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American Designation of this document as an American National Standard attests that
Nati | the principles of openness and due process have been followed in the approval
ationa procedure and that a consensus of those directly and materially affected by the

Standard standard has been achieved.

This standard was developed under the procedures of the Standards Committee
of the American Nuclear Society; these procedures are accredited by the American
National Standards Institute, Inc., as meeting the criteria for American National
Standards. The consensus committee that approved the standard was balanced to
ensure that competent, concerned, and varied interests have had an opportunity
to participate.

An American National Standard is intended to aid industry, consumers,
governmental agencies, and general interest groups. Its use is entirely voluntary.
The existence of an American National Standard, in and of itself, does not preclude
anyone from manufacturing, marketing, purchasing, or using products, processes,
or procedures not conforming to the standard.

By publication of this standard, the American Nuclear Society does not insure
anyone utilizing the standard against liability allegedly arising from or after its
use. The content of this standard reflects acceptable practice at the time of its
approval and publication. Changes, if any, occurring through developments in
the state of the art, may be considered at the time that the standard is subjected
to periodic review. It may be reaffirmed, revised, or withdrawn at any time in
accordance with established procedures. Users of this standard are cautioned to
determine the validity of copies in their possession and to establish that they are
of the latest issue.

The American Nuclear Society accepts no responsibility for interpretations of this
standard made by any individual or by any ad hoc group of individuals. Responses
to inquiries about requirements, recommendations, and/or permissive statements
(i.e., “shall,” “should,” and “may,” respectively) should be sent to the Standards
Department at Society Headquarters. Action will be taken to provide appropriate
response in accordance with established procedures that ensure consensus.

Comments on this standard are encouraged and should be sent to Society
Headquarters.
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Inquiry The American Nuclear Society (ANS) Standards Committee will provide responses
Re quests to inquiries about requirements, recommendations, and/or permissive statements

(i.e., “shall,” “should,” and “may,” respectively) in American National Standards
that are developed and approved by ANS. Responses to inquiries will be provided
according to the Policy Manual for the ANS Standards Committee. Nonrelevant
inquiries or those concerning unrelated subjects will be returned with appropriate
explanation. ANS does not develop case interpretations of requirements in a
standard that are applicable to a specific design, operation, facility, or other unique
situation only, and therefore is not intended for generic application.

Responses to inquiries on standards are published in ANS’s magazine, Nuclear
News, and are available publicly on the ANS Web site or by contacting the ANS
standards administrator.

Inquiry requests shall include the following:

Inquiry (1) the name, company name if applicable, mailing address, and telephone number
Format of the inquirer;

(2) reference to the applicable standard edition, section, paragraph, figure, and/or
table;

(3) the purposes of the inquiry;
(4) the inquiry stated in a clear, concise manner;

(5) a proposed reply, if the inquirer is in a position to offer one.

Inquiries should be addressed to:

American Nuclear Society
ATTN: Standards Administrator
555 N. Kensington Avenue
La Grange Park, IL 60526

or standards@ans.org

Documents

Document Sharing Hub

Full document details: ANSI ANS 58.16-2014 (2020)


http://www.avadocuments.com/doc/ansi-ans-58-16-2014-2020
http://www.avadocuments.com/doc/ansi-ans-58-16-2014-2020

American National Standard ANSI/ANS-58.16-2014

Documents

Document Sharing Hub

Full document details: ANSI ANS 58.16-2014 (2020)


http://www.avadocuments.com/doc/ansi-ans-58-16-2014-2020
http://www.avadocuments.com/doc/ansi-ans-58-16-2014-2020

American National Standard ANSI/ANS-58.16-2014

Foreword (This foreword is not a part of American National Standard “Safety Categorization and
Design Criteria for Nonreactor Nuclear Facilities,” ANSI/ANS-58.16-2014.)

