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UNITED STATES
NUCLEAR REGULATORY COMMISSION

WASHINGTON, D.C. 20555-0001
March 6, 1996

T0: . ALL HOLDERS OF OPERATING LICENSES OR CONSTRUCTION PERMITS FOR TEST
" AND RESEARCH REACTORS

SUBJECT: ISSUANCE OF NUREG-1537, "GUIDELINES FOR PREPARING AND REVIEWING
APPLICATIONS FOR THE LICENSING OF NON-POWER REACTORS"

The U.S. Nuclear ReguIatory Commission (NRC) has issued NUREG 1537,
"Guidelines for Prepar1ng and Reviewing Applications for the L1cens1ng ‘of
Non-Power Reactors."™ Part 1 of NUREG-1537 contains format and content
guidance for non-power reactor (NPR) applicants and licensees and Part 2
contains a standard rev1ew plan and acceptance criteria for NRC NPR
reviewers.

The format and content guide suggests a uniform format for presenting
information in NPR applications, helps ensure comp]eteness of information
prov1ded assists the Commission staff and others in locating information, and
aids in increasing the efficiency of the review process. The format and
content guide represents a format for NPR applications that is acceptable to
the NRC staff. Conformance with the format and content, however, is not
required.

The standard review plan ensures the quality and uniformity of the staff
reviews, makes information about regulatory matters concerning NPRs widely
available, and improves the understanding of the staff review process by
interested members of the NPR community and the public.

The document covers all aspects of NPR licensing. The document can be used
for the construction permit and the initial operating license, license
renewal, license amendment, decommissioning and license termination, and
highly enriched to lTow-enriched uranium core conversions. There is also an
appendix to the format and content guide that 1lists selected regulations that
are applicable to NPRs.

The document chapters were released in draft form for public comment as the
staff completed them. The staff evaluated comments from interested parties
and a number of them were incorporated into the document. The comments did
not result in any major changes to the document, but the staff used them to
clarify the documents. The draft documents were changed in response to
comments and the documents were edited to make the writing style consistent
between chapters. The staff responded to everyone who commented on the draft
documents by sending commenters the staff analysis of their comments and
pointing out any changes made to the text as a result of the comments.
Comments and NRC responses were placed in the Public Document Room.
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The document is in Tooseleaf form to be put in three-hole binders for ease of
use. We plan to amend the document as necessary to keep its content current.
Your comments on NUREG-1537 are encouraged. They should be sent to--

Director, Non-Power Reactors and Decommissioning
Project Directorate

United States Nuclear Regulatory Commission

M. S. 0-11 B-20

Washington, DC 20555-0001

Comments will be considered in future revisions of the document. Questions
concerning this project should be directed to the project manager for this
effort, Alexander Adams, Jr., at 301-415-1127.

Seymour H. Weiss, Director
Non-Power Reactors and Decommissioning
Project Directorate

Division of Reactor Program Management
Office of Nuclear Reactor Regulation
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ABSTRACT

NUREG-1537, Part 1 gives guidance to non-power reactor licensees and
applicants on the format and content of applications to the Nuclear Regulatory
Commission for licensing actions. These licensing actions include construction
permits and initial operating licenses, license renewals, amendments, conversions
from highly eariched uranium to low-enriched uranium, decommissioning, and
license termination. '
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'INTRODUCTION
Backgrouhd

This document dwmbes acoeptable format and content of the safety analysxs
report (SAR) to be submitted to the U.S. Nuclear Regulatory Commission (NRC)
by an applicant or licensee of a non-power reactor for & new license, license
renewal, or license amendment. ' A compamon document, NUREG-1537, Part 2
(Standard Review Plan), gives criteria to assist NRC staff reviewers in effecting -
compareble, complete, and consistent reviews of licensing applications for non-
. power reactors. Apphcants could peruse the Standard Review Plan to gain fuirther
insight into the review process for ﬁndmg non-power Teactor applloanons
acceptable.

NRC published several documents that give gmdance that is applicable to -
commercial power reactors. In 1972, to help commercial power applicants : -
prepare SARs for operating licenses for power reactors, NRC clarified the format
and content of SARs for light-water reactors (LWRs) by issuing Regulatory Guide
(RG) 1.70,-"Standard Format and Content of Safety Analysis Reports for Nuclear
Power Plants (LWR Edition)," with revisions in 1973,°1975, and 1978. - In 1975,
NRC issued NUREG-75/087, "Standard Review Plan for the Review of Safety
Analysis Reports for Nuclear Power Plants, to assist the NRC staff in effecting *
comparable, complete, and consistent reviews of SARs for nuclear power plants.
In 1982, the staff completely revised the earlier Standard Review Plan (NUREG- -
75/087) and published the revision as NUREG-OSOO In 1987 the staff revxsed
NUREG-0800. .

These documents were developed speciﬁcally for LWR nuclw power plants.
Applicants who would use these documents to prepare SARs for non-power -
reactor facilities and NRC staff who would use them to review these SARS may °
find it very cumbersome because of the great differences in complexity and hazards
between non-power reactors and nuclear power plants. Thus, the NRC staff
. started this program to document guidance applicable to non-power reactors. The
guidance herein is based on the Code of Federal Regulations, Title 10, Section -
50.34 (10 CFR 50. 34) which descnbes the mfotmatlon to be supplled ina SAR.

All reactors, both power and non~power, are hoensed to operate as utlhzatlon e
facilities under Title 10 in accordance with the Atomic Energy Act of 1954, as
amended (AEA or Act). The AEA was written to promote the development and
use of atomic energy for peaceful purposes and to control and limit its radxologlcal
hazards to the public. These purposes are expressed in paragraph 104 of the Act
for non-power reactors, 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
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security. These concepts are promulgated in 10 CFR 50.40 and 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
than power reactors 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 may be implemented in a different way for each category
of reactor and are intended to be consistent with protecting the health and safety of
the public. 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. '

Sections 50.20 through 50.22 of Title 10 specify two classes of reactor licenses to
be issued to applicants by the NRC: Class 104 (medical therapy and research and
development facilities) and Class 103 (commercial and industrial facilities). These
classes derive from definitions in the AEA. Non-power reactors are designed and
operated for medical therapy, research, development, and education. Non-power
reactors consist of testing facilities (also called "test reactors” in some regulations)
which are defined in 10 CFR 50.2, and research reactors, which are defined in

10 CFR 170.3.

Currently, all non-power reactors are licensed as Class 104 facilities. However,
NRC recognizes that a non-power reactor for commercial purposes could be’
licensed as a Class 103 facility, and thus, 10 CFR 50.22 contains criteria for
judging if a non-power reactor is a Class 103 facility.

A Class 104 non-power reactor can be licensed as a Class 104a facility for
conducting medical therapy or as a Class 104c facility for conducting research and
development. One non-power reactor is licensed as both a Class 104a and 104¢c
facility. All other non-power reactors are licensed as Class 104c facilities.

Most of the design, operation, and safety considerations for non-power reactors
apply to both test and research reactors. All non-power reactor applicants should
be guided by the format and content for licensing applications in this document.
Test reactors are subject to additional requirements, such as preparation of an
environmental impact statement, conduct of licensing hearings, and review by the
Advisory Committee on Reactor Safeguards (ACRS).

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

S~
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consider it dwrable to use the standards of 10 CFR Part 20 for evaiuatmg 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
accidents, since most research reactor accxdents evaluated to date have been within
the 10 CFR Part 20 criteria. -

. ‘The pnncxpal safety issues that dlﬁ‘erenttate test reactors from rewarch reactors are
the reactor site requirements and the doses to the public that could result from a
serious accident. For a research reactor, the results of the accident analysis have
generally been compared with 10 CFR Part 20 (10 CFR 20.1 through 20.602 and
Appendices for research reactors licensed before January 1, 1994, and 10 CFR
20.1001 through 20.2402 and Appendices for research reactors licensed on or

.after January 1, 1994). For research reactors licensed before January 1, 1994, the
doses that the staff has generally found acceptable for accident analysis results 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 3 rem
thyroid for members of the public. For research reactors licensed on or after,

January 1, 1994, occupational exposure is discussed i in 10 CFR 20.1201 and public

exposure is discussed in 10 CFR 20.1301. In several instances, the staff has -

- accepted very conservative aecxdent analyses that exceed the 10 CFRPart 20 dose

limits dlscussed above.

) Ifthe ﬁacihty conforms to the deﬁnrtxon 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 hazards from non-power reactors, compared with power reactors, range from
small to insignificant. After licensing almost 150 non-power reactors, the NRC
staff has developed guidelines and criteria for use in concluding that a facility,
functlon, or procedure provides reasonable assurance that the pubhc wﬂl not
receive e radxatxon dose that exceeds regulatory hrmts f '

The regulations in 10 CFR 2.105(c) for the initial hcensmg of a research reactor
facility do not preclude a joint application for a construction permit and the initial
operating license. If well planned ‘the final facility desngn and the final SAR
‘descriptions, analyses, and conclusxons will not differ mgmﬁcantly from those in the
initial apphcatmn, and a one-step hcensmg procedure can ‘be undertaken “To
- initiate this process, the applicant should request both a construction pemut and an
operating license to be issued when construction and operating readiriess are
acceptable to NRC. The applicant should submit only one SAR that is complete,
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appropriate, and acceptable for both permits. This will enable NRC to publish a
joint notice of intent in the Federal Register at the construction permit stage that
includes issuance of the operating license when appropriate. The joint application
and joint notice procedure streamlines the licensing process. Ifa final SAR
documenting changes during construction is submitted, it must demonstrate that
the facility design and the safety conclusions of the previous SAR documentation
are unchanged.

The design information in an SAR should reflect the current state of the facility
design, or the current as-built system at the time of the submittal. If certain
information noted herein is not yet available because the design has not progressed
sufficiently, the SAR should contain (1) the criteria and design bases used to
develop the required information, (2) the concepts and alternatives under
consideration, and (3) the schedule for completing the design and submitting the
missing information. The SAR for a new facility should describe the current
design of the facility in sufficient detail to enable the reviewers to determine
whether or not the facility can be constructed and operated in accordance with
applicable regulations.

