant should show how the systems described in
this chapter function together to form a nuclear reactor that can be operated and .
shut down safely from any operatmg condition. The analyses should address all
possible operatxng conditions (steady and pulsed power) throughout the reactor's
anticipated life cycle Because the information in this section describes the
characieristics necessary to ensure safe and reliable operation, it will determine the
design bases for most other chapters of the SAR and the technical specifications.
The text, drawings, and tables should completely descﬁbe the reactor operatmg
chamctenstxcsandsafetyfeamres .' e

4.5.1 Normal Operatmg Condltlons "
Areas ofRewew ' o o

In this sectxon of the SAR, the apphcant should dxscuss the conﬁguranon for a
functxonal r&ctor that can be operated safely

The areas of review are dtseussed in thxs sectxon of the form‘a‘t'and content guide.
Acceptance Criteria

The aceeptance cntena for the mformatlon on normal opemtmg condmons mclude
thefollowmg ’ i e . e

. The mfonnation should show a eontplete; opefable reactor core." Control
rods should be sufficiently redundant and diverse to control all proposed -
excess reactivity safely and to safely shut down the reactor and maintain it
in a shutdown condition. The analyses of reactivities should include

' individual and total control rod effects.

PR
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. Anticipated rearrangements of core components should account for
uranium burnup, plutonium buildup, and poisons, both fission product and ~
those added by design, for the life of the reactor. All operating core
configurations should be compact, allowing no space within the core large
enough to accept the addition of a fuel element or the addition of reactivity
beyond that analyzed and found acceptable in Chapter 13 of the SAR.

. The analyses should show initial and changing reactivity conditions, control
rod reactivity worths, and reactivity worths of fuel elements, reflector
units, and such incore components as experimental facilities for all
anticipated configurations. There should be a discussion of administrative
and physical constraints that would prevent inadvertent movement that
could suddenly introduce more than one dollar of positive reactivity or an
analyzed safe amount, whichever was larger These analyses should
address movement, flooding, and voiding of core components.

. The reactor kinetic parameters and behavior should be shown, along with
the dynamic reactivity parameters of the instrumentation and control
systems. Analyses should prove that the control systems will prevent
nuclear transients from causing loss of fuel integrity or uncontrolled
addition of reactivity.

. The analyses should show that the control systems would prevent reactor
damage if incore experimental facilities were to flood or void. This could
be shown by reference to the analysis in Chapter 13 of the SAR.

. The information should include calculated core reactivities for the possible
and planned configurations of the reactor core and control rods. If only
one core configuration will be used over the life of the reactor, the
applicant should clearly indicate this. For reactors in which various core
configurations could be operated over time, the analyses should show the
most limiting configuration (the most compact core and highest neutron
flux densities). This information should be used for the analyses in
Section 4.6 of the SAR.

. Technical specifications, if required, should be proposed according to the
guidance in Chapter 14 of the format and content guide, which proposes
limiting conditions for operation and surveillance requirements, and should
be justified in this section of the SAR.

Review Procedures

The reviewer should confirm that a complete, operable core has been analyzed.
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Evaluation Findings

This section of the SAR should contain sufficient information to support the .
following types of conclusions, which will appear in the staff’s safety evaluation
report: , ~

. The apphcant has described the proposed initial core configuration and
- analyzed all reactivity conditions. ‘These analyses also include other
possible core configurations planned dunng the life of the reactor. The
assumptxons and methods used have been Jusuﬁed and vahdated '

' The analyses mclude reactivity and geome'ay changes resultmg ﬁ'om -
burnup, plutomum bui]dup, and the use of porsons as apphcable '

" The reactivity a.na]yses include the reactxvxty values for the core L
components, such as fuel elements, control rods, reflector components ‘and
such incore and in-reflector components as expenmental facdmes The
assumptions and methods used have been justified. -

. The analyses address the steady power operation and kinetic behavior of .
the reactor and show that the dynamic response of the control rods and
mstrumentatxon is demgned to prevent nneontroﬂed reactor transients.

. The analyses show that any incore components that could be flooded or
voided could not cause reactor transients beyond the capabilities of the
instrumentation and control systems to prevent fuel damage or other
reactor damage . ..

e The analysesaddressahnunngcorethat tsthcrmmmum size possiblethh
the planned fuel. Since this core configuration has the highest power
density, the applicant uses it in Section 4.6 of the SAR to detenmne the
limiting thermal-hydraulic characteristics for the reactor.

“The analyses and information in thls section describe a reactor core system
.-« that 'could be designed, built,’ and operated thhout unaeeeptable nsk to the
ot ‘healthandsafetyofthepubhc T oo

. The apphcant has justified appropnate lumtmg condmons for operation and
. survéillance requirements for minimal operating conditions and included
' them in the technical specrﬁcatlons 'l'he apphcant has also Justtﬁed the
proposed techmml specxﬁcatlons ; _

REV.0,2/96 . e 4-21 - e e Srmm.Rsvm.wa_.aN



CHAPTER 4

4.5.2 Reactor Core Physics Parameters
Areas of Review

In this section of the SAR, the applicant should present information on core
physics parameters that determine reactor operating characteristics and are
influenced by the reactor design. The principal objective of a non-power reactor is
to obtain a radiation source that conforms to requirements for use, but does not
pose an unacceptable risk to the health and safety of the public. By proper design,
the reactor will operate at steady or pulsed power and the reactor systems will be
able to terminate or mitigate transients without reactor damage. The areas of
review should include the design features of the reactor core that determine the
operating characteristics and the analytical methods for important contributing
parameters. The results presented in this section of the SAR should be used in
other sections of this chapter.

