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ABSTRACT

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

Background

This document gives guidance to staff reviewers in the Office of Nuclear Reactor
Regulation (NRR) and reviewers under contract to the U.S. Nuclear Regulatory
Commission (NRC) for performing safety reviews of applications to construct,
modify, or operate a nuclear non-power reactor. The principal purpose of this
document is to ensure the quality and uniformity of reviews by presenting a
definitive base from which to evaluate applications for license or license renewal.
This document also makes information about regulatory matters widely available
and helps interested members of the public and the non-power reactor community
better understand the review process.

NRC has published several documents that give guidance that is applicable to
commercial power reactors. In 1972, the NRC issued Regulatory Guide

(RG) 1.70, "Standard Format and Content of Safety Analysis Reports for Nuclear
Power Plants (LWR Edition)" 1o help commercial power plants in applying for
light-water reactor (LWR) licenses. The staff revised RG 1.70 in 1972, 1975, and
1978. In 1975, NRC issued the "Standard Review Plan for the Review of Safety
Analysis Reports for Nuclear Power Plants (LWR Edition)" (NUREG-75/087) to
ensure the quality, completeness, and uniformity of staff reviews of power reactor
safety analysis reports (SARs), and to assist the staff in performing the reviews. In
1981, 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.

The staff issued RG 1.70 and NUREG-0800 for LWR nuclear power plants, which
are much larger and more complex than non-power reactor facilities. Recognizing
that non-power reactor licensees need not be required to comply with the SAR
guidelines for power reactors, NRC issued a format and content guide (NUREG-
1537, Part 1) for non-power reactor license applicants and is issuing this
companion document for the NRC staff to use in reviewing and evaluating SARs
submitted for non-power reactors

Reactors designed and operated for research, development, education, and medical
therapy are called non-power reactors (defined in the Code of Federal
Regulations, Title 10, Section 50.2 (10 CFR 50.2)). This class of reactors
comprises research reactors (defined in 10 CFR 170.3) and testing facilities (also
referred to as test reactors in some regulations), which are defined in 10 CFR 50.2
and 10 CFR 100.3. The format and content guide contains additional information
on the classification of non-power reactors.
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All reactors (power and non-power) are licensed to operate as utilization facilities
under Title 10 in accordance with the Atomic Energy Act (AEA or Act) of 1954,
as amended. The AEA was written to promote the development and use of atomic
energy for peaceful purposes and to control and limit its radiological hazards to the
public. These purposes are expressed in paragraph 104 of the Act, which states
tha: utilization facilities for research and development should be regulated to the
minimum extent consistent with protecting the health and safety of the public and
promoting the common defense and security. These concepts are promulgated in
10 CFR 50 40, 50.41, and in other parts of Title 10 that deal with non-power
reactors. The licensed thermal power levels of non-power reactors are several
orders of magnitude lower than current power reactors. Therefore, the
accumulated inventory of radioactive fission products in the fuel (in core) of non-
power reactors is proportionally less and requires less stringent and less
prescriptive measures to give equivalent protection to the health and safety of the
public. Thus, even though many of the regulations of Title 10 apply to both power
and non-power reactors, the regulations will be implemented in a different way for
each category of reactor consistent with protecting the health and safety of the
public, workers, and the environment. Because the potential hazards may also
vary widely among non-power reactors, regulations also may be implemented in a
different way within the non-power reactor category.

Section 50.34 of Title 10 requires that each application for a construction permit
for & nuclear reactor facility include a preliminary safety analysis report (PSAR)
and that each application for & license to operate such a facility include & final
safety analysis report (FSAR). A single SAR document may be acceptable for
non-power reactors, but it must be sufficiently detailed to permit the NRC staff to
determine wt 2ther or not the facility can be built and operated consistent with
applicable regulations.

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

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

NUREG-1537, PArT 2 Xiv REv. 0, 296



INTRODUCTION

accidents, since the majority of research reactors to date have been able to adopt
the conservative 10 CFR Part 20 criteria.

The principal safety issues tha: differentiate test reactors from research reactors are
the reactor site requirements and the doses to the public that could result from a
serious accident. For a research reactor, the results of the accident analysis have
generally been compared with the 10 CFR Part 20 (10 CFR 20.1 through 20.602
and Appendices for research reactors licensed before January 1, 1994, and 10 CFR
20.1001 through 20.2402 and Appendices for research reactors licensed on or
after January 1, 1994). For research reactors licensed before January 1, 1994, the
doses that the staff has generally found acceptable for accident analysis results for
research reactors are less than 5 rem whole body and less than 30 rem thyroid for
occupational exposure, and less than 0.5 rem whole body and less than 3 rem
thyroid for members of the public. For research reactors licensed on or after
January 1, 1994, occupational exposure is discussed 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 & test reactor, the doses should be
compared with 10 CFR Part i00. As discussed in the footnotes to 10 CFR
100.11, the doses given in 10 CFR Part 100 are reference values. Any further
references to 10 CFR Part 100 in this document apply to test reactors only.

The SAR for a new facility should describe the design of the facility in sufficient
detail to enable the reviewer to evaluate definitively whether the facility can be
constructed and operated in accordance with applicable regulations,

The regulations (see 10 CFR 2.105(c)) do not preclude, and the NRC prefers, a
joint application for a construction permit and operating license for the initial
licensing of a research reactor facility. If well planned, the final facility design and
the final SAR descriptions. analyses, and conclusions will not be significantly
changed from those in the initial application, u.:3 a one-step licensing procedure
can be undertaken. To initiate this process, the application should request both a
construction permit and an operating license :0 be issued when construction and
operating readiness are acceptable to NRC. The submitted SAR should be
complete, appropriate, and acceptable for both permits. This allows a joint notice
of intent to be published in the Federal Register at the construction permit stage
that includes issuance of the operating license without further prior notice when
appropriaie. The joint application and joint notice procedure streamlines the
licensing process. If a final SAR is submitted which documents changes made
during construction, it shall demonstrate that the facility design and the safety
conclusions of the previous SAR documents are unchanged.
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This standard review plan covers a variety of site conditions and plant designs.
Each section contains the necessary procedures and acceptance criteria for all
areas of review pertinent to that section. Hov'ever, not all of the guidance in this
standard review plan may be applicable to every non-power reactor type licensed
by NRC. There may be instances in which the applicant has not addressed a topic
in the format and content guide because the applicant has made a determination
that the guidance is not applicable to the particular reactor. The reviewer should
be aware of the general non-power reactor types and the differences between the
types. Ifit is not clear to the reviewer that specific guidance is not applicable to
the reactor under review, the applicant may be asked why a particular issue is not
addressed in the SAR. The reviewer may select and emphasize particular aspects
of each standard review plan section, as is appropriate for the application. In some
cases, the major portion of the review of a facility feature may be done generically
with the designer of that feature rather than during reviews of each particular
application. In other cases, a facility feature may be sufficiently similar to that of a
previously reviewed facility so that an additional review of the feature is not
needed. For these and other similar reasons, the reviewer may choose not to carry
out in detail all of the review steps listed in each standard review plan section for
every application. Rationale for each decizion should be documented in the
appropriate section of the SAR.

Document Structure

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

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

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

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

reviewers dealing with a safety-related design area or with analyses. These
solutions and approaches are presented in this form so that reviewers can
take uniform positions for these issues in future reviews.

Although the technical positions in these documents represent solutions
and approaches that are acceptable, those solutions and approaches should
not be considered as the only solutions and approaches that are acceptable.
However, applicants should recognize that, as in the case of regulatory
guides, NRC staff spent substantial time and effort preparing the technical
positions, and a corresponding amount of effort would probably be
required to review and find acceptable new or different solutions and
approaches. Thus, applicants proposing solutions and approaches differing
from those described in the technical positions may expect longer review
times and more extensive questioning in these areas.

. Review Procedures. This subsection discusses how the review is
performed and is generally a description that the reviewer follows to verify
that the applicable safety criteria have been met. The reviewer must
document the results of the review in the staff’s safety evaluation report by
the following means:

‘ - stating the applicable requirements or standards, with specific
citation to the source of those requirements of standards

- summarizing the applicant's proposed method for satisfying the
requirements or standards

- summanizing the staff's analysis of whether the applicant's proposal
does indeed satisfy the requirements or standards

The documented analysis must be a sufficient basis for the evaluation
findings which are discussed below.

. Evaluation Findings. This subsection presents the type of conclusions
needed to accept the particular review area. The staff's safety evaluation
report should include a conclusion for each section to document the results
of the review.

Although not specifically discussed in every section of this standard review plan,
each section of the staff’s safety evaluation report should describe the review,
including the aspects of the review that were selected or emphasized, matters that
were modified by the applicant or required additional information, the design of the

. plant or the programs of the applicant that deviated from the criteria stated herein,
and the bases for any deviations from this standard review plan
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Selected chapters end with a reference section or a bibliography, which gives full .
citations for the documents, standards, and other reports referred to in this
standard review plan, and which may also list other useful matenial.

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

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

NRC wrote these documents with three major objectives: (1) to discuss NRC

requirements germane to each review topic, (2) to describe how the reviewer

determines that the requirements have been satisfied, and (3) to document the

practices developed by NRR in previous regulatory efforts for non-power reactors. .

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

General Requirements

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

The SAR contains the formal documentation for a facility, presenting basic

information about the design bases, and the considerations and reasoning used to

support the applicant’s conclusion that the facility can be operated safely. The

descriptions and discussions therein also support the assumptions and methods of

analysis of postulated accidents, including the maximum hypothetical accident .
(MHA), and the design of any engineered safety features (ESFs) used to mitigate
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accident consequences. The MHA, which assumes an incredible failure that can
lead to fuel cladding or to a fueled experiment containment breach, is used to
bound credible accidents in the accident analysis.

The SAR is the basic document that gives NRC justification for licensing the
facility and gives information for understanding the dcsign bases for the 10 CFR
50.59 change process, for training reactor operators, for preparing reactor
operator licensing examinations, and for preparing for NRC inspections. For these
reasons and 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 required in 10 CFR
50.71(e) for licensees of power reactors, the NRC staff encourages non-power
reactor licensees to maintain current SARs on file at NRC after initial licensing or
license renewal by submitting replacement pages along with applications for license
amendment and along with the annual report that summarizes changes 1nade
without prior NRC approval under 10 CFR 50.59.

Although these procedures will not completely eliminate the need to revise
sections of the SAR at license renewal, they can reduce the amount of resources
needed to revise the SAR. NRC plans to remind licensees by letter to review the
license renewal requirements of 10 CFR 2.107 at least a year before the expiration
date of a facility operating license and to contact NRC for additional guidance if
needed. A standard letter to the licensee has been developed for this purpose.

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

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

Contributors

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

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

J. Hyder, J. Teel, and C. Thomas, Jr, of Los Alamos National Laboratory under
contract to INEL. Comments and suggestions for improving this document should
be sent to the Director, Non-Power Reactors and Decommissioning Project
Directorate, Office of Nuclear Reactor Regulation, U S. Nuclear Regulatory
Commission, Washington, DC 20555-0001. Notices of errors or omissions should
be sent to the same address.
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Chapter 1 of the safety analysis report (SAR) is an overview or an executive
summary of topics covered in detail in other chapters. The applicant should
include a general introduction to the SAR and the non-power reactor facility. The
applicant should state the purpose of the SAR and briefly describe the application.

1.1 Introduction
Areas of Review

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

. identification and description of the applicant

. purpose and intended use of the reactor facility

. geographical location

. type and power level of the reactor

. inherent or passive safety features

. unique design features, such as a pressurized primary coolant system or
unique fuel design, which would be notable for a non-power reactor
licensed by the U.S. Nuclear Regulatory Commission (NRC')

Acceptance Criteria

Acceptance criteria for the information in this section should include the following:

. The purpose of the SAR should be clearly stated.

. The applicant should be identified.

. The location, purpose, and use of the facility should be briefly described.

. The basic characteristics of the facility that affect licensing considerations
should be briefly discussed.

’ The design or location features included to address basic safety concerns
should be outlined.
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. Any unique safety design features of the facility different from previously
licensed non-power reactor facilities should be highlighted.

Review Procedures

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

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

Evaluation Findings

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

1.2 Summary and Conclusions on Principal Safety
Considerations

Areas of Review

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

Areas of review should include the following:

NUREG-1537, ParT 2 1-2 REvV. 0, 2/96




THE FACILITY

. safety criteria proposed by the applicant
. principal safety considerations of the facility design

. potential radiological consequences of operation and the method of
providing protection

. description of safety of unique design features
. discussion of accidents
Accepiance Criteria

The acceptance criteria for the information on principal safety considerations
include the following:

. Sufficient design features should be included to protect the health and
safety of the public.

