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UNITED STATES
NUCLEAR REGULATORY COMMISSION

WASHINGTON, D.C. 206550001
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 Regulatory Commission (NRC) has issued NUREG-1537,
"Guidelines for Preparing and Reviewing Applications f~r the Licensing 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 review 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 completeness of information
provided, 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 low-enriched uranium core conversions. There is also an
appendix to the format and content guide that lists 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 rasult 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 looseleaf 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 301-4]5-1127.

Seymour H. Weiss, Director

Non-Power Reactors and Decommissioning
Project Directorate

Division of Reactor Program Management

Office of Nuclear Reactor Regulation



United States
Nuclear Regulatory Commission )

Guidelines for Preparing
and Reviewing Applications
for the Licensing of
Non-Power Reactors

Format and Content

February 1996

NUREG - 7537 PART 1

Office of Nuclear Reactor Regulation
Division of Reactor Prograrn Managment




AVAILABILITY NOTICE

Availability of Reference Materials Cited in NRC Publications

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

1. The NRC Public Document Fioom, 2120 L Street, NW., Lower Level, Washington, DC
20555-0001

2. The Superintendent of Documents, U.S. Government Printing Office, P. O. Box 37082,
Washington, DC 20402-8328

3. The National Technical Information Service, Springfield, VA 22161-0002

Although the listing 118t follows represents the majority of documents cited in NRC publica-
tions, it is not intended to be exhaustive.

Referenced docurnents available for inspection and copying for a fee from the NRC Public
Document Roor include NRC correspondence and internal NRC memoranda; NRC bulletins,
circuiars, information notices, inspection and investigation notices, iicensee event reports,
vendor reports and correspondence; Commission papers: and applicant and licensee docu-
ments and correspondence.

The following documents in the NUREG series are available for purchase from the Government
Printing Office: formal NRC staff and contractor reports, NRC-sponsored conference pro-
ceedings, international agreement reports, grantee reports. and NRC booklets and bro-
chures. Also available are regulatory guides, NRC regulations in the Code of Federal Regule-
tions, and Nuclear Regulatory Commission Issuances.

Documents available from the National Technical information Service include NUREG-series
reports and technical reports prepared by other Federal agencies and reports prepared by the
Atomic Energy Commission, forerunner agency to the Nuciear Regulatory Commission.

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

Documents such as theses, dissertations, foreign reports and transiations, and non-NRC con-
ference proceedings are available for purchase from the organization sponsoring the publica-
tion cited.

Single copies of NRC draft reports are available free, to the extent of supply. upon written
request tc the Office of Administration, Distribution and Mail Services Sgctnon. U.S. Nuclear
Regulatory Commission, Washington DC  20555-0001.

Copies of industry codes and standards used in a substantive manner in the NRC regulatory
process are maintained at the NRC Library, Two White Flint North, 11545 Rockville Pike, Rock-
ville, MD 20852-2738, for use by the public. Codes and standards are usually copyrighted
and may be purchased from the originating organization or, it they are American National
Standards, from the American National Standards Institute, 1430 Broadway, New York, NY
10018-3308.

Photograph on cover courtesy of General Atomics




ABSTRACT

NUREG-1537, Part | 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
from highly enriched uranium to low-enriched uranium, decommissioning, and
license termination.
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INTRODUCTION
Background

This document describes acceptable format and content of the safety analysis
report (SAR) to be submitted to the U.S. Nuclear Regulatory Commission (NRC)
by an applicant or licensee of a non-power reactor for a new license, license
renewal, or license amendment A companion document, NUREG-1537, Part 2
(Standard Review Plan), gives criteria to assist NRC staff reviewers in effecting
comparable, complete, and consistent reviews of licensing applications for non-
power reactors. Applicants could peruse the Standard Review Plan to gain further
insight into the review process for finding non-power reactor applications
acceptable.

NRC published several documents that give guidance 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 CGuide
(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-0800. In 1987, the staff revised
NUREG-0800.

These documents were developed specifically for LWR nuclear 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 describes the information to be supplied in a SAR.

All reactors, both power and non-power, are licensed to operate as utilization
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 radiological
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 1703.

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 2 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¢
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
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INTRODUCTION

oomideritduinbletouzememndudsoﬂOCFRPm20forevduuingthe
eﬂ'easoflponul.tedwddeminanmrchructorknunuchudwymunduly
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 accidents evaluated to date have been within
the 10 CFR Part 20 criteria.

The principal safety issues that differentiate test reactors from research reactors are
the reactor site requirements and the doses to the public that could result from a
senious 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 reactcrs licensed on or after
January 1, 1994, occupational exposure is discussed in 10 CFR 20.1201 and public
exposure is discussed in 10 CFR 20.1301. In several instances, the staff has
accepted very conservative accident analyses that exceed the 10 CFR Part 20 dose
limits discussed above.

If the facility conforms to the definition 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,
function, or procedure provides reasonable assurance that the public will not
receive a radiation dose that exceeds regulatory limits.

The regulations in 10 CFR 2.105(c) for the initial licensing 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 design and the final SAR
descriptions, analyses, and conclusions will not differ significantly from those in the
initial application, and a one-step licensing procedure can be undertaken To
initiate this process, the applicant should request both a construction permit and an
operating license to be issued when construction and operating readiness are
acceptable to NRC. The applicant should submit only one SAR that is completc,
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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. If a 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 legai 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 describes the bases for the site selection and describes the applicable site
characteristics, including geography, demography, meteorology, hydrology,
geology, seismology, and interaction with nearby installations and facilities

Chapter 3 describes the design bases and facility structures, systems, and
components, and the responses to environmental factors on the reactor site (eg,
floods,

Chapter 4 describes the design bases and the functional characteristics of the
reactor core and its components. In this chapter, the safety considerations and
features of the reactor are discussed

Chapter 5 lists the design bases and describes the functions of the reactor coolant
and associated systems at the facility, including the primary and secondary systems
as applicable, and coolant makeup and purification systems. The chapter also
describes provisions for adequate heat removal while the reactor is operating and
while it is shut down

Chapter 6 lists the design bases and describes the functions of engineered 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 credibie accidents in the accident analysis

Chapter 7 lists the design bases and describes the functions of the instrumentation
and control systems and subsystems at the facility, placing emphasis on safety-
related systems and safe reactor shutdown

Chapter 8 lists the design bases and describes the functions of the normal and
emergency (if applicable) electrical power systems at the facility

Chapter 9 lists the design bases and describes the functions of such auxiliary
systems at the facility as heating, ventilation, air exhaust, air conditioning, service
water, compressed air, and fuel handling and storage

Chapter 10 lists the design bases and describes the functions of experimental
facilities. Non-power reactors are designed with irradiation capabilities for
research, education, and technological development. This chapter discusses the
characteristics of experiment and irradiation facilities on the basis of the proposed
experimental programs

Chapter 11 lists the design bases and describes the functions 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.

Chagpter 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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General Requirements

Section 50.34 of Title 10 of the Code of Federal Regulations requires each
applicant for a license to submit an SAR in the application. An SAR is ciearly
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 application to renew a facility license
from an up-to-date SAR.

The SAR performs the following important functions:
. Gives a complete description of the facility.
. Documents the design bases of the facility.

. Demonstrates and documents that the facility is designed and can be
operated in a manner consistent with applicable regulations so that the
health and safety of the public, the facility staff and users, and the
environment are protected.

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

. Includes technical specifications based on the SAR. (The technical
specifications express an agreement between NRC and the applicant on
how the facility will be managed and operated to ensure the protection of
the health and safety of facility personnel and the public, as well as
protection of the environment )

The SAR contains the formal documentation for a facility, presenting basic
information about the design bases, and the considerations and reasoning used to
support the applicant’s conclusion that the facility can be operated safely. The
descriptions and discussions therein also support the assumptions and methods of
analysis of potential accidents, including the MHA, and the design of any ESFs
used to mitigate accident consequences.

The SAR is the basic document that gives the NRC justification for licensing the
facility. It gives information for understanding the design bases for the 10 CFR

5C .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 regulations do not require the licensee for
a non-power reactor to periodically update the SAR (as is required in 10 CFR
50.71(e) for power reactors), the NRC staff encourages non-power reactor
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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 shou'd 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 licens ng
actions, such as license amendments. This guide should help licensees pr spare
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

NUREG-1537, PArT | XX11 Rev. 0, 296



INTRODUCTION

reactor design. Applicants should carefully consider what guidance is applicable 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
application 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 application, 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 rencwal of an operating
license or granting of a license amendment

Physical Specifications of the Application

Style and Composition
The applicant should

. Clearly and concisely state the technica! bases to support the adequacy of
designs or design methods

Include a contents page

Include the topics and headings at least to the level of headings with three
digits (e g, 24.2)

Place an index of key items as back matter, if desired

Add appendices for supplemental information not explicitly 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 duphcating information. Similar information may be requested in
various parts because it is relevant to more than one portion of the facility
or analysis. However, this information should be presented in the principal
area of the document that deals with the topic and thereafter appropnately
referenced in the other parts of the safety analyses. For example, where
piping and instrumentation 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
designea in SI units, only the SI uni.; need be given.

. Use abbreviations in a con.istent 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 anzalyses.

. 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 applicant should be guided by the following recommendations:

. Paper size should be 8-1/2 x 11 inches for text pages and for most
drawings and graphics. If a larger page is needed, the finisked copy should
not exceed 8-1/2 x 11 inches when folded.

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

. Number pages with the digits corresponding to the chapter number
followz=d by a hyphen and a sequential nu:nber (e g., the third page of the
discussion under Chapter 4, "Reactor," should be numbered 4-3).

. Use paper and ink suitable in composition, paper color, and ink density for
microfilming or photocopying.

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

. The document may be mechanically or photographically reproduced. All
pages of text may be printed on both sides of the paper. However, each
major section (contents, chapter, appendix, etc.) should start on a right-
hand page.

. Pages should be punched for standard three-hole loose-leaf binders.
Procedures for Updating or Revising Pages

The applicant should update or revise this guide by replacing pages. It is
recommended that the applicant highlight the changed portion on each page by
placing a change indicator mark consisting of a bold vertical line drawn in the
margin opposite the binding margin (i e, the outside margin). The line 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
number. A guide with instructions for inserting, exchanging, or removing 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 e 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 taan paper.

Revis:

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 samie 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. Garner, P. Napper, and P. Wheatley of the
Idaho National Engineering Laboratory (INEL) under contract to NRC, and

J. Hyder, I. 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 (SAR), 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 following topics:

introduction

summary and conclusions of principal safety considerations
general description of the facility

shared facilities and equipment

comparison with similar facilities

summary of operations

compliance with the Nuclear Waste Policy Act of 1982
facility modifications and history

1.1 Introduction

The applicant should state its name and description (e.g., university, government
agency, research institute. or company name) and should briefly state the purpose
and intended use of the facility, the geographical location of the facility, the reacior

. type and power level, including 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

The applicant should state safety criteria, the principal safety considerations, and
the resulting conclusions, including brief discussions of the following:

. consequences from the operation and use of the non-power reactor, and
the methods used to ensure the safety of the reactor

. safety considerations that influenced the selection of the facility site, the
type of reactor and fuel, the reactor thermal power level, the type of
building housing the reactor, and any special factors

. any inherent or passive safety features designed to contribute to facility
safety, protection of the health and safety of the public and staff, and
protection of the environment

. . design features and design bases for any systems and components that

promote safe operation and shutdown of th. Mcility
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CHAPTER |

. 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 syste.ns, (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 unusal
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 syster:s; electrical supplies; heating, ventilation,
and air conditioning systems; and the building that houses the reactor
room.

. 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 specia’ isolativn 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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THE Faciury

1.5 Comparison With Similar Facilities

The applicant should describe briefly the principal similarities 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 su” 1 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 propose i 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) ' 3) 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 return 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 =~ limited applicability to an application for initial
construction permit and operaung license. The applicant should present & 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 chronoiogical 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, seismological, 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 Demography
2.1.1 Site Location and Description

2.1.1.1 Specification and Location

The reactor should be located by latitude and longitude 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 on a campus, 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 Area Maps

Maps of the site area of suitable scale (with explanatory text as necessary) should
be included to show the boundaries and zones associated with the facility.
Boundaries and zones are defined in American National Standards

Institute/ American Nuclear Society (ANSI/ANS) 15.7 (1977), "Research Reactor
Site Evaluation,” Section 2, and in the documents in the bibliography related to
emergency preparedness at non-power reactors (NRC Regulatory Guide 2.6, NRC
NUREG-0849, ANSIVANS 15.16). The maps should clearly show the following;

. the general area in which the reactor will be located and sufficient
secondary detailed maps to show the location of the reactor facility and
adjacent surroundings

. location of the area directly under the NRC facility operating 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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SITE CHARACTERISTICS

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

The applicant should submit maps showing the location and distance from the
reactor of all significant manufacturing 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 aircraft flight,
holding, and landing patterns should be indicated on the maps.

The maps should be clearly legible and of suitatle scale to enable easy location of
the facilities and routes in relation to the reactor. All symbols and notations used
to depict the lccation 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.

2.2.2 Air Traffic

Factors such as frequency and type of aircraft movement, flight patterns, local
meteorolc 7y, and topography should be considered for the following sites:

o sites located within 8 kilometers of an existing or projected commercial or
military airport
. sites located between 8 and 16 kilometers from an existing 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 site)
commercial or military aircraft movements per year.

Special consideration should be given when siting the facility within the trajectory
of a runvsay of any airport. The analysis should demonstrate that there is a low
potentiz| 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, tornadoes, 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 aiso 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
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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, descripiion of instruments and their performance specifications, and
calibrations, type of data output, and data analysis procedures.

2.4 Hydrology

In this section, the applicant should give sufficient information to allow 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.

Sufficient 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 uncontroiled 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 (sv.h as might be caused by
dam failure) should be considered. Hazards of tsunar.u, river blockage, diversion
in the river system, or distant or locally generated *sea waves" should be described
to establish the suitability of a site. The detail ana extent of the considerations
should be commensurate with the potential consequences to the reactor and to the
public, the environment, and the facility staff.

2.5 Geology, Seismology, and Geotechnical Engineering

In this section, the applicant 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 with the potential consequences of
seismological disturbance, both to the reactor facility and to the public 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 iargest ustoric 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 dispiacement, 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 return period for the earthquakes. Also, iscseism\l 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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0 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 Faulting

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.
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‘ "Atmospheric Dispersion Models. for Potential Accident Consequence Assessments
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3 DESIGN OF STRUCTURES, SYSTEMS, AND
COMPONENTS

In this chapter of the SAR, the applicant should identify and describe the principal
architectural and engineering design criteria for the structures, systems, and
components that are required to ensure reactor facility safety and protection of the
public. The material presented should emphasize the safety and protective
functions and related design features that help provide defense in depth against
uncontrolled release of radioactive material. The bases for the design criteria for
some of the systems discussed in this chapter may be developed 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 actuation, relative
importance in the control of radioactive material and radiation, applicable design
criteria, and chapter and section in the SAR where these ¢. teria are applied in the
design of specific structures, systems, and components.

The design criteria should include applicable standards, guides, 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 radiation and system
temperature conditions, and allowed fuel storage and reactor operating
configurations).

. Design to cope with anticipated transients and potential accidents,
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, »xperiment 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 12 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, hydiological, 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, turnado 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 specification surveillances to verify
capability and reliability of the design features should be given.

3.3 Water Damage

In this section the applicant should specifically 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 structuies resulting from the force or submergence of flooding, (2) the impact
on systems resulting from instrumentation and control electrical or mechanical
malfunction due to water, and (3) the impact on equipment, such as fans, motors,
and valves, resulting from degradation of the electromechanical function due to
water. 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 drainage
rates should be included. The impacts of watersheds, flood plains, drainage
easements, and fluid supplies or conduits on reactor operation, safe shutdown, and
control of radioactive material should also be included. Maps and other
information in Chapter 2 to describe these features and characteristics around the
facility should be used.

The applicant should use local building codes or other applicable standards to
ensure that significant water damage to the facility is very unlikely. Facility design
features (e.g., elevations, sumps, pumps, watertight 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 significant water damage to the facility during the projected
reactor license term.

The bases for any technical specifications required to ensure operability of
structures, systems, and components that ensure safe reactor shutdown should be
given.

3.4 Seismic Damage
In this section the applicant should specify and describe 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 8 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, S=ction 3.2(2) of

ANSI/ANS 15.7 states, "(R)eacto: safety related structures and systems shall be
seismically designed such that any seismic ev=nt cannot cause an accident which
will lead to dose comm.tments 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 reactnrs, "rural
zone" should not be used and "urban boundary” should be assumed to hegin at the
“site boundary.” However, given applicable site characteristics and emergency
preparedness requirements, the criteria as specified in Section 3.1 of

ANSI/ANS 15.7 could be used.

The gbove 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.
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3.5 Systems and Components

In this section the applicant should give the design bases for the systems and
components required to function for safe reactor operation 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
cooﬁngsynam,mctormomvunihﬁon,oonﬁnanuuorcontainmm
and other systems that may be required to prevent uncontrolled release of
radioactive material. The design criteria should include the conditions 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

American National Standards Institute, ANSI N323, "Radiation Protection
Instrumentation Test and Calibration,” ANS, LaGrange Park, Illinois, 1978.

American National Standards Institute/American Nuclear Society,
ANSI/ANS 15.2, "Quality Control for Plate-Type Uranium-Aluminum Fuel
Elements," ANS, LaGrange Park, Illinois, 1990.

