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USE OF APPENDIX A RISK INDEX METHODOLOGY

Introduction

The purpose of this annex is to clarify the proper use of the semi-quantitative inde
described in Appendix A to this report. Several licensees and applicants have u
method of Appendix A (or a variation thereof) in performing their integrated s
(ISAs). The U.S. Nuclear Regulatory Commission (NRC) reviews of these i
applicants’ ISA summaries have discovered a need for additional guidan the use of this
method. Because of its widespread use and a lack of common underé\ ing about the use of
this method, guidance on the index method is appropriate. @)

Q:?one method of likelihood
, but is a semiquantitative

As stated in the introduction to Appendix A, the index method i
evaluation. The index method is not strictly a qualitative me
method that considers both qualitative and quantitative infermation (if it is available and
applicable). In this method, the definition of likelihood (i.e., “not unlikely,” “unlikely,” and
“highly unlikely”) is expressed quantitatively (more than-40 per-event per-year, between 10™
and 107 per-event per-year, and less than 10° pel\‘@ent per-year, respectively). Whereas a
purely qualitative method would use purely quali(ative definitions of likelihood and qualitative
methods of evaluating likelihood, much of th @antitative discussion in this appendix would not
apply. However, this method illustrates th&’ ic that should be used in even a purely qualitative
method. \Q

The index method is one acceptab ethod of demonstrating compliance with the performance

requirements. However, taking it for using this method requires that the applicant follow all
of the guidance contained in(P)Q)endix A. Otherwise, additional justification should be provided.
\

Likelihood Definitions

The likelihood defin”r&%?ns in Table A-6 of Appendix A are, as stated above, given in quantitative
terms (e.g., “hi nlikely” is defined as less than 10 per-event per-year). The footnote to
Table A-6 st , however, that these are based on approximate order-of-magnitude ranges.
Therefore, th’ese values should not be regarded as strict numerical limits but as indicative of the
approxim& order of magnitude of likelihood. Any definition of likelihood should be stated on a
per- basis.

¥
kikelihood Evaluation Method

The likelihood evaluation method used should be consistent with the likelihood definitions, such
that the qualitative score assigned can be compared to the likelihood definitions. In the index
method, the likelihood index for the accident sequence must be no greater than -5 to meet the
definition of highly unlikely, and must be no greater than -4 to meet the definition of unlikely.
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The likelihood index for the accident sequence is determined by summing likelihood indices for
the initiating event and subsequent items relied on for safety (IROFS) failures. Tables A-9,
A-10, and A-11 of Appendix A present criteria for the assignment of the likelihood indices.

Appendix A distinguishes between two different kinds of events that can be combined to form
the accident sequences in the ISA summary. The two basic kinds of events are (1) events that
are characterized by a frequency of occurrence, and (2) events that are characterized by a*

probability of failure on demand (PFOD). In the index method of Appendix A, the cate to
which an event belongs determines how it is scored by means of either Table A-9 oré%% as
explained below. N

Events characterized by a frequency of occurrence (f-type events) can inclu@dernal events,
internal events that are not IROFS failures, or IROFS failures. The interim guidance (ISG)
provides examples of external and internal events that are not IROFS f%&és. IROFS failures
characterized by a frequency of occurrence are those that are require(( be continuously
present, rather than those that are required to perform a safety functioh only when certain
conditions are present. Examples may include favorable geome quipment or an active
engineered device monitoring a continuous process. \@

Events characterized by a probability of failure on dema%@Q-type events) typically include
IROFS that are not required to be continuously prese@ that must perform a safety function
on demand (subsequent to some process deviation@r ailure). Examples include active
interlocks that perform some protective function hen system parameters exceed preset limits,
administrative controls required in response to/process deviations, or certain administrative
controls in batch processes. These are usuagy part of the subsequent failures following the
initiating event but may sometimes be p of the initiating event.

sequences consist of an initiating nt followed by the failure of one or more IROFS. Because
the overall accident sequence Jikelihood must be consistent with the likelihood categories, it
must have the same dimensjonal units as those of the likelihood definitions (i.e., probability per-
event per-year). Even th@h qualitative indices are used instead of quantitative probabilities,
this requirement impose& nstraints on the ways in which individual indices may be combined.

In general, accident sequences maEt\;;smprise many individual events. In general, accident

e,
For simplicity, the Tfowing considers only two-event sequences (in which the events are
independent) two basic kinds of events result in four basic types of two-event accident
sequences, escribed in the following sections.

F-Type@%’ating Event with Subsequent P-Type IROFS Failure

In:the index method of Appendix A, a failure frequency index may be applied to the initiating
event using the criteria in Table A-9, and a failure probability index may be applied to the
subsequent IROFS failure using the criteria in Table A-10. The overall likelihood index for the
accident sequence is the sum of the likelihood indices for the two events. This is because the
IROFS is assumed to be demanded every time the initiating event occurs.

Annex to Appendix A to Chapter 3 3-AA-2 NUREG-1520



Mathematically, this results in an accident sequence likelihood index corresponding to an
accident sequence likelihood with the correct dimensional units:

. accident sequence likelihood (yr") = initiating event frequency (yr'") x PFOD
accident sequence index = initiating event index + subsequent failure index

e
An example of this type of accident sequence is a criticality sequence consisting of a loss of
concentration control in a continuous solution processing operation, followed by failure %an

in-line concentration monitor that closes an isolation valve on a transfer line upon d ion of
highly concentrated solution. Or\
F-Type Initiating Event with Subsequent F-Type IROFS Failure Q‘Q

Using the index method of Appendix A, a failure frequency index may t@lied to both the
initiating event and the subsequent IROFS failure using the criteria inable A-9. The overall
likelihood index for the accident sequence is the sum of the indivi udllikelihood indices for the
two events and a duration index for the initiating event. This is Qt; use the probability of the
second event occurring concurrently with the first event is dep\e@ ent on the time during which
the conditions caused by the first event persist. In order for. accident sequence likelihood to
have the correct units (yr'"), the duration of failure for the{@t event must be considered.

Mathematically, this results in an accident sequence-ikelihood index corresponding to an
accident sequence likelihood with the correct dirzéﬁsmnal units:

accident sequence likelihood (yr") :@nating event frequency (yr'") x initiating
event duration (yr) x subsequent&&re frequency (yr'")

accident sequence index = i&)&hating event index + initiating event duration index
+ subsequent failure indexg,

An example of this type of ent sequence is a criticality sequence consisting of a loss of
geometry control followe %a loss of moderation control resulting from the unrelated sprinkler
activation before geom%;y ontrol can be restored.

&
P-Type Initiatin{é%nt with Subsequent P-Type IROFS Failure

Using the irléé;{r\nethod of Appendix A, a failure probability index may be applied to both the
initiating eyent and the subsequent IROFS failure using the criteria in Table A-10. The overall
likelih @\ndex for the accident sequence is the sum of the individual likelihood indices for the
two ts, which includes consideration of the demand rate associated with the initiating event.
ya?cs is because the total failure frequency for the initiating event depends on the frequency with
which the demand occurs, as well as the associated PFOD. The subsequent IROFS is
assumed to be demanded every time the initiating event occurs. For the accident sequence

likelihood to have the correct units (yr'), the demand rate of the first event must be considered.

Mathematically, this results in an accident sequence likelihood index corresponding to an
accident sequence likelihood with the correct dimensional units:
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. accident sequence likelihood (yr") = initiating event demand rate (yr") x initiating
event PFOD x subsequent event PFOD

. accident sequence index = initiating event index (including demand rate)
+ subsequent failure index »
¥*
An example of this type of accident sequence is a criticality sequence consisting of the failure of
an operator to sample solution before transfer in a batch operation, followed by failu an
in-line concentration monitor as discussed previously. O\
P-Type Initiating Event with Subsequent F-Type IROFS Failure Qg/

Using the index method of Appendix A, a failure probability index may t@?plied to the initiating
event using the criteria in Table A-10. A failure frequency index may &Q pplied to the
subsequent IROFS failure using the criteria in Table A-9. The ov aflikelihood index for the
accident sequence is the sum of likelihood indices for the two ev, , which includes
consideration of the demand rate associated with the initiatin &:nt and a duration index for the
initiating event. This is because the failure frequency for theinitiating event depends on the
frequency with which the demand occurs, as well as th ciated PFOD. The probability of
the second event occurring concurrently with the first @y t is dependent on the time during
which the conditions caused by the first event per: i(c) In order for the accident sequence

likelihood to have the correct units (yr™), both th ation of failure for the first event and its
demand rate must be considered. xe)

e

»

Mathematically, this results in an accide quence likelihood index corresponding to an
accident sequence likelihood with thebcﬁ ct dimensional units:

. accident sequence IikeIiha&(yﬂ) = initiating event demand rate (yr'") x initiating
event PFOD x initiatin ent duration (yr) x subsequent failure frequency (yr™")
O
. accident sequenceindex = initiating event index (including demand rate) + failure
duration index ¥ubsequent failure index

An example of t ie;t?pe of accident sequence is a criticality sequence consisting of a uranium
solution spill esults from improper preventive maintenance on a pump, followed by the loss
of moderation tontrol because of inadvertent sprinkler activation before the spill can be cleaned

up. \@
O
Us,g‘&}rables A-9, A-10, and A-11 in Appendix A
M

Xs illustrated above, an accident sequence generally consists of an initiating event with a
certain frequency, followed by a number of subsequent events. While the number and type of
events making up the sequence may vary, the likelihood indices of the individual events are
combined, with appropriate consideration for duration of failure and demand rate, to arrive at a
likelihood index for the accident sequence as a whole. The basic steps in this process are
outlined below:
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Determine the events making up the sequence (initiating event and subsequent failures).

(2) Determine whether the event is characterized by a frequency of occurrence (f-type) or a
PFOD (p-type). If an f-type event, use Table A-9 to assign the indices. If a p-type event,
use Table A-10 to assign the indices. o

*

3) If the initiating event is a p-type event, take the demand rate into account to moc@( the
indices from Table A-9. <O

(4) If the subsequent event is an f-type event, take the duration index for thelirjtiating event
into account from Table A-11. Q‘

(5) Combine the appropriate indices into an overall accident seque@ ikelihood index.

The table below summarizes the use of Tables A-9, A-10, and A-%@%etermine overall
accident sequence likelihood:

AN
Initiator Type | Subsequent | Initiator Index | Subseq Duration Accident
Event Type Evee) ex Index Sequence
Index
f-type p-type f1: Table A-9 ‘\32: Table NA f1 x p2
. A-10
f-type f-type f1: Tabk{\g—% f2: Table A-9 d1: Table f1 xd1 xf2
< A-11
p-type p-type @QTabIe p2: Table NA p1 xp2
o7 A10 A-10
p-type f-type . p1: Table f2: Table A-9 d1: Table p1xd1 xf2
$ A-10* A-11
* To convert PF%%’)ndices to frequency indices, use the indices of Table A-10 modified to take demand rate
into accoumt@j llows:
NS
. Demand Rate Modify Table A-10 Index
é\, I:Iundreds of times per year (daily) Increase base index by 2
% %‘ Tens of times per year (monthly) Increase base index by 1
>€"¥ Once per year Use base index

Once every 10 years

Decrease base index by 1

Users of these tables must be careful not to confuse frequency with probability. For example, it
is often assumed that the initiating event occurs because doing so is simpler and more
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conservative. This is not, however, equivalent to assigning an initiating event frequency of 1,
which is an event that occurs once per year. The confusion of failure frequency (with units of
inverse time) with probability (dimensionless) can lead to significant errors in the overall
accident sequence likelihood.

