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Appendix D1 

 
Self Assessment Process 

 
 
Summary: 
 
Appendices D1 through D3 provide guidance for using the results of existing 
industry PRA peer reviews (guidance document: NEI 00-02), along with 
supplemental self-assessments, to satisfy the peer review requirements of the 
ASME PRA Standard (ASME-RA-Sb-2005) as endorsed/modified by the NRC 
in Regulatory Guide 1.200. 
  
The supplemental self-assessment process (i.e., beyond the peer review 
process) results in documentation delineating the technical adequacy of a 
PRA with respect to ASME PRA Standard technical requirements (as 
clarified or endorsed by NRC) that were not fully supported by the original 
peer review process of NEI 00-02.  This information will be used to support 
more effective and efficient NRC reviews of risk-informed regulatory 
applications.  The self-assessment process does not require that the PRA 
itself be upgraded or modified to meet the ASME PRA Standard.  This 
decision is a function of the application.  
 
An important objective of the self assessment process is to increase the 
familiarity of plant personnel with the details of the PRA.  In many 
instances, the original PRA was performed by a contractor, or the plant 
personnel involved in the original PRA may no longer be involved in its 
maintenance.  Performing the self assessment process will enable a better 
understanding of the PRA by those now using it for applications.   
 
Regulatory Framework 
 
NRC Regulatory Guide 1.174 provides that PRA capability should be 
commensurate with the regulatory application, and provides guidance for 
demonstration of sufficient PRA capability.  The regulatory guide recognizes 
that PRA is one element of an integrated decision-making process to support 
a regulatory application.  The importance of the PRA information to a 
regulatory application is a function of many factors, including defense-in-
depth, deterministic analyses, and conservatism in the decision process.  
Thus, both the ASME PRA Standard and the industry PRA peer review 
process recognize multiple levels of PRA capability (or technical adequacy). 
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Industry PRA Peer Review Process 
 
Prior to development of the ASME PRA Standard, industry developed and 
implemented a process for performance of peer reviews to address the 
strengths and weaknesses of plant-specific PRA models.  NEI 00-02, 
“Industry PRA Peer Review Process Guidance,” provides the process and 
criteria for the peer review.  Peer reviews have been performed at all US 
plants (one plant had their PRA peer review performed directly to the criteria 
of the ASME standard rather than the NEI 00-02 criteria).  The NEI PRA 
peer review process (NEI 00-02) addresses 11 technical elements of the PRA, 
broken down into 209 subelements.  Each of these is graded to convey the 
ability of the PRA subelement to support particular types of risk-informed 
applications. 
 
The four grade levels are used to indicate the relative capability of the 
subelement to support risk-informed applications, ranging from applications 
with less rigor (grade 1) to most rigorous (grade 4).  No overall grade is 
assigned to the PRA.  Subtier criteria are provided for each subelement to 
differentiate the technical basis for grades two through four.  The subtier 
criteria were not included in the original version of NEI 00-02, and have been 
provided as Appendix D3 to this guidance.   
 
A peer review report is issued containing the subelement grades, and 
associated facts and observations.  Conditional grades may be issued with 
specific associated conditions.  In general, grade 3 corresponds to a typical 
risk-informed regulatory application.  
 
ASME PRA Standard 
 
The American Society of Mechanical Engineers (ASME) originally issued a 
consensus standard, ASME RA-S-2002, “Standard for Probabilistic Risk 
Assessment for Nuclear Power Plant Applications,” dated April 5, 2002.  The 
standard provides technical requirements for both Level 1 (core damage 
frequency) and a simplified large early release frequency assessment. 
Following initial trial application, Addendum A to this standard was issued 
on December 5, 2003 by ASME.  In February 2004, NRC issued Regulatory 
Guide  1.200, “An Approach For Determining the Technical Adequacy of  
Probabilistic Risk Assessment results for Risk-informed Activities.  This 
Regulatory Guide was issued for trial use and contained an Appendix 
providing objections and clarifications to the ASME Standard including 
Addendum A. 
 
ASME issued Addendum B to their Standard on November 9, 2005.  The 
ASME PRA Standard as modified by Addendum B addresses many of the 
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NRC objections and clarifications identified in the trial use version of 
Regulatory Guide 1.200.  This revision to the standard (incorporating both 
addenda and referred to as ASME RA-Sb-2005) provides technical 
requirements for an internal events, at-power PRA.  The self assessment 
process is intended to address ASME RA-Sb-2005, as modified by NRC 
Regulatory Guide 1.200. 
 
The ASME standard contains the following sections: 
 

1. Introduction 
2. Acronyms and Definitions 
3. Risk Assessment Application Process 
4. Risk Assessment Technical Requirements 
5. PRA Configuration Control 
6. Peer Review 
 

Section 4 of the standard, Risk Assessment Technical Requirements, contains 
requirements for nine elements of the PRA, as follows: 
 

1. Initiating Events Analysis (IE) 
2. Accident Sequence Analysis (AS) 
3. Success Criteria (SC) 
4. Systems Analysis (SY) 
5. Human Reliability Analysis (HR) 
6. Data Analysis (DA) 
7. Internal Flooding (IF) 
8. Quantification (QU) 
9. LERF Analysis (LE) 

  
For each of the above elements, the standard identifies a set of high level 
requirements.  These high level requirements are delineated in the standard 
as “shall” statements, and, in order to meet the standard, a PRA is expected 
to comply with each of the high level requirements, regardless of the 
application for which the PRA is intended. 
 
The standard provides supporting requirements for each of the above high 
level requirements.  The supporting requirements provide more detailed 
information on how the high level requirements may be met, and are 
presented in a three-column format, with each column corresponding to a 
“Capability Category.”  The categories represent the capability of the PRA to 
support different levels of applications, with a higher category corresponding 
to greater reliance on the PRA results to support a decision.  In general, 
Capability Category II corresponds to a typical risk-informed regulatory 
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application.  Capability Category II is generally equivalent to Grade 3 of the 
NEI 00-02 peer review process. 
 
Comparison of NEI 00-02 and ASME Standard 
 
Section 6 of the Standard discusses the need for a peer review team to review 
a PRA with respect to how it meets the Standard, and provides qualifications 
for the peer review team.  NRC has concluded that the peer review 
requirements of Section 6 of the ASME standard may be considered met 
through the performance of the existing peer reviews.  The peer review team 
qualifications of the Standard are intended to apply to future peer reviews, 
and credit may be taken for previous peer reviews (those conducted prior to 
the issuance of the final version of Regulatory Guide 1.200) based on the peer 
reviewer qualification guidance of NEI 00-02.  Thus, no additional peer 
reviews need be performed to address the peer review requirement of the 
ASME PRA Standard (see note below); however, the technical requirements 
of Section 4 of the Standard must still be addressed through the self-
assessment process. 
 

Note:  Section 5 of the ASME Standard discusses PRA configuration 
control.  If, as a result of the self assessment findings (or other factors) 
the PRA is upgraded (as defined in Definitions, Section 2 of the 
Standard), new peer reviews may be required to meet paragraph 5.4 of 
the ASME standard.  Such peer reviews may be limited to those parts 
of the PRA that have been upgraded.  NEI-05-04, “Process for 
Performing Follow-on PRA Peer Reviews Using the ASME PRA 
Standard” provides guidance in this regard.  NRC has not endorsed 
NEI-05-04. 

 
Many of the technical requirements of Section 4 of the ASME PRA Standard 
RA-Sb-2005, are consistent with the peer review process; and for these 
requirements the existing peer review results can be used to demonstrate 
compatibility with the Standard and Regulatory Guide.  However, in some 
areas the requirements are not sufficiently supported by NEI 00-02 to make 
this conclusion, and the differences in technical requirements between the 
peer review process and the Standard need to be dispositioned such that a 
plant can determine the degree to which the PRA is consistent with the 
Standard.  That is the purpose of the self-assessment process. 
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Industry has reviewed and compared the technical contents of the peer 
review process and ASME RA-Sb-.  Appendix D2 of this guidance provides 
this comparison in tabular form.  Since the purpose of this comparison table 
was to address risk-informed regulatory applications, the peer review 
guidance (subtier criteria) corresponding to a grade 3 for each subelement 
was compared against the Capability Category II supporting requirements 
from the ASME PRA Standard.  The table does not address other grade or 
capability levels of either process. 
 
There are 305 supporting requirements in Addendum B.  Four of these do not 
specify Capability Category II requirements.  Each of the 301 supporting 
requirements applicable to PRA Capability Category II from the ASME PRA 
Standard has been binned into one of three categories: 
 

• 139 supporting requirements (46%) addressed by peer review 
process  

• 72 supporting requirements (24%) partially addressed by peer 
review process 

• 90 supporting requirements (30%) not addressed by peer review 
process* 

 
* 50 of these 88 requirements relate to modeling of internal 
flooding, which is not addressed by the peer review process 
 
* Note:  The above numerical comparison of criteria between NEI 
00-02 and the ASME standard as addressed by RG 1.200 is for 
information purposes and is not specifically endorsed by NRC 
 

General Notes for Self-Assessment Process 
 
The following general considerations were used in developing the comparison 
table, and must be considered in performing the self-assessment: 
 

1. There are some subtier criteria for which the difference in the grading 
criteria involve the use of the term "should" (for grade level 3) versus 
"shall" (for grade level 4).  In performing the peer reviews, the peer 
review teams generally interpreted the "should" statements as 
meaning that the peer review subcriteria were to be met, or, if 
alternative approaches or substantially different interpretations were 
used, these were to be documented in the peer review report.  

 
NRC staff has taken the position that their review of the NEI 
comparison of the subtier criteria to the ASME PRA standard was 
performed under the condition that all of the requirements in the NEI 
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subtier criteria be mandatory. Thus, the NRC position on the self-
assessment process is predicated on the requirement that all of the 
requirements in the NEI subtier criteria where the verb “should” is 
used, it is interpreted as “shall.” The self-assessment process needs to 
verify that, when the verb “should” was used in a subtier criterion, it 
was interpreted as “shall”. Otherwise, the peer review report needs to 
identify if an alternate approach or substantially different 
interpretation was used. 

 
2. In a number of cases, the requirements of the ASME PRA Standard 

and the peer review process are similar, but are denoted in greater 
detail in the standard.  The peer review process was not intended to be 
an instruction manual for the performance of a PRA, but rather a 
guideline for review by knowledgeable individuals.  Thus, certain of 
the ASME PRA Standard requirements were determined to be 
addressed “in practice" during a peer review, but are not explicitly 
stated in the peer review criteria or the subtier criteria.  Credit may be 
taken for meeting these ASME requirements subject to confirmation in 
the self-assessment that the requirements were in fact addressed by 
the peer review. These are noted in the table (Appendix D2) 

 
3. The NRC has provided clarifications and objections to portions of the 

ASME standard in Appendix A to Regulatory Guide 1.200 .  The 
comparison table (Appendix D2 of this document) addresses these 
exceptions (e.g., it is a comparison of the peer review process to the 
ASME standard Addendum B).   

 
Self Assessment Process Attributes 
 
The self assessment may be performed in its entirety in advance of any 
specific application, or may be performed in stages, as necessary to support 
ongoing risk-informed regulatory applications. 
 
The following attributes are necessary to ensure regulatory acceptance of the 
process: 
  

• The process should be performed by knowledgeable PRA engineers 
with experience in the plant-specific PRA. 

 
• The self assessment should be reviewed by an independent group 

within the plant organization. 
 
The following attributes of the process are desirable: 
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• An applicability statement should be developed regarding the PRA and 
its capability to support specific applications under consideration. 

 
• A sign off of the preparers and reviewers attesting to the validity of the 

self assessment should be considered.  
 
Overall Peer Review Process and Decision 
 
The overall process for using peer review results and the ASME PRA 
Standard to support a regulatory application is shown in Figure 1. 
 
As noted in this figure, the process includes the identification of the elements 
of the PRA pertinent to a given application, and the necessary Capability 
Categories for those elements that support the application.  In general, 
Capability Category II is expected to be used to support regulatory 
applications. 
 
Alternatively, the entire PRA may be assessed irrespective of application.  
This process would provide the foundation for future applications without the 
need for additional base PRA reviews. 
 