Nonreactor nuclear facilities are designed, constructed, and operated using
regulations, standards, and practices to assure that the workers in the facilities and
members of the public outside the facilities are safe during the normal operations
of the facilities and also in case of abnormal events or accidents. This is achieved
through judicious categorization of structures, systems, and components (SSCs)
and specific administrative controls (SACs) to prevent or mitigate such events. The
categorization determines the types and levels of controls needed, based on the
hazards at the facilities. This standard provides a roadmap to identifying existing
industry codes and standards for reliable design, construction, and operation
of various categories of controls, and also some new requirements that are not
addressed in existing standards.

This standard provides criteria for the categorization of SSCs and SACs specifically
for nonreactor nuclear facilities. Standards for design of categories of hazard controls
are also identified. It has an overall objective similar to American National Standards
Institute (ANSI)/American Nuclear Society (ANS) American National Standard
ANSI/ANS-58.14-2011, “Safety and Pressure Integrity Classification Criteria for
Light Water Reactors,” in that both provide safety categorization criteria and design
codes and standards for design. While the objectives of these two standards are
the same (i.e., specification of appropriate design codes and standards for safety
features), ANSI/ANS-58.16-2014 requires the determination of design-basis events
(DBEs) as a first step, which is not required as part of the procedures invoked by
ANSI/ANS-58.14-2011 for reasons discussed below.

Nonreactor nuclear facilities are often unique and of a one-of-a-kind design. Operators
of these facilities can work very close to the hazards themselves. The hazards
associated with nonreactor nuclear facilities are highly dependent on the nature
of the facility and its mission. For example, those hazards can involve exposure to
radioactive and other hazardous materials as a result of fires, explosions, process
upsets, spills and leaks, as well as inadvertent nuclear criticality. A hazard analysis
is required to identify the hazards and the type of events that can be associated with
them. These analyses are used to develop DBEs and the needed safety functions to
prevent or mitigate them to protect workers and the public.

Light water reactors are less diverse, and DBEs are based on experience with
licensing safety reviews over a period of decades, focused on protection of the public.
Facility workers are not in immediate contact with the hazardous materials. The
very high energy associated with nuclear fission and the high level of fission products
contained in a reactor core and their energy of decay lead to a focus on ensuring
reactor core cooling, including pressure boundary integrity. A new hazard analysis is
not usually needed because DBEs have been preselected.

As a result, readers, reviewers, and users of this standard should not expect that
there would be a high degree of correlation between this standard and ANSI/ANS-
58.14-2011.

This standard might reference documents and other standards that have been
superseded or withdrawn at the time the standard is applied. A statement has been
included in the references section that provides guidance on the use of references.

This standard does not incorporate the concepts of generating risk-informed insights
or performance-based requirements. The user is advised that one or more of these
techniques could enhance the application of this standard.
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Safety Categorization and Design
Criteria for Nonreactor Nuclear

Facilities

1 Introduction

This American National Standard Institute
(ANSI)/American Nuclear Society (ANS) Amer-
ican National Standard ANSI/ANS-58.16-2014
provides criteria for the categorization of struc-
tures, systems, and components (SSCs) and spe-
cific administrative controls (SACs) as hazard
controls, for nonreactor nuclear facilities. Stan-
dards for the design of hazard controls are iden-
tified based on a safety category (SC).

The criteria for categorization of hazard con-
trols as safety SSCs and SACs are largely de-
terministic and are based on the magnitude of
consequences of a set of unmitigated postulated
design-basis events (DBEs). Consequences are
in terms of radiological dose levels and hazard-
ous chemical exposure levels to workers and the
public.

In this standard, the categories are denoted by
SC-1, SC-2, and SC-3, with SC-3 being the high-
est category with the most stringent design re-
quirements.

Throughout, this standard makes reference to
various standards and regulations. Those ref-
erences are denoted by brackets. A list of those
bracketed references is provided in Sec. 6.

1.1 Scope

This standard specifies criteria for categoriza-
tion of SSCs and SACs that have a safety func-
tion based on radiological and/or chemical dose
and exposure levels for the public and workers.
The safety categorization leads to codes and
standards that are needed for reliable design,
construction, and operations commensurate
with the safety categorization.