. No exposures from normal operation should exceed the requirements of
Part 20 of Title 10 of the Code of Federal Regulations (10 CFR Part 20)
and the guidance of the facility program for keeping exposures as low as is
reasonably achievable (ALARA).

. Accidents should be briefly disrussed.

. All modes of operation and evenus that could lead to significant
radiological releases and exposure of the public should be discussed.

Review Procedures

The reviewer should confirm that the applicant submitted all information requested
in the format and content guide. The reviewer should consider the stated criteria
to ensure safety and to evaluate their application to the reactor facility design. The
summary discussions and descriptions should include such safety considerations as
a conservative restricted area to exclude and protect the public, confinement or
containment to control radioactive releases, operation with thermal-hydraulic
parameters that are conservative compared with the designed capabilities of the
fuel ani cladding, diversity and redundancy of instrumentation and control
systems, and other defense-in-depth features. These discussions do not substitute
for the detailed analysis in the SAR; they briefly summarize some of the
information in the SAR. The reviewer should examine the detailed discussions as
part of the review of other chapters of the SAR.
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Evaluation Findings

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

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

expected.

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

public.

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

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

(5)  The technical specifications of the licensee, which state limits controlling
operation of the facility, give 2 high degree of assurance that the facility
will be operated in accordance with the assumptions and analyses in the ‘
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SAR. The technical specifications ensure that there will be no significart
degradation of equipment

The financial data demonstrate that the applicant has reasonable access to
sufficient revenues to cover (construction) operating costs and eventually
to decommission the reactor facility

The program for physically protecting the facility and its special nuclear
materials complies with the requirements of 10 CFR Part 73

The procedures for training its reactor operators and the plan for operator
requalification are adequate, they give reasonable assurance the reactor will
be operated competently

(9) The emergency plan provides reasonable assurance that the applicant is
prepared to assess and respond to emergency events

1.3 General Description

Areas of Review

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

Areas of review should include the following
the location of the facility and principal characteristics of the site

the basic design features, operating characteristics, and safety systems of
the reactor and its instrumentation and control a... @lect~~al gystems

the thermal power level of the reactor (and any pulsing capability) and the
system that removes and disperses the power

the basic experimental features and capabilities in the design

engineered safety features designed to control radiation releases
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. the design features of the radioactive waste management system or .
provisions and radiation protection
Accepiance Criteria

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

- geographical location of the reactor facility

- principal characteristics of the site

- principal design criteria, operating characteristics, and safety
systems

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

~ radioactive waste management provisions or system and radiation
protection

- experimental facilities and capabilities

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

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

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

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

Review Procedures

The reviewer should confirm that the applicant submitted all information requested
in the format and content guide
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Evaluation Findings
NRC does not write evaluation findings on this section of the SAR.

1.4 Shared Facilities and Equipment
Areas of Review

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

The reviewer should verify that this section summarized the safety implications and
relationships between the subject facility and its shared systems or facilities. The
shared equipment or functions could be heating and air conditioning, electrical
power supplies, cooling and process water, sanitary waste disposal, compressed
air, provisions for radiological waste storage and disposal, multipurpose rooms,
and cooling towers. Other chapters of the SAR will contain detailed descriptions
and safety implications of such shared equipment or functions.

Acceptance Criteria

The acceptance criteria for the information on shared facilities and equipment
include the following:

. The non-power reactor facility should be designed to accommodate all uses
or malfunctions of the shared facilities without degradation of the non-
power reactor safety features.

. The non-power reactor should be designed to avoid conditions in which
contamination could be spread to the shared facilities or equipment.

. Where necessary, barriers should be described briefly to ensure that the
requirements of these two foregoing criteria are met

Review Procedures

The reviewer should confirm that all facilities or equipment shared by the non-
power reactor have been discussed in the SAR. The reviewer should verify that
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the applicant discussed in the SAR how the normal operating use and malfunctions

of the licensed facility could affect the other facilities. The reviewer should also

assess th- discussion in the SAR of the effect of the shared facilities on the safety

of the subject facility. The reviewer may need to review discussions and analyses

in other sections of the SAR.

Evaluation Findings

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

. The shared facilities are clearly and completely listed and the other usars
are identified. The applicant has shown that a malfunction or a loss of
function of these shared facilities would not affect the operation of the non-
power reactor, nor would it damage the non-power reactor or its capability
to be safely shut down.

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

acceptable.
1.5 Comparison With Similar Facilities
Areas of Review

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

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

following:

. bulk shielding facility (BSF)

. materials testing reactor (MTR)

. special power excursion reactor test (SPERT)

. Chicago Pile #5 or Argonne research reactor (CP-5) ‘
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Applicants are expected to use pertinent information from these and other reactors
in their design, and the reviewer should compare the submitted information with
the referenced facility designs. Areas of the SAR that may be reviewed by
comparison or reference to similar facilities could include the following

. Chapter 4, "Reactor Description,” and Chapter 13 for the bases of NRC's
acceptance of fuel performance [e g, SPERT, the Oak Ridge Research
Reactor (ORRR), the system for nuclear auxiliary power (SNAP), the
General Atomics reactor for training and isotope production (TRIGA), the
MTR, and the advanced test reactor (ATR)]

Chapters 4 and 13 for the bases for reactor core critical size and geometry
[e.g., BSF, TRIGA, CP-5, the Argonne nuclear assembly for CP-11
{Argonaut), and SPERT)]

Chapter 6, "Engineered Safety Features,” for the bases of accident
mitigation systems (most reactor type:)

, Chapter 7, "Instrumentation and Control Systems," for the bases of
redundancy and diversity in instruments and controls, including scram

(reactor shutdown) systems [e.g, BSF, TRIGA, Omega West Reactor
(OWR), MTR, and CP-5]

. other specific license conditions acceptable to NRC of other facilities that
demonstrate acceptable technical performance (previously licensed facilities %
with similar therinal power level, similar fuel type, and similar siting
considerations)

Acceptance Criteria

The acceptance criteria for the comparison of this facility with similar facilities
include the following

. The comparisons should show that the proposed facility would not exceed
the safety envelope of the similar facilities

. There should be reasonable assurance that radiological exposures of *he
public would not exceed the regulations and the guidelines of the pi uposed
facility ALARA program

Review Procedures

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

Evaluation Findings

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

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

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

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

The staff's safety evaluation report should contain ¢ summary of the similas
facilitics discussed by the applicant

1.6 Summary of Operation:
Areas of Review

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

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

. possible eff act on the power and heat removal capabilities discussed in
Chapters 4 and S of the S#R
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. assumed inventory of fission products and source of decay heat
B assumed releases of radioactive effluents to the unrestricted environment

The reviewer should also evaluate the operating characteristics and schedules in an
application for license renewal for significant changes and for consistency with the
proposed technical specifications

Accepiance Criteria

The acceptance criteria for the applicant’s summary of operations include the
following

. The applican: should demonstrate the consistency of proposed operations
with the assumptions in later chapters of the SAR, including the effect on
reactor integrity and potential radiological exposures

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

. The proposed operations for license renewal should be consistent with the
assumptions in later chapters of the SAR

Review Procedures

Although NRC has not issued criteria for evaluating proposed operations, the
reviewer should compare proposed operations with the current operations of any
similar facilities. The reviewer should verify that proposed operations are
summarized and should compare them with similar facilities for initial licensing, or
with previous operations if the application is for license renewal. For license
renewal, the reviewer should solicit evaluations by NRC inspectors from the
appropriate regional office. Evaluations by NRC regional inspectors and
evaluations based on the annual report from the facility should provide additional
verification that the applicant can operate the facility as specified in the SAR. If
there are limitations on operation of the reactor, the reviewer should verify that
they are represented as license conditions

Evaluation Findings

This section of the SAR shoulc © ntain sufficient nformation to support the
following type of conclusion, wh.ch will be included in the staff's safety evaluation

report
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. The proposed operating conditions and schedules are consistent with those
of similar facilities that have been found acceptable to the staff, and with
the design features of the facility. The proposed operations are consistent
with relevant assumptions in later chapters of the SAR, in which any safety
implications of the proposed operations are evaluated. The proposed
operating power levels and schedules are in accordance with the proposed
license conditions.

1.7 Compliance With the Nuclear Waste Policy Act of
1982

Area of Review

The reviewer should confirm that the applicant has contracted with the U.S.
Department of Energy (DOE) to dispose of high-level waste and irradiated (spent)
fuel

Acceptance Criteria

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

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

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

Keview Procedures

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

Evaluation Findings

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

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

. (If the applicant is a corporation) Section 302(b)(1XB) of the Nuclear
Waste Policy Act of 1982 states that NRC may require, as a precondition
to issuing or renewing an operating license for a research or test reactor,
that the applicant shall have entered into an agreement with the Department
of Energy (DOE) for the disposal of high-level radioactive wastes and
spent nuclear fuel. (/nsert name of applicant) has entered into a contract
with DOE [Contract (insert contract number) for the ultimate disposal of
the fuel i i (insert name of applicant's reactor).] Because (insert name
of applicant) has entered into such a contract with DOE, the applicable
requirements of the Nuclear Waste Policy Act of 1982 have been satisfied.

1.8 Facility Modifications and History
Areas of Review

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

If the SAR is submitted as part of a license renewal application, the reviewer
should confirm the history of the facility, including amendments to the license, with
dates and purposes. The reviewer should also evaluate any significant changes in
the previous SAR conditions uot requiring NRC approval under 10 CFR 50.59 or
other regulations. This discussion should include any significant facility
modifications and their effcct on operations and releases of radioactive effluents to
unrestricted areas.

“The DOE letter is reproduced at the end of this chapter as Appendix 1 2
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Acceptance Criterion

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

Review Procedures

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

This section of the SAR should contain sufficient information to support the

following types of conclusions, which will be included in the staff’s safety
evaluation report:

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

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

By letter (with supporting documentation) dated November 14, 1986, as supple-
mented on June 2, 1987, August 14, 1987, April 29, 1988, and January 10, 1989,
the Dow Chemical Company (Dow/licensee) submitted to the U.S. Nuclear Regulatory
Commission (NRC/staff) a timely application for a 20-year renewal of the Class
104c Facility Operating License R-108 (NRC Docket Mo. 50-264) and an increase

in operating power level, from the existing 100 kilowatts thermal [kW(t)] to

300 kw(t), for its TRIGA Mark | research reactor facility. The research reac-
tor facility is located in the 1602 Building on the grounds of the Michigan
Division of the Dow Chemical Company in Midland, Michigan. The licensee cur-
rently is permitted to operate the Dow TRIGA Research Reator (DTRR) within the
conditions authorized in past amendments in accordance with Title 10 of the

Code of Federal Regulations (10 CFR), Section 2.109, until NRC action on the
renewal request 1s completed.

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

10 CFR 2.790. '

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

This SER was prepared by Alexander Adams, Jr., Project Manager, Division of Reac-
tor Projects 111, IV, V, and Special Projects, Office of Nuclear Reactor Regula-
tion, U.S. Nuclear Regulatory Commission. Major contributors to the technical
review were the Project Manager and R. E. Carter, C. Cooper, and R. Carpenter

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

Mr. Harold Denton

Director, Office of Nuclear Reactor
Regulation

U.S. Nuclear Regulatory Commission

Washington, D.C. 20055

Dear Mr, Denton:

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

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

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

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

Generally, universities or other Government agencies operating research
reactors heve existing agreements with the Department whereby DOE provides,
throu.” fust 2ssistince tortracts, tne funds to purchase the fuel. In such
cases, tne Jepartment retains titie to tnat fuel ana 1s obligated to take the
SNF and/or LW generated >y these reactors for storage or reprocessing

at no cost to the research reactor organizations.

Accordingly, the Department of Energy has determined that owners of research

reactors who are university or G.vernment entities and have entered into such
contracts with DOE, do not nees further nuciear waste disposal contracts with
the Department as specified under the provisions of Section 302(B)(2) of the

Nuclear Waste Policy Act of 1982,

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

Sincerely,

obert L. Morgan
Director
Nuclear Waste Policy Act
Project Office






2 SITE CHARACTERISTICS

This chapter provides guidance for reviewing and evaluating Chapter 2 of the
applicant's SAR in which the applicant discusses the geological, seismological,
hydrological, meteorological, geographic and demographic characteristics of the
site and vicinity, in conjunction with present and projected population
distributions, industrial facilities and land use, and site activities and controls. The
site characteristics should be described in sufficient detail to verify input to design
and analyses presented 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 each
case, the reviewer determines how much emphasis to place on the various topics
covered by this chapter of the SAR. The reviewer's judgment on the areas to be
given attention during the review should be based on an examination of the
information presented, the similarity of the information to that recently reviewed
for other reactors, and whether any special site characteristics or reactor design or
operating features raise questions of safety significance. In 10 CFR 100.10, the
staff gives factors to consider in selecting a site and related reactor design for test
reactors.