The areas of review are discussed further in this section of the format and content
guide.

Acceptance Criteria

The acceptance criteria for the information on reactor core physics parameters
include the following:

. The calculational assumptions and methods should be justified and
traceable to their development and validation, and the results should be
compared with calculations of other similar facilities and previous
experimental measurements. The ranges of validity and accuracy should be
stated and justified.

. Uncertainties in the analyses should be provided and justified

. Methods used to analyze neutron lifetime, effective delayed neutron
fraction, and reactor periods should be presented, and the results should be
justified. Comparisons should be made with similar reactor facilities. The
results should agree within the estimates of accuracy for the methods.

. Coefficients of reactivity (temperature, void, and power) should all be
negative over the significant portion of the operating ranges of the reactor.
The results should include estimates of accuracy. If any parameter is not
negative within the error limits over the credible range of reactor operation,
the combination of the reactivity coefficients should be analyzed and shown
to be sufficient to prevent reactor damage and risk to the public from
reactor transients as discussed in Chapter 13 of the SAR.
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LINE Changes in feedback coefficients with core configurations, power level, and
fuel burnup should not change the conclusions about reactor protection and
safety, nor should they void the validity of the analyses of normal reactor
operations, including pulsing, when applicable. . :

. The methods and assumptions for calculating the various neutron flux
densities should be validated by comparisons with results for similar
. reactors. Uncertainties and ranges of accuracy should be given for other
* analyses requiring neutron flux densities, such as fuel burnup, thermal -
power densities, control rod reactmty worths and reactmty coeﬁiclents

.',! B Techmcal specxﬁcanons 1f reqmred, should be proposed accordmg to the

guidance in Chapter 14 of the format and content guide, which proposes
limiting conditions for operation and survexllance reqmrements and should
be justified in this section of the SAR.. . : :

Review Procedures

The reviewer should confirm that generally accepted and validated methods have

“been used for the calculations, evaluate the dependence of the calculational results

on reactor design features and parameters, review the agreement of the methods
and results of the analyses with the acceptance cntena, -and review the derivation
and adequacy of uncertainties and errors. NS

Evaluation Findings

This section of the SAR should contain sufficient information to support the
following types of conclusions, which will appear in the staﬁ"s safety evaluation
report:

J The analyses of neutron hfetlme effective delayed neutron fraction, and
coefficients of reactivity have been completed, usmg methods validated at
. : similar reactors and  experimental measurements :

. The effects of fuel burnup and reactor opemnng charactensﬁcs for the life
of the reactor are considered in the analyses of the reactor core physics
pammeters '

. :"f _ The numencal values for the reactor core physlcs parameters depend on

features of the reactor design, and the information given is acceptable for
use in the analyses of reactor operanon

e The apphcant has Jusuﬁed appropnate lumtmg condmons for operatmn and
surveillance requirements for the reactor core physics parameters and
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included them in the technical specifications. The applicant has also
justified the technical specifications.

4.5.3 Operating Limits
Areas of Review
In this section of the SAR, the applicant should present the nuclear design features
necessary to ensure safe operation of the reactor core and safe shutdown from any
operating condition. The information should demonstrate a balance between fuel
loading, control rod worths, and number of control rods. The applicant should
discuss and analyze potential accident scenarios, as distinct from normal operation,
in Chapter 13 of the SAR.
The areas of review are discussed in this section of the format and content guide.
Acceptance Criteria
The acceptance criteria for the information operating limits include the following:
. All operational requirements for excess reactivity should be stated,
analyzed, and discussed. These could pertain to at least the following: -
- temperature coefficients of reactivity .
- fuel burnup between reloads or shutdowns
- void coefficients

- xenon and samarium override

- overall power coefficient of reactivity if not accounted for in the
items listed above

- experiments

. Credible inadvertent insertion of excess reactivity should not damage the
reactor or fuel; this event should be analyzed in Sections 4.5 and 4.6 and
Chapter 13 of the SAR.

. The minimum amount of total control rod reactivity worth to ensure
reactor subcriticality should be stated.
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. A transient analysis assuming that an instrumentation malfunction drives
- . the most reactive control rod out in a continuous ramp mode in its most
" reactive region should be performed. This analysis could also be based on
a credible failure of a movable experiment. The ana]ysxs should show that
the reactor would not be damaged and fuel integrity would not be lost.
. Reactivity additions under accident conditions should be analyzed mn
'.ChapterlBoftheSAR. PEERE ch

LEEN An analysxs should be performed that examines reactmty assuxmng that the
reactor is operating at its maximum licensed conditions, normal electrical
power is lost, and the control rod of maximum reactivity worth and any

-non-scrammable control rods remain fully withdrawn. .The analyms should
show how much negative reactivity must be avmlable m the remaining
* scrammable control rods so that, w:thout operator mtervenuon, the reactor
--can be shut down safely and remain subcntxcal wlthout risk of fuel damage
“even after temperature eqm]ibnum is attained, all transient poisons such as
xenon are reduced, and movable experiments are in thelr most reactive
posmon

. On the basxs of analysts, the apphcant should Jusnfy 2 minimum neganve
. reactivity (shutdown margin) that will ensure the safe shutdown of the
. reactor. This discussion should address the methods and the accuracy with
- . which this negative reactmty can be determined to ensure its availability.

e The core conﬁguranon wnh the lughest power densxty possible for the
- . planned fuel should be ana]yzed as a basis for safety limits and limiting
. - safety system settings in the thermal-hydraulxc analyses. The core
configuration should be compared with other configurations to ensure that
. . a limiting configuration is established for steady power and pulsed
- 'operanon, xfapphcable e iy _

. 'l'he appllcant should propose and Justxfy techmcal specxﬁcanons for safety
Timits, limiting safety system settings, limiting conditions for operation, and
surveillance requxrements as dlscussed in Chapter 14 of the format and
content guide.