The licensing process conforms to the legislative requirement for minimum
regulation stated in Section 104 of the AEA. A license for facility operation
constitutes the legal agreement between the licensee and NRC, and both parties
must adhere to it rigorously. Quite often, because of applicant choice, the
licensing process leads to two or more facilities with the same type of fuel and the
same intrinsic safety limits being licensed for operation at maximum power levels
differing by at least a factor of 10. The resultant difference between licensed
operating conditions and safety limits may vary by at least an order of magnitude.
However, each facility is obligated to adhere to its own license conditions.

Document Structure

Parts 1 and 2 of this document are complementary; titles and numbers of sections
correspond to the SAR sections. :

The structure of the document is summarized below. The general requirements of
the safety analysis are presented along with information on the purpose,
applicability, and use of this document.

Chapter 1 summarizes the principal design bases and considerations, general
descriptions of the reactor facility that illustrate the anticipated operations, and the
design safety considerations, including the limiting potential accidents. This
chapter should summarize the detailed information found in subsequent chapters of
the SAR.
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Chapter 2 descnbes t.he bases for the site selecuon and desmbes the applicable site

characteristics, including geography, <demography, meteorology, hydrology,
geology, seismology, and interaction with nearby installations and facilities.

Chapter3 descn’besthedemgnbases andfac:htystructures, systems and .
components, and the responses to enwronmentalfactorsonthereactorsxte (eg,
ﬂoods) o S .

Chapter 4 describes the design bases and the fnnc'tional charactesistics of the ‘
reactor core and its components. In this chapter, the safety considerations and
feamresofthereactoraredxswssed . : - e

Chapter 5 hsts the desxgn bases and describes the functions of the reactor coolant
and associated systems at the facility, including the primary and secondary systems
as applicablé, and ‘coolant makeup and purification systems. The chapter also
describes provisions for adequate heat removal while the reactor is operatmg and
while it is shut down :

Chapter 6 hsts the desxgn bases and descn‘bes the functrons of cngmeered safety
features (ESFs) that may be required to mitigate consequences of postulated
accidents at the facility. This includes design-basis accidents and a maximum
hypothetical accident (MHA). The MHA, which assumes an incredible failure that
can lead to fuel cladding or to a fueled experiment containment breach, is used to
bound credible accidents in the accident analysxs : ,

Chapter 7 lists the design bases and describes the functions of the instrummon
and control systems and subsystems at the facility, placing emphasls on safety-
related systems and safe reactor shmdown ,

Chapter 8 lists the design bases and describes the functions of the normal and .
emergency (if apphcable) electncal power systems at the facrlrty

Chapter 9 lists the design bases and describes the functions of such auxﬂxary e
systems atthefacrlrtyasheanng, ventilation, air exhaust, axrcondrtxomng, service
water, compressed air, and fuel handling and storage A

Chapter 10 lists the design bases and describes ‘the functions of experimental -
facilities. Non-power reactors are designed with irradiation capabilities for ... .
mwch, education, and technologxcal development. Thrs chapter discusses the
characteristics of experiment and mdratxon facilities on the basis of the proposed

experimental programs.

Chapter 11 lists the design bases and describes the ﬁmctlons of the radiation |
protection and the radioactive waste management programs at the facility. This
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chapter also describes the control of byproduct materials produced in the reactor
and utilized under the 10 CFR Part 50 reactor operating license. The description
of the radiation protection program should include health physics procedures,
monitoring programs for personnel exposures and effluent releases, and assessment
and control of radiation doses, both to workers and the public. The program to
maintain radiation exposures and releases as low as is reasonably achievable
(ALARA) includes the control and disposal of radiological waste from reactor

operations and from experimental programs.

Chapter 12 lists the bases and describes the functions of plans and procedures for
the conduct of facility operations. These include discussions of the management
structure, personnel training and evaluation, provisions for safety review and
auditing of operations by the safety committees, and other required functions, such
as reporting, security planning, emergency planning, and planning for reactor
startup.

Chapter 13 lists the bases, scenarios, and analyses of accidents at the reactor
facility, and describes an MHA, which may include a fission product release, and
radiological consequences to the operational staff, reactor users, the public, and
the environment. The function of ESFs is discussed in the accident analysis, as
applicable.

Chapter 14 presents the technical specifications, which state the operating limits —
and conditions and other requirements for the facility to acceptably ensure
protection of the health and safety of the public.

Chapter 15 concerns financial qualifications of the non-power reactor applicant for
initial construction, continuing operations, and decommissioning.

Chapter 16 discusses other license considerations, such as prior reactor use and the
use of the reactor for medical therapy. Issues not discussed elsewhere in the SAR
are covered in this chapter.

Chapter 17 gives guidance on decommissioning. This includes the development of
a decommissioning plan and the preparation of an amendment request to amend a
license from operating to possession-only status.

Chapter 18, which discusses the conversion of the reactor from highly enriched
uranium (HEU) fuel to low-enriched uranium (LEU) fuel, includes topics covered
in Chapters 1 to 17 as related to HEU to LEU conversions.

Appendix A lists regulations in selected parts of Title 10 that apply to research and
test reactors. '
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INTRODUCTION

General Requlrements _

Sectlon 50 34 of Title 10 of the Code of. Federal Regulatxans requires each
applicant for a license to submit an SAR in the application. "An SAR is clearly
required for initial application for a license. Although no regulations apply
specifically to an SAR submitted for renewing a non-power reactor license, the
NRC staff can most effectively evaluate an apphcatron to renew a factlxty hcense
from an up-to-date SAR. . :

The SAR performs the followmg 1mportant functions:
. . 'Grves a complete descnpt:on of the facdrty
. DocumentS the design bases of the facility.

. Demonstrates and documents that the facility is designed and canbe -
operated in a manner consistent with applicable regulations so that the
_“health and safety of the public, the facihty staff and users, and the
" environment are protected. ,

. Documents the limits, restrictions, administrative controls, and planned
conduct of operations of the facility.

.. Inclides technical specnﬁmnons based on the SAR. (The techmcal
-~ specifications express an agreement between NRC and the applmnt on
"how the facility will be managed and operated to ensure the protection. of
‘the health and safety of facility personnel and the pubhc aswellas
protectlon of the envxronment ) ' '

The SAR contains the formal dowmentatnon fora facihty presentmg basic

" information about the design bases, and the considerations and reasoning used to
support the apphcant s conclusion that the faoilrty can be operated safely. The
‘descriptions and discussions therein also support the  assumptions and methods of
analysis of potential accidents, mcludmg the MHA, and the desrgn of any ESFs
used to mttrgate acc:dent oonsequencec

The SAR is the basic document that gwes the NRC Jusuﬁcatron for licensing the
facility. It 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 inspections. For these
- reasons, and for others; it is important that the SAR remain an accurate, current
description of the facility. Even though regu]atlons do not require ‘the licensee for
a non-power reactor to periodically update the SAR (as is reqmred in 10 CFR_
50. 71(e) for power reactors) the NRC staff encourages non-power rcactor o
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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 changes made
without prior NRC approval under 10 CFR 50.59.

An applicant for license renewal should address all applicable topics in this
document by submitting an updated, complete SAR to account for any facility

" changes and any new regulatory requirements. Updating the SAR as described
above will not completely eliminate the need to update and rewrite sections of the
SAR at license renewal; it can, however, reduce the amount of resources needed to
update the SAR. Licensees should review the license renewal requirements of

10 CFR 2.109 at least a year before the expiration date of a facility operating
license and should contact NRC for any additional guidance that may be needed.

Purpose of the Format and Content Guide

This guide will help the applicant ensure the completeness and uniformity of the
information submitted, assist the NRC staff and others in locating the information,
and aid in reducing review time.

Applicability of the Format and Content Guide

The NRC staff recommends this guide for license applications for new non-power
reactors and for license renewal applications for existing non-power reactors. This
document also gives guidance to licensees preparing SARs for other licensing
actions, such as license amendments. This guide should help licensees prepare
complete packages and, thus, should reduce potential delays caused by NRC
requests for additional information. Applications for license amendments should
be written in accordance with applicable sections of the guide; however, a
complete revision of the existing SAR should not be required in support of such an
application. For license amendment requests, the corresponding sections of the
SAR should be amended and submitted to NRC along with the amendment
application. A complete revision of the SAR is strongly encouraged for license
renewal. This format can be applied to all NRC-regulated non-power reactors.
However, license applicants for non-power 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 NRC staff recognizes that not every suggestion given here will be applicable
to every non-power reactor. This problem is inherent to writing a single guidance
document for reactors ranging from an AGN design with 0.1-watt thermal power
to the heavy-water tank test reactor at the National Institute of Standards and
Technology at 20 megawatts thermal power. As applicants consult this document,
they will identify guidance that they believe is not applicable to their particular
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reactor design. Apphcants should careﬁxlly consnder what gmdance is apphcable to
their reactor design. The applicant does not need to discuss the reasoning for not

providing all of the information suggested in this document. However, the
_applicant should be able to justify such deletion upon request of the NRC reviewer.

Use of the Standard Format and Content Guide

. Although applicants are not required to consult this guide in preparing the

, appheanon for a license or license amendment, the NRC staff strongly encourages
its use because all applications will be reviewed and evaluated on the basis of their
technical content and completeness. Upon receiving an apphcanon, the NRC staff

- will review and evaluate the SAR against the standard review plan (NUREG-1537,

Part 2) to determine if the SAR contains the information necessary to form the

bases for the staff findings required for the issuance or renewal of an operatmg

license or granting of a license amendment.

Physical Specifications of the Applicatioh
Style and Comporsition
The apblicant should

. Clearly and concxsely state the techmeal bases to support the adequacy of
designs or dwgn mcthods

. Includeacontentspage ' },f,

. Include the topics and headings at least to the level of headmgs w:th three
digits (e.g., 2.4.2). :

. »mPlaceanmdex of key items as back matter, fdemred
e Add appendxces fof'sxxbj)lemental mformatxon not exphcxtly discussed in
 this guide. Such information could comprise summaries of the responses to
NRC regulatory guides or proposed regulations, and supplemental
information on calculational methods or design approaches.

