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Background

In January 2013, the staff issued revision 2.0 to the Risk Assessment Standardization Project
(RASP) Handbook, Volume 1, “Internal Events.” The staff added several new modules in the
one of which involved initiating event assessments. In May 2013, the staff held a public meeting
to discuss these new modules with external stakeholders and industry. Industry communicated
concerns with the new guidance on initiating event analyses. Currently there is still both a
technical and programmatic concern, raised by both external and internal stakeholders, with the
use of an event assessment conditional core damage probability (CCDP) to characterize the
safety significance of inspection findings that result in initiating events. The specific concern is
that the recent revision to the RASP Handbook, Volume 1, created an apparent conflict with the
SDP program guidance in IMC 0308, Attachment 3, “Significance Determination Process Basis
Document.” The staff discussed the issue at several ROP Working Group public meetings in
2013 and held a separate public meeting to discuss the specific concerns on

November 4th, 2013 and January 8", 2014. The staff plans to hold additional public meetings in
2014.

Purpose

This draft white paper is intended to provide technical perspectives to support and promote
dialogue among all interested stakeholders. This draft white paper should not be considered a
NRC staff position.

Overview

There are three parts to this draft white paper:

1) Part | - SDP “Rules of the Road” — This section simply summarizes some key
SDP programmatic fundamentals that are pre-requisites for understanding the
subsequent sections.

2) Part Il - Modeling Approaches for Findings that Cause Initiating Events — This
section steps through several Bayesian calculations using realistic examples to
show how the SDP is an application of PRA. It continues on to show that the
SDP technical basis inappropriately treats initiating events and mitigating
systems differently. The section concludes with an effective and reasonable
SDP modeling approach going forward that overall is consistent with ROP policy.

3) Part lll - Threshold for Causality - This section attempts to provide more detail
and unpack a key concept from IMC 0308, Attachment 3 (the SDP technical
basis)...”the finding is the proximate cause of the degraded condition”. The
purpose of the section is not to provide new definitions or establish a specific
framework; the goal is to develop a deeper understanding of what a sufficient
level of causality is needed to support the inspection program and SDP.




PART I: SDP “Rules of the Road”

The SDP is a bit different from other NRC risk-informed programs even though these NRC
programs (e.g., Accident Sequence Precursor (ASP), Management Directive (MD) 8.3, and the
SDP) all use insights from PRA models. Below are some of the key aspects of the SDP that
make it unique:

1. Each inspection finding is evaluated independently.

2. Multiple independent findings that are in effect concurrently are not aggregated
into a single risk assessment.

3. Other SSCs that were unavailable for planned T&M during the exposure period of
the degraded condition (or during the initiating event occurrence) are modeled
using their nominal T&M unavailability values.

4. The SDP estimates the increase in risk (caused by an inspection finding) above a
baseline risk profile (i.e., ACDF and ALERF) and compares that outcome to
predetermined thresholds to characterize the safety significance.

Example:

A BWR is operating at 100% power. The condenser is lost due to inadequate
maintenance/procedures and the operators scram the reactor (i.e., unrecoverable LOCHS
event). RCIC is tagged out for routine maintenance; thus, does not immediately perform its
function. HPCI runs for 30 minutes and fails catastrophically due to the thrust bearings being
installed backwards (inadequate maintenance/procedure). By this time RCIC has been returned
to service and supplies water to the reactor vessel. The plant achieves safe shutdown.

SDP Evaluation:

There are two independent findings to be evaluated:

1) Ineffective maintenance procedure (relied on skill of the craft) involving the torque
applied to the condenser water-box covers. This resulted in an unrecoverable loss of
condenser heat sink event. The SDP outcome could be 2E-6 ACDF, or White, (i.e.,
increase above the baseline CDF) by changing the LOCHS frequency to 1/year.

2) Ineffective maintenance procedure (relied on skill of the craft) involving the installation of
the HPCI thrust bearing in the previous outage (failure to run condition for 3 months).
The SDP outcome could be 4E-6 ACDF (White).

