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ABSTRACT

NUREG-1537, Part 2 gives guidance on the conduct of licensing action reviews to
NRC staff who review non-power reactor licensing applications. These licensing
actions include construction permits and initial operating licenses, license renewals,
amendments, conversions from highly enriched uranium to low-enriched uranium,
decommissioning, and license termination.
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INTRODUCTION

Background

This document gives guidance to staff reviewers in the Office of Nuclear Reactor

- Regulation (NRR) and reviewers under contract to the U.S. Nuclear Regulatory
. Commission (NRC) for performing safety reviews of applications to construct, -

modify, or operate a nuclear non-power reactor.” The principal purpose of this
document is to ensure the quahtyandumfoxmnyofrevxewsbyprwmunga :
definitive base from which to evaluate applications for license or license renewal.

_ This document also makes information about regulatory matters widely available

and helps interested members of the pubhc and the non-power reactor commumty

’betterunderstandtherewewproc&cs e

‘NRC has pubhshed several documents that grve gmdance that is applxcable to.

commercial power reactors. In 1972, the NRC issued Regulatory Guide = -
(RG) 1.70, "Standard Format and Content of Safety Analysis Reports for Nuclear
Power Plants (LWR Edition)" to help commercial power plants in applying for
light-water reactor (LWR) licenses. The staff revised RG 1.70in.1972, 1975, and
1978. In 1975, NRC issued the "Standard Review Plan for the Review of Safety
Analysis Reports for Nuclear Power Plants (LWR Edition)" (NUREG-75/087) to

‘ensure the qualxty complcteness, and uniformity of staff reviews of power reactor

safcty analysxs reports (SARs), and to assist the staff in petformmg the reviews.. In
1981, the staff completely rcwsed the earlier Standard Revxew Plan (NUREG- -

. 75/087) and published the revmon as NUREG-OSOO In 1987 the staff revised -

NUREG-0800.

The staff issued RG 1.70 and NUREG-0800 for LWR nuclear power plants which
are much  larger and more complex than non-power reactor facilities. Recognizing
that non-power reactor licensees need not be requn'ed to comply with the SAR
guidelines for power reactors, NRC issued 2 format and content gmde (NUREG—
1537, Part 1) for non-power reactor license apphcants and is issuing thls

submitted for non-power reactors. .

.‘,A‘«;“’z .u -l

" Reactors designed . and opcraied for reswch, developmmt, educanon, and medxca]
“'therapy are called non-powcr reactors (defined in the Code of Federal - -

Regulaaons Title 10, Sectlon 50.2 (10 CFR 50.2)) This class of reactors L
comprises resee.rch reactors (deﬁned in 10 CFR '170.3) and twtmg facllmes (also

. referred to'as twt rmctor« in some regulatnons) wluch are deﬁned in 10 CFR 50.2
‘and 10 CFR 100.3. The format and content guide contams addmonal mformanon

on the classdicanon of non-power reactors

. R!-:v02196 . o xin» — STANDARD REVIEW PLAN



All reactors (power and non-power) are licensed to operate as utilization facilities
under Title 10 in accordance with the Afomic Energy Act (AEA or Act) of 1954,
as amended. The AEA was written to promote the development and use of atomic
energy for peaceful purposes and to control and limit its radiological hazards to the
public. These purposes are expressed in paragraph 104 of the Act, which states
that utilization facilities for research and development should be regulated to the
minimum extent consistent with protecting the health and safety of the public and
promoting the common defense and security. These concepts are promulgated in
10 CFR 50.40, 50.41, and in other parts of Title 10 that deal with non-power
reactors. The licensed thermal power levels of non-power reactors are several
orders of magnitude lower than current power reactors. Therefore, the
accumulated inventory of radioactive fission products in the fuel (in core) of non-
power reactors is proportionally less and requires less stringent and less
prescriptive measures to give equivalent protection to the health and safety of the
public. Thus, even though many of the regulations of Title 10 apply to both power
and non-power reactors, the regulations will be implemented in a different way for
each category of reactor consistent with protecting the health and safety of the
public, workers, and the environment. Because the potential hazards may also
vary widely among non-power reactors, regulations also may be implemented in a
different way within the non-power reactor category.

Section 50.34 of Title 10 requires that each application for a construction permit
for a nuclear reactor facility include a preliminary safety analysis report (PSAR)
and that each application for a license to operate such a facility include a final
safety analysis report (FSAR). A single SAR document may be acceptable for
non-power reactors, but it must be sufficiently detailed to permit the NRC staffto
determine whether or not the facility can be built and operated consistent with
applicable regulations.

Most of the design, operation, and safety considerations for non-power reactors
apply to both test and research reactors. The guidance herein for reviewing
submittals and the criteria for acceptability should be followed for all non-power
reactors. Differences for test reactors will be discussed in the applicable chapters.

The issue of what standards to use in evaluating accidents at a research reactor
was discussed in an Atomic Safety and Licensing Appeal Board (ASLAB) decision
issued May 18, 1972, for the research reactor at Columbia University in New York
City. ASLAB stated that "as a general proposition, the Appeal Board does not
consider it desirable to use the standards of 10 CFR Part 20 for evaluating the
effects of a postulated accident in a research reactor inasmuch as they are unduly
restrictive for that purpose. The Appeal Board strongly recommends that specific
standards for the evaluation of an accident situation in a research reactor be
formulated." The staff has not found it necessary to conform to that
recommendation to develop separate criteria for the evaluation of research reactor

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



INTRODUCTION

accidents, since the majonty of resw'ch reutors to date have been ableto adopt
the conservative 10 CFR Part 20 cntena . |

- The pnne:pal safety issues that dlﬁ’erentune test reactors from research reactors are
- the reactor site requirements and the doses to the pubhc that could result from a
. serious accident. For a research redctor, the results of the acadent analysis have
- generally been compared with the 10 CFR Part 20 (10 CFR 20.1 through 20.602
. and Appendices for research reactors licensed before Janumy 1, 1994, and 10 CFR
:20.1001 through 20.2402 and Appéndices for research reactors licensed on or
after January 1, 1994). For research reactors licensed before Janua.ty 1, 1994, the
doses that the staff has generally found acceptable for accident analysis results for
research reactors are less than 5 rem whole body and less than 30 rem thyroid for
occupational exposure, and less than 0.5 rem whole body and less than 3rem
" thyroid for members of the public. For research reactors Tlicensed 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, thestaﬂ’has
accepted very conservative acctdent ana]yses that excwd the 10 CFR Part 20 dose
limits dlsoussed above :

Ifthe facxlnty conforms to the dcﬁmtlon ‘of a test reactor, the doses should be
compared with 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. Any further
references to 10 CFR Part 100 in this document apply to test reactors only."

. The SAR for a new. fnahty should describe the design of the facility in sufficient
. detail to enable the reviewer to evaluate definitively whether the facility can be
. constructed and operated in accordance with apphcable regulanons ‘

" The regulations (see 10 CFR 2. 105(c)) do not preclude and the NRC prefexs a
joint application for a construction permit and operating license for the initial
licensing of a research reactor facility.  If well planned, the final facility design and
the final SAR descriptions, analyses, and conclusions will not be significantly

e changed from those in the initial application, and a one-step licensing procedure

can be undertaken. To initiate this process, the application should request both a
construction permit and an operating license to be issued when construction and
. ..operating readiness are acceptable to NRC.  The submitted SAR should be
~ complete, appropriate, and acceptable for both permits. This allows a joint notice
~of intent to be published in the Federal Register at the construction permit stage
that includes issuance of the operating license without further prior notice when
,appropnate ‘Thej Jomt application and joint notice procedure streamlines the
" licensing process. Ifa final SAR is submrtted which documents changes made
during construction, it shall demonstrate that the facility desxgn and the safety
conclusions of the previous SAR documents are unchanged.

Rev 0,296 Xy SrAb_u){moR}:vmwh.m



This standard review plan covers a variety of site conditions and plant designs.
Each section contains the necessary procedures and acceptance criteria for all
areas of review pertinent to that section. However, not all of the guidance in this
standard review plan may be applicable to every non-power reactor type licensed
by NRC. There may be instances in which the applicant has not addressed a topic
in the format and content guide because the applicant has made a determination
that the guidance is not applicable to the particular reactor. The reviewer should
be aware of the general non-power reactor types and the differences between the
types. Ifit is not clear to the reviewer that specific guidance is not applicable to
the reactor under review, the applicant may be asked why a particular issue is not
addressed in the SAR. The reviewer may select and emphasize particular aspects
of each standard review plan section, as is appropriate for the application. In some
cases, the major portion of the review of a facility feature may be done generically
with the designer of that feature rather than during reviews of each particular
application. In other cases, a facility feature may be sufficiently similar to that of a
previously reviewed facility so that an additional review of the feature is not
needed. For these and other similar reasons, the reviewer may choose not to carry.
out in detail all of the review steps listed in each standard review plan section for
every application. Rationale for each decision should be documented in the
appropriate section of the SAR.

Document Structure

Parts 1 and 2 of this document are complementary; titles and numbers of sections
correspond to the SAR sections This document consists of subsections for areas
of review, acceptance criteria, review procedures, and evaluation findings for each
section of the SAR to be reviewed and evaluated. The subsections are defined as
follows:

. Areas of Review. This subsection describes the scope of the review,
- including a description of the systems, components, analyses, data, or other
information that is part of the particular safety analysis section under
review.

. Acceptance Criteria. This subsection states the purpose of the review, the
applicable NRC requirements, and the technical bases for determining the
acceptability of the design or the programs within the scope of the review.
The technical bases comprise such specific criteria as NRC regulatory
guides, codes and standards, branch technical positions, and other criteria
that apply to non-power reactors.

NRR technical positions or practices describe the technical bases for
sections of this standard review plan. These positions typically explain the
solutions and approaches determined to be acceptable in the past by

NUREG-1537,PArT 2 xw Rev 0,2/96
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reviewers dealmg with a safety-related desxgn area or thh analyses These

. solutions and approaches are presented in this form so that 1 reviewers can

- take uniform posrtlons for thece issues in ﬁrture revxews .

Although the technical positions in these documents represent solutions
and approaches that are acceptable, those solutrons and approaches should
*not be considered as the only solutlons and approaches that are acceptable.
*However, applicants should recogmze that, as in the case of regulatory
guides, NRC staff spent substantial time and effort preparing the technical
positions, and a corresponding amount of effort would probably be
required to review and find aeeeptable new or different solutions and
_approaches. Thus,’ applxeants proposing solutrons and approaches dxﬁ‘enng
from those described in the technical posrtlons may expect longer review
trmes and more extensrve questxomng in these areas.

Review Procedures. This subsection dxsousses how the review is
performed and is generally a description that the reviewer follows to verify
that the applicable safety criteria have been met. The reviewer must -

i+ . document the results ofthe revxewmthe staﬁ’s safety evaluation reportby

- thefollowmgmeans

- stating the apphcable reqmrements or standards with specxﬁc
cxtanon to the source of those reqmrements of standards

- summanzmg the apphcant's proposed method for SatISf}'mg the
- reqmrements or standards _ .

- summanzmg the staﬂ‘s analysrs of whether the apphcant s proposal
- C does mdwd sahsfythereqmrements or standards

The documented analysxs mustbe a suﬁicxent basis for the evaluatlon
findings which are discussed below. -~ .

Evaluation Findings. This subsection presents the type of conelusrons

needed to accept the partroular review area - The staff’s safety evahiation

report should include a conclusion for eaeh sectlon to document the résults
oftherevxew S

Although not specifically dlscussed in every section of this standard review plan,
each section of the staff’s safety evaluation report should describe the review,
including the aspects of the reéview that were selected or emphasized, matters that
were modified by the apphcant or requxred additional information, the design of the
plant or the programs of the applicant that deviated from the cntena stated herein,
and the bases for : any dev:atxons from this standard review plan L

a t}\’t,LZ"" ’
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Selected chapters end with a reference section or a bibliography, which gives full
citations for the documents, standards, and other reports referred to in this
standard review plan, and which may also list other useful material.

This standard review plan and the format and content guide were developed for all
designs and generally apply to non-power reactors of all power levels. However,
license applicants for reactors with power levels above several tens of megawatts
or with novel design features should contact the NRC staff to determine if
additional guidance is needed.

The standard review plan and the format and content guide were prepared by staff
who have many years of experience in applying regulatory requirements to
evaluate the safety of non-power reactors and to review SARs. These documents
are part of NRC's continuing effort to improve regulatory standards by
documenting current methods of review and establishing a baseline for orderly
modifications of the review process in the future.

NRC wrote these documents with three major objectives: (1) to discuss NRC
requirements germane to each review topic, (2) to describe how the reviewer
determines that the requirements have been satisfied, and (3) to document the
practices developed by NRR in previous regulatory efforts for non-power reactors.

The staff will periodically revise this document to clarify the content, correct
errors, and incorporate modifications. The revision number and publication date
will be printed at the bottom of each revised page. The revision numbers and dates
need not be the same for all sections because individual sections will be replaced
with a newly revised section only as needed. A list of affected pages will indicate
the revision numbers for the current sections, As necessary, the staff will make
corresponding changes to the format and content guide using these methods.

General Requirements

Most operating licenses for non-power reactors are issued for a 20-year term.
These licenses permit the non-power reactor to operate within the constraints of
the technical specifications derived from the SAR. Each non-power reactor facility
applying for an initial license or for a license renewal should submit an SAR that
follows the standard format and content guide.

The SAR contains the formal documentation for a facility, presenting basic
information about the design bases, and the considerations and reasoning used to
support the applicant’s conclusion that the facility can be operated safely. The
descriptions and discussions therein also support the assumptions and methods of
analysis of postulated accidents, including the maximum hypothetical accident
(MHA), and the design of any engineered safety features (ESFs) used to mitigate
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accident consequmccs The MHA, which assumes an incredible failure that can
lead to fuel cladding or to a fueled experiment contamment breach, is used to
bound credible accidents in the accident ana]ysns ’

The SAR is the basic document that gives NRC Justlﬁeatlon for Ilcensmg the
facility and gives information for understanding the design bases for the 10 CFR

- 50.59 change process, for training reactor operators, for preparing reactor
operator licensing examinations, and for preparing for NRC mspectlons For these
reasonsandothers,xtxsmportantthmﬂneSARremmnanacmmte current :
description of the facility. Even though regulations do not require the hoensee for
a non-power reactor to periodically update the SAR as required in 10 CFR
50.71(e) for licensees of power reactors, the NRC staff encourages non-power _
reactor licensees to maintain current SARs on file at NRC after initial licensing or
license renewal by submitting replacement pages along with applications for license
amendment and along with the annual report that summarizes changw made . -
thhout prior NRC approval under 10 CFR 50.59. ] :

Although these procedures will not completely eliminate the need to revise
sections of the SAR at license renewal, they can reduce the amount of resources
needed to revise the SAR. NRC plans to remind licensees by letter to review the
license renewal requirements of 10 CFR 2.109 at least a year before the expiration
date ofafacxhtyopcrannghcense and to contact NRC for additional guidance if
needed. A standard letter to the licensee has been developed for this purpose

As noted above, 10 CFR 50.34 requires each applicant for a license to mcthe an
SAR as part of the application. Although no regulations apply specifically to
SARs for non-power reactor license renewal, the NRC staff determined that it
cannot effectively arrive at the findings necessary to renew a facility license
without reviewing and evaluating a current SAR.