Review Procedures

The rewewer should conﬁrm that the methods and assumpnons used in this section
. ofthe SAR have beea Jusuﬁed and are consxstent wnh those in other secnons of
this chapter. o

o Rev 0,2/96 4.25 STANDARD REVIEW PLAN



CHAPTER 4

Evaluation Findings

This section of the SAR should contain sufficient information to support the
following types of conclusions, which will appear in the staff’s safety evaluation
report:

. The applicant has discussed and justified all excess reactivity factors
needed to ensure a readily operable reactor. The applicant has also
considered the design features of the control systems that ensure that this
amount of excess reactivity is fully controlled under normal operating
conditions.

. The discussion of limits on excess reactivity shows that a credible rapid
withdrawal of the most reactive control rod or other credible failure that
would add reactivity to the reactor would not lead to loss of fuel integrity.
Therefore, the information demonstrates that the proposed amount of
reactivity is available for normal operations, but would not cause
unacceptable risk to the public from a transient.

] The definition of the shutdown margin is negative reactivity obtainable by
control rods to ensure reactor shutdown from any reactor condition,
including a loss of normal electrical power. With the assumption that the
most reactive control rod is inadvertently stuck in its fully withdrawn
position, and non-scrammable control rods are in the position of maximum
reactivity addition, the analysis derives the minimum negative reactivity
necessary to ensure safe reactor shutdown. The applicant conservatively
proposes a shutdown margin of xx in the technical specifications. The
applicant has justified this value; it is readily measurable and is acceptable.

. The SAR contains calculations of the peak thermal power density
achievable with any core configuration. This value is used in the
calculations in the thermal-hydraulic section of the SAR to derive reactor
safety limits and limiting safety system settings, which are acceptable.

4.6 Thermal-Hydraulic Design
Areas of Review

The information in this section should enable the reviewer to determine the limits
on cooling conditions necessary to ensure that fuel integrity will not be lost under
any reactor conditions (including pulsing, if applicable) including accidents. For
many licensed non-power reactors that operate at low power, the fuel

temperatures remain far lower than temperatures at which fuel could be damaged.
For these reactors, the analyses and discussions may not constitute a critical part of
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the SAR. However, for non-power reactors that operate at higher fuel

| . temperatures or power densities, the thermal-hydraulic analyses may be the most

important and most limiting features of reactor safety. Because some of the
factors in the thermal-hydraulic design are based on expenmental measurements

" and correlations that are a function of coolant eondxtrons, the analyses should
~ confirm that the values of such parameters are apphcable to the reactor conditions

analyzed.

The areas of review are discussed in this section of the format and content guide.

. Acceptance Criteria

The aeeeptance cntena for the mformatnon on thennal-hydraulxc desrgn mclude the

' followmg

J The apphcant should propose criteria and safety limits based on the cntena
for acceptable safe operation of the reactor, thus ensuring fuel integrity -
under all analyzed conditions. The discussion should include the
consequences of these conditions and justification for the altcmanves
selected. These cntena could mclude the followmg

- There should be no coolant flow instability in any fuel chm‘:éi that
could Jeadto a signiﬁcant decrease in fuel cooling :

—  ‘The departure from the nucleate boihng ratio should be no less than
2 in any fuel channel.

.- Safety limits, as discussed in Chapter 14 of the format and content gmde,
" should be derived from the analyses described above, the analyses in
Section 4.5.3 of the SAR, and any other necessary conditions. The safety
limits should include conservative consideration of the effects of
“uncertainties or toleranoes and should be mcluded in the teehmcal

s specxﬁmtrons

e " Limiting safety system settmgs (LSSSs) as “discussed i in Chapter 14 of the
- format and content guide of the SAR, should be derived from the analyses
described above, the analyses in Section 4.5.3 of the SAR, and any other
necessary conditions. These settings should be chosen to maintain fuel
integrity when safety system protective actions are conservatively initiated
at the LSSSs.

’ A forced-flow reactor should be capable of switching to natural-convection
flow without damaging fuel and jeopardizing safe reactor shutdown. Loss
of normal electrical power should not change this criterion.

— REV.0,2/96 .. ... . . - -4:27 © * - STANDARD REVIEW PLAN



CHAPTER 4

. For a pulsing reactor, limits on pulse sizes and transient rod characteristics
should ensure that fuel is not damaged by pulsed operations. These limits
should be based on the thermal-hydraulic analyses and appear in the
technical specifications. Changes in fue} characteristics from steady power
operation that affect pulsed operation should be taken into account. Such
factors as hydrogen migration, oxidation of cladding, and decrease in
burnable poison should be addressed, if applicable.

Review Procedures

The reviewer should confirm that the thermal-hydraulic analyses for the reactor are
complete and address all issues that affect key parameters (e.g., flow, temperature,
pressure, power density, and peaking). The basic approach is an audit of the SAR
analyses, but the reviewer may perform independent calculations to confirm SAR
results or methods.