The safety categorization criteria specified in
this standard will

(1) establish an objective and technically based
rationale for the determination of safety cat-
egorization;

Full document details: ANSI ANS 58.16-2014 (2020)

(2) ensure that all hazard controls required by
the safety design basis are appropriately
categorized;

(3) establish a basis for consistency (i.e., mini-
mize categorization differences among simi-
lar items in a facility).

1.2 Purpose
The purpose of this standard is the following:

(1) Specify criteria for categorization of safety
SSCs;

(2) Select industry codes and standards for re-
liable design, construction, and operations
commensurate with the safety categoriza-
tion.

To meet these objectives, the standard specifies
the requirements in the following steps:

(1) identification of hazards;

(2) evaluation of hazards;

(3) selection of DBEs;

(4) unmitigated accident analysis of DBEs;

(5) identification of safety functions and catego-
rizations;

(6) selection of safety SSCs to fulfill safety func-
tion requirements;

(7) evaluation, selection, and implementation
of applicable industry codes and standards
to ensure safety SSCs are designed, con-
structed, and maintained to fulfill the in-
tended safety functions.

It should be noted that the methodologies for
steps (1) through (4) are not in the scope of this
standard. A proposed, new ANS standard, ANS-
57.11-201x, “Integrated Safety Assessments for
Fuel Cycle Facilities,” that addresses integrat-
ed safety assessment is being developed and
will specify requirements for steps (1) through
(4). Steps (1) through (4) are essential for the
identification of safety functions and selection of
safety SSCs (stated in steps 5 and 6). The discus-
sions of methodologies for steps (1) through (4)
are briefly addressed in Appendices A, B, and C.
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To meet the requirements in steps 5 and 6, this
standard specifies the categorization criteria in
Sec. 4.1. The results from unmitigated accident
analyses of DBEs are used together with the cri-
teria in Sec. 4.1 to categorize safety functions
and safety SSCs.

The criteria noted in Sec. 4.1 are qualitative and
as such, need to be converted into quantitative
criteria. Quantitative criteria are expected to
be established by the regulators/users using the
qualitative categorization criteria in Sec. 4.1.

For clarification, Appendix A provides some
representative quantitative criteria (Table A.2).
Regulators/users should establish their own cri-
teria as appropriate. Using these quantitative
criteria (set by the regulator/user), safety SSCs
are categorized (i.e., SC-1, SC-2, and SC-3), with
SC-3 being the most stringent safety class.

Step (7) is the selection of appropriate industry
codes and standards for design, construction,
and operation of safety SSCs to ensure that
the SSCs are robust and reliable to fulfill their
intended safety functions. Since the design re-
quirements for safety SSCs could vary widely, so
can the selection of appropriate industry codes
and standards. Section 5 lists industry codes
and standards that are widely used for safety
SSC design, construction, and operations. Codes

trols in many types of facilities, including, but
not limited to, fuel fabrication and enrichment
facilities, as required by 10 CFR 70 [1] and oth-
er nuclear and radioactive material storage and
processing facilities as required by 10 CFR 830
[2]. The standard should be applied within the
limits of the authority of the regulator for the
facility.

2 Acronyms; shall, should, and
may; and definitions

2.1 List of acronyms

AC: administrative controls
ACI:
AEGL: Acute Exposure Guideline Level

AISC: American Institute for Steel
Construction

ANS: American Nuclear Society

ANSI: American National Standards
Institute

API: American Petroleum Institute

ASCE: American Society of Civil

Engineers

ASHRAE: American Society of Heating,
Refrigerating, and Air Conditioning
Engineers