. Avoid duplicating information. Similar information may be requested in
various parts because it is relevant to more than one portion of the facility
or analysns However, this information should be presented in the principal
area of the document that deals with the topic and thereafter appropriately
referenced in the other parts of the safety analyses For example, where
piping and mstrumentatxon diagrams for the same system are needed in
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more than one place in the document, the safety analyses may reference the
first location, provided all necessary information is presented.

. The number of significant figures in numerical values should reflect the
accuracy or precision to which the number is known. Where possible,
estimate limits of error or uncertainty.

. Include equations for technical detail in safety analyses. Equations should
use standard technical conventions and symbols. All symbols should be
defined

. Specify measurements in the units used in the design of the facility. If the
facility was designed in English units, the measurements should be given in
English units first, followed by the SI [International System of Units (or
metric)] numerical equivalent in parentheses. Drawings and diagrams in
English units need not be changed to add SI units. If the facility was
designed in SI units, only the SI units need be given.

. Use abbreviations in a consistent manner throughout the safety analyses
and in a manner consistent with generally accepted use. Any abbreviations,
symbols, or special terms unique to the facility or not in general use should
be defined the first time they are used in the safety analyses.

. Submit three signed and notarized copies of the application in accordance
with 10 CFR 50.30, 10 CFR 50.4, and Generic Letter 84-18. Part 170 of
Title 10 of the Code of Federal Regulations presents information on
licensing and amendment fees.

Graphic Presentations

The applicant should use graphic presentations, such as drawings, maps, diagrams,
sketches, and tables to convey information more clearly or conveniently, All
information should be clearly legible and reproducible and all symbols should be
defined. Locate graphic presentations where the information they contain is

primarily discussed.
References

The applicant should list documents referenced under a heading or topic at the end
of the chapter or place them as footnotes on the page on which they are discussed.
If the former, cite references in the text parenthetically by author and date or by
reference numbers. If proprietary documents are referenced, cite a non-proprietary
summary of the document if available (see 10 CFR 2 790).
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Printing Specifications
The appheant should be guided by the followmg recommendanons

. .:Papermzeshomdbes-lnx 11 mchesfortextpages and formost

- drawings and graphics. If a larger page is needed, the ﬁmshed copy should
not exceed 8-1/2 x 11 inches when folded. :

J Maintain a margin of no less than 1 inch on the top, bottom, and binding
side of all pages submitted

e . Number pages - with the digits correspondmg to the chapter nnmber
followed by a hyphen and a sequential number (e.g., the third page of the
discussion under Chapter 4, "Reactor," should be numbered 4-3)

K Use paper and ink suitable in composmon, paper color, and mk densxty for
microfilming or photocopying.. *

. Text pages may be single or double spaced usmg a suxtable type face and
style for microfilming or photocopying.

. The document may be mechanically or photographxcally reproduced. All
’ pages of text may be printed on both sides of the paper. However, each

‘major section (contents, chapter appendxx, etc.) should start on a nght—
hand page.

*  Pagesshould be punched fqr standard three-hole Ioose-leaf binders.
Proceduresfor UpkiaiingorRevisfnéi’dg'es co o

The applicant should update or revise this guide by replacmg pages Tti xs ,
recommended that the apphwnt hlghhght the changed portion on ‘each page by

‘ placmg a change indicator mark consnstmg of a bold vertical line drawn in the .

margin opposite the binding margin (i.., the outside margin). The liné should be

the same length as the portion changed. Replacement pages may be added in

response to NRC staff requests for additional information. .

All changed pages should show the date of change and a revision or change o
number. A guide with instructions for inserting, exchanging, or removmg pages’
should accompany the changed pages.” If affected, revised contents pages should
be submitted.
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Other Forms of Presentation

Other forms of presentation may be used. However, under 10 CFR 50.4(c), the
applicant should contact the Information and Records Management Branch, Office
of Information Resources Management, U.S. Nuclear Regulatory Commission,
Washington, DC 20555-0001, to obtain specifications and copy requirements
before submitting materials other than paper.

Revisions

The format and content guide should be revised and updated periodically as
needed to clarify the content, to correct errors, and to incorporate modifications.
The revision number and publication date should 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 standard
review plan using these methods.

Contributors

This document was prepared by A. Adams, Jr., Senior Project Manager, Non-
Power Reactors and Decommissioning Project Directorate, Division of Project
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. Gamner, 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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1 THE FACILITY

In this chapter of the safety analysis report 1('SA'R); the applicant should present an
introduction to the SAR and the facility. The introduction should state the

_ purpose of the SAR and briefly describe the application. Chapter 1 should contain
the followmg topics: L

introduction ,
summary and conclusions of principal safety consxderatxons
general description of the facility.
. shared facilities and equipment
- comparison with similar facilities
- summary of operations ‘
compliance with the Nuclear Waste Poncy Act of 1982
facility modtﬁcatxons and history

1.1 Introduction

The applicant should state its name and descnpnon (eg., umversxty, govemment
agency, research institute, or company name) and should briefly state the purpose
and intended use of the facility, the geographical locatxon of the facility, the reactor
" type and power level, mcludmg principal inherent or passive safety features, and
any unique design features.” These topics should be covered in full and referenced
to later chapters of the SAR. : :

1.2 Summary and Conclusions on Principal Safety
Considerations

'l'he apphcant should state safety crxtena, the pnncnpal safety consxderatlons and
the resultmg concluslons, mcludmg bnef discussions of the followmg

« consequences from the opemt:on and use of the non-power reactor, and
the methods used to ensure the safety of the reactor -

e safety consxderatxons that mﬂueneed the selectxon of the facilxty site, the
type of reactor and fuel, the reactor thermal power level, the type of
building housing the reactor, and any special factors

. 'any mherent or passxve safety features dwgned to contnbute to facxlxty
safety, protection of the health and safety of the pubhc and stafﬁ and
_protection of the environment

. design features and design bases for any sy'ster'nsr and oonipooents that
promote safe operation and shutdown of the facility
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CHAPTER 1

. potential accidents at the facility, including the maximum hypothetical
accident, and any design features that prevent accidents or mitigate the
potential consequences

These discussions need only be a general overview, with reference to the chapters
in which detailed analyses appear.

1.3 General Description of the Facility

The applicant should briefly describe the reactor facility as follows:

(1) geographical location; (2) principal characteristics of the site; (3) principal
design criteria, operating characteristics, and safety systems; (4) any engineered
safety features; (5) instrumentation, control, and electrical systems; (6) reactor
coolant and other auxiliary systems; (7) radioactive waste management provisions
(or system) and radiation protection; and (8) experimental facilities and
capabilities. The general arrangement of major structures and equipment should be
indicated with plan and elevation drawings. Safety features of the facility that are
likely to be of special interest should be briefly identified. Such items as unusual
site characteristics, the containment building, novel designs of the reactor, or
unique experimental facilities should be highlighted. The information and
discussions in this section in no way should substitute for the complete discussion
and analysis found in (and referenced to) subsequent chapters of the SAR.

1.4 Shared Facilities and Equipment
The applicant should briefly describe the following:

. Systems and equipment that are shared with facilities not covered by the
SAR or the operating license. Examples of shared facilities and equipment
could be water purification systems; electrical supplies; heating, ventilation,
and air conditioning systems; and the building that houses the reactor
room.

J Any other reactor, subcritical assembly, irradiation facilities, or hot cell
located within the confinement or containment structures, or the restricted
area to which this SAR applies.

. Any safety barriers and any special isolation provisions for the shared
facilities and equipment.

Complete descriptions and any safety implications that result from sharing facilities
or systems should be evaluated in and referenced to the appropriate chapter of the
SAR.
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THeE FACILITY

‘ 1.5 Companson Wlth Slmxlar Facnlmes

' The apphcant should dwcnbe briefly the pnncxpal sxmxlantm to other facilities,
particularly those either licensed by the U.S. Nuclear Regulatory Commission

_ (NRC) or designed : and operated by the U.S. Department of Energy (DOE). -
Comparisons should be made of the principal design parameters, reactor safety
systems, engineered safety features, and instrumentation and control systems. The
operating history of these facilities should be referenced briefly to demonstrate the
safety and reliability of the design. Design features, operations experience, and
tests and experiments from similar facilities could be referenced and used to
support analyses in appropriate chapters of the SAR.

1.6 Summary of Operations

The applicant should briefly discuss reactor operations, experimental programs,
and the mission of the reactor. The actual or proposed operations are important
for estimating parameters such as total operating time, power level, pulsed or
steady-state operation, and the amount and type of radioactive byproduct materials
produced. If the facility licensee is applying for license renewal, this section should
reflect current and proposed operational plans. If safety considerations analyzed in
later chapters of the SAR limit the operating schedule of the reactor, that fact
should be noted here.

1.7 Compliance With the Nuclear Waste Policy Act of
1982

The applicant should briefly discuss how it meets the requirements of

Section 302(b)(1)(B) of the Nuclear Waste Policy Act of 1982 for disposal of
high-level radioactive wastes and spent nuclear fuel. This discussion should
include the contract arranged with DOE for retumn of the material. A copy of the
cover letter for the contract between the applicant and DOE should be included in
an appendix to the SAR.

1.8 Facility Modifications and History

This section of the SAR applies primarily to existing facilities that are applying for
license renewal. This section has limited applicability to an application for initial
construction permit and operating license. The applicant should present a brief
history of the facility, including the dates of significant events, issuance of the
construction permit and operating license, and initial criticality. If the licensee has
experience with other research reactors, a brief description of this-information
should be presented. The SAR should indicate if the facility has not undergone
significant or safety-related physical or operational modifications since it was
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initially licensed, or since the last renewal was issued. The SAR should reflect any
significant modifications made to the non-power reactor, programs, or schedules.
The modifications should be discussed briefly in this section in chronological order,
including the number and date of the license amendment. Changes performed
under the provisions of Section 50.59 of Title 10 of the Code of Federal
Regulations (10 CFR 50.59) that affect the SAR descriptions should be provided.
If applicable, technical specifications changes should also be given,
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2 SITE CHARACTERISTICS

In this chapter of the SAR, the applicant should discuss and describe the
geographical, geological, sexsmologtcal, hydrological, and meteorological

- characteristics of the site and vicinity in conjunction with present and projected

population distributions, industrial facilities and land use, and site activities and

. controls.- In this presentation, the applicant should define the site characteristics

for use in design and analyses discussions in other chapters of the SAR, e.g.,
Chapter 3, "Design of Structures, Systems and Components"; Chapter 11,
"Radiation Protection Program and Waste Management"; and Chapter 13,
"Accident Analyses." In 10 CFR 100.10, the staff gives factors to consider in
selecting sites for test reactors and related reactor design.