2.1 Geography and Demogruphy
Areas of Review

The reviewer should ascertain that reactor location is identified by latitude and
longitude and by the Universal Transverse Mercator (UTM) coordinate system as
found on U.S. Geological Survey (USGS) topographical map with respect to
State, county, or other political subdivisions and distributions of population; and
with respect to prominent natural and rmanmade features of the area that could
affect the safety of reactor operations at that site, and the health and safety of the
public. The characteristics of the operations, site, and urban boundaries and rural
zones up to 8 kilometers from the reactor should be given. The current and
projected population distributions within 1, 2, 4, 6, and 8 kilometers of the reactor
location should be included and temporary or seasonal populations located in
dormitories or classrcoms on a college campus should be given, if applicabie.

Acceptance Criteria

The acceptance criteria for the information on geography and demography include
the following:

. The geoygraphical and demographic descriptions of the facility and its
location are si.fficiently accurate and detailed to provide the necessary
bases for analyses presented in other chapters of the SAR.
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. No geographic or demographic characteristics of the facility site could
render the site unsuitable for operation of the proposed reactor. For
example, information presented demonstrates that the property and
political jurisdictions are sufficiently defined and sufficiently stable that
there is reasonable assurance that the applicant can exercise necessary
radiological control throughout the facility boundaries.

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

Review Procedures

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

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

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

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

Evaluation Findings

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

. The information is sufficiently detailed to provide an accurate description
of the geography surrounding the reactor 1 ility.

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



SITE CHARACTERISTICS

. The demographic information is sufficient to allow accurate assessments of
the potential radiological impaci on the public resulting from the siting and
operation of the proposed reactor.

. There is reasonable assurance that no geographic or demographic features

render the site unsuitable for operation of the proposed reactor.

2.2 Nearby Industrial, Transportation, and Military
Facilities

Areas of Review

The reviewer should evaluate the reactor site and its vicinity for location and
separation distances from existing and planned industrial, military, and
transportation facilities and routes. Such facilities and routes include air, ground,
and water traffic, pipelines, and fixed manufacturing, processing, and storage
facilities. The reviewer should focus on facilities, activities, and materials that may
reasonably be expected to be present during the projected lifetime of the non-
power reactor. The purpose of this review is to evaluate the information
concerning the presence and magnitude of potential hazards to the reactor due to
local manmade facilities.

Accepiance Criteria

The acceptance criteria for the information on nearby industrial, transportation,
and military facilities include the following:

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

. The information is complete enough to support evaluations of potential
risks posed by these facilities to the safe operation and shutdown of the
reactor during its projected lifetime.

. The analyses show that none of the expected manmade facilities could
cause damage or other hazards to the reactor sufficient to pose undue
radiological risks to the operating staff, the public, or the environment.
Consequences of such events are analyzed in or are shown to be bounded
by accidents considered in Chapter 13 of the SAR.

Review Procedures

The reviewer should confirm that any hazards to the reactor facility posed by
normal operation and potential malfunctions and accidents at the nearby manmade
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stationary facilities and those related to transportation have been described and
analyzed to the extent necessary to evaluate the potential radiological risks to the
facility staff, the public, and the environment.

Evaluation Findings
This section of the SAR should contain sufficient information to support the

following types of conclusions, which will be included in the staff's safety
evaluation report:

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

The analyses in Chapter 13 of potential malfunctions or accidents at nearby
manmade facilities and consideration of normal activities at those facilities
show that safe reactor shutdown would not be prevented, and no undue
radiological risk to the public, the environment, or the operating staff is
predicted. The potential consequences of these events at nearby facilities
are considered o1 bounded by applicable accidents analyzed in Chapter 13
of the SAR.

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

2.3 Meteorology
Areas of Review

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

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

kastorical and predicted meteorological conditions used as design and
operating bases for the reactor facility including;

- the ma:imum snow and ice load that the roofs of safety-related
structures must be capable of withstanding during reactor operation

- the maximum wind speed :hat safety-related structures must be
capable of withstanding during reactor operation

- severe wind loads, e.g, tornado strength including translationa’
speed, rotational speed, and the maximum pressure differentia’ with
the projected time interval

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

Acceptance Criteria

The acceptance criteria for the information on meteorology include the following:

The information regarding the general climate of the region and the local
meteorological descriptions of the site area is sufficiently documented so
that meteorological impacts on reactor safety and operation can be reliably
predicted.

Historical summaries of local meteorological data based on available onsite
measurements and National Weather Service station summaries or
summaries from other nearby sources are presented.

The information on meteorology, and local weather conditions is sufficient
to support dispersion analyses for postulated airborne releases. The
analyses should support realistic dispersion estimates of normal releases for
Chapter 11 analyses and conservative dispersion estimates of projected
releases for Chapter 13 analysis of accidental releases at locations of
maximum projected radiological dose and other points of interest within a
radius of 8 kilometers.

The information is sufficient to provide design bases for the reactor facility
to safely withstand weather extremes predicted to occur during the lifetime
of the reactor. The reactor design bases provide reasonable assurance that
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the most severe meteorological event predicted would not cause
uncontrolled release of radioactive material leading to doses in the
unrestricted area that exceed applicable limits.

Review Procedures

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

Evaluation Findings

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

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

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

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

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

2.4 Hydrology
Areas of Review

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

Acceptance Criteria
The acceptance criteria for the information on hydrology includes the following:

. The facility is located and designed to withstand credible hydrologic events.
Locations of particular concern include a flood plain, downriver of a dam,
and close to the seashore and sea level.

. Potential events at the site that could cause nearby hydrologic
consequences are shown not to present significant risk to the facility.

. Facility design bases are derived sufficiently from predicted hydrologic
events that there is reasonable assurance that such events would not
preclude safe operation and shutdown of the reactor.

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

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

Review Procedures

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

radioactive contamination of ground or surface waters.

Evoluation Findings

This section of the SAR should contain sufficient information to support the
following types of conclusions, which will be included in the staff's safety
evaluation report.
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. The applicant considered hydrologic events of credible frequency and
consequence in selecting the facility site. The site is not located where
catastrophic hydrologic events are credible.

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

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

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

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

2.5 Geology, Seismology, and Geotechnical Engineering
Areas of Review

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

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

Accepiance Criteria

The acceptance criteria for the informatiou presented on geology, seismology, and
geotechnical engineering include the following
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The geologic features underlying and in the region surrounding the reactor
site are sufficient to provide the stable support required for reactor
structures absent any nearby earthquakes

The geologic features at the site contain no known faults that could be
reactivated by nearby seismic activity

The history of seismic activity at the site does not indicate a high
probability of a catastrophic earthquake at the site during the projected
reactor lifetime

Likely seismic activity affecting the site is sufficiently characterized to
support development of applicable design criteria for reactor stiuctures

Review Procedures

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

Evaluation Findings

This section of the SAR should contain sufficient information to support the
following types of conclusions, whict. - “!l be included in the staff's safety
evaluation report

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

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

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

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

3.1 Design Criteria
Areas of Review

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

. safe reactor operation
. safe reactor shutdown and continued safe conditions
. response to anticipated transients

. response to potential accidents analyzed in Chapter 13, "Accident
Analyses," of the SAR

. control of radioactive material discussed in Chapter 11, "Radiation
Protection Program and Waste Management," of the SAR

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

. Design criteria should be specified for each structure, system, and
component that is assumed in the SAR to perform an operational or safety
function,

» Design criteria should include references to applicable up-to-date
standards, guides, and codes. They should be stipulated for those features
discussed in the format and content guide for this section, as outlined
below:
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- design for the complete range of normal reactor operating
conditions

- design to cope with anticipated transients and potential accidents

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

- design to facilitate inspection, testing, and maintenance

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

- quality standards commensurate with the safety function and
potential risks

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

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

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

Review Procedures

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

Evaluation Findings

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

report.

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

3.2 Meteorological Damage
Areas of Review

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

Acceptance Criteria

The acceptance criteria for the information on meteorological damage include the
following.

' . The design criteria and designs should provide reasonable assurance that
structures, systems, and components wouid continue to perform their
safety functions as specified in the SAR under potential meteorological

damage conditions.

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

Review Procedures

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

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

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

3.3 Water Damage

Areas of Review

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

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

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

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

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

structures, systems, and components with the potential for hydrological (water)
damage are considered in this SAR section. The review should include
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hydrological historical data and predictions as specified in the format and content
guide for this section. For any such structure, system, or component, the reviewer
should ensure that the design bases are planned to address the consequences and
are described in detail in appropriate chapters of the SAR.

Evaluation Findings

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

report

The design bases to protect against potential hydrological (water) damage
provide reasonable assurance that the facility structures, systems, and
components will perform the functions necessary to aliow any required
reactor operation to continue safely, to allow safe reactor shutdown, and to
protect the health and safety of the public from radioactive materials and
radiation exposure

3.4 Seismic Damage

Areas of Review

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

Acceptance Criteria

The acceptance criteria for the information on seismic damage include the
following

The reactor facility design should provide reasonable assurance that the
reactor can be shut down and maintained in a safe condition

The seismic design should be consistent with local building codes to
provide assurance that significant damage to the facility and associated
safety functions is unlikely

The applicant should demonstrate that all potential consequences from a
seismic event are within the acceptabie limits considered or bounded in the
accident analyses of Chapter 13 to ensure that conditions due to a seismic
event will not pose significant risk to the health and safety of the public
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. Surveillance to verify design functions of associated systems, including

applicable instrumentation and controls, should be specified in the technical

specifications, and other appropriate SAR chapters should be referenced

for details. For example, if a seismically induced scram is a required

instrumentation and control protective system, the applicant should

propose and justify surveillance of this reactor trip function.

Review Procedures

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

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

®

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

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

ANS 15.7 could be used.

The above guidance is applicable to research reactors licensed by NRC. For test

reactors the requirements of 10 CFR Part 100 must be applied The guidance and

criteria of 10 CFR Part 100 are complete and are adequate for assessing test ‘
reactors.
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Evaluation Findings

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

. The design to protect against seismic damage provides reasonable
assurance that the facility structures, systems, and components will perform
the necessary safety functions described and analyzed in the SAR.

. The design to protect against seismic damage nrovides reasonable
assurance that the consequences of credible seismic events at the facility
are considered (or bounded) by the results of the Chapter 13 accident
analyses, ensuring acceptable protection of the public health and safety.

. The surveillance activities proposed in the technical specifications provide
reasonable assurance that the safety-related functions of the structures,
systems, and components that are required to respond to or mitigate the
consequences of seismic damage to the facility will be maintained.

3.5 Systems and Components
Areas of Review

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

Acceptance Criteria

The acceptance criteria for the information on systems and components include the
following:

. The design criteria should include consideration of the conditions required
of the electromechanical systems and components to ensure safe reactor
operation, including response to transient and potential accident conditions
analyzed in the SAR. (Examples of conditions that are important for the
electromechanical systems and components are dynamic and static loads,
number of cycles, vibration, wear, friction, strength of materials, and
effects of the operating environment, including radiation and temperature.)

. Comparisons with similar applicable facility designs may be included (e g.,
a reactor of similar design that has operated through its licensed life cycle
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and whose electromechanical systems and components have functioned as
designed).

Review Procedures

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

Evaluation Findings

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

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

. The sureillance activities proposed in the iechnical specifications
acceptably ensure that the safety-related functions of the electromechanical
systems and components will be opcrable and the health and safety of the
public will be protected.
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4 REACTOR DESCRIPTION

This chapter gives guidance for evaluating the descnipt.cn in the SAR of the
reactor and how it functions as well as the design features for ensuring that the
reactor can be safely operated 8.d shut down from any operating condition or
accident assumed in the safv..y analysis. Information in this chapter of the SAR
should provide the design bases for many systems and functions discussed in other
chapters of the SAR and for many technical specifications. The systems that
should be discussed in this chapter of the SAR include the reactor core, reactor
tank, and biological shield. The nuclear design of the reactor and the way systems
work together are also addressed In this chapter the applicant should explain how
the design and proper operation of a non-power reactor make accidents extremely
unlikely. This chapter of the SAR along with the analysis in Chapter 13, "Accident
Analyses " should demonstrate that even the consequences of the design-basis
accident would not cause unacceptable risk to the health and safety of the public.

4.1 Summary Description

This section of the SAR should contain a general overview of the reactor design
and important charzcieristics of operation. The reviewer need not make any
specific revie v findings for this section. The detailed discussions, evaluations, and
analyses should appear in the following secticns of the SAR.