This document and the associated format and content guide for licensing are also
applicable to non-power reactor license amendments, such as those for license
renewal, power increases, excess reactivity increases, major core configuration
changes, and other significant changes to 2 non-power reactor facility. License
rencwal applications should address all topics covered in this document to account
for facility changes and any new regulatory requirements issued since initial
licensing of the facility. Each submittal should specify all safety issues and address
them adequately in revised sections of the SAR. The reviewer shall confirm that
all safety issues have been addressed.

Contributors

This document was prepared by A. Adams, Jr., Senior Project Manager, Non-
Power Reactors and Decommissioning Project Directorate, Division of Project
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Support, Office of Nuclear Reactor Regulation, U.S Nuclear Regulatory
Commission. Major contributors to the document include the project manager,

S. Weiss, and M. Mendonca and T. Michaels also of NRC; S. Bryan, W.
Carpenter, R. Carter, D. Ebert, R. Gamer, P. Napper, and P. Wheatley of the
Idaho National Engineering Laboratory (INEL) under contract to NRC; and

J. Hyder, J. Teel, and C. Thomas, Jr., of Los Alamos National Laboratory under
contract to INEL. Comments and suggestions for improving this document should
be sent to the Director, Non-Power Reactors and Decommissioning Project
Directorate, Office of Nuclear Reactor Regulation, U.S. Nuclear Regulatory
Commission, Washington, DC 20555-0001. Notices of errors or omissions should
be sent to the same address.
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Safety Analysis Reports for Nuclear Power Plants (LWR Edition)," NUREG-
0800, 1987.
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1 THE FACILITY
Chapter 1 of the safety analysis report (SAR) is an overview or an executive
summary of topics covered in detail in other chapters. The applicant should

.. include a general introduction to the SAR and the non-power reactor facility. ‘The
applicant should state the purpose of the SAR and briefly describe the application.

1.1 Introduction
Areas of Review e e

In this very brief introduction to the apphcant and the famhty, areas of review
should include the following:

* identification and description of the applicant

. purposeand h&endedusfsg;f@g reactor facility

. geog;t;phical location l o

. “type and power level of th'e‘ reécior

. inherent orpassxvesafetyfwmres o |

. umque design features, suchasa pr&csunzed pnmary coolant system or
unique fuel design, which would be notable for a non-power reactor
licensed by the U.S. Nuclear Regulatory Commission (NRC) "

Acceptance Criteria .

Acceptance criteria for the information in this section shouldmcludethe lfbliowing:

e . Thepurpose of the SAR should be clearly stated. o

e  The applicant should‘bé' identified. |

° . The locanon, purpose and use of the facxhty should be bneﬂy descn’bed

o« . 'I'he basic charactenstxcs of the famhty that aﬁ’ect llcensmg consnderatxons
' ~ should be bneﬂy dlscussed ,

. The design or location features included to address basic safety concerns
should be outlined. '
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CHAPTER |

. Any unique safety design features of the facility different from prevnously
licensed non-power reactor facilities should be highlighted.

Review Procedures

The reviewer should confirm that the applicant submitted all information requested
in the format and content guide.

The reviewer should confirm that the introduction contains sufficient information
to support conclusions that the applicant and the proposed facility fall within the
scope of NRC licensing authority and that the evaluations and conclusions of other
sections of the SAR will address the relevant details of the facility.

Evaluation Findings

The NRC does not write evaluation findings for the introduction of the SAR.
Section 1.1 of the staff’s safety evaluation report serves as an introduction to the
NRC report and has a standard format. Section 1 of the "Safety Evaluation Report
Related to the Renewal of the Facility License for the Research Reactor at the
Dow Chemical Company,” NUREG-1312, April 1989, an example of the standard
format, is reproduced here as Appendix 1.1. The statements should be
appropriately modified for an initial application for construction and operation. In
the introduction to the safety evaluation report, the staff identifies the applicant,
identifies the licensing action that is evaluated, lists the dates of the application and
supplements, lists the documents submitted by the applicant, provides information
on where the material is available for review by the public, states the purpose of
the review, lists the requirements and standards used in the review, and states who
performed the review for NRC.

1.2 Summary and Conclusions on Principal Safety
Considerations

Areas of Review

The reviewer should ensure that the SAR discusses all possibilities for radiological
exposure to the public that could result from operation of the facility. In this
section, the applicant should summarize the types of radiological exposure, the
magnitude of potential radiation exposure, and the design features that control and
limit the potential exposure to acceptable levels prescribed by regulations. These
safety considerations include the range of normal operations and accident scenarios
that influenced the location and design of the non-power reactor facility.

Areas of review should include the following:
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. safety criteria proposed by the applicant
e principal safety considerations of thie facility design

e potential radtologtcal consequences of operation and the method of
L prov:dmg protectlon o

e  description of safety of umque desxgn features
. discussion of accndents
Acceptance Criteria

The acceptance criteria for the mfomtatxon on pnncxpa] safety constderattons .
mclude the followmg '

. ‘ Sumctent dwgn features should be included to protect the health and
safety of the public.

. No exposures from normal operatton should exceed the requirements of
Part 20 of Title 10 of the Code of Federal Regulaltons (10 CFR Part 20)
and the guidance of the facility program for keeping exposmes aslowasis
reasonably achievable (ALARA).

. Aectdents should be bneﬂy dtscussed

¢« - TAII modec of operation and events that could lead to sxgmﬁcant
! radtologtcal releases and exposure of the pubhc should be chscussed

Revxew Procedures o

The reviewer should oonﬁrm that the apphcant submitted all mformatton requested
in the format and content guide. ‘The reviewer should consxder the stated criteria
to ensure safety and to evaluate their application to the reactor facility design. The
summary discussions and descriptions should include such safety considerations as
a consesvative restricted area to exclude and protect the public, confinement or ,
containment to control radioactive releases, operation with thermal-hydraulic *
parameters that are conservative compared with the designed capabilxtles of the
fuel and cladding, diversity and redundancy of instrumentation and control
gystems, and other defense-m-depth features. These discussions do not substitute
for the detailed analysis in the SAR, they bneﬂy summarize some of the” :
information in the SAR.- The reviewer should examine the detalled dxscusstons as
part of the review of other chapters of the SAR.

) REV.0,2/96 " 1-3 — STANDARD REVIEW PLAN



CHAPTER ]

Evaluation Findings

NRC does not write specific evaluation findings for this section of the SRP. This
section of the staff’s safety evaluation report contains the summary and
conclusions of principal safety considerations as determined by the NRC staff.
These conclusions are summarized from the reviewer’s analysis of the complete
SAR and are not derived from the information in Chapter 1 of the SAR. These
summary conclusions and the "findings" at the end of a typical safety evaluation
report section are sought by NRC in support of the issuance of a license for a non-
power reactor. As an example, see 10 CFR 50.56 and 10 CFR 50.57. Statements
in a renewal application will differ slightly from those in an initial application. The
conclusions NRC places in this section of the safety evaluation report are as
follows:

(¢))

@

€)

@

&)

The design, testing, and performance of the reactor structure and the
systems and components important to safety during normal operation are
adequately planned, and safe operation of the facility can reasonably be
expected.

The management organization of the applicant is adequate to maintain the
facility, ensure safe operation of the facility, and conduct research activities
so that there is no significant radiological risk to the employees or the
public.

The applicant has considered the expected consequences of several
postulated accidents and has emphasized those likely to cause a loss of
integrity of fuel-element cladding. The staff performed conservative
analyses of the most serious, hypothetically credible accidents and
determined that the calculated potential radiation doses outside the reactor
site are not likely to exceed the guidelines of 10 CFR Part 20 (for research
reactors), 10 CFR 20.1 through 20.602 and Appendices (for research
reactors licensed before January 1, 1994), or 10 CFR 20.1001 through
20.2402 and Appendices (for research reactors licensed on or after
January 1, 1994) or 10 CFR Part 100 (for test reactors) for doses in
unrestricted areas.

Releases of radioactive materials and wastes from the facility are not
expected to result in concentrations outside the limits specified by
regulations of the Commission and are ALARA.

The technical specifications of the licensee, which state limits controlling
operation of the facility, give a high degree of assurance that the facility
will be operated in accordance with the assumptions and analyses in the
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SAR. The techmeal spec1ﬁcatxons ensure that there will be no significant
"degradation of equipment. ‘

(6)  The financial data demonstrate that the applicant has reasonable access to
sufficient revenues to cover (construction) operatmg costs and eventually
o decommxssxon the reactor facilxty -

(7)  The program for physically protectmg the facility and its special nuclear
materials complies with the requxrements of 10 CFR Part 73.

(8)  The procedures for trammg its reaetor operators and the plan for operator
requalification are adequate; they give r&sonable assurance the reactor will
be operated competently.’

(9)  The emergency plan pr'oirides Teasoniablé assurance that the applicant is
prepared to assess and respond to emergency events.

1.3 General Description
Areas of Review o

In this very brief description of the facility, the reviewer should ensure that the
applicant’s overview of the facility design shows how design features implement
the safety criteria and safety considerations of Section 1.2. The descriptions
should be sufficiently quantitative to clearly summarize the facility to someone who
understands non-power reactors. The applicant should present & more detailed
description in later chapters of the SAR. The appllcant should mclude drawmgs,
tables, and photographs as necessary. -

Areas of review should mclude the followmg
.  the Jocation of the faeihty and pnnc:pal charactensucs of the site

. the basic design features, operating characteristics, and safety systems of
. thereactor and i its instrumentation and control and electrical systetns

. the thermal power level of the reactor (and any pulsmg capa.bilxty) and the
system that removes and dxsperses the power - :

. the basic expenmental featurec and capabilmes in the desxgn

. engineered safety features des:gned to control radiation releases
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. the design features of the radioactive waste management system or
provisions and radiation protection

Acceptance Criteria
Acceptance criteria for the general description of the facility include the following:
. The applicant should briefly describe

- geographical location of the reactor facility

- principal characteristics of the site

- principal design criteria, operating characteristics, and safety
systems

- any engineered safety features
- instrumentation, control, and electrical systems
- reactor coolant and other auxiliary systems

- radioactive waste management provisions or system and radiation
protection

- experimental facilities and capabilities

. The applicant should indicate the general arrangement of major structures
and equipment with plan and elevation drawings

. The applicant should briefly identify safety features likely to be of special
interest.

. The applicant should highlight unusual characteristics of the site, the
containment building, novel designs of the reactor, or unique experimental
facilities.

The reviewer should examine full facility descriptions and analysis found in to
other sections of the SAR and should evaluate them there.

Review Procedures

The reviewer should confirm that the applicant submitted all information requested
in the format and content guide.
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' Emluauon Fmdmgs

. NRC dow not write eva]uanon ﬁndmgs on  this sectlon of the SAR.

'1.4 Shared Facilities and Equnpment
Areas of Review

Many non-power reactor facilities wnll not be housed ina separaie bmldmg, and
many will not have facilities and eqmpment dedxcated solely to their use. - Some
non-power reactor facilities may contain more than one licensed reactor in the
same building and may contain radiation or subcritical nuclear facilities licensed
under other NRC or State licenses. Areas of review for this section should include
‘brief descriptions and discussions of facilities and equipment shared between the
facility described in this SAR and others. Additional guidance on what constitutes
* - & shared facility is discussed in the format and content guide.

The reviewer should verify that this section summarized the safety implications and
relationships between the subject facility and its shared systems or facilities. The

- shared equipment or functions could be heating and air conditioning, electrical
power supplm, cooling and process water, ‘'sanitary waste disposal, compressed
air, provisions for radlologlcal waste storage and disposal, multipurpose rooms,
and cooling towers. Other chapters of the SAR will contain detailed descriptions
and safety implications of such shared equipment or functions.

Acceptance Criteria

The acceptance criteria for the information on shared facilities and equxpment
include the following: _ _ .

. The non-power reactor facdny should be deSIgned to accommodate all uses
or malfunctions of the shared facilities without degradatxon of the non-
power reactor safety features.

e The non-power reactor should be designed to avoid oondztlons in whxch
,contammanon could bc Spread to the shared famhtles or equxpment

. Where necessary, bamers should be dmnbed bneﬂy to ensure that the
requirements of these two foregoing criteria are met.

Review Procedures

The reviewer should confirm that all facilities or equipment shared by the non-
power reactor have been discussed in the SAR. The reviewer should verify that
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the applicant discussed in the SAR how the normal operating use and malfunctions
of the licensed facility could affect the other facilities. The reviewer should also
assess the discussion in the SAR of the effect of the shared facilities on the safety
of the subject facility. The reviewer may need to review discussions and analyses
in other sections of the SAR.

Evaluation Findings

This section of the SAR should contain sufficient information to support the
following types of conclusions, considering that most of the conclusions in this
section summarize the analysis and findings of other parts of the staff’s safety
evaluation report:

. The shared facilities are clearly and completely listed and the other users
are identified. The applicant has shown that a malfunction or a loss of
function of these shared facilities would not affect the operation of the non-

power reactor, nor would it damage the non-power reactor or its capability
to be safely shut down.

. Either normal operation or a loss of function of the shared facilities would
not lead to uncontrolled release of radioactive material from the licensed
facility to unrestricted areas, or in the event of release, the exposures are
analyzed in Chapter 13, "Accident Analyses,” and are found to be
acceptable.

1.5 Comparison With Similar Facilities
Areas of Review

Since the early 1940s, several hundred non-power reactors have been built in the
United States, and many more were built in other countries. The first few such
reactors established the safety considerations and principles for the non-power
reactors that followed.

Several non-power reactors not licensed by NRC were used as early prototypes or
to develop fuels or other components. Examples of prototype or developmental
test facilities, whose results were adopted by licensed facilities, include the

following:
bulk shielding facility (BSF)

. materials testing reactor (MTR)
. special power excursion reactor test (SPERT)
. Chicago Pile #5 or Argonne research reactor (CP-5)

NUREG-1537, PART 2 1-8 REV 0, 2/96



THE FACILITY

Applicants are expected to use pertinent information from these and other reactors
in their design, and the reviewer should compare the submitted information with
the referenced facility designs. Areas of the SAR that may be reviewed by .
comparison or reference to similar facilities could include the following: '

e . Chapter 4, "Reactor Description,* and Chapter 13 for the bases of NRC'

- acceptance of fuel performance [e.g., SPERT, the Oak Ridge Research
Reactor (ORRR), the system for nuclear auxiliary power (SNAP), the -
General Atomics reactor for training and 1sotope productnon (TRIGA) the

) MTR, and the advanced test reactor (ATR)]

) . /, Chapters 4 and 13 for the bases for reactor core cntxcal size and geometry
[e.8., BSF, TRIGA, CP-5, the Argonne nuclear assembly for CP-11
. (Argonaut) and SPER’I']

.« Chapter 6, "Engmeered Safety Features," for the bases of accldent
mitigation systems (most reactor types) -

. Chapter 7, "Instrumentation and Control Systems," for the bases of
- redundancy and diversity in instruments and controls, including scram
(reactor shutdown) systems [e.g.; BSF, TRIGA, Omega West Reactor
(OWR), MTR, and CP-5]

. other specific license conditions acceptable to NRC of other facilities that
demonstrate acceptable technical performance (previously licensed facilities
with similar thermal power level, snmlarfuel type, and sumlar smng
considerations)

Acceptance Criteria

The acceptance criteria for the companson of this faczhty w1th similar facthtxes
include the following: . ‘ b o -

. The eompansons should show that the proposed fac:hty would not excwd
the safety envelope of the sxmxlar famhtxes e

. , “There should be reasonable assurance that radxologlcal exposures of the
- public would not exceed the regulatxons and the guidelines of the proposed
facility ALARA progmm

Review Pracedures

The reviewer should confirm that the characteristics of any facilities compared
with the proposed facility are similar and relevant. The reviewer should verify that
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the operating history of licensed facilities cited by the applicant demonstrates
consistently safe operation, use, and protection of the public.