American National Standards Institute/American Nuclear Society,
ANSUANS 157, "Research Reactor Site Evaluation,” ANS, LaGrange Park,
Illinois, 1977.

American National Standards Institute/American Nuclear Society,
ANSI/ANS 15 8, "Quality Assurance Program Requirements for Research
Reactors," ANS, LaGrange Park, Illinois, 1986.

American National Standards Institute/American Nuclear Society,
ANSI/ANS 15.11, "Radiological Controls at Research Reactors," ANS, LaGrange
Park, Illinois, 1993
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ANSV/ANS 15.15, "Criteria for Reactor Safety Systems for Research Reactors,"
ANS, LaGrange Park, Illinois, 1978.
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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 conservatively
designed for safe operation and shutdown under ali credible operating conditions.
Information in this chapter of the SAR should provide the design bases for many
systems, subsystems, and functions discussed elsewhere in the SAR and for many

technical specifications.
4.1 Summary Description

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 explain and illustrate the main reactor design
features.

The applicant should briefly address the following features of the reactor:

thermal power level

fuel type and enrichment

pool or tank type

forced and/or natural-convection cooling

type of coolant, moderator, and reflector

principal features for experimental programs

pulsing or steady power

novel concepts requiring substantial new development

4.2 Reactor Cure

In this section the applicant should present all design information and analyses
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
experimental facilities. The source or basis of the information presented should be
given.
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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 moaerators.

. 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.

. Material and structural information such as dimensions, spacings,
fabrication methods, compatibility of materials, and specifications with
tolerances. All types of fuel elements (o be used should be described,
including full elements, partial elements, controi 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 resistance, and buildup of oxides.

. If the reactor is designed for pulsing, any special attributes of the fuel that
contribute to pulsing safety.

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

. Mechanical forces and stresses, hydraulic 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 units and elements are
designed to accommodate.

Limits on operating conditions 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 technical specifications.

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 this section should
include the following:

. 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 should be
provided. Limits on core configuration should be discussed.

. The structural and geometric description, including the shape, size,
materials, cladding, fabrication methods, and specifications with tolerances
for the roeds. This should include the type and concentration of neutron
absorber, or emitter, if applicable. 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 couitrol 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,
desigus 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 guidance in
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 guide

4.2.5 Core Support Structure

In this section the applicant should present design information about the
mechanical structures that support and position the core and its components. The
information should include e viluwing

° The design considerations that ensure that all necessary loads and hydraulic
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 piate 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
systmandoomponmuwchundunonﬂnelds,bwnpomorotha

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 Managemerit," 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, protection from corrosion in inaccessible regions, and capability to
replace components, if necessary

Locations of penetrations and artachment methods for other components
and pipes. The relationships of these penetrations to core and water
surface elevations should be discussed Safety-related 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 applicable

Planned methods for assessing radiation damage, chemical damage, or
deterioration during the projected lifetime. In this section the applicant
should assess the possibility of uncontrolled leakage of contaminated
primary coolant and should discuss preventive and protective features

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. 1he applicant should justify
these technical specifications in this section of the SAR

4.4 Biological Shield

In thus section the applicant should present information about the principal
biological shielding designed for the reactor. The information should include the
following:

The design bases for the radiation shields (e.g., water, concrete, or lead),
including the projected reactor power levels and related source terms and
the critenia for determining the required protection factors for all applicable
nuclear radiation activity. Information about conformance with the
regulations for radiation exposure and the facility 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 within the pool or tank
that require shielding

The design details and the methods used to achieve the design bases. T'he
applicant should discuss the protection of personnel and equipment
functions. The information 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 (corcrete, lead, etc.)
materials. If loss of shield integrity could cause a loss-of-coolant accident,
the features to prevent the loss of integrity should be described
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. The matenals 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 chielding 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 requiremeats 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, ilic 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 obtaining 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 Operating Conditions

In this section the applicant should present information 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 safaty 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, neuiron 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.

. Yescriptions of planned core configurations during the life of the reactor,
suowing 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 operating 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 kinetic behavior and the design requirements 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 in-reflector comp....uis such as experimental facilities.

REv. 0, 296 4.9 STANDARD FORMAT AND CONTENT




nd

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 conteat 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 fohowing:

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

Analysis methods, values, and signs for coedicients 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 fransients.

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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. comparing them with experimental 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 applicani should present the following information on reactor operating limits:

. Reactivity conditions, excess reactivity, and negative reactivity for
combinations of control rods inserted that are analyzed for tie limiting core
and operating cores during the life of the reactor. The applicant should
discuss operational and safety considerations for excess reactivity.

. The excess reactivity based on reactor temperature coefficients, poisons,
and experiment 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.

. The limiting core configuration that is possible 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 credible events, such as a
stuck control rod, should be considered.

. A transient analysis assuming that an instrumentation malfunction drives
the most reactive control rod out in a continuous ramp mode in its most
reactive region. This analysis can also be based on a credible failure of a
movable experiment. 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 sys».n settings
limiting conditions for operation, and surveillance requirements as
discussed in Chapter 14 of this format anZ content guide. The applicant
should justify these technical specific=ions 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 iuel 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
shouid include the following:

. The coolant hydraulic characiciistics 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 coclant of each channel and along the channel, derived from
the fuel loading and neutron flux characteristics discussed above.

. Calcule*.ons and the thermal-hydraulic methodology for the transter of heat
to 'ne coolant. The applicant should take into account uncertainties in
inerinal-hydraulic and nuclear parameters and such engineering factors as
plate thickness, gap width, and the buildup of cladding oxides. The
calculati ons should be based on fuel measurements and procurement
specifica.'ons, as well as operating history and conditions. The
caliulational methodology should be applicable to the thermal-hydrauiic
operating conditions, and the applicant should justify its use
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. The calculations and experimental measurements to determine the coolant
conditions ensuning 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, a
discussion to establish the fuel heat removal conditions t'iat 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 maintair. fuel integrity, which stould
also be discussed in Chapter 5, "Reactor Coolant Systems." The ralyse:
here and in Chapter 13 should describe loss-of-coolant scenarios for
forced-flow reactors. Naturai-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 narameters 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 harnable poison, as applicable. The analyses should form the
bases fur 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

DIRECTORATE OF 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) (iii) of section 50 34, “Cuntents
of applications: technical information.” of 10 CFR Parnt
50, “Licensing of Production and Utilization Facilities,”
requires an applicant for & license to include in his final
safety analysis report plans for preoperational testing
and initial operation. This regulatory guide describes a
shieid test program that s generally acceptable for
evaluation of installed biclogical shielding in research
and training reactors

8. DISCUSSION

Subcommittee ANS 6, Shielding, ol the American
Nuclear Society Standards Commitiec has developed u
standard that describes an operational shield test
program which may be used n evaluating the tustalled
biological shielding in research and truining reactors
This standard was approved by the American National
Standards Committee N1X. Nuclear Design Criteria, and
its Secreturiat. It was subsequently approved and
designated ANSI NI89-1972 by the American National
Standards Institute (ANSI) on September 15, 1972

C. REGULATORY POSITION

The requirements and guidehines contained in ANSI
NIB9-1972, “Program for Testing Biologicul Shiciding
in Nuclear Reactor Planis.”' approved September 15
1972, are generally acceptuble and.  with  due
consideration for the umgue chargctenstics of each
research and training reacton, provide an adequate bhasis
for conducting a shield tesi  program  duning
preoperational and startup lesting for evalustion of

'Copies may be obtained from Amercun Nuvkear Society
244 East Ogden Avenue. Hinsdale. Ilinows 60521

instalied biological shielding in research and training
reactors subject to the following

I, Section 3.2.4 of ANSI 189-1972 defines accessible
areas, controlled arcas, and unlimited access areas,
Section 3.2.5 defines Maximum Permissible Dose rate
Nothing in these paragraphs should imply that exposures
necd not be controlled 1o the requirements of 10 CFR
Part 20, “Standards for Protection Against Radiation.”

2. Secion 52 of ANSI 189.1972 states that
procedures for implementing the minimum shield test
program shall be prepared. These procedures should be
designed so that exposures o personnel performing the
test program are as low as practicable. These procedures
should also be designed so that safety hazards to
personnel performing the shield test program are
properly identified. For example, gas :nonitoring should
be required where gases or vapors could affect the
accessibility of an area.

3. Section 6 of ANSI NIB9.1972 specifies tests that
should be conducted for evaluation of installed
biological shielding. This section further specifies use of
survey meters when conducting the required tests. The
shield test program should also include grovisions for
gamma and neutron film mapping of critical areas where
personnel exposure may occur due to streaming, cracks.
Or gaps in the shielding too small to detect by survey
meters, eg.. arcas 1 the wcinity of beam holes,
irradigtion ports, or shielding areas directly aligned with
the core

4. Section 9 of ANSI NIE9.1972 states that
Instrunents used in carrying out the minimum shield
test program shall have been calibriied prior to use in
the test program and immediately afier each survey. The
shield test program should also include provisions for
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calibrating all radiation survey monitons (buth portsble
and instalied) agaiesi a source emitling radistion of
approximately the same type and intensity as thal
expecied 1o be measured during (he survey .

S. Sections 9.2 and 9.3 of ANSI 189.1972 provide
requiremenis for surwey instruments. In addition to

these requirements, a survey instrument’s range should
be consisient with the actusl dose range expecied. For
measurements conducted while a rcactor is operating in
the pulsed mode. appropriatc instrumentation. such a
film packets, which will properly respond to and
measure radiation during the pulsed mode of operation
should be provided.




S REACTOR COOLANT SYSTEMS

In this chapter of the SAR, the applicant should give the design bases, descriptions,
and functional analyses of the reactor coolant systems. The principal purpose of
the coolant system is to safely remove the fission and decay heat from the fuel and
dissipate it to the environment. The discussions should include all significant heat
sources in the reactor and should show how the heat is safely removed and
trr.asferred 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 Jhould summarize those
considerations and conclusions.

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 features
should be summarized in this chapter and discussed in detail in Chapter 6,
"Engineered Safety Features.” In this chapter the applicant should discuss and
reference the technical specifications where analyses are used as the basis for a
requirement.

In this chapter the applicant should describe all auxiliary and subsystems that use
and contribute to the heat load of either the primary or secondary coolant system.
Any auxiliary systems using coolant from other sources should be discussed in
Chapter 9, "Auxiliary Systems.”
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CHAPTER 5

The primary loops of the coolant systems of most licensed non-power reactors are ‘
of two basic types, forced-convection and natural thermal-convection. Facilities

using forced-convection cooling also may be licensed to operate in the natural-

convection mode. All non-power reactors with engineered coolant systems that do

not have active decay heat removal systems should be capable of dissipating decay

heat in the natural-convection mode. In this chapter the applicant should describe

the complete coolant systems for the allowed modes of operation, as discussed

below.

5.1 Summary Description

In this section the applicant should give a brief description of the reactor coolant
systems, summarizing the principal features. Information should include the
following:

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

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

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

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

. capability to provide sufficient heat removal to sup: ontinuous
operation at full licensed power

. special or facility-unique features

5.2 Primary Coolant System

The basic requirements and design bases of the primary coolant system are to
maintain reactor facility conditions within the range of design conditions and
accident analyses assumptions derived from other chapters of the SAR, especially
Chapters 4 and 13. The applicant shouid show the interrelationships among ali
SAR chapters and the way the designed primary coolant system provides all
necessary functions. The following information should be included:

. Design bases and functional requirements of the primary coolant system.

. Schematic and flow diagrams of the system, showing such essential
components as the heat source (reactor core), heat sink (heat exchanger),

NUREG-1537, ParT | 5-2 REv.0, 2/96



REACTOR COOLANT SYSTEMS

pumps, piping, valves, control and safety instrumentation, interlocks, and
other related subsystems.

Tables of allowable ranges of important design and operating parameters

and specifications for the primary coolant system and its components,
includi

coolant material
coolant flow rates

inlet and outiet temperatures and pressures throughout th.  system

elevation of components and water levels relative to the reactor
core

construction materials of components
fabrication specifications of safety-related components

coolant quality requirements for operation and shutdown
conditions, including pH and conductivity at a8 minimum

minimum coolant level

Discussions and analyses keyed to drawings showing how the system

provides the necessary cooling for all heat loads and all potential reactor
conditions analyzed in the thermal-hydraulics section of Chapters 4 and 13,
including the following:

Removal of heat from the fuel by forced-convection or natural-
convection cooling, or both for those reactors licensed to operate in
both mo !. ;. Discussion and analyses of the effect of the size,
shape, and structural features of the primary vessel or pool on
cooling characteristics, the function of the pool as a heat reservoir,
and the effect of water depth on natural thermal convection cooling.

Transfer of heat from the primary coolant to a secondary coolant
system for all reactor conditions. This discussion should include
any heat exchanger design and operating conditions. Some non-
power reactors may have only a primary coolant system that
functions as a heat reservoir. For such systems, the analyses should
include any factors that limit continuous operation, such as pool
water temperature, and the proposed technical specifications that
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ensure operation within the analyzed limits. Some high-power non-
power reactors may require shutdown pumps to circulate coolant
through the core to remove decay heat.

- Safe reactor shutdown, including passive or faii-safe transition from
forced- to natural-convection cooling and removal of decay heat
from the fuel. This discussion should include the loss of offsite
electrical power.

- Locations, designs, and functions of such essential components as
drains, syphon-breaks, pumps, isolation valves, and check valves.
These components ensure that the primary coolant system is
operable and that uncontrolled loss or discharge of contaminated
coolant from the primary system does not occur. Radiological
effects of potential coolant releases should primarily be analyzed in
Chapter 11, "Radiological Protection Program and Waste

Management "

Discussion of the control and safety instrumentation, including location and
functions of sensors and readout devices. The scram or interlock functions
that prevent safety limits from being exceeded should be shown and
discussed, including the related technical specifications.

Description and function of any special features of the primary coolant
system, such as removal of the neutron moderator for backup reactor
shutdown.

Brief description and functions of special features or components of the
primary coolant system that affect or limit personnel radiation exposures
from such radionuclides as nitrogen-16 and argon-41 and from radioactive
contaminants and fission products.

Description of radiation monitors or detectors incorporated into the
primary coolant system and discussion of their functions.

Brief discussion and references to detailed discussions in later sections of
auxiliary systems using primary coolant, such as coolant cleanup, makeup
water, nitrogen- 16 control, emergency core cooling, experiment cooling,
experimental facility cooling, and biological or thermal shield cooling. The
direct effect of these auxiliary systems on the design and functioning of the
primary coolant system should be discussed.

Brief discussion of radiation shielding provided by the primary coolant.
Most non-power reactors are submerged in a pool or tank so that the
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primary coolant shields personnel above the pool and at the reactor room
floor. The design bases for these shielding functions should be analyzed for
anticipated reactor conditions in Chapters 4 and 11 of the SAR and for
postulated reactor accidents in Chapter 13. The effect of any special
shielding features, such as fuel storage facility shielding and experimental
facility shielding (e.g., beam tubes), on the functioning of the primary
coolant system should be discussed.

. Discussion of leak detection and allowable leakage limits, if any. Promp!
detection of leakage is very important in reactors with heavy water.

. Discussion of normal primary coolant radiation concentration limits,
including sampling frequency, isotopes of interest, and actions to be taken
if limits are exceeded.

. For reactors that have closed systems, a discussion of allowablc hydrogen
limits in air spaces that are in contact with the primary coolant.

. Discussion of technical specification requirements for parameters of the
primary coolant system, including the bases and surveillance requirements.

5.3 Secondary Coolant System

Many licensed non-power reactors include fuel cooling systems composed of both
primary and secondary coolant systems. Some very low powered reactors contain
no engineered coolant system, and some may contain a single component (primary)
coolant system. Still other low-powered reactors may include & coolant system,
with both primary and secondary subsystems, that would not support continuous
reactor operation at full licensed power.

In this section the applicant should give information about those non-power
reactors that include a secondary coolant system. For the others, the applicant
should state that a secondary coolant system is not needed and should justify that
conclusion. The following information should be provided:

. The design bases and functional requirements of the secondary coolant
system, including whether the system is designed for continuous full-power
reactor operation and whether it is shared with other facilities.

. Schematic and flow diagrams of the secondary coolant system, showing
such essentials as how the heat exchanger connects the primary coolant
system (the heat source) to the secondary coolant system, pumps, piping,
valves, control and safety instrumentation, interlocks, and interface with
the environment for ultimate reiease of the heat.
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. Tables of the range of important design and operating parameters and
specifications of the secondary coolant system, including the following:

Coolant material and its source.
Coolant flow rates.

Type of heat dissipation system, such as cooling tower, refrigerator,
radiator, or body of water.

Location of heat dissipation system in relation to the reactor and
the heat exchanger.

Construction materials and fabrication specifications of
components. (For older facilities for which complete information
may not be available, the applicant should make a best effort to
provide this information and should discuss the operating history of
components. )

Heat dissipation specifications related to environmental factors
(e.g., temperature and humidity).