Note: If a single finding could be articulated such that the ineffective maintenance procedure
(skill of the craft) resulted in the initiating event and degraded condition, a single SDP evaluation
would be performed (i.e., the SDP outcome could be >1E-5 or Yellow).



MD 8.3 Evaluation:

The following risk model adjustments are made:
1) loss of condenser heat sink initiator is set to 1.0 (meaning that LOCHS occurred)
2) RCIC is set to “unavailable due to T&M” (essentially modeled as unavailable)
3) HPCl is set to 1.0 (meaning that HPCI failed to run)

The outcome could be a CCDP of 2E-4 (or an AIT)

ASP Evaluation:

The following risk model adjustments are made:
1) loss of condenser heat sink initiator is set to 1.0 (meaning that LOCHS occurred)

2) RCIC is set to “unavailable due to T&M” (essentially modeled as unavailable)
3) The recovery of RCIC in 30 minutes is added to the model to reflect the operator actions
4) HPCl is set to 1.0 (meaning that HPCI failed to run) but the first 30 minutes of HPCI

running is accounted for.

The outcome could be a CCDP of 8E-5

Part Il: Modeling Approaches for Findings that Cause Initiating Events

The SDP and associated risk analyses for degraded conditions, such as the failure of pumps
and valves for a defined exposure period, is well established. However, for findings that are the
proximate cause of initiating event occurrences, the current SDP practices may not model the
safety significance adequately. Most PRAs model initiating event frequencies using a Poisson
distribution. Since the SDP metrics of choice are ACDF and ALEREF, initiating event inputs in to
the PRA models are frequencies tabulated in “per year” units.

For example, to get a baseline initiating event frequency for a Loss of Condenser Heat Sink
(LOCHS), we need to record all the LOCHS events experienced at the plant over some time
period (maybe the last 10 or 20 years). During that time period we would then record the total
critical reactor years accrued. This data could be put into a Poisson likelihood function (e.g., 2
LOCHS events in 15.2 critical reactor years). As for a prior distribution, we could use the
previous baseline value (i.e. previous posterior gamma for LOCHS), or if that data is not
available, generic data from similar power plants over the same period of time could be used.

In this example we’ll assume that the prior to be used is the previous posterior gamma
distribution with a = 2 and B = 9.8. With these parameters the mean = 0.204 and the standard
deviation = 0.144. Using this gamma prior and the Poisson likelihood function above (i.e., a = 2
and B = 15.2), the updated gamma posterior parameters, mean, and standard deviation are:



a=4and =25
mean = 0.16
standard deviation = 0.08

Now that we have an updated the baseline initiating event frequency for LOCHS, now let’s
consider a finding that was the proximate cause of a LOCHS event. We could assume that the
finding is an inadequate maintenance procedure to perform maintenance and repairs on the
main condenser tubes at a boiling water reactor (BWR). The maintenance procedure did not
inform the technicians to close and properly secure the condenser access covers when testing
the valve seats on the circulating pump inlet valves to ensure that any improper seating would
not result in flooding through the access covers.

Let’s assume that over the past 13 years this procedure was used 3 times during at power
operations and the 3rd time resulted in the circulating water pump inlet valves to not properly
seat resulting in flooding out of the condenser covers and ultimately a LOCHS event. An
interpretation of the SDP guidance could suggest that the LOCHS initiating event frequency
should be updated taking into account the recent LOCHS event caused by the finding. As such,
a new Poisson posterior distribution needs to be calculated.