and standards are selected based on design spec- ASME: énme.lr'llzzfs Society of Mechanical
ifications that SSCs must meet to fulfill safety &t ) ) )
function requirements. However, the listed  ASTM: American Society for Testing and
codes and standards cannot be mandated until Materials
their applicabilities are determined. Therefore, AWWA: American Water Works Association
selection and application of codes and standards BPVC: ASME Boiler and Pressure Code
18 a two-step process: CGA: Compressed Gas Association
(1) The regulator/user must evaluate and select =~ CMAA: Crane Manufacturers Association
applicable industry codes and standards; of America
(2) Once the applicable codes and standards CFR: Code of Federal Regulations
a{e selic;cﬁd, the .regulator/tgs:ci"s m(;lst im(i DBE: design-basis event
plement the requirements of the codes an .
standards to ensure the SSCs are designed, DOD: U.S. Department of Defense
constructed, and maintained to fulfill their =~ DOE: U.S. Department of Energy
intended safety functions. ERPG: Emergency Response Planning
Appendix B provides additional details for th Guideline
ppendix B provides additional details for the HDBK: DOE Handbook
safety categorization process.
HRA: human reliability assessment
1.3 Applicability 1&C: instrumentation and control
This standard is intended for design activities IEEE: InStitUte‘ of Elec.trical and
associated with nonreactor nuclear facilities and Electronics Engineers
can be applied for categorization of hazard con- IES: Illuminating Engineering Society
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IROFS: “items relied upon for safety”

ISA: International Society of Automation

MAR: material-at-risk

NFPA: National Fire Protection
Association

NPH: natural phenomena hazard

NRC: U.S. Nuclear Regulatory
Commission

P&ID: piping and instrumentation drawing

QA: quality assurance

SAC: specific administrative control

SC: safety category

SMACNA: Sheet Metal and Air Conditioning
Contractors National Association

SSC(s): structure(s), system(s), and
component(s)

TEEL.: Temporary Emergency Exposure
Level

TEMA: Tubular Exchanger Manufacturers
Association

UFC: Unified Facilities Criteria

2.2 Shall, should, and may

The word “shall” denotes a requirement; the
word “should” denotes a recommendation; and
the word “may” denotes permission, neither a
requirement nor a recommendation.

2.3 Definitions

This section defines terms whose meanings are
specific to this standard.

active function: A function that requires me-
chanical motion or a change of state (e.g., the
closing of a valve or relay or the change in state
of a transistor).

Acute Exposure Guideline Level (AEGL):
For the purposes of this standard, AEGLs rep-
resent threshold exposure limits for the general
public and are applicable to emergency exposure
periods ranging from 10 minutes to 8 hours.

e AEGL-1 effects are those that are not dis-
abling and are transient and reversible
upon cessation of exposure;

e AEGL-2 effects are those above which it
is predicted that the general population,
including susceptible individuals, could
experience irreversible or other serious,
long-lasting adverse health effects or an im-
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paired ability to escape;

e AEGL-3 effects are those above which it is
predicted that the general population, includ-
ing susceptible individuals, could experience
life-threatening health effects or death [3].

collocated worker: For the purposes of this
standard, a collocated worker is a site worker
outside the immediate facility and normally lo-
cated there for an 8-hour day. A typical distance
to consider is 100 meters from a facility (build-
ing perimeter) or estimated release point.

components: An item that performs a specif-
ic function within a system (usually has a com-
ponent-level plant-unique identification code)
and can be either an assembly of interconnected
parts or a single part.

confinement: The SSC provided for the pur-
pose of controlling the release of hazardous par-
ticulate matter. It may be either a physical bar-
rier or a high-efficiency filtration system.

containment: For the purposes of this standard,
the principal enclosure that acts as a leak-tight
barrier, to prevent the release of radioactive ma-
terial from the SSC containing the radioactive
material under DBE conditions.

credible event: For the purposes of this stan-
dard, an event (external or internal) that must
be considered because of the feasibility of its oc-
currence.

design-basis event (DBE): An event that is a
condition of normal operation including an an-
ticipated operational occurrence, a design-basis
accident (or transient), an external event, or a
natural phenomenon, for which the plant must
be designed to ensure that the three basic safe-
ty-related functions are achievable (see defini-
tion of safety function).