Specifications and limitations on coolant quality and corrosion
of the secondary coolant system components including the
environmental effects of the use of secondary coolant chemicals.

v Discussion and functional analyses keyed to the drawings showing how the
system provides the necessary cooling for all potential reactor conditions.
These discussions should address the following:

Inlet and outlet temperatures and pressures throughout the system,
including the pressure differential between the primary and
secondary coolant systems in the heat exchanger. (The applicant
should discuss how the pressure in the secondary coolant system is
maintained above that in the primary coolant system for all
operating conditions, or analyze the radiological effect of leakage of
contaminated primary coolant into the secondary coolant system.
Isolation of the heat exchanger during shutdown periods is an
acceptable method to control potential primary-to-secondary-
system leakage if secondary ccolant system pressure is lower than
primary coolant system pressure only during periods of system
shutdown. The applicant does not need to perform an analysis of
primary-to-secondary-system leakage if secondary coolant system
pressure is lower than primary coolant system pressure for only
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short periods for system testing or repair. If the transfer of primary
coolant into the secondary coolant system is caused by an abrupt
event, such as a tube rupture in the heat exchange:, the analysis
should be given in Chapter 13 and summarized here.)

~ Control of heat removal from the secondary coolant system
necessary to maintain fuel temperatures in the primary coolant
system within the limits derived in the thermal-hydraulics analyses
in Chapters 4 and 13 of the SAR.

- Removal of heat from the heat exchanger and release to the
environment when the primary coolant system operates in all
anticipated and licensed modes, including forced-convection flow
and natural-convection flow, as applicable.

- Safe reactor shutdown and removal and dissipation of decay heat,
including evaluation of the primary coolant system change from
forced-convection flow to natural-convection flow if forced-
convection flow is an allowed mode of operation.

- Response of the secondary coolant system to the loss of primary
coolant with or without an emergency core cooling system.

Locations, designs, and functions of such e: ential components as
drains, sumps, pumps, makeup water, and check valves that ensure
contaminated primary coolant is not inadvertently transferred to the
secondary coolant system and released to the environment.

Discussion of control and safety instrumentation, including locetions and
functions of sensors and readout devices and interlocks or safety

capabilities.

Descriptions of functions of any radiation monitors or detectors
incorporated into the secondary coolant system. Discussion of surveillance
to measure secondary coolant activity including frequency, action levels,
and action to be taken.

Brief comments and reference to detailed discussion in other sections of
auxiliary cooling systems that transfer heat to the secondary coolant
system, such as emergency core cooling system, experiment cooling, or
biological or thermal shield cooling.
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. Discussion of technical specification requirements, as appropriate, for the .
secondary coolant system, including the bases and surveillance
requirements.

5.4 Primary Coolant Cleanup System

Most licensed non-power reactors contain solid fuel elements immersed in the
primary coolant water. Experience has shown that the metal cladding is
susceptible to corrosion if the chemical purity of the water is not high. The water
purity must be above the usual purity of the potable water supply. Experience has
shown that oxide buildup on aluminum-clad fuel operating at high power densities
can reduce heat transfer. The rate of buildup depends, among other factors, on the
water quality (Griess et al, 1964). This process should be evaluated in Chapter 4
of the SAR and summarized in this chapter if it contributes to determining the
requirements for primary coolant purity. To delay or prevent component failure by
corrosion, non-power reactors should have a primary coolant cleanup system. The
purity of the primary coolant should be maintained as high as reasonably possible
for the following reasons:

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

. to limit the concentrations of particulate and dissolved contaminants that
could be made radioactive by neutron irradiation

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

The applicant should give the following information:

. The design bases and functional requirements of the primary coolant
cleanup system Experience at non-power reactors has shown that with a
well-planned water cleanup system and good housekeeping practices,
primary coolant quality can be maintained within the following ranges:

- electrical conductivity <5 pmho/cm
- pH between 5.5 and 7.5

The design bases should be derived from discussions in Chapter 4 of the
SAR, and any recommendations of the fuel vendor also should be
addressed.
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. Schematic drawings and flow diagrams of the primary coolant cleanup
loop.

. Table of specifications for the cleanup system demonstrating that it is
designed for the volume and throughput of the primary coolant system.
(For older facilities for which complete information may not be available,
the applicant should make a best effort to provide this information and
should discuss the operating history of components.)

. Locations and functions of control and monitoring instrumentation,
including sensors, recorders, and meters. The discussion of monitors
should include methods for continuously assessing coolant quality and
effectiveness of the cleanup system.

. Locations and functional designs of cleanup system components such as
branch points, pumps, valves, filters, and demineralizers.

. Discussion of schedules and methods for replacing or regenerating resins
and filters and disposing of resultant radioactivity to ensure that radiation
exposures do not exceed the limits discussed in Chapter 11 of the SAR.

. Summary of methods for predicting, monitoring, and shielding radioactivity
deposited in filters and demianeralizers from routine operations. The
detailed discussion should be in Chapter 11.

. Summary of methods for predicting and limiting exposures of personnel in
the event of inadvertent release of excess radioactivity in the primary
coolant system and deposition in filters and demineralizers. The detailed
discussion should be in Chapter 13.

. Provisions in the design and operation of the cleanup system to avoid
malfunctions that could lead to significant loss of primary coolant or
release of contaminated coolant, which could cause radiological exposure
of personnel or release to the unrestricted environment to exceed the
requirements in 10 CFR Part 20 and the facility ALARA (as low as is
reasonably achievable) program guidelines.

. Discussion of technical specification requirements for the primary coolant
cleanup system, including the bases and surveillance requirements.

5.5 Primary Coolant Makeup Water System

During operations at non-power reactors with a water-based primary coolant
system, primary coolant must be replaced or replenished. Coolant may be lost as a
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result of evaporation from open-pool systems, radiolysis, designed leakage as from
pump seals, and other operational activities. The non-power reactor design should
include a system or a procedure that meets the projected needs for coolant. The
makeup water system need not be designed to provide a rapid, total replacement of
the primary coolant inventory, but should be able to maintain the minimum
acceptable water quantity and quality for reactor operation.

The applicant should provide the following information:

. The design bases for the primary coolant makeup water system that
account for eli activities that could cause a decrease in the primary coolant.
A large loss-of-coolant event should be analyzed in Chapter 13 of the SAR.
Although a required emergency core cooling system need not be a part of
the makeup water system, it should be discussed in Chapter 6 if it exists.

Schematic diagrams and functional discussions that show the source of
watwr, the methods of addition to the primary coolant system, and the
requiresnents for pretreatment before addition. Not all non-power reactors
need a maeup water system attached to the reactor primary coolant

system.

. Locations and fuctions of control instrumentation, including sensors,
readout displays, and interlocks. Methods should be discussed for tracking
additions of makeup water to detect significant changes that might indicate
ieaks or other malfunction oi"the primary coolant system.

. Discussion of safety systems and administrative controls to ensure that the
system or procedures for adding makeup water will not lead to significant
loss of primary coolant and will prevent leakage of contaminated coolant
into the potable waier supply.

. Discussion of technical specification requirements for the primary coolant
makeup water system, including the bases and surveillance requirements.

5.6 Nitrogen-16 Control System

When ordinary oxygen is irradiated with neutrons of sufficient energy, nitrogen-16,
a high-energy beta and gamma emitter with a 7-second half-life, is formed. In
water-cooled reactors operated above a few hundred kilowatts, the radioactivity of
this nuclide may require specific systems or procedures for limiting personnel
exposure

In reactors with natural-convection cooling, transport of nitrogen-16 to the pool
surface may be delayed by a coolant circulator or diffuser In reactors with forced-
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convection cooling, the coolant carrying the nitrogen-16 out of the core may be
passed through a system such as a large shielded and baffled tank. This delay
allows the radioactivity to decay significantly before the coolant emerges from the
shielding. Another method of radiation control is to shield the entire primary
coolant system.

The applicant should analyze the potential for personnel - >sure to nitrogen-16
and propose control systems or procedures that include t..e following:

Design bases and functional design of the nitrogen-16 control system or
procedures. The design bases should be derived from analyses in
Chapter 11 of the SAR.

Schematic drawings and system and component specifications for the
nitrogen- 16 control system.

The method used by the nitrogen-16 control system to reduce exposure
rates and potential dos. s in occupied areas. Potential doses with and
without the nitrogen-16 controls should be analyzed in Chapter 11 and
summarized in this section of the SAR. These potential doses include dose
from direct radiation and dose from airborne nitrogen-16.

The effect of the nitrogen-16 control system on overall reactor safety and
operation. For exampie, diffuser systems in natural convection reactors
mey affect coolant flow and coolant transparency.

Other reactor design features affected by the nitrogen-16 control system.
For example, a large shielded decay tank may affect coolant flow
parameters, pump sizes, access for surveillance or inservice testing, or
other factors for the primary coolant system.

An assessment that the nitrogen-16 control system would not lead to an
uncontrolled loss of primary coolant or the release of contaminated primary
coolant that exceeds the requirements in 10 CFR Part 20 and the fac.lity
ALARA program guidelines. Methods for analyzing radiation exposures as
a result of coolant release should be consistent with the analyses in
Chapter 11.

Discussion of any technical specification requirements for the nitrogen-16
control system, including the bases and surveillance requirements.
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5.7 Auxiliary Systems Using Primary Coolant

In addition to the systems discussed above that are associated with the primary
coolant system, other auxiliary cooling systems or shields in some non-power
‘eactors may require the use of primary coolant and may affect the operation or
safety of the reactor. Any function of the primary coolant that is principally
shielding should be described in Chapter 4 and summarized in this section and
Chapter 11 of the SAR. If the reactor design includes an emergency core cooling
system, it should be described and discussed in Chapter 6. The following auxiliary
systems that use primary coolant should be discussed in this section:

experiment cooling

experimental facility cooling

experimental facility shielding (e.g., beam tubes)
biological shield cooling

thermal shield cooling

fuel storage cooling and shielding

The applicant should provide the following information about these systems in this
section:

. design bases and functional requirements of the auxiliary systems based on
discussions elsewhere in the SAR, such as Chapters 4, 9, and 10,
"Experimental Facilities and Utilization"

. schematic drawings and flow diagrams that show the source of water,
locations of sensors and instruments, and locations of the components
cooled or shielded

o tables of the range of important parameters of the systems and
specifications of materials and components

. discussion of components to be cooled, the source of heat, the source of
the coolant water, heat transfer to the coolant, and coolant heat dissipation

. summary of the shielding requirements and the protection factors provided
by the coolant

. discussion of the provisions in the auxiliary system designs to prevent
interference with safe reactor shutdown

. discussion of the provisions in the auxiliary system design to prevent the
uncontrolled release of primary coolant or radiation exposures that would
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exceed the requirements in 10 CFR Part 20 and the facility ALARA
program guidelines

. requirements for minimum water quality

. discussion of any technical specification requirements for the auxiliary
cooling systems, including the bases and surveillance requirements

5.8 Reference
Griess, J. C,, et al, ORNL-3541, "Effect of Heat Flux on the Corrosion of

Aluminum by Water," Part IV, Oak Ridge National Laboratory, Tennessee,
February 1964,

REv.0, 296 5-13 STANDARD FORMAT AND CONTENT
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In this chapter the applicant should discuss and describe engineered safety features
(ESFs) for a non-power reactor. ESFs are active or passive features designed to
mitigate the consequences of accidents and to keep radiological exposures to the
public, the facility staff, and the environment within acceptable values. The
concept of ESFs evolved from the defense-in-depth philosophy of multiple layers
of design features to prevent or mitigate the release of radioactive materials to the
environment during accident conditions. The need for ESFs is determined by the
SAR analyses of accidents that could occur, even though prudent and conservative
design of the facility has made the incidence of an accident very unlikely. It is also
possible that for a particular design the SAR analyses will show that ESFs are not
needed.

Normal operation of a non-power reactor is defined as operation with all process
variables and other r=actor parameters within allowed conditions of the license,
technical specifications, applicable regulatory limits, and design requirements for
the system Accidents at non-power reactor facilities assume failure of a major
component such as the reactor coolant system boundary or a reactivity addition
event. Licensees analyze a maximum hypothetical accident that assumes an
incredible failure that leads to breach of the fuel cladding or a fueled experiment
containment. These postulated accidents are compared with acceptance criteria
such as the safety limits from the technical specifications or, where there are
radiological consequences, to accepted regulatory limits (10 CFR Part 20 or 100).
The results of the accident analyses are presented in SAR Chapter 13, "Accident
Analyses " ESF systems must be designed to function for the range of conditions
from normal operation through accident conditions.

Because most non-power reactors operate at atmospheric pressure, at relatively
low power levels, and with conservative safety margins, few credible postulated
accidents result in radiological risk to the public. The analyzed accident scenarios
that the applicant should present in SAR Chapter 13 include the following:

loss of coolant

loss of coolant flow

insertion of excess reactivity (rapid or ramp)

loss of fuel cladding integrity or mishandling of fuel
failure or malfunction of an experiment

other uncontrolled release of radioactive material
loss of electric power

external events such as floods and earthquakes

The SAR accident analyses for many non-power reactors may show that ESFs are
not required, even for the maximum hypothetical accident. In other cases the
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accident analyses may show that ESFs need to be considered in mitigating the
potential release of radioactive material to the environment.

The accident analyses provide the design bases for any required ESF. The ESF
design should be as basic and fail safe as practical. Because non-power reactors
are conservatively designed, few, if any, accidents should require redundant or
diverse ESF systems. However, consideration should be given to adding
redundancy and diversity to ESF systems if the reactor is of a higher power level
(2 MW or greater thermal power level), if an ESF system would be susceptible to
loss of capability to function because of a single failure, or if the radiological
consequences to the public of the accident that the ESF is designed to protect
against would be very serious if the ESF were to not function.

In addition to the design and functional characteristics of each ESF, the applicant
should describe the methods and criteria for testing to demonstrate ESF system
operability The functional requirements, related setpoints, interlocks, and
bypasses for each ESF should be described, analyzed, and included in the facility
technical specifications. The technical specification surveillance requirements for
system components that ensure the integrity and operational capability of the ESFs
should be identified and discussed in the SAR.

The discussion should include how the ESFs interact with site utilities, such as .
electrical power and water and, if applicable, how the transfer between normal and

emergency sources of electricity and water is accomplished. The applicant should

discuss and demonsirate the need for site utility redundancy or diversity and the

specific design features that provide it for each ESF component.

The SAR should include schematic diagrams, showing all components, their
interrelationships, and the relationship of each ESF to other reactor systems (e.g.,
the core cooling system or the reactor room ventilation system). It should include
a brief description of the instrumentation and control (1&C) syste n for each ESF,
with detailed descriptions presented in SAR Chapter 7, "Instrumentation and
Control Systems " The material presented should show how 1&C systems
necessary for ESF operation are gesigned to function in the environment created
by the accident.

Typical ESFs that may be required at non-power reactors are (1) the confinement,
(2) the containment, and (3) the emergency core cooling system (ECCS). In
addition, features required in the facility heating, ventilation, and air conditioning
(HVAC) system to mitigate the consequences of accidents should be treated as
part of the ESFs of the confinement or containment system. The applicant should
discuss any additional ESFs in a comparable way.
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. Brief definitions and illustrations of the confinement, the containment, and the
ECCS follow:

8}

(2)

The confinement is an enclosure cf the overall facility (e.g., a reactor
room) that is designed to limit the exchange of effluents between the
enclosure and its external environment to controlled or defined pathways.
A confinement shouid include the capability to maintain sufficient internal
negative pressure to ensure inleakage (i.e., prevent uncontrolled leakage
outside the corfined area), but need not be capable of supporting positive
internal pressure or significantly shielding the external environment from
internal sources of direct radiation. Air movement in a confinement could
be integrated into the HVAC systems, including exhaust stacks or vents to
the external environment, filters, blowers, and dampers.

The containment is an enclosure of the facility designed to (a) be at a
negative internal pressure to ensure inleakage, (b) control the release of
effluents to the environment, and (c) mitigate the consequences of certain
analyzed accidents. The containment is designed (a) to be sealed to
support a defined pressure differential across it and (b) to have a defined
upper limit on leakage from it. Both design conditions are testable. An
accident scenario that might require a containment for a non-power reactor
would involve positive internal pressures, either static or transient, or the
need to shield the external environment from internal sources of direct
radiation, or both. Exhaust stacks, vents, particulate filters, activated
charcoal filters, or piping may be provided for controlled venting of a
containment, and the design should provide for both normal and emergency
operational modes. A containment may be designed to be integral with the
facility HVAC and liquid waste systems.

Most non-power reactors can be designed, sited, and operated so that a
normal building or, at most, a confinement can be used to house the
reactor, a containment would not be required. In contrast to &
containment, a confinement plus its HVAC system

. usually responds to accidents by reducing and changing the airflow
paths to and from the building (a containment seals the building
from the environment and significantly reduces releases of
radioactive material to the environment)

. has doors with gasket-type seals (airlocks for containments)

. may not have sealing isolation dampers on air penetrations (sealing
isolation dampers for containments)
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. cannot maintain as high a negative differential pressure as a
containment

. is not as leaktight as a containment and the leak rate normally
cannot be confirmed through testing

. cannot control the release from an event that results in positive
pressure in the reactor building

. usw lly has less direct radiation shielding capacity than a
cor tainment because the walls are thinner

. is less resistant than a containment to challenges placed on the
building by the external environment

If the analyses show that a confinement ESF will mitigate the consequences
of the most limiting accident scenario to acceptable levels, a containment
ESF would not be required, although some licensees have chosen to build
containments as an additiona! design conservatism.

(3)  An ECCS is designed to provide a source of coolant to limit fuel damage
from decay heat should primary cooling be lost from the reactor core

region.