An additional alternative to the self assessment is to perform a new peer 
review directly to the requirements of the ASME Standard.  The decision as 
to whether to perform a self assessment or new peer review could be based on 
several factors, including: 
 

• Age of existing peer review 
• Documentation level of existing peer review 
• Degree of significant changes to the PRA since the peer review 
• Overall degree of effort to perform the self assessment versus new peer 

review 
 
 
Figure 2 depicts the detailed process for determining if a particular ASME 
supporting requirement is met.  This process is repeated for each supporting 
requirement that is assessed. 
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Figure 1 

 
Overall process for self assessment for a regulatory application 
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Figure 2 

 
Process to address an ASME supporting requirement 
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 Self Assessment Process Steps – refer to Figure 2 
 
 1.  Compile the following information 

 
a) Plant PRA and associated documentation 

 
b) ASME PRA Standard - RA-Sb-2005 (includes Addenda A and B) 

(Note: The Standard is copyrighted and must be obtained from 
ASME for the purposes of the review.)  

 
c) NEI 00-02, Revision 1 (including appendices below) 

 
d) Appendix D1, self assessment process 

 
e) Appendix D2, comparison table for supporting requirements 

 
f) Appendix D3, subtier criteria for peer review process 

 
g) Plant PRA Peer Review Report 

 
h) NRC Regulatory Guide 1.200, including Appendices A and B 

addressing, objections and clarifications to the ASME standard 
and NEI 00-02, respectively. 

 
2. In order to support regulatory applications, the self assessment process 

should be performed at the PRA subelement level.(i.e the NEI 00-02 
PRA subelements should be compared to the ASME standard 
supporting requirements). 
 

3. Identity the ASME supporting requirement of interest (e.g., IE-A1) 
 

4. Refer to Appendix D2 of this document.  Using the table, determine if 
the supporting requirement was “Addressed”, “Partially Addressed”, or 
“Not Addressed” by the industry peer review process 

 
5. If the supporting requirement was “Not Addressed”, the peer review 

results cannot be used to assess the ASME supporting requirement.  
Follow the action in the Table of Appendix D2, which is generally to 
“use the ASME Standard for requirements.”  Go to step 14 below. 

 
6. If the supporting requirement is identified as “Addressed”, or 

“Partially Addressed”, the next step is to evaluate the peer review 
results to determine if credit can be taken for a Grade 3 (as conditioned 
in this process).  The third column of the table in Appendix B2 
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identifies the peer review subelements corresponding to the ASME 
supporting requirement.  In some cases the peer review subelement is 
listed in bold, where NRC has determined this to be the specific 
subelement that addresses the ASME supporting requirement.  
However, all listed subelements must be address in the process. 

 
7. For each peer review subelement identified in the above step, review 

the information listed in item (1) above, and confirm the following:,  
 

a. A grade of 3 or above was assigned during the peer review for 
this subelement.  If a grade less than 3, or a conditional grade 3 
was provided, or if significant facts and observations (A or B 
level facts and observations) need to be reconciled, the 
subelement cannot be credited toward meeting the 
corresponding ASME supporting requirement.  If the conditional 
grade items have been resolved, and/or any A or B level facts or 
observations have been resolved, then the subelement can be 
credited towards meeting the corresponding ASME supporting 
requirement, and this determination should be documented.  

 
b. The peer review interpreted the “should” wording in the 

subelement as “shall” in making the grading determination.  
The self-assessment process needs to verify that, when the verb 
“should” was used in a subtier criterion, it was interpreted as 
“shall”. Otherwise, the peer review report needs to identify if an 
alternate approach or substantially different interpretation was 
used.  This should be evaluated by reviewing the peer review 
documentation.  If this cannot be confirmed, the subelement 
cannot be credited toward meeting the corresponding ASME 
supporting requirement.  

 
8. If items 7(a) and 7(b) above are confirmed for each listed peer review 

subelement, identify the actions described in the fourth column of the 
table in Appendix D2.  If items 7(a) and 7(b) cannot be confirmed for 
each subelement, go to step 14 below. 

 
9. If “yes” appears in the “addressed by NEI 00-02” column of the table in 

Appendix D2, and an action is listed, it is believed that, while the 
supporting requirement is not addressed explicitly as a subtier criteria, 
it was typically addressed in the peer review.  Document that the 
ASME supporting level requirement has been met for Capability 
Category II. 
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10. If “partial” appears in the “addressed by NEI 00-02” column of the 
table in Appendix D2, complete the stated actions, and document the 
results.  Document that the ASME supporting level requirement has 
been met for Capability Category II.  If the stated actions cannot be 
completed, go to step 14 below. 

 
11. If “none” appears in the action column, document that the ASME 

supporting level requirement has been met for Capability Category II. 
 

12. Following assessment of all supporting requirements associated with a 
particular high level requirement of the ASME Standard, review the 
information produced and make a determination whether the high 
level requirement is met.  Repeat for all high level requirement in a 
given section of the Standard (e.g., for the Initiating Events Analysis 
section, Table 4.5.1-1 of the Standard provides the high level 
requirements).  Document this determination.    
 

13. Repeat the above process for sections 4.5.1 through 4.5.9 of the ASME 
Standard (or, if performing the self-assessment on an application-
specific basis, for those sections necessary to support a particular 
application). 

 
14. If the peer review results cannot be used to substantiate an ASME 

supporting requirement has been met, then a self assessment should 
be performed directly to the ASME standard supporting requirement.  
This should include a determination of which Capability Category is 
met.  This action is depicted on the flowchart (Figure 2) as “Use the 
ASME Standard for Requirements”.  NEI-05-04, “Process for 
Performing Follow-on PRA Peer Reviews Using the ASME PRA 
Standard” provides information that may be useful in this regard, 
particularly Section 3.0, “Grading Process”.  While written to support 
peer review, this document provides information that is also relevant 
to self assessments.  
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• 
   

D
es

cr
ib

es
 th

e 
pr

oc
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s 
us

ed
 

G
en

er
al

 d
es

cr
ip

tio
n 
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 th

e 
ac

ci
de

nt
 s

eq
ue

nc
e 

an
al

ys
is

 p
ro

ce
ss
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ro
vi

de
d.

 
Th

e 
do

cu
m

en
ta

tio
n 

of
 th

e 
ac

ci
de

nt
 s

eq
ue

nc
e 

an
al

ys
is

 s
ho

ul
d 

be
 s

uf
fic

ie
nt
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el
l d

es
cr

ib
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e 

do
cu

m
en

te
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s 
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an
ce
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r 
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re
 u
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at

es
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nd
 re

vi
si

on
s.
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 s

pe
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fic
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nc
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do
cu

m
en
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ul
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bl
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 s

pe
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pr
oc
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fo
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en
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na
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si
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• 
C

on
si

st
en

t w
ith

 in
du

st
ry

 
pr

ac
tic

es
 

G
en

er
al

 a
dh

er
en

ce
 to

 a
cc

ep
te

d 
in

du
st

ry
 

ap
pr

oa
ch

es
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 in
cl

ud
ed
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Th

e 
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id
an

ce
 s

ho
ul

d 
pr
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id

e 
a 

re
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on
ab

le
 b
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is

 
fo

r p
er

fo
rm

in
g 

th
e 

ac
ci

de
nt

 s
eq

ue
nc

e 
an

al
ys

is
 

an
d 

sh
ou

ld
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nt
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y 
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 p
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n 
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ch
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ou
ld

 b
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d 
sh

ou
ld

 
m
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 p
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ve
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 d
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n 
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 b
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ap

pr
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ch
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d.
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e 
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id

an
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ul
d 

be
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uf
fic

ie
nt
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 p

ro
vi

de
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m
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ns
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 o
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ai

n 
eq

ui
va

le
nt

 re
su

lts
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id
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fic
ie
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 d
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pr
od

uc
e 
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R
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ev

en
t t
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e 

in
iti

at
in

g 
ev

en
t 

gr
ou

pi
ng

s 

E
ve

nt
 tr

ee
s 

sh
ou

ld
 re
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ct

 th
e 

in
iti

at
in

g 
ev

en
t 

gr
ou

ps
.  

Th
e 

pl
an

t r
es

po
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e 

di
ffe

re
nt

 
in

iti
at

in
g 

ev
en

t g
ro

up
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sh
al

l b
e 

m
od

el
ed
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cl

ud
es

:  
tim

in
g,

 s
ys

te
m

 s
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ce
ss

 c
rit
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op

er
at

or
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ct
io

ns
. 

Th
er

e 
sh

ou
ld

 b
e 
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di
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 c
or
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tio
n 
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ee
n 
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e 

in
iti

at
in

g 
ev

en
t g
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up
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d 
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e 
ev

en
t t

re
e 
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od

el
ed
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se
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s 
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ld
 b

e 
de
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lo

pe
d,

 
ot
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r l

og
ic

 m
od

el
s 

m
ay

 b
e 

ju
st

ifi
ed
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 re

pl
ac

e 
th

e 
ev

en
t t

re
e 

st
ru

ct
ur

e 
(e

.g
., 

si
ng

le
 to

p 
fa

ul
t 

tre
e)
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E
ve

nt
 tr
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s 

sh
al

l r
ef
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ct
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in
iti

at
in

g 
ev

en
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gr
ou

ps
.  

Th
e 

pl
an

t r
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re
nt
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iti
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in
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ev
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t g
ro

up
s 

sh
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l b
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od

el
ed
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te
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 c
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op

er
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or
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ct
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. 
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 b
e 
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 c
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r p
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l f
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st
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• 
Th

e 
m
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s 
an

d 
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al
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 c

on
si

st
en

t 
w

ith
 th

e 
as

-b
ui

lt 
pl

an
t 

(a
s 

co
ul

d 
be

 c
on

fir
m

ed
 

du
rin

g 
th

e 
P

ee
r R

ev
ie

w
 

pr
oc

es
s)

(6
)  

Th
e 

m
od

el
s 

an
d 

an
al

ys
is

 s
ho

ul
d 

be
 c

on
si

st
en

t 
w

ith
 th

e 
as

-b
ui

lt 
pl

an
t. 

C
on

se
rv

at
iv

e 
m

od
el

in
g 

of
 th

e 
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-b
ui

lt 
pl

an
t m

ay
 

re
su

lt 
fro

m
 la

ck
 o

f a
va

ila
bl

e 
in

fo
rm

at
io

n.
 

S
ys

te
m

 a
na

ly
si

s 
an

d 
de

pe
nd

en
cy

 e
va

lu
at

io
n 

ta
sk

s 
of

 th
e 

P
R

A
 s
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ll 

pr
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id
e 

in
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t t
o 

th
e 
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de
nt

 s
eq

ue
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e 
m

od
el

 d
ev

el
op
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en

t. 

Th
e 
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el
s 
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d 

an
al
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 s
ha

ll 
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 c
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si
st

en
t w
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th
e 
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lt 

pl
an

t. 

R
ea
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 m
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e 
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lt 
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t s
ho

ul
d 

be
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ed
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s 

su
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e 
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at
io

n.
 

S
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te
m

 a
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ly
si

s 
an

d 
de

pe
nd

en
cy

 e
va

lu
at

io
n 

ta
sk

s 
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e 

P
R

A
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ll 
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e 

in
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t t
o 

th
e 

ac
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de
nt

 s
eq

ue
nc

e 
m

od
el

 d
ev

el
op

m
en

t. 

Th
e 

m
od

el
s 

an
d 

an
al
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is

 s
ha

ll 
be

 c
on

si
st

en
t 

w
ith

 th
e 
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-b

ui
lt 

pl
an

t. 

R
ea

lis
tic
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od

el
in

g 
of

 th
e 
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-b
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lt 

pl
an
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ll 
be

 
pe

rfo
rm

ed
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su
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te
d 
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y 

cr
iti
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l 
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 fu
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m
od

el
ed

 in
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h 
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en
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Th
e 
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ce
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l s
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y 
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ns
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h 

a 
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 s

ta
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st
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e 
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al

l b
e 

in
cl

ud
ed

 in
 th

e 
m

od
el

.  
C

rit
ic

al
 s

af
et

y 
fu

nc
tio

ns
 m

ay
 b

e 
ad

dr
es

se
d 

qu
an

tit
at

iv
el

y 
or

 q
ua

lit
at

iv
el

y 
in

 th
e 

P
R

A
.  