Example: In this accident sequence, the initiating event is solution sampling before transfer {o a
tank with an unfavorable geometry. A single administrative control might have a probability”
index of -2 (with appropriate management measures or redundancy). Similarly, if the historical
data indicated a PFOD of 102, an index of -2 would be appropriate. However, if this ation is
a batch process conducted 10 times per year, this results in an initiating event freq y of
10/yr x 102 (PFOD) = 10™"/yr (for an index of -1). If the operatlon is conducted 1 times per
year, this results in an initiating event frequency of 100/yr x 102 (PFOD) = 1 O‘éa,(for an index
of 0). Use of Table A-10 without any consideration of the demand rate w@%sult in an index

of -2. é

Use of the incorrect table can also lead to erroneous results. A ¢ @rlson of the indices in
Tables A-9 and A-10 for the same type of control (although this i %bt the only factor that should
be considered) immediately shows that use of Table A-9 re a higher index than does use
of Table A-10. For example, a simple administrative contro&wthout enhancing factors such as
redundancy or large margin) would have a probability i 1 to -2 based on Table A-10, but
a frequency index of 0 based on Table A-9. This is |n reasonable because Table A-9 is
for events characterized by a frequency (which mlﬁj)e present on a continuous basis) and
Table A-10 is for events that are demanded onlyﬁQ er certain conditions (which must be
present on occasion).

: 0.)
Additional Considerations in the Use %ﬁl\dex Tables

As stated in the discussion of initiati vents in the text of the ISG, assignment of a qualitative
score may be based either on obj e evidence of the frequency of occurrence or on certain
qualitative characteristics of the{process or facility (availability and reliability qualities). In
accordance with this, Table and A-10 contain two columns that represent two different
methods for assigning likelihood indices. As stated in the introduction to Appendix A, this is a
semiquantitative metho@h t allows for the use of quantitative information if available.

column entitle sed on Evidence” in Table A-9 should be used in assigning indices. For

IROFS failures.to which Table A-9 applies, either the column entitled “Based on Evidence” or

“Based FQ';ype of IROFS” may be used. Because the type of IROFS is only one of the

availabilityrand reliability qualities on which likelihood depends, the footnote to this table

indi that the index scores applicable to a particular type of IROFS can be one value higher

orfower than the index shown.! Thus, other specific availability and reliability qualities (as
iscussed in Section 3.4.3.2(9) of this NUREG) should be considered in assigning the final

For initiating,eézg}hat are external events or internal events other than IROFS failures, the

The title “Based on Type of IROFS” is somewhat of a misnomer in that several of the criteria also include
consideration of redundancy, margin, and independence. Indices based solely on the type of IROFS would
cover an even broader range.
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likelihood index.? In the absence of sufficiently detailed information about these factors,
appropriate conservatism should be used in assigning indices (e.g., using the highest index in
the range). Because of the large uncertainty associated with basing likelihood on the type of
IROFS, historical and/or operating evidence should be used to assign indices whenever
available. The same considerations discussed above should be employed when using

Table A-10 to assign likelihood indices. &
*

The presence of two columns should not be construed to mean that the two sets of criteria may

be considered equivalent except in a rough, order-of-magnitude sense (e.g., a sing| ive

engineered IROFS does not necessarily have a PFOD of 10° to 10*). This is because the type
of IROFS is only one of the availability and reliability qualities that must be con i@ed.

Appropriate use of Tables A-9 and A-10 to assign likelihood indices also r res that attention
be given to the footnotes and comments in these tables. As indicated i footnotes, indices
less than -1 should not be used unless the management measures are high quality. This is
because even though a passive engineered control may have hi%r@erent reliability while it is
installed, this control could be easily defeated by a poor configuration management program,
which is administrative in nature (as are all management me s). Justification should be
provided as to why the management measures are deeme e of high quality. Also, the ISA
summary should justify the use of a more negative inde ever a range of indices is
possible. As the comments suggest, the more negative the index, the more justification is
required. As indicated, indices of -4 and -5 can rar e justified by evidence. Use of these
indices requires substantial evidence that the IR are exceptionally robust.

The assignment of failure duration indices ust@%)Table A-11 should also be based on objective
criteria (such as documented mean timeé@&\epair or surveillance periods established in plant
procedures). €

When the analysis uses demand zg%s to modify probability indices from Table A-10,
conservative estimates of the and rate should be used and the basis for this estimate
documented and, if the rate Id credibly be changed, controlled. For example, the time
needed to fill a cylinder rr@pend on inherent physical laws and would not need specific
controls. However, if t ximum allowed inventory limits the number of batches, this
inventory should be\@n rolled by the license or by plant procedures.

S

Descriptionﬁ&@cident Sequences and IROFS

Tables A-12 and A-13 include descriptions of accident sequences and IROFS. These must be
suffici clear to permit the reviewer to understand the sequence of events needed for an
acci to occur and how the established controls prevent the sequence from occurring. The
initfal failure and all subsequent failures necessary for the sequence to progress to the ultimate
onsequences (an accident exceeding the consequence thresholds in Title 10, Section 70.61,

2 This is consistent with the caveat for Table A-4, which warns that such coarse criteria are useful only for

screening purposes or making an initial estimate of the likelihood. Because IROFS meeting these criteria
can have a broad range of reliability, management measures applied to all the availability and reliability
qualities of the IROFS should be considered in assigning the likelihood indices.
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“Performance Requirements,” of the Code of Federal Regulations (10 CFR 70.61) should be
specified. In addition, any initial conditions credited in meeting the performance requirements
should be specified. If important to the likelihood of the sequence, the order in which these
events occur should be specified. For example, in Table A-12, sequence PPB2-1C is the
reverse of the events in sequence PPB2-1A. When failure duration indices are considered,
these pertain to the initiating event; therefore, the accident sequence likelihood is dependent,on
which event occurs first. »*

In describing IROFS, it is important that the safety function performed by the IROFS Qhe
attributes of the IROFS necessary to perform the safety function be specified. For ple, for

hopper’s outlet. Because the material of composition, size, and other tes of the hopper
have no role in preventing this accident sequence, they need not be speeified. The second
IROFS is an example of a system of IROFS that collectively provides.for moderation control
(i.e., dual sampling, administrative exclusion of water, double piping, floor drains, and roof
integrity). As in the preceding example, the size of the pipinglk'e ot significant; double piping is
the only feature important to preventing this accident sequ . The level of detail should be
sufficient to provide assurance that safety-significant a of the IROFS are recognized and
appropriately controlled. However, excessive detail cguld lead to obscuring the safety-
significant aspects of IROFS and could lead to unneeessary and burdensome changes to the
ISA and ISA summary. IROFS may be specified.atthe subcomponent level, component level,
or system level, as appropriate. For example, itis not necessary to specify every geometry
limited pipe in the building as an IROFS. If @safety function is to maintain geometry control, it
would be sufficient to specify a systems-| &1 IROFS with the description “all fissile material
piping in the solution recovery area willb€’less than 2 inches in diameter.”

A single piece of equipment may &orm several different safety functions and be credited in
several different accident seq es. In such cases, the accident sequence must clearly
describe the safety function an attribute of the IROFS being credited, as well the failure mode
of the IROFS that leads t@\e accident.

oy
Summary Table of Accident Sequences
ry és q

Table A-7 of dix A contains a summary table showing several accident sequences for a
powder-blending process. This is one way to display the information on accident sequences
obtained @'mg performance of the ISA. As shown in Appendix A to NUREG-1718, “Standard
Revie n for the Review of an Application for a Mixed Oxide Fuel Fabrication Facility,”
issu ugust 2000, a fault tree (quantitative or qualitative) is one of the other formats that may
be’used. The important information that must be conveyed, however, is a list of accident
equences, identification of the initiating event, the set of subsequent events leading to the
accident and the IROFS that prevent them, the likelihood of the initiating event and subsequent
failures, the ultimate consequence category, and the overall assessment of compliance with the
performance requirements (e.g., total risk index). Any other information needed to demonstrate
that the performance requirements are met should also be specified (e.g., initial conditions,
demand rate, duration indices, index modification for dependent failures). Table A-7 shows two
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types of accident sequences: (1) two sequences initiated by IROFS failures (both f-type
initiating events with f-type subsequent failures, and crediting duration indices) and (2) two
sequences initiated by internal events other than IROFS failures (and crediting initiating event
frequency).

While this guidance follows the structure of Appendix A to this report, it is also applicable to ..
Appendix A to NUREG-1718. e
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APPENDIX B | Field Code Changed

7 e

QUALITATIVE CRITERIA FOR EVALUATION OF LIKELIHOOD

>¢‘-¥

Purpose Q

This appendix provides additional guidance on the use of qualitative criteria in met cfd}sq?or
evaluation of likelihood for use in demonstrating compliance with the performan };\quirements
of Title 10, Section 70.61, “Performance Requirements,” of the Code of Feder@ggulaﬁons
(10 CFR 70.61).