The issue of what standards to use in evaluating accidents at a non-power 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. The ASLAB stated that "as a general proposition, the Appeal Board does
not consider it desirable to use the standards of 10 CFR Part 20 for evaluating the
effects of a postulated accident in a research reactor inasmuch as they are unduly
restrictive for that purpose. The Appeal Board strongly recommends that specific
standards for the evaluation of an accident situation in a research reactor be
formulated.” The NRC staff has not found it necessary to follow the board
recommendation to develop separate criteria for the evaluation of research reactor
accidents, since most research reactors to date have been able to meet the
conservative 10 CFR Part 20 criteria. American National Standards

Institute/ American Nuclear Society ANSI/ANS-15.7, "Research Reactor Site
Evaluation,” contains additional information on doses to the public from releases
of radioactive material.

The objective of non-power reactor ESFs is to ensure that projected radiological
exposures from accidents are kept below the regulatory limits. The regulations
defining the limits on releases from non-power reactors during accident conditions
depend on whether the non-power reactor (see 10 CFR 50 2) is a test reactor (also
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called & testing facility, see 10 CFR 50.2) or a research reactor (see 10 CFR
170.3). For & research reactor, the results of the accident analyses have generally
been limited to values from the old 10 CFR Part 20 (10 CFR 20.1 through 20.602
and appendices). The exposure values that the staff has generally found acceptable
for research reactors are less than 5 rem whole body and 30 rem thyroid for
occupationally exposed persons and less than 0.5 rem whole body and 3 rem
thyroid for members of the public. However, in several instances, the staff has
accepted very conservative accident analyses with results greater than the 10 CFR
Part 20 dose limits discussed above. Research reactors that received their initial
operating license after January 1, 1994, must show that exposures meet the
requirements of the revised 10 CFR Part 20 (10 CFR 20.1001 through 20.2402
and appendixes). Occupational exposure is discussed in 10 CFR 20.1201, and
public exposure is discussed in 10 CFR 20.1301.

If the facility meets the definition of a test reactor, the exposures will be compared
with the doses in 10 CFR Part 100. As discussed in the footnotes to 10 CFR
100.11, the doses in 10 CFR Part 100 are reference values. References to 10 CFR
Part 100 in this chapter pertain to test reactors only.

6.1 Summary Description

In this section of the SAR, the applicant should briefly describe all of the ESFs in
the facility design and summarize the postulated accidents they are designed to
mitigate. These summaries should include the design bases and performance
criteria and contain enough information for an overall understanding of the
functions of the ESFs and the reactor conditions under which the equipment or
systems must function.

Simple block diagrams and drawings may be used to show the location, basic
function, and relationship of each ESF to the facility. Detailed drawings,
schematic diagrams, data, and analyses should be presented in subsequent sections
of this chapter for specific ESFs

6.2 Detailed Descriptions

In this section of the SAR, the applicant should discuss in detail the particular
ESFs incorporated into the reactor design. Not all of these ESFs are found in any
single design. Other systems in addition to the systems discussed in this section
may be considered ESFs. The applicant should discuss these ESFs in &8 manner
similar to the discussions in this section.
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6.2.1 Confinement

The applicant should discuss in detail the confinement and the associated HVAC
systems that function as ESFs. For the confinement to function as an ESF, the
design bases for the consequence-mitigation functions should be derived from the
accident analyses in SAR Chapter 13.

Confinements and HVAC systems may also have functions that are not considered
functions of ESFs and that need not be addressed in this chapter. Most non-power
reactors release small quantities of airborne radioactive material, primarily argon-
41 gas, 1o the environment during normal operations. To protect the health and
safety of the public and the staff, it may be necessary to control airflow through the
reactor room and release the reactor room air in a controlled manner at a location
that allows for dilution and diffusion of the radioactive material before it comes in
contact with the public. In some cases, it may also be efficient to use the
confinement and HVAC systems to prevent an uncontrolled release to the
environment of radioactive effluents resulting from operation. This aspect of the
use of ESFs during normai system operation is not considered an ESF function.
However, the design bases and detailed discussions of these systems for normal
operations to control releases should be given in Chapter 3, “Design of Structures,
Systems, and Components,” and Chapter 9, "Auxiliary Systems." Diffusion and
dispersion of airborne radioactivity in both restricted and unrestricted
environments should be discussed in Chapter 11, "Radiation Protection Program
and Waste Management "

A radioactive release need not be a rapid or burst-type reiease. It also includes the
leakage and diffusion of airborne radioactivity from a room through cracks or gaps
in building structural components. Such releases could be controlled by a system
of ducts, louvers, blowers, exhaust vents, or stacks. Non-power reactors should
have the capability to quantify releases and calculate potential exposures in both
restricted and unrestricted areas. Calcuiating potential exposures provides the
bases for actions to ensure that the public is protected during both normal
operation and accident conditions.

If the confinement and HVAC or air (stack) exhaust systems are designed to
change state or operating condition in response to a potential accident and, in so
doing, mitigate the radiological consequences of the accident, those features
should be designated as ESFs and should be described in detail The discussion of
the ESF functions should demonstrate how dispersion or distribution of
contaminated air to the environment or occupied spaces other than the reactor
room is controlled. The discussion should include the design bases for the location
and operating characteristics of the air exhaust stack, if applicable, and the design
bases for effluent monitoring systems.
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The discussion of mitigative effects should contain a comparison of potential
radiological exposures to the facility staff and the public with and without the ESF.
Either operational data for an operating facility or results of analyses for a new
facility should be presented showing airflow rates, reduction in quantities of
airborne radioactive material by filter systems, system isolation, and other
parameters that demonstrate the effectiveness of the system.

A schematic diagram of the system should be presented showing the blowers,
dampers, filters, other components necessary for operation of the system and flow
paths. Automatic and manual trip circuits, bypasses, interlocks, and special 1&C
systems for the ESF system should be described briefly in this section and in detail
in Chapter 7.

In this section the applicant should develop requirements to be specified in the
technical specifications for system operability, periodic surveillance, setpoints, and
other specific requirements to ensure a functional ESF system during postulated
events. Examples include the requirement for operability of the ESFs during
reactor operation or other significant events such as fuel movement. Periodic
functional testing of damper closure, room isolation, minimum airflow rates,
automatic system shutdown and startup, and activation setpoints should be
required and specified. See Chapter 14, "Technical Specifications," of this format
and content guide, for details on what technical specification requirements should
be identified and justified in this section.

6.2.2 Containment

Because the potential risk to the public is generally low from accidents at non-
power reactors, few require a containment. However, a containment and
associated HVAC system required at a non-power reactor to mitigate the
consequences of a postulated accident are considered ESFs. As previously
discussed, containments are required as an ESF on the basis of the reactor facility
design, operating characteristics, accident scenarios, and location.

A containment for a non-power reactor should be designed to prevent the rapid,
uncontrolled release of radioactive material to the environment. A possible
scenario for such a release could be an accident in the reactor core that involves a
large loss of fuel cladding integrity (multiple plates or pins), the release of fission
products into the primary coolant system, and the rapid release of fission products
from the primary coolant system into the reactor room. The containment is
designed to control the release to the environment of airborne radioactive material
released in the reactor room even if the a~ciaent is accompanied by a pressure
surge or a steam release within the room. The thick walls of the containment may
also help mitigate direct radiation exposure during certain accidents. The analyses
in Chapter 13 of the SAR should include details of the postulated scenario,
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including the assumptions and justification for the initiating event, the progression
of the scenario, the consequence-mitigating effects of the containment, and the
potential radiological exposures to the most exposed member of the public. The
design bases for the containment should include the postulated peak pressures, the
duration of the event, the pressure-versus-time envelope, the time during which
containment integrity must be maintained while recovery from the event is
implemented, limits on leakage or controlled release from the containment to the
environment, the quantity of failed fuel, and the quantity and type of released

A radioactive release nead not be a rapid or burst-type release. It also includes the
leakage and diffusion of airborne radioactivity from a room through cracks or gaps
in building structural components. Such releases could be controlled by a system
of ducts, louvers, blowers, exhaust vents, or stacks. Non-power reactors should
have the capability to quantify releases and calculate potential exposures in both
restricted and unrestricted areas. Calculating potential exposures provides the
bases for actions to ensure that the public is protected during both normal
operation and accident conditions.

The description must include the bases for the protection factors provided by the
containment. The goal is that the containment should reduce the consequences to
the public, the facility personnel, and the environment to acceptable values as
specified above.

In this section the applicant should explain how the design and functional details of
the containment meet the design bases and criteria described above. System
drawings, component and material specifications, and structural details should be
included. The information should demonstrate that the radiation protection factors
assumed in the accident analyses are provided. The design bases and the
discussions should describe how the containment functions over the range of
normal operation and the events that initiate switching to the emergency mode.
The discussions should address which reactor operations and evolutions require
the containment to be operable, and whether an emergency electrical power source

is required to be operable.

To qualify as a containment, the reactor building should be & robust structure with
airlocks and all other penetrations sealed (e g, cable penetrations sealed with
epoxy) or sealable (e g, hydraulic dampers on ventilation penetrations). The
building should be capable of maintaining a negative pressure in relation to the
atmosphere (e g, at least -%4 inch water) during normal operation and have a
measurable leakage rate (e.g., less than 5 percent over 24 hours). The actual
performance requirements are determined from the accident analyses in Chapter 13
of the SAR. For example, the normal function of the containment ventilation
exhaust system may be divided into two trains—one that ventilates the reactor
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room and a second that ventilates areas with high airborne radiation gene ation
such as experimental facilities or fume hoods. The ventilation system is normally
equipped with high-efficiency particulate filters, and the accident ventilation system
has a separate train(s) equipped with high-efficiency particulate and activated
charcoal filters to sorb iodine.

Automatic containment trip circuits, interlocks, special I1&Cs, and monitoring
requirements for the ESF chould be described. The description should detail their
relationship and interaction with the 1&C systems for normal operation described
in SAR Chapter 7.

The discussion should give the technical specifications and their bases to ensure
that the containment ESF is operable when required. The technical specifications
also should provide for necessary surveillance, testing, and maintenance of the
containment components to ensure operability. The technical specifications should
define an operable containment ESF and describe the reactor conditions and
operations for which the containment shall be operable. See Chapter 14 of this
format and content guide for details on what techncal specification requirements
should be identified and justified in this section.

6.2.3 Emergency Core Cooling System

An ECCS may be required at some non-power reactors to remove decay heat from
the fuel to prevent failure or degradation of the cladding if cooling is lost. The
applicant should give the analysis of the ECCS if one was identified as needed in
the Chapter 13 accident analyses.

A schematic diagram should show the relationships among the major system
components such as valves, spray headers, pumps, piping, and any 1&C systems.
Special ECCS 1&C systems should bz described briefly in this section and
described fully in Chapter 7. In this section, the applicant should discuss any
effects of the ECCS design on normal operations and reactor safety. Analyses for
non-power reactors should demonstrate that fuel failure will be prevented for
postulated-accident scenarios.

If the '2CCS is a passive system (e g, a gravity-feed spray from a storage tank), a
com iete description with associsted analyses and data should show how coolant
fi. « is initiated and why the system is effective. The information should
demonstrate that the ECCY will provide core cooling capacity in terms of
munimum flow and time Jf operation for all loss-of-coolant accidents considered.

If the ECCS is an aciive system that requires sensors and an action or event to
initiate op-ration, descriptions should inch:de details of initiation response times
and backup or redur dant sensing and control systems. The discussion should

Rev. 0, 296 6-9 STANDARD FORMAT AND CONTENT



CHAPTER 6

include the source of electrical power, source of coolant, heat sink, or other
systems required to operate the ECCS and show how operability and availability
are ensured.

The facility design should show how radioactive material, such as emergency
coolant, is controlled.

In this section the applicant should also give the bases for technical specifications
that ensure that the ECCS is available and operable when required. Technical
specifications should include minimum operability requirements and the possible
operations and conditions under which the ECCS would be required. Test and
surveillance functions and intervals should be stated in the technical specifications
to ensure operability of the ECC”. See Chapter 14 of this format and content
guide for details on what technical specificaticn requirements should be identified
and analyzed in this section

6.3 References

American Nations] Standards Institute/Ame-ican Nuclear Society, ANSI/ANS-
15.7, "Research Reactor Site Evaluation,” ANS, LaGrange Park, Illinois, 1977

Atomic Safety and Licensing Appeal Board, "In the Matter of Trustees of
Columbia University in the City of New York," May 18, 1972,
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In this chapter of the SAR the applicant describes and discusses the design and
operating characteristics of the instrumentation and control (1&C) systems.
Sufficient information should be included to explain the design criteria and bases,
and to discuss the functional and safety analyses of the 1&C subsystems The 1&C
subsystems generally comprise the reactor control system (RCS), process
instruments, the reactor protection (safety) system (RPS), instruments to initiate
operation of engineered safety features (ESFs), and radiation safety monitoring
systems. These systems and their outputs can be consolidated into a control
console, along with the devices and circuits that control the operation of the
reactor. The guidance in this chapter of the SAR is based on the principle that
most non-power reactors can be designed and operated to pose acceptably small or
insignificant risk to the public without isolating or separating the RPS from other
subsystems. Additional design features, such as separation of systems, may be
necessary for high-power test reactors. Applicants who need additional guidance
beyond chat given in this chapter should contact their project manager

The non-power RPS should monitor selected reactor operating parameters such as
neutron flux, fuel temperature (monitored primarily in TRIGA-type reactors),
primary coolant flow, temperature, and level, and radiation intensity. The RPS is
designed to ensure reactor and personnel safety by limiting parameters to operate
within analyzed operating ranges. The RPS can also give the ESF actuation
system information for the operation of ESFs when the instruments indicate that
abnormal or accident conditions could occur. The RCS may monitor many of the
same parameters as the RPS and give information for automatic or manual control
of the reactor operating conditions (e g, reactor power, by inserting or
withdrawing control rods). The reactor facility instruments present operating
parameter and system status information to the operator for monitoring reactor
operation and for deciding on manual control actions to be taken. Instrument
systems are the means through which automatic or operator control actions are
transmitted for execution by the RCS. Radiation instruments sl. - w radiation levels
in selected areas in the reactor facility and could give data to the RPS, give
information to help in the control of personnel radiation exposure, or monitor the
release of radioactive material from the reactor and the reactor building.

In this chapter, the applicant should discuss the functional requirements, design
criteria and bases, system descriptions, system performance analyses, and the bases
of technical specification limiting safety system settings (LSSSs), limiting
conditions of operation (LCOs), and surveillance requirements for the 1&C
systems for non-power reactors.
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7.1 Summary Description

In this section of the SAR, the applicant should briefly describe the 1&C systems of
the reactor, including block, logic, and flow diagrams showing major components
and subsystems, and connections among them. The applicant should summarize
the technical aspects, safety, philosophy, and objectives of the 1&C system design
and should discuss such factors as redundancy, diversity, &nd isolation of
functions. The information should include:

. Type of instrumenis—System instruments should be described by type
[e.g., hardwired analog, computerized digital that uses stored pr- grams
(software), or combinations of these]. If a combination is used, the
applicant should clearly note which portions or functions are analog and
which are computerized digital, and how they relate to each other. The
applicant could refer to existing systems reviewed and approved by NRC
that are similar to the described system.

. Classification of systems—1&C systems and equipment should be classified
into categories by function performed (e g., the RCS, RPS, ESF actuation
system, control console and display instrument systems, and radiation
protection instruments).

The general description of each category of 1&C subsystem should include the
following, as applicable:

’ For the AC35, a prief discussion of each major subsystem such as manual
control system, automatic control system, control rod drive systems,
bypass and interlock systems, and any integrated experiment 1&C systems.

. For the RPS, the types of parameters menitored, both nuclear and non-
nuclear, the number of channels designed to monitor each parameter, the
actuating logic that determines the need for actions to change reactor
conditions and that takes these actions, and numb2r and type of reactivity
control devices.

. For the ESF actuation system, a discussion of the subsystems that detect
the need for operation and that initiate operation including identification of
the parameters monitored or the source of input information and the
number of channels designed to monitor, process, and act on the
information.

. For the control console and display instruments, a discussion of the
parameter display systems and equipment b’ which the operator can
observe and control the operation of the reactor and important subsystems
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. For radiation protection instruments, a brief discussion of area and effluent
radiation detection systems that monitor, alarm, or provide input to other
subsystems of potentially hazardous radiation levels. The applicant should
address radiation systems that monitor effluent streams from the reactor
facility, state the type of effluent (such as airborne or liquid), and list alarms
or signals to other subsystems.

. A summary of the human-machine interface principles used in the location
of instrumentation and controls.

7.2 Design of Instrumentation and Control Systems

7.2.1 Design Criteria

In this section of the SAR, the applicaat should discuss the criteria for developing
the design bases for the 1&C systems. The basis for evaluating the reliability and
performance of the I&C systems should be included. All systems and components
of the 1&C systems should be designed, constructed, and tested 1o quality
standards commensurate with the safety importance of the functions to be
performed. Where generally recognized codes ai'd standards are used, they should
be named and evaluated for applicability, adequacy, and sufficiency. They should
be supplemented or modified as needed in keeping with the safety importance of
the function to be performed. Evaluations and modifications of the standards
should be described in the SAR. A set of generally applicable criteria for use as a
guide is given below. Criteria that are used should be clearly stated and should be
shown to provide the appropriate level of reliability, safety, and perfrrmance
capability. The applicability >f these criteria should be determined from the
operating analyses in Chapter 4, "Reactor Description,” and accident analyses in
Chapter 13, "Accident Analyses,” of the SAR.