 

Ty
pi

ca
l c

rit
ic

al
 s

af
et

y 
fu

nc
tio

ns
 th

at
 m

ay
 b

e 
le

ft 
ou

t o
f a

 ri
sk

 ra
nk

in
g 

m
od

el
 m

ay
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cl
ud

e:
 

• 
V
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or

 S
up

pr
es

si
on

 

• 
R

P
T 
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A

R
I 

• 
C

on
ta

in
m

en
t h

ea
t r

em
ov

al
 fo

llo
w

in
g:

 

 
-  

su
cc

es
sf
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 A
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S

 m
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ga
tio
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su
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ul
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C

 p
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 re

co
ve

ry
 

Th
e 

ne
ce
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y 
cr

iti
ca

l s
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y 

fu
nc

tio
ns

 to
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h 

a 
sa

fe
 s

ta
bl

e 
st

at
e 

sh
al

l b
e 

in
cl

ud
ed

 in
 th

e 
m

od
el

.  
E

ac
h 

ne
ce

ss
ar

y 
cr

iti
ca

l s
af

et
y 

fu
nc

tio
n 

sh
ou

ld
 b

e 
ex

pl
ic

itl
y 

in
cl

ud
ed

 in
 th

e 
qu

an
tit

at
iv

e 
m

od
el

.  
E

xc
ep

tio
ns

 to
 th

e 
cr

iti
ca

l s
af

et
y 

fu
nc

tio
ns

 s
ho

ul
d 

be
 c

le
ar

ly
 d

ef
in

ed
.  

 

Th
e 

ne
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cr

iti
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af
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y 

fu
nc

tio
ns

 to
 re

ac
h 

a 
sa

fe
 s

ta
bl

e 
st
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e 

sh
al

l b
e 

in
cl

ud
ed

 in
 th

e 
m

od
el

.  
E

ac
h 

ne
ce

ss
ar

y 
cr

iti
ca

l s
af

et
y 

fu
nc

tio
n 
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al

l b
e 

ex
pl

ic
itl

y 
in

cl
ud

ed
 in
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e 
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an
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at

iv
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m
od

el
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E
xc

ep
tio
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 to

 th
e 
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iti

ca
l s

af
et

y 
fu

nc
tio

ns
 s

ho
ul
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be

 c
le

ar
ly

 d
ef

in
ed

.  
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 b
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e 
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od
el

. 
A

ll 
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 s
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to
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po
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e 
cr

iti
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l 
sa

fe
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 fu
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tio
ns

 s
ha
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 in
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ud
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an
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ie
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m
od
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al
 e

ffe
ct

s,
 o

r a
re

 
“b

la
ck

-b
ox

ed
” s

uc
h 

as
 th

e 
sc

ra
m

 
sy

st
em

. 

S
ys

te
m

s 
th

at
 h

av
e 

so
m

et
im

es
 n

ot
 b

ee
n 

m
od

el
ed

 in
 d

et
ai

l i
nc

lu
de

: 

• 
P

ow
er

 c
on

ve
rs

io
n 

sy
st

em
 

• 
In

st
ru

m
en

t A
ir 

• 
ke

ep
 fi

ll 
sy

st
em

 

Th
e 

ju
st

ifi
ca

tio
n 

fo
r l

im
ite

d 
m

od
el

in
g 

sh
ou

ld
 b

e 
do

cu
m

en
te

d.
 

Th
e 

co
m

po
ne

nt
 b

ou
nd

ar
ie

s 
us

ed
 in

 th
e 

fa
ul

t t
re

e 
m

od
el

 s
ho

ul
d 

be
 c

on
si

st
en

t 
w

ith
 th

e 
bo

un
da

ry
 d

ef
in

iti
on

 u
se

d 
in

 th
e 

da
ta

 a
na

ly
si

s 
el

em
en

t. 

Th
e 

fa
ul

t t
re

e 
m

od
el

s 
sh

ou
ld

 p
ro

vi
de

 
de

ta
il 

do
w

n 
to

 th
e 

m
aj

or
 a

ct
iv

e 
co

m
po

ne
nt

 le
ve

l. 
 E

xc
ep

tio
ns

 fo
r s

om
e 

sy
st

em
s 

m
ay

 o
cc

ur
 w

he
n 

th
ey

 a
re

 
do

m
in

at
ed

 b
y 

op
er

at
or

 a
ct

io
ns

, s
pe

ci
fic

 
ph

en
om

en
ol

og
ic

al
 e

ffe
ct

s,
 o

r a
re

 
“b

la
ck

-b
ox

ed
” s

uc
h 

as
 th

e 
sc

ra
m

 
sy

st
em

. 

S
ys

te
m

s 
th

at
 h

av
e 

so
m

et
im

es
 n

ot
 b

ee
n 

m
od

el
ed

 in
 d

et
ai

l i
nc

lu
de

: 

• 
P

ow
er

 c
on

ve
rs

io
n 

sy
st

em
 

• 
In

st
ru

m
en

t A
ir 

• 
ke

ep
 fi

ll 
sy

st
em

 

Th
e 

ju
st

ifi
ca

tio
n 

fo
r l

im
ite

d 
m

od
el

in
g 

sh
ou

ld
 b

e 
do

cu
m

en
te

d.
 

Th
e 

co
m

po
ne

nt
 b

ou
nd

ar
ie

s 
us

ed
 in

 th
e 

fa
ul

t t
re

e 
m

od
el

 s
ha

ll 
be

 c
on

si
st

en
t w

ith
 

th
e 

bo
un

da
ry

 d
ef

in
iti

on
 u

se
d 

in
 th

e 
da

ta
 

an
al

ys
is

 e
le

m
en

t. 

S
Y-

7 
• 

Th
e 

le
ve

l o
f d

et
ai

l o
f t

he
 s

ys
te

m
 

m
od

el
s 

re
fle

ct
s 

ce
rta

in
 p

as
si

ve
 

co
m

po
ne

nt
s 

th
at

 m
ay

 im
pa

ct
 C

D
F.

(6
)  

S
el

ec
t p

as
si

ve
 c

om
po

ne
nt

s 
m

ay
 b

e 
in

cl
ud

ed
. 

C
rit

ic
al

 p
as

si
ve

 c
om

po
ne

nt
s 

su
ch

 a
s 

ch
ec

k 
va

lv
es

, s
tra

in
er

s,
 a

nd
 ta

nk
s 

sh
ou

ld
 b

e 
in

cl
ud

ed
 if

 th
ey

 c
an

 in
flu

en
ce

 
th

e 
C

D
F 

or
 L

E
R

F.
 

C
rit

ic
al

 p
as

si
ve

 c
om

po
ne

nt
s 

su
ch

 a
s 

ch
ec

k 
va

lv
es

, s
tra

in
er

s,
 a

nd
 ta

nk
s 

sh
al

l 
be

 in
cl

ud
ed

 if
 th

ey
 c

an
 in

flu
en

ce
 th

e 
C

D
F 

or
 L

E
R

F.
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D
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C
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k 

R
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ki
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R
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S
Y-

8 
• 

Th
e 

sy
st

em
 m

od
el

s 
co

nt
ai

n 
at

 a
 

m
in

im
um

 th
e 

fo
llo

w
in

g 
(if

 a
pp

lic
ab

le
): 

 
- 

C
om

m
on

 c
au

se
 fa

ilu
re

 
co

nt
rib

ut
or

s 
 

- 
Te

st
 a

nd
 m

ai
nt

en
an

ce
 

un
av

ai
la

bi
lit

ie
s 

 
- 

O
pe

ra
to

r e
rro

rs
 th

at
 c

an
 

in
flu

en
ce

 s
ys

te
m

 o
pe

ra
bi

lit
y 

(w
he

re
 a

pp
ro

pr
ia

te
) 

 
- 

Fa
ls

e 
in

st
ru

m
en

t s
ig

na
ls

 th
at

 c
an

 
ca

us
e 

fa
ilu

re
s 

of
 th

e 
sy

st
em

(8
)  

 
- 

O
pe

ra
to

r i
nt

er
fa

ce
 d

ep
en

de
nc

ie
s 

ac
ro

ss
 s

ys
te

m
s 

or
 tr

ai
ns

 

Th
e 

sy
st

em
 m

od
el

s 
m

ay
 c

on
ta

in
 a

t a
 

m
in

im
um

 th
e 

fo
llo

w
in

g 
(if

 a
pp

lic
ab

le
): 

• 
C

om
m

on
 c

au
se

 fa
ilu

re
 c

on
tri

bu
to

rs
 

• 
Te

st
 a

nd
 m

ai
nt

en
an

ce
 

un
av

ai
la

bi
lit

ie
s 

• 
O

pe
ra

to
r e

rr
or

s 
th

at
 c

an
 in

flu
en

ce
 

sy
st

em
 o

pe
ra

bi
lit

y 
(w

he
re

 
ap

pr
op

ria
te

) 
• 

Fa
ls

e 
in

st
ru

m
en

t s
ig

na
ls

 th
at

 c
an

 
ca

us
e 

fa
ilu

re
s 

of
 th

e 
sy

st
em

(8
)  

• 
O

pe
ra

to
r i

nt
er

fa
ce

 d
ep

en
de

nc
ie

s 
ac

ro
ss

 s
ys

te
m

s 
or

 tr
ai

ns
 

Th
e 

sy
st

em
 m

od
el

s 
sh

ou
ld

 c
on

ta
in

 a
t a

 
m

in
im

um
 th

e 
fo

llo
w

in
g 

(if
 a

pp
lic

ab
le

): 
• 

C
om

m
on

 c
au

se
 fa

ilu
re

 c
on

tri
bu

to
rs

 
• 

Te
st

 a
nd

 m
ai

nt
en

an
ce

 
un

av
ai

la
bi

lit
ie

s 
• 

O
pe

ra
to

r e
rr

or
s 

th
at

 c
an

 in
flu

en
ce

 
sy

st
em

 o
pe

ra
bi

lit
y 

(w
he

re
 

ap
pr

op
ria

te
) 

• 
Fa

ls
e 

in
st

ru
m

en
t s

ig
na

ls
 th

at
 c

an
 

ca
us

e 
fa

ilu
re

s 
of

 th
e 

sy
st

em
(8

)  
• 

O
pe

ra
to

r i
nt

er
fa

ce
 d

ep
en

de
nc

ie
s 

ac
ro

ss
 s

ys
te

m
s 

or
 tr

ai
ns

 

Th
e 

sy
st

em
 m

od
el

s 
sh

al
l c

on
ta

in
 a

t a
 

m
in

im
um

 th
e 

fo
llo

w
in

g 
(if

 a
pp

lic
ab

le
): 

• 
C

om
m

on
 c

au
se

 fa
ilu

re
 c

on
tri

bu
to

rs
 

• 
Te

st
 a

nd
 m

ai
nt

en
an

ce
 

un
av

ai
la

bi
lit

ie
s 

• 
O

pe
ra

to
r e

rr
or

s 
th

at
 c

an
 in

flu
en

ce
 

sy
st

em
 o

pe
ra

bi
lit

y 
(w

he
re

 
ap

pr
op

ria
te

) 
• 

Fa
ls

e 
in

st
ru

m
en

t s
ig

na
ls

 th
at

 c
an

 
ca

us
e 

fa
ilu

re
s 

of
 th

e 
sy

st
em

(8
)  

• 
O

pe
ra

to
r i

nt
er

fa
ce

 d
ep

en
de

nc
ie

s 
ac

ro
ss

 s
ys

te
m

s 
or

 tr
ai

ns
 

S
Y-

9 
�

 
M

od
ul

es
 u

se
d 

in
 th

e 
sy

st
em

 m
od

el
s 

ar
e 

w
el

l c
or

re
la

te
d 

to
 th

ei
r 

co
ns

tit
ue

nt
 c

om
po

ne
nt

s 
an

d 
ca

pa
bl

e 
of

 p
ro

vi
di

ng
 im

po
rta

nc
e 

an
d 

pa
ra

m
et

ric
 e

ffe
ct

s 
on

 a
 c

om
po

ne
nt

 
le

ve
l. 

Th
e 

tra
ce

ab
ili

ty
 o

f b
as

ic
 e

ve
nt

s 
to

 
m

od
ul

es
 a

nd
 to

 c
ut

se
ts

 m
ay

 b
e 

pr
es

en
t 

in
 th

e 
m

od
el

 a
nd

 d
oc

um
en

ta
tio

n.
  

Th
e 

tra
ce

ab
ili

ty
 o

f b
as

ic
 e

ve
nt

s 
to

 
m

od
ul

es
 a

nd
 to

 c
ut

se
ts

 s
ho

ul
d 

be
 

tra
ns

pa
re

nt
 to

 th
e 

us
er

 a
nd

 a
 re

vi
ew

er
. 

Th
e 

tra
ce

ab
ili

ty
 o

f b
as

ic
 e

ve
nt

s 
to

 
m

od
ul

es
 a

nd
 to

 c
ut

se
ts

 s
ha

ll 
be

 
tra

ns
pa

re
nt

 to
 th

e 
us

er
 a

nd
 a

 re
vi

ew
er

. 
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S
Y-
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• 
S

pa
tia

l o
r e

nv
iro

nm
en

ta
l 

de
pe

nd
en

ci
es

 (e
.g

., 
in

te
rn

al
 fl

oo
ds

, 
ro

om
 c

oo
lin

g,
 e

tc
.) 

ar
e 

ad
dr

es
se

d 
fo

r 
ea

ch
 s

ys
te

m
 w

ith
in

 th
e 

sy
st

em
 

m
od

el
 o

r i
n 

th
e 

ac
ci

de
nt

 s
eq

ue
nc

e 
ev

al
ua

tio
n(5

) . 