This section should contain a brief discussion of the principal safety considerations
in selecting the reactor type and the way the facility design principles achieve the
principal safety considerations. Included should be summaries for the items
requested in this section of the format and content guide and descriptive text,
summary tables, drawings, and schematic diagrams.

4.2 Reactor Core

This sezaon of the SAR should contain the design information on all components
of tlse reactor core. The information should be presented in diagrams, drawings,
tet.es of specifications, and text and analysis sufficient to give a clear
understanding of the core components and how they constitute a functional non-
power reactor that could be operated and shut down safely. Because radiation is
one of the essential products from a non-power reactor, a principal design

ot jective is to safely obtain the highest neutron flux densities in expenmental
fac.lities.

By reviewing this section, the reviewer gains an overview of the reactor core
design and assurance that the SAR describes a complete, operable non-power
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reactor core. Subsequent sections should contain a description and analysis of the
specifications, operating characteristics, and safety features of the reactor
components. Although cooling systems and incore experimental facilities should
be discussed in Chapters 5, "Reactor Coolant Systems,” and 10, "Experimental
Facilities and Utilization," of the SAR, respectively, relevant information should
also be presented or referenced in this chapter. The information in the following
sections should address these systems and components:

reactor fuel

control rods

neutron moderator and reflector
neutron startup source

core support structures

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

. design bases

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

. operational analyses and safety considerations

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

. technical specifications requirements and their bases, including testing and
surveillance, or a reference to Chapter 14, "Technical Specifications"

4.2.1 Reactor Fuel
Areas of Review

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

The design basis for non-power reactor fuel should be the maintenance of fuel
integrity under any conditions assumed in the safety analysis. Loss of integrity is
defined as the escape of any fission products from the primary barrier, usually
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cladding or encapsulation. The reviewer should be able to conclude that the
applicant has included all information necessary to establish the limiting
characteristics beyond which fuel integrity could be lost.

Within the context of the factors listed in Section 4.2 of th's review plan, the
information on and analyses of fuel should include the information requested in this
section of the format and content guide. Sufficient information and analyses
should support the limits for operational conditions. Thes limits should be
selected to ensure the integrity of the fuel elements and their cladding Analyses in
this section of the SAR should address mechanical forces and stresses, corrosion
and erosion of cladding, hydraulic forces, thermal changes and temperature
gradients, and internal pressures from fission products and the production of
fission gas. The analyses should also address radiation effects, including the
maximum fission densities and fission rates that the fuel is designed to
accommodate. Results from these analyses should form part of the design bases
for other sections of the SAR, for the reactor safety limits, and for other fuel-
related technical specifications.

Acceptance Criteria
The acceptance criteria for the information on reactor fuel include the following:

. The design bases for the fuel should be clearly presented, and the design
considerations and functional description should ensure that fuel conforms
with the bases. Maintaining fuel integrity should be the most important
design objective.

. The chemical, physical, and metallurgical characteristics of the fuel
constituents should be chosen for compatibility witk each other and the
anticipated environment.

. Fuel enrichment should be consistent with the requirements of 10 CFR
50.64.

. The fuel design should take into account characteristics that could limit fuel
integrity, such as heat capacity and conductivity, melting, softening, and
blistering temperatures, corrosion and erosion caused by coolant; physical
stresses from mechanical or hydraulic forces (nternal pressures and
Bernoulli forces), fuel burnup; radiation damage to the fuel and the fuel
cladding or containment; and retention of fission products.

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

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

Review Procedures

The reviewer should confirm that the information on the reactor fuel includes a
description of the required characteristics. The safety-related parameters should
become design bases for the reactor operating characteristics in other sections of
this chapter, especially Section 4 6 on the thermal-hydraulic design of the core.

Evaluation Findingy

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

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

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

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

Information on the design and development program for this fuel oers
reasonable assurance that the fabricated fuel can function safely in the
reactor without adversely affecting the health and safety of the public.
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4.2.2 Control Rods
Areas of Review

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

The areas of review are discussed in this section of the format and content guide.
Acceptance Criteria
The acceptance criteria for the information on control rods include the following:

. Tiie control rods, blades, followers (if used), and support systems should
be du-igned conservatively to withstand all anticipated stresses and
challenges from mechanical, hydraulic, and thermal forces and the effects of
their chemical and radiation environment.

. The control rods should be sufficient in number and reactivity worth to
comply with the "single stuck rod" criterion; that is, it should be possible to
shut down the reactor and comply with the requirement of minimum
shutdown margin with the highest worth scrammable control rod stuck out
of the core. The control rods should also be sufficient to control the
reactor in all designed operating modes and to shut down the reactor safely
from any operational condition. The design bases for redundancy and
diversity should ensure these functions.

. The control rods should be designed for rapid, fail-safe shutdown of the
reac:or from any operating condition. The discussion should address
conditio.s under which normal electrical power is lost

. The control rods should be designed so that scramming them does not
challenge their integrity or operation or the integrity or operation of other
reactor systems.
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The control rod design should ensure that positioning is reproducible and
that a readout of positions is available for all reactor operating conditions.

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

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

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

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

Review Procedures

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

Evaluation Findings

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

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

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

The staff has evaluated the information on scram design for the control
rods and compared it with designs at other non-power reactors having
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similar operating characteristics. Reasonable assurance exists that the
scram features designed for this reactor wili perform as necessary to ensure
fuel integrity and to protect the health and safety of the public.

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

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

Changes in reactivity caused by control rod dynamic characteristics are
acceptable. The staff evaluations included maximum scram times and
maximum rates of insertion of positive reactivity for normal and ramp
insertions caused by system malfunctiors.

The applicant has justified appropriate design limits, limiting conditions for
operation, and surveillance requirements for the control rods and included
them in the technical specifications.

4.2.3 Neutron Moderato: and Reflector
Areas of Review

In this section of the SAR, the applican: ould describe moderators and reflectors
designed into the reactor core and their special features. The cores of most non-
power reactors consist of metallic fuel elements immersed in moderator and
surrounded by either a liquid or solid neutron reflector. The solid reflectors are
chosen primarily for favorable nuclear properties and physical characteristics. In
some pool-type reactors (e g., TRIGA), the fuel elements contain some of the core
neutron moderator and reflector material. Section 4.2.1 of the SAR should
contain a description of the relationship of all moderators to the core. For most
non-power reactors, the water neutron moderator and reflector also function as the
coolant, as discussed in Chapter 5. Buildup of contaminating radioactive material
in the moderator or coolant and reflector during reactor operation should be
discussed in Chapter 11, "Radiation Protection Program and Waste Management,"
of the SAR.

Areas of review should include the following:

. geometry
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materials

compatibility with the operational environment

structural designs

response to radiation heating and damage

capability to be moved and replaced, if necessary

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

Acceptance Criteria

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

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

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

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

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

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

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

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

Evaluation Findings

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

. The moderator and reflector are integral constituents of a reactor core; the
staff’'s evaluation of the nuclear features appears in Section 4.5. The
designs take into account interactions between the moderator or reflector
and the 1 2actor environment. Reasonable assurance exists that degradation
rates of the moderator or reflector will not affect safe reactor operation,
prevent safe reactor shutdown, or cause uncontrolled release of radioactive
material to the unrestricted environment

. Graphite moderators or reflectors are clad in aluminum (or state cladding
material) if they are located in an environment where coolant infiltration
could cause chauges in neutron scattering and absorption, thereby changing
core reactivity. Reasonable assurance exists that leakage will not occur. In
the unlikely event coolant infiltration occurs, the applicant has shown that
this infiltration will not interfere with safe reactor operation or prevent safe
reactor shutdown.

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

. The applicant has justified appropriate design limits, limiting conditions for
operation, and surveillance requirements for the moderator and reflector
and included them in the technical specifications.

4.2.4 Neutron Startup Source

Areas of Review

Each nuclear reactor should contain a neutron startup source that ensures the
presence of neutrons during all changes in reactivity. This is especially important
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when starting the reactor from a shutdown condition. Therefore, the reviewer
should evaluate the function and reliability of the source system.

Areas of review should include the following:

. type of nuclear reaction
. energy spectra of neutrons
. source strength

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

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

. technical specifications
Accepiance Criteria

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

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

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

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

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

. Neutron and gamma radiations from the reactor during normal operation
should not cause heating, fissioning, or radiation damage to the source
materials or the holder.
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. If the source is regenerated by reactor operation, the design and analyses
should demonstrate its capability to function as a reliable neutron startup
source in the reactor environment.

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

Review Procedures

The reviewer shou.d confirm that the information on the neutron startup source
and its holder includes a complete description of the components and functions. In
conjunction with Chapter 7 of the SAR, the information should demonstrate the
minimum source characteristics that will produce the required output signals on
the startup instrumentation.

Evaluation Findings

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

. The design of the neutron startup source is of & type (i.e., neutron-emitting
reaction) that has been used reliably in similar reactors licensed by NRC (or
the design has been fully described and analyzed). The staff concludes
this type of source is acceptable for this reactor.

. The source will not degrade in the radiation environment during reactor
operation. Either the levels of external radiation are not significant or the
source will be retracted v.hile the reactor is at high power to limit the
exposure.

. Because of the source holder design and fabrication, reactor neutron
absorption is low and radiation damage is negligible in the environment of
use. When radiation heating occurs, the holder temperature does not
increase significantly above the ambient water temperature.

. The source strength produces an acceptable count rate on the reactor
startup instrumentation and allows for a monitored startup of the reactor
under all operating conditions.
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. The applicant has justified appropriate limiting conditions for operation and
surveillance requirements for the source and included them in the technica!
specifications.

. The source and holder design operate safely and reliably.

4.2.5 Core Support Structure
Areas of Review

All reactor core components must be secured firmly and accurately because the
capability to maintain a controlled chain reaction depends on the relative positions
of the components. Controlling reactor operations safely and reliably depends on
the capability to locate components and reproduce responses of instrument and
control systems, including nuclear detectors and control rods. Predictable fuel
integrity depends on stable and reproducible fuel components and coolant flow
patterns. Most fixed non-power reactor cores 2 2 supported from below. Some
are suspended from above, and may be movab'e. Generally, the control rods of
non-power reactors are suspended from a “uperstructure, which allows gravity to
rapidly change core reactivity to shut down the reactor.

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

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

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

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

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

. The methods by which core components (individual fuel elements, reflector
pieces, control rods, experimental facilities, and coolant systems) are
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attached to the core support structure should be considered in the design.
The information should include tolerances for motion and reproducible
positioning. These tolerances should ensure that variations will not cause
reactivity design bases, coolant design bases, safety limits, or limiting
conditions for operation in the technical specifications to be exceeded.

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

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

. The design for a movable core should contain features that ensure safe and
reliable operation. This includes position tolerances to ensure safe and
reliable reactor operation within all design limits including reactivity and
cooling capability. The description should include the interlocks that keep
the reactor core from moving while the reactor is critical or while forced
cooling is required, if applicable. The design should show how the reactor
is shut down if unwanted motion occurs.

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

Review Procedures

The reviewer should confirm that the design bases define a complete core support
system.

Evaluation Findings

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

report:

° The applicant has described the support system for the reactor core,
including the design bases, which are derived from the planned operational
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characteristics of the reactor and the core design. All functional and safety-
related design bases can be achieved by the design.

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

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

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

. The core support structure is composed of materials shown to be resistant
to radiatio= damage, coolant erosion and corrosion, thermal softening or
yielding, and excessive neutron absorption.

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

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

4.3 Reactor Tank or Pool

Areas of Review

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

The areas of review are the design bases of the tank and the design details needed
to achieve those bases. The information that the applicant should submit for
review is discussed in this section of the format and content guide
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The acceptance criteria for the information on the reactor tank include the
following:

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

The construction materials and tank treatment should resist chemical
interaction with the coolant and be chemically compatible with other
reactor components in the primary coolant system

The dimensions of the tank, the materials used to fabricate the tank, and
the position of the reactor core should help avoid radiation damage to the
tan for its projected lifetime.

The ccnstruction materials and tank treatment should be appropriate for
prevent ng corrosion in inaccessible locations on the tank exterior

A plan should be in place to assess irradiation of and chemical damage to
the tank materials. Remedies for damage or a replacement plan should be
discussed.

All penetrations and attachments to the tank below the coolant level,
especially those below the top of the core, should be designed tc avoid
malfunction and loss of coolant.

The shape and volume of the tank should be designed so that the coolant in
it augments solid radiation shizlds to protect personnel and components
from undue radiation exposure. The bases for personnel radiation doses
should be derived from Chapter 11 of the SAR. The bases for components
should be derived from the descriptions in various sections of the SAR
including Section 4.4

The coolant should extend far enough above the core to ensure the coolant
flows and pressures assumed in thermal-hydraulic analyses.