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 compared the design bases and safety considerations with
facilities of similar fuel type, thermal power level, and siting considerations.
The history of these facilities demonstrates consistently safe operation that
is acceptable to the staff.

. The applicant's design does not differ in any substantive way from similar
facilities that have been found acceptable to NRC, and should be expected
to perform in a similar manner when constructed to that design.

. The applicant has used test data from similar reactor facilities in designing
components. The applicant cited the actual facilities with the components.
These data provide assurance that the facility can operate safely as
designed. .

The staff’s safety evaluation report should contain a summary of the similar
facilities discussed by the applicant.

1.6 Summary of Operations
Areas of Review

Many non-power reactors do not operate frequently at the maximum licensed
power level, and many operate on demand. Some operate daily at the licensed
power level, and some operate continuously with periodic shutdowns for
maintenance, fuel shuffling, and experiment changes. Unless there is a safety
reason to limit operation of the reactor, the reviewer should assume that the
reactor will operate continuously. If there is a safety reason to limit operation of
the reactor, then the reactor operating time should be limited by license condition
as discussed in the appropriate chapter of the SAR.

Areas of review should include the proposed operating plans for a new facility to
evaluate the following:

. possible effect on the power and heat removal capabilities discussed in
Chapters 4 and 5 of the SAR
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e  assumed mvemoxy of ﬁssxon products and source of decay heat
¢ sassumed mlm of radioactive eflueats to the unrestncted environment

‘ '—'I‘hc reviewer should also evaluate the Operatmg charactenstxcs and schedulw inan
appheauon for license renewal for significant changes and for consxstency with the
proposed technical specifications. SRRy

Acoeptance Criteria

The acceptance criteria for the apphcant’s summary of operations mclude the
following:

?

J The applicant should demonstrate the oonsxstenoy of proposed operations
with the assumptions in later chapters of the SAR, mcludmg the eﬁ‘ect on
reactor integrity and potential radiological exposures.”

. The applicant should demonstrate that the proposed reactor opcranon was
conservatively considered in the design and safety analyses.’

e  The proposed operations for license renewal shou]d be consxstent w:th the
" assumptions in later chapters of the SAR. ~ =

Review Procedures ,

Altbough NRC has not issued criteria for evaluatmg proposed operations, the
reviewer should compare proposed operations with the current opcmnons of any
similar facilities. The reviewer should verify that proposed operations are
summarized and should compare them with similar facilities for initial licensing, or
with previous operations if the application is for license renewal. For license* -
renewal, the reviewer should solicit evaluations by NRC inspectors from the
appropriate regional office. Evaluations by NRC regional inspectorsand =~
evaluations based on the annual report from the facility should provide addmonal
vesification that the apphoantcanopemtethefncxlﬂy asspec:ﬁed in the SAR. ' If
there are limitations on operation of the reactor, the reviewer should venfy that

. they are represented as license conditions.

Evaluation Findings .. .-+ - - ‘ T e
This section of the SAR should contain sufficient information to support the
following type of oonclusmn, which will be mcluded in the staﬁ‘ 5 safety evaluatxon
report: . - . _ - .
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. The proposed operating conditions and schedules are consistent with those
of similar facilities that have been found acceptable to the staff, and with
the design features of the facility. The proposed operations are consistent
with relevant assumptions in later chapters of the SAR, in which any safety
implications of the proposed operations are evaluated. The proposed
operating power levels and schedules are in accordance with the proposed
license conditions.

1.7 Compliance With the Nuclear Waste Policy Act of
1982

Area of Review

The reviewer should confirm that the applicant has contracted with the U.S.

Department of Energy (DOE) to dispose of high-level waste and irradiated (spent)

fuel.

Acceptance Criteria

Acceptance criteria for the information on compliance with the Nuclear Waste
Policy Act of 1982 should include the following:

. The applicant should have submitted a summary of the contract with DOE
to dispose of high-level waste and irradiated (spent fuel).

. The applicant should have indicated where a copy of the contract letter can
be found in the SAR.
Review Procedures .

The reviewer should compare the content of the SAR with that suggested in this
section of the format and content guide. If necessary, the appropriate DOE
representatives could confirm the contract.

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:

. (If the applicant is a university or government agency) The Nuclear
Waste Policy Act of 1982, Section 302(b)(1)}(B), states that NRC may
require, as a precondition to issuing or renewing an operating license for a
research or test reactor, that the applicant shall have entered into an
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agreement with the Department of Energy (DOE) for the disposal of high-
level radioactive wastes and spent nuclear fuel.” DOE (R. L. Morgan)
informed NRC (H. Denton) by letter dated May 3,1983, that it had -
determined that universities and other government agencies operatmg non-
power reactors have entered into contracts with DOE that provide that
DOE retain title to the fuel and be obligated to take the spent fuel and/or
high-level waste for storage or reprocessing. Because (insert name of .

' applicant) has entered into such a contract with DOE, the applicable
requirements of the Nuclear Waste Policy Act of 1982 have been satisfied.

‘. ({f the applicant is a corporation) Section 302(b)(1)(B) of the Nuclear -
Waste Poluy Act of 1982 states that NRC may require, as a precondxtxon
- to issuing or renewing &n operating license for a research or test reactor,
tha:theapphcammanhavcenteredunoanagreementmththeDepartment
of Energy (DOE) for the disposal of high-level radioactive wastes and -
spent nuclear fuel. (Inser? name of applicant) has entered into a contract
- .. with DOE [Contract (insert contract number) for the ultunate disposal of
the fuel in the (insert name of applicant's reactor).] Because (insert name
of applicant) has entered into such a contract with DOE, the applicable
reqmranents of the Nuclear Wa.ve Polwy Act of 1982 have been satlsﬁed

1. 8 Facllny Modlficatlons and History
Areas of Review

If the SAR describes a new facility, the reviewer need only examine the relevant
history of applicant activities before the application and the SAR are submitted,
including any experience with other non-power reactors.

Ifthe SAR is submitted as part of a license renewal application, the reviewer
should confirm the history of the facility, including amendments to the license, with
dates and purposes. The reviewer should also evaluate any significant changes in
the previous SAR conditions not requiring NRC approval under 10 CFR 50.59 or
other regulations. This discussion should include any significant facility
modifications and their effect on operations and releases of radioactive effluents to
unrestricted areas.

*The DOE letter is reproduced at the end of this chapter as Appendix 1.2.
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Acceptance Criterion

The acceptance criterion for the information on facility modifications and history is
the following: The applicant should submit a complete facility history.

Review Procedures

The reviewer should compare the information in this section of the SAR with
information in the facility docket to verify that the application is complete.

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 information for license renewal is complete and consistent with the
official docket, such as 10 CFR 50.59 changes described in annual reports
or inspection report observations.

. (If the application is for license renewal or if the applicant has previous
nuclear experience) The information contains a short summary of the
history of the facility.

NUREG-1537,ParT 2 1-14 REV.0,2/96



Appendix 1.1

Introduction from NUREG-1312

STANDARD REVIEW PLAN



1 INTRODUCTION

By letter (with supporting documentation) dated November 14, 1986, as suppie-
mented on June 2, 1987, August 14, 1987, April 29, 1988, and January 10, 1989,
the Dow Chemical Company (Dow/licensee) submitted to the U.S. Nuclear Regulatory
Commission (NRC/staff) a timely application for a 20-year renewal of the Class
104c Facility Operating License R-108 (NRC Docket No. 50-264) and an increase
in operating power level, from the existing 100 kilowatts thermal [kW(t)] to
300 kW(t), for its TRIGA Mark I research reactor facility. The research reac-
tor facility is located in the 1602 Building on the grounds of the Michigan
Division of the Dow Chemical Company in Midland, Michigan. The licensee cur-
rently is permitted to operate the Dow TRIGA Research Reator (DTRR) within the
conditions authorized in past amendments in accordance with Title 10 of the
Code of Federal Regulations (10 CFR), Section 2.109, until NRC action on the
renewal request 1s completed.

The staff's review, with respect to issuing a renewal operating license to Dow,
was based on the information contained in the renewal application and supporting
supplements plus responses to requests for additional information. The renewal
application included financial statements, the Safety Analysis Report, an Envir-
onmental Report, the Operator Requalification Program, the Emergency Plan, and
Technical Specifications. This material is available for review at the Commis-
sion's Public Document Room located at 2120 L Street, NW, Washington, DC 20555.
Tge Eapro;ed Physical Security Plan is protected from public disclosure under

10 CFR 2.790. ) . :

The purpose of this Safety Evaluation Report (SER) is to summarize the results
of the $afety review of the DTRR ‘and to delineate the scope of the technical
details considered in evaluating the radiological safety aspects of continued
operation. This SER will serve as the basis for renewal of the license for
operation of the DTRR at thermal power levels up to and including 300 kW. The
facility was reviewed against the requirements of 10 CFR Parts 20, 30, 50, 51,
55, 70, and 73; applicable regulatory guides; and appropriate accepted industry
standards [American National Standards Institute/American Nuclear Society
(ANSI/ANS) 15 series]. Because there are no specific accident-related regula-
tions for research reactors, the staff has compared calculated dose values
with related standards in 10 CFR Part 20, the standards for protection against
radiation, both for employees and the public.

This SER was prepared by Alexander Adams, Jr., Project Manager, Division of Reac-
tor Projects III, IV, V, and Special Projects, Office of Nuclear Reactor Regula-
tion, U.S. Nuclear Regulatory Commission. Major contributors to the technical
review were the Project Manager and R. E. Carter, C. Cooper, and R. Carpenter

of the Icdaho National Engineering Laboratory under contract to the NRC.
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Department of Energy
Washington,-D.C. 20585

yoh

3 NAY 1223
Mr. Harold Denton
Director, Office of Nuclear Reactor
Regulation .
U.S. Nuclear Regulatory Commission
Washington, D.C. 20055

Dear Mr. Denton:

This will serve to clarify whether owners of research reactors will be required
to sign a nuclear waste disposal contract under the Nuclear Waste Policy Act
of 1982 (Public Law 97-425, "The Act*). -

Section 302(b)(1)(B) of the Act provides that the Nuclear Regulatory Commissiop
(NRC), as it deems necessary or appropriate may require as a precondition to
the issuance or renewal of a license under Section 103 or 104 of the Atomic
Energy Act of 1954 (42 U.S.C. 2133, 2134) that the applicant shall have

entered into an agreement for the disposal of high-level radioactive waste
(HLW) - and spent nuclear fuel (SNF) that may result from the use of such
license. Section 104 of the Atomic Energy Act relates generally to utilization
and production facilities, as those terms are defined in the Act (42 U.S.C.
2014(v), (cc), used for research and development purposes. We understand

that the NRC has written to all Section 104 licensees, suggesting that they
enter 1ntd negotiations with the Department for nuclear waste disposal services
in view of Section 302(o)(1)(B) of the Act. '

Generally, universities or other Government agencies operating research
reactors have existiny agreements with the Department whereby DOE provides,
nret. ‘ozt zssisti-ze corsrects, the funds to pu~chase the fuel., In such
cases, tne Jepartment retains title to tnat fuel and 1s obligated 1o take the
SNF and/or HLY generated by these reactors for storage or reprocessing

at no cost to the research reactor organizations.

Accordingly, the Department of Energy has determined that owners of research
reactors who are university or Government entities and have entered into such
contracts with DOE, do not need further nuclear waste disposal contracts with
the Department as specified under the provisions of Section 302(B)(2) of the
Nuclear Waste Policy Act of 1982.

If you would 1ike additional information or clarification on this matter
please contact me at (202) 252-6850.

Sincerely,

Robert L. Morgan

Director

Nuclear Waste Policy Act
Project Office



2 SITE CHARACTERISTICS

Tlus chapter prov:des gmdance for revlcwmg and evaluatmg Chapter 2 of the
applicant's SAR in which the applicant discusses the geological, seismological,
hydrological, 'meteorologieal, geographic and demographic characteristics of the
site and vicinity, in conjunction with present and projected population
distributions, industrial facilities and land use, and site activities and controls. The
site characteristics should be described in sufficient detail to verify input to design
.andanalysespresentedmotherchaptexsoftbe SAR, e.g., Chapter 3, "Design of
Structures, Systems, and Components”; Chapter 11, "Radiation Protection
Program and Waste Management"; and Chapter 13, "Accident Analym In each
. casg, the reviewer determines how much emphasis to place on the various topics
covered by this chapter of the SAR. The reviewer's judgment on the areas to be
given attention during the review should be based on an examination of the
information presented, the similarity of the information to that recently reviewed
for other reactors, and whether any special site characteristics or reactor design or
operating features raise questions of safety significance. In 10 CFR 100.10, the
- staff gives factors to consider in selectmg a site and related reactor desxgn for test
reactors. , . .

2.1 Geography atldlDe'mogl-‘i'p;ﬁy
Areas qf Revzew |

The reviewer should ascertam that reactor locatlon is 1dentxﬁed by latntude and
longitude and by the Universal Transverse Mercator (UTM) coordinaté system as
found on U.S. Geological Survey (USGS) topographical map with respect to_
State, county, or other political subdivisions and distributions of populatxon, and -
with respect to prominent natural and manmade features of the area that could
affect the safety of reactor operations at that site, and the health and safety of the
public. The characteristics of the operations, site, and urban boundaries and rural
zones up to 8 kilometers from the reactor should be given. The currentand
projected population distributions within 1, 2, 4, 6, and 8 kilometers of the reactor
location should be included and temporary or seasonal populations located in - -
dormitories or classrooms on 2 college campus should be given, if applicable.

Acceplance Cnterza

The acccptance mtena for the mformatxon on geography and demography mclude
the following:

- The geographical and demographic descriptions of the facility and its
location are sufficiently accurate and detailed to provide the necessary
bases for analyses presented in other chapters of the SAR.
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CHAPTER 2

. No geographic or demographic characteristics of the facility site could
render the site unsuitable for operation of the proposed reactor. For
example, information presented demonstrates that the property and
political jurisdictions are sufficiently defined and sufficiently stable that
there is reasonable assurance that the applicant can exercise necessary
radiological control throughout the facility boundaries.