S
pa

tia
l h

az
ar

ds
 th

at
 m

ay
 im

pa
ct

 
sy

st
em

 o
pe

ra
tio

n 
m

ay
 b

e 
id

en
tif

ie
d 

in
 

th
e 

sy
st

em
 n

ot
eb

oo
k 

an
d 

ac
co

un
te

d 
fo

r 
in

 th
e 

sy
st

em
 fa

ul
t t

re
e 

or
 th

e 
ac

ci
de

nt
 

se
qu

en
ce

 e
va

lu
at

io
n.

 

E
nv

iro
nm

en
ta

l h
az

ar
ds

 th
at

 m
ay

 
im

pa
ct

 s
ys

te
m

 o
pe

ra
tio

n 
m

ay
 b

e 
id

en
tif

ie
d 

in
 th

e 
sy

st
em

 n
ot

eb
oo

k 
an

d 
ac

co
un

te
d 

fo
r i

n 
th

e 
sy

st
em

 fa
ul

t t
re

e 
or

 a
cc

id
en

t s
eq

ue
nc

e 
ev

al
ua

tio
n.

 

R
es

ul
ts

 o
f p

la
nt

 w
al

kd
ow

ns
 m

ay
 b

e 
us

ed
 a

s 
a 

so
ur

ce
 o

f i
nf

or
m

at
io

n 
an

d 
re

so
lu

tio
n 

of
 is

su
es

. 

E
xp

lic
it 

tre
at

m
en

t o
f c

on
ta

in
m

en
t v

en
t 

ef
fe

ct
s 

an
d 

co
nt

ai
nm

en
t f

ai
lu

re
 e

ffe
ct

s 
on

 s
ys

te
m

 o
pe

ra
tio

n 
sh

ou
ld

 b
e 

in
cl

ud
ed

.  

C
on

se
rv

at
iv

e 
ev

al
ua

tio
ns

 o
f i

m
pa

ct
s 

on
 

sy
st

em
s 

m
ay

 b
e 

pa
rt 

of
 th

e 
m

od
el

. 

S
pa

tia
l h

az
ar

ds
 th

at
 m

ay
 im

pa
ct

 
sy

st
em

 o
pe

ra
tio

n 
sh

ou
ld

 b
e 

id
en

tif
ie

d 
in

 th
e 

sy
st

em
 n

ot
eb

oo
k 

an
d 

ac
co

un
te

d 
fo

r i
n 

th
e 

sy
st

em
 fa

ul
t t

re
e 

or
 th

e 
ac

ci
de

nt
 s

eq
ue

nc
e 

ev
al

ua
tio

n.
 

E
nv

iro
nm

en
ta

l h
az

ar
ds

 th
at

 m
ay

 
im

pa
ct

 s
ys

te
m

 o
pe

ra
tio

n 
sh

ou
ld

 b
e 

id
en

tif
ie

d 
in

 th
e 

sy
st

em
 n

ot
eb

oo
k 

an
d 

ac
co

un
te

d 
fo

r i
n 

th
e 

sy
st

em
 fa

ul
t t

re
e 

or
 a

cc
id

en
t s

eq
ue

nc
e 

ev
al

ua
tio

n.
 

R
es

ul
ts

 o
f p

la
nt

 w
al

kd
ow

ns
 s

ho
ul

d 
be

 
us

ed
 a

s 
a 

so
ur

ce
 o

f i
nf

or
m

at
io

n 
an

d 
re

so
lu

tio
n 

of
 is

su
es

. 

E
xp

lic
it 

tre
at

m
en

t o
f c

on
ta

in
m

en
t v

en
t 

ef
fe

ct
s 

an
d 

co
nt

ai
nm

en
t f

ai
lu

re
 e

ffe
ct

s 
on

 s
ys

te
m

 o
pe

ra
tio

n 
sh

al
l b

e 
in

cl
ud

ed
. 

C
on

se
rv

at
iv

e 
ev

al
ua

tio
ns

 s
ho

ul
d 

no
t 

di
st

or
t t

he
 C

D
F,

 L
E

R
F,

 o
r t

he
 ri

sk
 

pr
of

ile
. 

S
pa

tia
l h

az
ar

ds
 th

at
 m

ay
 im

pa
ct

 
sy

st
em

 o
pe

ra
tio

n 
sh

al
l b

e 
id

en
tif

ie
d 

in
 

th
e 

sy
st

em
 n

ot
eb

oo
k 

an
d 

ac
co

un
te

d 
fo

r 
in

 th
e 

sy
st

em
 fa

ul
t t

re
e 

or
 th

e 
ac

ci
de

nt
 

se
qu

en
ce

 e
va

lu
at

io
n.

 

E
nv

iro
nm

en
ta

l h
az

ar
ds

 th
at

 m
ay

 
im

pa
ct

 s
ys

te
m

 o
pe

ra
tio

n 
sh

al
l b

e 
id

en
tif

ie
d 

in
 th

e 
sy

st
em

 n
ot

eb
oo

k 
an

d 
ac

co
un

te
d 

fo
r i

n 
th

e 
sy

st
em

 fa
ul

t t
re

e 
or

 a
cc

id
en

t s
eq

ue
nc

e 
ev

al
ua

tio
n.

 

R
es

ul
ts

 o
f p

la
nt

 w
al

kd
ow

ns
 s

ha
ll 

be
 

us
ed

 a
s 

a 
so

ur
ce

 o
f i

nf
or

m
at

io
n 

an
d 

re
so

lu
tio

n 
of

 is
su

es
. 

E
xp

lic
it 

tre
at

m
en

t o
f c

on
ta

in
m

en
t v

en
t 

ef
fe

ct
s 

an
d 

co
nt

ai
nm

en
t f

ai
lu

re
 e

ffe
ct

s 
on

 s
ys

te
m

 o
pe

ra
tio

n 
sh

al
l b

e 
in

cl
ud

ed
. 

C
on

se
rv

at
iv

e 
ev

al
ua

tio
ns

 s
ho

ul
d 

be
 

av
oi

de
d.

  T
hi

s 
m

ay
 re

qu
ire

 s
ub

st
an

tia
l 

de
te

rm
in

is
tic

 e
va

lu
at

io
ns

. 
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S
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In
 s

om
e 

ac
ci

de
nt

 s
eq

ue
nc

es
, s

ys
te

m
s 

ar
e 

ex
pe

ct
ed

 to
 p

er
fo

rm
 in

 d
eg

ra
de

d 
en

vi
ro

nm
en

ts
 (e

.g
., 

in
si

de
 c

on
ta

in
m

en
t 

af
te

r a
 L

O
C

A
). 

 W
hi

le
 e

qu
ip

m
en

t i
s 

ge
ne

ra
lly

 q
ua

lif
ie

d 
fo

r s
uc

h 
an

 
en

vi
ro

nm
en

t, 
th

er
e 

sh
ou

ld
 b

e 
so

m
e 

ev
id

en
ce

 th
at

 a
 s

ea
rc

h 
ha

s 
be

en
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 p
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, c
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 c
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 d
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r c
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 p
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e.
 

Th
e 

da
ta

 g
ui

da
nc

e 
do

cu
m

en
t s

ho
ul

d 
in

cl
ud

e 
di

re
ct

io
n 

on
 d
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 c
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 d
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 d
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 b
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 c
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C
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st
en
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 p
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G
en
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 b
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r p
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 m
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 p
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r d
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 c
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 p
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 b
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t c
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 b
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t c
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 b
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 b
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t c
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 d
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 p
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 re
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 re
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ul

d 
ac

co
un

t f
or

 
th

e 
fo

llo
w

in
g:

 
• 

S
iz

e 
• 

S
er

vi
ce

 c
on

di
tio

n 
• 

Fr
eq

ue
nc

y 
of

 d
em

an
ds

 
• 

E
nv

iro
nm

en
ta

l c
on

di
tio

n 
Th

e 
gr

ou
ps

 s
ho

ul
d 

be
 s

uf
fic

ie
nt

ly
 

si
m

ila
r t

o 
ju

st
ify

 th
e 

de
riv

at
io

n 
of

 p
la

nt
 

sp
ec

ifi
c 

da
ta

. 

Th
e 
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m

po
ne

nt
 b

ou
nd
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y 

sh
ou

ld
 b

e 
ex

pl
ic

itl
y 

de
fin

ed
 s

uc
h 

th
at

 th
e 

P
R

A
 

m
od

el
, t

he
 d

at
a 

co
lle

ct
io

n,
 th

e 
us

e 
of

 
co

m
m

on
 c

au
se

 B
E

TA
 o

r M
G

L 
fa

ct
or

s,
 

an
d 

th
e 

us
e 

of
 g

en
er

ic
 d

at
a 

fo
r 

B
ay

es
ia

n 
up

da
te

 a
re

 a
ll 

co
ns

is
te

nt
. 

G
ro

up
in

g 
of

 c
om

po
ne

nt
s 

fo
r d

at
a 

co
lle

ct
io

n 
pu

rp
os

es
 s

ha
ll 

ac
co

un
t f

or
 th

e 
fo

llo
w

in
g:

 
• 

S
iz

e 
• 

S
er

vi
ce

 c
on

di
tio

n 
• 

Fr
eq

ue
nc

y 
of

 d
em

an
ds
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E
nv

iro
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en
ta

l c
on

di
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ou
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 s
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uf
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nt
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n 
of

 p
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 s
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al

l b
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 d
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 c
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se
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en
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• 
Fo

r b
as

ic
 e

ve
nt

s 
de

riv
ed

 u
si

ng
 

st
an

db
y 

fa
ilu

re
 ra

te
 d

at
a,

 th
e 

pl
an

t 
sp

ec
ifi

c 
su

rv
ei

lla
nc

e 
te

st
 in

te
rv

al
s 

ha
ve

 b
ee

n 
id

en
tif

ie
d 

an
d 

us
ed

 in
 th

e 
an

al
ys

is
. 

S
ur

ve
ill

an
ce

 te
st

 in
te

rv
al

s 
id

en
tif

ie
d 

in
 

m
ai

nt
en

an
ce

 p
ro

ce
du

re
s 

or
 

su
rv

ei
lla

nc
e 

te
st

 re
qu

ire
m

en
ts

 m
ay

 b
e 

us
ed

 to
 e

st
im

at
e 

th
e 

in
te

rv
al

s 
be

tw
ee

n 
co

m
po

ne
nt

 te
st

in
g.

   

Fo
r c

om
po

ne
nt

s 
no

t n
or

m
al

ly
 te

st
ed

 o
r 

te
st

ed
 a

t r
el

at
iv

el
y 

lo
ng

 in
te

rv
al

s,
 th

e 
de

m
an

d 
fa

ilu
re

 ra
te

s 
fro

m
 g

en
er

ic
 d

at
a 

so
ur

ce
s 

m
ay

 n
ot

 b
e 

ap
pr

op
ria

te
.  
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ac
co

un
t f

or
 th

e 
lo

ng
er

 s
ur

ve
ill

an
ce

 
in

te
rv

al
s,

 a
 s

ta
nd

by
 fa

ilu
re

 ra
te

 ( 
/ h

r)
 

an
d 

th
e 

ap
pr

ox
im

at
io

n 
λ 

T/
2 

fo
r t

he
 

fa
ilu

re
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ro
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lit

y 
m

ay
 b

e 
us

ed
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ur
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ce
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te
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al

s 
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en
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ie
d 

in
 

m
ai

nt
en
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ce

 p
ro

ce
du

re
s 

or
 

su
rv
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e 

te
st

 re
qu

ire
m

en
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ul
d 

be
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se
d 
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 e

st
im
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e 

th
e 

in
te

rv
al

s 
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ee

n 
co

m
po

ne
nt

 te
st

in
g.
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r c
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ne
nt
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st
ed
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r 
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st
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t r
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at
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el
y 
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ng
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rv
al
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m
an

d 
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ilu
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fro

m
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en
er
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a 
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ur
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s 
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 b
e 
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ng
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d 
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e 

ap
pr

ox
im

at
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ilu
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bi
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ld

 b
e 
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s 
id
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ie
d 

in
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 p
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ce
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s 

or
 s

ur
ve

ill
an

ce
 

te
st

 re
qu

ire
m

en
ts

 s
ha

ll 
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 u
se

d 
to

 
es

tim
at

e 
th

e 
in

te
rv

al
s 

be
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ee
n 

co
m

po
ne

nt
 te

st
in

g 
an

d 
th

is
 e

va
lu

at
io

n 
sh

al
l b

e 
au

gm
en

te
d 

by
 c

on
fir

m
at

io
n 

of
 

th
es

e 
re

su
lts

 w
ith

 p
la

nt
 s

ta
ff.