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

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

Evaluation Findings

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

. The tank system can withstand all anticipated mechanical and hydraulic
forces and stresses to prevent loss of integrity which could lead to a loss of
coolant or other malfunction that could interfere with safe reactor
operation 0: shutdown

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

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

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

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

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

. The applicant has justified appropriate limiting conditions for operation and
surveillance requirements for the tank and included them in the technical
specifications.
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. The design features of the tank offer reasonable assurance of its reliability
and integrity for its anticipated life. The design of the tank is acceptable to
avoid undue risk to the health and safety of the public.

4.4 Biological Shield

Areas of Review

The radiation shields around non-power reactors are called biological shields and
are designed to protect personnel and reduce radiation exposures to reactor
components and other equipment. The principal design objective is to protect the
staff and public. The second design objective is to make the shield as thin as
possible, consistent with acceptable protection factors. Non-power reactors are
sources of radiation used for a variety of reasons. Therefore, their shielding
systems must allow access to the radiations internally near the reactor core and
externally in radiation beams. Traditional methods of improving protection factors
without increasing shield thickness are to use materials with higher density, higher
atomic numbers for gamma rays, and higher hydrogen concentration for neutrons.
The optimum shield design should consider all these.

Areas of review are discussed in this section of the format and content guide.
Acceptance Criteria

The acceptance criteria for the information on the biological shields include the
following:

. The principal objective of the shield design should be to ensure that the
projected radiation dose rates and accumuiated doses in occupied areas do
not exceed the limits of 10 CFR Part 20 and the guidelines of the facility
ALARA (as low as is reasonably achievable) program discussed in
Chapter 11 of the SAR.

. The shield design should address potential damage from radiation heating
and induced radioactivity in reactor components and shields. The design
should limit heating and induced radioactivity to leveis that could not cause
significant risk of failure.

. The tank or pool design, the coolant volume, and the solid shielding
materials should be apportioned to ensure protection from all applicable
radiation and all conditions of operation.

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

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

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

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

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

Review Procedures

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

Evaluation Findings

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

. The analysis in the SAR offers reasonable assurance that the shield designs
will limit exposures from the reactor anc reactor-related sources of
radiations so as not to exceed the limits of 10 CFR Part 20 and the
guidelines of the facility ALARA program.
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. The design offers reasonable assurence that the shield can be successfully
installed with no radiation streaming or other leakage that would exceed
the limits of 10 CFR Part 20 and the guidelines of the facility ALARA

program.

. Reactor components are sufficiently shielded to avoid significant radiation-
related degradation or malfunction.

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

4.5 Nuclear Design

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

4.5.1 Normal Operating Conditions
Areas of Review

In this section of the SAR, the applicant should discuss the configuration for a
functional reactor that can be operated safely.

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

The acceptance criteria for the information on normal operating conditions include
the following:

. The information should show a complete, operable reactor core. Control
rods should be sufficiently redundant and diverse to control all proposed
excess reactivity safely and to safely shut down the reactovi and maintain it
in a shutdown condition. The analyses of reactivities should include
individual and total control rod effects
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. Anticipated rearrangements of core components should account for
uranium burnup, plutonium buildup, and poisons, both fission product and
those added by design, for the life of the reactor. All operating core
configurations should be compact, allowing no space within the core large
enough to accept the addition of a fuel element or the addition of reactivity
beyond that analyzed and found acceptable in Chapter 13 of the SAR.

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

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

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

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

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

Review Procedures

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

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

. The applicant has described the proposed initial core configuration and
analyzed all reactivity conditions. These analyses also include other
possible core configurations planned during the life of the reactor. The
assumptions and methods used have been justified and validated.

. The analyses include reactivity and geometry changes resulting from
burnup, plutonium buildup, and the use of poisons, as applicable.

. The reactivity analyses include the reactivity values for the core
components, such as fuel elements, control rods, reflector components, and
such incore and in-reflector components as experimental facilities. The
assumptions and methods used have been justified

. The analyses address the steady power operation and kinetic behavior of
the reactor and show that the dynamic response of the control rods and
instrumentation is designed to prevent uncontrolled reactor transients.

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

. The analyses address a limiting core that is the minimum size possible with
the planned fuel. Since this core configuration has the highest power
density, the applicant uses it in Section 4.6 of the SAR to determine the
limiting thermal-hydraulic characteristics for the reactor.

. The analyses and information in this section describe a reactor core system
that could be designed, built, and operated without unacceptable risk to the
health and safety of the public

. The applicant has justified appropriate limiting conditions for operation and
surveillance requirements for minimal operating conditions and included
them in the technical specifications. The applicant has also justified the
proposed technical specifications.
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4.5.2 Reactor Core Physics Parameters
Areas of Review

In this section of the SAR, the applicant should present information on core
physics parameters that determine reactor operating charactenistics and are
influenced by the reactor design. The principal objective of a non-power reactor is
‘0 obtain a radiation source that conforms to requirements for use, but does not
pose an unacceptable risk to the health 2nd safety of the public. By proper design,
the reac or will cperate at steady or pulsed power and the reactor systems will be
able to terminate or mitigate transients without reactor damage. The areas of
review should include the design features of the reactor core that determine the
operating characteristics and the analytical methods for important contributing
parameters. The results presented in this section of the SAR should be used in
other sections of this chapter.

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

Acceptance Criteria

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

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

. Uncertainties in the analyses should be provided and justified

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

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

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

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

Review Procedures

The reviewer should confirm that generally accepted and validated methods have
been used for the calculations, evaluate the dependence of the calculational results
on reactor design features and parameters, review the agreement of the methods
and results of the analyses with the acceptance criteria, and review the derivation
and adequacy of uncertainties and errors.

Evaluation Findings

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

. The analyses of neutron lifetime, effective delayed neutron fraction, and
coefficients of reactivity have been completed, using methods validated at
similar reactors and experimental measurements.

. The effects of fuel burnup and reactor operating characteristics for the life
of the reactor are considered in the analyses of the reactor core physics
parameters.

. The numerical values for the reactor core physics parameters depend on
features of the reactor design, and the information given is acceptable for
use in the analyses of reactor operation.

. The applicant has justified appropriate limiting conditions for operation and
surveillance requirements for the reactor core physics parameters and
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included them in the technical specifications. The applicant has also
justified the technical sg “cifications.

4.5.3 Ogerating Limits

Areas of Review

In this section of the SAR, the applicant should present the nuclear design features
necessary to ensure safe operation of the reactor core and safe shutdown from any
operating condition. The information should demonstrate a balance between fuel
loading, contro! rod worths, and number of control rods. The applicant should
discuss and analyze po‘ential accident scenarios, as distinct from normal operation,
in Chapter 13 of the SAR.

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

Acceptance Criteria

The acceptance criteria for the information operating limits include the following:

. All operational requirements for excess reactivity should be stated,
analyzed, and discussed. These could pertain to at least the following:

temperature coefficients of reactivity

fuel burnup between reloads or shutdowns
void coefficients

xenon and samarium override

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

experiments

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

. The minimum amount of total control rod reactivity worth tc ensure
reactor subcriticality should be stated.
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. A transient analysis assuming that an instrumentation malfunction drives
the most reactive control rod out in a continuous ramp mode in its most
reactive region should be performed. This anaivsis could also be based on
a credible failure of a movable experiment. Th : analysis should show that
the reactor would not be damaged and fuel integrity would not be lost.
Reactivity additions under accident conditions should be analyzed in
Chapter 13 of the SAR.

. An analysis should be performed that examines reactivity assuming that the
reactor is operating at its maximum licensed conditions, normal electrical
power is lost, and the control rod of maximum reactivity worth and any
t«. n-scrammable control rods remain fully withdrawn. The analysis should
show how much negative reactivity must be available in the remaining
scrammable control rods so that, without operator intervention, the reactor
can be shut down safely and remain subcritical without risk of fuel damage
even after temperature equilibrium is attained, all transient poisons such as
xenon are reduced, and movable experiments are in their most reactive
position

. On the basis of analysis, the applicant should justify a minimum negative
reactivity (shutdown margin) that will ensure the safe shutdown of the
. reactor. This discussion should address the methods and the accuracy with
which this negative reactivity can be determined to ensure its availability.

. The core configuration with the highest power density possible for the
planned fuel should be analyzed as a basis for safety limits and limiting
safety system settings in the thermal-hydraulic analyses. The core
configuration should be compared with other configurations to ensure that
a limiting configuration is established for steady power and pulsed
operation, if applicable

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

Review Procedures
The reviewer should confirm that the methods and assumptions used in this section

of the SAR have been justified and are consistent with those in other sections of
this chapter.
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Evaluation Findings

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

. The applicant has discussed and justified all excess reactivity factors
needed to ensure a readily operable reactor. The applicant has also
considered the design features of the control systems that ensure that this

amount of excess reactivity is fully controlled under normal operating
conditions.

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

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

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

4.6 Thermal-Hydraulic Design
Areas of Review

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

temperatures remain far lower than temperatures at which fuel could be damaged.
For these reactors, the analyses and discussions may not constitute a critical part of
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the SAR. However, for non-power reactors that operate at higher fuel
temperatures or power densities, the thermal-hydraulic analyses may be the most
important and most limiting features of reactor safety. Because some of the
factors in the thermal-hydraulic design are based on experimental measurements
and correlations that are a function of coolant conditions, the analyses should
confirm that the values of such parameters are applicable to th reactor condit ons
analyzed.

The areas of review are discussed in this section of the format and coident guide.
Acceptance Crileria

The acceptance criteria for the information on thermal-hydraulic design include the
following:

. The applicant should propose criteria and safety limits based on the criteria
for acceptable safe operation of the reactor, thus ensuring fuel integrity
under all analyzed conditions. The discussion should include the
consequences of these conditions and justification for the alternatives
selected. These criteria could include the following:

- There should be no coolant flow instability in any fuel channel that
could lead to a significant decrease in fuel cooling.

- The departure from the nucleate boiling ratio should be no less than
2 in any fuel channel.

. Safety limits, as discussed in Chapter 14 of the format and content guide,
should be derived from the analyses described above, the analyses in
Section 4.5.3 of the SAR, and any other necessary conditions. The s 7y
limits should include conservative consideration of the effects of
uncertainties or tolerances and should be included in the technical
specifications.

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

. A forced-flow reactor should be capable of switching to natural-convection
flow without damaging fuel and jeopardizing saie reactor shutdown. Loss
of normal electrical power should not change this criterion
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. For a p ilsing reactor, limits on pulse sizes and transient rod characteristics
should cnsure that fuel is not damaged by pulsed operations. These Limits
should be based on the thermal-hydraulic analyses and appear i the
technical specifications. Changes in fuel characteristics from steady power
operation that affect pulsed operation should be taken into account. Such
factors as hydrogen migration, oxidation of cladding, and decrease in
burnable poison should be addressed, if applicable.

Review Procedures

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

Evaluation Findings

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

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

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

. Safety limits and limiting safety system settings are derived from the
thermal-hydraulic analyses. The values have been justified and appear in
the technical specifications. The thermal-hydraulic analyses on which these
parameters are based ensure that overheating during any operation or
credible event will not cause loss of fuel integrity and unacceptable
radiological risk to the health and safety of the public.
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This chapter gives guidance for evaluating 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. However, the coolant in the primary systems of
most non-power reactors serves more functions than just efficient removal of heat.
It can act as radiation ..ielding 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 choosing among
interdependent parameters, including thermal power level, research capability,
available fuel type, reactor core physics requiremerts, and radiation shielding

The principal licensing basis of non-power reactors is the thermal power developed
in the core during operation. This basis also applies to the few non-power reactors
licensed to operate at such low power levels that no significant core temperature
increases would occur during normal operation. Such reactors may not require an
engineered coolant system. For those reactors, the applicant should, in Chapter 4,
"Reactor Description,” of the SAR, discuss the dissipation of the heat produced,
estimate potential temperature increases during reactor operation, and justify why
an engineered coolant system is not required. In this chapter the applicant should
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
core cooling systems for the full range of normal operation should be derived in
Chapter 4 of the SAR. All auxiliary systems and subsystems that use and
contribute to the heat load of either the primary or secondary coolant system
should also be described and discussed in this chapter. Any auxiliary systems using
coolant from other sources, such as building service wi..er, should be discussed in
Chapter 9, "Auxiliary Systems." The design bases of any features of the core
cooling system designed to respond to potential accidents or to mitigate the
consequences of potential accidents should be derived from the analyses in
Chapter 13, "Accident Analyses." These features should be summarized in this
chapter and discussed in detail in Chapter 6, "Engineered Safety Features," of the
SAR. In this chapter the applicant should discuss and reference the technical
specifications that are needed to ensure operability consistent with SAR analyses

assumptions.