Emergency Response Planning Guideline
(ERPG): For the purposes of this standard, ER-
PGs provide estimates for concentration ranges
where a person may reasonably anticipate ob-
serving adverse effects as a consequence of ex-
posure to the chemical in question. The three
ERPG tiers are defined as follows:

¢ ERPG-3 is the maximum airborne concen-
tration below which it is believed that near-
ly all individuals could be exposed for up to
1 hour without experiencing or developing
life-threatening health effects;
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¢ ERPG-2 is the maximum airborne concen-
tration below which it is believed that near-
ly all individuals could be exposed for up to
1 hour without experiencing or developing
irreversible or other serious health effects or
symptoms that could impair an individual’s
ability to take protective action;

¢ ERPG-1 is the maximum airborne concen-
tration below which it is believed that near-
ly all individuals could be exposed for up
to 1 hour without experiencing other than
mild transient health effects or perceiving a
clearly defined, objectionable odor [4].

event: For the purposes of this standard, a condi-
tion of plant operation that is postulated for deter-
ministic analysis purposes. An event might consist
of an initiating occurrence, coincident occurrence,
single failure, or common-cause failure, including
the consequential effects or combinations thereof.
Events that are selected for detailed analysis in
design-basis documentation become DBEs.

external event: For the purposes of this stan-
dard, an event caused by man involving vehicles,
equipment, or structures that occur external to a
facility and has the potential for causing damage
to the facility or the environment.

facility worker: For the purposes of this stan-
dard, facility workers are those who are inside
the facility and who can be in very close prox-
imity to the hazardous materials, often direct-
ly manipulating them. These workers perform
their duties in accordance with procedures, are
trained in those operations, are knowledgeable
of the hazards, and are trained in emergency re-
sponse in case of upsets.

hazard analysis: For the purposes of this stan-
dard, the determination of material, system,
process, and plant characteristics that can pro-
duce undesirable consequences, followed by the
assessment of hazardous situations associated
with a process or activity. Largely qualitative
techniques are used to pinpoint weaknesses
in design or operation of the facility that could
lead to hazardous material releases. The hazard
analysis examines the complete spectrum of po-
tential events that could expose members of the
public, on-site workers, facility workers, and the
environment to hazardous materials.

hazard controls: For the purposes of this stan-
dard, controls that include safety SSCs and
SACs categorized as SC-1, SC-2, and SC-3.

independence: For the purposes of this stan-
dard, the state in which there is no mechanism
by which any single DBE, such as a flood, can
cause redundant equipment to be inoperable.

part: A basic element of an SSC that ordinarily
cannot be, or would not be, disassembled further
for procurement or maintenance purposes (and
might have a part-level plant-unique identifica-
tion code).

passive function: A function that is not an ac-
tive function (e.g., the pressure-retaining func-
tion of a valve, a structural element, pipe sup-
port, cable, etc., that is not required to change
position in order to perform its design function).

public: For the purposes of this standard, all in-
dividuals outside a geographic boundary within
which public access is controlled and activities
are governed by the operator of a nonreactor nu-
clear facility.

redundant equipment or system: Equipment
or system that duplicates the essential function
of another piece of equipment or system to the
extent that either may perform the required
function regardless of the state of operation or
failure of the other.

safety category (SC): For the purposes of this
standard, three SCs are specified (SC-1, SC-2,
and SC-3). SC-2 and SC-3 invoke specific design
codes and standards that are intended to en-
hance the reliability and dependability of SSCs
and SACs to which they are designed. SC-1 rep-
resents SSCs and SACs that are identified in
hazard analysis but for which the unmitigated
DBE consequences do not rise to the level of
SC-2 or SC-3.

safety function: For the purposes of this stan-
dard, the function of an SSC, SAC, or a part that
is relied upon, during or following a DBE, to en-
sure the following are met:

* the integrity of the engineered safety sys-
tem or administrative control;

* the capability to place and maintain the fa-
cility in a safe condition; or

e the capability to prevent or mitigate the con-
sequences of accidents that could result in
potential exposures comparable to the guide-
line exposures in regulatory requirements.