   

Fo
r c

om
po

ne
nt

s 
no

t n
or

m
al

ly
 te

st
ed

 o
r 

te
st

ed
 a

t r
el

at
iv

el
y 

lo
ng

 in
te

rv
al

s,
 th

e 
de

m
an

d 
fa

ilu
re

 ra
te

s 
fro

m
 g

en
er

ic
 d

at
a 

so
ur

ce
s 

m
ay

 n
ot

 b
e 

ap
pr

op
ria

te
.  

To
 

ac
co

un
t f

or
 th

e 
lo

ng
er

 s
ur

ve
ill

an
ce

 
in

te
rv

al
s,

 a
 s

ta
nd

by
 fa

ilu
re

 ra
te

 ( 
/ h

r)
 

an
d 

th
e 

ap
pr

ox
im

at
io

n 
λ 
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fo
r t

he
 

fa
ilu
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lit

y 
sh

ou
ld
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e 
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R

A
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IN
TE

N
A

N
C
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U
N

A
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A
IL

A
B

IL
IT

IE
S

 (1
)  

• 
Th

e 
sy

st
em

/tr
ai

n 
m

ai
nt

en
an

ce
 

un
av

ai
la

bi
lit

ie
s 

ar
e 

de
riv

ed
 b

as
ed

 o
n 

ge
ne

ric
 d

at
a 

so
ur

ce
s.

 

O
R

 

Th
e 

sy
st

em
/tr

ai
n 

m
ai

nt
en

an
ce

 
un

av
ai

la
bi

lit
ie

s 
m

ay
 b

e 
de

riv
ed

 b
as

ed
 

on
 g

en
er

ic
 d

at
a 

so
ur

ce
s 

or
 d

at
a 

fro
m

 
si

m
ila

r p
la

nt
s.

 

Th
e 

m
ai

nt
en

an
ce

 u
na

va
ila

bi
lit

ie
s 

re
fle

ct
 

pl
an

t s
pe

ci
fic

 p
ra

ct
ic

es
 a

nd
 s

ho
ul

d 
be

 
re

as
on

ab
le

 o
r h

ig
he

r t
ha

n 
th

e 
pr

oj
ec

te
d 

M
ai

nt
en

an
ce

 R
ul

e 
go

al
s 

us
ed

 b
y 

th
e 

ut
ili

ty
. 

Th
e 

us
e 

of
 v

en
do

r d
at

a 
ba

se
s 

sh
ou

ld
 

be
 a

vo
id

ed
. 

Th
e 

sy
st

em
/tr

ai
n 

m
ai

nt
en

an
ce

 
un

av
ai

la
bi

lit
ie

s 
sh

al
l b

e 
de

riv
ed

 b
as

ed
 

on
 p

la
nt

 s
pe

ci
fic

 d
at

a 
re

pr
es

en
tin

g 
th

e 
as

-b
ui

lt,
 a

s-
op

er
at

ed
 p

la
nt

. 

Th
e 

us
e 

of
 v

en
do

r d
at

a 
ba

se
s 

sh
ou

ld
 b

e 
av

oi
de

d.
 

 
• 

Th
e 

m
ai

nt
en

an
ce

 u
na

va
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bi
lit

ie
s 

re
fle

ct
 p

la
nt

 s
pe

ci
fic

 p
ra

ct
ic

es
 a

nd
 a

re
 

re
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on
ab

le
 o

r a
re

 h
ig
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r t

ha
n 

th
e 

pr
oj

ec
te

d 
m

ai
nt

en
an

ce
 g

oa
ls

 u
se

d 
by

 
th

e 
ut

ili
ty

. 
O

R
 

Th
e 

di
sa

llo
w

ed
 m

ai
nt

en
an

ce
 (o

r 
m

ut
ua

lly
 e

xc
lu

si
ve

) f
ile

 s
ho

ul
d 

be
 

de
ve

lo
pe

d 
ba

se
d 

on
 p

la
nt

 T
ec

hn
ic

al
 

S
pe

ci
fic

at
io

ns
 o

r p
ro

ce
du

re
s.
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e 

di
sa

llo
w

ed
 m

ai
nt

en
an

ce
 (o

r 
m

ut
ua

lly
 e
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lu

si
ve

) f
ile

 s
ho

ul
d 
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de
ve

lo
pe

d 
ba

se
d 

on
 p
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nt

 T
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ic

al
 

S
pe

ci
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io
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 o

r p
ro

ce
du

re
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llo
w

ed
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nt
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 (o
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m
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lly
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si
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de
ve

lo
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d 
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se
d 
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 T
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S
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r p
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du
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Th
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• 
Th

e 
co

m
m

on
 c

au
se

 fa
ilu

re
 

pr
ob

ab
ili

tie
s 

ar
e 

re
fe

re
nc

ed
 to

 
ac

ce
pt

ab
le

 d
at

a 
so

ur
ce

s.
(2

)  

Th
e 

C
C

F 
da

ta
 s

ho
ul

d 
re

fe
re

nc
e 

an
 u

p 
to

 d
at

e 
so

ur
ce

, e
.g

., 
th

e 
N

R
C

 IN
E

L 
re

po
rt.

  T
hi

s 
la

te
st

 N
R

C
 c

om
pi

la
tio

n 
of

 
C

C
F 

pr
ob

ab
ili

tie
s 

is
 c

on
si

de
re

d 
to

 b
e 

th
e 

be
st

 a
va

ila
bl

e 
C

C
F 

as
se

ss
m

en
t. 
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U
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Th
e 

co
m

po
ne

nt
 b

ou
nd

ar
ie

s 
sh

ou
ld

 b
e 

co
ns

is
te

nt
 w

ith
 th

e 
co

m
m

on
 c

au
se

 d
at

a 
us

ed
 to

 c
ha

ra
ct

er
iz

e 
th

e 
co

m
po

ne
nt

. 

Th
e 

C
C

F 
da

ta
 s

ho
ul

d 
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fe
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e 

an
 u

p 
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at
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so
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N

R
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E
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C
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C

C
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C
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Th
e 

co
m

po
ne

nt
 b

ou
nd

ar
ie

s 
sh

al
l b

e 
co
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te
nt

 w
ith

 th
e 

co
m

m
on

 c
au

se
 d

at
a 

us
ed

 to
 c

ha
ra

ct
er

iz
e 

th
e 

co
m

po
ne

nt
. 

Th
e 

C
C

F 
da

ta
 s

ho
ul

d 
re

fe
re

nc
e 

an
 u

p 
to

 
da

te
 s

ou
rc

e,
 e

.g
., 

th
e 

N
R

C
 IN

E
L 

re
po

rt.
  

Th
is

 la
te

st
 N

R
C

 c
om

pi
la

tio
n 

of
 C

C
F 

pr
ob

ab
ili

tie
s 

is
 c

on
si

de
re

d 
to

 b
e 

th
e 

be
st
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ai
la

bl
e 

C
C

F 
as

se
ss

m
en

t. 
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Th

e 
co

m
m
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au
se

 fa
ilu
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pr
ob
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ili

tie
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e 
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al

is
tic

 b
as

ed
 o

n 
ge

ne
ric

 d
at

a 
so

ur
ce

 c
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s.

 

C
on

se
rv

at
iv

e 
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 m

ay
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st

 in
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m
m
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 fa
ilu

re
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ie
s 
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d 

th
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r i
m
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n.

 

C
om

m
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 c
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se
 fa

ilu
re

 m
od
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il 
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ru
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ar
t” 

sh
ou
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 b
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nd

 a
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ta
 

w
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 s
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m
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se

 fa
ilu
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pr
ob
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tie
s 

an
d 

m
od

el
in

g 
sh

ou
ld

 b
e 

us
ed

 c
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si
st

en
t w
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 a

va
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e 

da
ta
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 b
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t m
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. 

B
es

t e
st

im
at

e 
H

E
P

s 
sh

al
l b
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r d
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l b
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l b
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P
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e 
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er
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e 

P
R

A
 

H
E

P
s 
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ni
tia
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n,

 c
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tro
l, 

is
ol

at
io

n,
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ig
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en
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f p

re
ve

nt
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an
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m

iti
ga

tio
n 

sy
st
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s 
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ld
 b
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ud
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H
E

P
s 
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r i
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 c
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tro
l, 
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ol

at
io

n,
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nd
 

al
ig

nm
en

t o
f p

re
ve

nt
io

n 
an

d 
m

iti
ga

tio
n 
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st

em
s 

sh
al

l b
e 
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cl

ud
ed

. 

H
E

P
s 
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 c
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ol
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ig
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en
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f p

re
ve
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n 
an

d 
m

iti
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n 
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s 

sh
al

l b
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A
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m

at
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 p
ro

ce
ss
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en
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y 
th

e 
P

os
t-

In
iti

at
or
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an
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rro
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be
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ud

ed
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P
R

A
. 
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 s
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ro
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 m
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 b
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y 
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e 

P
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an
 E
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 b
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ud
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R
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 p

ro
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ni
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 b
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 p

ro
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 b

e 
in

cl
ud

ed
 

in
 th

e 
P

R
A
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• 
A

ss
es

sm
en

t o
f p

la
nt

 
pr

oc
ed

ur
es

 a
nd

 p
la

nt
 

sp
ec

ifi
c 

op
er

at
in

g 
ex

pe
rie

nc
e 

ar
e 

ex
pl

ic
itl

y 
in

cl
ud

ed
 in

 th
e 

id
en

tif
ic

at
io

n 
an

d 
qu

an
tif

ic
at

io
n 

pr
oc

es
s 
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r 

th
e 

H
Is

. 

A
ss

es
sm

en
t o

f p
la

nt
 p

ro
ce

du
re

s 
an

d 
pl

an
t 

sp
ec

ifi
c 

op
er

at
in

g 
ex

pe
rie

nc
e 

sh
ou

ld
 b

e 
ex

pl
ic

itl
y 

in
cl

ud
ed

 in
 th

e 
id

en
tif

ic
at

io
n 

an
d 

qu
an

tif
ic

at
io

n 
pr

oc
es

s 
fo

r t
he

 H
Is

. 

A
ss

es
sm

en
t o

f p
la

nt
 p

ro
ce

du
re

s 
an

d 
pl

an
t 

sp
ec

ifi
c 

op
er

at
in

g 
ex

pe
rie

nc
e 

sh
ou

ld
 b

e 
ex

pl
ic

itl
y 

in
cl

ud
ed

 in
 th

e 
id

en
tif

ic
at

io
n 

an
d 

qu
an

tif
ic

at
io

n 
pr

oc
es

s 
fo

r t
he

 H
Is
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In
te

rv
ie

w
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w
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 o
pe

ra
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, t

ra
in

er
s,
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r 
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pe

rv
is

or
s 

sh
ou

ld
 b

e 
in

cl
ud

ed
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e 
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se

ss
m

en
t. 

A
ss

es
sm

en
t o

f p
la

nt
 p

ro
ce

du
re

s 
an

d 
pl

an
t 

sp
ec
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c 

op
er

at
in

g 
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rie
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e 
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al

l b
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pl

ic
itl
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en

tif
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io
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an
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an
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ic
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io
n 
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w
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r 
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l b
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 p
ro

ce
ss

. 

Th
e 

ac
ci

de
nt

 s
eq

ue
nc

e 
sp

ec
ifi

c 
sy

m
pt

om
s 

sh
ou

ld
 b
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 c
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r p
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 m
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r p
ro

ba
bi

lit
ie

s 
w

ith
in

 th
e 

P
R

A
. 

Th
is

 m
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l p
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t r
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r p
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 d
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t c
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 b
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 b
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 b
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R
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 b
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 b
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 b
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t’d
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R
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d 
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ra
in
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d 
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m
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y 
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ra

tin
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re

vi
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e 

H
R

A
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m
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 c
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ai
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 c
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a 

re
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ra
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re
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g 
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t p
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 re
vi

ew
 th

e 
H

R
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 m
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 c
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at
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 p
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de

pe
nd

en
cy

 
am

on
g 

hu
m

an
 a

ct
io

ns
 

w
he

n 
m

ul
tip

le
 H

E
P

s 
ar

e 
in

 th
e 

sa
m

e 
cu

ts
et

 o
r 

se
qu

en
ce

 

Th
e 

de
pe

nd
en

ce
 a

m
on

g 
hu

m
an

 a
ct

io
ns

 
sh

ou
ld

 b
e 

ev
al

ua
te

d 
in

 th
e 

P
S

A
 p

ro
ce

ss
. 