The primary loops of the coolant systems of most lici nsed non-power reactors are
of two basic types, forced-convection and natura! “nermal-convection. Facilities
using forced-convection cooling also may be licensed to o} ** ite in the natural-
convection mode and should be capable of dissipating decay heat in that mode.
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This chapter gives the review plan and acceptance criteria for information on the
heat removal systems. The information suggested for this section of the SAR is
outlined in Chapter 5 of the format and content guide.

5.1 Summary Description

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

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

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

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

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

. capability to provide sufficient heat removal to support operation at full
licensed power
. special or facility-unique features

5.2 Primary Coolant System
Areas of Review

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

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

. for most non-power reactors, transfer the heat to a secondary coolant
system for controlled dissipation to the environment
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maintain high water quality to limit corrosion of fuel cladding, control and
safety rods, reactor vessel or pool, and other essential components

provide radiation shielding of the core and other components such as beam
tubes and fuel storage facilities

provide neutron moderation and reflection in the core

prevent uncontrolled leakage or discharge of contaminated coolant to the
unrestricted environment

The basic requirements for these functions are generally derived and analyzed in
other chapters of the SAR. In this chapter the applicant should describe how the
coolant system provides th se functions. Specific areas of review for this section
are discussed in Section 5.2 of the format and content guide.

Acceptance Criteria

The acceptance criteria for the inform:tion on the primary coolant system include
the following:

Chapter 4 of the SAR should contain analyses of the reactor ccre including
coolant parameters necessary to ensure fuel integrity. Safety limits (SLs)
and limiting safety system settings (LSSSs) to ensure fuel integrity should
be derived from those analyses and included in tF : technical specifications.
Examples of cooling system variables on which LSSSs may be established
are maximum thermal power level for operation in natural-convection flow,
maximum coolant temperature, minimum coolant flow rate, minimum
pressure of coolant at the core, and minimum pool depth above the core
The analyses in this section should show that the components and the
functional design of the primary coolant system will ensure that no LSSS
will be exceeded through the normal range of reactor operation. The
analyses should address forced flow or natu al-convection flow, or both for
reactors licensed for both modes. The design should show that the passive
or fail-safe transition from forced flow to natural-convection flow is
reasonably ensured in all forced-flow non-power reacturs and that
continued fuel integrity is ensured.

The functional design should show that safe reactor shutdown and decay
heat removal are sufficient to ensure fuel integrity for all possible reactor
conditions, including potential accident scenarios. Scenarios that postulate
loss of flow or loss of coolant should be analyzed in Chapter 13 and the
results summarized in this section of the SAR.
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The descriptions and discussions should show that sufficient
instrumentation, coolant parameter sensors, and control systems are
provided to monitor and ensure stable coolant flow, respond to changes in
reactor power levels, and provide for a rapid reactor shutdown in the event
of loss of cooling. There also should be instrumentation for monitoring the
radiation of the primary coolant because elevated radiation levels could
indicate a loss of fuel cladding integrity. There should be routine sampling
for gross radioactivity in the coolant and less frequent radioactive spectrum
analysis to identify the isotopes and concentrations found in the coolant.
This spectrum analysis may also detect cladding failure at its earliest stages.

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

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

program.

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

Argon-41 is a ubiquitous radionuclide produced at non-power reactors.
Because this radionuclide may be the major release to the environment
during normal operation, special analyses and discussion of its production
and consequences should be given in Chapter 11 of the SAR. If any special
design or operational features of the primary coolant system modify or limit
exposures from argon-41, they should be discussed in this section of the
SAR. This discussion should demonstrate that any facilities or components
added to the pri-iary coolant system to modify argon-41 releases can limit
potential personnel exposures to the values found acceptable in Chapter 11.

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

. Because the primary coolant may provide essential fuel cooling and
radiation shielding, the system design should avoid uncontrolled release or
loss of coolant. Some design features to limit losses include locating
components of the primary coolant system above the core level, avoiding
drains or valves below core level in the pool or tank, providing syphon-
breaks in piping that enters the primary vessel or pool, and providing check
valves to preclude backflow. The designs and locations of such features
should provide reasonable assurance that loss of coolant that could uncover
the core is very unlikely. A potential accident of rapid loss of coolant
should be analyzed in Chapter 13 and summarized in this section of the
SAR.

Heavy water systems require additional design features because of the
radiological hazards of tritium production in the coolant. These systems
should be designed with systems to detect minor leakage. They also should
be designed so that heavy water, if lost from the system, will be contained
and not rzleased to the environment.

If contaminated coolant were lost from the primary coolant system, the
design and analyses should ensure that potential personnel exposures and
uncontrolled releases to the unrestricted environment do not exceed
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acceptable radiological dose consequence limits derived from the accident
analyses. The radiological consequences from he contaminated coolant
should be discussed in Chapter 11 and summarized in this section of the
SAR. Necessary surveillance provisions should be included in the technical
specifications.

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

Review Procedures

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

"valuation Findings

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

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

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

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

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

. The chemical quality of the primary coolant will limit corrosion of the fuel
cladding (or other primary barrier to release of fission products), the
control and safety rod cladding, the inside of the reactor vessel (or pool),
and other essential components in the primary coolant system for the
duration of the license and for the projected utilization time of the fuel.
(For a closed primary coolant system) Systems are present that will
prevent hydrogen concentrations from reaching combustible limits.

. The size and shape of the primary vessel or pool will provide sufficient
radiation shielding to maintain personnel exposures below the limits in
10 CFR Part 20 and will provide a heat reservoir sufficient for anticipated
reactor operations.

. Primary coolant system instrumentation and controls are designed to
provide all necessary functions and to transmit information on the
operating status to the control room.

. The technical specifications, including testing and surveillance, provide
reasonable assurance of necessary primary coolant system operability for
reactor operations as analyzed in the SAR.

. The design bases of the primary coolant system provide reasonable
assurance that the environment and the health and safety of the public will
be protected.

5.3 Secondary Coolant System
Areas of Review

Secondary coolant systems of non-power reactors are designed to transfer reactor
heat from the primary coolant system to the environment. Non-power reactors
may be designed in three ways: with a continuously operating secondary coolant
system, with an on-demand secondary coolant system, and without a secondary
coolant system. For most of the lic:nsed reactors, the coolant systems are
designed for continuous operation at licensed power level Therefore, the
secondary coolant system in these reactors must be designed to dissipate heat
continuously. Some non-power reactors are designed and licensed to operate at
low power levels, or for limited time intervals, so that the primary coolant system
can absorb or dissipate the heat without a continuously operating secondary
coolant system. Some non-power reactors require nc secondary coolant system.
In this section of the SAR, the applicant should justify how any necessary heat
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dissipation is accomplished. Specific areas of review for this section are discussed .
in Section 5.3 of the format and content guide.

Acceptance Criteria

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

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

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

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

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

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

Review Procedures

The reviewer should verify that all reactor conditions, including postulated
accidents, requiring transfer of heat from the primary coolant system to the
secondary coolant system have been discussed. The reviewer should verify that
the secondary coolant system is capable of removing and dissipating the amount of
heat and the thermal power necessary to ensure fuel integrity. The reviewer
should also confirm the analyses of secondary coolant system malfunctions
including the effects on reactor safety, fuel integrity, and the health and safety of
the public.

Evaluation Findings

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

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

. Locations and design specifications for secondary coolant system
components ensure that malfunctions in the system will not lead to reactor
damage, fuel failure, or uncontrolled release of radioactivity to the
environment.

. Secondary coolant system instrumentation and controls are designed to
provide all necessary functions and to transmit information on the
operating status to the control room.

. The secondary coolant system is designed to respond as necessary to such
postulated events as a loss-of-primary-coolant accident and a loss of forced
coolant flow in the primary coolant system.

. The technical specifications, including testing and surveillance, provide
reasonable assurance of necessary secondary coolant system ope rability for
normal reactor operations.
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5.4 Primary Coolant Cleanup System
Areas of Review

Experience has shown that potable water supplies are usually not acceptably pure
for use as a reactor primary coolant without additional cleanup. Most licensed
non-power reactors contain solid fuel elements immersed in the primary coolant
water. Experience has also shown that oxide buildup on aluminum-clad fuel
operated at high power densities can reduce heat transfer (Griess et al., 1964).

The rate of buildup depends on several operational characteristics, including the
pH of the coolant. Therefore, this process should be discussed in Chapter 4 and
summarized in this section of the SAR if it contributes to establishing requirements
for primary coolant purity. The purity of the primary coolant should be maintained
as high as reasonably possible for the following reasons:

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

primary coolant system

. to limit the concentrations of particulate and dissolved contaminants that
might become radioactive by neutron irradiation

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

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

Acceprance Criteria

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

. The primary coolant quality should be maintained in the ranges established
as acceptable in Chapters 4 and 11 of the SAR. These analyses for high-
power reactors (> 2 MW) should include the buildup of an oxide film on
aluminum cladding. Experience has shown that quality water conditions,
electrical conductivity <5 pymho/cm and pH between 5.5 and 7.5, can
usually be achieved by good housekeeping and a cleanup loop with
particulate filters and demineralizers. Such a system is acceptable unless
the SAR analyses establish other purity conditions as acceptable.

. Radioactively contaminated resins and filters should be disposed of or
regenerated in accordance with radiological waste management plans
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discussed in Chapter 11, and potential exposures and releases to the
unrestricted environment shall not exceed the requirements of 10 CFR Part
20 and should be consistent with the facility ALARA program.

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

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

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

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

‘ - Safe reactor shutdown is not prevented.

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

Review Procedures

The reviewer should compare the design bases for the primary coolant water
quality with the design bases by which the primary coolant cleanup system will
achieve the requirements. The comparison should include performance
specifications, schematic diagrams, and discussion of the functional characteristics
of the cleanup system. The reviewer should evaluate (1) design features to ensure
that leaks or other malfunctions would not cause inadvertent damage to the reactor
or exposure of personnel and (2) the plan for control and disposal of radioactive
filters and demineralizer resins.

Evaluation Findings

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

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

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

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

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

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

5.5 Primary Coolant Makeup Water System
Areas oy Review

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

Acceptance Criteria

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

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

. Not all non-power reactors must provide makeup water through hardware
systems directly connecting the reactor to the facility potable water supply.
However, for those that do, the makeup water system or plan should
include components or administrative controls that prevent potentially
contaminated primary coolant from entering the potable water system.

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

. The makeup water system need not have a functional relationship with any
installed emergency core cooling system (ECCS). If it does, it should not
interfere with the availability and operability of the ECCS.

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

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

Review Procedures

The reviewer should compare the design t ases and functional requirements for
replenishing primary coolant including the quantity and quality of water, the
activities or functions that remove primary coolant, and the systems or procedures
to accomplish water makeup with the acceptance criteria. The review should
focus, as applicable, on safety precautions to preclude overfilling of the reactor
coolant system, loss of primary coolant through the nonradioactive service drain
system, and the release of primary coolant back through the makeup system into
potable water supplies.
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Evaluation Findings

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

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

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

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

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

5.6 Nitrogen-16 Control System
Areas of Review

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

The acceptance criteria for the information on the nitrogen-16 control system
include the following

The reduction in personnel exposure to nitrogen-16 should be consistent
with the nitrogen-16 analyses in Chapter 11 of the SAR. Total dose shall
not exceed the requirements of 10 CFR Part 20 and should be consistent
with the facility ALARA program

System design should not

decrease cooling efficiency so that any limiting safety system setting
would be exceeded

lead to uncontrolled release or loss of coolant if a malfunction were
to occur

prevent safe reactor shutdown and removal of decay heat sufficient
to avoid fuel damage

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

Review Procedures

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

confirming the amount of ritrogen-16 predicted by the SAR analysis at the
proposed power level and the potential personnel exposure rates, including
exposures from direct radiation and airborne nitrogen-16

reviewing the type of system and the decrease in exposure rates

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

reviewing the possible effects of malfunctions of the nitrogen-16 control
system on reactor safety, safe reactor shutdown, and release of
contaminated primary coolant
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Evaluation Findings

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

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

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

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

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

5.7 Auxiliary Systems Using Primary Coolant
Areas of Review

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

Auxiliary uses of the primary coolant could affect its availability as a fuel coolant,
which is its principal use. Although the principal discussions of these au-.iliary
systems should be located in other sections of the SAR, their effects on the coolant
systems should be summarized in this section Auxiliary systems that may use
primary coolant include the following
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experiment cooling
experimental facility cooling
experimental facility shielding
biological shield cooling
thermal shield cooling

fuel storage cooling or shielding

Specific areas of review for this section are discussed in Section 5 7 of the format
and content guide.