single failure: A random failure (e.g., single
component failure or operator error) and its
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consequential effects, in addition to an initiat-
ing occurrence, which result in the loss of ca-
pability of a component to perform its intend-
ed function. Fluid and electrical systems are
considered to be designed against an assumed
single failure if neither (a) a single failure of
any active component (assuming passive com-
ponents function properly) nor (b) a single fail-
ure of any passive component (assuming active
components function properly) results in a loss
of capability of the system to perform its safety
function(s).

specific administrative control (SAC): For
the purposes of this standard, an SAC is an ad-
ministrative control that has a safety function
that would be categorized as SC-2 or SC-3 if the
function were provided by an SSC.

structures: Civil constructions (e.g., buildings),
portions of civil constructions (e.g., doors, hatch-
es, or walls), or supports for items. (These might
have system-level or component-level plant-
unique identification codes.)

systems: A group of physically interconnected
components that together perform a specified
design function(s). (Systems are normally desig-
nated by a system-level plant-unique identifica-
tion code.)

Temporary Emergency Exposure Limit
(TEEL): For the purposes of this standard,
TEELSs are temporary limits intended for use until
AEGLs or ERPGs are adopted for chemicals. See
DOE-HDBK-1046-2008, “DOE Handbook—Tem-
porary Emergency Exposure Limits for Chemi-
cals: Methods and Practice” [5]. Because AEGLs
and ERPGs exist only for a limited number of
chemicals, DOE also commissions the develop-
ment of TEELs so that DOE facilities may con-
duct Emergency Planning Hazard Assessments
and consequence assessments during response for
chemicals lacking AEGLs or ERPGs. TEELs are
roughly equivalent to AEGLs and ERPGs.

unmitigated analysis: For the purposes of this
standard, analysis of DBEs for event progres-
sion and consequences without taking any credit
for preventive or mitigative features or controls.
“Unmitigated” is meant to consider material
quantity, form, location, dispersibility, and in-
teraction with available energy sources but not
to consider safety features (e.g., ventilation sys-
tems, fire suppression system, etc.) that will pre-
vent or mitigate a release.
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3 General requirements

This section provides an overview of the safety
categorization process and the requirements of
that process. Included are the regulatory bas-
es for the safety categorization and the rela-
tionship among various categorization terms.
This section also provides requirements for the
identification of hazard controls and their cat-
egorization. Section 4 provides the criteria for
safety categorization. Section 5 provides design
requirements and recommendations associated
with hazard controls that are categorized in ac-
cordance with the categorization process.

3.1 Regulatory basis

Public Law (P.L.) 83-703 [6] and P.L. 93-438 [7],
as stipulated by 10 CFR 830 and 10 CFR 70, are
the bases of the regulatory authority of both the
U.S. Nuclear Regulatory Commission (NRC)
and U.S. Department of Energy (DOE) nuclear
safety requirements. Both agencies have imple-
mented their requirements through federal reg-
ulations. The objective of these regulations is to
provide for adequate protection of workers and
the public in the design, construction, and opera-
tion of nuclear facilities authorized by DOE and
NRC. In the case of NRC, the regulations are
applicable to organizations that seek authority
to possess and use radioactive materials for ci-
vilian purposes. In the case of DOE, regulations
are applicable to organizations that construct
and operate DOFE’s nuclear facilities.

Regulatory requirement and guidance are im-
plemented by DOE through the application of
orders, standards, and guides. Similarly, NRC
provides regulatory requirement and guidance
using Rules and other acceptable means, such as
Regulatory Guides and Standard Review Plans.
The NRC and DOE regulatory bases, require-
ments, and relationships are further presented
in Appendix A.

3.2 Methodology

The safety categorization process shall begin
with a hazard analysis to identify sources of en-
ergy and hazardous (radioactive and chemical)
materials that could be released as a result of
events. Results from unmitigated analyses for
these event releases shall be used together with
the safety criteria of this standard to categorize
safety functions and associated safety SSCs and
SACs that are selected to prevent and/or miti-
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