Id
en

tif
ic

at
io

n 
of

 s
eq

ue
nc

es
 th

at
, b

ut
 fo

r l
ow

 
hu

m
an

 e
rr

or
 ra

te
s,

 w
ou

ld
 h

av
e 

be
en

 d
om

in
an

t 
co

nt
rib

ut
or

s 
to

 c
or

e 
da

m
ag

e 
fre

qu
en

cy
 m

ay
 b

e 
in

cl
ud

ed
 a

s 
a 

te
st

 o
f m

od
el

in
g 

ad
eq

ua
cy

.  
E

qu
iv

al
en

t t
ec

hn
iq

ue
s 

m
ay

 a
ls

o 
be

 u
se

d.
 

Th
e 

de
pe

nd
en

ce
 a

m
on

g 
hu

m
an

 a
ct

io
ns

 s
ha

ll 
be

 e
va

lu
at

ed
 in

 th
e 

P
S

A
 p

ro
ce

ss
. 

Id
en

tif
ic

at
io

n 
of

 s
eq

ue
nc

es
 th

at
, b

ut
 fo

r l
ow

 
hu

m
an

 e
rr

or
 ra

te
s,

 w
ou

ld
 h

av
e 

be
en

 d
om

in
an

t 
co

nt
rib

ut
or

s 
to

 c
or

e 
da

m
ag

e 
fre

qu
en

cy
 s

ho
ul

d 
be

 in
cl

ud
ed

 a
s 

a 
te

st
 o

f m
od

el
in

g 
ad

eq
ua

cy
.  

E
qu

iv
al

en
t t

ec
hn

iq
ue

s 
m

ay
 a

ls
o 

be
 u

se
d.

 

Th
e 

de
pe

nd
en

ce
 a

m
on

g 
hu

m
an

 a
ct

io
ns

 s
ha

ll 
be

 
ev

al
ua

te
d 

in
 th

e 
P

S
A

 p
ro

ce
ss

. 
Id

en
tif

ic
at

io
n 

of
 s

eq
ue

nc
es

 th
at

, b
ut

 fo
r l

ow
 

hu
m

an
 e

rr
or

 ra
te

s 
in

, w
ou

ld
 h

av
e 

be
en

 
do

m
in

an
t c

on
tri

bu
to

rs
 to

 c
or

e 
da

m
ag

e 
fre

qu
en

cy
 s

ha
ll 

be
 in

cl
ud

ed
 a

s 
a 

te
st

 o
f 

m
od

el
in

g 
ad

eq
ua

cy
.  

E
qu

iv
al

en
t t

ec
hn

iq
ue

s 
m

ay
 a

ls
o 

be
 u

se
d.

 

Q
U

-1
1 

 
- 

A
re

 n
ot

 m
is

si
ng

 
po

te
nt

ia
lly

 d
om

in
an

t c
ut

 
se

ts
 o

r s
eq

ue
nc

es
 fo

r 
si

m
ila

r p
la

nt
s.

  P
os

si
bl

e 
re

as
on

s 
fo

r d
iff

er
en

ce
s 

in
cl

ud
e:

  (
a)

 p
hy

si
ca

l 
pl

an
t o

r p
ro

ce
du

ra
l 

di
ffe

re
nc

es
 a

m
on

g 
pl

an
ts

; (
b)

 d
oc

um
en

te
d 

as
su

m
pt

io
ns

; (
c)

 d
et

ai
le

d 
m

od
el

in
g 

or
 d

at
a 

to
 

su
pp

la
nt

 a
ss

um
pt

io
ns

. 

Th
e 

cu
ts

et
s 

fro
m

 s
im

ila
r p

la
nt

s 
m

ay
 b

e 
re

vi
ew

ed
 to

 e
ns

ur
e 

th
at

 d
om

in
an

t c
ut

se
ts

 
w

hi
ch

 h
av

e 
be

en
 o

bs
er

ve
d 

at
 o

th
er

 p
la

nt
s 

sh
ou

ld
 n

ot
 b

e 
pr

es
en

t i
n 

th
e 

an
al

yz
ed

 p
la

nt
. 

Th
e 

cu
ts

et
s 

fro
m

 s
im

ila
r p

la
nt

s 
sh

ou
ld

 b
e 

re
vi

ew
ed

 to
 e

ns
ur

e 
th

at
 d

om
in

an
t c

ut
se

ts
 

w
hi

ch
 h

av
e 

be
en

 o
bs

er
ve

d 
at

 o
th

er
 p

la
nt

s 
sh

ou
ld

 n
ot

 b
e 

pr
es

en
t i

n 
th

e 
an

al
yz

ed
 p

la
nt

. 

Th
e 

cu
ts

et
s 

fro
m

 s
im

ila
r p

la
nt

s 
sh

al
l b

e 
re

vi
ew

ed
 to

 e
ns

ur
e 

th
at

 d
om

in
an

t c
ut

se
ts

 w
hi

ch
 

ha
ve

 b
ee

n 
ob

se
rv

ed
 a

t o
th

er
 p

la
nt

s 
sh

ou
ld

 n
ot

 
be

 p
re

se
nt

 in
 th

e 
an

al
yz

ed
 p

la
nt

. 
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S
U

B
TI

E
R

 C
R

IT
E

R
IA

 

D
es

ig
na

to
r 

C
R

IT
ER

IA
 

R
is

k 
R

an
ki

ng
 P

rio
rit

iz
at

io
n 

R
is

k 
In

fo
rm

ed
 D

ec
is

io
n 

M
ak

in
g 

R
is

k 
B

as
ed

 D
ec

is
io

n 
M

ak
in

g 

Q
U

-1
2 

• 
A

sy
m

m
et

ry
:  

Th
e 

m
od

el
 

as
ym

m
et

ry
 is

 w
el

l d
es

cr
ib

ed
 

in
 te

rm
s 

of
: 

- 
m

od
el

in
g 

- 
pl

an
t s

up
po

rt 
sy

st
em

s 
- n

or
m

al
ly

 ru
nn

in
g 

eq
ui

pm
en

t 
- 

cr
os

s-
tie

s 
to

 a
n 

ad
ja

ce
nt

 
un

it 

Th
e 

sy
st

em
 n

ot
eb

oo
ks

, t
he

 e
ve

nt
 tr

ee
 

no
te

bo
ok

, o
r t

he
 re

su
lts

 s
um

m
ar

y 
m

ay
 p

ro
vi

de
 

a 
de

sc
rip

tio
n 

of
 th

e 
as

ym
m

et
rie

s 
in

  s
ys

te
m

s 
or

 in
 th

e 
m

od
el

in
g 

of
 s

ys
te

m
s.

  

Th
e 

sy
st

em
 n

ot
eb

oo
ks

, t
he

 e
ve

nt
 tr

ee
 

no
te

bo
ok

, o
r t

he
 re

su
lts

 s
um

m
ar

y 
sh

ou
ld

 
pr

ov
id

e 
a 

de
sc

rip
tio

n 
of

 th
e 

as
ym

m
et

rie
s 

in
  

sy
st

em
s 

or
 in

 th
e 

m
od

el
in

g 
of

 s
ys

te
m

s.
 

Th
e 

de
si

gn
, d

at
a,

 o
pe

ra
tin

g 
ph

ilo
so

ph
y,

 a
nd

 
op

er
at

in
g 

co
nd

iti
on

s 
th

at
 c

an
 le

ad
 to

 
as

ym
m

et
rie

s 
in

 th
e 

im
po

rta
nc

e 
of

 c
om

po
ne

nt
s,

 
sy

st
em

s,
 o

r s
ys

te
m

 tr
ai

ns
 s

ho
ul

d 
be

 
do

cu
m

en
te

d.
  T

hi
s 

in
fo

rm
at

io
n 

sh
ou

ld
 b

e 
us

ef
ul

 in
 a

ss
es

si
ng

 im
pl

ic
at

io
ns

 o
f f

ai
lu

re
s,

 o
n-

lin
e 

ou
ta

ge
 d

ec
is

io
ns

, m
od

ifi
ca

tio
ns

, a
nd

 
ac

ci
de

nt
 re

sp
on

se
. 

Th
e 

sy
st

em
 n

ot
eb

oo
ks

, t
he

 e
ve

nt
 tr

ee
 

no
te

bo
ok

, o
r t

he
 re

su
lts

 s
um

m
ar

y 
sh

al
l p

ro
vi

de
 

a 
de

sc
rip

tio
n 

of
 th

e 
as

ym
m

et
rie

s 
in

  s
ys

te
m

s 
or

 
in

 th
e 

m
od

el
in

g 
of

 s
ys

te
m

s.
 

Th
e 

de
si

gn
, d

at
a,

 o
pe

ra
tin

g 
ph

ilo
so

ph
y,

 a
nd

 
op

er
at

in
g 

co
nd

iti
on

s 
th

at
 c

an
 le

ad
 to

 
as

ym
m

et
rie

s 
in

 th
e 

im
po

rta
nc

e 
of

 c
om

po
ne

nt
s,

 
sy

st
em

s,
 o

r s
ys

te
m

 tr
ai

ns
 s

ho
ul

d 
be

 
do

cu
m

en
te

d.
  T

hi
s 

in
fo

rm
at

io
n 

sh
ou

ld
 b

e 
us

ef
ul

 
in

 a
ss

es
si

ng
 im

pl
ic

at
io

ns
 o

f f
ai

lu
re

s,
 o

n-
lin

e 
ou

ta
ge

 d
ec

is
io

ns
, m

od
ifi

ca
tio

ns
, a

nd
 a

cc
id

en
t 

re
sp

on
se

. 

Q
U

-1
3 

• 
A

sy
m

m
et

ry
:  

A
ny

 m
od

el
in

g 
qu

an
tit

at
iv

e 
as

ym
m

et
ry

 
(e

.g
., 

on
e 

tra
in

 o
f d

ua
l-t

ra
in

 
sy

st
em

 m
od

el
ed

 a
s 

in
-

se
rv

ic
e,

 o
th

er
 in

 s
ta

nd
by

) i
s 

do
cu

m
en

te
d 

an
d 

is
 w

el
l 

un
de

rs
to

od
 s

o 
th

at
 

ap
pl

ic
at

io
ns

 a
ffe

ct
ed

 b
y 

as
ym

m
et

ry
 c

an
 b

e 
de

te
rm

in
ed

. 

A
sy

m
m

et
rie

s 
in

 q
ua

nt
ita

tiv
e 

m
od

el
in

g 
m

ay
 b

e 
ex

pl
ai

ne
d 

an
d 

ex
am

in
ed

 to
 p

ro
vi

de
 a

pp
lic

at
io

n 
us

er
s 

th
e 

ne
ce

ss
ar

y 
un

de
rs

ta
nd

in
g 

re
ga

rd
in

g 
w

hy
 s

uc
h 

as
ym

m
et

rie
s 

ar
e 

pr
es

en
t i

n 
th

e 
m

od
el

. 

A
sy

m
m

et
rie

s 
in

 q
ua

nt
ita

tiv
e 

m
od

el
in

g 
sh

ou
ld

 
be

 e
xp

la
in

ed
 a

nd
 e

xa
m

in
ed

 to
 p

ro
vi

de
 

ap
pl

ic
at

io
n 

us
er

s 
th

e 
ne

ce
ss

ar
y 

un
de

rs
ta

nd
in

g 
re

ga
rd

in
g 

w
hy

 s
uc

h 
as

ym
m

et
rie

s 
ar

e 
pr

es
en

t 
in

 th
e 

m
od

el
. 

A
sy

m
m

et
rie

s 
in

 q
ua

nt
ita

tiv
e 

m
od

el
in

g 
sh

al
l b

e 
ex

pl
ai

ne
d 

an
d 

ex
am

in
ed

 to
 p

ro
vi

de
 a

pp
lic

at
io

n 
us

er
s 

th
e 

ne
ce

ss
ar

y 
un

de
rs

ta
nd

in
g 

re
ga

rd
in

g 
w

hy
 s

uc
h 

as
ym

m
et

rie
s 

ar
e 

pr
es

en
t i

n 
th

e 
m

od
el

. 