2.1 Geography and Dembgraphy
2.1.1 Site Location and Description
2.1.1.1 Specification and Location

The reactor should be located by latitude and longxtude to the nearest second and
by Universal Transverse Mercator Coordinates [Zone Number Northing, and
Easting, as found on U.S. Geological Survey (USGS) topographical maps] to the
nearest 100 meters. The State and county or other political subdivision in which
the site is located should be identified, including the location onacampus, if
applicable, as well as the location of the site with respect to prominent natural and
manmade features such as highways, rivers, lakes, reservoirs, and mountains.

2.1.1.2 Boundary and Zone Arca Maps

Maps of the sne area of suitable scale (with explanatory text as necessary) should
be included to show the boundaries and zoneés associated with the facility.
Boundaries and zones are defined in American National Standards :
Institute/American Nuclear Society (ANSI/ANS) 15.7 (1977), "Rwearch Reactor
Site Evaluation,” Section 2, and in the documents in the bi b'b]xography relatedto
emergency preparedness at non-power reactors (NRC Regulatory Guide 2. 6, NRC
NUREG-0849 ANSI/ANS 15. 16) The maps shou]d clearly show the followmg

. the general area in whxch the reactor will be located and sufficient
secondary detailed maps to show the location of the reactor facxhty and
- adjacent surroundings S

. location of the area directly under the NRC facility opex:aﬁng license
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. location of the operations boundary

. location of the site boundary

. location of the rural zone up to a distance of 8 kilometers from the reactor
. location of the urban zone up to a distance of 8 kilometers from the reactor

. location of emergency preparedness zones (EPZs), as applicable

. true north
. highways, railways, and waterways that traverse or are in close proximity
to the site

. the general topography of the area near the reactor that could affect
diffusion and dispersion of airborne effluents, including buildings at least as
tall as the reactor building and any stacks or other air-exhaust facilities

2.1.2 Population Distribution

Population data presented should be based on the most recently available (last
decade or later) census data. Information on population distributions should be in
suitable form to use in dose analyses in Chapters 11 and 13, in which

potential doses down to a small percentage of 10 CFR Parts 20 or 100 may be
applicable.

On a map of suitable scale that identifies places of significant population grouping
(such as cities and towns) within an 8-kilometer radius, concentric circles should
be drawn, with the reactor at the center point, at distances of 1, 2, 4, 6, and 8
kilometers. The population in each area at the time of application and a projection
of the population in five years and at the end of the license period should be given.
The basis for population projections should be described. Information should be
given about the direction and distance of the nearest permanent residence to the
reactor and any reactor effluent exhaust points. Any part-time, transient, or
seasonal occupation of buildings should be described, such as classrooms or
dormitories on a university campus, giving best estimates of occupation times and
numbers of occupants.

2.2 Nearby Industrial, Transportation, and Military
Facilities

In this section, the applicant should establish whether the effects of potential
accidents in the vicinity of the reactor from present and projected industrial,
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transportation, and military installations and operations should be used in the safety
analyses and should establish the reactor facility design parameters related to’
accidents selected. The applicant should consider all facilities and activities within
8 kilometers of the reactor. Facilities and activities at greater distances should be
included as appropriate to their significance of accident impact on the facility.

2.2;1 Locations and Routes ” f

The applicant should submit maps showing the location and distance from the
reactor of all sngmﬁcant manufactunng plants; chemical plants; refineries; storage
facilities; mining and quarrying operations; military bases; missile sites; '
transportation routes (air, land, and water); transportation facilities (docks,
subways, highways, railways, and rail yards, anchorages, airports); oil and gas
pipelines, drilling operations, and wells; and underground facilities used for such
purposes as fuel storage and storm-water runoff. These maps should show any
other facilities that, because of the products manufactured, stored, or transported
_ there, may require consideration with respect to possible adverse effects on the
reactor. Any military firing or bombing ranges and any nearby axrcraﬁ ﬂxght,
holding, and landing patterns should be indicated on the maps. - '

The maps should be clearly legl’ble and of smtable scale to enable easy location of
the facilities and routes in relation to the reactor. : All symbols and notations used
to depict the location of the facilities and routes should be identified in legends or
tables.” Topographic features should appear on the maps in sufficient detail to --
illustrate the information presented and to support analyses of potential impacts on
the reactor facility.

222 Air Traffic

Factors such as frequency and type of mrcraﬁ movement, fhght patterns local
meteorology, and topography should be oonsxdered for the followmg s:tes o

. " sites located thhm 8 kllometcrs of an exxstmg or projected eommercral or
military airport ~ . R :
. sites located between 8 'and 16 kllometers fromanexlstmg or projected’

commercial or military airport with more than approximately 200 d>
(where d is the distance in kilometers from the airport to the reactor sxte)
commercial or military aircraft movements per year. - .-

Special consideration should be given when siting the facility within the trajectory
of a runway of any airport. “The analysis should demonstrate that there is a low
potential that any aircraft, including general aviation aircraft, could affect the
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reactor or that the consequences from any aircraft-associated accident are already
bounded or considered in the accident analysis.

2.2.3 Analysis of Potential Accidents at Facilities

For each facility identified in Section 2.2.1, the applicant should provide an
analysis of possible effects on the reactor for postulated accidents or other events
that could occur at the facility. If a facility cannot affect the reactor, the applicant
should make a statement to that effect and give a basis for this statement.

2.3 Meteorology

In this section, the applicant should describe the meteorology of the site and its
surrounding areas. Sufficient data on average and extreme conditions should be
included to permit an independent evaluation by the reviewer.

2.3.1 General and Local Climate

The general climate of the region should be described with respect to 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 humidity, precipitation (rain, snow, and sleet), and relationships between
synoptic-scale atmospheric processes and local (site) meteorological conditions.
References should indicate the climatic atlases and regional climatic summaries
used. )

Historical seasonal and annual frequencies of severe weather phenomena, including
hurricanes, toradoes, waterspouts, thunderstorms, lightning, and hail, should be
stated. The applicant should give the known and maximum annual frequency of
occurrence and time duration of freezing rain (ice storms) and dust (sand) storms
where applicable. The applicant should estimate the 100-year return wind speed.
The applicant should also estimate the weight of the 100-year return period
snowpack and the weight of the 48-hour probable maximum precipitation for the
site vicinity, if applicable, as specified by the USGS. Using these estimates for
Chapter 3, the applicant should calculate the design loads on the roof of the
reactor building, and compare them with local building codes for similar types of
structures.

2.3.2 Site Meteorology

In addition to discussing potential meteorological effects on the reactor facility, the

applicant should give sufficient information to support the dispersion analyses of

airborne releases from the facility. The applicant may need to evaluate potential

radiological effects in both the restricted and unrestricted areas in the reactor o
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vicinity from routine releases during normal operations and from postulated
releases resulting from accidents. The analyses of potential doses from normal and
- accident releases should be placed in Chapters 11 and 13, respectively. The
meteorological information used for both long-term and short-term dispersion
calculations, along with a description of the technical bases of the dispersion model
should be summarized. The continuing onsite measurements program or an’
alternative source of meteorological information (e.g., National Weather Service
station) should be described; and plans for access to meteorological information
during the license period should be described. Description of the meteorological
program should include measurements made, locations and elevations of
measurements, descnpnon of instruments and their performance Spemﬁcatxons, and
calibrations, type of data output, and data analysxs procedures

2.4 Hydrology

In this section, the apphcant should glve sufficient information to a.llow an
independent hydrologic engineering review to be made of all hydrologically related
design bases, performance requirements, and bases for operation of structures,
systems, and components important to safety. B

: Suﬁcxent information should also be given about the water table groundwater

" and surface water features at the reactor site to support analyses and evaluations in

Chapters 11 and 13 of consequences of uncontrolled release of radioactive material
from pool leakage or failure, neutron activation of soils in the vicinity of the
reactor, or deposition and migration of airborne radioactive material released to
the unrestricted area.

The effect of potential floods on sites along streams, rivers, and lakes should be
analyzed. Effects and consequences of a probable maximum flood, seiche, surge,
standing water, drainage or seismically induced ﬂood (such as might be caused by
dam failure) should be considered. Hazards of tsunami, river blockage, diversion
in the river system, or distant or locally generated sea waves" should be described
to establish the smtabihty of a site. “The detail and extent of the consxderatnons
should be commensurate with the potentlal consequences to the reactor and to the
public, the environment, and the facility staff. : e

2.5 Geology, Seismology, and Geotechnical Engineering

.In this section, the apphcant should detail the seismic and geologic characteristics

" of the site and the region surrounding the site. The degree of detail and extent of
the considerations should be commensurate wnh the potential consequences of
sexsmologtcal disturbance, both to the reactor facility and to the pubhc from
radioactive releases. , :
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2.5.1 Regional Geology

The applicant should discuss all geologic and seismic hazards within the region
that could affect the facility, and relate them to the regional physiography, tectonic
structures and tectonic provinces, geomorphology, stratigraphy, lithology, and
geologic and structural history and geochronology.

2.5.2 Site Geology

The applicant should discuss in detail the structural geology at the facility site,
including the relationship of site structure to regional tectonics, and should pay
particular attention to specific structural units of significance to the site such as
folds, faults, synclines, anticlines, domes, and basins. The applicant should also
discuss the geologic history of the site and should relate it to the geologic history
of the region.

2.5.3 Seismicity

The applicant should list all historically reported earthquakes that could have
reasonably affected the region surrounding the site. The list should include all
earthquakes of modified Mercalli intensity greater than IV or magnitude (Richter)
greater than 3.0 that have been reported in all tectonic provinces, any part of which
is within 200 kilometers of the site.