Evaluation Findings

This section of the SAR should contain sufficient information to support the
following types of conclusions, which will appear in the staff’s safety evaluation
report:

. The information in the SAR includes the thermal-hydraulic analyses for the —
reactor. The applicant has justified the assumptions and methods and
validated their results.

. All necessary information on the primary coolant hydraulics and thermal
conditions of the fuel are specific for this reactor The analyses give the
limiting conditions of these features that ensure fuel integrity.

. Safety limits and limiting safety system settings are derived from the
thermal-hydraulic analyses. The values have been justified and appear in
the technical specifications. The thermal-hydraulic analyses on which these
parameters are based ensure that overheating during any operation or
credible event will not cause loss of fuel integrity and unacceptable
rediological risk to the health and safety of the public.
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* ‘Other chapters of the SAR should contain dlscussrons and analyses of the reactor
facility as desrgned for normal operation. The discussions should include the

" considerations necessary to ensure safe operation and shutdown of the reactor to

avoid undue risk to the heaith and safety of the public, the workers, and the -

environment.  The analyses should include limits for operating ranges and reactor

parameters within which safety could be ensured. The bases for the techmcal

specifications should be developed in those chapters .

In this chapter the applicant should present a methodology for reviewing the
systems and operating characteristics of the reactor facility that could affect its safe
operation or shutdown. The methodology should be used to identify limiting
accidents, analyze the evolution of the scenarios, and evaluate the consequences.-
The analyses should start with the assumed initiating event. The effects on
designed barriers, protective systems, operator responses, and mitigating features
should be examined. The endpoint should be a stable reactor. - The potential
radiological consequences to the public, the facility staff, and the environment
should be anatyzed. The information and analyses should show that facility system
designs, safety limits, limiting safety system settings, and limiting conditions for ...
operation were selected to ensure that the eonsequences of analyzed accxdents do
not exceed acceptable limits. * )

The applxcant should also dxseuss and analyze a postulated aecxdent scenario
whose potential consequences are shown to exceed and bound all credxble
accidents. For non-power reactors, this accident is called the maximum L
hypotheucal acmdent (MHA) Because the accident of greatest eonsequence ata
non-power reactor would probably include the release of fission products the
MHA, in most cases, would be expected to contain such a scenario involving fuel
or a fueled experiment and need not be entirely credible. The review and
evaluation should concentrate on the evolution of the scenario and analyses of the
consequences, rather than on the details of the assumed mmatmg event.

‘Because the consequenees of the postulated MHA should excwd those of any
credible accident at the facility, the accident is not likely to occur during the life of
the facility. The MHA is used to demonstrate that the maximum consequences of
operating the reactor at a specrﬁc site are within aeceptable limits. The applicant
may choose to perform sensxtlvxty analysxs of the assumptlons of the MHA. For

example, reactor operating time before accident initiation may be exammed to -
determine the change in MHA outcome if 8 more realistic assumption is made.
Assumptions made in the accident analysis may form the basis for technical
specification limits on the operation of the facility For example, if the accident
analysis assumes that the reactor operates for 5 hours a (day, 5 days a week, this
may become a hrmtmg condmon for operanon
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The information in this chapter should achieve the objectives stated in this chapter
of the format and content guide by demonstrating that all potential accidents at the
reactor facility have been considered and their consequences adequately’ evaluated
Each postulated accident should be assngned to one of the following categories, or
grouped consistently according to the type and characteristics of the particular
reactor. The information for a particular reaetor may show that some of the
following caxegonee are not applicable:

MHA '
insertion of excess reactivity (ramp, step, startup, etc. )
loss of coolant
loss of coolant flow
mishandling or malfunction of fuel
. experiment malfunction
loss of normal electrical power
~external events '
nushandlmg or malﬁmcuon of equipment

The apphcant should systemaneally analyze and evaluate eveats in each group to
ldentxfy the limiting event selected for detailed quantxtatxve analysis. The limiting
event in each category should have consequences that exceed all others in that |, .
group. The discussions may address the likelihood of occurrence, but quantitative
analysis of probability is not expected or required. As noted above, the MHA
analyzed should bound all credible potenhal accldents at the facility. -

The appheant should demonstrate knowledge of the lxteranu'e available for non-
power reactor accident analyses The Bibliography section at the end of this
chapter lists documents categonzed as follows: non-power reactors (in general),
radiological consequences, and fuel types.

Areaof Rewew

Area of review should include the following: systematxc analysis and discussion of
credible accidents for determtmng the hmmng event in each category. The - .
applicant may have to analyze several events in a pamaxlar accident category to
determine the limiting event. This hrmtmg event should be analyzed quanutanvely
The steps suggested for the applicant to follow once the limiting event is o
determined for a category of accidents are given in this chapter of the format and
content gmde

Acceptance Criteria

For a research reactor, the results of the accident analysxs have generally been
compared with 10 CFR Part 20 criteria (10 CFR 20.1 through 20.602 and
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appendices for research reactors licensed before January 1, 1994, and 10 CFR
20.1001 through 20.2402 and appendices for research reactors licensed on or after
January 1, 1994)." For research reactors licensed before January 1, 1994, the doses
that the staff has generally found acceptable for accident analysis results are less
than S rem whole body and 30 rem thyroid for occupationally exposed persons and
less than 0.5 rem whole body and 3 rem thyroid for members of the public. For
research reactors licensed on or after January 1 1994, occupational exposure is
discussed in 10 CFR 20.1201 and public exposure is discussed in 10 CFR 20.1301.
In several instances, the staff has accepted very conservative accident analysis with.
results grwter than the 10 CFR Part 20 dose limits discussed above.