Q
U

-1
4 

• 
C

irc
ul

ar
 lo

gi
c 

ca
n 

so
m

et
im

es
 o

cc
ur

 w
he

n 
us

in
g 

lin
ke

d 
fa

ul
t t

re
es

.  
Th

e 
P

S
A

 p
ro

ce
ss

 a
pp

ro
pr

ia
te

ly
 

ac
co

un
ts

 fo
r s

up
po

rt 
sy

st
em

 
de

pe
nd

en
ci

es
 in

 a
 

co
ns

is
te

nt
 fa

sh
io

n 
th

at
 

av
oi

ds
 s

o-
ca

lle
d 

ci
rc

ul
ar

 
lo

gi
c.

 

Th
e 

m
et

ho
ds

 o
f e

lim
in

at
in

g 
ci

rc
ul

ar
 lo

gi
c 

m
ay

 
re

su
lt 

in
 in

co
rr

ec
t q

ua
nt

ita
tiv

e 
re

su
lts

, e
.g

., 
no

n-
co

ns
er

va
tiv

e.
  T

he
 c

ut
tin

g 
of

 c
irc

ul
ar

 lo
gi

c 
in

 th
e 

m
od

el
 s

ho
ul

d 
be

 e
xp

la
in

ed
 a

nd
 s

ho
ul

d 
no

t i
nt

ro
du

ce
 n

on
-c

on
se

rv
at

is
m

s 
in

 th
e 

m
od

el
. 

Th
e 

m
et

ho
ds

 o
f e

lim
in

at
in

g 
ci

rc
ul

ar
 lo

gi
c 

m
ay

 
re

su
lt 

in
 in

co
rr

ec
t q

ua
nt

ita
tiv

e 
re

su
lts

, e
.g

., 
no

n-
co

ns
er

va
tiv

e.
  T

he
 c

ut
tin

g 
of

 c
irc

ul
ar

 lo
gi

c 
in

 th
e 

m
od

el
 s

ho
ul

d 
be

 e
xp

la
in

ed
 a

nd
 s

ha
ll 

no
t 

in
tro

du
ce

 n
on

-c
on

se
rv

at
is

m
s 

in
 th

e 
m

od
el

. 

Th
e 

m
et

ho
ds

 o
f e

lim
in

at
in

g 
ci

rc
ul

ar
 lo

gi
c 

m
ay

 
re

su
lt 

in
 in

co
rr

ec
t q

ua
nt

ita
tiv

e 
re

su
lts

, e
.g

., 
no

n-
co

ns
er

va
tiv

e.
  T

he
 c

ut
tin

g 
of

 c
irc

ul
ar

 lo
gi

c 
in

 th
e 

m
od

el
 s

ho
ul

d 
be

 e
xp

la
in

ed
 a

nd
 s

ha
ll 

no
t 

in
tro

du
ce

 n
on

-c
on

se
rv

at
is

m
s 

in
 th

e 
m

od
el

. 
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S
U
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E
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D
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ig
na
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C
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R
is

k 
R

an
ki

ng
 P

rio
rit

iz
at

io
n 

R
is

k 
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ec
is

io
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M
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R
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k 
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ec
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io
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Q
U

-1
5 

N
O

N
-D

O
M

IN
A

N
T 

S
E

Q
U

E
N

C
E

S
/C

U
TS

E
TS

(1
)  

• 
Th

e 
no

n-
do

m
in

an
t c

ut
 s

et
s 

or
 s

eq
ue

nc
es

 
 

- 
M

ak
e 

ph
ys

ic
al

 s
en

se
 

N
on

-d
om

in
an

t a
cc

id
en

t s
eq

ue
nc

es
 m

ay
 b

e 
re

vi
ew

ed
 to

 e
ns

ur
e 

th
e 

cu
ts

et
s 

ar
e 

re
as

on
ab

le
 

an
d 

ha
ve

 p
hy

si
ca

l m
ea

ni
ng

. 

N
on

-d
om

in
an

t a
cc

id
en

t s
eq

ue
nc

es
 s

ho
ul

d 
be

 
re

vi
ew

ed
 to

 e
ns

ur
e 

th
e 

cu
ts

et
s 

ar
e 

re
as

on
ab

le
 

an
d 

ha
ve

 p
hy

si
ca

l m
ea

ni
ng

. 

Th
e 

us
e 

of
 c

on
se

rv
at

is
m

s 
in

 th
e 

IP
E

 s
ea

rc
h 

fo
r 

vu
ln

er
ab

ili
tie

s 
is

 a
pp

ro
pr

ia
te

.  
H

ow
ev

er
, i

n 
ev

ol
vi

ng
 th

e 
P

S
A 

to
 b

e 
us

ed
 fo

r r
is

k-
in

fo
rm

ed
 

ap
pl

ic
at

io
ns

 , 
ov

er
ly

 c
on

se
rv

at
iv

e 
as

su
m

pt
io

ns
 

(e
ve

n 
in

 n
on

-d
om

in
an

t s
eq

ue
nc

es
) s

ho
ul

d 
be

 
el

im
in

at
ed

 to
 a

vo
id

 b
ia

si
ng

 th
e 

re
su

lts
. 

N
on

-d
om

in
an

t a
cc

id
en

t s
eq

ue
nc

es
 s

ha
ll 

be
 

re
vi

ew
ed

 to
 e

ns
ur

e 
th

e 
cu

ts
et

s 
ar

e 
re

as
on

ab
le

 
an

d 
ha

ve
 p

hy
si

ca
l m

ea
ni

ng
. 

Th
e 

us
e 

of
 c

on
se

rv
at

is
m

s 
in

 th
e 

IP
E

 s
ea

rc
h 

fo
r 

vu
ln

er
ab

ili
tie

s 
is

 a
pp

ro
pr

ia
te

.  
H

ow
ev

er
, i

n 
ev

ol
vi

ng
 th

e 
P

S
A 

to
 b

e 
us

ed
 fo

r r
is

k-
in

fo
rm

ed
 

ap
pl

ic
at

io
ns

 , 
ov

er
ly

 c
on

se
rv

at
iv

e 
as

su
m

pt
io

ns
 

(e
ve

n 
in

 n
on

-d
om

in
an

t s
eq

ue
nc

es
) s

ho
ul

d 
be

 
el

im
in

at
ed

 to
 a

vo
id

 b
ia

si
ng

 th
e 

re
su

lts
. 

Q
U

-1
6 

- 
In

cl
ud

e 
co

m
m

on
 c

au
se

 
 

po
te

nt
ia

l o
r t

he
re

 a
re
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 b
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f c
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e 

fa
ul

t t
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t c
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t c
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t c
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t c
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e 

“s
uc

ce
ss

es
” m

ay
 n

ot
 b

e 
tra

ns
fe

rr
ed

 b
et

w
ee

n 
ev

en
t t

re
es

. 

If 
th

e 
fa

ul
t t

re
e 

lin
ki

ng
 a

pp
ro

ac
h 

is
 u

se
d,

 
“d

el
et

e”
 te

rm
s 

(c
ut

se
t c

om
pl

em
en

ts
) s

ha
ll 

be
 

us
ed

 to
 a

cc
ou

nt
 fo

r t
he

 s
uc

ce
ss

es
 in

 e
ve

nt
 

se
qu

en
ce

s 
as

 a
pp

ro
pr

ia
te

 to
 a

ss
ur

e 
th

at
 th

e 
co

rr
ec

t c
ut

 s
et

s 
ar

e 
ge

ne
ra

te
d.

 

Th
is

 in
cl

ud
es

 th
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 in
 th

e 
an

al
ys

is
 

C
on

ta
in

m
en

t f
ai

lu
re

 s
iz

es
 o

f l
ea

k 
an

d 
ru

pt
ur

e 
m

ay
 b

e 
co

ns
er

va
tiv

el
y 

tre
at

ed
. 

Th
e 

de
gr

ee
 o

f c
on

se
rv

at
is

m
 m

ay
 b

e 
di

ffi
cu

lt 
to

 
as

ce
rta

in
 b

ec
au

se
 o

f c
om

pe
tin

g 
ef

fe
ct

s 
re

la
te

d 
to

 th
e 

co
nt

ai
nm

en
t p

re
ss

ur
iz

at
io

n.
 

A
 b

es
t e

st
im

at
e 

re
pr

es
en

ta
tio

n 
of

 th
e 

co
nt

ai
nm

en
t f

ai
lu

re
 s

iz
es

 s
ho

ul
d 

be
 in

cl
ud

ed
 

in
 th

e 
m

od
el

.  
Th

is
 b

es
t e

st
im

at
e 

ev
al

ua
tio

n 
sh

ou
ld

 b
e 

ba
se

d 
on

 a
 p

la
nt

 s
pe

ci
fic

 s
tru

ct
ur

al
 

an
al

ys
is

 o
r a

 g
en

er
ic

 e
va

lu
at

io
n 

th
at

 h
as

 b
ee

n 
ad

ju
st

ed
 to

 a
cc

ou
nt

 fo
r p

la
nt

 s
pe

ci
fic

 fe
at

ur
es

. 

A
 re

al
is

tic
 re

pr
es

en
ta

tio
n 

of
 th

e 
co

nt
ai

nm
en

t 
fa

ilu
re

 s
iz

es
 s

ha
ll 

be
 in

 in
cl

ud
ed

 in
 th

e 
m

od
el

 
ba

se
d 

on
 a

 p
la

nt
 s

pe
ci

fic
 s

tru
ct

ur
al

 e
va

lu
at

io
n.

 

If 
th

e 
re

su
lts

 d
iff

er
 s

ig
ni

fic
an

tly
 fr

om
 s

im
ila

r 
pl

an
t e

va
lu

at
io

ns
, t

he
 te

ch
ni

ca
l b

as
is

 fo
r t

he
 

di
ffe

re
nc

es
 s

ha
ll 

be
 c

le
ar

ly
 id

en
tif

ie
d.
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9 
• 

C
on

ta
in

m
en

t f
ai

lu
re

 m
od

es
 

ar
e 

tre
at

ed
 re

al
is

tic
al

ly
 in

 th
e 

an
al

ys
is

 

A
 c

on
se

rv
at

iv
e 

as
se

ss
m

en
t o

f p
os

si
bl

e 
co

nt
ai

nm
en

t f
ai

lu
re

 m
od

es
 m

ay
 b

e 
in

cl
ud

ed
 in

 
th

e 
P

R
A

. 

C
on

ta
in

m
en

t f
ai

lu
re

 m
od

es
 s

ho
ul

d 
be

 tr
ea

te
d 

on
 a

 b
es

t e
st

im
at

e 
ba

si
s 

in
 th

e 
an

al
ys

is
. 

C
on

ta
in

m
en

t f
ai

lu
re

 m
od

es
 s

ha
ll 

be
 tr

ea
te

d 
re

al
is

tic
al

ly
 in

 th
e 

an
al

ys
is

. 

L2
-2

0 
• 

Th
e 

co
nt

ai
nm

en
t a

na
ly

si
s 

is
: 

 
- 

C
on

se
rv

at
iv

e 
 

   
O

R
 

 
- 

R
ea

lis
tic

 

Th
e 

co
nt

ai
nm

en
t a

na
ly

si
s 

m
ay

 b
e 

co
ns

er
va

tiv
e.

 
Th

e 
co

nt
ai

nm
en

t a
na

ly
si

s 
sh

ou
ld

 b
e 

a 
be

st
 

es
tim

at
e 

an
d 

ac
co

un
t f

or
 p

la
nt

 s
pe

ci
fic

 
fe

at
ur

es
. 

Th
e 

co
nt

ai
nm

en
t a

na
ly

si
s 

sh
al

l b
e 

re
al

is
tic

 a
nd

 
pl

an
t s

pe
ci

fic
. 

L2
-2

1 
E

N
D

S
TA

TE
 D

E
FI

N
IT

IO
N

 

• 
Th

e 
Le

ve
l 2

 e
nd

 s
ta

te
s 

su
pp

or
t t

he
 a

pp
lic

at
io

ns
 

cu
rr

en
tly

 e
nv

is
io

ne
d.

 

Th
e 

Le
ve

l 2
 e

nd
 s

ta
te

s 
sh

ou
ld

 s
up

po
rt 

th
e 

ap
pl

ic
at

io
ns

 c
ur

re
nt

ly
 e

nv
is

io
ne

d.
 