For this example let's assume that an additional 2.7 critical reactor years have been accrued
beyond the time duration used for the previous Poisson likelihood function (i.e., 15.2 years).
Using the most recent baseline posterior gamma for a LOCHS (a = 4 and 8 = 25) we will
perform a Bayesian update using a Poisson likelihood function with (a =1 and B =2.7). The
resulting updated parameters, mean, and standard deviation are:

a=5and B=27.7
mean = 0.18
standard deviation = 0.081

Comparing the results it is apparent that the mean did not increase much. The baseline value
of 0.16 increased to an updated mean of 0.18. Essentially this calculation performed a
Bayesian update to the PRA but did not appear to capture the safety significance of the finding
that caused the initiating event occurrence. If we were to calculate the increase in CDF above
the nominal CDF, the results are miniscule (for this example we will assume an exposure time
of 1 year; however the concept of an exposure time for these types of findings is problematic
and is discussed later in the paper). Using SAPHIRE and a typical BWR risk model, increasing
the LOCHS initiating event frequency from 0.16 to 0.18 (for a year) results in an increase in
CDF of 8.42 E-8.

Another approach to modeling the safety significance of the finding is to consider the fact that

over the 13 year period that the procedure was in effect (and inadequate), it was implemented 3
times resulting in 1 LOCHS event. So for the Poisson likelihood function we would use an a = 1
and B = 13. For this case, a non-informative prior might be reasonable since the previous case



already took into account 25 critical reactor years and these 13 years would overlap that time
period considerably. As such, a Jeffrey’s prior will be used. The resulting updated parameters,
mean, and standard deviation are:

a=15andpB =13
mean = 0.12
standard deviation = 0.094

Compared to the baseline LOCHS initiating event frequency, this modeling approach described
above suggests that a finding that causes a LOCHS is less than the baseline risk of the plant
(i.e., a mean of 0.12 compared to the baseline mean of 0.16). Intuitively this approach seems to
completely mischaracterize the safety significance of the finding. Since the Poisson model
attempts to estimate the rate of occurrence of an event, the time duration is obviously a key
factor. In the example above, the inadequate maintenance procedure was used 3 times in 13
years, so it is apparent that it is an infrequently used procedure. If the period of time was just 3
years (with 1 event), using the Jeffrey’s prior would result in a mean of 0.50; a significant
increase.

If both of the above Bayesian updating approaches using the Poisson model do not characterize
the safety significance of the finding, then what type of approach would? With the Poisson
model, the 13 year period and only 3 uses of the procedure had a large affect on the
parameters and statistics. A demand based approach may be more applicable to this situation
since we are trying to capture the safety significance of the finding that caused the initiating
event occurrence; not an updated initiating event frequency. Using the binomial model, time is
not a factor, just the number of trials and events. In our case, there were 3 trials and 1 event.
Using a Jeffrey’s non-informative prior, we get:

a=15and =25
mean = 0.38
standard deviation = 0.22

Using the binomial model the mean increased more than 2 fold when compared to the Poisson
model results. As such, this result indicates a more safety significant finding. Again, the finding
caused a LOCHS event even though the previous two implementations of the procedure did not
result in an event. The big driver here is the fact that all the Poisson model time duration (i.e.,
13 years) does not overshadow the fact that the finding caused a LOCHS event. For findings
like the example above and similar cases, a binomial model, using a non-informative prior, may
provide a more realistic characterization of the safety significance of the initiating event caused
by the finding.

Using SAPHIRE and the same BWR SPAR model used in the Poisson approach, increasing the
LOCHS initiating event frequency from 0.16 to 0.38 (for a year) results in an increase in CDF of
9.31 E-7, which is an order of magnitude higher than the Poisson result of 8.42 E-8. This



increase in CDF is on the threshold (1.0 E-6) of very low safety significance (i.e., Green) and
low to moderate safety significance (i.e., White).

Initiating Events versus Mitigating Systems Modeling:

In the above section, it appears that the demand based model using the binomial distribution
more effectively models the safety significance of the finding and associated initiating event
occurrence in comparison to the Poisson modeling approaches which were basically Bayesian
updates to the PRA model. However, does the demand based model “really” capture the safety
significance of the finding which caused the LOCHS event? This is a valid question because
the inadequate procedure was used twice and did not cause a LOCHS event; possibly due to
luck or some other serendipitous outcome. When this demand based approach is carried over
to a mitigating systems example, the logic starts to break down.