O
Introduction ‘\é

The regulation in 10 CFR 70.61(b) requires that the risk of each cf@iible high-consequence
event be limited by ensuring that upon implementation of engingered or administrative controls,
the event is made highly unlikely or its consequences reduc less than high consequence.
This regulation similarly requires that the risk of each credible intermediate-consequence event
be limited by ensuring that the event is made unlikely, iits consequences reduced. Rather
than defining the terms “highly unlikely,” “unlikely,” +*credible,” 10 CFR Part 70 instead
states that the applicant must include definitions ok%5ese terms in its integrated safety analysis

(ISA) summary. \
.\0

As stated in Section 3.4.3.2(9) of Chapters\f?this NUREG, the applicant’s definitions of these
terms may be either quantitative or qualitdtive. The method used to evaluate accident
sequence likelihood must be consistent with the definitions. Quantitative definitions require
quantitative methods; qualitative @mtions require qualitative methods. Qualitative methods
are based on objective qualitative, criteria and characteristics of the process or system being
evaluated. In addition, som@@thods (semiquantitative methods) may rely on a mixture of
qualitative and quantitativ§ initions, methods, and information. This appendix provides
general guidance on the use of qualitative methods for evaluation of likelihood. However, the
U.S. Nuclear Regu[a% Commission’s (NRC’s) review of recently submitted ISA summaries
has revealed a lack of common understanding as to what constitutes an acceptable qualitative

B

method. N
A\

idance is provided on the acceptance criteria for qualitative methods of evaluating
oth for the failure of items relied on for safety (IROFS) and for accident sequences
e. Either external events or internal events (which may or may not be IROFS failures)
initiate these accident sequences. 1SG-08Appendix D to Chapter 3, “Natural Phenomena
HMazards, -issued-October2005; provides additional guidance on the use of initiating events that
are natural phenomena. 1SG-09;Appendix C to Chapter 2, “Initiating Event Frequency, -issued
June-2005; offers additional guidance on the use of initiating events that are internal to the
facility. That guidance may be used with the guidance in this {SG-appendix as an acceptable
qualitative method for likelihood evaluation.
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Discussion

Definitions of Likelihood

According to 10 CFR 70.65(b)(9), the ISA summary must define the terms “unlikely,” “highly
unlikely,” and “credible.” Section 3.4.3.2(9) of Chapter 3 of this NUREG states that qualitative
definitions of likelihood are acceptable if they meet two conditions: (1) they are reasonably’%lear
and based on objective criteria and (2) they can reasonably be expected to consistentl
distinguish accidents that are highly unlikely from those that are merely unlikely (or likely).
This means that the definitions should be sufficiently clear that there is reasonable urance
that they will yield the same result when applied by different reviewers and tha can be
used to make meaningful distinctions between events in different likelihood %gories. Both the
definitions of likelihood and the methods for likelihood determination should\fmeet these criteria
since they must work together to ensure that the performance require

This NUREG states that “objective criteria” means that the metho%séwes on specific identifiable
characteristics of a process design, rather than subjective judg of adequacy. Because the
likelihood of an accident sequence is a function of the Iikelihé)‘?f the initiating event, the
subsequent IROFS failures, and the relationship between | S (e.g., whether the IROFS are
independent), the characteristics of the process design {gébl e method should rely on are the
specific identifiable characteristics of the initiating eve OFS failures, and other process
features that affect the likelihood of the accident segmeence These features include the safety
margin, type of control, type and grading of man ent measures, whether the system is
fail-safe or failure is self-announcing, failure m s, demand rates, and failure rates for
individual IROFS (whether credited as partoaﬁhe initiating event or subsequent failures). These
features include the degree of redundan \hdependence diversity, and vulnerability to

common-cause failure for systems of,| S. The following sections describe these features in
detail. It is important that any featu f the process or equipment necessary to meet the
performance requirements is rec ed as important to safety and appropriately maintained

through the use of manageme easures.

Examples of acceptable a@(itative definitions of likelihood are the second and third definitions
of “not credible” in Sectipn 3.4.3.2(9) of this NUREG:

A process \viation consists of a sequence of many unlikely human actions or
errors ich there is no reason or motive....

h@e is a convincing argument, given physical laws, that the process deviations
not possible, or unquestionably extremely unlikely...

§ﬁilarly, the following is an example of an acceptable qualitative definition of “highly unlikely”:

a system of IROFS that possesses double-contingency protection, where each of
the applicable qualities is present to an appropriate degree.

In this definition, the qualities to be considered should be described in sufficient detail so that
their effect on the overall likelihood can be evaluated. This is the meaning of “present to an
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appropriate degree.” Other definitions are acceptable provided that they meet the two criteria
specified above and provide system features to ensure that the likelihood is appropriately
maintained.

Evaluation of Likelihood

3
Accident sequences, in general, consist of an initiating event followed by one or more £

subsequent events. The likelihood of an accident sequence is, therefore, a function of
likelihood of the individual events making up the accident sequence and the relation

between them (e.g., whether they are independent). Because the likelihood of the laceident
sequence must be compared to the likelihood definitions to determine whether ‘t@‘unlikely,"
“highly unlikely,” or “not unlikely,” qualitative methods of likelihood evaluatio@acoeptable if
they (1) are reasonably clear and based on objective criteria and (2) can nably be
expected to consistently distinguish accidents that are “highly unlikely” @hosa that are
merely “unlikely.” The likelihood definitions establish the standard for tis “unlikely” and
“highly unlikely,” and the assigned likelihood for the accident seq nee is then compared to this
standard. As mentioned above, the method must take into acco all objective qualities of the
system that can reasonably be considered to affect likelihoo ese qualities are referred to in
this NUREG as the reliability and availability qualities of IR% or systems of IROFS.

Initiating Events and Initial Conditions

Each accident sequence begins with an initiatln% nt An initiating event may consist of an
external event (including a natural phenomeno@ r external manmade event), an internal event
other than an IROFS failure, or an IROFS e. Natural phenomena events may include
heavy rains, winds, flooding, earthquake ~ahd fires. External manmade events may include
impacts from nearby facilities, aircraft of, vehicle crashes, fires, and loss of offsite utilities.
Internal events other than IROFS failures may include spills, non-IROFS equipment failure,
process deviations, industrial accidénts, and loss of onsite utilities. In a qualitative method of
likelihood determination, a qualifative score is associated with the initiating event based on its
objective qualities. The sc ay be expressed in either numerical (e.g., -1, -2, -3) or
nonnumerical (e.g., A, B, Q ) form but is still qualitative if based on qualitative criteria.

The likelihood of external initiating events (by definition outside the control of the facility) does
not rely on any da@'g features of the facility or process and is thus characterized only by a
frequency of%segs\nrrence. In a qualitative method for assigning likelihood to these events, a
qualitative score is associated with the external event based on its frequency of occurrence.
Events V\(L;@the same frequency of occurrence should have the same score regardless of the
type of gvent or severity of its consequences. The method should thus include a table of the
SCor ssigned based on qualitative frequency criteria. These criteria may include qualitative
escriptions of frequency, such as “100-year flood” or “1,000-year earthquake,” or may include
other qualitative criteria capable of being correlated to a frequency, such as “design-basis
earthquake” or “exceeds the mean annual rainfall by a factor of x.” By contrast, quantitative or
semiquantitative methods may include quantitative descriptions of frequency such as “having a
frequency less than 10 %/yr.” Because these events are beyond human control, no features
have to be maintained to ensure the continued validity of the assigned likelihood. However, it
may be necessary to periodically reexamine the basis of these likelihoods if it is reasonably
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expected that the likelihood could change (e.g., following construction of a new railroad spur
| next to the facility). 1SG-08-Appendix D to Chapter 3 contains additional guidance applicable to
initiating events that are natural phenomena.

By contrast, the likelihood of internal initiating events other than IROFS failures depends on
specific, identifiable characteristics of the facility or process design, such as those discussedyin
the following sections. Scores may be assigned to such events based either on objective *F
evidence of their frequency of occurrence or on specific identifiable characteristics of th@acility

or process that can affect the frequency of occurrence. If the actual frequency of oc nce is
known, this information should be used as it represents objective knowledge aboutithe event
likelihood and accounts for the cumulative effect of all characteristics that can aff likelihood.

described. Regardless of the method used to assign a likelihood score, ca ust be taken that
all facility and process features that can affect the event likelihood (relia% and availability
qualities) are recognized as such and appropriately maintained. ppendix C to Chapter
3 contains additional guidance applicable to internal initiating eve ts‘other than IROFS failures.

Otherwise, the features of the facility or process design that can affect the\l?% od should be

Similarly, the likelihood of internal initiating events that are IR@ failures also depends on
specific, identifiable characteristics of the facility or process% ign. Scores may be assigned to
such events based either on objective evidence of their ncy of occurrence or on specific
identifiable characteristics of the IROFS that can affe((tjm frequency of occurrence. If the
actual frequency of occurrence is known, this infomq?ion should be used. Otherwise, the
features of the IROFS that can affect the likelihoad should be described. Regardless of the
method used to assign a likelihood score, car st be taken that all IROFS attributes that can
affect the event likelihood (reliability and av@bility qualities) are recognized as such and
appropriately maintained. The following ides guidance on specific reliability and availability
qualities associated with individual IR6 .

For both types of internal initiatir&g&ents, facility or process features (or physical and chemical
phenomena) that can affect th tiating event likelihood may be identified as initial conditions
or bounding assumptions. mportant factor is that these initial conditions and bounding
assumptions must be ideéed and, if susceptible to change over the lifetime of the facility
(such as through process deviations or facility changes) must be appropriately maintained. For
example, the maxin\u@ throughput or inventory in a process may change; thus, measures
should be in plac%o maintain this throughput or inventory if it is relied on to meet the
performance irements, whereas the flow of gravity or maximum density may not require
specific contrals.

&
Indivi ROFS

Gtion 3.4.3.2(9) of Chapter 3 of this NUREG states that the reliability and availability qualities
of individual IROFS include (a) safety margin in the controlled parameter, (b) the type of IROFS
(passive or active engineered, simple or enhanced administrative), (c) the type and safety
grading of any management measures, (d) whether the system is fail-safe, failure is
self-announcing, or the IROFS is subject to periodic surveillance, (e) failure modes, (f) demand
rate, and (g) failure rate. It is very important that any qualitative (or quantitative) method of
likelihood evaluation consider all applicable IROFS attributes that could affect the reliability and
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availability of the IROFS, such as those discussed below. For example, reliance should not be
based solely on the type of IROFS (passive engineered, active engineered, simple
administrative, or enhanced administrative).

In addition to those reliability and availability qualities discussed above, other factors may
require consideration. For example, environmental conditions (e.g., extreme temperatures and
pressures, corrosive atmosphere, excessive vibration) may have a significant effect on IROFS
reliability and should be appropriately considered. Q

The level of detail describing the IROFS in the ISA summary is also important. It w@f{:Pd be
acceptable to describe the IROFS at the system level if that is sufficient to de rate
compliance with the performance requirements. The regulation in 10 CFR 7, b)(6) states
that IROFS should be described “in sufficient detail to understand their funetions in relation to
the performance requirements.” It is important that the description be i
identify all attributes of the IROFS that can affect its likelihood of failuﬁ% s well as everything
that is within the boundary of the IROFS. It may not be necessal to@pecify the model number
or exact design of a pump if the only attribute relied on to meet trélberformance requirement is
the pumping capacity or oil reservoir volume. It may be s%f%@ to describe the pump as

“centrifugal pump limited to less than 10 liters oil.” The IR boundary includes everything
necessary for the IROFS to perform its intended safety ion. For example, the boundary of
an enhanced administrative IROFS includes all instru tation (sensors, annunciators,
circuitry, any controls activated by the operator) relied on to trigger the operator action; the
boundary of a simple administrative control inclu esthe equipment necessary to correctly
perform the action; and the boundary of an ac&engineered control includes the attendant
instrumentation, sensors, essential utilities; @ad any auxiliary equipment needed to perform its
safety function. The reliability and availabi \y qualities of every component within the IROFS
boundary must be considered in evagatl the total IROFS likelihood.

Additional guidance on some of t@@pecific reliability and availability qualities of individual
IROFS is provided below. QO

Safety Margin in Controll%‘Parameter: Safety margin refers to the difference between the
value of a parameter likely to be encountered during normal or credible abnormal conditions and
the value that would @llow an accident to be possible. The precise value of the margin in terms
of the parameter i t meaningful; rather, for the event to be unlikely or highly unlikely based
on safety margi \%:e margin should be several times larger than the expected process variation
or uncertainty.»Similarly, if the margin is much greater than the change in the parameter
resulting,frem the worst-case credible upset, this fact could be credited for ensuring that the
event js;ynlikely or highly unlikely.

he phrase controlled parameter indicates that means should be provided to ensure that the
safety margin is continuously present, if the margin is relied on in evaluating likelihood.
Parameters that are not controlled should be considered to be at their worst-case credible
values.