If the facility conforms to the deﬁmtton of a test reactor, the results of the accident
analysis should be compared with the criteria in 10 CFR Part 100. As discussed in
the footnotes to 10 CFR 100.11, the doses given in 10 CFR Part 100 are reference
values and are not intended to imply that the dose numbers constitute acceptable
limits for emergency doses to the public under accident conditions. Rather, they
are values that can be used in the evaluation of reactor sites with respect to’
potential reactor accidents of exceedmgly low probabthty of occurrence and low
risk of exposure of the public'to radxatnon : ‘

For MHA for research reactors acceptable consequences may exceed 10CFR
Part 20 limits. The reviewer will evaluate this on a case-by-case basis. The
applicant should discuss why the MHA is not hkely to occur dunng the operatmg
life of the facﬂny :

Review Procedures

Informatxon in the SAR should allow the reviewer to follow the sequence of events
in the accident scenario from initiation to a stabilized condition. The reviewer -
should confirm the followxng

. The credible accndents were eategonzed, and the most htmtmg accxdent in
each group was chosen for detailed analyses. ‘

. The reactor was assumed to be operating normally under applicable
technical specifications before the initiating event. However, the reactor
_-may be in the most hxmtmg techmcal spectﬁcanon condition at the mmat:on
of the event. . con

> Instruments controls, and automatnc protecnve systems were assumed to
be operating normally or to be operable before the initiating event..
‘Maximum acceptable nonconservative instrument error may be assumed to
exist at accident initiation. |
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. The single malfunction that initiates the event was identiﬁed

. Credit was taken dunng the scenario for normally operatxng reactor
systems and protective actions and the initiation of engmeered safety
features. .

. The sequence of events and the components and systems damaged during
© . the accident scenario were clearly dlscussed .

. The mathernatical models and analytical methods employed, including
assumptions, approximations, validation, and uncertainties, were clearly
stated.

. The radiation source terms were presented or referenced

. The potentxal radxatxon consequences to the facxllty staﬁ‘ and the publxc
were prescntcd and compared with acceptable hmxts

The reviewer should confirm that the faclhty design prevents loss of fuel integrity
in the event of a credible loss-of-coolant accident (LOCA) or loss-of-flow
accident. Emergency core cooling may be reqmred for some non-power reactors
to satisfy this condition.

Reactivity limits and the functional designs of control and safety-related systems
should prevent loss of fuel integrity dunng credible accidents involving insértion of
some fraction of excess reactivity. At a minimum, the amount of reactivity
allowed for moveable or unsecured experiments should be analyzed. Applicable
reactivity feedback coefficients and automatic protective actions, if applicable,
should be included in the analyses.

Loss of fuel integrity should be prevented if normal electrical power is lost. Safe
reactor shutdown should not be compromised or prevented by loss of normal
electrical power.

Evaluation Findings

It is essential that all credxble accxdents at a non-power reactor be consxdercd and
evaluated during the design stage. Experience has shown that such facilities can be
designed and operated so that the environment and the health and safety of the
staff and the public can be protected. Because non-power reactors are designed to
operate with primary coolant temperatures and pressures close to ambiént, the
margins for safety are usually large, and few, if any, credible accidents can be
sufficiently damaging to release radioactive materials to the unrestricted area. For
potential accidents and the MHA that could cause a release, the acceptance criteria
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and review procedures discussed above are suﬁ'xmently comprehensive and will not
be repeated for each postulated accident. However, the potential consequences,
detailed analyses, evaluations, and conclusions are facility specific and accident
specific.- The findings for the nine major accident categories are presented below.
‘These findings are examplm only.' The actual wordmg should be modified for the
situation under review.

This section of the SAR should contam sufficient information to support the types
of conclusions given below. Those conclisions will be included in the staff’s
safety evaluation report. The appropnate number for the reactor under evaluation
should replace the notation "xx". The reviewer should modxfy thwe conclusions to
conform to the reactor des:gn under consideration.

Max:mum Hypothehcal Acczdent -

J The applicant has cons:dered the consequences t to the pubhc of all credible
accidents at the reactor facility. "A maximum hypothetxcal accident (MHA),
an accident that would release fission products from a fuel element or from
the failure of a fueled experiment and would have consequences greater
than any credible accident, has been analyzed. The MHA, however, is not

: credible for a non-power reactor. (The MHA is specific 1o the reactor
‘design and power. The reviewer may have to evaluate an MHA that
differs from the grouping of MHAs that foIIaws The reviewer should
select from items a-e, if appropriate.)