For example, let’'s assume that there is an inadequate procedure used to grease the trip throttle
valve on a turbine driven reactor core isolation cooling (RCIC) pump such that it does not
specify the exact locations to apply (and not apply) grease and “skill of the craft” is effectively
needed to perform adequate maintenance. This maintenance is performed annually and the
inadequate procedure is in effect for three years until the inadequacy is identified. The first two
uses of the procedure luckily result in the trip throttle valve being appropriately lubricated;
however, the third time grease is inappropriately applied to the knife edge of the trip throttle
valve and is the proximate cause of the RCIC pump failure to start (FTS) on demand during a
surveillance test a year later. Since we do not know when the failure to start would actually
manifest itself, we start counting the exposure time at the last successful test (1 year ago) and
could use the T/2 modeling approach (for simplicity) to estimate that the degraded condition was
in effect for 6 months.

If we were to apply the initiating events demand based model to this example (note we could
use the Poisson model if this was a failure to run) we would assume that there were 3 trials (i.e.,
uses of the inadequate procedure) and only 1 event (i.e., one use of the inadequate procedure
led to the failure mode). Using either a frequentist or Bayesian approach we would arrive at a
failure to start probability of approximately 0.33. So in effect we would be saying that for the 6
month exposure period, the failure to start probability was approximately 0.33. Most engineers
and risk analysts would scratch their heads and say “but wait, the RCIC pump was estimated to
be in a failed state (i.e., in a failure to start failure mode or FTS = True) for a 6 month period; not
a FTS = 0.33.” Therefore, using this mitigating system example it is clear that initiating events
and mitigating systems modeling, for purposes of the SDP, is drastically different. The question
is “should it be different?”

The chart on the following page attempts to trace the logic and reasoning behind how and why
initiating event and mitigating system modeling diverged when the SDP was originally
formulated.



- The top row discusses the general models that a typical PRA uses to model initiating
events and the different mitigating system failure modes (failure to start (FTS), failure to
run (FTR), and test and maintenance (T&M)).

- The second row describes at a high-level how the PRA is updated, using Bayesian
statistical methods, when new data is observed and collected. For simplicity the
likelihood function, prior, and posterior distribution are not shown.

- The third row describes how the SDP attempts to model the safety significance of a
finding that is the proximate cause of an initiating event and/or a mitigating system
failure mode (i.e., how the SDP is an application of PRA).

Initiating Event (IE) and Mitigating Systems (MS) Modeling

IE MS#1 MS#2 MS#3
PRA Model | Frequency Failure to Start Failure to Run Test & Maint
(per year) (per year) (per year) (per year)
Poisson Binomial Poisson Point Estimate
Bayesian Initiating FTS “Events” FTR “Events” T&M hours
Update to | “Events” e = e = -
PRA Model | = ~——————-———-- Demands Run hours 8760 hours
Reactor

years

FTS =(1.0) during | FTR = (1.0) T&M = (1.0) during
SDP exposure time during exposure | exposure time
Modeling time

IE=1.0 with no
exposure time

|

The SDP basis document suggests using a condition assessment for findings that are the
proximate cause of a degraded condition. Since mitigating systems (e.g., pumps and valves)
have a defined exposure period for the degraded condition, it initially makes some sense to use
the “exposure period” concept for initiating events. However, when an exposure period is
applied to a “finding” that causes an initiating event to occur, this logic can create some absurd
conclusions because the occurrence of the event itself does not happen over a period of time
(i.e., initiating events are assumed to occur instantaneously). Again, in the mitigating system
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example, the exposure time is applied to the degraded condition; not the duration of the
“finding”. Often the finding can be in effect for a much longer time then the resultant degraded
condition.

Let’s assume, for example, that a maintenance procedure was revised and failed to include
specific torque requirements for bolts securing access covers to the condenser. This procedure
was implemented after condenser maintenance at the end of a planned refueling shutdown and
the bolts were torqued to 45 ft-Ibs, but the design specifications recommend 60 ft-lbs. Three
months after the plant had been operating at power following the shutdown, the condenser
access covers leak profusely such that a loss of condenser heat sink (LOCHS) event occurs.