Type of Control: Passive engineered controls are generally considered preferable to active
engineered controls, active engineered controls preferable to enhanced administrative controls,
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and enhanced administrative controls preferable to simple administrative controls. This is
because, ordinarily, passive engineered controls are the most reliable, and simple
administrative controls are the least reliable. Although this is one of the factors that should be
considered, evaluations of likelihood should not rely solely on the type of control. This is
because the likelihood associated with passive engineered controls, for example, can vary
widely depending on specific attributes of the IROFS. o
*
Type and Safety Grading of Management Measures: The specific management measu
applied to an IROFS can have a significant effect on its overall likelihood. Of partic
importance is surveillance, because this can have a direct and transparent effect oh.the duration
of failure in a method that gives credit to duration of failure. It may not be nece;z@y to specify

the frequency of preventive maintenance, testing, and calibration in quantitati shion in the
ISA summary. For example, to take credit for generic failure rates for a pj of equipment, it
may be sufficient to specify that maintenance will be performed on a frx@cy and in a manner
consistent with the manufacturer’'s recommendations. Functional testiq should be conducted
in @ manner that ensures that everything within the IROFS bound working as needed for
the IROFS to perform its safety function.

While the degree and type of management measures can |r{% ase or decrease the likelihood
score associated with an IROFS, primary reliance shou n designing IROFS that have a
certain reliability and then applying management mea@; s to maintain that reliability. It should
not be supposed that one can achieve any desireq\@iability by applying increasingly stringent
management measures. Qo

to which failure of an IROFS is detected appropriately corrected. For the purpose of the
ISA and ISA summary, an IROFS is cofisidered to fail only when it fails to perform its intended
safety function. Thus, a valve that IROFS is not considered to fail in the context of the
accident sequence (i.e., to contri to the progression of an accident sequence) as long as it
fails safe. If the valve is desig to fail closed (and closed is the safe configuration), credit
may be taken for the fact th valve is designed to fail closed. The likelihood thus is not the
likelihood that the valve fails; but the likelihood that it fails in a way other than how it is designed
to fail. An IROFS that igfail-safe may include within its boundary a system designed to put the
process into a safeo§y ition upon failure of a component. An IROFS whose failure is
self-announcing.| IQ’? in which failure is either self-revealing (e.g., by presence of solution on a
floor where operators are continuously present) or results in an alarm to alert operators. The
main effect forthe ISA summary is to limit the duration of failure by ensuring that the upset
condition, ig'corrected essentially immediately. Similarly, surveillance may be relied on to limit
the d of failure to a specified period.

O
Fail-Safe or Self-Announcing: This is th&&p\acterisﬁc of an IROFS that determines the degree

ailure Modes: In addition to specifying the safety function that an IROFS must perform, it is
necessary to consider the specific failure modes of the IROFS. A particular IROFS may be
credited in several different accident sequences but may have different scores in each because
of the differing failure modes leading to an accident. For example, a pipe may either plug or
leak. A valve may leak, fail open, or fail closed. A complex piece of equipment such as a pump
may have multiple different failure modes, each with a different likelihood, leading to several
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different accident sequences. The description of the accident sequence should clearly specify
the conditions and failures that are necessary to result in the undesired consequences.

Demand Rate: Demand rate refers to the frequency with which an IROFS having a specified
probability of failure on demand is required to perform its safety function. The number of times
an IROFS is required to work can have a significant effect on its likelihood of failure. For o
example, a particular administrative control may have a certain failure likelihood. However,”
whether the accident sequence is “not unlikely,” “unlikely,” or “highly unlikely” will deper@n the
frequency with which the action is performed. If the action is required several hundred times a
year, then occurrence of the initiating event will be significantly more likely than if the action is
required once per year. Similarly, a passive control (such as the integrity of a%t e container)
a

may have a certain failure likelihood. However, if there are a thousand suc inersin a
storage array, then the likelihood that any one container will leak is much er than if there is
only one such container. Care must be taken to specify whether the initiating event is the leak
of a particular container, or any one container, in the array. CS)\

Failure Rate: Failure rate refers to the frequency with which a Q(ﬁhuously demanded item is
observed to fail. In a qualitative method for likelihood evaluatign; the failure rate is described in
terms of qualitative descriptors (e.g., “several failures per y: a few failures during facility
lifetime,” “no failures in 30 years for tens of similar IROF, o dustry ) used in the assignment
of qualitative likelihood scores (e.g., -1, -2, -3; A, B, C() is information is often not available
with any precision, but when available, it should b%?ed along with other qualitative information
in the assignment of scores. This is because th%}b ure rate represents an objective measure of
the cumulative effect of all the reliability and aval ility qualities of the system. (See the
discussion of qualitative and quantitative m&c@natlon below.)

!u

This is not intended to be a compre ’Enﬁ@e list of all facility- or process-specific factors that can

affect the failure likelihood of indivi IROFS.
%)
Accident Sequences QO

Section 3.4.3.2(9) of Cha;ﬁr 3 of this NUREG states that there are other reliability and
availability qualities thata;e te to characteristics of the entire system of IROFS credited in the
accident sequence: Fhis is because the accident sequence likelihood is not just a function of
the likelihood of.fag}e of the individual IROFS, but also of the relationship between the IROFS.

Additional gu’%ence on some of the specific reliability and availability qualities applicable to the
acmdent@uence as a whole is provided below.

Defi O-in-De th: Defense-in-depth is the degree to which multiple IROFS or systems of

FS must fail before the undesired consequences (e.g., criticality, chemical release) can
result. IROFS that provide for defense-in-depth may be either independent or dependent,
although IROFS should be independent whenever practical because of the possibility that the
reliability of any single IROFS may not be as great as anticipated. This will make the results of
the risk evaluation more tolerant of error. In addition, IROFS must be independent if the method
for likelihood determination assumes independence (such as methods relying on summation of
indices). IROFS are independent if there is no credible single-event (common-mode failure)
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that can cause the safety function of each IROFS to fail. Multiple independent IROFS generally
provide the highest level of risk reduction. The degree of redundancy, independence, and
diversity are important factors in determining the amount of risk reduction afforded by the
system of IROFS.

Degree of Redundancy: Defense-in-depth is provided by specifying redundant IROFS that o
perform the same essential safety function. Redundant IROFS may be either diverse or *F
nondiverse; it is not necessary for them to consist of identical equipment or operator ac@s
However, when identical equipment or operator actions provide redundancy, it is im@ant to
ensure that all credible common-mode failures have been identified. N

Degree of Independence: To qualify as independent, the failure of one IROQghould neither
cause the failure nor increase the likelihood of failure of another IROFS ingle credible
event should be able to defeat the system of IROFS such that an accnd possible. A
systematic method of hazard identification should thus be used to pr a high degree of
assurance that all credible failure mechanisms that could contrlbu “% , initiate or fail to
prevent or mitigate) an accident have been identified. Methods monly used for likelihood
evaluation almost always assume that the chosen IROFS are independent. Examples of these
methods include layer of protection analysis (LOPA) and th%ﬁex method of Appendix A to this
report. In a few cases, it may not be feasible to entirely ate the possibility of dependent
failures. Methods that rely on independent IROFS should not be used to evaluate the likelihood
of systems of IROFS with dependent failures. l{\tq?nce applicable to the rare system with
dependent failures is provided below.) If, howev e common-cause failure is sufficiently
unlikely, it may be possible to treat IROFS as |Q£pendent for purposes of the ISA and ISA
summary, as discussed below. Because added requirement to meet the double-
contingency principle, this approach will e valid for criticality accident sequences when the
requirements of 10 CFR 70.64(a)(9) apfly.

Many factors can lead to IROFS r@?’oemg independent, and these factors can have a significant
effect on the likelihood of an a ent sequence. A partial list of conditions that will almost
always lead to two or more{ S not being independent follows:

. The same mdw@g performs administrative actions.

. Two diﬁe%e‘at |nd|V|duaIs perform administrative actions but use the same equipment
and/op pfocedures.

. Tg@éngmeered controls share a common hardware component or common software.

% wo engineered controls measure the same physical variable using the same model or
x,"" type of hardware.

. Two engineered controls rely on the same source of essential utilities (e.g., electricity,
instrument air, compressed nitrogen, water).
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. Two engineered controls are collocated such that credible internal or external events
(e.g., structural failure, forklift impacts, fires, explosions, chemical releases) can cause
both to fail.

. Administrative or engineered controls are susceptible to failure because of the presence
of credible environmental conditions (e.g., two operator actions defeated by corrosivxfo&
atmosphere, sensors rendered inoperable because of high temperature). ¥

The presence of any of these conditions does not necessarily mean that the IROFSﬁr%t be
considered independent, but the applicant should provide additional justificationcfgs strating
the lack of common-mode failure. The likelihood of such conditions in relation overall
likelihood of an accident should be factored into the determination of the sig@é&nce of the
common-mode failure. 0

Diversity: Diversity is the degree to which defense-in-depth is provid IROFS that perform
different safety functions This means that different types of failur%% st occur before an
accident is possible. Diverse controls may consist of controls on different parameters or
different means of controlling the same parameter. In choosi dundant controls, preference
should be given to diverse means of control, because they a@ generally less susceptible to
common-mode failure than are nondiverse means. Howe@r, it is still necessary to consider all
credible failure modes of the system when evaluating@yz overall likelihood of failure.

O
Vulnerability to Common-Cause Failure: Divers@ans of control should be provided
whenever practicable to minimize the potentialffor common-mode failure. For example,
Section 5.4.3.4.4(7)(a) in Chapter 5 of this réport states that for criticality protection, a

two-parameter control should be consid preferable to two controls on one parameter.
Where a two-parameter control is not practicable, diverse means of controlling a single
parameter should likewise be consi d preferable to two redundant controls on that single
parameter. )

O

It is not always possible to Qk e absolute assurance that IROFS are perfectly independent.
However, if the cumulative jikelihood of all common-mode failures of a system of IROFS is
significantly less than the-independent failure of the system of IROFS, then the IROFS may be
treated for all practRébpurposes as independent. Quantitatively, this means that the likelihood
of the common-cause failure should be at least two orders of magnitude less than that of the
independent@@% of the system of IROFS. Qualitatively, this means that the likelihood of the
common-cause failure should be sufficiently low that it does not change the score for the system

of IROFS&QJ ‘

O
If c;{;eﬁle common-mode failures cannot be neglected, as discussed above, then they must be
considered in evaluating the overall accident sequence likelihood. A likelihood evaluation
method (whether quantitative or qualitative) that correctly treats dependent failures should be
used when such failures are present.