In addition, land use in the area of the facility is sufficiently stable or well
enough planned that likely potential radiological risks to the public can be
analyzed and evaluated with reasonable confidence. Existing and projected
land-use information includes population distribution, densities, and other
relevant characteristics, so that projected doses can be shown not to exceed
the applicable limits.

Review Procedures

The information in this section of the SAR forms the basis for evaluations
performed in other chapters. Therefore, the reviewer should ascertain that
sufficient site-related information supports the subsequent analyses of issues
related to the distribution of population around the proposed reactor.

As part of this review, the reviewer should check the exclusion area distances
against distances used in analyses presented in Chapters 11 and 13 of the SAR.
The map provided should be scaled to check distances specified in the SAR and to
determine the distance-direction relationships to area boundaries, roads, railways,
waterways, prevailing winds, and other significant features of the area.

A visit to the site under review permits a better understanding of the physical
characteristics of the site and its relationship to the surrounding area. It permits
the reviewer to gather information, in addition to that supplied in the SAR, which
is useful in confirming SAR analyses.

The site should be visited after the initial review of the complete SAR, and after
requests for additional information are developed and sent to the applicant.

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 information is sufficiently detailed to provide an accurate description
of the geography surrounding the reactor facility.
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. The demographlc information is suﬂicxent to a]low accurate assessments of
- the potential radiological impact on the public resulting from the sxtmg and
operation of the proposed reactor.
. There is reasonable assurance that no geographic or dcmogfapiiic features

render the site unsuitable for operation of the proposed reactor.

2.2 Nearby Industrial, Transportation, and Milifary
Facnlmes

Areas of Revzew

The reviewer should evaluate the reactor site and its vicinity for location and
separation distances from existing and planned industrial, military, and
‘transportation facilities and routes. Such facilities and routes include air, ground,
and water traffic, pxpelmcs and fixed manufacturing; processing, and storage
facilities. - The reviewer should focus on facilities, activities, and materials that may
reasonably be expected to be present durmg the projected lifetime of the non-
power reactor. ‘The purpose of this review is to evaluate the information”

concerning the presence and magnitude of potentxal hazards to the rcactor due to
local manmade facilities.

Acceptance Criteria

The acceptance cntena for the mfonnauon on nea:by mdustnal transportanon,
and military facilities include the following:

. The information presents a complete and current overview of facilities,
activities, and materials located in the vicinity of the reactor site.

. The information is complete enough to support evaluations of potcnusi
risks posed by these facilities to the safe operanon and shutdown of the
reactor during its pro;ected hfetxme ‘

"o The analyses show that none of the expccted manmade facilitics could .-
- cause damage or other hazards to the reactor sufficient to pose undue
radiological risks to the operating staff, the public, or the environment.
" Consequences of such events are analyzed in or are shown to be bounded
© by accidents cons:dered in Chapter 13 of the SAIL o

Review P_(Qc_edu_res

The reviewer should confirm that any hazards to the reactor faciﬁty posed Aby
normal operation and potential malfunctions and accidents at the nearby manmade
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CHAPTER 2

stationary facilities and those related to transportation have been described and
analyzed to the extent necessary to evaluate the potential radiological risks to the
facility staff, the public, and the environment.

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 discusses all nearby manmade facilities and activities that
could pose a hazard to reactor operations. There is reasonable assurance
that normal operations of such facilities would not affect reactor

operations.

. The analyses in Chapter 13 of potential malfunctions or accidents at nearby
manmade facilities and consideration of normal activities at those facilities
show that safe reactor shutdown would not be prevented, and no undue
radiological risk to the public, the environment, or the operating staff is
predicted. The potential consequences of these events at nearby facilities
are considered or bounded by applicable accidents analyzed in Chapter 13
of the SAR. '

On the basis of these considerations, the reviewer should be able to conclude that
operations and potential accidents at nearby manmade facilities would not pose
sufficient risk to the reactor to render the site unsuitable for construction and
operation of the reactor facility, as designed.

2.3 Meteorology
Areas of Review

The reviewer should evaluate information presented by the applicant on
documented historical averages and extremes of climatic conditions and regional
meteorological phenomena that could affect the designed safety features and siting
of the research reactor to determine that the applicant covers the following areas:

. the general climate of the region, including types of air masses, synoptic
features (high- and low-pressure systems and frontal systems), general and
prevailing air-flow patterns (wind direction and speed), temperature and
bumidity, precipitation (rain, snow, and sleet), and relationships between
synoptic-scale atmospheric processes and local (site) meteorological
conditions
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historical seasonal and annual frequencies of severe weather phenomena,
mcludmg hurricanes, tornadoes, waterspouts, thunderstorms, hghtmng, and

historical and predicted meteorological conditions used as design and
operating bases for. the reactor facility mcludmg

- the maximum snow and ice load that the roofs of safety—related
structures must be eepable of wrthstandmg durmg reactor operatron

- the maximum wind speed that safety-related structures must be

. capable of wrthstandmg during reactor operatlon

- severe wind loads, e.g., tomado strength including translatronal
speed, rotational speed, and the maximum pressure differential wrth
the projected time interval

the local (site) meteorology in terms of air ﬂow temperature atmosphenc
water vapor, precipitation, fog, atmospheric stability, and air quality

Acceptance Criteria

The acceptance criteria for the'irrfonhation orr meteorology ir;clede the following:

" The information regnrdmg the general ehmate of the reglon and the local

meteorological descriptions of the site area is sufficiently documented so
that meteorological impacts on reactor safety and operatron can be rehably

. predxcted

' Histoneal summanes of loeal meteorologxcal data based on avarlable onsite

measurements and National Weather Servxee station summaries or
summaries from other nearby sources are presented.

The information on meteorology, and local weather conditions is sufficient

- to support dlspersmn analyses for postulated airborne releases -The .

analyses should stipport realistic drspersxon estimates of normal releases for

"Chapter 11 analyses and conservative dispersion estimates of pro;ected

releases for Chapter 13 analysis of accidental releases at locations of
maximum projected radiological dose and other pomts of mterest wrthm a.
radius of 8 kilometers.

The information is sufficient to provide design bases for the reactor facility
to safely withstand weather extremes predicted to occur during the lifetime

o of the reactor -The reactor desngn bases provrde reasonable assurance that

'
S T
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CHAPTER 2

the most severe meteorological event predicted would not cause
uncontrolled release of radioactive material leading to doses in the
unrestricted area that exceed applicable limits.

Review Procedures

The reviewer should verify that sufficient documented and referenced historical
information is provided to support the necessary analyses of meteorological effects
at the reactor site. These data should address both short-term conditions
applicable to accidental releases of radioactive material, and long-term averages
applicable to releases during normal reactor operation. The reviewer should also
verify that the predicted frequencies of recurrence and intensities of severe weather
conditions are documented.

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 meteorological history and projections for the reactor site have been
prepared in an acceptable form. These projections have been factored into
the choice of facility location and design sufficiently to provide assurance ~
that no weather-related event is likely to cause damage to the reactor
facility during its lifetime that could release uncontrolled radioactive
material to the unrestricted area.

. The meteorological information is sufficient to support analyses applicable
to and commensurate with the risks of the dispersion of airborne releases of
radioactive material in the unrestricted environment at the site. The
methods and assumptions are applied to releases from both normal reactor
operations and postulated accidents at the reactor facility.

On the basis of these considerations, the reviewer should be able to conclude that
the information provided shows that no weather-related events of credible

frequency or consequences at the site render it unsuitable for operation of the
reactor facility, as designed.

2.4 Hydrology

Areas of Review

The reviewer should verify that the information in this section of the applicant’s
SAR describes and discusses all features of the site that could lead to flooding or
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other water-mduced damage at the site. The information should cover the possible
hydrologic events, their causes, historic and predicted frequencies, and potential
consequences to the reactor facility. The water table should be located, and the
potential for radioactive contammanon of ground and surface waters should be
dxswssed

Acceptance Criteria
The acceptance criteria for the mformatxon on hydrology mcludes the followlng

e The facilrty is located and designed to withstand credible hydrologxe events.
" Locations of parttcular concern include a ﬂood plain, downnver of a dam,
and close to the seashore and sea level.

' “Potential events at the site that could cause nearby hydrologtc
- consequences are shown not to present srgmﬁcant risk to the facility.

. Facility design bases are denved suﬁielent]y from predtcted hydrologrc
events that there is reasonable assurance that such events would not
preclude safe operatton and shutdown of the reactor _ '

. The reactor facility design bases contain ‘provisions to mitigate or prevent
uncontrolled release of radioactive material in the event of a predicted
hydrologic occurrence. Potential consequences of such an eventare
considered or bounded by accidents analyzed in Chapter 13 of the SAR.

. Facility design bases consider leakage or loss of primary coolant to ground
- water, neutron activation of ground water, and deposition of released
_ airborne radloactrve material in surface water. : o

Revzew Procedures

The reviewer should verify that the site has been selected wzth due consrderatron of
potential hydrologic events and consequences, including any that could be initiated
by either local or distant seismic disturbances. In addition, the reviewer should -
ascertain the design bases incorporated into the facihty design to address predicted
hydrologic events, accidental release or leakage of primary coolant, and

radioactive contamination of ground or surface waters

Evaluation Findings ... .. -.:..
This section of the SAR should contain suﬁicient information to support tlre

following types of conclusions, which will be included in the staff’s safety
evaluation report:
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. The applicant considered hydrologic events of credible frequency and
consequence in selecting the facility site. The site is not located where
catastrophic hydrologic events are credible,

. The applicant considered credible hydrologic events in developing the
design bases for the facility, to mitigate or avoid significant damage so that
safe operation and shutdown of the reactor would not be precluded by a
hydrologic event.

. The applicant selected combinations of site characteristics and facility
design bases to provide reasonable assurance that uncontrolled release of
radioactive material in the event of a credible hydrologic occurrence would
be bounded by accidents analyzed in Chapter 13 of the SAR.

. The facility design bases give reasonable assurance that contamination of
ground and surface waters at the site from inadvertent release or leakage of
primary coolant, neutron activation, or airborne releases would not exceed
applicable limits of 10 CFR Part 20,

On the basis of these considerations, the reviewer should be able to conclude that
no credible predicted hydrologic event or condition would render the site
unsuitable for operation or safe shutdown of the reactor, as designed.

2.5 Geology, Seismology, and Geotechnical Engineering
Areas of Review

The reviewer should evaluate the information on the geologic structures and
features underlying and in the region surrounding the facility site, and the history
and predicted potential for seismic activities that could impact reactor safety to
determine that the required extent and detail of the information presented is
commensurate with the potential consequences to the reactor and to the public, the
environment, and the facility staff.

The information on potential seismic effect should be in a form suitable for
developing design bases in Chapter 3 for structures, systems, and components.

Acceptance Criteria

The acceptance criteria for the information presented on geology, seismology, and
geotechnical engineering include the following:
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. The geologlc features underlymg and in the region surrounding the reactor
site are sufficient to provide the stable support required for reactor
structures absent any nwby earthquakes S .

. The geologic features at the' s:te contam no known faults that could be
reactivated by nearby sasxmc actmty

. The history of seismic activity at the site does niot indicate a high \'
probability of a catastrophic earthquake at the sxte durmg the pro;ected
" reactor hfetxme

. kaely seismic activity aﬁ‘ectmg the site is suﬁctently characterized to -
' “support development of applicable design criteria for reactor structures.

Review Procedures

The reviewer should confirm that the information presented has been obtained -
from sources of adequate credibility and is consistent with other available data,
such as data from the USGS or in the final safety analysis report (FSAR) ofa -
nearby nuclear power plant. The reviewer should be reasonably assured that the
seismic characteristics of the site are considered in the design bases of structures,
systems, and other facﬂny features dnswssed in Chapter 3. ~

Evaluation Fmdmgs '

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

. Information on the geologic features and the potential seismic activity at
the site has been provided in sufficient detail and in a form to be integrated .
acceptably into design bases for structures, systems, and operating
characteristics of the reactor.

. Information in the SAR indicates that damaging seismic activity at the
reactor site during its projected lifetime is very unlikely. Furthermore, if
seismic activity were to occur, any radiologic consequences are bounded or
analyzed in Chapter 13 of the SAR.

J The SAR shows that there is no significant likelihood that the public would
be subject to undue radiological risk following seismic activity; therefore,
the site is not unsuitable for the proposed reactor because of potential
earthquakes.
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- 3 DESIGN OF STRUCTURES SYSTEMS AND
COMPONENTS

This chapter nges guidance for reviewing and evaluating the principal architectural

* and engineering désign criteria for the structures, systems, and components that
have been identified by the analyses in this and other chapters of the SAR to ensure
reactor facility safety and protection of the public. The bases of some design
features may be developed and presented in other chapters of the SAR (e.g., the
confinement or the containment, air exhaust stack, and environmental requirements
for safety systems) and need only be referenced in this chapter

3.1 Desngn Criteria .
Areas of Review

Areas of review should include the criteria for the design and construction of the
structures, systems, and components that are required to ensure the following:

. safe reactor operation
. safe reactor shutdown and continued safe conditians\ e
. response to antlclpated transients

L mponse to potentml accxdents analyzed in Chapter 13 Accldent
'Analyses," of the SAR : 4

«  control of radioactive material discussed in Chapterwl 1,' "Radiation
Protection Program and Waste Management,” of the SAR -

Acceptance Criteria R
The acceptance cntena for the mformatlon on deSIgn criteria mclude the followmg

. ';'Desxgn ériteria should be specxﬁed for each stmcture, system, md
component that is assumed in the SAR to perform an operational or safety
function.

K Dwgn mtena should mclude references to apphcable up—to—date .
" standards, guides, and codes. They should be stipulated for those features
discussed in the format and content guide for this section, as outlined
. below: - ( TN
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- design for the complete range of normal reactor operating
conditions

- design to cope with anticipated transients and potential accidents

- design redundancy to protect against unsafe conditions in case of
single failures of reactor protective and safety systems

- design to facilitate inspection, testing, and maintenance

- design to limit the likelihood and consequences of fires, explosions,
and other potential manmade conditions

- quality standards commensurate with the safety function and
potential risks

- design bases to withstand or mitigate wind, water, and seismic
damage to reactor systems and structures

- analysis of function, reliability, and maintainability of systems and
components .

In this section the applicant should identify the structures, systems, and
components by function(s), modes of operation, location, type(s) of actuation,
relative importance in the control of radioactive material and radiation, applicable
design criteria, and the chapter and section in the SAR where these design criteria
are applied to the specific structure, system, or component.

Review Procedures

The reviewer should compare the specified design criteria with the proposed and
analyzed normal reactor operation, response to anticipated transients, and
consequences of accident conditions applicable to the appropriate structures,
systems, and components assumed to function in each chapter of the SAR.

Evaluation Findings

This section of the SAR should contain sufficient information to support the
following type of conclusion, which will be included in the staff’s safety evaluation

report:

. The design criteria are based on applicable standards, guides, codes, and
criteria and provide reasonable assurance that the facility structures,
systems, and components can be built and will function as designed and
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required by the analyses in the SAR. The design criteria provide
reasonable assurance that the public will be protected from radlologlcal
nsks resultmg from opemt:on of the reactor facxhty

32 Meteorologlcal Damage

Areas of Rewew L

Areas of review should include the dwgn and des:gn bases for all structures
systems, and components that could be affected by wind and other meteorological
conditions (e.g., snow and ice) as discussed in Chapter 2, "Site Characteristics," of
the SAR. The reviewer should consider wind loads, pressure (including back
pressure) effects of potential wind conditions, snow and i ice loads, and the facihty
design features to cope with these conditions.