Th
e 

re
le

as
e 

ca
te

go
rie

s 
m

ay
 b

e 
as

si
gn

ed
 to

 
th

e 
en

d 
st

at
es

 o
f t

he
 L

ev
el

 2
 a

na
ly

si
s 

us
in

g 
in

si
gh

ts
 fr

om
 p

re
vi

ou
s 

P
R

A
 w

or
k 

an
d 

ju
dg

m
en

ts
 re

ga
rd

in
g 

th
e 

ef
fe

ct
iv

en
es

s 
of

 
va

rio
us

 re
le

as
e 

pa
th

w
ay

 m
iti

ga
tio

n 
m

ea
su

re
s.

  

Th
e 

Le
ve

l 2
 e

nd
 s

ta
te

s 
sh

al
l s

up
po

rt 
th

e 
ap

pl
ic

at
io

ns
 c

ur
re

nt
ly

 e
nv

is
io

ne
d.

 

Th
e 

Le
ve

l 2
 re

le
as

e 
ca

te
go

rie
s 

sh
ou

ld
 h

av
e 

a 
de

te
rm

in
is

tic
 c

od
e 

ca
lc

ul
at

io
n 

to
 s

up
po

rt 
th

e 
su

bt
le

 d
iff

er
en

ce
s 

in
 th

e 
se

qu
en

ce
 th

at
 c

an
 

in
flu

en
ce

 re
le

as
e.

 

Th
e 

Le
ve

l 2
 e

nd
 s

ta
te

s 
sh

al
l s

up
po

rt 
th

e 
ap

pl
ic

at
io

ns
 c

ur
re

nt
ly

 e
nv

is
io

ne
d.

 

Th
e 

Le
ve

l 2
 re

le
as

e 
ca

te
go

rie
s 

sh
al

l h
av

e 
a 

de
te

rm
in

is
tic

 c
od

e 
ca

lc
ul

at
io

n 
to

 s
up

po
rt 

th
e 

su
bt

le
 d

iff
er

en
ce

s 
in

 th
e 

se
qu

en
ce

 th
at

 c
an

 
in

flu
en

ce
 re

le
as

e.
 

L2
-2

2 
LE

R
F 

D
E

FI
N

IT
IO

N
 

• 
Th

e 
LE

R
F 

de
fin

iti
on

 is
 

co
ns

is
te

nt
 w

ith
 th

e 
fo

llo
w

in
g 

gu
id

an
ce

, a
nd

 is
 

do
cu

m
en

te
d:

 
 - 

R
eg

ul
at

or
y 

G
ui

de
 1

.1
74

 
 

O
R

 

 
- 

P
S

A
 A

pp
lic

at
io

ns
 G

ui
de

 
or

 o
th

er
 O

w
ne

rs
 G

ro
up

-
sp

ec
ifi

c 
de

fin
iti

on
s 

(5
)  

• 
Th

e 
LE

R
F 

de
fin

iti
on

 s
ho

ul
d 

be
 c

on
si

st
en

t 
w

ith
 th

e 
fo

llo
w

in
g 

gu
id

an
ce

, a
nd

 is
 

do
cu

m
en

te
d:

 
 -  

R
eg

ul
at

or
y 

G
ui

de
 1

.1
74

 
 

O
R

 

 
- 

P
S

A
 A

pp
lic

at
io

ns
 G

ui
de

 o
r o

th
er

 
O

w
ne

rs
 G

ro
up

-s
pe

ci
fic

 d
ef

in
iti

on
s 

(5
)  

• 
Th

e 
LE

R
F 

de
fin

iti
on

 s
ha

ll 
be

 c
on

si
st

en
t 

w
ith

 th
e 

fo
llo

w
in

g 
gu

id
an

ce
, a

nd
 is

 
do

cu
m

en
te

d:
 

 -  
R

eg
ul

at
or

y 
G

ui
de

 1
.1

74
 

 
O

R
 

 
- 

P
S

A
 A

pp
lic

at
io

ns
 G

ui
de

 o
r o

th
er

 
O

w
ne

rs
 G

ro
up

-s
pe

ci
fic

 d
ef

in
iti

on
s 

(5
)  

• 
Th

e 
LE

R
F 

de
fin

iti
on

 s
ha

ll 
be

 c
on

si
st

en
t w

ith
 

th
e 

fo
llo

w
in

g 
gu

id
an

ce
, a

nd
 is

 d
oc

um
en

te
d:

 
 -  

 R
eg

ul
at

or
y 

G
ui

de
 1

.1
74

 
O

R
 

 
- 

P
S

A
 A

pp
lic

at
io

ns
 G

ui
de

 o
r o

th
er

 
O

w
ne

rs
 G

ro
up

-s
pe

ci
fic

 d
ef

in
iti

on
s 

(5
)  

L2
-2

3 
• 

Th
e 

LE
R

F 
de

fin
iti

on
s 

us
e 

E
m

er
ge

nc
y 

A
ct

io
n 

Le
ve

ls
 

(E
A

L)
 b

as
es

 if
 re

qu
ire

d;
 a

nd
 

th
e 

E
A

L 
ba

se
s 

ar
e 

do
cu

m
en

te
d.

  

Th
e 

LE
R

F 
de

fin
iti

on
s 

sh
ou

ld
 u

se
 E

m
er

ge
nc

y 
A

ct
io

n 
Le

ve
ls

 (E
A

L)
 b

as
es

 if
 re

qu
ire

d;
 a

nd
 th

e 
E

A
L 

ba
se

s 
ar

e 
do

cu
m

en
te

d.
 

Th
e 

LE
R

F 
de

fin
iti

on
s 

sh
al

l u
se

 E
m

er
ge

nc
y 

A
ct

io
n 

Le
ve

ls
 (E

A
L)

 b
as

es
 if

 re
qu

ire
d;

 a
nd

 th
e 

E
A

L 
ba

se
s 

ar
e 

do
cu

m
en

te
d.

 

Th
e 

LE
R

F 
de

fin
iti

on
s 

sh
al

l u
se

 E
m

er
ge

nc
y 

A
ct

io
n 

Le
ve

ls
 (E

A
L)

 b
as

es
 if

 re
qu

ire
d;

 a
nd

 th
e 

E
A

L 
ba

se
s 

ar
e 

do
cu

m
en

te
d.
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M
ak
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R
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B
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L2
-2

4 
C

O
N

TA
IN

M
E

N
T 

E
V

E
N

T 
TR

E
E

S
 

(C
E

Ts
) 

• 
Th

e 
C

E
Ts

: 

 
- 

In
cl

ud
e 

al
l t

he
 fu

nc
tio

na
l  

 
ev

en
ts

 re
qu

ire
d 

to
 m

ee
t a

  
 

sa
fe

 s
ta

bl
e 

co
nd

iti
on

 
 

- 
In

cl
ud

e 
th

e 
ph

en
om

en
a 

 
 

ci
te

d 
un

de
r p

he
no

m
en

a 

Th
e 

m
et

ho
do

lo
gy

 s
ho

ul
d 

pr
ov

id
e 

a 
lo

gi
ca

l 
fra

m
ew

or
k 

to
 p

ro
ba

bi
lis

tic
al

ly
 a

ss
es

s 
th

e 
ac

ci
de

nt
 s

eq
ue

nc
es

 th
at

 c
an

 le
ad

 to
 L

E
R

F 
en

d 
st

at
es

. 

Th
e 

C
E

Ts
: 

• 
S

ho
ul

d 
in

cl
ud

e 
al

l t
he

 fu
nc

tio
na

l e
ve

nt
s 

re
qu

ire
d 

to
 m

ee
t a

 s
af

e 
st

ab
le

 c
on

di
tio

n 
or

 
a 

no
n-

LE
R

F 
st

at
e 

• 
S

ho
ul

d 
in

cl
ud

e 
th

e 
ph

en
om

en
a 

ci
te

d 
un

de
r 

ph
en

om
en

a 

Th
e 

m
et

ho
do

lo
gy

 s
ha

ll 
pr

ov
id

e 
a 

lo
gi

ca
l 

fra
m

ew
or

k 
to

 p
ro

ba
bi

lis
tic

al
ly

 a
ss

es
s 

th
e 

ac
ci

de
nt

 s
eq

ue
nc

es
 th

at
 c

an
 le

ad
 to

 L
E

R
F 

en
d 

st
at

es
. 

Th
e 

m
et

ho
do

lo
gy

 s
ho

ul
d 

pr
ov

id
e 

a 
be

st
 

es
tim

at
e 

LE
R

F 
as

se
ss

m
en

t. 

Th
e 

C
E

Ts
: 

• 
S

ha
ll 

in
cl

ud
e 

al
l t

he
 fu

nc
tio

na
l e

ve
nt

s 
re

qu
ire

d 
to

 m
ee

t a
 s

af
e 

st
ab

le
 c

on
di

tio
n 

or
 

a 
no

n-
LE

R
F 

st
at

e 

• 
S

ha
ll 

in
cl

ud
e 

th
e 

ph
en

om
en

a 
ci

te
d 

un
de

r 
ph

en
om

en
a 

Th
e 

m
et

ho
do

lo
gy

 s
ha

ll 
pr

ov
id

e 
a 

lo
gi

ca
l 

fra
m

ew
or

k 
to

 p
ro

ba
bi

lis
tic

al
ly

 a
ss

es
s 

th
e 

ac
ci

de
nt

 s
eq

ue
nc

es
 th

at
 c

an
 le

ad
 to

 L
E

R
F 

en
d 

st
at

es
. 

Th
e 

m
et

ho
do

lo
gy

 s
ho

ul
d 

pr
ov

id
e 

a 
be

st
 

es
tim

at
e 

LE
R

F 
as

se
ss

m
en

t. 

Th
e 

C
E

Ts
: 

• 
S

ha
ll 

in
cl

ud
e 

al
l t

he
 fu

nc
tio

na
l e

ve
nt

s 
re

qu
ire

d 
to

 m
ee

t a
 s

af
e 

st
ab

le
 c

on
di

tio
n 

or
 

a 
no

n-
LE

R
F 

st
at

e 

• 
S

ha
ll 

in
cl

ud
e 

th
e 

ph
en

om
en

a 
ci

te
d 

un
de

r 
ph

en
om

en
a 
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L2
-2

5 
• 

Th
e 

C
E

Ts
: 

 
- 

In
cl

ud
e 

th
e 

sy
st

em
s 

an
d 

 
 

 
H

E
P

s 
ne

ce
ss

ar
y 

 
- 

A
re

 c
on

si
st

en
t w

ith
 th

e 
 

 
 

E
O

P
s 

 
- 

In
cl

ud
e 

re
as

on
ab

le
  

 
 

re
co

ve
ry

 a
ct

io
ns

 

Tr
un

ca
tio

n 
of

 L
ev

el
 1

 s
eq

ue
nc

es
 to

 a
vo

id
 

tra
ns

fe
r t

o 
Le

ve
l 2

 s
ha

ll 
no

t b
e 

pe
rfo

rm
ed

 
un

le
ss

 th
ey

 m
ee

t t
he

 tr
un

ca
tio

n 
lim

its
 in

 Q
U

. 

Th
e 

C
E

Ts
 s

ho
ul

d:
 

• 
In

cl
ud

e 
th

e 
sy

st
em

s 
an

d 
H

E
P

s 
ne

ce
ss

ar
y 

• 
A

re
 c

on
si

st
en

t w
ith

 th
e 

E
O

P
s 

• 
In

cl
ud

e 
re

as
on

ab
le

 re
co

ve
ry

 a
ct

io
ns

 
W

hi
le

 “c
on

se
rv

at
iv

e”
 m

od
el

in
g 

is
 ty

pi
ca

lly
 

ju
dg

ed
 s

uf
fic

ie
nt

 fo
r I

P
E

s,
 th

e 
ne

gl
ec

t o
f t

he
 

in
-v

es
se

l r
ec

ov
er

y 
is

 n
ot

 re
al

is
tic

, a
nd

 is
 n

ot
 

ap
pr

op
ria

te
 fo

r a
cc

id
en

t m
an

ag
em

en
t 

ap
pl

ic
at

io
ns

.  
Th

at
 is

, b
y 

as
su

m
in

g 
th

e 
ve

ss
el

 
se

rv
es

 n
o 

pu
rp

os
e 

in
 a

lte
rin

g 
th

e 
ac

ci
de

nt
 

se
qu

en
ce

 tr
aj

ec
to

ry
, o

pp
or

tu
ni

tie
s 

fo
r r

is
k 

re
du

ct
io

n 
m

ea
su

re
s 

ar
e 

lo
st

.  
If 

th
e 

da
m

ag
ed

 
co

re
 is

 re
ta

in
ed

 in
-v

es
se

l, 
qu

es
tio

ns
 o

f d
ire

ct
 

co
nt

ai
nm

en
t h

ea
tin

g,
 c

or
e-

co
nc
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