In modelling the safety significance of this finding we can assume that the frequency for a
LOCHS during that 3 month period would be 1.0 (or 1.0 / 3. months) and the nominal frequency
for the other 9 months of the year. Again, this 3 month period is attempting to apply an
exposure time to the finding that caused the LOCHS. However, if the maintenance procedure
was implemented and the technicians only torqued the bolts to 30 ft-lbs (which is even more
egregious than the previous finding in which the technicians torqued the bolts to 45 ft-Ibs) we
could assume that the access covers would leak at a time prior to 3 months (let's assume 7
days). If we apply the exposure time concept to this case we would increase the LOCHS to 1.0
for a week (or 1.0/ 7 days). It becomes apparent that the more severe finding results in an
assessment that is lower in safety significance.

Using SAPHIRE and the same BWR SPAR model the results for the two cases are:

- 3 month exposure period and LOCHS set to 1.0 — delta CDF is 9.06 E-7
- 7 day exposure period and LOCHS set to 1.0 — delta CDF is 6.95 E-8

The more egregious finding, which resulted in a smaller exposure period, was more than 1 order
of magnitude less safety significant than the case in which the finding was less severe, thus
resulted in a longer exposure period. So what does this example tell us about applying an
exposure period to a finding that is the proximate cause of an initiating event occurrence? For
mitigating systems, the exposure period is applied to the degraded condition; not the finding
(e.g., pump.is in a FTS mode for 3 months but the finding was “in effect” for the entire year). In
the previous example, the inadequate maintenance procedure for the RCIC trip throttle valve
was in effect for 3 years, but the exposure period is only applied to the degraded condition (FTS
for 6 months). In this respect, the exposure period for an initiating event occurrence should
only be applied to the event itself (i.e., there really is not an exposure time...the initiating event
occurred and that is what is set to 1.0). But what does it mean to have an exposure period for
an event which is assumed to occur essentially instantaneously?

When a finding causes an initiating event to occur, all the plant systems designed to mitigate the
event are challenged and typically the PRA will assume a 24 hour mission time for the mitigating
systems to operate successfully to prevent core damage (some mission times are <24 hours).

If a Poisson or demand based model lowers the initiating event frequency to a number less than
1.0, we would be suggesting that the event did not actually occur as a result of a finding; and



that suggestion inappropriately minimizes the safety significance of the finding and associated
initiating event. Another way to conceptualize the problem is to note that PRA is based on
probability theory; as such, all of the modeled basic events have a probability (or frequency) of
occurring. However, when it is known that a pump is in a failed state for a certain period of time
or an initiating event actually occurred at a certain time, the previous probability distribution for
the basic event goes away and is modeled as a 1.0 (i.e., the basic event “occurred”). Given the
discrepancies described above, there should be two options to model a finding that is the
proximate cause of an initiating event occurrence.

1) The initiating event is set to 1/year or
2) The initiating event is set to 1.0 (i.e., the event occurred) and all other initiating events
are assumed to be 0.0.

The 2" option is an event assessment and results in a CCDP. At a high-level this approach
captures how close the plant came to core damage (also, any sort of recoveries should be
applied as applicable) because it only focus on the sequences from the event tree of interest.
The problem with this option is that is does not technically produce an increase in risk above a
baseline risk profile (i.e., CCDP — CDP which in a condition assessment is very approximate to
a ACDF). However, since the event assessment outcome is approximately the same as the
condition assessment outcome described below, indirectly it captures a delta risk.

The 1% option is a condition assessment and aligns with the SDP’s CDF metric. Intuitively this
approach seems a bit odd because it also includes all the other initiating event trees even
though they do not play a role in the net outcome since those frequencies are not changed.
Another approach used by analysts in the past is to take an initiating event occurrence and
apply it over the exposure time of the finding (e.g., 1 event/3 months). Then convert to years
(i.e., 4 events/year) to get the new frequency and the exposure time of 3 months. The net result
is the same a setting the frequency to 1/year and using an exposure time of 1 year.