. Systems and components (including 1&C systems) determined by the
analyses in the SAR to be important to the safe operation or shutdown of
the reactor should be designed to be in accordance wi h loca! building and
siting codes, and should be abie tu withstand the effects of natural
phenomena without ioss of capability to perform their safety function (see
Chapter 3, "Design of Structures, Systems, and Components,” fc:
additional information).

. 1&C systems and components determined in the SAR analyses to be
important to the safe operation or shutdown of the reactor should be
designed, located, and protected so that the effects of fires or explosions
would not prevent them from performing their safety functions.
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1&C systems and components determined in the SAR to be important to
the safe operation or shutdown of the reactor should be designed to
function reliably under anticipated environmental conditions (e.g.,
temperature, pressure, humidity, and corrosive atmospheres) for the full
range of reactor operation, during maintenance, while testing, and under
postulated accident conditions, if the systems and components are assumed
to function in the accident analysis.

The RPS should be designed to automatically initiate the operation of
systems or give clear warning to the operator to ensure that specified
reactor design limits are not exceeded as a result of measured parameters
indicating the onset of potential abnormal conditions. The ESF actuation
system should be designed to automatically initiate operation to mitigate
the consequences of abnormal conditions or accidents.

1&C systems should be designed to have functional reliability, including
redundancy and diversity, commensurate with the safety functions to be
performed and the consequences of failure of the system to perform the
safety function. For example, an 1&C system for a non-power reactor
should be designed to perform its protective function after experiencing a
single random active failure within the system.

1&C systems should be designed to fail into a safe state on loss of electrical
power or exposure to extreme adverse environments.

1&C systems should be designed so that a single failure will not prevent the
safe shutdown of the reactor.

7.2.2 Design-Basis Requirements

1&C system design requircments for non-power reactors are generally derived
from the results of analyses of normal operating conditions and of accidents and
transients that could occur. This section provides guidance on the factors to
consider in developing the analyses and the design bases. Design bases for the
1&C system, subsystems, and components should include the following, as
applicable:

The function or purpose of systems or instruments considering which
reactor parameters are monitored or controlied.

The range of values that monitored variables may exhibit for normal
operation, shutdown conditions, and for pestulated accidents.
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Safety or control functions and any unique or facility-specific functions
performed by the 1&C system or subsystems.

Specification of alarm, trip, and actuation setpoints derived from accident
or other operational analyses of the instrumented system or function.

Any special requirements such as redundancy, diversity, quality assurance,
and environmental requirements derived from the results of analyses of the
full range of operating conditions and postulated accidents.

The specification of precision and accuracy requirements for the
instruments, control subsystems, or components.

The specification of number and type of channels required to monitor
variables.

The system operational and support requirements such as those for
electrical, mechanical, structural, cooling, heating, and signal input.

The requirements that controls and instruments be grouped and located so
that operators can easily reach and manipulate the controls while readily
observing on meters and displays the results of their actions (operator
interface requirements).

For digital computer systems, in addition to the foregoing, the applicable
guidelines from IEEE 7-4.3.2-1993, "IEEE Standard Criteria for Digital
Computers Systems in Safetv Systems of Nuclear Power Generating
Stations," for the design, ~pplication, and evaluation of digital computer
hardware and software and ANSI/ANS-10.4-1987, "Guidelines for the
Verification and Validation of Scientific and Engineering Computer
Programs for the Nuclear Industry," for evaluating the verification and
validation programs for software for use in the 1&C system. Regulatory
Guide (RG) 1.152, which discusses the use of digital computers in nuclear
power plant safety systems is attached as Appendix 7.1. However, neither
of these standards was uniquely developed for non-power reactors and may
contain sections and requirements that do not apply to a particular
situation. Furthermore, the technology and safety principles on which
computerized 1&C systems are based are changing Until additional
guidance is available, applicants should request current requirements from
NRC. The testing programs for computer systems help to verify that the
software will not cause unintended effects under some combinations of
circumstances or conditions, or some malfunctions. ANSI/ANS Standard
15.15-1978, “Criteria for the Reactor Safety Systems of Research
Reactors," and draft ANSI/ANS Standard 15.20, "Criteria for the Control
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and Safety Systems for Research Reactors,” are general guides for the
design, impiementation, and evaluation of 1&C systems for non -power
reactors and should be used where applicable. The staff reviewed and
woeptedadigiulcomrolsymdcvelopedbmealAwnﬁa. NRC
licensees for several TRIGA reactors have installed this system (see
Amendment No. 19 to Facility Operating License No. R-84, Docket No.
50-170 for the Armed Forces Radiobiology Research Institute TRIGA
reactor, July 23, 1990. Amendment No. 29 to Facuity Operating License
No. R-38 for the General Atomics TRIGA Mark I reactor is attached to
this chapter as Appendix 7.2). The staff revicwed and accepted a digital
control system developed by Atomic Energy Canada Limited. An NRC
licensee for a TRIGA reactor installed this system (Amendment No. 30 to
Facility Operating License No. R-2 for the Penn State Breazeale Reactor is
attached to this chapter as Appendix 7.3)

. Consult NRC Generic Letter 95-02 for 1&C systems that are being
upgraded to systems with digital technology, it is attached to this chapter
as Appendix 7 4.

7.2.3 System Description

The system description in the SAR should include equipment and major
components as well as block, logic, and schematic diagrams. The applicant should
also submit hardware and software descriptions and software flow diagrams for
digital computer systems. The applicant should describe how the system
operational and support re Juirements will be met and how tk.2 operator interface
requirements will be me .. The description should also address the methodology
and acceptance cri' > .a used to establish and calibrate the trip or actuation
setpoints, or interlock functions.

7.2.4 System Performance Analysis

The applicant should conduct a performance analysis of the proposed 1&C system
wmthedesimaiteﬁamddedgnbmuemetmdncememquimmufor
the performance of the system are specified. The system performance analysis
should encompass the following:

. The SAR should describe the operation of the 1&C system and present the
analysis of how the system design meets the design criteria and design
bases. The discussion should include accuracy, reliability, adequacy and
timeliness of 1&C system action, trip setpoint drift, quality of components
and, if required by the analyses, redundancy, independence, and how a
single failure affects both its ability to perform its safety function and the
effect on operation or safe shutdown of the reactor.
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. Technical specification LSSSs, LCOs, and surveillance requirements for the
1&C system should be established. These parameters and requirements
should include system operability tests, trip or actuation setpoint checks,
trip or actuation setpoint calibrations, and any system response-time tests
that are required. Surveillance intervals should be specified and the bases
for the intervals, including operating experience, engineering judgment, or
vendor recommendation. should be discussed.

7.2.5 Conclusion

The applicant should summarize in this section of the SAR why the system design
is sufficient and suitable for performing the functions stated in the design bases.

7.3 Reactor Control System

The RCS performs several functions, such as maintaining the reactor in a
shutdown state, reactor startup, changing power levels, maintaining operation at a
set power level, and shutting down the reactor. In non-power reactor designs that
allow pulsing such as the TRIGA design), the RCS can rapidly insert reactivity into
the reactor core to produce a predetermined high-power pulse of short duration, or
to achieve a rapid increase in reactor power in a "square wave." The RCS may be
discussed using such subsystems as nuclear instruments, process instruments,
control elements, and interlocks. In describing each subsystem in the SAR, the
applicant should include design considerations and technical specification
requirements.

In the nuclear instrument system, nuclear instruments monitor the neutron flux
from the subcritical source multiplication range, through the critical range, and
through the intermediate flux range to full power. Neutron flux instruments also
should determine the startup rate and, in some designs, reactor period information.
Linear and log neutron flux channels should be used to monitor the core neutron
flux while control rods are withdrawn or inserted to increase or decrease reactor
power. At least one linear neutron flux channel should be calibrated to reactor
thermal power.

The process instruments are designed to measure and display such parameters as
coolant flow, temperature, or level, fuel temperature, or air flow parameters within
or from the reactor room. In some designs, this information may also be sent to
the RPS.

The typical non-power reactor has an automatic control (servo) system that
controls the reactor power about a point set by the operator. Most servo control
systems compare the output of a linear neutron flux channel against an adjustable
voltage representing the desired power level, and automatically change the position
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of a regulating rod in the core to change the neutron flux density to reduce the
difference between the two voltages until the actual reactor power level is very
nearly equal to the desired power level. This process can be performed by analog
control equipment or by software in a digital computer system.

Reactors with pulsing capabilities have a transient rod that, on command, is rapidly
ejected out of the core to a pre-programmed distance. This action rapidly inserts a
known amount of excess reactivity into the core that pulses the core power to very
high levels for very short intervals. The system can also be used to form a square-

wave power increase to a predetermined steady-state power level

The RCS for non-power reactors should have a set of equipment protection
interlocks and inhibits that prohibit or restrict operation of the reactor unless
certain conditions are met. For example, there should be an interlock that
prohibits control rod motion unless the neutron flux in the core produces a neutron
count rate sufficient to help ensure that nuclear instruments are responding to
neutrons. There may be additional equipment protection interlocks to ensure, for
example, that there is sufficient coolant flow, shielding is intact, ventilation air is
flowing, coolant level is sufficient, and required neutron instruments and recorders
are functional. There may also be personnel protection interlocks to prevent
reactor operation if certain radiation fields are excessive. Control rods may be run
back to automatically reduce the reactor power when certain specified reactor
conditions approach a predetermined limit, but total reactor shutdown (scram) is
not warranted.

Experimental facilities may be interlocked with the RCS to prevent reactor
operation if the experimental facility is not in the correct configuration. If
experiments conducted in non-power reactors could interact with the core to
change reactivity or otherwise modify the reactor operating conditions, data to the
RCS or RPS from the experiment instruments may be needed to detect reactivity
changes. All experiments should be carefully considered for interaction with the
1&C system when the safety analysis for the experiment is performed. The analysis
should consider any interaction with the RCS or RPS. Where such interactions are
warranted, they should meet the standards used for the design of the systems to
which the experimental facilities will be connected.

The applicant should include the following for each RCS subsystem:

. Discuss the design criteria for the RCS as outlined in Section 7.2.1,
including any criteria specific to the reactor design not outlined in the
section.

. Discuss the design bases information specified in Section 7.2.2 and any
additional design bases of facility-specific subsystems.
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. Describe the system as specified in Section 7.2.3, including any additional
system descriptive material specific to subsystem design and
implementation not covered in Section 7.2.

. Analyze the operation and performance of the system as specified in
Section 7.2 4 including analyses and results of any features or aspects
specific to the facility design and implementation not specified in
Section 7.2 Include the bases of any technical specifications and
surveillance tests with intervals specific to the design and operation of the
systems. Address the specific design features of the RCS, such as the
following:

Detector channels directly monitor the neutron flux density for
presentation of reactor power level and power rate-of-change.

The RCS gives a continuous indication of the neutron flux density
from subcritical multiplication source level through the full licensed
power range. If multiple detector channels are used, this
continuous indication should overlap a minimum of one decade
during detector changeover.

The RCS has a reactor period channel that covers subcritical
neutron source multiplication from the approach to critical, through
critical, and into the licensed power range. Depending on the
analysis in the SAR, some reactors may not have this channel.

The RCS protects against a failure or operation in a mode that
could prevent the RPS from performing its intended safety function.

The system and equipment are designed to assume & safe state on
loss of electrical power.

The RCS has at least two channels of reactor power indication
through the licensed power range.

The startup and operating power detector channels can discriminate
against strong gamma radiation, such as that present after long
periods of operation at full power, to ensure that indicated changes
in neutron flux density are reliable.

The reactor power indication of at least one channel should remain
reliable for some predetermined range above the licensed power
level. For reactors with power level as a safety limit, the
instrumentation should be able to indicate if the safety limit was
exceeded. For other reactor types, at least one channel shouid be

REv. 0, 296

7-9 STANDARD FORMAT AND CONTENT



able to indicate if the power level was exceeded, which is the basis
for limiting licensed power level.

- All control rod positions should be indicated at the control console
throughout their travel and should indicate when they are at an "in"
or "out" limit.

- The control rod drive speed in "manual” and "automatic” modes of
operation should he limited to that analyzed and allowed for
controlling the rate of change of reactivity.

- While in "automatic” reactor control mode, the RCS should
indicate being placed in or removed from automatic control.

- In a reactor designed for pulsing, the movement of the transient rod
should be limited in accordance with reactivity amounts and rates
derived from the SAR analysis.

- In a reactor designed for pulsing, the system should indicate the
position of the transient rod, when this rod is fully inserted, and
when set in position to initiate a pulse, and should provide
interlocks to ensure the position of the rod.

- Bypasses of interlocks should be under the direct control of the
reactor operator and should be indicated in the control room.

- The RCS and the reactor reactivity control system should meet the
requirements of minimum shutdown margin considering the stuck
rod criteria.

. The applicant should discuss the conclusions about capability and suitability
of the RCS requested in Section 7.2.5.

7.4 Reactor Protection System

The RPS is designed to detect the need to place the reactor in a subcritical, safe
shutdown condition (scram) when any of the monitored parameters exceeds the
limit as determined in the SAR. Upon detecting the need, the RPS should
promptly and automatically place the reactor in a subcritical, safe-shutdown
condition (scram) and maintain it there. This prevents or mitigates unintended
operation in regions where risks of the following types could occur: fuel damage
from overpower or loss of cooling events, uncontrolled release of radioactive
materials to the unrestricted environment, or overexposure of personnel to
radiation. Parameters monitored for this purpose could include core neutron flux,
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fuel temperature, core coolant flow and temperature, coolant level, area radiation
levels, and air concentration, or release, of radioactive materials.

Non-power reactors can be designed and operated so that postulated accidents
pose risks to the facility or the public that are not significant or that are within
applicable regulatory limits. If justified by the accident analyses of Chapter 13, the
RPS need not be separate and independent of the RCS. The applicant for such
reactors may perform an analysis to determine whether certain RPS-monitored
parameters or interlocks should be required to be redundant, diverse, or single-
failure-proof. Two examples of these parameters are the reactor pool level or area
radiation exposure rates. Therefore, the RPS and its subsystems should be
designed in accordance with the guidance in Section 7.2, and the SAR should
include the following information:

. Discussion of design criteria for the RPS as outlined in Section 7.2.1,
including any criteria specific to the reactor design ot outlined in the
section.

. Safety and system design bases information as specified in Section 7.2.2.
Any supplemental facility-specific design bases not specified in the general
system requirements should be included.

. System descriptions consistent with that specified in Section 7.2.3, along
with any subsystem description that is facility specific and that may not be
identified in the general system requirements.

. Analyses of the operation and performance of the RPS similar to that
specified in Section 7.2.4. This should include analysis of any features,
aspects, or technical specifications including surveillance tests that may be
reactor specific and not identified in the general system requirements.
These analyses should be based on postulated credible accidents, transients,
and other events that could require RPS intervention, and should include all
of the applicable features noted in Section 7.3 for the RCS. The analyses
should include quantitative performance of all scrams, runbacks, interlocks,
and ESF initiators. The specific design features of the RPS that should be
addressed include the following:

- Independent redundant or diverse reactor power level trips.

- A log power level channel with a reactor period or rate-of-flux
change output with a rate or period channel set to scram in
accordance with the analysis (certain reactor designs do not require
the period scram design feature because they are designed to
accommodate rapid additions of reactivity). The log channel and a

REv.0, 206 7-11 STANDARD FORMAT AND CONTENT



linear flux monitoring channel should accurately sense neutrons
even in the presence of intense high gamma radiation.

Neutron flux (power) monitor channels covering the range from
subcritical source multiplication to well beyond the licensed
maximum power level.

A startup channel measuring neutrons at subcritical with a minimum
count rate interlock to ensure operation and to prevent control or
safety rod withdrawal unless the neutron count rate is at least some
predetermined minimum such as 2 counts per second. This
interlock may not be needed in reactor designs that use
photoneutrons for startup. The applicant should justify not needing
the interlock in this case. The detector is capable of detecting
neutrons in a high gamma field and can be verified so that
subcritical neutron multiplication can be determined and all
reactivity changes can be monitored until the startup channel
indication is overlapped by the log or linear channe! power
indication.

RPS scram time as established in the accident analysis, and any
other requirements to ensure operability

The scram circuit is designed for the protective action to go to
completion once it is initiated. The circuit cannot be reset until all
released rods are fully inserted.

Each scram channel has a sepa:ate set of contacts or other bi-stable
component to trip the RPS system.

The manual scram switch is located where the operator has ready
access, such as near the rod drive controls.

Upon receipt of a scram signal, the RPS wili annunciate the scram
and signify the circuits that are in a tripped state.

The RPS shall always be: capable of shutting down the reactor at
least to the shutdown margin defined in the technical specifications.

. Conclusions about capability, operability, and suitability of the RPS
requested in Section 7.2.5.
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7.5 Engineered Safety Features Actuation Systems

If ESFs are required by the accident analyses in Chapter 13, their actuation
systems should be described in this section. The ESF actuation system senses the
need for and initiates the operation of ESF systems (1) to prevent or mitigate the
consequences of damage to fission product barriers such as fuel, cladding, or
fueled experiments caused by overpower or loss-of-cooling events or (2) to gain
control of any radioactive material released by accidents.