Acceptance Criteria

The acceptance criteria for the mformauon on meteorologlcal damage mclude the
following: , .

e . The design criteria and designs .should provide reasonéble assumnée that -
~ structures, systems, and components would continue to perform their
safety functions as specified in the SAR under potentxal meteorologma]
damage conditions. L

. For the design the applicant should use local building codes, standards; or
other applicable criteria, at a minimum, to ensure that sxgmﬁeant
meteorological damage at the facility site is very unlikely. -~ -

Review Procedzlres

The reviewer should exaﬁnne the description of the site meteorology to ensure that
all structures, systems, and components that could suffer meteorological damage
are considered in this section of the SAR." This description should include
historical data and prednctxons as spectﬁed in Chapter 2 and in the format and
content guide for this section. The reviewer should assess the design criteria and
the potential for meteorological damage and compare them with local applicable
architectural and building codes for similar structures. - The reviewer should
compare design specifications for structures, systems, and components withthe
functional requirements and capability to retain function throughout the predicted
meteorological conditions.
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Evaluation Findings _

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

. The design to protect against meteorological damage provides reasonable
assurance that the facility structures, systems, and components will perform
the safety functions discussed in the SAR, including the capability to
maintain safe reactor operation, to effect and maintain safe reactor
shutdown conditions, and to protect the health and safety of the public
from radioactive materials and radiation exposure.

3.3 Water Damage

Areas of Review

Areas of review should include the design and design bases for all structures,
systems, and components that could be affected by predicted hydrological
conditions at the site. This should include (1) the impact on structures resulting
from the force or submergence of flooding, (2) the impact on systems resulting
from instrumentation and control electrical or mechanical malfunction due to
water, and (3) the impact on equipment, such as fans, motors, and valves, resulting
from degradation of the electromechanical function due to water.

Acceptance Criteria
The acceptance criteria for the information on water damage include the following:

. The design criteria and designs should provide reasonable assurance that
structures, systems, and components would continue to perform required
safety functions under water damage conditions.

. For the design the applicant should use local building codes, as applicable,
to help ensure that water damage to structures, systems, and components
at the facility site would not cause unsafe reactor operation, would not
prevent safe reactor shutdown, and would not cause or allow uncontrolled
release of radioactive material.

Review Procedures
The reviewer should examine the site description to ensure that all safety-related

structures, systems, and components with the potential for hydrological (water)
damage are considered in this SAR section. The review should include
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hydrologlcal hxstoncal data and predxctxons as speclﬁed in the format and content

. guide for this section. For any such structure, system, or component, the reviewer

- should ensure that the design bases are planned to address’ the consequences and
are descnbed in detail in appropnate chapters of the SAR. .

Evaluation Fmdmgéf o

This section of the SAR should contain sufficient information to support the
following type of conclusion, which will be included in the staff's safety evaluation

report:

- The desxgn bases to protect agamst potentxal hydrologxca] (water) damage
~ provide reasonable assurance that the facility structures, Systems, and .
' components will perform the functions necessary to allow any reqmred
- reactor operation to contmue safely, to allow safe reactor shutdown, and to
protect the health and safety of the publlc from radxoactlve matenals and
radiation exposure. e .

3.4 Seismic Damage
dressofReiew i

Areas of review should include the designs and design bases of structures, systems,
and components that are reqmred to maintain function in case of a seismic event at

the facility site.
Acceptar’zce"Cﬁter’ia o o

The aoeeptance cntena for the mformatxon on setsrmc damage mclude the
following: . = . -, e e ed »

. The reactor facility desxgn should 'iuév.dé reasonable assuranoe that the
reactorcanbeshutdownandmmntmnedmasafecondmon ¢

e T seismic desxgn should be consistent thh local bmldxng codesto -
provide assurance that sxgmﬁcant damage to the facxlrty and assomated N
safety functions is unhke}y ‘ .

. "The apphcant should demonstrate that all potentxal oonsequences from a
seismic event are within the acceptable limits considered or bounded in the
accident analyses of Chapter 13 to ensure that conditions due to a seismic

“event wxlI not pose sngmﬂcant nsk to the health and safety of the pubhc
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. Surveillance to verify design functions of associated systems, including
applicable instrumentation and controls, should be specified in the technical
specifications, and other appropriate SAR chapters should be referenced
for details. For example, if a seismically induced scram is a required
instrumentation and control protective system, the applicant should
propose and justify surveillance of this reactor trip function.

Review Procedures

The reviewer should examine the site description and historical data to ensure that
appropriate seismic inputs have been considered in the analysis of the structures,
systems, and components discussed in the SAR. For any structure, system, or
component damaged, the SAR should contain analyses that show the extent to
which potential seismic damage impairs the safety function of the structure,
system, or component. The evaluation of seismic damage should be coordinated
with the Chapter 13 accident analyses of seismic events or should be shown to be
bounded by other accidents considered in Chapter 13.

Acceptable analysis criteria are established in the section on geology and
seismology in American National Standards Institute/American Nuclear Society
(ANSI/ANS) 15.7.

With regard to seismic design, Section 3.2(2) of ANSI/ANS 15.7 states,
"(R)eactor safety related structures and systems shall be seismically designed
such that any seismic event cannot cause an accident which will lead to dose
commitments in excess of those specified in 3.1." "Any seismic event” should be
the maximum historical intensity earthquake in accordance with the guidance on
the design-basis earthquake in Section 3.1.2.1 of International Atomic Energy
Agency document IAEA-TECDOC-403. This IAEA document gives additional
guidance and references IAEA-TECDOC-348, which contains guidance on the
seismic design of structures, systems, and components,

With regard to the allowed dose commitments for seismic events specified in
Section 3.1 of ANSI/ANS 15.7, the terms "site boundary,” "rural zone," and
"urban boundary" are used. For most NRC-licensed non-power reactors, "rural
zone” should not be used and “urban boundary™ should be assumed to begin at the
"site boundary.” However, given applicable site characteristics and emergency
preparedness requirements, the criteria as specified in Section 3.1 of ANSI/

ANS 15.7 could be used.

The above guidance is applicable to research reactors licensed by NRC. For test
reactors the requirements of 10 CFR Part 100 must be applied. The guidance and
criteria of 10 CFR Part 100 are complete and are adequatc for assessing test
reactors.
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N

- 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
evaluat:onreport e
e ' The dwgn to protect agmnst seismic damage provxdes réasonable .. . |
" assurance that the facility structures, systems, and components will perform
- the necessary safety functions described and analyzed in the SAR.

] The design to protect against seismic damage provides reasonable . .
assurance that the consequences of credible seismic events at the faclhty
are considered (or bounded) by the results of the Chapter 13 accident .

a analyses ensurmg acceptable protectxon of the pubhc health and safety.

J The surveillance activities proposed in the technical specuﬁcatxons provxde
reasonable assurance that the safety-related functions of the structures,
- systems, and components that are required to respond {0 or mitigate the
consequences of seismic damage to the facility will be mamtamed

3.5 Systems and Components

'AreasofRewew L R ,

Areas of review should include the design bases for the electromechamw] systems
and components that are required to function and are described in detail in this or
other SAR sections.

Acceptance Criteria A

The acceptance cntena for the mformanon on systems and components mclude the
followmg -

. The desxgn criteria should mclude consxderatxon of the condmons requu'ed
of the electromechanical systems and components to ensure safe reactor
operation, mcludmg response to transient and potennal accxdent condmons
analyzed in the SAR. : (Examples of conditions that are important for the"
electromechanical systems and components are dynamic and static loads
number of cycles, vibration, wear, friction, strength of materials, and .
effects of the operating environment, including radiation and tcmperature )

. Comparisons with similar applicable facility designs may be included (e.g.,
a reactor of similar desngn that has operated through its licensed life cycle

"REv. 0,279 37 STANDARD REVIEW PLAN



CHAPTER 3

and whose electromechanical systems and components have functioned as
designed).

Review Procedures

The reviewer should review this and other applicable SAR sections to verify that
the electromechanical systems and components that are required to ensure safe
reactor conditions are considered and their operating conditions are analyzed to
ensure function. The design bases of applicable technical specifications that ensure
operability should be evaluated.

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 design bases of the electromechanical systems and components give
reasonable assurance that the facility systems and components will function
as designed to ensure safe operation and safe shutdown of the reactor.

. The surveillance activities proposed in the technical specifications
acceptably ensure that the safety-related functions of the electromechanical
systems and components will be operable and the health and safety of the
public will be protected.
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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
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Rev.0,2096 B Y ) S e -»SrmpARDREm'PLAN @




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
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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.
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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.
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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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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
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. 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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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.
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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
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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.
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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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. 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
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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
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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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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
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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 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.
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. 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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Thxs chapter gnves gmdance for evaluatmg the desrgn bases, descnptxons and
functional analyses of the reactor coolant systems. The principal purpose of the
coolant system is to safely remove the fission and decay heat from the fuel and
dissipate it to the environment. However, the coolant in the primary systems of
IOst non-power reactors serves more functions than just efficient removal of heat.
It can act as radiation shielding for the reactor, “fuel storage fac:htnes and in some
designs, experimental facilities and experiments. “In open-pool reactors, the
coolant is the only vertical shielding. In many designs the reactor coolant also acts
as a core moderator and reflector. Because of these many functions of the reactor
coolant, the design of the reactor coolant systems is based on choosing among
interdependent parameters, including thermal power level, research capability,
available fuel type, reactor core physics requirements, and radiation shielding.

The principal licensing basis of non-power reactors is the'thermial power developed
in the core during operation. This basis also applies to the few non-power reactors
licensed to operate at such low power levels that no significant core temperature
increases would occur during normal operation. Such reactors may not require an
engineered coolant system. For those reactors, the applicant should, in Chapter 4,
"Reactor Descnptron, of the SAR, discuss the dxssrpatron of the heat produced,
estimate potential temperature increases during reactor operation, and justify why
an engmeered coolant system is not required. In this chapter the apphcant should
summarize those considerations and conclusxons

For all other non-power reactors, the applicant should describe and discuss in this
chapter systems to remove and dispose of the waste heat. ‘The design bases of the
core cooling systems for the full range of normal operation should be denved in
Chapter 4 of the SAR. All auxiliary Systems and subsystems that use and -
contribute to the heat load of either the primary or secondary coolant system
should also be described and discussed in this chapter 'Any auxiliary systems using
coolant from other sources, such as building service water, should be discussed in-
Chapter 9, "Auxiliary Systems.” The design bases of any features of the core =
cooling system designed to respond to potential accidents or to mitigate the ~
: consequences of potential accidents should be derived from the analysesin
Chapter 13, "Accident Analyses.” These features should be summarized in this
chapter and discussed in detail in Chapter 6, "Engineered Safety Features," of the
SAR. In this chapter the applicant should discuss and reference the technical
specifications that are needed to ensure operabx]rty consrstent thh SAR analyscs

assumptions.

The primary loops of the coolant systems of most licensed non-power reactors are
of two basic types, forced-convection and natural thermal-convection. Facilities
using forced-convection cooling also may be licensed to operate in the natural-
convection mode and should be capable of dissipating decay heat in that mode.
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CHAPTER 5

This chapter gives the review plan and acceptance criteria for information on the
heat removal systems. The information suggested for this section of the SAR is
outlined in Chapter 5 of the format and content guide.

5.1 Summary Description

The applicant should summarize the principal features of the reactor coolant
systems, including the following:

. type of primary coolant: liquid, gas, or solid (conduction to surrounding
structures)

. type of primary coolant system: open or closed to the atmosphere

. type of coolant flow in the primary system: forced-convection, natural-

convection, or both

. type of secondary coolant system, if one is present, and the method of heat
disposal to the environment

. capability to provide sufficient heat removal to support operation at full
licensed power

. special or facility-unique features

5.2 Primary Coolant System
Areas of Review

As noted above, non-power reactor design requires choosing among several
interdependent variables. Usually, the design represents a compromise between
the neutron flux densities required and the need to dissipate thermal power. The
final design depends on the intended uses of the reactor, the resources available,
and the priorities of the facility owner. The objective of the final design is ensured
safety. The primary coolant system is a key component in the design and should
have the capability to

. remove the fission and decay heat from the fuel during reactor operation
and decay heat during reactor shutdown

. for most non-power reactors, transfer the heat to a secondary coolant
system for controlled dissipation to the environment

——
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maintain high water quahty to limit corrosion of fuel ‘claddxng, control and

. safety rods, reactor vessel or pool and other cssenttal components

- rovxde radmtxon shielding of the core and other components such as beam
' 'tubes and ﬁxel storage facilmes o

prowde neutron moderatxon and reﬂcctxon in the core -

o

- prevent uncontrolled leakagc or dtscharge of contammated coolant to the

unrestricted environment

The basic requirements for these functions are generally denved and analyzed in
other chapters of the SAR. In this chapter the applicant should describe how the
coolant system provides these functions. Specxﬁc aress of review for thts section
are dtswssed in Section 5. 2 of the format and content gmde '

Acceptance Cnlerza

The acceptance criteria for the mformatxon on the pnmary coolant system include
the followmg : ‘

Chapter 4 of the SAR shculd contain analyses of the reactor core mcludmg
_coolant parameters necessary to ensure fuel mtegnty Safety limits (SLs)

- and limiting safety system settings (LSSSs) to ensure fuel i mtegnty should

be derived from those analyses and included in the technical spectﬁcatxons
Examples of cooling system varizbles on which LSSSs may be established

- are maximum thermal power level for operation in natural—convect:on flow,
maximum coolant temperature, minimum coolant flow rate, minimum
pressure of coolant at the core, and minimuri pool dépth above the core.
_The analyses in this section should show that the components and the

- functional design of the primary coolant system wil] ensure that no LSSS

- will be exceeded through the normal rangé of reactor opération. The

- analyses should address forced flow or natural-convection flow, or both for
- reactors licensed for both modes. - The design should show that the passlve
- or fail-safe transition from forced flow to natural-convectton flow is
reasonably ensured in all forced—ﬂow non-power reactors and that

- continued fuel integrity is ensured.

The functional design should show that safe reactor shutdown and decay

', heat removal are sufficient to ensure fuel i mtegnty for all possnble reactor

- conditions, including potential actident scenarios.’ Scenarios that postulate

- loss of flow or loss of coolant should be analyzed in Chapter 13 and the
. results summanzed in thxs section of the SAR g S
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. The descriptions and discussions should show that sufficient
instrumentation, coolant parameter sensors, and control systems are
provided to monitor and ensure stable coolant flow, respond to changes in
reactor power levels, and provide for a rapid reactor shutdown in the event
of loss of cooling. There also should be instrumentation for monitoring the
radiation of the primary coolant because elevated radiation levels could
indicate a loss of fuel cladding integrity. There should be routine sampling
for gross radioactivity in the coolant and less frequent radioactive spectrum
analysis to identify the isotopes and concentrations found in the coolant.
This spectrum analysis may also detect cladding failure at its earliest stages.