Acceptance Criteria

The acceptance criteria for the information on the auxiliary systems using primary
coolant include the following:

. The system should remove sufficient projected heat to avoid damage to the
cooled device.

. The system should not interfere with the required operation of the primary
core cooling system.

. Any postulated malfunction of an auxiliary system should not cause
uncontrolled loss of primary coolant or prevent a safe reactor shutdown.

. The shielding system using primary coolant should provide sufficient
protection factors to prevent personnel exposures that exceed the
requirements of 10 CFR Part 20 and the facility ALARA program
guidelines.

. The system should not cause radiation exposures or release of radioactivity
to the environment that exceeds the requirements of 10 CFR Part 20 and
the facility ALARA program guidelines.

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

Review Procedures

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

protection factors provided by the coolant have been discussed.
Evaluation Findings

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

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

. The applicant has analyzed any reactor components or auxiliary systems for ‘
which primary coolant helps shield personnel from excessive radiation
exposures. The use of the coolant for these purposes is acceptable, and the
estimated protection factors limit the exposures to the requirements of
10 CFR Part 20 and the facility ALARA program guidelines. There is
reasonable assurance that credible and postulated malfunctions of the
auxiliary cooling systems will not lead to uncontrolled loss of primary
coolant, radiation exposures, or release of radioactivity to the unrestricted
environment that exceeds the requirements of 10 CFR Part 20 and the
facility ALARA program guidelines.

. The technical specifications, including testing and surveillance, provide

reasonable assurance of necessary auxiliary cooling system operability for
normal reactor operations.

5.8 Reference

Griess, J. C., et al, ORNL-3541, "Effect of Heat Flux on the Corrosion of
Aluminum by Water," Part IV, Oak Ridge Natinonal Laboratory, February 1964.
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This chapter gives the review plan and acceptance criteria for active or passive
engineered safety features (ESFs) of the reactor facility that are designed to
mitigate the consequences of accidents. The concept of ESFs evolved from the
defense-in-depth philosophy of multiple design features to prevent or mitigate the
release of radioactive materials to the environment during accident conditions.

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

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

In the past, the SAR accident analyses for many non-power reactors have shown
that ESFs are not required, even for the maximum hypothetical accident. In other
cases, the accident analyses have shown that ESFs need to be considered in
mitigating the potential release of hazardous quantities of radioactive material to
the environment.
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he accident analyses by the applicant should contain the design bases for any
required ESF. The ESF design should be as basic and fail safe as practicable.
Because non-power reactors are conservatively designed, few accidents should
require redundant or diverse ESF systems. Some factors the reviewer should
evaluate to verify whether redundant or diverse ESFs should be required for a
particular reactor design are discussed in this chapter.

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

The issue of what standards to use in evaluating 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 design goal of non-power reactor ESFs is to ensure that projected radiological
exposures from accidents are kept below the regulatory limits. For a research
reactor, the reviewer should compare the results of the accident analyses against
10 CFR Part 20. For research reactors licensed before January 1, 1994, the doses
calculated in the accident analyses will be acceptable if they are less than the old
10 CFR Part 20 limits (10 CFR 20.1 through 20.602 and appendices) of S rem
whole body and 30 rem thyroid for occupationally exposed persons and less than
0.5 rem whole body and 3 rem thyroid for members of the public. The reviewer
should conduct each review on a case-by-case basis. In several instances, the staff
has accepted very conservative accident analyses with results greater than the

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

If the ficility meets the definition of a test reactor, the reviewer should compare
the results against the doses in 10 CFR Part 100. As discussed in the footnotes to
10 CFR 100.11, the doses in 10 CFR Part 100 are reference values. Any further
references to 10 CFR Part 100 in this chapter pertain to test reactors only.

The reviewer should evaluate how the ESFs interact with site utilities, such as
electrical power and water, and how the transfer between normal and emergency
sources of electricity and water, if applicable, is to be accomplished. The applicant
should prese=: any need for site utility redundancy and the specific design features
that provide redundancy for the components of each ESF.

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

Typical ESFs that may be required for a proposed design are the confinement, the
containment, and the emergency core cooling system (ECCS), which are discussed
in this chapter of the format and content guide. The postulated accident analyses
by the applicant determine if a non-power reactor facility needs a confinement, a
containment, an ECCS, or no ESks. The reviewer will find that heating,
ventilation, and air conditioning (HVAC) and air exhaust systems at non-power
reactors generally serve to limit the release of airborne radioactive material. The
reviewer should verify that those features in HVAC systems required to mitigate
the consequences of accidents were treated as ESFs. This review plan gives
guidance for the evaluation of information on confinement, containment, and
ECCS ESFs. Information on any additional ESFs required at non-power reactors
can be evaluated by the reviewer in a similar manner.

Most non-power reactors can be designed, sited, and operated so that a normal
building or, at most, a confinement can be used to house the reactor; a
containment will not be required. If the reviewer confirms that the safety analyses
show that a confinement ESF is sufficient to mitigate the consequences of the most
limiting accident to acceptable levels, a containment ESF would not be required.
Some licensees have chosen to build containments as an additional design
conservatism.
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6.1 Summary Description

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

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

Section 6.2 of the SAR for each specific ESF,

6.2 Detailed Descriptions

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

6.2.1 Confinement

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

Most non-power reactors release a small amount of radioactive material during
normal operation. Even though the quantity of radioactive material produced may
not be large, the applicant should describe how releases to the environment will be
controlled. The airborne radionuclide normally released from the envelope of the
reactor is argon-41, which may be continuously swept from the reactor building to
diffuse and disperse in the atmosphere. The applicant should ensute that during
this controlled release, rieither the public nor the facility staff receive a dose greater
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thar regulatory limits. This function of the confinement and the HVAC system is
not considered a function of an ESF. If the effluent control systems provide no
unique accident consequence-mitigation function, the design bases and detailed
discussions of the systems for normal operations should be given in Chapter 3,
"Design of Structures, Systems, and Components,” and Chapter 9, *Auxiliary
Systems," of the SAR. Discussions and calculations of diffusion and dispersion of
airborne radioactivity in both restricted and unrestricted environments should be
given in Chapter 11, "Radiation Protection Program a..! Waste Management "

Areas of Review
The reviewer should evaluate the following:

. Design bases and functional description of the required mitigative features
of the confinement ESFs, derived from the accident scenarios.

. Drawings, schematic diagrams, and tables of imy ortant design and
operating parameters anJ specifications fo the onfinement ESFs,
including

- seals, gaskets, filters, and penetrations (e.g., electrical,
experimental, air, and water)

- necessary ESF equipment included as part of the confinement

- fabrication specifications for essential and safety-related
components.

. Discussion and analyses, keyed to drawings, of how the structure provides
the necessary confinement analyzed in Chapter 13, with cross reference to
other chapters for discussion of normal operations (such as Chapter 4,
"Reactor Description,” and Chapter 11), as necessary.

. Description of control and safety instrumentation, including the locations
and functions of sensors, readout devices, monitors, and isolation
components, as applicable. (Design features should ensure operability in
the environment created by the accident )

. Discussion of the required limitations on release of confined effluents to the
environment.

. Surveillance methods and intervals included in the technical specifications
that ensure operability and availability of the confinement ESFs, when
required.
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Acceptance Criteria

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

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

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

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

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

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

The instrumentation and control (1&C) system of the confinement ESF
systems should be as basic and fail safe as possible. They should be
designed to remain functional for the full range of potential operational
conditions, including the environment created by accident scenarios.

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

specifications.

Review Procedures

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

Evaluation Findings

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

. The scenarios for all potential accidents at the reactor facility have been
analyzed by the applicant and reviewed by the staff Mitigation of
consequences by a confinement system has been proposed in the SAR.
analyses for any accident that could lead to potential unacceptable
radiological exposures to the public, the facility staff, or the environment.

. The staff has reviewed the designs and functional descriptions of the
confinement ESF; they reazonably eusure that the consequences will be
limited to the levels found acceptable in the accident analyses of Chapter 13
of the SAR.

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

. The radiological consequences from accidents to the public, the
environment, and the facility staff will be reduced by the confinement ESF
to values that do not cxceed the applicable limits of 10 CFR Part 20 for
research reactors, or 10 CFR Part 100 for test reactors, and in both cases
are as far below the regulatory limits as can be reasonable achieved.

6.2.2 Containment

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

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

Most non-power reactors release a small amount of radioactive material during
normal operation. Even though the quantity of radioactive material produced may
not be large, the applicant should describe how releases to the environment will be
controlled. The airborne radionuclide normally released from the envelop> of the
reactor is argon-41, which may be continuously swept from the reactor building to
diffuse and disperse in the atmosphere. The applicant should ensure that during
the controlled release, neither the public nor the facility staff would receive a dose
greater than regulatory limits. This function of the containment and the HVAC
system is not considered the function of an ESF. If the effluent control systems
provide no unique accident consequence-mitigation function, the design bases and
detailed discussions of the systems for normal operations should be given in
Chapter 3 and Chapter 9 of the SAR. Discussions and calculations of diffusion
and dispersion of airborne radioactivity in both restricted and unrestricted
environments should be given in Chapter 11.

Areas of Review

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

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

Design bases and functional description of the required mitigative features
of the containment, derived from the accident scenarios.

Drawings, schematic diagrams, and tables of important design and
operating parameters and specifications for the containment, including

- volume and overpressure capability

- seals, gaskets, filters, and penetrations (e g, electrical,
experimental, air, and water)

- necessary ESF equipment included as part of the containment

- fabrication specifications for essential and safety-related
components.

Discussion and analyses, keyed to drawings, of how the structure provides
the necessary containment presented in Chapter 13, with cross refereace to
other chapters for discussion of normal operation (such as Chapters 4 and
11), as necessary.

Description of control and safety instrumentation, including the locations
and functions of sensors, readout devices, monitors, and isolation
components, as applicable. (Design features should ensure operability in
the environment created by the accident )

Discussion of the shielding protection factors provided for direct radiation
and the required limitations on leskage or release of contained effluents to
the environment.

Conditions under which operability is required, and the surveillance
methods and intervals in the technical specifications that ensure operability
and availability of the containment, when required.

Acceprance Criteria

The acceptaace critzria for the information on the containment ESF include the
following:

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

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

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

. The design of the containment should not transfer undu= radiological ri k
to the health and safety of the public in order to reduce potential exposures
to v facility staff.

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

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

Peview Procedures

The riviewer should review the accident scenarios and the applicable design bases
for a cuntainment ESF and the design and functional features of the ESF and the
mitigating effects on the radiological consequences evaluated. The net projected
radiological exposures should be compared with the limits of 10 CFR Parts 20 or
100 to determine if the design is acceptable.

Evaluation Findings

This secuon of (v, SAR should contain sufficient information to support the
following tynes of conclusions, which will be included in the safety evaluation

report

. The applicant has identified a potential or maximum hypothetical accident
as a result of which projected exposures to the public without containment
would be greater than acceptable limits

. The design and functional features proposed for a containment reasonably
ensure that exposures will be reduced below the limits of 10 CFR Part 20
for research reactors, or 10 CFR Part 100 for test reactors, with an
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additional factur to achieve residual doses as far below the regulatory limits
as can be reasonably achieved. The maximum projected dose to a member
of the public is determined from the analyses in SAR Chapter 13 for all

analyzed accidents.

. 1&C systems, testing, surveillance provisions and intervals, and related
technical specifications reasonably ensure that, if required, the containment
ESF will be availabie and operable.

. The design of the containment ESF gives reasonable assurance that it will
not interfere with reactor operation or shutdown.

6.2.3 Emergency Core Cooling System
Areas of Review

For most non-power reactors, heat must be removed from the fuel only during
normal operations. In some cases, decay heat from radioactive fission products
must be removed from the fuel after the reactor is shut down. Coolant systems
described in Chapter 5, "Reactor Coolant Systems," are designed to provide these
functions. If coolant is accidentally lost, the decay heat in some non-power
reactors could be high enough to require a core cooling system to avoid cladding
and fuel damage from high fuel temperatures.

Each applicant should present in Chapter 13 of the SAR the analysis of a loss-of-
coolant accident (LOCA) because at many non-power reactors, the LOCA could
be the maximum hypothetical accident that defines the envelope of potential
radiological consequences to the facility staff, the public, and the environment.

The reviewer should evaluate the design bases and functional requirements of the
proposed ECCS for the postulated LOCA through the progression of the accident
scenano.