(8)  (For TRIGA, PULSTAR, or SPERT fuel), xx (an agreed-upon
number, normally one for TRIGA or SPERT fuel; although three
. has been accepted for PULSTAR, the number is determined on a
- case-by-case baszs) fuel assemblies lose cladding integrity while -
- suspended in air (or in the reactor pool) in the reactor confinement
.(or containment). - All fission products in the gap are released
' rapxd]y The fuel assembly has j Just been removed from the
* . maximum neutron flux position in the core after long, continuous
: -operanon at full licensed power (ar _ﬁdl ﬁJeI cycle)

o (b) - [For Iaw-pmvered (less than 2 MW) MIR fueI] An assemb]y is
~ .. stripped of all claddmg on one face of oneé fuel plate while -
suspended in air (or in the reactor pool) in the reactor confinement
(or containment). Al fission products escape rapidly by physically
+ . .sound processes (e.g., conservative analysis, expenmental data, or
the combination of the two verify the release process) The fuel
assembly has just been removed from the maximum neutron flux
position in the core after long,’ contmuous operatlon at full licensed

power (or full fuel cycle).
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() (For Iugh-pawered reactors) Fuel cooling is compromised or
 reactivity is added to the reactor so that a certain amount of fuel
melts causing cladding failure. Fission products are released into
the reactor coolant and then into the facility air on the basis of
conservative analysis, empirical mformanon, or the comblnanon of
analysis and data.

(d)  (Forreactors inwhich a fueled-experiment failure has greater
consequences than ﬁ:eI failure) It is assumed that a fueled
experiment fails in air (or water) in a reactor irradiation facility.
(Because failure could include melting, all available fission
products, or that portion that is demonstrated by analysis, data, or
a combination of the two) Fission products aré assumed to escape
to the reactor confinement (or containment). The inventory of
fissile material is the maximum allowed by technical specifications
for a fueled experiment and is consistent with Regulatory
Guide 2.2. The failure occurs after long, continuous operation at
full licensed power.

() (For AGN-201 fuel) It is assumed that fissionable material is
inserted into an irradiation facility in the reactor. The added
reactivity causes a power excursion. Fuel failure does not occur
and the radiological consequence is limited to whole-body dose of
xx mrem to the reactor staff. -

The reviewer should mochﬁ( the followmg paragraphs, as appropnate

The air handlmg and ﬁltcnng systems (i.e., conﬁnement or containment)
are assumed to function as designed, and radioactive material is held up
temporarily in the reactor room and then released from the building.
Realistic methods are used to compute external radiation doses and dose
commitments resulting from inhalation by the facility staff. Realistic but
conservative methods are used to compute potential doses and dose
commitments to the pubhc in the unrestricted area. Methods of calculating
doses from inhalation or ingestion (or both) and direct shine of gamma rays
from dispersing plumes of airbome radioactive material are applicable and
no less conservative than those developed in Chapter 11 of the SAR. The
cxposm'e time for the reactor staff is xx and for the public it is xx.

The calculated maximum effective dos&s for the MHA scenario are the

‘following:

- cxtemal—(xx mfém) staff; (xx mrem) public :
- internal—(xx mrem) staff; (xx mrem) public
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These doses and dose commitments are within the acceptable limits (state
the limits). Because the assumptions of the scenario are conservative, the
postulated accident would not be likely to occur during the life of the
facility. The applicant has examined more realistic assumptions about
operating time and release fractions that decreased the source term by xx
percent of the one calculated, lowering the maximum doses by that factor

(if qvplzcable) Thus, even for the MHA, whose consequences bound all
credible accidents possible at the facihty, the health and safety of the facility
staﬂ' and the public are protected

Insemon of Excess Reactlwty

The reviewer should select one of the two ﬁndmgs that follow

The apphcant has dxscussed possible methods by wlnch excess reactxv:ty

" could be inserted accidentally into the reactor to cause an excursion. Rapid
mseruons were initiated by (state the initiators analyzed, some e:xamples

follow) : N _ :

' ' ) droppmg of a fuel assembly ora ﬁ:eled expenment mto a core
.~ vacancy

. removal or ejectlon of a control., safety, or transxent rod

e 7 sudden malﬁmcnon, movement, or fmlure of an expenment or

. _MW Qfasurge ‘_’fcqldnﬁmaxycoolant -
e maiﬁmction of reflector componeats.

' Slow insertions were mmated by (szaze the mmators anal)zed some
" examples follow): : : A
e insertionofa fuel assembly p; ﬁxeled ex;ierirnent into a core
' © vacancy :
T e "malﬁmeuonofacontrolorsafetyrodsystem

‘e ‘operator error, especmlly at reactor sta.rwp (inadvertent criticality)

» malfunction of power level indicator, especially at reactor startup
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or

» - protracted malfunction, movement, or leakage of an expenment or
expenmental fac:hty

. malfunctlon of reflector components

The applicant has dxscussed the scenario for the above events, presented a
quahtanve evaluatxon, and compared the hkely consequences

The SAR shows that physical limitations and technical spec:ﬁcations
provide acceptable assurance that inadvertent removal or ejection of 2
control rod, a safety rod, or both, is prevented unless sufficient fuel has
been removed, which would ensure subcriticality. Similar controls offer
acceptable assurance that fuel or ﬁxeled-expenmént handling above the
core is prevented unless the control rods are in position to ensure
subcriticality. Even with such controls, fuel or a fueled experiment could
be handled while the reactor is in a critical state and while the core has a
fuel vacancy at the core periphery. It is postulated that a fuel element or
fueled experiment is inadvertently dropped into the vacancy, rapidly
inserting reactivity equal to its worth at that position The reactor enters a
supercritical state by xx% AK/k, which induces a stable positive reactor
period of xx msec. Reactor power increases so fast that safety rods are
assumed not to move significantly during the transient, even though both
the period scram and power level scram are tripped. The power level and
fuel temperature are analyzed by validated and acceptable methods. The
analyses show that the steam void formed in the core reduces reactivity
sufficiently to terminate the excursion, or the prompt negative temperature
coefficient of the fuel reduces reactivity sufficiently to terminate the
excursion. The safety rods continue to insert within their required drop
time, which stabilizes the subcritical reactor. During the transient, xx MW-
sec/g of energy was deposited in the hottest point of a fuel element, raising
its maximum temperature to xx °C. Because this temperature is lower than
the safety limit temperature of the fuel cladding xx °C, fuel integrity would
not be lost. Therefore, no fission products would be released from the
primary barrier by this accident. (This approach could also be used for
experiment malfunction and other rapid additions of reactivity.)