. The primary coolant should provide a chemical environment that limits
corrosion of fuel cladding, control and safety rod surfaces, reactor vessels
or pools, and other essential components. Aluminum-clad fuel operated at
high power density will develop an oxide coating that could decrease heat
conductivity (Griess et al., 1964). Chapter 4 of the SAR should contain
discussion and analyses of the dependence of oxide formation on water
quality and other factors. Other requirements for water purity should be
analyzed in the SAR, and proposed values of conductivity and pH should
be justified. Experience at non-power reactors has shown that the primary
water conditions, electrical conductivity <5 pmho/cm and pH between 5.5
and 7.5, can usually be attained with good housekeeping and a good filter
and demineralizer system. Chemical conditions should be maintained, as
discussed in Section 5.4 of this standard review plan.

. Most non-power reactors consist of a core submerged in a pool or tank of
water. The water helps shield personnel in the reactor room and the
unrestricted area from core neutrons and gamma rays. It also decreases
potential neutron activation and radiation damage to such reactor
components as the pool liner, beam port gaskets, in-pool lead shields, and
concrete biological shield. The applicant should discuss these factors in
Chapter 4 of the SAR. To ensure that the design of the primary coolant
vessel is acceptable, exposure limits on materials discussed in Chapter 4
should not be exceeded, and exposures to personnel, as discussed in
Chapter 11, "Radiation Protection Program and Waste Management,"
should not exceed the requirements of 10 CFR Part 20 and should be
consistent with the facility ALARA (as low as is reasonably achievable)

program.

. Radioactive species including nitrogen-16 and argon-41 may be produced
in the primary coolant. Additional radioactivity may occur as a result of
neutron activation of coolant contaminants and fission product leakage
from the fuel. Provisions for limiting personnel radiological hazards should
maintain potential exposures from coolant radioactivity below the
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. requxrements of 10 CFR Part 20 and should be conslstent with the facility
- ALARA program. To ensure that facilities or components for controlling,
, - shielding, or isolating nitrogen-16 are acceptable, potential exposures
_should not exceed the reqmrements of 10 CFR Part 20 and should be
‘consistent with the facility ALARA program. The mtrogen-l6 control
system is discussed in Section 5.6 of this standard review plan

Argon-41 isa ubtqmtous radnonuchde produced at non-power r&ctoxs
Because this radionuclide may be the major release to the environment
during normal operation, spec:al analyses and discussion of its production
and consequences should be given in Chapter 11 of the SAR. If any special
design or operational features of the primary coolant system modify or limit
exposures from argon-41, they should be dtscussed in this section of the -
SAR. This discussion should demonstrate that any Facilities or components
_ added to the pnmary coolant system to modify argon-4l releases can limit
potential personnel exposures to the values found acceptable in Chapter 11.

Closed systems also may experience a buildup of hydrogen in air spaces in-
contact with the coolant. The discussion should show that it is not possible
to have hydrogen build up to concentrations that are combustible. - This
may require gas sweep systems and hydrogen eoncentratton momtonng
These systems should be discussed in Chapter 9. A

*  Because the primary coolant may provide essential fuel cooling and -

* radiation shielding, the system design should avoid uncontrolled release or
loss of coolant. Some design features to limit losses include locating
components of the primary coolant system above the core level, avoiding

. drains or valves below core level in the pool or tank, providing syphon-

" " breaks in piping that enters the primary vessel or pool, and prowdmg check
“valves to preclude backflow. The desxgns and locations of such features
"should provxde reasonable assurance that loss of coolant that could uncover
" the core is very unlikely. A potential accident of rapid loss of coolant
should beanalyzed in Chapter 13 and summarized in this section of the
- :Heavy water systems require addxtlonal design fedtures beeause of the
. radxologleal hazards of tritium production in the coolant. These systems
should be desxgned with systems to detect minor leakage "They also should

‘be designed so that heavy water, if lost from the system, will be contained
" and not reléased to the environment. o

If contaminated coolant were lost from the primary coolant system, the
| ,desgn and analyses should ensure that potential personnel exposures and
oontrolled releases to the unrestncted envuonment do, not exowd

4
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acceptable radiological dose consequence limits derived from the accident
analyses. The radiological consequences from the contaminated coolant
should be discussed in Chapter 11 and summarized in this section of the
SAR. Necessary surveillance provisions should be included in the technical
specifications.

. The applicant should identify operational limits, design parameters, and
surveillances to be included in the technical specifications.

Review Procedures

The reviewer should compare the functional design and the operating
characteristics of the primary coolant system with the bases for the design
presented in this and other relevant chapters of the SAR. The system design
should meet the appropriate acceptance criteria presented above considering the
specific facility design under review.

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 primary coolant system is designed in accordance with the design
bases derived from all relevant analyses in the SAR.

. Design features of the primary coolant system and components give
reasonable assurance of fuel integrity under all possible reactor conditions.
The system is designed to remove sufficient fission heat from the fuel to
allow all licensed operations without exceeding the established limiting
safety system settings that are included in the technical specifications.

. Designs and locations of primary coolant system components have been
specifically selected to avoid coolant loss that could lead to fuel failure,
uncontrolled release of excessive radioactivity, or damage to safety systems
or experiments. Heavy water systems are designed to quickly detect
leakage and prevent the release of heavy water to the environment. (If an
emergency core cooling system s required to prevent a loss of fuel
integrity, it is evaluated in connection with the review of the engineered

safety features.)

. (For reactors licensed to operate with forced-convection coolant flow)
The primary coolant system is designed to convert in a passive or fail-safe
method, to natural-convection flow sufficient to avoid loss of fuel integrity.
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(This, feature is evaluated in coryuncnon thh 1he rewews of the reaclor
description and accidents.)

. The chemical quality of the primary coolant will limit corrosion of the fuel
cladding (or other primary barrier to release of fission products), the
control and safety rod cladding, the inside of the reactor vessel (or pool)
and other essential components in the primary coolant system for the
duration of the license and for the projected utilization time of the fuel.

. = (For a closed primary coolant system) Systems are present that wﬂl
o prevent hydrogen concentratxons from rmhng combustible hm:ts

. 'I'he size and shape of the pnmary vessel or pool will prov:de suﬁienent
- ‘radiation shielding to maintain personnel exposnres below the llmxts in
.10 CFR Part 20 and will provnde a heat reservoxr suﬁicxent for anticipated
IR reactor operatlons

. ~ -anary coolant system instrumentation and controls are dwgned to
provide all necessary functions and to transmit mformatxon on the
© . operating status to the control room.

° - '.The technical specxﬁcatxons mcludmg testmg and survexllance provide
-~ - ‘reasonable assurance of necessary primary coolant system operahxhty for
reactor operations as analyzed in the SAR. -

» ... The design bases of the primary coolant system provide reasonable
- assurance that the cnvxronment and the health and safety of the pubhc will
"':beprotected e -

5.3 Secondary Coolant System
Areas of Review 7" e ;’5‘7 o

Secondary coolant systems of non-power reactors are desxgned to transfer reactor
heat from the pnmary coolant system ‘to the environment. Non-power reactors
may be designed in three’ ways with a continuously operating secondary coolant
system, withan on-demand secondary coolant system, and without 2 secondary
coolant system. For most of the licensed reactors, the coolant systems are
designed for continuous operatxon at licensed power level. . Therefore, the .
secondary coolant system in these reactors must be desxgned to d1s51pate heat
connnuously Some non-power reactors are desxgned and licénsed to operate at
low power levels, or for limited time intervals; so that the primary coolant system
can absorb or dissipate the heat without a continuously operating secondary
coolant system. Some non-power reactors require no secondary coolant system.
In this section of the SAR, the applicant should justify how any necessary heat
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dissipation is accomplished. Specific areas of review for this section are discussed
in Section 5.3 of the format and content guide.

Acceptance Criteria

The acceptance criteria for the information on the secondary coolant system
include the following:

The required operating characteristics of the primary coolant system should
be given in Section 5.2 of the SAR. The analyses and discussions of
Section 5.3 should demonstrate that the secondary coolant system is
designed to allow the primary coolant system to transfer the heat as
necessary to ensure fuel integrity. The analyses should address primary
coolant systems operating with forced flow, natural-convection flow, or
both for reactors licensed for both modes. The design should show that the
secondary coolant system is capable of dissipating all necessary fission and
decay heat for all potential reactor conditions as analyzed in the SAR.

Some non-power reactors are designed with secondary coolant systems
that will not support continuous reactor operation at full licensed power.
This is acceptable, provided the capability and such limiting conditions as
maximum pool temperature are analyzed in the SAR and included in the
technical specifications.

The primary coolant will usually contain radioactive contamination. The
design of the total coolant system should ensure that release of such
radioactivity through the secondary coolant system to the unrestricted
environment would not lead to potential exposures of the public in excess
of the requirements of 10 CFR Part 20 and the ALARA program
guidelines. Designs should ensure that the primary coolant system pressure
is lower than the secondary coolant system pressure across the heat
exchanger under all anticipated conditions, the secondary coolant system is
closed, or radiation monitoring and effective remedial capability are
provided. The secondary coolant system should prevent or acceptably
mitigate uncontrolled release of radioactivity to the unrestricted
environment. Periodic samples of secondary coolant should be analyzed
for radiation. Action levels and required actions should be discussed.

The secondary coolant system should accommodate any heat load required
of it in the event of a potential engineered safety feature operation or
accident conditions as analyzed in Chapters 6 and 13 of the SAR.
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. The secondary coolant system desrgn should provxde for any necessary
chemical control to limit corrosion or other degradation of the heat
exchanger and prevent chemical contamination of the environment.

* _ Theapplicant should identify operational limits, design parameters, and
o o _surveillances to be included in the techmcal spectﬁcanons &

Revzew Procedures

The reviewer should venfy that all reactor condx'uons, mcludmg postulated
accidents, requiring transfer of heat from the primary coolant system to the -
-secondary coolant system have been dxscussed . The reviewer should verify that

" the secondary coolant system is capable of removing and dissipating the amount of
" heat and the thermal power necessary to ensure fuel integrity. The reviewer -
should also confirm the analyses of secondary coolant system malfunctions
including the effects on reactor safety, fuel mtegnty, and the health and safety of
the public. "~ T R R .

Evaluation Findings

This section of the SAR should contam suﬁicxent mformatron to support the
following types of conclusions, which will be mcluded in the staﬁ’s safety
evaluatron report . - D

. Design features of the secondary coolant system and components will allow
the transfer from the primary coolant system the necessary reactor heat
" under all possible reactor conditions. ; '

. Locations and design specifications for secondary coolant system - :
components ensure that malfunctions in the system will not lead to reactor
damage, fuel fatlure, or uncontrolled release of radloactmty to the

" ‘environment. o

. Secondary coolant system instrumentation and controls are designed to
- - provide all necessary functions and to transmit mformanon on the
operatmg status to the control room i .\-,;; L

o . The secondary coolant system is desxgned to respond as necessary to such
~ postulated events as a loss-of-pnmary-coolant accxdent and a loss of forced
coolant ﬂow m the pnmary coolant system. .
. The techmcal speclﬁcanons mcludmg testmg and survellla.nce prov1de
reasonable assurance of necessary secondary coolant system operabxlxty for
»'-nonnal reactor operattons ' - N o
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CHAPTER 5

5.4 Primary Coolant Cleanup System
Areas of Review

Experience has shown that potable water supplies are usually not acceptably pure
for use as a reactor primary coolant without additional cleanup. Most licensed
non-power reactors contain solid fuel elements immersed in the primary coolant
water. Experience has also shown that oxide buildup on aluminum-clad fuel
operated at high power densities can reduce heat transfer (Griess et al., 1964).
The rate of buildup depends on several operational characteristics, including the
pH of the coolant. Therefore, this process should be discussed in Chapter 4 and
summarized in this section of the SAR if it contributes to establishing requirements
for primary coolant purity. The purity of the primary coolant should be maintained
as high as reasonably possible for the following reasons.

. to limit the chemical corrosion of fuel cladding, control and safety rod
cladding, reactor vessel or pool, and other essential components in the
primary coolant system

. to limit the concentrations of particulate and dissolved contaminants that

might become radioactive by neutron irradiation

. to maintain high transparency of the water for observation of submerged
operational and utilization components

Specific areas of review for this section are discussed in Section 5 4 of the format
and content guide.

Acceptance Criteria

The acceptance criteria for the information on the primary coolant cleanup system
include the following:

. The primary coolant quality should be maintained in the ranges established
as acceptable in Chapters 4 and 11 of the SAR. These analyses for high-
power reactors (> 2 MW) should include the buildup of an oxide film on
aluminum cladding. Experience has shown that quality water conditions,
electrical conductivity <5 pumho/cm and pH between 5 5 and 7.5, can
usually be achieved by good housekeeping and a cleanup loop with
particulate filters and demineralizers. Such a system is acceptable unless
the SAR analyses establish other purity conditions as acceptable.

. Radioactively contaminated resins and filters should be disposed of or
regenerated in accordance with radiological waste management plans
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:-." " . discussed in Chapter 11, and potential exposum and releases to the
‘ _ unrestricted environment shall not éxceed the reqmrements of 10 CFR Part
20 and should be consistent with the facility ALARA program

. Location, shielding, and radiation monitoring of the water cleanup system
: for routine operations and potential accidental events should be such that
. the occupational staff and the public are protected from radiation
. exposures exceeding the requirements of 10 CFR Part 20 and acceptable
radiological consequence dose limits for accidents. -

. Location and functional design of the components of the water cleanup
: system should ensure the followmg '

- Malfunctxons or leaks in the system do not cause uncontrolled loss
or release of primary coolant. . :

~ . Personnel exposure and release of radioactivity do not exceed the
. requirements of 10 CFR Part 20 and are consnstent wrth the facility
ALARA program. -

- Safe reactor shutdown is not prevented

. . Theapplicant should identify operational limits, design parameters, and
. surveillances to be included in the technical specxﬁcatrons R

Review Procedures

The reviewer should compare the design bases for the primary coolant water
quality with the design bases by which the primary coolant cleanup system will -
achieve the requirements. The comparison should include performance
specifications, schematic dxagrams, and discussion of the functional characteristics
of the cleanup system The reviewer should evaluate (1) design features to ensure
that leaks or other malfunctions ‘would not cause madvertent damage to the reactor
" or exposure of personnel and (2) the plan for control and dlsposal of radloactrve
ﬁlters and dermnerahzcrrwns , e .

Equatzorr Fmdmgs .

This section of the SAR should contain sufficient information to support the
following types of conclusions, which will be mcluded in the staff's sa.fety
evaluauonreport R T TR

. The des:gn bases and functional descriptions of the pnmary water cleanup
system give reasonable assurance that the required water quality can be
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achieved. The design ensures that corrosion and oxide buildup of fuel
cladding and other essential components in the primary coolant system will
not exceed the acceptable limits or the recommendations of the fuel
vendor.

. Experience has shown that the pH of the primary coolant can influence the
rate of oxide buildup on aluminum-clad fuel. .The pH and the proposed
system are consistent with the analysis for the effect of oxide on heat
transfer from the fuel.