2.5.4 Maximum Earthquake Potential

The applicant should note the largest historic earthquake associated with each
geologic structure or tectonic province. If the earthquakes are associated with a
geologic structure, the applicant should evaluate the largest earthquake that could
occur on that structure on the basis of such considerations as the nature of
faulting, fault length, fault displacement, and earthquake history. If the
earthquakes are associated with a tectonic province, the applicant should identify
the largest historical earthquakes within the province and, whenever reasonable,
should estimate the retumn period for the earthquakes. Also, isoseismal maps for
the earthquakes should be presented.

2.5.5 Vibratory Ground Motion

The applicant should proceed from discussions of the regional seismicity, geologic
structures, and tectonic activity to a determination of the relation between
seismicity and geologic structures. The earthquake-generating potential of
tectonic provinces and any active structures should be identified. Finally, the
applicant should assess the ground motion at the site from the maximum potential
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earthquakes associated with each tectonic province or geologic structure and
should consider any site-amplification effects. Using the results, the applicant
should establish the vibratory ground motion design spectrum.

2.5.6 Surface Faulfing

The applicant should discuss any potential for surface faulting at the site, and
should list all historically reported earthquakes that can be reasonably associated
with faults, any part of which is within 8 kilometers of the site.

2.5.7 Liquefaction Potential

The applicant should discuss soil structure. If the foundation materials at the site
adjacent to and under safety-related structures are saturated soils or soils that have
a potential for becoming saturated, the applicant should prepare an appropriate
state-of-the-art analysis of the potential for liquefaction at the site. The applicant
should also determine the method of analysis on the basis of actual site conditions,
the properties of the reactor facilities, and the earthquake and seismic design
requirement for the protection of the public.

2.6 Bibliography

American National Standards Institute/American Nuclear Society, ANSI/ANS
15.7, "Research Reactor Site Evaluation,” 1977.

American National Standards Institute/American Nuclear Society, ANSI/ANS
15.16, "Emergency Planning for Research Reactors," 1982.

International Atomic Energy Agency, IAEA-TECDOC-348, "Earthquake
Resistant Design of Nuclear Facilities With Limited Radioactive Inventory," 1985.

International Atomic Energy Agency, IAEA-TECDOC-403, "Siting of Research
Reactors,” 1987.

U.S. Nuclear Regulatory Commission, NUREG-0849, "Standard Review Plan for
the Review and Evaluation of Emergency Plans for Research and Test Reactors,”
1983.

U.S. Nuclear Regulatory Commission, NUREG/CR-2260, "Technical Basis for
R.G. 1.145 Atmospheric Dispersion Models,"” 1981.

U.S. Nuclear Regulatory Commission, Regulatory Guide 1.145, Rev. 1,
" Atmospheric Dispersion Models for Potential Accident Consequence Assessments
at Nuclear Power Plants,” 1982.
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Planning for Research and Test Reactors,” 1983.
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3 DESIGN OF STRUCTURES SYSTEMS AND
COMPONENTS |

In this chapter of the SAR, the apphcant should 1dentxfy and describe the principal

architectural and engineering design criteria for the structures, systems and

~ components that dre required to ensure reactor facility safety and protection of the

“public. “The material presented should emphasize the safety and protectrve '
functions and related design features that help prowde defense in depth against
uncontrolied release of radioactive material.  The bases for the desxgn criteria for
some of the systems discussed in this chapter may be deve]oped in ‘other chapters
and should be appropriately cross referenced. For example conﬁnement or
containment design criteria may be summarized here and discussed in detail in
Chapter 6, "Engineered Safety Features."

3.1 Design Criteria

In this section the applicant should identify the structures, systems, and -

' components modes of ¢ operation; location; type(s) of actuatlon, relatxve
importance in the control of radioactive material and radxatlon, applxcable design
criteria; and ‘chapter and section in the SAR where these criteria are applied in the
design of specific structures, systems, and components.

The design criteria should include apphcable standards guxdes and codes for
example, American National Standards Institute/American Nuclear Society
(ANSI/ANS) standards (see references); NRC regulatory guides (see Division 2
regulatory guides and "Other Regulatory Guides of Possible Interest to Division 2
Recipients," which is a list attached to the Division 2 regulatory guides table of
contents); and national, State, and local building, plumbing, and electrical codes.

In this section the applicant should specify the design criteria for the facility
structures, systems, and components. The description of the actual design should
be in the section or chapter that corresponds to the specific structure, system, or
component. “The design criteria should be both specific and general. The amount
of detail given should be related to the safety function of the structure, system, or
component. For example, general design criteria should include the following: **

. Design for the complete range of normal expected reactor operating
conditions (e.g., reactor power levels from cold subcritical conditions to
- maximum allowed power level, associated radnatxon and system -
temperature condmons and allowed fuel storage and reactor operatmg
-.conﬁguratmns)

. Design to cope w1th antxclpated transients and potential accxdents
including those discussed in Chapter 13, "Accident Analyses," of the SAR.
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Anticipated transients and potential accidents should include malfunction of
any control function or other malfunction of a structure, system, or
component, experiment malfunction, single operator error, testing and
surveillance activity, reactor startup and shutdown, and power-level
change. These design criteria should be based on a systematic examination
of the most limiting transients and accidents to identify the needed facility
structures, systems, and components. They should ensure that each needed
structure, system, or component stays within acceptable operational and
safety limits for conservative assumptions of initial conditions, operating
history of the facility for the proposed license term, and required operating
characteristics. The most limiting conditions of each type should be
analyzed in detail in Chapter 13 of the SAR.

. Design redundancy for reactor protective and safety features, so that any
single failure of any active component will not prevent safe reactor
shutdown or result in unsafe conditions as verified by Chapter 13 analyses.

. Design to facilitate inspection, testing, and maintenance of the structures,
systems, and components whose integrity and reliability are important to
safe reactor shutdown and to the protection of the public, reactor facility
personnel, and environment.

. Provisions to avoid or mitigate the consequences of fires, explosions, and
other potential manmade or natural conditions.

. Quality standards commensurate with the safety function and the potential
risks. For example, fuel fabrication may be consistent with the applicable
guidance in ANSI/ANS 15.2-1990.

. Analyses and designs for meteorological, hydrological, and seismic effects.

. The bases for technical specifications necessary to ensure the availability
and operability of required structures, systems, and components.

3.2 Meteorological Damage

In this section the applicant should describe the design for the protection from
meteorological conditions of facility structures (e.g., buildings and cooling
towers), systems (e.g., ventilation systems), and components that are assumed to
be operable in the SAR. The design criteria should be based on data given in
Chapter 2, "Site Characteristics,” on such factors as historical data on maximum
wind velocity, vertical velocity profiles, gust factors, applied loads, recurrence
intervals, tornado loadings, and snow and ice loads. The applicant may refer to
local building codes, standards, or other criteria to ensure that significant
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meteorological damage to the facility is very unlikely. Further, the design criteria
should provide reasonable assurance that potential meteorological damage would
not significantly affect designed structures, systems, and components (i.e., they
would continue to perform necessary operational and safety functions). An
example would be consideration of adverse wind conditions that affect ventilation
systems. The bases for appropriate technical specxﬁeatxon surveillances to venfy

. capabihty and reliability of the dwgn featur&s should be grven :

‘73.3 Water Damage

In this section the apphcant should spec:ﬁcal]y describe the proposed site and
facility designs to protect against water damage of the structures; systems, and
components assumed to function in the SAR. This should include (1) the impact
on structures resulting from the force or submergence of flooding, (2) the xmpaet
on systems resulting from instrumentation and control electncal or mechamcal
malfunction due to water, and (3) the impact on equlpment such as fans, motors,
and valves, resulting from degradation of the electromechanical function due to
water. This section should be based on historical data on the site with regard to
potential flooding and other hydrological conditions discussed in detail in Chapter
2. Design criteria for structures and systems that are based on information'on -
precipitation rates, ground water, accumulation of standing water, and dramage
rates should be included. The impacts of watersheds, flood plams drainage
easements, and fluid supplies or conduits on reactor operauon, safe shutdown, and
control of radioactive material should also be included. Maps and other
information in Chapter 2 to d&scn‘be these features and charactenstncs around the
facihty should be used.

The apphcant should use local bmldxng codes or other apphcable standards to

* ensure that significant water damage to the facility is very unlikely. Facility design
features (e.g., elevations, sumps, “pumps, watert:ght doors, berms, and drains) may
be used to avoid or mitigate water damage to structures, systems, and components
important to safety. The applicant should show that the design features are
sufficient to avoid sxgmﬁcant water damage to the facxhty dunng the pro;ected
reactor hccnse term

The bm for any techmca] specxﬁcatlons reqmred to ensure operabxhty of
structures, systems, and components that ensure safe reactor shutdown should be
given.

o

3. 4 Sexsmlc Damage -

In this section the applicant should spemfy and descnbe the structures, systems,
and components that are required to maintain the necessary safety function if a
seismic event should occur, as well as the required facility seismic design criteria.
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The seismic characteristics of the site should be summarized in Chapter 2. Seismic
design for non-power reactors should, at a minimum, be consistent with local
building codes and other applicable standards.

The reactor facility seismic design should provide reasonable assurance that the
reactor could be shut down and maintained in a safe condition or that the
consequences of accidents would be within the acceptable limits. For most NRC-
licensed non-power reactors, this may involve analysis to show that the conditions
of the SAR for safe reactor shutdown remain valid for the potential seismic events
(e.g., reactor fuel fission product barrier and shutdown capability would not be
impaired). The applicant can also show that the radiological consequences of a
potential seismic event are bounded by the accident analyses in Chapter 13.

Such criteria for acceptable seismic performance have been established in
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." For NRC-
licensed non-power reactors, "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 and designs 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

ANSVANS 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 adequate for assessing test
reactors.

To verify that seismic design functions are met, the applicant should give the bases
for technical specifications necessary to ensure operability, testing, and inspection
of associated systems, including instrumentation and control portions, if applicable.