Because of the peak power level during the transient, the operator inserting
the fuel or fueled experiment was exposed to a brief pulse of radiation.

The integrated dose was computed not to exceed xx mrem, which is below
acceptable limits for occupational exposures.
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The SAR shows that physical and technical specification limitations give

- reasonable assurance that a rapid insertion of reactivity is not credible.

However, malfunction of the control rod drive mechanism or operator
error during reactor startup could cause an inadvertent withdrawal of the
control rod and an unplanned increase in reactor power.” The accident
scenario assumes that the reactor has a maximum load of ﬁael (consistent

~ with the technical specifications), the reactor is operating at full licensed

power, and the control system malfunction withdraws the control rod of
maximum reactivity worth at its maximum drive speed. Both the power

- level scram and reactor period scram are assumed to be operable. (In some

analysis it is assumed that the first scram that would terminate the

.. reactivity addition fails and that the second scram terminates the event.

In some cases, both scrams are assumed to have failed. If this is the case,
the evaluation should be modified appropriately.) The continuous
removal of the rod causes a continiious decrease of reactor period and a
continuous increase in reactor power. The analyses, mcludmg trip level

- .uncertainties and rod-drop delays, show that the period scram terminates

the power increase before the thermal reactor power reaches xx MW. The
thermal-hydraulic analysis shows that the energy deposited and
instantaneous power level would not raise the peak temperature in the

‘hottest fuel element above xx °C. Because this temperature is lower than
‘the safety limit temperature for fuel cladding (xx °C), fuel integrity would
not be lost. (7his appraach could be used  for olher slow additions of

reactivity.)

Loss ofCooIant

The applicant has discussed possible methods by which sufficient primary
coolant would be lost rapidly to pose a risk to adequate removal of heat
from the fuel. The credible accident with the worst potential consequénces
is initiated by the catastrophic failure of (state the component that fails,
usually a beam tube or primary coolant pipe), which would allow a“
coolant loss at xx liter/min initially. The scenario assumes that the reactor

. is operating at full licensed power and has been operating long enough for

the fuel to contain fission products at equnhbnum concentrations.

. Thereforc, the i maximum possible decay heat is available at the start of the
. .event. The pool level scram shuts down the reactor when the coolant

" reaches the technical specification level. Coolant reaches the top of the

~ .core in xx min, and the bottom of the core in xx min. At this time, decay

heat raises fuel temperatures. For the SAR analyses, the applicant used
valldated and acceptable methods to calculate fuel temperature changes.

The revxewer should select one of the followmg situations:
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With natural-convection air cooling, the analyses show that the peak fuel
temperature will not exceed xx °C in xx hr, which is below the temperature
necessary for fuel cladding to maintain fuel integrity. -

With the emergency core cooling system functioning‘ as designed, the

analyses show that the peak fuel temperature reaches no more than xx °C,

which is below the temperature necssary for ﬁxel claddmg to maintain fuel
integrity.

As the prima:y coolant escapes and the reactor core becom&s uncovered,
the decay fission products constitute an unshielded gamma-ray source near
the bottom of the pool. This source could expose personnel above the
pool to direct gamma radiations and personnel on the floor of the reactor
room to scattered gamma radiations. The applicant has analyzed both
locations, including the potential doses to facility staff and the public in
unrestricted areas, The delay time while the water is escaping from the
reactor pool allows the facility staff to take cover and avoid doses larger
than xx mrem. - The maximum potential dose rates in the unrestricted area
would not exceed xx mrem/hr, which provides sufficient time for protective
action, if requxred, so that no doses would exceed acccptable hmlts

To dctcrmme the maximum potcnnal consequences for fuel mtegnty and
personnel, the applicant has analyzed a loss-of-coolant scenario in which all
primary coolant is lost instantaneously (if applicable). The other
assumptions are the same as for the slower loss evaluated above. Although
the assumptions for this scenario exceed those discussed above, fuel
integrity should be ensured and personnel doses would not exceed
acceptable limits. :

Laoss of Coolant Flow

The reviewer should select one of the two findings that follow

1

The applicant has dxscussed possible methods by whxch coolant flow

through one or more fuel channels could be interrupted while the reactor is
operating. ‘The postulated initiating events range from total loss of forced
flow as a result of pump or normal electrical g power failure to blockage of
xx fuel channel(s) by a foreign object. The scenario assumes that the
reactor has been operating at full power and fission product decay rates
have reached eth'bnum.