. The primary coolant cleanup system and its components have been
designed and selected so that malfunctions are unlikely. Any malfunctions
or leaks will not lead to radiation exposure to personnel or releases to the
environment that exceed the requirements of 10 CFR Part 20 and the
facility ALARA program guidelines,

. The plans for controlling and disposing of radioactivity accumulated in
components of the primary water cleanup system, which results from
normal operations and potential accident scenarios; conform with
applicable regulations, including 10 CFR Part 20, and acceptable
radiological consequence dose limits for accidents.

. The technical specifications, including testing and surveillance, provide
reasonable assurance of necessary primary water cleanup system operability
for normal reactor operations.

5.5 Primary Coolant Makeup Water System
Areas of Review

During Operatlons at non-power reactors, primary coolant must be replaced or
replenished. Coolant may be lost through cvaporatxon in open-pool systems,
radiolysis, leaks from the system, and other operaﬁonal activities. Although each
non-power reactor should have a makeup water system or procedure to meet
projected operational needs, the system need not be designed to provide a rapid,
total replacement of the primary coolant inventory. Specific areas of review for
this section are discussed in Section 5.5 of the format and content guide

Acceptance Cnlena A

The acceptanoe criteria for the information on the primary coolant makeup water
system include the following:
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. The projected loss of primary coolant water inventory for anticipated
reactor operations should be discussed. The design or plan for supplying
- makeup water should ensure that those operational reqmrements are
satisfied.

-+ . Ifstorage of treated makeup water is required by the design bases of the
primary coolant system, the makeup water system or plan should ensure
that such water is provided. -

. Not all non-power reactors must provide makeup water through hardware

- . systems directly connecting the reactor to the facility potable water supply.
However, for those that do, the makeup water system or plan should
include components or administrative controls that prevent potentially
contaminated primary coolant from entering the potable water system

e  The makeup water system or pIan should include features to prevent loss
or release of coolant from the primary coolant system

J The makeup water system need not have a functional relatxonslup with any
installed emergency core cooling system (ECCS) - If it does it should not
- interfere with the availability and operabxhty of the ECCS

. The makeup water system or plan should mclude provxsxons for recording
the use of makeup water to detect changes that indicate leakage or other
malfunction of the primary coolant system.

. The applicant should identify operational limits, design.per'ameters,'and
surveillances to be ineluded m the technical specifications. .. . -
AReVieWProcedllreS ) C Lt :::"A,' | |
The reviewer should eompare the desxgn bases and ﬁmcttonal requtrements for
 replenishing primary coolant tncludmg the quanttty and quahty of water, the
activities or functions that remove pnma:y coolant, and the systems or procedures
© to aecomphsh water makeup with the acceptance criteria.’ The review should

- focus, as applxeable, on safety precautions to preclude overﬁllxng of the reactor

~ coolant system, loss of pnmzuy coolant through the nonradioactive | service drain
~ system, and the release of p pnmary coolant back through the makeup system into
' potablewater supplies.” = """ -
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Evaluation Fi mdmgs

Thxs section of the SAR should contam sufficient mfonnatxon to support the
following types of conclusions, which will be included in the staff's safety
evaluation report:

o Thedesign bases, functional descriptions, and procedures for the primary
coolant makeup water system give reasonable assurance that the quantity
and quality of water required will be provided.

. The system design or procedures will prevent overfilling of the primary
coolant system or malfunction of the makeup water system and will prevent
the loss or release of contaminated primary coolant that would exceed the
requirements of 10 CFRPart 20 and the facility ALARA program
guidelines.

. The system design or procedures will prevent contaminated primary
coolant from entering the potable water system through the makeup water
system.

¢ The technical specifications, including testing and surveillance, provide
reasonable assurance of necessary makeup water system operability for
normal reactor operations,

5.6 Nitrogen-16 Control System
Areas of Review

Non-power reactors that use either light or heavy water for neutron moderation or
cooling will produce nitrogen-16 by the fast neutron-proton reaction in oxygen-16.
Nitrogen-16, a high-energy beta and gamma ray emitter with a half-life of
approximately 7 seconds, is a potential source of high radiation exposure at water-
" cooled non-power reactors. It tends to remain dissolved in the : primary coolant
water as it leaves the core. The quantity and concentration of mtrogen~16 should
be considered and provisions made to control personnel exposure. Because of the
relatively short half-life, potentml doses can be decreased by delaying the coolant
within shielded regions. For reactors using natural-convection cooling in a large
‘open pool, stirring or dxﬁixsmg the convection flow to the surface can produce a
delay. ' For forced-flow cooling, passing the coolant through a large shielded and
baffled tank can produce the delay. In some non-power reactor designs, the entire
primary coolant system may be shielded. Specific areas of review for this section
are discussed in Section 5.6 of the format and content guide.
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Acceptance Criteria

The acceptance criteria for the information on the mtrogen-l6 control system
include the  following: : N

The reduction in personnel exposure to nitrogen-16 shou]d be consrstent

.. with the nitrogen-16 analyses in Chapter 11 of the SAR. Total dose shall
... 'not exceed the requirements of 10 CFR Part 20 and should be consistent
L wrth the facrhty ALARA program. :

System design should not
- .. decrease coolmg eﬁicrency s0 that any hmxtmg safety system settxng
_ would be exceeded .
- lead to uncontrulledreleavse or loss of cool.ant‘if a malﬁm&ion were
to occur

- prevent safe reactor shutdown and removal of decay heat sufficient

1o avoid fuel damage

- The applicant should identify operational limits, design parameters, and

surverllances to be included in the technical speclﬁcatrons

Review Procedures

The reviewer should evaluate the design basés and functional requirements of the
system designed to control personnel exposures to nitrogen-16 by

confirming the amount of nitrogen-16 predicted by the SAR analysis at the

* proposed power level and the' potenual personnel exposure rates, including
: exposures ﬁ'om dxrect radratlon and au’oorne mtrogen-16 .

rcv:ewmg thetype ofsystem and the decrease m exposure raies -

reviewing the effect of the proposed system on the full range of normal
reactor operanons

* -reviewing the possible eﬁ‘ects of malﬁmct:ons or {the mtrogen~16 control
. "system on reactor safety, safe’ reector shutdown, and release of

contaminated primary coolant

EH
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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
cvaluation report:

. Design bases and design features give reasonable assurance that the
nitrogen-16 control system can function as proposed and reduce potential
doses to personnel so that doses do not exceed the requirements of 10 CFR
Part 20 and are consistent with the facility ALARA program.

. Design and functional operation of the nitrogen-16 control system give
reasonable assurance that the system will not interfere with reactor cooling
under anticipated reactor operating conditions and will not reduce cooling
below the acceptable thermal-hydraulic performance discussed in Chapter 4
ofthe SAR. -

. Design features give reasonable assurance that malfunction of the mtrogen—
. 16 control system will not cause uncontrolled loss or release of primary
coolant and will not prevent safe reactor shutdown.

. The technical specifications, including testing and surveillance, provide
reasonable assurance of necessary nitrogen-16 control system operability
for normal reactor operations.

5.7 Auxiliary Systems Using Primary Coolant
Areas of Review

The primary coolant of a ion-power reactor may serve ﬁmctxons other than
cooling the reactor fuel. Some of these auxllmy functions involve cooling other
heated components, which may affect the heat load of the primary coolant system.
Some of the auxiliary functions involve radiation shielding, which may not
contribute to the heat load but could require that the primary coolant be diverted
or distributed to subsystems not involving core cooling

Auxiliary uses of the primary coolant could affect its availability as a fuel coolant,
which is its principal use. Although the principal discussions of these auxiliary
systems should be located in other sections of the SAR, their effects on the coolant
systems should be summarized in this section. Auxiliary systems that may use
primary coolant include the following'
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- experiment cooling :

- experimental facility cooling -
experimental facility shielding -
biological shield cooling
thermal shield cooling
fuel storage coolmg or shleldxng

2t

Speclﬁc areas of review for this sect:on are dxscussed in Sectlon 5 7 of the format
and content guide. ;

: Acceptance Criteria

The acceptance criteria for the mformatnon on the auxlhaxy systems usmg primary
coolant include the followmg

. The system should remove sufﬁcxent prOJected heat to avoxd damage to the
..,cooleddewcc B e

.« The system should not mterfere thh the requxred operanon of the pnmary
core cooling system.

e Any postulated malfunction of an auxiliary system should not cause
- uncontrolled loss of pru'nary coolant or prevent a safe reactor shutdown

) The shleldmg system usmg prunaxy coolant should provnde suﬁc:ent
_ .. protection factors to prevent personnel exposures that exceed the
. requirements of 10 CFR Part 20 and the facxlnty ALARA program
, guldelmes P , g

. The system should not cause radxatxon exposures or release of radloactmty
to the environment that exceeds the requirements of 10 CFR Part 20 and
the facihty ALARA program gmdehnes

. The apphcant should 1dent1fy operatnonal hnms, desxgn parameters and
" surveillances to be included in the technical specifications.

Review Procedures

The reviewer should verify that auxiliary cooling or shielding using primary
coolant is described in this’ section of the SAR for any component (other than the
core) in which potentially damagmg temperature increases or excessive radiation
exposures are predicted. If the potential exists for radiation heating of components
near the reactor core, the reviewer should verify that the heat source, temperature
increases, heat transfer mechanisms, and heat disposal have been discussed and
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analyzed. The reviewer should verify that the potential personnel radiation
exposures from sources shielded by primary coolant have been analyzed and the
protection factors provided by the coolant have been discussed.

Evaluation Findings

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

The applicant has described and analyzed auxiliary systems that use primary
coolant for functions other than in-core fuel cooling, has derived the design
bases from other chapters of the SAR, has analyzed any reactor
components located in high radiation areas near the core for potential
heating that could cause damage to the reactor core or failure of the
component, and has planned acceptable methods to remove sufficient heat
to ensure the integrity of the components The coolant for these systems is
obtained from the purified primary coolant system without decreasing the
capability of the system below its acceptable performance criteria for core
cooling.

The applicant has analyzed any reactor components or auxiliary systems for
which primary coolant helps shield personnel from excessive radiation
exposures. The use of the coolant for these purposes is acceptable, and the
estimated protection factors limit the exposures to the requirements of

10 CFR Part 20 and the facility ALARA program guidelines. There is
reasonable assurance that credible and postulated malfunctions of the
auxiliary cooling systems will not lead to uncontrolled loss of primary
coolant, radiation exposures, or release of radioactivity to the unrestricted
environment that exceeds the requirements of 10 CFR Part 20 and the
facility ALARA program guidelines.

The technical specifications, including testing and surveillance, provide
reasonable assurance of necessary auxiliary cooling system operability for
normal reactor operations.

5.8 Reference

Griess, J. C., et al.,, ORNL-3541, "Effect of Heat Flux on the Corrosion of
Aluminum by Water," Part IV, Oak Ridge National Laboratory, February 1964.
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6 ENGINEERED SAFETY F EATURES

This chapter grves the review plan and acceptance cnterra for actxve or passrve
mitigate the consequences of accidents. The concept of ESFs evolved from the
defense-in-depth phrlosophy of multrple design features to prevent or mitigate the
release of radioactive materials to the environment during accident conditions.

The applicant determines the need for ESFs from the SAR analyses of accidents
‘that could occur, even though prudent and conservative desxgns of the facility have
‘made these accidents very unlikely. The NRC reviewer may ﬁnd that the SAR
analyses show that ESFs are not nwded for a proposed desrgn :

Nonnal operation of a non-power reactor is deﬁned as operatron With all process
variables and other reactor parameters within allowed conditions of the license,
technical specifications, applrcable regulatory limits, and design requlrements for
the system. Accidents at non-power reactor facilities generally assume a failure of
a major component such as the reactor coolant system boundary or a reactivity
addition event. Licensees analyze a maximum hypothetical accrdent that assumes
an incredible failure that leads to breach of the fuel cladding or a fueled experiment
containment. These postulated accrdents are compared to aeceptance criteria such
as the safety Timits from the technical specifications or, where there are radiological
consequences to accepted regulatory limits (10 CFR Parts 20 or 100). The results
‘of the accident analyses are given in SAR Chapter 13, "Accident Analyses." ESF
*systems must be designed to function for the range of conditions from normal
operatron through accrdent condrtlons

‘Because most non-power reactors operate at atmosphenc pressure at relatrvely
low power levels, and with conservative safety margins, few credible postulated
accidents result in significant radiological risk to the publrc 'Accident scenarios .
that should be dxscussed by the applrcant in SAR Chapter 13 rnclude the followmg

loss of coolant
loss of coolant flow
" insertion of excess reactmty (raprd or ramp) T
loss of fuel cladding i mtegnty or rmshandlrng of ﬁrel B
. -failure or malfunction of an éxperiment = o
“other uncontrolled release of radxoactrve matenal S
loss of electric p power T .
extemal events such as ﬂoods and earthquakes

In the past, the SAR acc.dent analyses for many non-power reactors have shown

" that ESFs are not required, even for the maximum hypothetrcal accrdent In other
cases, the accident analyses have shown that ESFs need to be considered in

" mitigating the potentral release of hazardous quaritities of radroactrve matenal to
the environment.
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CHAPTER 6

The accident analyses by the applicant should contain the design bases for any
required ESF. The ESF design should be as basic and fail safe as practicable.
Because non-power reactors are conservatively designed, few accidents should
require redundant or diverse ESF systems. Some factors the reviewer should
evaluate to verify whether redundant or diverse ESFs should be required for a
particular reactor design are discussed in this chapter.

In addition to reviewing the design and functional characteristics of each ESF, the
reviewer should examine the methods and criteria proposed by the applicant for
testing to demonstrate ESF operability. The reviewer should evaluate the
necessary components, functional requirements, related setpoints, interlocks,
bypasses, and surveillance tests for each ESF and should check that they are
included in the facility techmcal specifications. The technical specification
surveillance requirements for system components that ensure the integrity and
operational capability of the ESFs should also be reviewed.

The issue of what standards to use in evaluating accxdents at a non-power reactor
was discussed in an Atomic Safety and Lxcensmg ‘Appeal Board (ASLAB) decision
- issued May 18, 1972, for the research reactor at Columbia University in New York
City. The ASLAB stated that as a general proposition, the Appeal Board does
not consider it desirable to use the standards of 10 CFR Part 20 for evaluating the
effects of a postulated accident in a research reactor inasmuch as they are unduly
restrictive for that purpose. The Appeal Board strongly recommends that specific
standards for the evaluation of an accident situation ina research reactor be
formulated." The NRC staff has not found it necessary to follow the board
recommendation to develop separate criteria for the evaluation of research reactor
accidents, since most research reactors to date have been able to meet the
conservative 10 CFR Part 20 criteria. American National Standards
Institute/American Nuclear Society ANSI/ANS-15.7, "Research Reactor Site
Evaluation," contains additional information on doses to the pubhc from releases
of radioactive material.