NUREG-1537,PArT | 34 Rev.0, 2/96



DESIGN OF STRUCTURES, SYSTEMS, AND COMPONENTS

3.5 Systems and Components

In thxs section the applicant should give the design bases for the systems and
components required to function for safe reactor Operatxon and shutdown. For
non-power reactors, this section should include, at a minimum, the fuel system,
control rod scram systems, ‘other protective and safety systems; and the "~ ,

- electromechanical systems and components associated with emergency core
cooling systems, reactor room ventilation, confinement or containment systems,
and other systems that may be required to prevent uncontrolled release of
radioactive material. The design criteria should include the condxtnons that are
important for reliable operation of the systems and components (e.g.,  dynamic and
static loads, number of cyclic loads, vibration, wear, friction, strength of materials,

. and effects of radiation and temperature) The specific application of these ‘design

criteria should generally be given in other chapters of the SAR. For example, if

this chapter establishes that a design criterion for the control rods is that it drop by
the force of gravity, Chapter 4, "Reactor Description," should describe the
electromechanical and reactor dynamic design bases to accomplish this insertion
within a specified time, normally 1 second.

3.6 References
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Instrumentation Test and Calibration,” ANS, LaGrange Park, Illinois, 1978.

American National Standards Institute/American Nuclear Society,
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American National Standards Institute/American Nuclear Society,
ANSI/ANS 15.7, "Research Reactor Site Evaluation,” ANS, LaGrange Park,
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ANSI/ANS 15.8, "Quality Assurance Program Requirements for Research
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‘4 REACTOR DESCRIPTION

In this chapter of the SAR, the applicant should discuss and describe the principal
features, operating characteristics, and parameters of the reactor. The analysis in
this chapter should support the conclusion that the reactor is conservatlvely
designed for safe operation and shutdown under all credible operating condmons
Information in this chapter of the SAR should prov:de the design bases for. many

systems, subsystems, and functions dxseussed elsewhere in the SAR and for many
technical specifications.

4.1 Summary Description. .. = = = SN

In this section the applicant should briefly summarize the design and functional
characteristics of the reactor. The applicant should present the principal safety
considerations in the selection of the reactor type as well as the design principles
for the components and systems that address those considerations. This section
should contain summary tables of important reactor parameters and sufficient

drawings and schematic diagrams to explam and illustrate the main reactor design
features. i , .

The applicant should briefly address the following feamres of the_redctor:

. thermal power level
fuel type and enrichment
pool ortank type . .
forced and/or namral-convectlon coohng
type of coolant, moderator, and reﬂector
principal features for experimental programs
pulsing or steady power .
‘novel concepts requiring substantxal new development

4.2 Reactor Core o

In thxs section the apphcant should present all dwgn mformatxon and ana]yses
necessary to demonstrate that the core can be safely operated. The major core
components to be described are fuel, neutron moderator, neutron reflector, control
.elements, neutron startup source, incore cooling components, and any incore
expenmental facilities. - The source or basxs of the mformatxon presented should be
given. T B ,
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4.2.1 Reactor Fuel

In this section the applicant should describe the reactor fuel system. Included
should be the design features selected to ensure that the fuel and cladding can
withstand all credible environmental and irradiation conditions during their life
cycle at the reactor site. The discussions should address the incore fuel operating
conditions. Handling, transport, and storage of fuel should be discussed in
Chapter 9, "Auxiliary Systems," of the SAR. Drawings and tables of design
specifications and operating characteristics of the fuel should be presented.

Most non-power reactors contain heterogenous fuel elements consisting of rods,
plates, or pins, which are addressed in the following sections. Homogeneous fuels
should be described and analyzed in a comparable way. Information should be
current; supported by referenced tests, measurements, and operating experience;
and compared with additional applicant experience where applicable. The
information should include the following:

. Chemical composition, enrichment, uranium loading, and important
metallurgical features of the fissile material in the basic fuel unit. The
information should indicate dispersion, alloy, cermet, sintering, and such
special properties as burnable poisons or neutron moderators.

. Description of the basic fuel unit, including plates, rods, pins, or pellets.
This information should include dimensions, fabrication methods, and
cladding or encapsulation methods. Special features, such as moderators
or reflectors, external geometrical designs to enhance cooling capability,
and inherent safety or feedback provisions should be discussed.

J Material and structural information such as dimensions, spacings,
fabrication methods, compatibility of materials, and specifications with
tolerances. All types of fuel elements to be used should be described,
including full elements, partial elements, control rod elements, instrumented
elements, and special elements for experimental facilities. Features that
ensure accurate and secure positioning and adequate cool nt flow should
be described.

. Information on material parameters that could affect fuel integrity, such as
melting, softening, or blistering temperatures; corrosion; erosion; and
mechanical factors, such as swelling, bending, twisting, compression, and
shearing.

. Physical properties with significance in regard to safety and fuel integrity
that are important for the thermal-hydraulic analyses, such as heat capacity,
thermal conductivity, gas evolution or diffusion, occluded or encapsulated
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void volume, fuel burnup limits, capability to retain fission products,
swelling resxstance and bmldup of OXIdCS

‘e - Ifthe reactoris decxgned for pulsmg, any specxal attributes of the fuel that
contribute to pulsing safety.

. ¢ - Abrief history of the fuel type, with references to the fuel development
- program, including summaries of performance tests, quahﬁcahon, and
- operating history. A brief lnstory of the actual fuel elements to be used,
- including fabrication, previous irradiation conditions, storage environments,
surveillance procedures, and quahﬁcatxon tests :

. Mechanical forces and stresses, hydrauhc forces thermal changes and
temperature gradients, internal pressures including that from fission
products and gas evolution, and radiation effects including the maximum
fission densities and fission rates that the fuel umts and elements are

- designed to accommodate

Limits on operating condmons for the fuel should be supported by information and
analyses. These limits are specified to ensure that the integrity of the fuel elements
and their cladding or fission product barrier will not be impaired. They should
form the design bases for this and other chapters of the SAR, for the reactor safety
limits, and for other fuel-related techmcal speclﬁcatxons

4. 2 2 Control Rods

In this section the applicant should give information on the control rods, including
all rods or control elements that are designed to change reactivity during reactor
. operation. The physical, kinetic, and electromechanical features demonstrating
-that the rods can fulfill their control and safety functions should be described.
Results of computing control rod reactivity worths may be presented in this
section, but details of the calculation of reactivity effects should appear in
Section 4.5, "Nuclear Design," of the SAR. The information in tl'us sectnon should
include the following:: B :

. The number and types of rods (e.g;, shim, safety, regulating, ‘transient),
their designed locations in the core, and their designed reactivity worths.
The considerations and bases for redundancy and diversity sbould be
provided. Limits on core configuration should be discussed. -

» . The structural and geometric description, including the shape, size, :
matenals cladding, fabrication methods, and specifications with tolerances
for the rods. This should include the type and concentration of neutron
absorber, or emitter, if appllcable Also calculations of changes in
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reactivity worth due to burnup and assessment of radiation damage, heating
effects, and chemical compatibility with the coolant and other core
components should be given. If the control rods have followers, the
design, composition, and reactivity effects of the follower should be
discussed.

. The design of mechanical supports for the active component, the method of
' indicating and ensuring reproducible positioning in the core, and the drive
mechanism of each type of rod. This information should include the source
of motive power, usually electrical, and the systems ensuring scram
capability. For a reactor designed for pulsing, the transient rod should be
described in detail, including its drive mechanisms and the methods for
calibration, pulse reproducibility, and prevention of inadvertent pulsing.

. The kinetic behavior of the rods, showing either the positive or negative
rate of reactivity change, in the normal drive and scram modes of
operation. This information should be supplied for all rods, including
transient rods in a reactor designed for pulsing. The applicant should show
that the control rod design conforms with the shutdown margin
requirements.

. The scram logic and circuitry, interlocks and inhibits on rod withdrawal,
trip release and insertion times, and trip or scram initiation systems should
be summarized here and described in detail in Chapter 7, "Instrumentation
and Control Systems."”

. Special features of the control rods, their core locations, power sources,
drive or release mechanisms designed to ensure operability and capability
to provide safe reactor operation and shutdown under all conditions during
which operation is required in the safety analysis if there is a single failure
or malfunction in the control system itself. Such features may include
mechanisms to limit the speed of rod movement.

. Technical specification requirements for the control rods and their
justification. These are the limiting conditions for operation, surveillance
requirements, and design features as discussed in Chapter 14, "Technical
Specifications,” of this format and content guide.

4.2.3 Neutron Moderator and Reflector

In this section the applicant should discuss the materials and systems designed to
moderate the neutrons within the fuel region and reflect leakage neutrons back
into the fuel region. The information should include the materials, geometries,
designs for changes or replacement, provisions for cooling, radiation damage
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considerations, and provisions for experimental facilities or special uses. Multiple-
use systems and features such as moderator coolant, fuel moderator, and reflector
shield should be described. If moderators or reflectors are encapsulated to prevent
contact with coolant, the effect of failure of the encapsulation should be analyzed.
It should be possible to operate the reactor safely until failed encapsulations are
repaired or replaced. If reactor operations cannot be safely continued, the reactor
should be placed and maintained in a safe condition until encapsulations are :
repaired or replaced. Technical specification requirements should be proposed and
justified for the moderator and reflector in accordance with the guidancein -
Chapter 14 of this format and content guide. The nuclear design of the moderator
and reflector should be discussed in Section 4.5 of the SAR.

4.2.4 Neutron Startup Source

In this section the applicant should present design information about the neutron
startup source and its holder. The applicant should show that the source will
produce the necessary neutrons to allow a monitored startup with the reactor
instrumentation. The information should include the neutron strength and
spectrum, source type and materials, its burnup and decay lifetime, and its
regeneration characteristics. Other necessary information includes the material and
geometry of the holder, the method of positioning the source in the core, and the
core locations in which the source is designed to be used. Utilization information
and such limitations as radiation heating or damage and chemical compatibility
with coolant and other core components should be discussed. Any technical
specification limits on the source, such as the maximum power level the reactor .

can be run with the source in place (for plutonium-beryllium sources and other
source types that can act as fuel), or surveillance requirements to ensure source - °-.
integrity should be proposed and justified in this section of the SAR in accordance '
with the guidance in Chapter 14 of this format and content gmde

4.2.5 Core Support Structure |

In this section the uppkl‘icaxu‘ shouid pr&seut d&éign info‘nnati‘on‘aﬁout thé
mechanical structures that support and posmon the core and its components The
information should include the followmg : , 4

. The desxgn consxdemnons thax ensure that all necessary loads and hydrauhc
forces can be conservatively supported with and without the buoyant forces
of the reactor water. ,

. The methods by which core components are accurately and reproducibly
positioned and secured, including specification tolerances, as well as
features of the grid plate such as fuel holddown grids, fuel element spacers,
and control rod guides and supports.
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The materials of construction, including considerations for radiation
damage, corrosion, erosion, chemical compatibility with coolant and core
components, potential effects on reactivity, induced radioactivities, and
maintenance.