In general, the probability of failure of a system of two IROFS may be expressed as:
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P(A4,B)= PB,,(4,B)+ P, (4,B)= P(A)P(B)+ P,,(A4,B)

That is, there is a component to the likelihood that is the independent failure of IROFS A and B
and a component that represents the common-mode failure of IROFS A and B. Independent
failure of the IROFS is represented by the product P(A)P(B). Therefore, the condition that the
two IROFS be considered independent may be expressed as: »,,».""

P(A,B) = P(A)P(B) \)
’\051/

&
<
X

A variety of different methods may be used to treat dependent failureé\w en the conditions
above are not met. For example, in a quantitative method, the lik iHobd of the common-mode
event may be estimated and factored into the above equation. Ig ualitative scoring method,
the likelihood score may be increased to reflect the existence ¢f;a common-mode failure. (In a
qualitative scoring method similar to that employed in Apperdix A to this NUREG, summation of
individual IROFS scores to determine the overall accident'séquence score is permissible only if
the IROFS are independent. Such a method assume(tjn t independence should be modified
as needed to correctly treat common-mode failure Q‘)In the LOPA method, only the
independent IROFS are credited in evaluating ﬂﬁ erall accident sequence likelihood. In a
qualitative fault tree method, the common-made;failure may be included as an additional basic
event in the fault tree. It is permissible therg‘g\treat the independent failure of the system of
IROFS as one accident sequence and t pendent failure as another. The method used to
treat dependent failures should be a @telyjusﬁfied.

or equivalently

P,,(4,B) << P(A)P(B)

Qualitative criteria may be used t@%sess the effect of dependent failures on likelihood scores.
The effect of qualitative perfor ce-shaping factors should be considered in these criteria. For
example, repeated failures of identical administrative IROFS (e.g., multiple batching, multiple
valving, or spacing violatighs) should not be considered to be independent nor receive the same
score without substantighjustification as discussed below. This is because the likelihood of
subsequent human:-féijures increases once the initial failure has occurred. The set of factors
that could contribuga o multiple administrative failures may include inadequate or out-of-date
procedures, gqg}training, environmental distractions, and poor human factors design. For the
same reason, the possibility of two different administrative failures by the same individual should
be carefylly,considered for common-mode vulnerability. In assessing the vulnerability of these
actions ¢o"common-mode failure, consideration may be given to any recovery factors that may
bsgedJ ce to interrupt the sequence of failures (e.g., supervisory checking, inspection,

ependent verification). Such recovery factors should be treated as measures that enhance
the reliability of the administrative IROFS or ensure that repeated failures may be considered to
be independent. In particular, independent verification of one administrative IROFS should not
be used as a separate IROFS in the same accident sequence. For the same reasons as cited
above, verification that an action has been performed correctly would be susceptible to the
same factors that caused the initial failure. In addition, verification of an action is likely to be
more cursory and, therefore, less reliable than performance of the original action. Moreover, in
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the event that the first action was performed correctly, the independent verification of that first
action would not contribute to meeting the performance requirements, and therefore, the first
action would constitute a sole IROFS. Thus, independent verification should be used only to
increase the reliability of an IROFS and should not be treated as a separate IROFS nor credited
with the same level of risk reduction.

*
In addition to the above, for criticality accident sequences required to comply with the doubie-
contingency principle, the guidance of ISG-03, “Nuclear Criticality Safety Performance
Requirements and Double Contingency Principle,” issued February 2005, is applicabie.

Use of Quantitative and Qualitative Information @Cﬁ

Section 3.4.3.2(9) of Chapter 3 of this NUREG acknowledges that a mix of
qualitative information is often available to an analyst performing an IS e NUREG includes
a list of some types of objective quantitative information and states th is information should
be considered in evaluating likelihood, even in purely qualitative rpgt)ﬁbds. The information
listed includes (1) reports of equipment failures or procedural viq\J1a ns, (2) surveillance
intervals, (3) functional testing intervals or audit frequencies,&{% ime required to render the
system safe, and (5) demand rates. In a purely qualitative g od, such information, to the
extent it is available, should be taken into account in a ive way. One example of this is
using surveillance periods as part of the justification f@ alitative duration indices (as in
Appendix A to Chapter 3 of this NUREG). \0

antitative and

In using such objective data, facility-specific dqé\\are preferable to generic data, and process-
specific data are preferable to facility-specif'@ata because of the many environmental and
other factors that can affect likelihood. F ample, a manufacturer may have certified a
particular pump with a given reliability rating, but the actual performance in-process will depend
on maintenance, electrical and me ical loading, type of oil, ambient temperature, and
vibration, etc. While more specifi ta are preferable, typically, the more specific the
conditions, the fewer data are agailable. The amount and specificity of the data should be given
appropriate weight in evayI%@ likelihood. For example, the use of generic failure data for a

specific type of valve ma acceptable if an appropriately bounding value (i.e., the less
conservative extreme a?@ nge of values) is used. A less bounding value may be acceptable if
information is avail rom the manufacturer on the specific model of valve. An even less
bounding value may be acceptable if sufficient operating experience is available to support
facility- or pro, -specific values. Sufficient margin to bound uncertainties in failure rates
should be provided when relying on generic information.

Oper i@%istory may be credited in justifying likelihood scores for individual IROFS. Care
mus taken that this credit is based on documented performance data and not anecdotal
vidence and that the operating history is applicable to the event being evaluated. For example,
not having any criticality accidents in 30 years of operation would not be justification for a failure
frequency for a particular component or initiating event (since the initiating event may have
occurred several times during that time period without resulting in a criticality). It would also not
be justification for a likelihood corresponding to a time between failures longer than 30 years. In
addition, if significant facility changes occurred over the previous 30 years of operation, this
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information may not be meaningful. The limits and applicability of the operating data used to
justify likelihood should be explained.

Especially for new processes or facilities, such objective quantitative data may not be available.
Appropriate margin in plant operations and conservatism in likelihood scoring should be used
and justified when such information is not available. Over the facility lifetime, however, 5%
information gained with regard to operational events and IROFS failures should be evaluated
and fed back into the ISA process. This may be justification for reducing margins and ()
conservatism over the facility lifetime. <0

N

Graded Approach to Integrated Safety Analysis O

The performance requirements of 10 CFR 70.61(b) and (c) establish an ac able level of risk,
in that high-consequence events must be made “highly unlikely” and in diate-consequence
events must be made “unlikely.” In addition, 10 CFR 70.65(b)(4) reqLﬂ(e that an applicant’s
ISA summary contain a demonstration of compliance with the per{&rﬁhnce requirements of

10 CFR 70.61. The means and the level of effort required to de strate compliance with

10 CFR 70.61 depend on the amount of risk reduction need meet the likelihood thresholds
in 10 CFR 70.61. For example, a facility that obviously has infierently low risk (even before the
performance of the ISA) requires less effort to demonst mpliance than an inherently
higher risk facility. Examples would include facilities vﬁty mall mass or very low enrichment of
special nuclear material (SNM), low chemical inveQe@'ies, or insignificant combustible loading.
Thus, the ISA methods used may be graded COIEQ'I nsurate with the risk of the facility.

The facility and process characteristics tha @tce)rmine inherent risk should be identified as initial
conditions and/or assumptions and approptiately identified and maintained to ensure they will
be present over the lifetime of the facility,-if credit is taken for them in meeting the performance
requirements. For example, a pos ion limit on the maximum enrichment or amount of SNM
at the facility may be credited in ring low risk of criticality, because the license sets an
explicit limit. Chemical invent may be likewise credited, provided that they are limited by
license or the maximum inv y is identified as important to safety and rigorously controlled.
ISA methods may be gra commensurate with the amount of risk reduction required once
these factors have beerpexplicitly identified and maintained.

&
Several example%g?‘aspects of the ISA process that may be graded commensurate with risk
include the fg{@ng'

. In, the selection of the hazard identification method, the what-if or what-if/checklist
&hod would be more suitable for low-risk, simple operations; HazOp, fault tree, and
v ebther sophisticated methods may be appropriate for more complex or higher risk
* operations.

¥

. In considering the type, number, and robustness of IROFS, lower risk facilities will not
require the same level of control.

. In the application of management measures, lower risk facilities will not require

measures as stringent as those for higher risk facilities.
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. In the evaluation of likelihood, the technical justification required to support a high
degree of risk reduction is much greater than that required to support a low or moderate
degree of risk reduction. Methods used to support a high degree of risk reduction should
be more sophisticated, and warrant greater regulatory scrutiny, than methods used to
support a lower degree of risk reduction.

3

In addition to the inherent risk of the facility or process, the amount of conservatism may be"

considered in grading ISA methods. For example, if a very conservative likelihood is med

for all IROFS failures, then the rigor and level of detail in describing the IROFS, congggﬁag all
reliability and availability qualities and treating dependent failures, would not have fo.be at the
same level as in a facility taking more realistic credit for IROFS failures. The %?:hg of ISA
methods necessitates that the applicant demonstrate (1) that the risk is inhe low and will
be maintained over the lifetime of the facility, or (2) that there is a consist nd dependable
amount of conservatism in ISA methods that offsets the uncertainty aris@rom lack of rigor.

S

Regulatory Basis (b

administrative controls, or both, shall be applied to the extentirieeded to reduce the likelihood of
occurrence of the event so that, upon implementation o controls, the event is highly
unlikely or its consequences are less severe than those described in 10 CFR 70.61(b)(1)—(4).

The risk of each credible high-consequence event must be !Ié;@ﬂi Engineered controls,

O
The risk of each credible intermediate-consequeéc’%‘event must be limited. Engineered
controls, administrative controls, or both shall bg'applied to the extent needed so that upon
implementation of such controls, the evento@nlikely or its consequences are less than those

described in 10 CFR70.61(c)(1)-(4).
<

Each licensee or applicant shall co t and maintain an ISA that is of appropriate detail for the
complexity of the process and th entifies “the consequences and likelihood of occurrence of
each potential accident sequence'...and the methods used to determine the consequences and
likelihoods” as stated in 10 70.62(c)(1)(v).

The ISA summary mus@o?tain “information that demonstrates the licensee’s compliance with
the performance reikﬁ“gements of Section 70.61,” as stated in 10 CFR 70.65(b)(4).