When the pump stops, a conservative assumption is that forced flow stops
instantly (pump coastdown can be used in the calculations if appropriate).
The coolant-flow scram shuts down the reactor within the technical
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or

@

. speciﬁcaﬁon time limits for circuit delays and ‘:r0d4droo times. The reactor
- is designed to change passively to natural-convection flow when forced

flow ceases. However, during the changeover, there is a transient period

.before natural-convection flow can remove decay heat. The analyses

account for this transient, showing that the peak fuel temperature does not
reach an unacceptable value. Therefore, the maximum credxble loss-of-
flow accident would not cause loss of fuel i mtegmy

 For blocked fuel cooling channels; the applicant has analyzed heat transfer

around the area of the blockage. ' Appropriate assumptions have been made
concerning the amount of time that passes without detection of the
blockage. If the blockage is indicated by the reactor instrumentation,
reactor operators take appropriate action. Thermal-hydraulic analysis

-shows that the peak fuel temperature in the area of the blockage will not

reach an unacceptable value Therefore such blockage would not cause

“fuel integrity to be lost.-

. The applicant has shown that fuel cooling channel blockage could lead to
fuel melting and fuel cladding failure. The analysis shows that this event is
‘bounded by the fuel failure discussed in the section on the MHA.

Therefore, doses to the staff and the public are within acceptable limits and
the health and safety of the staff and the public are protected

(If the MHA is not a fuel failure accident, the reviewer should use wording

_ Similar 1o the conclusions for the MHA fuel failure presented above to
 State the conclusions for this type of accident. The wording should be

modified 1o account for the facl thata bIocked jueI-cooImg channels event

_isnotthe MHA) - -

Mzshmzdlmg or Malﬁmcaon af Fuel

-

The applxcant has dlscussed lmtxaxmg events that could damage fuel or
aceldentally release fission products from irradiated fuel in the core, in

storage, or in between the core and the storage area. The events that

.~ "would cause the worst radxologxeal consequences have been analyzed by

the apphcant _This event is @ravxde descnphon)

The analysxs shows that tlus event is bounded by the fuel fallure discussed
under the MHA. Therefore, doses to the staff and the public are within
acceptable limits and the health and safety of the staff and the public are
protected.
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(If the AHIA isnota ﬁlel failure accident, the reviewer should use wording
similar to the conclusions for the MHA fuel failure presented above to
state the conclusions for this type of accident. - The wording should be
modifi ed to account jor the fact that this mxshandhng or malfunction of
fuel is not the MHA.)

Experiment Malfunction

The applicant has discussed the types of experiments that could be
performed at the reactor within its license and technical specifications. The
discussions include events that could initiate accidents such as (list events,
some examples are given below): :

- meltmg, Ieakmg, detonanon, or faxlure of the expenmental material
or its encapsulation, allowmg radioactive material to escape into the
reactor room or the air exhaust stream to the unrestricted
environment

- movement or misplacement of an experiment into a location of
radiation intensity higher than thax for whxch xt was planned

- , movement, meltmg, or other fmlure of a nwtron-absorbmg
experiment, which causes positive r&ctmty to be inserted
inadvertently into the reactor

- movement, failure, or leakage of an experimental facility, which
causes positive reactivity to be inserted inadvertently into the
reactor or radioactive material to be released by the malfunction

The analysis shows that the technical specifications that limit experiment
types and magnitudes of reactivities give reasonable assurance that the
potential consequences of these initiating events would be less severe than
those already evaluated in the section on the MHA orin ﬁxel handling
accident scenarios. -

(lf the MHA is not a release of radioactive material, the reviewer should
use wording similar to the conclusions for the MHA Juel failure presented
above to state the conclusions for this type of accident.” The wording
should be modified to account for the fact that experiment malfunction is
not the MHA.) '
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Loss of Normal Electrical Power

. The applicant has discussed the events that could result from the sudden
loss of normal electrical power. The reactor is designed so that the force
of gravity automatically inserts safety or control rods (or describe the
system used that does not reqwre electrical power) and shuts down the
fission reactions when power is lost. Furthermore, reactors with natural-
convection cooling are not affected (reactors with forced-convection

. ‘cooling passively change 1o nazural oonvecnon fo remove decay heat when
power is lost).

The reviewer should mod1fy the followmg statement to apply to the reactor under
discussion.”

. Most licensed non-power reactors have a large reserve of coolant in the
" pool that can absorb decay heat for hours, if necessary, without transfer of
heat to the secondaxy system. In a few non-power reactors, emergency
electrical power is eventually required to transfer heat to the secondary
system. In some non-power reactors, emergency electrical power must be
.~ gvailable for specified instrument and control functions. ‘Emergency power
design is discussed in Chapter 8 of the SAR. 'On the basis of these
considerations, loss of normal electrical power at a non-power reactor
'would not pose undue risk to the health and safety of the public. - *

External Events

. The design to withstand external events and the potenual assocxated .
accidents is discussed in Chapters 2 and 3 of the SAR. “The reactor facility
- is designed to accomrodate these events by shutting down, wluch would
not pose undue risk to the health and safety of the public. For events that
cause facility damage (seismic events that damage the reactor facility or
- . pool), the damage is within the bounds discussed for other accidents in tlns
chapter. Therefore, exposure to the staff and the public is within * . °
acceptable limits and external events do not pose an unacceptable risk to
the health and safety of the public. "(4n external event could be the MHA if
enough damage is done to the faal:ty t0 damage ﬁ:el 771e concIuszon '
above for the MHA would apply.) .

Mshamﬂmg orMalﬁmctzon of. Eqmpment D -

Inmatmg events under thts headmg would reqmre a case-by-case reactor-

specific discussion. If the SAR discusses additional events that fall outside the

eight categories, the potential consequences should be compared with similar "
events already analyzed or with the MHA, as applicable.
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