Design features of the core support structure that accommodate other
systems and components such as radiation shields, beam ports or other
experimental facilities, coolant pipes, coolant plenums or deflectors, and
nuclear detectors,

For a movable core support, design information describing the motive
power system, the system for ensuring position, and interlocks that prevent
or control motion while the reactor is critical, while forced cooling is
required, or while other activities that prohibit core support movement are
to be conducted, if such a system is required (e.g., experimental facility
operations).

Technical specifications that control important design features, limiting
conditions for operation, and surveillances as discussed in Chapter 14 of
this format and content guide. The applicant should justify these technical
specifications in this section of the SAR.

4.3 Reactor Tank or Pool

The cores of most non-power reactors are immersed in water within a tank or
pool. In this section the applicant should present all information about the tank or

pool necessary to ensure its integrity. The information should include the
following:

Design and considerations to ensure that no hydrodynamic, hydrostatic,
mechanical, chemical, and radiation forces or stresses could cause failure or
loss of integrity of the tank during its projected lifetime over the range of
design characteristics.

Design and dimensions to ensure sufficient shielding water to protect
personnel and components, as well as sufficient depth to ensure necessary
coolant flow and pressures. (Also see Sections 4.4 and 4.6 and

Chapter 11, "Radiation Protection Program and Waste Management," of
this format and content guide.)

Designs and description of materials, including dimensions, supporting
structures, chemical compatibility with the coolant and other reactor
system components, radiation fields and any consequences of radiation
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damage, protecuon from corrosion in inaccessible reglons and capability to
replace components, :f neceesa:y ' :

) Locatlons of penetratlons and attachment methods for other components

and pipes. The relationships of these penetrations to core and water

" . surfuce elevations should be discussed. : Safety-felated features that prevent
... loss of coolant should be discussed and related to Sections 4.4 and 4.6 and

to the loss-of-coolant-accident scenarios analyzed in Chapter 13, "Accident
Analyses," as apphcable

, Planned methods for assessmg radxahon damage, chermcal damage or
. deterioration during the projected lifetime. In this section the applicant
should assess the possibility of uncontrolled leakage of contaminated

pnmaxy coolant and should dxscuss preventwe and protectwe features

,' ‘Techmcal specxﬁcauons tha.t control important desxgn features, limiting

conditions for operation, and surveillance requirements as discussed in
Chapter 14 of this format and content guide. The applicant should justify
these technical specxﬁcatxons in th:s sectxon of the SAR. -

4.4 Blologlcal Shleld

In thls section the applxcant should present mformatlon about the principal
biological shielding designed for the reactor. The mformatxon should include the

followmg

“The desxgn bases for the radxat:on shields (e.g., water concrete or lead),

including the projected reactor power levels and related source terms and

- the criteria for determining the requlred protectmn factors for all apphcable

nuclear radiation activity. Information about conformance with the
regulations for radiation exposure and the faclhty ALARA (as low as is
reasonably achievable) program should appear in Chapter 11. The design
basis should include the designed reactor power levels, the associated
radiation source terms, and other radiation sources thhm the pool or tank
that reqmre slueldmg

The design detaxls and the methods used to achleve the desxgn bases. The

o applicant should dtscuss the protection of personnel and equipment e
. functions. The mformatlon should specify the general size and shape of the

shields and the methods used to ensure structural strength, rigidity, and

~ functional integrity. The applicant should discuss the distribution of -

shielding factors between liquid (water) and solid (concrete, lead, etc.) -
materials. If loss of shxeld integrity could cause a loss-of-coolant accident,
the features to prevent the loss of integrity should be described.
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. The materials used and their shielding coefficients and factors, including a
detailed list of constituents and their nuclear and shielding properties. The
applicant should discuss radiation damage and heating or material
dissociation during the projected lifetime of the reactor; induced
radioactivity in structural components; potential radiation leakage or
streaming at penetrations, interfaces, and other voids; shielding at
experimental facilities; and shielding for facilities that store fuel and other
radioactive materials within the reactor pool or tank.

. The assumptions and methods used to calculate the shielding factors,
including references to and justification of the methods. Detailed results of
the shielding calculations should give both neutron and gamma-ray dose
rates at all locations that could be occupied. The applicant should calculate
shield penetrations and voids, such as beam ports, thermal columns, and
irradiation rooms or vaults, as well as the shielding of piping and other
components that could contain radioactive materials or allow radiation
streaming. ‘

. Methods used to prevent neutron irradiation and activation of ground
water or soils surrounding the reactor shield that could enter the
unrestricted environment. The applicant should estimate the maximum
activity should such activation occur and describe remedial actions.

. Technical specifications that control important design features, limiting
conditions for operation, and surveillance requirements as discussed in
Chapter 14 of this format and content guide. The applicant should justify
these technical specifications in this section of the SAR.

Regulatory Guide 2.1, "Shield Test Program for Evaluation of Installed Biological
Shielding in Research and Training Reactors” is given as Appendix 4.1.

4.5 Nuclear Design

In this section the applicant should give information on the nuclear parameters and
characteristics of the reactor core and should analyze the kinetic behavior of the
reactor for steady-state and transient operation throughout its life cycle of allowed
cores and burnup as discussed in the safety analysis. The descriptions, analyses,
and results should address all safety issues in the design and operation of the
reactor and should support the conclusion that the reactor can be built and
operated without unacceptable risk to the health and safety of the public. A
detailed description of the analytical methods used in the nuclear design should be
given. Computer codes that are used should be described in detail as to the name
and type of code, the way it is used, and its validity on the basis of experiments or
confirmed predictions of operating non-power reactors. Code descriptions should
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include methods of obtaxmng parameters such as cross sections. Estimates of the
accuracy of the analytical methods should be included. Tables and figures should
be used as necessary to present information clearly.

4.5.1 Normal Operatmg Conditmns

In this section the applicant should present mfonnatxon on the core geometry and
configurations. Operating core configurations should be compact, with no
vacancy in which fuel could be inserted within the core periphery. - The limiting
core conﬁguration for a reactor is the core that would yield the highest power
density using the fuel specified for the reactor. " All other core configurations -
should be demonstrated to be encompassed by the safety analysis of the limiting
core conﬁguration Further information on power density limitations should be
given in Sections 4.5.3 and 4.6. The information in the SAR should include the
following:

. .. The number, types, and locations of all core components on the grid plate,
including fuel, control rods, neutron reflectors, moderators, incore
experimental components, and core-associated cooling components. If this
information appears elsewhere in the SAR, the section where it is located
should be referenced.

. Descriptions of planned core conﬁguranons dunng the hfe of the reactor
showing how a compact core is ensured.

. Discussions and analyses of the reactor operating characteristics. The :
applicant should give in detail the effects of changes in configuration and
fuel burnup. If applicable, the applicant should analyze safety-related
considerations for all requested operatmg modes (e g., steady power and
pulsing). .

. Changes in core reactivity with fuel burnup, plutonium buildup, and
’ poisons, both fission products and those added by design, if applicable

.« ~ Analyses of the reactor kmetic behawor and the deslgn requrrements and
dynamic features of the control rods that allow controlled operation for all
possible reactor conditions.

. Analyses of the basic reactor criticality physics, including the interacting
effects of fuel, neutron moderators and reflectors, control rods, and incore
or m-reﬂcctor components such as expenmenta] facilities. _
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Discussion of the safety considerations for different core configurations,
including a limiting core configuration that would yield the highest power
densities and fuel temperatures achievable with the planned fuel.

The individual reactivity worths of fuel elements, reflector components,
incore and in-reflector components, experimental components, and control
rods in allowed positions. If experimental facilities or components could be
voided or flooded, the reactivity effects and safety considerations should be
included. :

The calculated core reactivities for all core configurations. including the
limiting configuration that would yield the highest possible power density.

Discussion of the administrative and physical constraints to prevent
inadvertent addition of positive reactivity.

Technical specifications that control important design features, limiting
conditions for operation, and surveillance requirements as discussed in
Chapter 14 of this format and content guide. The applicant should justify
these technical specifications in this section of the SAR.

4.5.2 Reactor Core Physics Parameters

In this section the applicant should discuss the core physics parameters and show
the methods and analyses used to determine them. The information should include
the following:

Analysis methods and values for neutron lifetime and effective delayed
neutron fraction. The applicant should describe the effects of reactor
operating characteristics and fuel burnup.

Analysis methods, values, and signs for coefficients of reactivity (e.g., fuel
and moderator temperature, void, and power). The applicant should
describe the effects of reactor operating characteristics and fuel burnup.
This analysis, along with the analysis in Chapter 13, should show that
reactivity coefficients are sufficiently negative to prevent or mitigate
damaging reactor transients.

The axial and radial distributions of neutron flux densities, justifications for
the methods used, and comparisons with applicable measurements. The
applicant should describe changes in flux densities with power level, fuel
burnup, core configurations, and control rod positions. The information on
neutron flux density should include peak-to-average values for thermal-
hydraulic analyses. The applicant should validate these calculations by
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companng them with expcnmental measurements and other validated
calculations. .

. Technical specifications that control important design features, limiting
conditions for operation, and surveillance requirements as discussed in
Chapter 14 of this format and content guide. The applicant should justify

- these technical specifications in this section of the SAR.

4.5.3 Operating Limits

The applicant should present the following information on reactor operating limits:

. ,Reactmty conditions, excess reactxvny, and negatxve mctmty for :
* combinations of control rods inserted that are analyzed for the limiting core
and operating cores during the life of the reactor.” The applicant should
discuss operational and safety consxderatxons for excess reactmty )

L. The excess reactivity based on reactor temperature coeﬁiclcnts, poxsons
..and expcnment worths. - The applicant should justify the upper limit on:
excess reactivity to ensure safe reactor operation and shutdown.