R
The ISA sum@ must also include the definitions of “unlikely,” “highly unlikely,” and “credible”
as used in the‘evaluations of the ISA, as stated in 10 CFR 70.65(b)(9).

ik
Tecl@@ Review Guidance

yfg reviewer should use the information contained in this ISG, as applicable, to evaluate an
applicant’s or a licensee’s qualitative methods of likelihood evaluation, commensurate with the
level of risk reduction required to comply with the performance requirements of 10 CFR 70.61.
If the applicant is using the index method defined in Appendix A to Chapter 3 of this NUREG,
the reviewer should use the guidance in Appendix A to evaluate the adequacy of the applicant’s
ISA summary. The purpose of the ISA summary review is not to verify the correctness of the
likelihood scores for every single accident sequence, but to verify that the applicant has an
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acceptable methodology that contributes to reasonable assurance of maintaining an adequate
safety basis over the facility lifetime, by ensuring that the methodology results in assignment of
appropriate likelihoods. As such, the reviewer should primarily determine whether there is a
justifiable basis for the scores, and whether there is reasonable assurance that this basis will be
maintained over the facility lifetime, assuming the application of appropriate management

measures. *
¥F
The applicant’s qualitative method for likelihood evaluation should be acceptable if the f@pwing
are true: <0
N
. The definitions of likelihood are clear, are based on objective criteria, a n

consistently distinguish events in different likelihood categories. Q‘

. The methods for likelihood evaluation are consistent with the lik od definitions and
the process being evaluated (e.g., the methods correctly treagqit ating events and initial
conditions, subsequent failures, and dependent failures). (b

. The methods for likelihood evaluation appropriately co{'@aﬁier all availability and reliability
qualities of individual IROFS and the interdepende%'é@s between them in assigning
qualitative likelihood scores. C)s(\

. The ISA summary describes initiating ever@nitial conditions, and subsequent IROFS
failures in detail sufficient to demonstrat%.hat the performance requirements will be met
and maintained. \O
. N
Recommendations &6

This guidance should be used to s@ément Chapter 3 and Appendix A to this NUREG.
&)

This guidance should be use upplement NUREG-1718, “Standard Review Plan for the

Review of an Application fog@ ixed Oxide (MOX) Fuel Fabrication Facility,” issued

August 2000, Chapter 5, “Integrated Safety Analysis (ISA),” and Appendix A, “Example

Procedure for Risk Evalfiation.”

.
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APPENDIX C | Field Code Changed

INITIATING EVENT FREQUENCY

Purpose Q

This appendix addresses the measures needed to ensure the validity and maintena@ of the
initiating event frequencies (IEFs) used to demonstrate compliance with Title 10/Section 70.61,
“Performance Requirements,” of the Code of Federal Regulations (10 CFR 7

Introduction \3\5

| The purpose of this-interim-staff guidance-{1SG)- Appendix is to clarifq§he use of IEFs for
demonstrating compliance with the performance requirements ofﬁbCFR 70.61. NUREG-1718,
“Standard Review Plan for the Review of an Application for a d Oxide (MOX) Fuel
Fabrication Facility,” and this NUREG provide methods for reviewing integrated safety analyses
(ISAs) by employing a semiquantitative risk index method /While one of these methods is used
below to illustrate the use of IEFs, applicants and Iicerﬁ%ﬁ may use other methods that would
produce similar results. No particular method is e;gg mandated, and sequences that are
risk significant or marginally acceptable are candi s for more detailed evaluation by the
applicant or licensee and reviewer. R

@\

Discussion \3\

Each licensee or applicant is reqwre o perform an ISA to identify all credible
high-consequence and intermediatéiconsequence events. The risk of each such credible event
is to be limited through the use ofid@ppropriate engineered and/or administrative controls to meet
the performance reqwrem f 10 CFR 70.61. Such a control is referred to as an item relied
on for safety (IROFS). , a safety program must be established and maintained to ensure
that each IROFS is av: and reliable to perform its intended function when needed. The
safety program may qg}aded such that the management measures applied are graded
commensurate wi e reduction of risk attributable to that item. In addition, a configuration
management must be established pursuant to 10 CFR 70.72, “Facility Changes and
Change Procse " to evaluate changes and to ensure, in part, that the IROFS are not removed
without at 5&15‘[ equwalent replacement of the safety function.

The(§k f each credible event is determined by cross-referencing the severity of the

uence of the unmitigated accident sequence with the likelihood of occurrence in a risk
fhatrix with risk index values. The likelihood of occurrence risk index values can be determined
by considering the criteria in Tables A-9 through A-11 in Appendix A to Chapter 3 of this report.
Accident sequences result from initiating events that are followed by the failure of one or more
IROFS. Initiating events can be (1) an external event such as a hurricane or earthquake, (2) a
facility event external to the process being analyzed (e.g., fires, explosions, failures of other
equipment, flooding from facility water sources), (3) deviations from normal operations of the
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process (credible abnormal events), or (4) failures of an IROFS in the process. (Braft
18G-08;Appendix D to Chapter 3, “Natural Phenomena Hazards, -issued-Octeber-2005; offers
additional guidance regarding initiating probabilities from natural phenomena hazards.)

An initiating event does not have to be an IROFS failure. An item only becomes an IROFS if the
ISA credits it for mitigation or prevention per the definition in 10 CFR 70.4. If an item whose ..
failure initiates an event has strictly an operational function, it does not have to be an IROES.
This applies to external events and can apply to internal events. If the item whose failu%
initiates an event has solely a safety function that is credited in the ISA, then it shou%‘? an
IROFS. If the item has both an operational and a safety function, the safety function should
make it an IROFS (for its ISA-credited safety features only). @

IEFs can play a significant role in determining whether the performance requiréments of

10 CFR 70.61 are met for a particular accident sequence. Whether an jnitiating event results
from an IROFS or a non-IROFS failure, licensees should take approptiate action to ensure that
any change to the basis for assigning an IEF value to that event is evaluated on a continuing
basis to ensure continued compliance with the performance req{%)nents. For example, a
non-IROFS component may not be subject to the same quva%% surance (QA) program

controls and other management measures that an IROFS receive (i.e., surveillance,
testing, procurement). However, appropriate manage ntrols should be considered, in a
graded manner, to provide assurance that performangé requirements are met over time. The
ability to identify a non-IROFS component failure, similar to that for IROFS, may be needed to
provide feedback on failure rates and IEFs to the, ISA process. Changes to the IEF values may
result from changes to a component’s design, curement, operation, or maintenance history,
as well as new or increased external plant h\@ards, and should be considered in a graded

approach.
pp K®

Regulatory Basis @é
10 CFR 70.61, “Perfor%@%e Requirements”

10 CFR 70.62, “Safth) rogram and Integrated Safety Analysis”
10 CFR 70.65, “Additional Content of Applications”

10 CFR 70.72, *Facility Changes and Change Process”

Applicability ’\‘b\

This guidan,c’e%s for use in those cases where an applicant or licensee chooses to use an
IROFS o@h-IROFS failure IEF for risk determination.

O
Teglﬁbal Review Guidance
*

B
1. Initiating Event Frequency and ldentification of an IROFS

Example

A licensee uses a heater/blower unit to heat a uranium hexafluoride (UFg) cylinder in a
hot box to liquefy the contents before sampling. The unmitigated accident sequence
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involves the failure of the controller for the heater/blower resulting in overheating of the
cylinder. This results in the cylinder becoming overpressurized and rupturing, which
releases the UFg to the surrounding process area. Analysis of such a release indicates
that it would exceed the performance requirements of 10 CFR 70.61. The licensee has
two basic choices: (1) assume the initiating event probability equals 1 and provide an
appropriate level of mitigation or prevention solely through one or more IROFS or
(2) assign a value to the initiating event (blower/heater controller failure) and providé one
or more preventive or mitigative IROFS to bring the accident sequence risk withi@he
performance requirements. <O

If the licensee chooses the second option and assigns an appropriate v, @to the IEF,
the indices of Table A-9 in Appendix A to Chapter 3 of this NUREG e used. The
controller for the heater/blower unit would be assigned an appropri
number. The licensee would then analyze the accident sequen
whether additional IROFS are necessary to meet the performance requirements. There
are now two variables that feed into the risk determination;. one or more IROFS
controllers for the heater/blower unit in a manner that ch r%)as the licensee’s previous

determination of compliance with the performance req\‘ ents must be evaluated per
10 CFR 70.72(a). Q
2

2. Initiating Event Frequency Index Use O

Indices may be used to determine the ov r’éﬂikelihood of an accident sequence.

Table A-9 of Appendix A to Chapter 3, is NUREG identifies frequency index numbers
based on specified evidence. The evidence used by applicants and licensees should be
supportable and documented in t A summary as required by 10 CFR 70.65(b)(4).
The evidence cited in the ISA d@cdmentation should not be limited to anecdotal
accounts and must demons @ compliance with the definitions of “unlikely,” “highly
unlikely,” and “credible” a uired by 10 CFR 70.65(b)(9). The rigor and specificity of
the documented evide should be commensurate with the item’s importance to safety,
and the data should ort the frequency chosen (e.g., data from 30 years of plant
operating experie ased on a single component typically could not be expected to
support a 10 fajlure probability).

An item’s t%mre rate should be determined from actual data for that specific component
or saf ction in the current system design under the current environmental
conditiens. When specific failure data are limited or not available, the applicant or
licemsee may use more “generic’ data with appropriate substantiation. However, when

specific failure data are available, appropriate conservatism should be exercised in
ssigning frequency indices. The footnote to Table A-9 that states “indices less than

F (more negative than) -1 should not be assigned to IROFS unless the configuration

management, auditing, and other management measures are of high quality, because

without those measures, the IROFS may be changed or not maintained” should also be
applied to non-IROFS IEFs. In this case, appropriate management controls should be
provided to ensure that any changes to the evidence supporting IEF indices will be
identified and promptly evaluated to ensure that the performance requirements of

10 CFR 70.61 are met. A graded approach may be used in applying management
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controls based on the IEF values; however, the ISA summary should explain how this
will be done.

The licensee or applicant should periodically evaluate possible changes to IEFs, failure
rates, and the assumptions they are based on to ensure that the ISA process has
accounted for any change to an IEF. Over time, an IEF may change because of %
component aging or deterioration. Maintenance and performance experience should be
fed back into the IEF evaluation. |EF changes could involve, for example, the Q
introduction of new effects or hazards from nearby processes or new materi

changes in design, maintenance, or operation activities. The applicant or lieensee
should establish management measures, which may be graded, to peri @Ily confirm
that the ISA assumptions have not changed. For example, an applicggor licensee may
choose to verify that there have been no changes to hazards from ntenance activities
during a certain period of time based on an appropriate docume@lechnical review or

audit under the QA program. 6\

Whatever strategy the applicant or licensee chooses should’result in timely identification
and periodic evaluation of failure rates, followed by a pt evaluation of the failure
rate change on the ISA assumptions. This can be a plished in accordance with the
corrective maintenance program and/or the QA m identification and corrective

action system.

Indices particularly relied on (i.e., less thi@\% for overall likelihood will be examined
during the ISA review process. )

9
3. External Initiating Event Frequenc@

The applicant or licensee sh periodically evaluate possible changes to nonnatural
phenomena external eve 0 ensure that the ISA process has accounted for any
change to an IEF. Suchichanges could involve, for example, the introduction of new
hazards from an adjo@ g industrial site or changes in adjoining transportation activities.
The applicant or li snsee should establish management measures, which may be
graded, to periodically confirm that the ISA assumptions have not changed. For
example, an applicant or licensee may choose to verify that external hazards have not
changed,t}%sﬁd on a 2- to 3-year review under the QA program.