Each active ESF should be automatically initiated by a subsystem of the ESF
actuation system. Examples of such systems include those to actuate an active
emergency core cooling system (ECCS), containment or confinement system,
containment or confinement air cleanup and filtration system, or any other ESF
that is designed to perform a mitigative function. Most non-power reactors do not
have an active ECCS because they are designed to rely on passive ECCS or natural
coolant circulation to provide sufficient core cooling to prevent loss of fuel
integrity. Certain non-power reactors may not be required by the accident analyses
to have containment or confinement ESF systems or ¢ containment or confinement
air cleanup and filtration ESF system. When such sysiems are required, their
actuation systems should be described in this section, in coordination with the
information in Chapter 6, "Engineered Safety Features," of the SAR.

Certain parameters should be monitored to determine the need to initiate the
operation of ESFs. These parameters should be determined by the accident
analyses, and may include fuel temperature, core coolant flow and temperature,
coolant level, area radiation, and radioactivity of airborne materials. ESF actuation
systems need not be designed to be redundant or diverse, or to be able to survive a
single failure and still perform the safety “unction unless the accident analysis
requires these features.

The applicant should describe the ESF actuation system in sufficient detail to
describe the functions required of the ESF and the operation of the system. The
SAR should include the following information for each required ESF actuation
system:

. Design criteria for the ESF actuation system as outlined in Section 7.2.1,
including any criteria specific to the reactor design not outlined in the
section.

. Design bases information for the ESF actuation system as specified in
Section 7.2.2 and any additional facility-specific design bases not specified
in the general system requirements.
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. SynandescﬁptionofuchESFmﬁonlynunsimﬂutounnpedﬁedin
Section 7.2.3. The description should include:

- any additional facility-specific system design

- features of the individual initiation and actuation systems which
nrovide for them to function in concert to prevent or mitigate the
consequences of postulated accidents

. System performance analysis:

- an analysis of the operation and performance of each ESF actuation
system similar to that specified in the general system requirements
of Section 7.2 4, including analysis of the designs of any facility-
specific features or aspects

- a discussion of an analysis of the operation and performance of the
individual systems which allow them to function in concert to
prevent or mitigate the consequences of postulated accidents

- the bases of any technical specifications, including surveillance tests
and intervals specific to the design and operation of the subsystem

. Conclusions about capability, operability, and suitability of the ESF
actuation systems requested in Section 7.2.5.

7.6 Control Console and Display Instruments

Control console and display instrument systems and equipment include displays for
the reactor operator to view such operating information as current values of
operating parameters and the status of systems and equipment. The system also
enables the operator to control the reactor.

The applicant should describe how the control console and display instruments
have been designed to collect and display the operating information in such a
manner that it can be readily observed and interpreted by the operator. It should
describe how the manual control inputs (pushbuttons, switches, and other
equipment) have been grouped, oriented, and located with respect to the relevant
display instruments to enable the operator to best observe and interpret the
operating information and thereby take prompt and accurate steps to supply
control inputs on which the reactor control systems can act. In addition, the
combined and integrated functioning of the control console and display system
should be described to demonstrate how major equipment is designed to function
as an integrated information-handling system to readily aid the operator in
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controlling operation of the reactor. The control console design should prevent
unauthorized operation of the reactor.

The advancement of digital technology has simplified the ability to gather, analyze,
manipulate, and display large amounts of data. A number of licensees have
considered adding internally developed operator information display systems and
operating aids to their I&C systems. If these systems digitally process control
console information and present this information to the reactor operator to inform
the operator of the status of the reactor, or if the operator uses such information to
make decisions about the operation of the reactor, the systems need to go through
the same review, including verification and validation of software as a digital RCS
or RPS. It is acceptable to locate these systems in areas where they cannot be
viewed by the reactor operator. The applicant should ensure that any interface
between the information display system and the control console is isolated.

The SAR system design criteria and basis information should include a system
description and a system performance analysis for each instrument system or major
equipment connected to or displayed at the control console. The description and
analysis should be similar to those specified in Section 7.2 and should address the

following:
. the outputs, controls, and operator interfaces

. how the output instruments are placed and how they are related to the
reactor and other system controls in the main console and auxiliary control
room racks

. drawings or photographs showing the arrangement of the display
instruments and console control equipment

. sufficient reactor-specific information for operators to understand functions
of both analog and digital systems, including connections and interaction
between them, and both redundancy and diversity of such systems

. the conclusion about operability and suitability for human factors as
requested in the general system recommendations of Section 7.2

7.7 Radiation Monitoring Systems

Radiation monitoring instrument systems should be designed to perform several
important diverse functions in the operation of a non-power reactor. These
monitors should indicate radiation intensity and may be used for reactor operations
such as to indicate the following: low coolant level, the need to actuate
containment or confinement systems, and the need for personnel radiation
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protective actions, and to monitor release of radioactive material to the ‘
environment. These systems include area radiation monitors, with displays near
the instrument location and in the control room. These systems may monitor
radioactive effluents in the form of gases, liquids, and airborne particulates and
provide continuous air monitoring (CAM) for airborne radioactivity in occupied
spaces such as the reactor room. Portable radiation monitors and personal
dosimetry systems should also be included to help assess exposure and prevent
overexposure of workers and other personnel. The radiation protective
instruments and measures should be discussed in detail in Cliapter 11, "Radiation
Protection Program and Waste Management." The present chapter should
concentrate on the I&C aspects of the radiation monitoring systems and should be
coordinated with the information in Chapter 11.

The applicant should briefly summarize the radiation-monitoring 1&C system for
the facility and list the various systems and types of equipment. Since some of the
systems may provide input to the RPS or ESF actuation system, radiation
monitoring systems should meet the applicable criteria and requirements in Section
7.2 for those systems.

For each radiztion monitoring system planned for the facility, the applicant should

give the 1&C system design-basis information, a system description, a system

performance analysis, and a conclusion about the suitability of the system to ‘
perform its function as specified in Section 7.2.
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REGULATORY GUIDE

OFFICE OF NUCLEAR REGULATORY RESEARCH

Revislon 1

REGULATORY GUIDE 1.152
{Draft was issued as DG-1039)

CRITERIA FOR DIGITAL COMPUTERS IN
SAFETY SYSTEMS OF NUCLEAR POWER PLANTS

A. INTRODUCTION

Criterion 21, “Protection System Reliability and
Testability,” of Appendix A, “General Design Criteria
for Nuclear Power Plants,” in 10 CFR Part 50, “Do-
mestic Licensing of Production and Utilization Facili-
ties,” requires, among other things, that protection sys-
tems be designed for high functional reliability com-
mensurate with the safety functions to be performed.
Criterion 111, “Design Control,” of Appendix B,
“Quality Assurance Criteria for Nuclear Power Plants
and Fuel Reprocessing Plants,” of 10 CFR Part 50 re-
quires, among other things, that quality standards be
specified and that design control measures be provided
for verifying or checking the adequacy of design.

This regulatory guide describes a method accept-
able to the NRC staff for complying with the Commis-
sion’s regulations for promoting high functional reli-
ability and design quality for the use of digital comput-
ers in safety systems of nuclear power plants. The term
“computer” is a system that includes computer hard-
ware, software, firmware, and interfaces.

The Advisory Committee on Reactor Safeguards
has been consulted concerning this guide and has con-
curred in the regulatory position.

Any information collection activities mentioned in
this regulatory guide are contained as requirements in
10 CFR Pan 50, which provides the regulatory basis

for this guide. The information collection requirements
in 10 CFR Part 50 have been approved by the Office of
Management and Budget, Approval No, 3150-0011.

B. DISCUSSION

Instrumentation and Control (1&C) systems that
use digital computers in safety systems make extensive
use of advanced technology, i.e., equipment and de-
sign practices that are expected to be significantly and
functionally different from current designs. These de-
signs include, but are not limited to, the use of micro-
processors, digital systems and displays, fiber optics,
multiplexing, and different isolation techniques to
achieve the needed independence and redundancy.

IEEE Std 7-4.3.2-1993, “Standard Criteria for
Digital Computers in Safety Systems of Nuclear Power
Generating Statiuns, " ! was jointly prepared by the Nu-
clear Power Engineering Committee of the Institute of
Electrical and Electronics Engineers (IEEE) and the
Nuclear Power Plant Standards Committee of the
American Nuclear Society (ANS). The NRC staff has
worked with IEEE and ANS in developing IEEE
Std 7-4.3.2-1993 to ensure that the guidance pro-
vided by the consensus standard is consistent with the
Commission’s regulations. IEEE Std 7-4.3.2-1995

'IEEE publications may be purchased from the IEEE Service
Center, 445 Hoes Lane, Piscataway, NJ 08854,
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has evolved from ANSVIEEE-ANS-7-4.3.2-1982,
* Applications Criteria for Programmable Digial Com-
puter Systems in &1y Systems of Nuclear Power
Generating Station: I” S1d 7-4.3.2-1993 is & sig-
nificant improvemen: « its 1982 version. The 1993
version was approved by the IEEE Standards Board on
September 15, 1993. This standard identifies guide-
lines for digital computers (including hardware, soft-
ware, firmware, and interfaces) to supplement 1EEE
Std 603-1991, “Standard Criteria for Safety Systems
for Nuclear Power Generating Stations.”! The NRC
staff recognizes that development processes for com-
puter systems continue to evolve.

Digital 1&C systems share data transmissions,
functions, and process equipment to a greater degree
than analog systems. Although this sharing forms the
bases for many of the advantages of digital systems, it
also raises a key concern with respect to its vulnerabil-
ity to a different type of failure. The concern is that a
design using shared data bases and process equipment
has the potential to propagate a common cause failure
of redundant equipment. Another concern is that soft-
ware programming errors can defeat the redundancy
achieved by the hardware architectural structure. Be-
cause of these concerns, the NRC staff has placed sig-
nificant emphasis on defense-in-depth against propa-
gation of common cause failures within and between
functions

The principle of defense-in-depth is to provide
several levels or echelons of defense to challenges to
plant safety, such that failures in equipment and hu-
man errors will not result in an undue threat to public
safety. A detailed defense-in-depth study and failure
mode and effect analysis or an analysis of abnormal
conditions or events should be made to address com-
mon cause failures. The Commission's position for
providing defense against common cause failures in
digital 1&C systems for future light-water reactors is giv-
en in the Staff Requirements Memorandum of
July 21, 1993, on SECY-93-087, *Policy, Technical,
and Licensing Issues Pertaining to Evolutionary and
Advanced Light-Water Reactor (ALWR) Designs”?
(specifically in point 18: Il Q, “Defense Against
Common-Mode Failures in Digital Instrumentation
and Control Systems”).

Section 5.15, “Reliability,” of IEEE Std
7-4.3.2-1993 states, “When qualitative or quantiia-
tive reliability goals are required, the proof of meeting
the goals shall include software used with the hard-
ware.” The staff does not endorse the concept of
quantitative reliebility goals as a sole means of meeting

iCopies are available cor inspection or cogm for a fee from the
NRC Public Docr .oent Room a1 2120 L Sireet NW., Washing-
ton, DC; the P& 's mailing address is Mail Stop LL-6, Wash-
mog.ubc 40555, telephone (202) 634-3273; fax (202)
~3343.

the Commission's regulations for reliability of the digi-
tal computers used in safety systems. The NRC staff's
acceptance of the reliability of the computer system is
based on deterministic criteria for both the hardware
and software rather than on quantitative reliability
goals.

Software failures that are not the consequence of
hardware failures are caused by design errors and,
therefore, do not follow the random failure behavior
used for hardware reliability. The NRC staff believes
that quantitative reliability determination, using a com-
bination of analysis, testing, and operating experience,
provides information regarding the safety importance
of the computer system and also provides an added
level of confidence in its reliable performance. If
quantitative software reliability goals are used, the staff
believes that the amount of testing of the safety system
instrumentation and control equipment will increase.
The statf recognizes that the commercial dedication of
“commercially” available digital systems in nuclear
applications relies a great deal on quantitative methods
because of the operating experience data (such as
number of hours of successful operation) accumulated
over the years. The staff does not intend to preclude
operating experience data from the justification of a
successful commercial dedication.

Section 6, “Sense and Command Features—
Functional and Design Requirements,” of IEEE Std
7-4.3.2-1993 indicates that no requirements beyond
IEEE Std 603-1991 are necessary. IEEE Std
603-1991 specifies the need to ensure acceptable re-
sponse time for the instrumentation and control system
in order to accomplish necessary safety functions.
Consideration of the sampling rate of plant variables is
an important aspect of the design of a digital system
when satisfying this criterion.

IEEE Std 7-4.3.2-1993 includes 8 annexes. This
standard states that these informative annexes are not
part of IEEE Std 7-4.3.2-1993. The NRC staff be-
lieves these annexes contain information that may be
useful. However, the information in these annexes
should rot be viewed as the only possible solution or
method. Since a consensus has not been reached in
the nuclear industry, these annexes are not endorsed
by the NRC staff.

C. REGULATORY POSITION

Conformance with the requirements of IEEE Std
7-4.3.2-1993, “Standard Criteria for Digital Comput-
ers in Safety Systems of Nuclear Power Generating Sta-
tions, " with the exception of relying solely on quantita-
tive reliability goals (Section 5.15), is a method accept-
able to the NRC staff for sausfying the Commission’s
regulations with respect to high functional reliability
and design quality requirements for computers used as
components of a safety system.
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Section 2 of IEEE $id 7-4.3.2- 1993 references
several industry codes and standards. If a referenced
standard has been separately incorporated into the
Commission's regulations, licensees and applicants
must comply with the standard as set forth in the regu-
lation. If the referenced standard ha: been endorsed
by the NRC staff in a regulatory guide, the standard
constitutes an acceptable method of meeting a regula-
tory requirement as described in the regulatory guide.
If a referenced standard has been neither incorporated
into the Commission's regulations nor endorsed in a
regulatory guia. licensees and applicants may consid-
er and use the iniormation in the referenced standard
if appropriately justiiied, consistent with current regu-
latory practice.

D. IMPLEMENTATION

The purpose of this section is to provide informa-
tion to applicants and licensees regarding the NRC
staff's plans for using this guide.

Except in thoge cases in which an applicant or li-
censee proposes an acceptable alternative method for
complying with specified portions of the Commission’s
regulations, the methods described in this guide will be
used in the evaluation of submittais in connection with
applications for construction permits and operating li-
censes. It will also be used (o evaluate submittals from
operating reactor licensees that propose system modifi-
cations voluntarily initiated by the licensee if there is 2
clear nexus between the proposed modifications and
this guidance.

VALUE/IMPACT STATEMENT

A drafi Value/Impact Statement was published with the draft of this guide,
Task DG-1039, when it was published for public comment in May 1995. No
substantive changes were necessary, but a few editorial changes were made for
clarity and consistency. ~ copy of the revised Value/Impact Statement for Revi-
sion 1 of Regulatory Guide 1.152 is available for inspection or copying for a fee
from the NRC Public Document Room at 2120 L Street NW., Washington, DC;
the PDR's mailing address is Mail Stop LL-6, Washington, DC 20555; telephone

(202)634-3273; fax (202)634-3343.
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4 %, UNITED STATES

H o NUCLEAR REGULATORY COMMISSION
; ] " !l WASHINGTON, D. C 20555
: &

October &4, 1990

. Docket No. 50-89

Dr. Keith A, Asmussen, Manager
Licensing, Safety and Nuclear Compliance
General Atomics

10955 John Jay Hopkins Drive

San Diego, California 92121-1194

Dear Dr. Asmussen:

SUBJECT: ISSUANCE OF AMENDMENT NO. 29 TO FACILITY OPERATING LICENSE
NO. R-38 - General Atomics

The Commission has issued the enclosed Amendment No. "9 tr 7aciiity Operating
License No. R-38 for the General Atomics TRIGA Mark i resiarch reactor. The

amendment consists of changes to the Technical Spec fications in response to

your submittal dated July 19, 1990,

The amendiment approves the fnstallation of a microprocessor based instrumenta-
tion and control syste«. The Technical Specificatiuns are amended to reflect
the new system,

A copy of the related Safetry Evaluation supporting Amendment No. 29 1s enclosed.

Sincerely,

-m 'm.\ﬂ‘-‘ﬂ‘/‘“"%

Marvin M. Mendonca, Senfor Project Manager
Non-Power Reactor, Decommissioning and
Environmental Project Directorate
Division of Reactor Projects - III,
I¥, V and Special Projects
0ffice of Nuclear Reactor Regulation

Enclosures:
1. Amendment No. 29
2. Safety Cvaluation

cc w/enclosures:
See next page



UNITED STATES
NUCLEAR REGULATORY COMMISSION
WASHINGTON, O. C. 20686

GENERAL ATOMICS
DOCKET NO. 50-89
AMENDMENT TO FACILITY O/ERATING LICENSE

Amendment No. 29
License No, R-38

The Nuclear Regulatory Commission (the Commission) has found that:

A.

D.

The application for amendment to Facility Operating License No. R-38
filed by General Atomics (the Vicensee), dated July 15, 1990, complies
with the standards and requirements of the Atomic Energy Act of 1954,
as amended (the Act), and the Commission's regulations as set forth in
10 CFR Chapter I;

The facility will operate in conformity with the application, the
provisiuns of the Act, and the regulations of the Commission;

There 1s reasonable assurance: (1) that the activities authorized
by this amendnent can be conducted without endangering the health
and safety of the public, and (11) that such activities will be
conducted ir compliance with the Commission's regulations set forth
in 10 CFKk Chapter I;

The 1ssuance of this amendment will not be inimical to the common
defense and security or to the health and safety of the public;

The issuance of this amendment 1s in accordance with 10 CFR Part 51
of the Commission's regulations and all applicable requirements have
been satisfied; and

Prior notice of this amendment was not required by 10 CFR 2.105(a)(4)
and publication of notice for this amendment is not required by
10 CFR 2.106(a)(2).