Acceptance Criicria
The acceptance criteria for the information on the ECCS include the foliowing:

. The design bases and functional description should be derived from a
LOCA scenario and presented in SAR Chapter i2

. The design features ensure that the ECCS will provide the coolant delivery
rate for the time interval required by the scenario  The design features
ensure that any necessary utility sources, such as normal electricity,
emergency power, and coolant, will be available to the ECCS
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. The ECCS should not interfere with either normal operations or reactor
shutdown

. The consequences of the LOCA event, as mitigated by the ECCS, will not
exceed the limits of 10 CFR Part 20 for research reactors or 10 CFR Part
100 for test reactors and will be as far below the regulatory limits as can be
reasonably achieved.

. Technical specifications, containing tests and surveillance, provide
reasonable assurance that the ECCS will be operable, if needed.

Review Procedures

The reviewer should evaluate the accidents in Chapter 13 of the SAR to determine
the scenario and consequences for the LOCA and to ascertain if degradation of the
fuel cladding or loss of fuel cladding integrity could result from the LOCA. The
reviewer should verify that the proposed ECCS can mitigate degradation of the
fuel cladding such as softening or loss of fuel cladding integrity. Fuel limits are
discussed in Chapter 14, "Technical Specifications,” of the format and content
guide. The reviewer should compare the design details of the proposed ECCS
with the design and functional requirements of the SAR LOCA and the mitigated
radiological consequences with 10 CFR Part 20 for research reactors or 12 CFR
Part 100 for test reactors to determine if the design is acceptable.

Evaluation Findings

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

. The applicant has identified a potential or maximum hypothetical LOCA
that could lead to unacceptable fuel degradation or loss of fuel cladding
integrity and unacceptable radiological consequences.

. The applicant's analysis of this accident in Chapter 13 includes a proposed
ECCS whose design function is to cool the fuel to prevent failure of the
fuel cladding

. The ECCS would not interfere with normal operations and would not
prevent safe reactor shutdown.

. The ECCS would not lead to uncontrolled release of radioactive material,
including contaminated primary coolant.
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. The ECCS is designed and technical specification requirements and
procedures exist for periodic surveillance and testing to ensure its
operability and availability.

. The design of the ECCS is adequate for operation at the required flow rate
and time interval as determined by the accident analysis. The design also
considered the availability of normal electrical power and coolant sources
and provided for alternative sources, if necessary.

. The functioning of the ECCS as designed reasonably ensures that a LOCA

at the reactor facility would not subject the public, the environment, or the
facility staff to unacceptable radiological exposure.

6.3 References

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

Atomic Safety and Licensing Appea! Roard, In the Matter of Trustees of ('olumbia
University in the City of New York, May 18, 1972.
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7 INSTRUMENTATION AND CONTROL SYSTEMS

Instrumentation and control (I&C) systems comprise the sensors, electronic
circuitry, displays, and actuating devices that provide the information and the
means to safely control the reactor and to avoid or mitigate accidents. Instruments
are provided to monitor, indicate, and record such operating parameters as neutron
flux density, fuel temperature, coolant flow, temperature, and level, and radiation
intensities in selected areas around the reactor. Certain I&C systems will
automatically shut down (scram) the reactor when any safety parameter reaches a
predetermined setpoint as analyzed in the SAR. 1&C subsystems may also be
designed to actuate engineered safety features (ESFs) upon the detection of
abnormal conditions.

The 1&C systems of non-power reactors comprise two basic subsystems:

(1) the reactor control system (RCS), interlocks, control console instruments,
and radiation monitoring systems necessary and sufficient to operate the
reactor under the full range of normal conditions

(2) the safety systems [reactor protection system (RPS), ESF actuation system,
and radiation safety monitors] added to the 1&C systems because of such
events as possible accidents, malfunctions, operator error, or release of
radioactive material (some components may be a part of both subsystems)

The RPS would be designed to be independent from the RCS if the risks
associated with operating a non-power reactor were large. However, non-power
reactors can be designed and operated so they pose an acceptably small or
insignificant risk 1o the facility staff, the public, and the environment. Such a
facility need not have an RPS independent in all respects from the 1&C systems
used for normal operations. Most licensed non-power reactors have been designed
on the basis of these principles, and the reviewer should anticipate 1&C system
designs in which subsystems for normal operation and safety subsystems are
intermingled. However, the applicant should justify the design of these combined
systems and should clearly distinguish and discuss the two functions, noting which
components serve both purposes. The consequences of certain malfunctions of the
1&C system may render this design approach unacceptable for high-power test
reactors. These cases should be handled individually by the project manager and
NRC 1&C system experts.

The format and content guide sugests that I&C subsystems and equipment be
categorized by the function performed: RCS, RPS, ESF actuation system, control
console and display instrument, or radiation monitoring instrument. The applicant
should completely identify the I&C systems in each category Identification should
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include such attributes as name, type, function, analog or digital, purpose, and any .
other distinguishing characteristics.

The 1&C system gives the operator information with which to control both the
mode of operation and neutron flux (power) level of the reactor. It may also give
input to the RCS, allowing changes in reactivity and automatic control of the
power level of the reactor by insertion or withdrawal of control rods  Startup is
accomplished only by manual control for most non-power reactor designs.

The safety systems (RPS and ESF actuation system) monitor such parameters as
neutron flux, fuel temperature, area radiation intensities, and other important
parameters to scram the reactor when deemed necessary or to initiate the
operation of ESF systems when instruments indicate certain conditions have been
met.

The control console and other display instruments present current and past
operating parameter and system status information for use in evaluating reactor
operating conditions. This information enables the operator to decide on further
action, such as when to take manual control of the reactor.

Radiation protection instruments monitor radiation intensities in selected areas that
may be occupied in or near the reactor building, or may supply input to the RPS or
the ESF actuation system, and may monitor the concentrations or the release of
radioactive material in effluent streams from the reactor facility This information
can be used to assess or control personnel radiation exposures.

7.1 Summary Description

Each 1&C system for a non-power reactor should be designed to perform functions
commensurate with the complexity of the particular facility Reviewers should
anticipate wide variations in design capability and functions of the I&C systems
because of the wide variations in such factors as operating thermal power levels
and use of non-power reactors. The format and content guide recommends that
the SAR should include a summary description of the 1&C system: the safety,
philosophy, and objectives of its design; the operational characteristics of the
reactor that determine or limit the 1&C design; and the ways in which the various
subsystems constitute the whole and interact to contribute to its essential
functions. The format and content guide describes information that should be
included in this summary, such as block, logic, and flow diagrams illustrating the
various subsystems. The suramary description may compare the reactor-specific
1&C design with similar ones that NRC has found acceptable for other non-power
reactors, including the bases for redundancy and diversity of sensor channels,
safety channels, and control elements. The acceptance of the summary description
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should be based on its completeness in addressing the factors listed in the format
and content guide.

7.2 Design of Instrumentation and Control Systems

In this section of the format and content guide, the staff discusses various topics
that the applicant should include in this chapter of the SAR. The reviewer should
confirm that this type of information is in the SAR for each of the I&C systems in
its entirety and for each category of subsystem. The SAR should address the
following:

design criteria

design bases

system description

system performance analysis
conclusion

The remaining sections of this chapter discuss specific information to be included
in the SAR for each of the subsystems and how the reviewer should evaluate each
subsystem.

7.3 Reactor Control System
Areas of Review

The RCS contains most of the 1&C subsystems and components designed for the
full range of normal reactor operation. The areas of review for the RCS should
include a discussion of the factors requested in Section 7.2 of the format and
content guide. The information for the RCS may be presented under the following
subtopics:

. nuclear instruments—including all detector channels designed to monitor
or measure nuclear radiations, and possibly fuel temperature within the
reactor for operational purposes

. process instruments—instruments 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

. control elements—types, number, function, design, and operating features
of reactivity control devices other than fuel elements (coordinate with the
review of Chapter 4, "Reactor Description")
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. interlocks—circuits or devices to inhibit or prevent an action, such as
control rod motion, unless a specified precondition exists. Interlocks are
intended to protect personnel or other subsyster« from harm,

The areas of review for the RCS should also include the following:
. bases, criteria, standards, and guidelines used for the design of the RCS

. description, including logic, schematics, and functional diagrams, of the
overall system and component subsystems

. analysis of the adequacy of the design to establish conformance to the
design bases and criteria for reactor power, rate of power change, and
pulsing information

. analysis of the adequacy of the design to establish conformance to the
design bases and criteria for information on required process variables to
control reactor operation

. application of the functional design and analyses to the development of
bases of technical specifications, including surveillance tests and intervals

. RCS failure modes to determine if any malfunction of the RCS could
prevent the RPS from performing its safety function, or could prevent safe
shutdown of the reactor.

Acceptance Criteria

The acceptance criteria together with the use of good engineering practice will
help the reviewer to conclude whether the RCS is designed to provide for the
reliable control of reactor power level, rate of change of power levels, and pulsing
(if applicable) during reactor startup, the full range of normal operation, and
shutdown Acceptance critena include the following:

. The range of operation of sensor (detector) channels should be sufficient to
cover the expected range of vanation of the monitored variable during
normal and transient (pulsing or square wave) reactor operation.

. The RCS should give continuous indication of the neutron flux from
subcritical source multiplication level throi:~h the licensed maximum power
range This continuous indication snot . ure about one decade of
overlap in indication 1s maintained whi. vation is transferred from
one detector channel to another.
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The sensitivity of each sensor channel should be commensurate with the
precision and accuracy to which knowledge of the variable measured is
required for the control of the reactor.

The system should give reliable reactor power level and rate-of-change
information from detectors or sensors that directly monitor the neutron
flux.

The system should give reliable information about the status and magnitude
of process variables necessary for the full range of normal reactor
operation.

The system should be designed with sufficient control of reactivity for all
required reactor operations including pulsing, and ensures compliance with
analyzed requirements on excess reactivity and shutdown margins.

The RCS should not be designed to fail or operate in a mode that would
prevent the RPS from performing its designed function, or prevent safe
reactor shutdown.

Hardware and software for computerized systems should meet the
guidelines of IEEE 7-4.3.2-1993, "IEEE Standard Criteria for Digital
Computers Systems in Safety Systems of Nuclear Power Generating
Stations," and Regulatory Guide (RG) 1.152, "Criteria for Digital
Computers in Safety Systems of Nuclear Power Plants," Revision 1, which
is attached to Chapter 7 of the format and content guide as Appendix 7.1,
and software should meet the guidelines of ANSI/ANS 10.4-1987,
"Guidelines for the Verification and Validation of Scientific and
Engineering Computer Programs for the Nuclear Industry," that apply to
non-power reactor systems.

ANSUANS 15.15-1978, "Criteria for the Reactor Safety Systems of
Research Reactors," and ANSI/ANS 15.20 (draft), "Criteria for the
Control and Safety Systems for Research Reactors," are general guides for
the design, implementation, and evaluation of 1&C systems for non-power
reactors and should be used where applicable. A digital control system
developed by General Atomics has been reviewed by the staff, found
acceptable, and installed in several NRC-licensed TRIGA reactors (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, and Amendment No. 29 to Facility Operating
License No. R-38, Docket No. 50-89 for the General Atomics TRIGA
Mark I Reactor, October 4, 1990). A digital control system developed by
Atomic Energy Canada Limited has been reviewed by the staff, found
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acceptable, and installed in an NRC-licensed TRIGA reactor (see
Amendment No. 30 to Facility Operating License No. R-2, Docket

No. 50-5 for the Penn State Breazeale Reactor, August 6, 1991).

. For 1&C systems that are being upgraded to systems based on digital
technology, the applicant should consult NRC Generic Letter 95-02, "Use
of NUMARC/EPRI Report TR-102348, Guideline on Licensing Digital
Upgrades, in Determining the Acceptability of Performing Analog-to-
Digital Replacements Under 10 CFR 50.59."

. The RCS should be designed for reliable operation in the normal range of
environmental conditions anticipated within the facility.

. The RCS should be designed to assume a safe state on loss of electrical
power.

. The subsystems and equipment of the RCS should be readily tested and
capable of being accurately calibrated.

. Technical specifications, including surveillance tests and intervals, should
be based on SAR analyses and should give the necessary confidence in
availability and reliable operation of detection channels and control ‘
elements and devices.

. If required by the SAR analysis, the system should give a reactor period or
a startup rate indication that covers subcritical neutron multiplication, the
approach to critical, through critical, into the operating power range.

. The RCS should give redundant reactor power level indication through the
licensed power range.

. The location and sensitivity of at least one reactor startup channel, along
with the location and emission rate of the neutron startup source, should be
designed to ensure that changes in reactivity will be reliably indicated even
with the reactor shut down (see Chapter 4)

. A startup channel with interlock should give indication of neutrons and
should prevent reactor startun (increase in reactivity) without sufficient
neutrons in the core.

. The startup and low-power range detectors should be capable of
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