\S
4. Assyfg;%\e

@g’safety program required by 10 CFR 70.62(a) should have provisions for

implementing the appropriate management controls to maintain the validity of the IEFs.
* Consideration should also be given to commitments in the QA program or a specific
license condition.
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APPENDIX D | Field Code Changed

7 e

NATURAL PHENOMENA HAZARDS

Purpose

*
¥
This appendix provides additional guidance addressing accident sequences that may reﬁfft
from natural phenomena hazards in the context of a license application or an amend

request under Title 10, Part 70, “Domestic Licensing of Special Nuclear Material,” Code of
Federal Regulations (10 CFR Part 70), Subpart H, “Additional Requirements fore;ﬁin
Licensees Authorized To Possess a Critical Mass of Special Nuclear Material.Q/

Introduction %\)

This appendix provides additional guidance for reviewing the applica&% (or licensee’s)
evaluation of natural phenomena hazards up to and including “hig’Hy unlikely” events for both
new and existing facilities.

&
Discussion @Q
DN

For facilities processing special nuclear materials, 1 R 70.61, “Performance Requirements,”
requires that individual accident sequences resulting-in high consequences to workers and the
public be “highly unlikely” and that sequences resulting in intermediate consequences to these
receptors be “unlikely.” Although the thresh vels that differentiate high-consequence
events from intermediate-consequence ev: are established in the regulations, the definitions
of “highly unlikely” and “unlikely” are noﬂ@\ccording to 10 CFR 70.65(b)(9) and subject to staff
approval, definitions of these terms must be included in the integrated safety analysis (ISA)
summary submitted by applicants licensees. Chapter 3 of this NUREG further describes
the acceptance criteria for the defjnitions of these terms.

The implementation of theg,ogquirements may vary somewhat because of different definitions
of likelihood proposed ferent applicants (or licensees).! The regulation specifies
quantitative conseq&gg thresholds of the performance requirements (except for chemical
releases). There ion and its performance requirements pertain to existing facilities, as well
as proposed facilitiés, and apply to manmade external hazards and natural phenomena
hazards, in ion to process hazards. However, new facilities and new processes at existing
t also address the requirements of 10 CFR 70.64, “Requirements for New Facilities
esses at Existing Facilities,” which includes the baseline design criterion for natural
na hazards (10 CFR 70.64(a)(2)). This baseline design criterion requires that “the
design must provide for adequate protection against natural phenomena with consideration of
the most severe documented historical events for the site.” The Statement of Considerations
(Reference 2) describes the application of the baseline design criteria as consistent with good
engineering practice, which dictates that certain minimum requirements should be applied to

facilities
or New

! For natural phenomena, deterministically defined events such as the probable maximum flood (PMF) or safe

shutdown earthquake (SSE) which are used as reactor design bases can also be applied to 10 CFR Part 70
facilities as “highly unlikely” events. The actual probability (or likelihood) of such events may be difficult to
define quantitatively and varies from site to site.
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design and safety considerations. The baseline design criteria must be applied to the design of
new facilities and new processes at existing facilities but does not require retrofits to existing
facilities or existing processes (e.g., those housing or adjacent to the new processes). Also
included in 10 CFR 70.64(b) are a requirement for incorporation of defense-in-depth in design
and a requirement to prefer engineered controls over administrative controls.

New structures associated with facilities being reviewed, such as the gas centrifuge facilitiess
and the mixed oxide fuel fabrication facility, will be designed and constructed to meet the
seismic regulatory requirements. Hence, these facilities and additional new facilities t QB
licensed under 10 CFR Part 70 are not expected to present designs with seismic deficiencies.
New facilities can also be expected to be sited above a “highly unlikely” flood such& PMF
and can be expected to withstand tornado winds and missiles, if necessary.

Most structures at existing nuclear fuel cycle facilities are built to a model ing code, which
includes meeting a design-basis earthquake having an exceedance pr ility of 2x107 per
year to less than 10 per year (U.S. Department of Energy (DOE) Stéq rd-1020-2002,
Appendix C). Existing facilities are generally sited above the 100- 4 flood plain and are
designed for wind as well as snow and ice loading as specified i plicable building codes.
Extreme natural events such as “highly unlikely” floods and/ thquakes have not been
calculated for many existing sites, and it would be expensta d time consuming to do so.

The staff believes that many existing facilities can be {:&n to be in compliance with, or at least
near compliance with, the performance requwemenﬂ;@of the regulation by accounting for
conservatisms in the seismic, flooding, and win ign of the facility. In addition, relatively
minor engineered improvements and admwstv@#e measures may further enhance safety, at
least with respect to the public and other ofk@ receptors.

Seismic Hazards GKQ’

Potential damage to and/or failure&items relied on for safety (IROFS) as the result of ground
movement and/or the seismic onse of adjacent or interior IROFS must be considered in the
ISA and ISA summary accidéntisequence evaluations. Damage or failures that also should be
considered include the following:

. seismic- |ndu@1 failure of a facility component which is not an IROFS but which can fall
and dama\g5 an IROFS (for example, a heavy load drop from a crane onto a container)

. dlspJQQement of adjacent IROFS during a seismic event causing them to pound together

ﬂbsplacement of adjacent components resulting in failure of connecting pipes or cables
en/hlch may cause flooding, fires, and/or releases of radiological or chemical materials

Selsmlc event evaluations must also consider potential multiple failure of IROFS (for example,
multiple failures of tanks).

DOE has also recognized the difference between earthquake design probability and the
probability that a safety component cannot perform its function. To quantify this difference,
DOE has developed a risk reduction factor, R, as the ratio between the seismic hazard
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exceedance probability and the performance goal probability. Conservatism in nuclear facility
design arising from factors such as use of prescribed analysis methods, specification of material
strengths, and limits on inelastic behavior explains at least part of this apparent reduction in
actual risk. Appendix C to DOE Standard-1020-2002 discusses this risk reduction factor.

For a consequence to affect the public or external site workers, licensed material or hazardous
chemicals that could affect the safety of licensed material must be released through at Ieas;‘x-

one, and often two, confinement barriers, such as the following: ¥
. storage containers, glove boxes, tanks, or handling devices <o‘1/
. ventilation system dynamic confinement and filtration N

. building structural shell Q/C?

Criticalities, on the other hand, may result from the introduction of a mode&?or loss of safe
geometric control of confined materials.

By using risk reduction factors calculated for a facility and its spegi 'cQomponents and/or
estimating the degree of failure by comparison with the observe% havior of similarly
constructed buildings during severe earthquakes, analysts ca@ stulate reasonable scenarios.
These scenarios may not release all the material at risk or present an unimpeded leak path to
receptors. For example, some facilities might be able w that, even in the case of an
earthquake that is “highly unlikely,” only certain types ontainers or confinement systems are
likely to be breached. If the amount of material coQ“@ned in such containers is variable, then
that probabilistic component may be factored inte.the overall likelihood of the accident
sequence. If employing some of these mitiga@ considerations in the analysis requires
reliance on special containers or procedurifl en additional IROFS may also be needed.
Another factor to consider is the likely ra@ release based on the damage sustained. For
example, some facilities may lose dynafic confinement but maintain building integrity. In some
processes, radiologically and/or ch ally hazardous material is held inside its primary
containment at subatmospheric pfessure. In these cases, even though the primary
containments are inside a str@e designed to withstand less than a “highly unlikely”
earthquake, the subatmos ic conditions may be sufficient to limit both facility worker and
offsite doses in the event greater earthquake. For example, an earthquake that results in
limited subatmospheric’gontainment losses may allow adequately trained workers to evacuate
and/or take mitigativ@actions. The buildings containing cylinders of liquid uranium hexafluoride
(UFg) at gas cent{ij.lge facilities are designed for a “highly unlikely” earthquake. In addition,
some buildin one of the proposed facilities are equipped with a seismically activated
interlock (an IROFS) that will shut off the buildings’ heating, ventilation, and air conditioning
systemg@n’g an event, thus limiting any leakage of UF¢ to the outside.

R

%X.
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Flooding Hazards

Most fuel cycle licensees do not require large quantities of cooling water and, therefore, do not
need to be located near large bodies of water. A site licensed under 10 CFR Part 70 does not
need to meet prescriptive flood protection requirements but does have to meet the performance
requirements for all credible events including flooding. A site meeting the flood protection
requirements of a commercial reactor should be considered as being designed or located
adequately to withstand a “highly unlikely” flooding event. Section 2.4 of NUREG-1407, £
“Procedural and Submittal Guidance for the Individual Plant Examination of External E Qts for
Severe Accident Vulnerability,” issued June 1991, states that the design-basis flood ich for
river sites is the PMF) as described in Regulatory Guide 1.59, “Design Basis Floo @f
Nuclear Power Plants,” is estimated to have an exceedance frequency of Iess%;ém's per
year. Sites that do not meet this level of protection can still meet the 10 CF 61
performance requirements but must be considered on an individual basiso

In evaluating the effects of flooding on existing facilities, the foIIowing(@-related hazards
should be considered: (b

. river flooding \é
- inundation and hydrostatic loading Q
- dynamic forces 2

- wave action C)(\

- sedimentation and erosion \0
- ice loading Qo
. O
. upstream dam failures \‘?)
- inundation and hydrostati@éading
- dynamic forces
- erosion and sedimer@on
&)
. precipitation/local storr?Qnoff

- inundation (le€al*ponding) and hydrostatic loading
- dynamic | (flash flooding)

. tsunami, sersf@, hurricane storm surge
- Im{Emation and hydrostatic loading

- ,gignamic forces

e ave action

Ameéi;;% ational Standards Institute/American Nuclear Society Standard 2.8, “Determining
Desi asis Flooding at Power Reactor Sites,” describe methods for determining these
fidoding and water-related effects for reactor sites. These methods can be applied to

10 CFR 70.61 analyses with less conservatism in some of these parameters.

A standard siting requirement for residential and commercial developments is to be above the
100-year flood plain. For large river basins, warning time and time to secure materials and

evacuate personnel will probably be available. For small streams, there may be relatively little
warning in regard to thunderstorms and localized rainfall. In such cases, rapid actions may be
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the only administrative protection available. An evaluation of the effectiveness of proposed
protection will need to consider the effects of inundation, hydrostatic loading, erosion, and
sedimentation. At a minimum, this would require that criticality events be prevented and
materials remain confined within site structures.

At some sites, a delineation of the 500-year flood plain may also be available. If the site is
above the 500-year flood plain, flooding may be considered an unlikely event? depending onsthe
quality of the estimate. In this category, criticality events should still be prevented, but the»
breaching of a limited number of material containers may be allowable under the perfo @nce
requirements (up to 25 rem for the public, up to 100 rem for workers, and a specifie ase
limit) for events, that in terms of likelihood, are between “unlikely” and “highly unlikely:

In addition to the facility’s location relative to the 100-year or 500-year flood , the effects of
local intense precipitation and snow load should be considered. Local int precipitation,
especially in the form of snow, can result in roof collapse and localized ooding. Normally,
protection from local precipitation and snow is relatively easy to achie&g rough roof design and
local site drainage design. (bo

Wind and Tornado Loading \é

Wind design for an existing facility if prescribed by an a le building code would have an
annual exceedance probability of greater than or equd] to'2x102. At such relatively high
probabilities, tornado design criteria are not specif@ However, depending on the geographic
location of the facility, the effects of a tornado wi annual exceedance probability of 10 or
greater may need to be considered. O

)
Wind forces on walls of structures shog@)\}determined using appropriate pressure
coefficients, gust factors, and other sit ecific adjustments. If the wind is likely to blow inside
the structure, either through design ind-driven missile vulnerability, the effects of wind on
internal IROFS requires consider . If the winds are from a tornado, the effects of the
atmospheric pressure change ociated with the tornado must be considered. Normally,
ventilation systems are moi?S nerable to atmospheric pressure change, but windows, buried
tanks, and sand filters ca o be affected.