@
¢. Accordingly, the license is amended by changes to the Technical
Specifications as indicated in the enclosure to this l1icense amendment,

:n?‘paragrcph 2.C.(2) of License No. R-38 s hereby amended to read as
ollows:

(2) Technical Specifications

The Technical Specifications contained in Appendix A, as revised
through Amendment No. 29, are hereby incorporated in the license.
The 1icensee shall operate the facility in accordance with the
Technical Specifications.

3.  This license amendment 15 effective a¢ of 1ts date of fssuance.

FOk THE NUCLEAR REGULATORY COMMISSION

£l

Seymour K. Weiss, Director

Non-Power Reactor, Decossissioninc arnd
Environmental Project Directcrate

Division of Reactor Projects ~ III,
IV, V an¢ Special Projects

0ffice of Nuclear Keactor Regulation

Enclosure: .

Appendix A Technical
Specitications Chenges

Date of Issuance: October 4, 1990



ENCLOSURE TO LICENSE AMENDMENT NO. 29
FACILITY OPERATING LICENSE MO, R-38
DOCKET NO. 50-89

Replace the following page of the Appendix A Technical Specifications with
the attached pages. The r-visad pages are identified by amendment number and

contain vertical 1ines ind: .ing the areas of change.
Remove Insert
16 16

17



8. A swrmary of radistion exposures received by
facility personnel and visitors, including the dates

and time of significant exposure, and & brief sum-
mary of the results of radistion and contamination

surveys performed within the facility.

16 Anendnent No. 29




Originating Mode In Which
Channe ] Set Point Effective
ss Pulse
1. Power level (1) 275 KW or lower X
(2 independent channels)
2. Fuel Element Terperature As specified in Section 7.4 b )
{2 independent channels) or lower
3. Conscle Scram Manual ¥ X
4. Facility Power Supply Supply Failure X x
5. Magne: Current Key Switch Manual X X
6. Watchdog ‘rimr‘z) Software Failure X X
() of the minimum required two independent channels, no more than one channel
shall utilize digital processing of power detector signals.
(2) These scrams are only applicable when computers are utilized to perform
reactor contrel functions.
TARLE 11
MINIMM INTERLOCKS
Mode 1n Which
Action Prevented Effective
33 Pulse
1. W.ithdrawal of more than one standard rod X
2. Withdrawal of any stardard rod X
4. Application of air to transier. rod unless its movable b

Ccylinder is fully down

17 Amendment No. 29
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SAFETY EVALUATION BY THE OFFICE OF WUCLEAR REACTOR REGULATION
SUPPORTING AMENDMENT NO. 29 TO
FACILITY OPERATING LICENSE NO. R-38
GENERAL ATOMICS
DOCKET NO. 50-89

1.0 INTRODUCTION

General Atomics (GA) has determined that due to the obsolescence and progressive
deterforation of their control console, & new reactor instrumentation and contro)
system {s needed to maintain relfable operations. In December 1988, GA published
their safety analysis of the new reactor instrumentation and control system. In
this report GA concluded that the new system was an allowable change under

10 CFR 50.59. 10 CFR 50.59 permits licensees to make changes in th: facility as
described in the safety analysis report without prior Commission approval unless
the proposed change, test, or experiment involves a change in the Technical
Specifications incorporated in the license or an unreviewed safety question.

*A proposed change, test, or experiment shall be deemed to involve an unreviewed
safety question ?1’ if the probability of occurrence or the consequences of an
saccident or maifunction of equipment important to safety previously evaluated in
the safety analysis report may be increased; or (11) 1f a possibility for an
accident or melfunction of & different type than any evaluated previously in the
safety analysis report may be created; or (111) 1f the margin of safety as defined
in the basis for any technical specification 1s reduced.*

The staff concluded from 1ts review of the GA safety analysis report that

NRC review and approval of the replacement computerized control system was
required, since (1) the installation of the new reactor instrumentation and

control system did present an unreviewed safety question becsuse of the possibility
of an accident or malfunction of a different type than any evaluated previously

and (2) changes to the Technical Specifications wers required.

Pursuant to 10 CFR 50.90, the licensee submitted by letter dated July 18,
1990, & request to amend Appendix A of Facility Operating License No. R-38,
*Technical Specifications for the Torrey Pines TRIGA Reactor.* The licensee's
submittal of July 19, 1990 included the December 1988 safety analysis. The
requested amendment would (1) allow installation of the micro-processor based
fnstrument and control system, (2) add the watchdog (software faflure) scram
to Table 1 of the Technical Specificetions, "Minimum Reactor S=fety “ystem
Scrams®, and (3) add & requirement that no more than one of the required

two independent power level scram channels in Table 1 be a digital scram
channel,

The licensee has installed, in parallel to their existing control console, the
. new digital micreprocessor based instrumentation and contro) system. The
transfer of control from the old to the new system (including scram) was via 2



-2 -

series of gradua) steps accompanied by tests which demonstrated the relfability
of the new equipment while maintaining the proven performence of the existin
control system. Upon completion of al) testing (described later in this SER),
the new console wes used to control {except for the hardwired trip functions)
both the sefety and nonsafety aspects of operation of the TRIGA reactor and

the old analog console was aisconnected. The new console replaced the old
analog console in the control room. The primary functions of the new system
remained the same 2s the old system: to monftor critical parameters and
provide 2 scram signal when needed, to provide information to the operator and
to Zruvide control for the pulse and steady-state modes of operation.

2.0 HAKDWARE AND SYSTEMS ASSESSMENT

This portion of the review focused on the areas of potential vulnerability or
susceptitility of the new contrgl console which might compromise fts ability
to present accurate informatfon to the operator and to provide scram signals
when required. Aho essessment was made of the relfability of the nonsafety-
reletea controls. Issues investigated included single failure, environmental
cvelification, sefsmic qualificetion, surge withstand capability (SNWC)
electromegnetic interference (EM]), failure modes and effects, re110b1i1ty.
error detection, and independence.

The primary review criterfa for instrument end control systems for research
reactors are presented in ANSI/ANS 15,15 (1978) “Criterfa for the Reactor Safety
Systems of Research Reactors.” The staff performed this evaluation also using
criterfa which apply to currert vintage nuclear power plants. However, due to
the inherent reactivity irsertion sefety feature of the TRIGA reactor design and
minimal decay hect generation that reduce the probability of fuel damage to a
minimum; the staff hes concluded that these power plant criteria may serve as
guidelines and that strict adherence to the power plant criteriz 1s generally not
warranted. The exceptions are noted in the appropriate sections below.

During the review, the licensee described the new system including licensing,
engineering, testing and training aspects. The staff also had benefit of
meterial from the U.S. Afr Force, the University of Texas at Austin and the
consvle owners group, as well as an independent safety review performed by
ORI, Inc. which coociud&d that the system was acceptable. The system for
GA's Mark 1 reactor 1s & similar system to that reviewed and approved in the
*Issuance of Amendment No. 19 tc Facility Operating License No. R-B4 - Armed
Forces Radfobiology Research Institute® (AFRRI).

Similar to AFRRI, the GA Safety System Scram Circuit consists of two analog
nuclear power monitor channels (NP-1000, and NPP-1000) and two fuel temperature
chennels which are hardwired, Different from AFRRI, the NM-1000 microprocessor
based nuclear power channel that monitors reactor power is wired tu the scram
circuit and provides input to rod block. Also, wired into the scram circuit
et GA are contacts for manual scram, fac111t( power supply failure scraw, key
switch screr, and watchdog (software failure) scram. Further, although not
required by Technical Specificetions, there are scram features on (1) detector
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high voltage failure on any one power channel, (2) loss of ac power to the
Instrumentation and Control System due to earthquake switch trip, (3) externally
generated conditions, and (4) reactor power reaching 1100 MW during & pulse.

2.1 Environmental and Seismic Qualification

The new control system 1s fnstalled in the cuntrol room and the reactor hall,
The staff considers the reactor hall to be a mild environment when compared to
power plant requirements and therefore the entire system can be considered to
be in & mild environment., The system has been constructed in standard
commercial enclosures suitable for & mild environment. The testing and
operations, to date, have not revealed any problems related to temperature

or humidity. The new system should not be unduly susceptible to temperature
or humidity problems and 1s therefore acceptable tc the staff.

Though there have been no requirements promulgated for seismic qualification
testing of research reactor contro) equipment, the staff considered the
equipment to determine general ruggedness. The licensee indicated that the
equipnent is mounted in a commercial quality fashion which should prevent any
significant movement of components within *he cunsole and racks. In this
TRIGA reactor, an incovertent scram does wot present o sionificant challenge
to reactor safety systems because & screm consists of the removal of current
to the control rod magnets allowing the cortrol rods to drop into the core by
gravity; erd no other equipment s required ¢ meintain the reactor in a safe
shutdown condition. The primery concern remaining would be relay contact
chatter which could prevent & scram when required. The safety system scram
circufts for this system are designed tu scram on failure (which includes
contzct chatter) and therefore the staff concludes thit any further testing is
not warranted and the system is acceptable.

2.2 Electromagnetic Interference (EMI)

The staff reviewed the susceptibility of the new equipment to EMI due to the
potertial for common mode irnterference which could disable more than one

syster at & time. As discussed earlier, due to the design characteristics of
the TRIGA reactor, an inadvertent scram does not present 2 significant challenge
to safety systems, though it might cause operatiovnal difficulties such as
disrupting an experiment.

Industrial-type isolators are generally used which prevent conducted EMI from
being transmitted between the control and safety mechanisms, The neutron flux
signal cabling 1s shielded to reduce the impact of radiated EMI. Previous
experience with similar equipment provided by several diff_rent vendors at
other facilities has indicated that 1f EM] causes any perturbance in the
system 1t will most Tikely ceuse a scram, which as previously discussed 1s not
& safety concern. Based on the above, the staff concludes that EMI should not
prevent & scram when required and the design is therefore acceptable.

2.3 Power Supplies

The power supplies for the system are buffered to reduce the possibie impact
of minor power 1ine fluctuetions. The scram circuits for the new system are
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designed to scram when power is lost to them, The NP-1000 and NPP-1000 are
analog devices and will respond to power fluctuations similar to the existing
analog equipment. The digital NM-1000 nuclear power channel uses a battery
backed-up random sccess memory (RAM) to store constant data during loss of
power. In addition to self-diagnostics, the NM-1000 has & watchdog timer
circuit which puts the NM-1000 in a tripped condition and scrams the reactor if
power fluctuations prevent proper software operation. As described in the
NM-1000 Software Functiona) Specification and Software Verification Program
(March 1989), the NM-1000 1s also tested to verify that the system returns to
p;?pcr operation following restoration of power. The staff finds this accept-
able.

2.4 Fallure Modes and Effects

The December 1988 safety analysis included Scram Circuit Safety Analysis performed
by the University of Texas at Austin. This study identified the various ways in
which the reactor safety system could fail. These include:

1) Physical System Failure (wire breaks, shorts, ground fault circuits)
2) Limiting Safety System Setting Failure (failure to detect)

3) System Operable Failure (loss of monitoring)

4) Computer/Manual Control Failure (automatic and manual scram).

This study was based on a fault tree approach which predicted failure to scram
for varfous failure modes. The study concluded that a faflure of all safety
systems and therefore failure to scram was extremely unlikely. Failures
attributable to the unigue failure modes of the software of the NM-1000 were
considered. The staff concludes that the failure modes and effects of

the new system were acceptably addressed.

2.5 Independence, Redundancy and Diversity

The steff reviewed the data 1ink between the safety channels and the nonsafety
systems. The safety channels provide direct hard-wired scram inputs and are
2150 hardwired directly to independent indicators on the control console.

The operators are provided with information from both the analog NP-1000 and
NPP-1000 power monitors and the digite]l NM-1000 monitor. The information is
displayed on both direct wired bar graphs and on & graphic CRT. In addition,
the safety channels provide fnputs to the Non-Class 1E Data Acquisition
Computer (DAC) through fsolators. The isolators used have not been tested

for maximum credible faults which the staff requires for power plant use,

but have been tested by the manufacturer to standard commercial criteria.

The DAC is then connected via redundant high speed serfal data trunks to the
Non-Class 1E Control System Computer (CSC) which interfaces with the operator
by controls, a keyboard and CRT displays. Since the CSC does communicate with
the safety channels, this aspect of the system would not meet the independence
requirements of a power plant, but the staff concluded it was not necessary
for the current application at GA.

Further, the scram circuit is essentially unchanged in that it maintains the
fail safe design using the same automatic and manual contacts which open to
remove power to the control rod magnets. For the GA facility, redundant fuel
temperature inputs are provided to the scram circuit. Redundant power level
inputs (NP-1000, NPP-1000) to the scram circuit are also provided.
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This system has also added the computer watchdog scram and the digital
NM-1000 scram. At GA, in additfon to the NM-1000 being wired to the scram
circuit, it provides inputs to the rod withdrawal prevent interlock system.
The use of both analog and digital neutron monitoring, and the watchdog scram
function provides additiona) diversity and redundancy to the scram system.
The system as installed meets most of the requirements of IEEE-279-1971
*Criteria for Protection Systems for Nuclear Power Generating Stations® and
1EEE 379-1977 "Application of the Sirgle-Failure Criteria to Nuclear Power
Generating Statfon Class 1E Systems.”

The staff has concluded that the level of independence, redundancy and diversity
which has been maintained is acceptable for the GA TRIGA reactor.

2.6 Testing and Operating History

Extensive testing of the new system has been wone by both GA and AFFRI., A
significant number of design changes took place during the testing and
phase-in of the new system. The staff has reviewed the problems discovered
during testing of the system and has concluded that the resclutions appear
acceptable. The staff also agrees with the licensee that long-term
operability and safety is enhanced due to installation of equipment which
has spare parts readily available. An additional improvement is the self
diagnostics feature which allows continuous on-line testing and reduces the
possibility of undetected fafilures.

3.0 SOFTWARE ASSESSMENT

3.1 Criteria

The staff requires an approved verification and validation (V&V) plan for
software which performs a safety function or provides information to the opera-
tor. At GA, the NM-1000 provides inputs to the scram circuit and the rod
withdrawal prevent interlock system block function. The NM-1000 software
development was reviewed by the staff to determine the acceptability of the
VAY plan. The staff compared the General Atomics VAV plan to Regulatory

Guide 1.152 "Criteria for Programmable Digital Computer Software in Safety-
Related Systems at Nuclear Power Plants® which endorses ANSI.IEEE 7-4.3.2 -
1982 “Application Criteria for Programmable Digital Computer Systems in Safety
Systems of Nuclear Power Generating Statfons.” The staff has concluded that
this standard is appropriate for use in reviewing research reactor software.

3.2 Verification and Validation Plan

The staff audited the verification and validation documentation provided by
Genera)l Atomics. For the installatfon at the GA TRIGA the NM-1000 is wired
directly into the scram circuit, and therefore requires highly relfable
software to perform 1ts safety function when required. The assessment of the
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N¥-1000 software built by General Atomics 1s an assessment of the methodology
and procedures used to develop the software. The process is evaluated by
reviewing the verification and validetion trail through the development
process., ,

Verification and validation (VBY) are two separate but related activities

that follow the development of software. Verification determines whether the
requirements of one phase of the development cycle have been consistently,
correctly, and completely transformed (fulfill the requirements) to the
subsequent phase of the cycle. Validetion 1s the testing of the final product
tc ensure that performance conforms to the requirements of the initial specifi-
cation. The need for VLV arose because software is very complex, and prone to
humen errors of omissfion, commissiorn and interpretation. VAV provides fur an
independent verifier to work in parellel with, but independent of, the develop-
mert team to ersure that human errors do not hinder the production of safety
software that s relisble and testable.

In executing VBV, certain principles have proven over time to be very effective
i software programs:

Well defined systems requirements expressed in a well written document.
Developrent methodulogy to guide the production of software.
Comprehensive testing procedures.

Independence of the VLV team froum the develcpment organization.

These principles can serve 2s a comprehensive reference base for applying the
epplicable criteria for software evaluations of Class IF safety systems, and
were used as guidance in the following review areas.

3.3 Independence

F key ingredient in an effective verification process 1s the independence of
the verifier. For the NM-1000 the original software was developed by Sorrento
Electronics. After General Atonics obtained the rights tc market the NM-1000
for research reactors, & software consultant was used to modify the software.
After meny changes had been made another cortractor was brought in. Each
contractor in turn assured an sdditional levcl of independent review from the
orfiginal design. Though the requirements imply a concurrent review the staff
finds that the verification has been sufficiently fndependent and is therefore
acceptable for research reactors.

3.4 Validatior Testing

The validation testing must be done by a team that did not participate in the
design or implementation of the software product. General Atomics used the
Neutron Monitoring System Acceptance Test Procedure as pari of the validation
testing. In addition the staff reviewed substantial additional validation
testing which has been performed &t the AFRR] fecility. The staff did note 2
functional description of unknown date which included samples of the computer
code. Though the people involved in development knew the specivic furctions
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which the MM-1000 was to perform these had never been written down, which allows
substantial possibilities for omission when preparing test procedures. Upor
request from the staff, General Atomics provided the functional specification
E117-1001 (March 1989) which 1ists in detai] the functions perform ¢ by the
NM-1000. Included in this specification was & cross reference where the

vendor verified that each specific functional requirement had been tested.