*  The amount of negative reactivity that must be available by control rod -

~ action to ensure that the reactor can be shut down safely from any
operating condition and maintained in a safe shutdown state. The analyses
should assume that the most reactive control rod is fully withdrawn (one
stuck rod), non-scrammable control rods are at their most reactive
position, and normal electrical power is unavailable to the reactor. The

-applicant should discuss how shutdown margin will be verified. “The
analyses should include all relevant uncertainties and error limits.

e _ Thelimiting core configuration that is possible 3 with the planned fuel in this
reactor. The limit should be imposed by the maximum neutron flux density
* ‘and thermal power density compatible with coolant availability. The safety
limits and limiting safety system settings for the reactor should be derived
. from this core configuration. The detailed analyses should be included in
" Section 4.6. Normal ‘operating conditions and credxble events, such asa
i stuck control rod, should be consxdered

. A transnent analysxs assummg that an mstrumentatnon malfunctxon drives
 the most reactive control rod out in a continuous ramp mode in its most
reactive reglon This analysis can also be based on a credible failure of a
" movable expenment It should show that the reactor is not damaged and
fuel integrity is not lost.
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. The redundancy and diversity of control rods necessary to ensure reactor
control for the considerations noted above.

. Technical specifications for safety limits, limiting safety system settings,
limiting conditions for operation, and surveillance requirements as
discussed in Chapter 14 of this format and content guide. The applicant
should justify these technical specifications in this section of the SAR.

4.6 Thermal-Hydraulic Design

In this section the applicant should present the information and analyses necessary
to show that sufficient cooling capacity exists to prevent fuel overheating and loss
of integrity for all anticipated reactor operating conditions, including pulsing, if
applicable. The applicant should address the coolant flow conditions for which the
reactor is designed and licensed, forced or natural-convection flow, or both. A
detailed description of the analytical methods used in the thermal-hydraulic design
should be provided. Computer codes that are used should be described in detail as
to the name and type of code, the way it is used, and its validity on the basis of
experiments or confirmed predictions of operating non-power reactors. Estimates
of the accuracy of the analytical methods should be included. The information
should include the following:

. The coolant hydraulic characteristics of the core, including flow rates,
pressures, pressure changes at channel exits and entrances, and frictional
and buoyant forces. The applicant should address individual heated
channels as well as the core as a whole for all flow conditions in the
primary coolant system. The transition from forced to natural-convection
flow for all forced-flow reactors should be calculated, and the applicant
should prepare calculations for an event during which normal electrical
power is lost.

. The thermal power density distribution in the basic fuel units and heat
fluxes into the coolant of each channel and along the channel, derived from
the fuel loading and neutron flux characteristics discussed above.

. Calculations and the thermal-hydraulic methodology for the transfer of heat
to the coolant. The applicant should take into account uncertainties in
thermal-hydraulic and nuclear parameters and such engineering factors as
plate thickness, gap width, and the buildup of cladding oxides. The
calculations should be based on fuel measurements and procurement
specifications, as well as operating history and conditions. The
calculational methodology should be applicable to the thermal-hydraulic
operating conditions, and the applicant should justify its use.
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. “The cal¢ulations and experimental measurements to determine the coolant
conditions ensuring that fuel and cladding integrity are not lost. The
applicant should calculate at least the limiting core configuration.
Operating conditions should include steady fission power, shutdown decay
heat, planned pulses, and transients analyzed in Chapter 13. The applicant
should take into account operational and fuel characteristics from the
beginning to the end of fuel life.

. For the core geometry and the coolant thermal-hydraulic characteristics, &
discussion to establish the fuel heat removal conditions that ensure fuel
integrity such as fuel surface saturation temperature, onset of nucleate
boiling, departure from nucleate boiling and/or flow instability. The
discussion should show correlations among these factors and justify their
use in deriving safety limits and limiting safety system settings for the
technical specifications.

. The design bases for the primary coolant system, emergency core cooling
system, and other systems designed to maintain fuel integrity, which should
also be discussed in Chapter 5, "Reactor Coolant Systems." The analyses
here and in Chapter 13 should describe loss-of-coolant scenarios for
forced-flow reactors. Natural-convection cooling that removes decay heat
to ensure thermal stability should also be discussed. Flow blockages
should be analyzed in Chapter 13.

. Detailed analyses for a pulsing reactor containing descriptions of the core
configurations; the bases of the feedback coefficients; the calculational
model and assumptions; the thermal-hydraulic evolution during a pulse;
core, transient rod, and fuel characteristics that determine the shape and
magnitude of a pulse; and the safety considerations that establish limits to
pulse sizes. Any changes in fuel parameters resulting from steady-power
operation that could affect pulse characteristics should be analyzed. These
changes could include burnup, hydrogen migration, cladding oxidation, and
decrease in burnable poison, as applicable. The analyses should form the
bases for technical specifications that limit reactor operating conditions,
process variables, and pulse rod reactivity worths.
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U.S. ATOMIC ENERGY COMMISSION

REGULATORY GUIDE

'DIREC'_I’ORATE OFf REGULATORY STANDARDS

REGULATORY GUIDE 2.1

SHIELD TEST PROGRAM FOR
EVALUATION OF INSTALLED BIOLOGICAL SHIELDING
IN RESEARCH AND TRAINING REACTORS

A. INTRODUCTION

Subdivision (b)6) (1) of section 50 34, “Contents
of applicaions technical information.” of 10 CFR Part
50, “Licensing of Production and Utihization Factizes,”
requires an applicant for a license to include in his fina!
safety analysis report plans for preoperational testing
and 1nitzal operation, This regulatory guide describes a
shield test program that s generally acceptable for
evaluation of installed biological shielding in research
and training redctors

B. DISCUSSION

Subcomumttec ANS 6, Shiclding, of the Amenican
Nuclear Society Standards Commuttec has developed o
sundard that descnibes an operational shield 1cst
program which may be used tn evaluating the ustalied
biological shieldmg in resesrch and trsmming reactors.
This standard was approved by the Amencan Natronal
Standards Comnuttee N18, Nuclear Design Criterw, und
its Secretariat. It was subsequently approved and
designated ANSI N18.9-1972 by the Amencan Nationa!
Standards Institute (ANS!) on September 15, 1972

C. REGULATORY POSITION

The requirements and guidclines contained in ANSI
N18.9-1972, “Program for Testing Biological Shelding
in Nudear Reactor Plants.”' spproved September 15.
1972, are generally aceeptable Jnd. with due
consideration for the umque chatactenstios of each
tesearch and training resctor, provide an ddequate bass
for conducting a sheeld test progam  duning
preoperationd! and startup testing for cvaluaton of

!Copics may be oblined from Amerwan Nuclear Soctety,
244 East Ogden Avenue, Hinvdale, 1inorn 60521

installed biological shielding in research and trainung
teactors subject to the following.

1. Scction 3 2.4 of ANSI 18 9:1972 defines accessible
dreas, controlled arcas, 4nd unhmted access areal.
Section 3.2 S defines Maximum Permissible Dose rate.
Nothing int these paragraphs should imply that exposures
need not be controlled to the requirements of 10 CFR
Part 20, “Standards for Protection Against Raduation.”

2. Section 52 of ANSI 189-1972 states that
procedures for implementing the munimum sheeld test
program shall be prepared. These prozedures should be
designed so that exposures to personnel performing the
test program are as low zs practicable. These procedures
should also be designed so that safety hazards to
personnel performmng the shield test program are
properly wdenttfied For example, gas monitonng should
be required where gases or vapors could affect the
accessibility of an area.

3  Sewuon 6 of ANSI N18.9-1972 speafies tests that
should be conducted for evaluation of installed
biological shielding. This section further specsfies use of
survey meters when conducting the required tests. The
shield test program should «bso include provisions for
gamma and neutron film mapping of critical areas where
personnel exposure may occur due to streamng, cracks.
or gaps 1n the shiclding too small to detect by survey
mcters, e¢g arcas m the wanity of beam. holes,
irradiation ports, or shielding dreas directly aligned with
the core

4 Secction 9 of ANSI NI89-1972 states that
nstiuments used tn carrying out the mmmum shield
test program shall have been calibrated prior to use 1n
the test program and immediately after each survey The
shield test program should also include provisions for
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calibrating all radiation survey monitors (both porstable
and installed) against a source emilting radiation of
approximately the tame type and intensity as that
cxapected to be measured during the surwey.

5. Sections 92 and 9.3 of ANS! 1891972 provide
requitements for survey instruments. In addition to

2.1-2

these requirements, a survey instrument’s cange should
be consistent with the actual dose range expected. For
measurements conducted while a reactor 13 operating in
the pulsed mode, approprisic instrumentation. such as
(@m packets, which will properly respond to and
measure radation during the pulsed mode of operation
should be provided.



"5 REACTOR COOLANT SYSTEMS

In this chapter of the SAR, the apphcant should glve the dwgn bas&s dw:nptxons
and functional analys&s of the ; reactor coolant systems. The pnnapal purpose of

~ the coolant system is to safely remove the fission and decay heat from the fuel and

dxssxpate it to the environment. The discussions should include all significant heat

* sources in the reactor and should show how the heat is safely removed and

transferred to the environment.

The coolant in the primary systems of most non-power reactors serves more
functions than just efficient removal of heat. It can act as a radiation shield for the
reactor, fuel storage facilities, 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 selecting among interdependent parameters, including
thermal power level, research capability, available fuel type, reactor core physics
requirements, and radiation shielding.

Some non-power reactors are licensed to operate at such low power levels that no
significant temperature increases will occur during normal operation. Such
reactors may not require an engineered coolant system for heat removal.” For those
reactors, the applicant should, in Chapter 4, "Reactor Description,” of the SAR,
discuss the disposition of the heat produced, estimate potential temperature

- increases during operation, and justify why an engineered coolant system for heat

removal is not required. In this chapter the applicant should summiarize those
considerations and concluslons

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 -
reactor coolant systems for the full range of normal operation should be based on
ensuring acceptable reactor conditions established in Chapter 4 of the SAR. 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 analyses in Chapter 13, "Accident Analyses." These fw.tures
should be summarized in