For straight winds, hdrricanes, and weak tornadoes, missile criteria as specified in Table 3-3 of
DOE Standard-1020-2002 may be considered. The missile specified is a 15-pound plank,
measuring 2 i s by 4 inches, at a specified elevation and impact velocity. For facilities that
may be subjected to more severe tornado missiles, the guidance in Tables 3-4 and 3-5 of DOE
Standard-#020-2002 may be followed. For the tornado, a 3,000-pound automobile rolling and
tumbli the ground should also be considered. For such evaluations, the probability of the
en;ir quence should be considered, and missile criteria from either Table 3-4 or 3-5 of DOE
§*andard-1020-2002 may be used as appropriate.

Even if the licensee defines “unlikely” as less than 103 per year for the process sequences in the ISA
summary, the conservative assumptions inherent in most flood plain hydrologic studies, such as those
performed for Federal Emergency Management Agency flood insurance rate maps, should justify the
consideration of flooding above the 500-year flood plain as an unlikely event.
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Considerations for Existing Processes at Existing Facilities

For existing processes at existing facilities, licensees are not required to address 10 CFR 70.64
baseline design criteria. They must still meet the performance requirements of 10 CFR 70.61,
including accidents caused by natural phenomena, for which the staff may require additional
IROFS to meet the performance requirements. Existing facilities can use IROFS in the form of
additional administrative controls to meet the performance requirements without the need for-
design features normally required by accepted engineering practice. When near compliance
can be obtained and complete compliance will be relatively costly, plants may request
exemption to the regulation. (0(@

N

As discussed earlier, many existing 10 CFR Part 70 facilities are not designed earthquake
beyond that specified in applicable building codes. Although this design ma ide fairly good
seismic protection to the structure, it may not protect internal equipment. , an existing

facility may not be designed to any specific seismic criteria in which ca ability to withstand
earthquakes can only be estimated based on comparison with similar&tr ctures or through
complex structural analysis. In such cases, licensees may add a itional IROFS to meet the
performance requirements. An example where such IROFS (procedures and upgrades) may be
effectively implemented could be a facility where the consequ%%es of a release of licensed
material to the public in a seismic event would be from fire @ /or explosions. In this case,
fixes such as seismically qualified flammable gas shuto es or electrical shutoffs might
provide a large decrease in potential seismic conseq es.

In regard to flooding, flood elevations beyond th ‘éf'(?he 100-year flood may not have been
determined for the site. For sites in proximity. river, these determinations could be
expensive and time consuming. For these- s, flood warning time may allow measures such
as moving material at risk and/or blockin%éoors and openings in the facility structure.

A
A facility’s ability to withstand high %ﬁ!s, rain and snow loads, and exterior fires can likewise be
improved through a combination @f,administrative procedures and engineered improvements.
Removing material at risk fro der walls or roofs that are not seismically designed can
reduce potential releases ir{@ of collapse from winds or roof loads.

Exemptions to the regu@t%n may still be required for existing facilities even with administrative
and engineered im ements. In regard to consequences to the public, complete compliance
with 10 CFR 70.6 ing realistic assumptions should be the goal if obtainable. Compliance
with 10 CFR K&\ regarding consequences to facility workers may require a request for an
exemption once personnel protective equipment, emergency procedures, and worker training is
account . In evaluating a request for an exemption to the regulation, the expected
oper$ life of the facility should also be factored into the determination of risk.

3
£*
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Considerations for New Processes at Existing Facilities

The design of new processes at existing facilities must address natural phenomena hazards in
accordance with 10 CFR 70.64(a)(2), as well as the performance requirements of

10 CFR 70.61. Nevertheless, new processes at existing facilities may present the same
problems in demonstrating compliance with 10 CFR 70.61 in regard to accident sequences
initiated by natural phenomena as do existing facilities based on the design and/or siting of the
original structures. In the case of new processes, the U.S. Nuclear Regulatory Commission
staff should expect compliance with the performance requirements of 10 CFR 70.61 to

extent possible given the existing facility design and location. New processes at exi

facilities also must meet the requirements of 10 CFR 70.64(b), which requires defehse-in-depth
and a preference for engineered controls over administrative controls. Howeveri the staff
cannot require structural improvements, permanent flood barriers, and other, %neered
improvements that could be considered retrofits to be applied to existing strdetures. New
structural features within existing structures to prevent breaches in con ent in the event of
natural phenomena hazards may be considered, however. An exam ight be a seismically
designed vault to hold radioactive materials associated with a ne ess. Inregard to new
processes, engineered controls, where feasible, are preferred oyveradministrative procedures
that might otherwise be proposed for an existing process wit Q}mited operational lifetime.
Such engineered improvements may not be required for Iice@ ng but could be scheduled to
replace administrative procedures or other long-term ¢ satory measures on a timely basis
after the start of operations. The objective is to encourage engineered safety in new processes
compared to equivalent existing processes, while recognizing the restraints of the existing
structures and location. Although primarily aimed at reducing risk to the public, the emphasis on
engineered safety may also be applied to wor\l@eeonsequences in a way consistent with what

has been accepted at other facilities. \Q
Regulatory Basis GKQ’

The regulation in 10 CFR 70.61 sqgflfies performance requirements associated with risks
identified by an ISA. Q

For new facilities or new ;Q%esses at existing facilities, 10 CFR 70.64 specifies requirements,
including baseline design. criteria (a)(2), “Natural Phenomena Hazards.”
R

Technical Review, hidance

When examm\{g\the applicant’s evaluation of the effects of natural phenomena on its facility,
reviewers ghould recognize that estimates of “unlikely” and “highly unlikely” natural phenomena
such PMF or SSE may not exist for the particular site. Hence, extrapolation and/or
trag ition of extreme event estimates made for other relatively nearby facilities (such as
power reactor sites) should be allowed where feasible and technically justifiable. In addition,
sophisticated probabilistic tools such as Bayesian analysis or Monte Carlo sampling methods
need not be employed to improve the estimate of likelihoods of natural phenomena event
sequences unless desired by the applicant (or licensee). For the purpose of determining
appropriate values of extreme events, deterministic events such as the PMF or SSE can be
used in place of purely probabilistically determined “highly unlikely” events and may be
preferable, depending on the quality of historical data. Where extreme events need to be
coupled with other probability-driven mechanisms such as the release fraction or transport
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pathway, already low likelihood combinations do not have to be made even less likely by the
use of conservative parameters.

For existing facilities, due credit should be given to analysis assumptions and administrative
controls, emergency procedures, and active engineered controls that do not change the design
bases of the facility structures to natural phenomena. If the ISA and ISA summary demonstrate
that the existing facility is near compliance (within an order of magnitude of a likelihood *
threshold or within 50 percent of meeting a consequence threshold, but not both), an exemﬁtion
to the regulation may be considered. Q

An example evaluation for an amendment request is provided in the appendi*annéxot% this
1SGappendix.

Recommendation OQ”
This guidance should be used to supplement Chapter 3 of this NUREO.é
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ANNEX TO APPENDIX D

EXAMPLE OF NATURAL PHENOMENA HAZARD REVIEW FOR
COMPLIANCE WITH 10 CFR 70.61 *

>¢‘-¥

This example review is for an amendment to authorize operations in a blended low-enri¢hed
uranium oxide conversion building (OCB). The site is located near a river and is jus ve the
100-year flood plain of a nearby creek. The Effluent Process Building (EPB) was also-part of
the amendment but was not evaluated because the quantities of radioactive m lor
hazardous chemicals (that come under U.S. Nuclear Regulatory Commissio C) regulation)
contained in the EPB are not considered sufficient to exceed the consequ threshold for
“unlikely” events given in Title 10, Section 70.61, “Performance Require@s,” of the Code of
Federal Regulations (10 CFR 70.61). 6\

Seismic Evaluation OD

The OCB is of reinforced concrete construction and is const? ed to seismic criteria contained
in the Standard Building Code (SBC-1999) which is equi t to belng designed for an
earthquake with a probability of exceedance of appro@ tely 4x10™ per year. Using

Appendix C to DOE-STD-1020-2002, the NRC st ff@etermined the risk reduction factor to be 4,
which gives the structure a likelihood of significant damage from an earthquake of 10 per year
or less. Hence, the collapse or loss of building-iftegrity from an earthquake may be considered
to be “highly unlikely” as the probabilistic v. of “highly unlikely” indicated by the applicant was
a probability of exceedance of 10*to 10° % year. Within the building, the material at risk
consists of low-enriched uranyl nitrate liqtrid, ammonium diuranate slurry, and uranium dioxide
powder. All of these materials are cted to be within containers, and spillage during a
seismic event is expected to be al. Since the building is expected to retain its integrity,
the leak path factor will be rel y low even without dynamic confinement from the ventilation
system. Facility workers a ected to take actions to limit personal intake of radionuclides.
The staff concludes that t CB complies with the performance requirements of 10 CFR 70.61
with regard to seismic eyents

o 9
High Winds Evaluation

The OCB str'%ture is also designed for wind loads in accordance with the SBC-1999, and the

probabil o a tornado impacting the facility is less than 10° per year. Therefore, the facility
need evaluated only in regard to the effects of wind loads and missiles, but not for
torn s. The NRC staff considers the reinforced concrete exterior walls of the OCB to be

quate to withstand high wind velocities as well as missiles (from DOE-STD-1020-2002) that
should be assumed for such events. The staff considers a collapse of building walls because of
wind forces such that radioactive material would escape to be “highly unlikely.” In addition, the
meteorological conditions likely to result in severe winds may be forecast in advance and
protective measures taken. The staff concludes that the OCB complies with the performance
requirements of 10 CFR 70.61 with regard to wind events.
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Flooding Evaluation

The lowest floor in the OCB is 15 feet above the 100-year flood from an adjacent creek. From a
review of the topography of the site area, it appears that flooding of the site could occur, most
likely from flooding of the nearby river with coincident flooding of the adjacent creek which could
back up through the railroad culvert. This event is expected to have warning time and may ..
overtop the railroad embankment to the north of the facility and flood parts of the nearby ta#n.
However, the facility is sufficiently removed from the main channel of the river that floodsinduced
scouring and erosion would not be expected. In addition, the hydrostatic loading froﬁﬂood
on the exterior walls of the OCB would not be expected to cause collapse. The primary concern
is inundation which could float unsecured containers within the OCB but not re them from

warning time would allow the movement of material to reduce the likeli f a flood-induced
criticality. The staff concludes that the OCB complies with the performg e requirements of
10 CFR 70.61 with regard to flooding.
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