The staff finds that this testing and verification is ecceptable.

3.5 Discrepancy Resolution

A key element in any verificatfon and validation effort 1s the process by
which discrepancies uncovered during development are recorded, identified,
resolved and corrected. The resolution of a discrepancy must be reflected in
211 applicable documents (e.g., source code, the software design specification,
the software requirements, and the original systems specification). The staff
reviewed discrepancies and other comments providec to General Atomics by the
Console Owners Group and found that the process and resolution were documented
and appeared adequate. When discrepancies resulted in code modification, 2
description of the changes ana it's reason was added to the code annotation.
The staff finds the discrepancy resolution methods by General Atomics to be
acceptable.

3.6 Design Approach

The griaary. softwere specification provides the foundation for not only sound
geve lopment, but also for effective verification and validation activities.

The individual requirements in the specification for any software system
describe how the software is to behave in any circumstance. The specificztion
must be reliable and testable. A reliable specification exhibits the following
characteristics:

Correct - Each requirement of the safety function has been stated correctly.
Complete - A1l of the requirements for the safety function are included.
Consistent - The requirements are complementary and do not contradict each
other.

- Feasible - The requirements can be satisfied with available technology.

- Maintainability - The requirements will be satisfied for the lifetime of

the equipment,
- Accurecy - The requirements include the acceptable bounds of operation.

The steff reviewed the design approach with General Atomics. The documentation
was found to be lacking in several areas with the most significant being the
leck of a functional requirements specificatfon which GA has since prepared.
Documentation of the early development was sketchy which was attributed
partially to the transfer of the product without including 211 of the backup
information. The documentation of recent changes has improved significantly.
Though the staff finds that the design approach for the NM-1000 since inception
has been erratic, the recent, development work appears to be {mproved in struc-
ture and countrol,



3.7 Software Evaluation

The software development plan for the NM-1000 appears to the staff to be a
very specific design goal oriented development, where the application and
basic hardware and software requirements were known by the designers; however,
there was no step by step plan developed. The failure to have 2 step by step
plan such as described 1n ANSI/IEEE 7-4.3.2 - 1982 resulted in the need for
General Atomics to retrofit the functional requirements document and verify
that each requirement had been tested. To meet this requirement GA developed
the NM-1000 software verification program (E117-1002 March 1989). The staff
8150 reviewed working copies of the NM-1000 design fnpu. which demonstrates
that the functional requirements are currently well understood by the design

team and concludes that the software should perforw its intended safety
function as required.

The staffs review indicated that GA could benefit through the development of a
corporate software development plan that can be applied to any future Class 1
software prior to starting design. The plan could include a description of
the development phases in sufficient detai)l so that the verification and
validation efforts can be initiated at the beginning of aiy design effort.

The plan could also contain a taxonomy of documentation, and reviews which
demark the injection points for verification and validation activities. A
corporate software development plan for Class 1E systems could prove to be
effective in the development of reliable software consistent with the intent of
ANSI/IEEE-ANS-7-4.3.2 - 1982.

3.8 Operator Task Analysis ‘
In reviewing the documents it became apparent that there was not a formal

task analysis to support the design of the operator interface. The initial

specifications and descriptions were vague. After the equipment and software

were substantially designed, the functional requirements and working leve)

descriptions did include the operator task requirements. A task analysis

prior to development would probably have minimized the software fterative

process and therefore provided less opportunities for error. The staff

concluded that through the VAV process the requirements have been specified,

end incorporated in the design. Therefore, the V&Y plan s acceptable.

4.0 TECHNICAL SPECIFICATIONS

As previously discussed, the presentation of correct, timely information

to the reactor operator contributes to the safe operation of the reaclor.

The scram circuit at GA will include watchdog timer contacts which will
provide a scram upon software failure. Therefore to assure the presentation
of timely, correct information to operators or the proper safety system scram,
the watchdog scram fnputs are added to Table I, Minimum Reactor Safety System
Scrams of the Technical Specifications. Additionally to assure acceptable
diversity of the new system, Table 1 has been amended to specify that of the
minimum required two independent power level channels, no more than one
channel shall use digita) processing of power detector signals,




5.0 ENVIRONMENTAL CONSIDERATION

This amendment fnvoives changes in a requirement with respect to the installation
or use of facility components located within the restricted ares &s defined in

10 CFR Part 20. The staff has determined that the amendment fnvolves no
significant ‘ncrease in the amounts, and no significant change in the types, of
any effluents that may be released offsite, and there 1s no significant increase
in individual or cumulative occupational radiation exposure. Accordingly, this
amendment meets the eligibility criteria for categorical exclusfon set forth in
10 CFR 51.22(c)(9). Pursuant to 10 CFR 51.22(b), no environmental fmpact
statement or environmental assessment need be prepared in connection with the
{ssuance of this amendment,

6.0 CONCLUSION

The staff concludes that the hardware design of the new General Atomics

console is acceptable for use in the GA TRIGA reactor. The Software design in
the CSC, DAC and NM-1000 will not prevent the safety functions of the hardwired
scram circuit from performing and 1s therefore acceptable. The technical
specifications are amended to include the watchdog scram inputs and maximum
use of digital power measurement channels.

The staff has also concluded, based on the considerations discussed above, that:
(1) because the amendment does not involve a significant increase in the
probability or consequences of accidents previously evaluated, or create the
possibility of 2 new or different kind of accident from any accident previously
evaluated, and does not involve a significant reduction in a margin of safety,
the amendment does not involve a significant hazards consideration, (2) there
is reasonable assurance that the health and safety of the public will not be
endangered by the proposed activities, and (3) such activities will be conducted
in compliance with the Commission's regulations and the issuance of this
amendment will not be inimical to the common defense and security or the

health and safety of the public.

Principal Contributor: James C. Stewart

Dated: October 4, 1990
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UNITED STATES
NUCLEAR REGULATORY COMMISSION
WASHINGTON, D.C. 20886

Docket No. 50-5
August 6, 1991

Dr. Charles L. Hosler

Yice President for Research and
Dear; of the Graduate Schoo)

Pennsy lvanfa State University

207 01d Main Building

University Park, Pennsylvania 16802

Dear Dr. Hosler:

SUBJECT: ISSUANCE OF AMENDMENT NO. 30 TC FACILITY OPERATING LICENSE NO, R-2 -
PENN STATE BREAZEALE REACTOR

The Commission has issued the enclosed Amendment No. 30 to Facility Operating
License No. R-2 for the Penn State Breazeale Reactor. The amendment consists
of changes to the Technical Specifications in response to your submittal of
April 19, 1991 as supplemented on July 8, 1991.

The amendment approves the installation of a new reactor instrumentation and
control console system. The Technfcal Specifications are amended to reflect

this change.
A copy of the related Safety Evaluation supporting Amendment No. 30 is enclosed.

Sincerely,

w\ .\\\~___‘.{,\,, _—

Marvin M, Mendonca, Senior Project Manager
Non-Power Reactors, Decommissioning and
Environmental Project Directorate
Division of Advanced Reactors
and Special Projects
Office of Nuclear Reactor Regulation

Enclosures:
1. Amendment No. 30
2. Safety Evaluation

cc w/enclosures:
See next page



UNITED STATES
NUCLEAR REGULATORY COMMISSION
WASHINGTON. D C. 20685

PENNSYLVANIA STATE UNIVERSITY
DOCKET NO. 50-5
AMENDMENT TO FACILITY OPERATING LICENSE

Amendment No. 30
License No. R-2

1. The U.S. Nuclear Regulatory Commission (the Commission) has found that:

A. The application for amendment filed by the Pennsylvania State
University (the licensee), dated April 19, 1991 as supplemented on
July 8, 1991, complies with the standards and requirements of the
Atomic Energy Act of 1954, as amended (the Act), and the Commission's
rules and regulations as set forth in 10 CFR Chapter I;

E. The facility will operate in conformity with the application,
the provisions of the Act, and the rules and regulations of the
Commission;

C. There is reasonable assurance: (i) that the activities authorized
by this amendment can be conducted without endangering the health
and safety of the public, and (1i) that such activities will be
conducted in compliance with the Commission's regulations;

D. The issuance of this amendment will not be inimical to the common
defense and security or to the health and safety of the public;

E. The issuance of this amendment is in accordance with 10 CFR Part 51
of the Commission's regulations and all applicable requirements have
been satisfied; and

~

F. Prior notice of this amendment was not required by 10 CFR 2.105(a)(4)
and publication of notice for this amendment is not required by
10 CFR 2.106(a)(2).
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2. Accordingly, the license is amended by changes to the Technical
specifications as indicated in the enclosure to this license amendment,
and paragraph 2.C.(2) of License No. R-2 is hereby amended to read as
follows:

(2) Technical Specifications

The Technical Specifications contained in Appendix A, as revised
through Amendment Mo, 30, are hereby incorporated in the license.
The licensee shall operate the faciliity in accordance with the
Technical Specifications,

3. This license amendment is effective as of August 11, 1991,
FOR THE NUCLEAR REGULATORY COMMISSION

Detecd F Ay,

Seymour H., Weiss, Director

Non-Power Reactors, Decommissioning and
Environmental Project Directorate

Division of Advanced Reactors and
Special Projects

Cffice of Nuclear Reactor Regulation

Enclosure: .
Appendix A Technical

Specifications Changes

Date of Issuance:



ENCLOSURE TO LICENSE AMENDMENT NO. 30

FACILITY OPERATING LICENSE NO. R-2
JOCKET NO. 50-5

Replace the following pages of the Appendix A Technical Specifications with
the attached pages. The revised pages are {dentified by amendment number and
contain & vertical line indicating the area of change.

7 7
14 14
15 15
16 16
17 17
31 31

32 32




reactive rod is in iis most reactive position, and that the reactor will remain
subcritical without further operator action.

1142 SQUARE WAVE OPERATION

Square wave (SW) operation shall mean operation of the reactor with the mode
seiector swilch in the square wave position which allows the operator 1o insert
preselecied reactivity by the ejection of the transient rod, and which results in a
maximum power of 1 MW or less.

1.1.43 TRIGA FUEL ELEMENT

A TRIGA fuel element is & single TRIGA fuel rod of standard type, ekher 8.5 wr% U-
ZrH in stainless steel cladding or 12 wi'% -2+ in stainless steel cladding enriched to
less than 20% uranium-235.

1144  WATCHDOG CIRCUIT

A watchdog circult is a circull consisting of a timer and a relay. The timer energizes
the relay as long 1s it is reset pnor 10 the expiration of the timing interval. If it is not
reset within the timng interval, the relay will de-enerpize thereby causing a SCRAM.

20  SAFETY LIMIT AND LIMITING SAFE [Y SYSTEM SETTING
2.1 SAFETY LIMIT-FUEL ELMENT TEMPERATURE
Axplicability
The safety imit specification applies 1o the maximum temperature in e reactor fuel.
Qbiective

The objective is 1o define the maximum fuel element temperature that can be
permitied with confidence that no damage 1o the fuel element and/or clacding will
resuit.

Spectiications

The temperature in a water<ooled TRIGA fuel element shall not exceed 1150°C
under any operating condition.

Basis

The important parameter for a TRIGA reactor is the fuel element temperature. This
parameter is well sulted as a specification especially since it can be measured at
2 point within the fuel slement. measured fuel temperature is directly related to
the maximum fue! termperature of the region. A 1085 in the integrity of the fuel siement
cladding could arise from a bulid-up of excessive pressure between the fuel-moderator
and the cladding ¥ the maximum fuel temperature exceeds 1150°C. The pressure is
Caused by the presence of air, fission product gases, and hydrogen trom the
dissociation of the hydrogen and zirconium in the fuel-mocierator. The magnitude of
this pressure is determined by the fuel-moderator temperature, the ratio of hydrogen
10 zirconwm in the alloy, and the rate change in the pressure

Arnengment No. 30



3z CONTROL AND SAFETY SYSTEM

321 REACTOR CONTROL BODS
Anprcabiity
This specilication applies 10 the reactor control rods.
Obiect

The objective is 10 assure that sufficien control rods are operable 10 maintain the
reacior subcritical

Specitica
There shall be a minimum of three operable control rods in the reactor core.

Bass

The shutdown margin and excess reactivity sptdlwm require that the reactor can

be made subcriticai with the most reactive control rod . This specification
helps assure

322 MANUAL AND AUTOMATIC CONTROL
Applicability

This specification applies 10 the maximum reactivity insertion rate associated with
movement of a standard control rod out of the core

Opiecti

The objective is 10 assure that adequate control of the reactor can be maintained
during manual and 1, 2, 0/ 3 rod automatic control.

Speciticat

The rate of reactivity insertion associated with movement of elther the reguiating, shim,
or safety control rod shall be not greater than 0.63% Ak/k (~80¢) per second when
averaged nver full rod travel. K the autormatic control uses & combination of more than
one rc 3, the sum of the reactivity of those rods shall be not greater than 0.63% akk
(~80¢) per second when averaged over full travel.

Basis

The ramp accident analysis (refer 10 Safety Evaluation, Chapter IX) indicates that the
safety imit will not be exceeded if the reactivity addition rate is less than $2 50/second.
when averaged over full travel. This specification of $0.90/second, when averagéd
over full travel, is well within that analyss

Amendment No 30
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Amendment No

185

BEACTOR CONTROI SYSTEM
Anoicability

This specification applies 10 the information which must be avaliable 10 the reactor
operalor during reacior operation.

DObiective

The objective is 10 require that sufficient information is available 10 the operator 1o
Bssure sale operation of the reactor.

Soesilicat
The reactor shall not be operated uniess the measuring channels ksted in Table 1 are

operable. (Note that MN, AU, and SW are abbreviations for manual, automatic and
sQuare wave, respectively).

Table 1
Measyring Channels

Min. No Effective Mode
Measynng Channe! Qoerable MNAU Pulse SW

Fuel Element Temperature
Linear Power

Percent Power

Pulse Peak Power

Count Rate

Log Power

Reactor Perod

X

¢ x

B b b A el b e
»

MM MM

Basx

Fuel temperature displayed 8! the controi console gives continuous information on this
parameler which has & speciled salety kmit. The power level moniiors assure that the
reacior power level is adequately moniiored for the manual, aulomalic, square wave
and pulsing modes of operation. The speciications on reactor power level and reacior
perod indications are included in this section 10 provide assurance that the reaclor is
operated at all imes within the imits allowed by these Technical Specifications

30
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Anpiicanility

This specification applies 10 the ‘sacior safety system channels, the interlocks, and the
waichdog circult.

Onjective

The objective is 1o specity the minimum number of reactor safety system channeis and
intenocks that must be operable for safe operation.

324 BEACTOR SAFETY SYSTEM AND INTERLOCKS .

Specification
The reactor shall not be operated uniess all of the channels and interlocks described in
Table 22 and Tabie 2b are operable.
Table 2a
Minimum PSBR Channels
Number Effective Mode
Channe| Qperabie Eunction MNAU Puse SW
Fuel Temperature 1 SCRAM £ 700°C X X X
High Power 2 SCRAM 5 110% of 1 X X
MW
Detector Power Supply 1 SCRAM on failure of b 4 X '
supply voltage
Scram Bar on Console 1 Manual Scram X X X
Preset Timer 1 Transient rod scram 15 X
seconds or less after
puise
Watchdog Circuit 1 SCRAM on software or X X X
self-check failure

Amendment No. 30 .



Source Level!

Log Power

Transiert Rod

Shim, Safety, and
Regulating Rod

SimuRaneous Rod
Withdrawal

1 Movement of any rod X
except transient rod

marual withdrawal of two

power level scrams provide automatic protection 10
down before the safety imit on the fuel element

mmnwmdwrmnlmum«mmbnm In the
evert of failure of the power supply for the safety chambers, operation of the reactor
without adequate instrumentation is prevented. The preset timer insures that the
transient rod will be inserled and the reactor will rermain at low power after . The
watchdog circult will scram the reactor I the software or the seli-checks fail (see Safety
Analysis Report,Chapter Vil, sections H.2.d and |.4)

In the puise mode, movement of any rod except the transient md is prevented by an
interiock. This interiock action prevents the addition of reactivity over that in the
transient rod. The interiock 10 pravert startup of the reactor with less than 2 cps
assures that sufficient neutrons are svailibie for proper stastup in all relevant modes of
operation. The interiock to prevert the intiation of a puise above 1 kW is 1o assure that
the magnitude of the puise will not cause the safety imit to be exceeded. The
imeriock 10 prevent apphiication of air 10 thy transient rod uniess the cylinder is fully
insened is 1o prevent puising the reactor il the manual mode. Simultaneous manual
withdrawal of two rods is prevented 10 assure the reactivity rate of insertion is not
exceeded.

Amename ! No 30
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insertion rates, and the reactivity worth of experiments insered in
the core.

BEACTIVITY INSERTION RATE

Anplicability
This specification applies to control rod movement speed.
Qnjective

The objective is 10 assure that the reactivity addition rate specification is not violated
and that the control rod drives are functioning.

Specitication
The rod drive speed both up and down and the time from scram initiation to the full

insertion of any comtrol rod from the full up position shall be measured annually, not 10
exceed 15 morths, or when any significant work is done on the rod drive or the rod.

Basis
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