The design goal of non-power reactor ESFs is to ensure that pro;ected radiological
exposures from accidents are kept below the regulatory limits. For a research
reactor, the reviewer should compare the results of the accident analyses against
10 CFR Part 20. For research reactors licensed before January 1, 1994, the doses
calculated in the accident analyses will be acceptable if they are less than the old
10 CFR Part 20 limits (10 CFR 20.1 through 20.602 and appendices) of 5 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. The reviewer
should conduct each review on a case-by-case basis. In several instances, the staff
has accepted very conservative accident analyses with results greater than the

10 CFR Part 20 dose limits discussed above. Research reactors that received their
initial operating license after January 1, 1994, must show that exposures meet the
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requirements of the revised 10 CFR Part 20 (10 CFR 20.1001 through 20.2402
and appendixes). Occupational exposure is discussed in 10 CFR 20.1201, and
public exposure is discussed in 10 CFR 20.1301. If a research reactor apphcant
cannot meet the above doses, the reviewer should examine the safety analyses to
'ensure that the evaluatron of accxdents is not overly conservatrve

Ifthe facility meets the deﬁmtron of a test reactor the reviewer should compare
the results against the doses in 10 CFR Part 100.” As discussed in the footnotes to
10 CFR 100.11, the doses in 10 CFR Part 100 are reference values. Any further
references to 10 CFR Part 100 in this chapter pertam to test reactors only.

f'I'he reviewer should evaluate how the ESFs interact with srte uuhtles such as .
electrical power and water, and how the transfer between normal and emergency
sources of electricity and water, if applicable, is to be accomplished. The applicant
should present any need for site utility redundancy and the specific desrgn features
that provrde redundancy for the components of each ESF. .

The applicant should provide schematic dragrarns showmg all components thezr
interrelationships, and the relationship of each ESF to systems used for normal
operations (e.g., the emergency core cooling system to the core cooling system or
the confinement to the reactor room ventxlatnon system)

Typical ESFs that may be required for a proposed desrgn are the conﬁnement, the
containment, and the emergency core cooling system (ECCS), which are discussed
in this chapter of the format and content guide.” The postulated accident analyses
. by the applicant determine if a non-power reactor facxllty needs 2 confinement, a

- containment, an ECCS, or no ESFs. The reviewer will find that heatmg, ‘
ventilation, and air conditioning (HVAC) and air exhaust systems at non-power
reactors generally serve to limit the release of airborne radioactive material. The
reviewer should verify that those features in HVAC systems reqmred to mmgate
the consequences of accidents were treated as ESFs. This review plan gives
guidance for the evaluation of information on confinement, containment, and
ECCS ESFs. Information on any additional ESFs required at non-power reactors
mnbeeva]uatedbytherevxewermasxmrlarmanner : :

Most nOn-power reactors can be designed, sited, and operated so that a normal ~
building or, at most, a confinement can be used to house the reactor; a
containment will not be required. - If the reviewer confirms that the safety analyses
show that a confinement ESF is sufficient to mitigate the consequences of the most
hmmng accident to acceptable levels, a containment ESF would not be required. -
Some licensees have chosen to build containments as an additional desngn oo
conservatism. L R . ‘
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CHAPTER 6

6.1 Summary Description

In this section of the SAR, the applicant should briefly describe all the ESFs in the
facility design and summarize the postulated accidents whose consequences could
be unacceptable without mitigation. A specific postulated accident scenario should
indicate the need for each ESF. The details of the accident analyses should be
given in Chapter 13 of the SAR and the detailed discussions of the ESFs in
Section 6.2 of the SAR. These summaries should include the design bases, the
performance criteria, and the full range of reactor conditions; including accident
conditions, under which the equipment or systems must maintain function. The
evaluation procedurm and criteria for the conﬁnement, the containment, and the
ECCS are given in the followmg section.

The applicant may submit simple block diagrams and drawmgs that show the
location, basi¢ function, and relationship of each ESF to the fac1hty The summary
description should contain enough information for an overall understanding of the
functions and relationships of the ESFs to the operation of the facility. Detailed
drawings, schematic diagrams, data, and analyses should be presented in

Section 6.2 of the SAR for each specific ESF.

6.2 Detailed Descriptions -

In this section of the SAR,; the applicant should discuss in detail particular ESF
systems that may be incorporated into the reactor design. Not all of these ESFs
are found in any single design. Other systems in addition to the systems discussed
in this section may be considered ESFs. The reviewer should evaluate these ESFs
in a manner similar to that for the ESFs in this section.

6.2.1 Confinement

If the HVAC and any air exhaust or liquid release systems associated with the
confinement are designed to change configuration or operating mode in response
to a potential accident analyzed in Chapter 13 and thereby mitigate its
consequences, they should be considered part of the confinement ESF and should
be discussed in this section of the SAR.

Most non-power reactors release a small amount of radioactive material during
normal operation. Even though the quantity of radioactive material produced may
not be large, the applicant should describe how releases to the environment will be
controlled. The airborne radionuclide normally released from the envelope of the
reactor is argon-41, which may be continuously swept from the reactor building to
diffuse and disperse in the atmosphere. The applicant should ensure that during
this controlled release, neither the public nor the facility staff receive a dose greater
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than regulatory limits. This function of the confinement and the HVAC system is
not considered a fiinction of an ESF. If the effluent control systems provide no

. unique accident consequence-mitigation function, the design bases and detaxled
discussions of the systems for normal operations should be given in Chapter 3, ’
"Design of Structures, Systems, and Components,” and Chapter 9, "Auxiliary
Systems,"” of the SAR: . Discussions and calculations of diffusion and dispersion of

 airborne radioactivity in both restricted and unrestricted environments should be

" given in Chapter 11, "Radiation Protection Program and Waste Management."

Areas of Review -
The reviewer should evaluate the followmg

o fDesxgn bases and ﬁmctxonal descnptlon of the reqmred mxtxgatwe features
of the conﬁnement ESFs, denved from the acendcnt seenanos

. Drawmgs, schematlc dxagrams, and tables of 1mportant dwgn and
operating parameters and Specnﬁcattons for the conﬁnement ESFs
including - S

- seals gaskets, ﬁlters, and penetratlons (e g, electncal,
experimental, air, and water)

- neeeesefy ESF equipment included as pat't of the confinement

- fabrication spectﬁcanons for ecsentxal and safety—related
components. 4

> Dtscussxon and analyses, keyed to drawmgs of how the stmcture provides
~ the necessary confinement analyzed in Chapter 13, with cross reference to

other chapters for discussion of normal operations (such as Chapter 4,
"Reactor Desertptxon, .and Chapter 11) ‘as necessary

e 'Descnptlon of control and safety mstrumentatxon, mcludmg the locatlons

and functions of sensors, readout devices, monitors, and isolation

components, as applicable. (Design features should ensure operabihty in

the environment created by the accident. )

. stcussxon of the reqmred lumtatxons on release of conﬁned eﬁ]uents to the
, env:ronment L T ,

e Survetllance methods and mtervals mcluded in the techmcal speaﬁcanons
that ensure operabxhty and avallabllxty of the conﬁnement ESFs, when-
reqmred . :
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Acceptance Criteria

The acceptance criteria for the mformatlon on the confinement and HVAC system
ESFs include the following:

. The need for a confinement ESF has been properly identified. To be
considered an ESF, dwgn features must exist to mitigate the consequences
of specific accident scenarios.

. Any ESF in addition to the confinement (e.g., HVAC systems) does not
interfere with normal operations or safe reactor shutdown.

. The ESF design features should ensure that the syétem is available and
operable when it is required for mitigating accident consequences.

. The minimum design goal of the confinement ESFs should be to reduce
below regulatory limits the potential radiological exposures to the facility
staff and members of the public for the accidents discussed at the beginning
of this chapter for test and research reactors. Any additional reduction in
potential radiological exposures below the regulatory limits is desirable and

. should be a design goal if it can be reasonably achieved.

. The design of the confinement should not transfer undue radiological risk
to the health and safety of the public in order to reduce potential exposures
to the facility staff.

. The instrumentation and control (I&C) system of the confinement ESF
systems should be as basic and fail safe as possible. They should be
designed to remain functional for the full range of potential opcranonal
conditions, including the environment created by accident scenarios.

. The discussions should identify operational limits, design parameters,
surveillances, and surveillance intervals that will be included in the technical
specifications.

Review Procedures

The applicant should show that the confinement ESFs reduce predicted
radiological exposures and releases from applicable potential accidents to
acceptable levels as discussed at the beginning of this chapter. The reviewer
should examine all accident scenarios analyzed in Chapter 13 of the SAR that
could lead to significant radiological exposures or releases and verify that
consequences can be sufficiently mitigated by the confinement ESF. The reviewer
should confirm that the design and functional bases of confinement ESFs are
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derived from the accldents analyzed The reviewer should compare the dispersion
and diffusion of released airborne radionuclides discussed in SAR Chapters 6 and
13 with methods described in SAR Chapter 11as applxcable

Evaluation Fmdmgs

" This section of the SAR should contain sufﬁcxent mformahon to support the
following types of conclusxons, which will be included in the safety eva]uatxon

report:

e “The scenarios for all potennal accxdents at the reactor facdxty have been
' analyzed by the applicant and reviewed by the staff. Mitigation of
- consequences by a confinement system has been proposed in the SAR
analyses for any accxdent that could lead to potential unacceptable L
- radiological exposures to the pubhc the facihty staff, or the environment.

*  The staff has reviewed the desxgns and ﬁmctlonal deccnptlons of the .

*" confinement ESF; they reasonably ensure that the ¢ consequences will be
limited to the levels found aceeptable in the accident analysec of Chapter 13
ofthe SAR. L : o :

. The designs and functional descnptnons of the conﬁnement ESF reasonably
" ensure that control of radiological exposures or releases dunng normal
operation will not be degraded by the ESF.

. The radiological consequences from accidents to the public, the '

. environment, and the facility staff will be reduced by the confinement ESF
to values that do not exceed the appheable limits of 10 CFR Part 20 for
research reactors, or 10 CFR Part 100 for test reactors, and in both eases

" areas farbelow the regulatory hmxts as canbe reasonable achxeved

' 6.2.2 Containment =~ .

If the HVAC and any air exhaust or liquid release systems associated with the -
containment are designed to change configuration or operating mode in response
toa po.entml accident analyzed in Chapter 13 and thereby mitigateits . -
consequences, they should be consxdered part of the contamment ESF. and should
’bedxsmssedmthxssecuonoftheSAK T, o

" Because the potentxal risk’ to the pubhc from accidents at non—power reactors is’

A generally low, most non-power reactors can'be desxgned, sited, and operated 50
" that's’ contamment is not required for normal operation or accident rmtxgatxon
However, the safety analyses may show that a conﬁnement does not provxde
sufficient mitigation and a containment is necessary.
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Higher power non-power reactors may require a containment for normal
operational modes, depending on the operating characteristics or location of the
reactor. A containment also should be considered necessary for non-power
reactor facilities if potential credible accidents, or a maximum hypothetical
accident, could lead to unacceptable radiological consequences to the public in the
absence of its mitigating functions. There is also the possibility that the applicant’s
analyses may show that a confinement is an acceptable ESF, but the applicant
chooses to construct a containment for additional conservatism.

Most non-power reactors release a small amount of radioactive material during
normal operation. Even though the quantity of radioactive material produced may
not be large, the applicant should describe how releases to the environment will be
controlled. The airborne radionuclide normally released from the envelope of the
reactor is argon-4l whlch may be continuously swept from the reactor building to
diffuse and disperse in the atmosphere. The applicant should ensure that during
the controlled release, neither the public nor the facility staff would receive a dose
greater than regulatory hmxts This function of the containment and the HVAC
system is not considered the ﬁmctlon of an ESF. If the effluent control systems
provide no unique accident consequence-mitigation function, the desxgn bases and
detailed discussions of the systems for normal operations should be given in
Chapter 3 and Chapter 9 of the SAR Discussions and calculations of diffusion
" and dispersion of airborne radioactivity in both restricted and unrestricted
environments should be given in Chapter 11.

Areas of Review

The reviewer should evaluate the assumptxons and progressions of potential
accident scenarios as presented in SAR Chapter 13. The analyses should show if
any postulated accident could cause an unacceptable radiological exposure, as
discussed above, to the public, the environment, or the facility staff. For any
accidents that could cause such an exposure, the analyses should address how the
containment ESF prevents rapid release of radiation or radioactive material to the
environment and how the ESF design features reduce potential exposures to
acceptable levels.

Non-power reactors that are required to have a containment that functions as an
ESF during an accident could operate it as a vented structure for normal
operations. For such a use, the applicant should describe the conditions for both
uses and the signals and equipment required to initiate switching to the emergency
mode. Information on the des:gn of the containment as a vented structure for
normal operation should be given in SAR Chapters 3 and 9 and in Chapter 11 with
regard to the diffusion and dispersion of airborne radioactivity in restricted and
unrestricted environments.
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The reviewer should evaluate the followmg

: ‘Dwgn bases and funetlonal descnptlon of the requxred mugatxve features
- -of the containment, derived from the accident scenarios.
T DraWihgs, schematic dxagrams, and tebles of itnportant design and
- operating parameters and specifications for the containment, including

- volume and overpressure capablhty

_V- - -seals, gaskets, ﬁlters,andpenetratxom (eg electncal,

experimental, air, and water)

- necessary ESF equxpment mcluded as pan of the containment

- fabrication specifications for essential and safety-related
components :

stcussxon and ana]yscs keyed to drawmgs, of how the structure prowdes
the necessary containment presented in Chapter 13, with cross reference to

- other chapters for discussion of normal operanon (such as Chapters 4 and

11), asnecessary. 5 . . . R

Description of control and safety instrumentation, including the locations
and functions of sensors, readout devices, monitors, and isolation

- components, as applicable. (Design features should ensure operablhty in

the environment created by the accident.)

Dlscussxon of the shxeldmg protectlon factors prov:ded for direct radxatlon
and the required limitations on leakage or release of contained effluents to
the environment.

Conditions under which operability is required, and the survexllance

.. -methods and intervals in the technical specifications that ensure opembtlxty
and avaxlablhty of the conta.xnment, when required. o

Aoceptance Criteria

- ‘The acccptanoe cntena for the mformatlon on the contamment ESF mclude the

following:

. The need for a containment ESF should be properly identified.. To be
.considered an ESF, design features should exist to mitigate the
consequences of specific accident scenarios. .
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. The design that should reduce below regulatory limits the potential
radiological exposures to the facility staff and members of the public for the
accidents discussed at the beginning of this chapter. Any additional
reduction in potential radiological exposures below the regulatory limits is
desirable and should be a design goal if it can be reasonably achieved.

. The containment should not interfere with either normal operation or
reactor shutdown.

J The design features and surveillance program should ensure that the
containment will be available and operable if the ESF system is needed.

. The design of the containment should not transfer undue radiological risk
to the health and safety of the public in order to reduce potential exposures
to the facility staff.

o The 1&C system of the containment ESF system should be as basic and fail
safe as possible. They should be designed to operate in the environment
created by the accident scenario.

) The discussions should identify operational limits, design parameters, and
surveillances to be included in the technical specifications.

Review Procedures

The reviewer should review the accident scenarios and the applicable design bases
for a containment ESF and the design and functional features of the ESF and the
mitigating effects on the radiological consequences evaluated The net projected

‘radiological exposures should be compared with the limits of 10 CFR Parts 20 or
100 to determine if the design is accepta