OUTCOME: In the end, options 1 and 2 produce approximately the same net result.

Given the above discussions, someone familiar with the ROP and SDP could ask, “but what if
the finding was one of four equally weighted contributing causes of which all four together
needed to be in effect in order to cause the initiating event occurrence?” See Part Ill for the
Threshold for Causality discussion.

Part lll: Threshold for Causality

On the surface the statement “a finding is the proximate cause of the degraded condition/event”
appears to be sufficient; however, when complex cases are analyzed using this simplistic

framework, multiple interpretations tend to emerge and cause inconsistent outcomes. The term
“proximate cause” does not have origins in the engineering and scientific domains; rather it is a
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term frequently used in the legal field. As such, several terms need to be defined for use in the
inspection program and SDP; below are some suggested working definitions intended only to
promote effective dialogue:

Apparent cause: The initial assessment of the cause that led to the degraded
condition/event which may or may not end up being a contributing and/or proximate
cause after further in-depth causal evaluation.

Proximate cause: A contributing cause that led to the degraded condition/event and can
be described as the most immediate or direct cause.

Contributing cause(s): One of potentially several causes that, in combination or alone,
contributed to the degraded condition/event.

Root cause: The cause from which all contributing causes and the proximate cause
stem from.

Event: An initiating event as defined and modeled in the PRA (e.g., loss of coolant
accident (LOCA), loss of condenser heat sink (LOCHS), loss of off-site power (LOOP),
loss of main feedwater (LOMFW)).

Degraded condition: A condition in which the qualification of an SSC or its functional
capability is reduced. Examples of degraded conditions are failures, malfunctions,
deficiencies, deviations, and defective material and equipment.

Performance deficiency (PD): A failure by a licensee to satisfy a 1) regulatory
requirement or 2) self-imposed standard which the licensee could have and should have
satisfied.

Finding (FIN): A PD that has been determined to be “more-than-minor” (MTM) in
accordance with the MTM screening questions in IMC 0612, Appendix B.

Event Assessment: SAPHIRE calculation that sets the initiating event of interest to 1.0
and all other initiating events to 0.0 (i.e., no units of time resulting in a CCDP).

Condition Assessment: SAPHIRE calculation that increases the initiating event
frequency of the initiating event of interest and/or increases the failure probability of one
or more mitigating SSCs.

Based on the proposed definitions above, a framework needs to be developed upon which a
threshold for sufficient causality can be delineated for use in the SDP. The causality framework
needs to be developed such that the time from the identification of the finding to the completion
of the risk analysis of the degraded condition/event can completed in accordance with the SDP
timeliness goal of 90 days. As such, a balance needs to be established such that the process is
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not belabored by an in-depth root cause evaluation nor inappropriately accelerated based on a
weak and unsubstantiated causal analysis.

On page 16 there is a block diagram that presents a proposed causal analysis framework for
conceptual use by the reactor inspection program and SDP. The guidance below describes
each step in the causal analysis framework and the overall process flow:

1.

Programmatic Concern: Sometimes an issue with a specific program (e.g., training,
quality assurance, maintenance) can lead to an event or degraded condition (e.g., pump
in a failed state for 3 months). Other times an identified programmatic concern does not
lead to an event or degraded condition and can be considered qualitatively as a latent
failure with the potential to manifest itself into a degraded condition or event.

Event or Degraded Condition: Operating a complex system, like a nuclear power
plant, will result in the occurrence of events and degraded conditions of various systems,
structures, and components (SSCs). These events and degraded conditions happen
due to some underlying cause or causes which may, or may not, be considered a
finding. Those events and degraded conditions that are not attributed to a finding are
considered random failures which are expected to occur from time to time during the
operational life of a nuclear power plant.

Contributing, Proximate, and Root Causes: The event or degraded condition came
into existence as a result of a cause, or typically, a collection of causes. The collection
of specific causes will be based on the unique circumstances of the issue; however, a
simple and generic causal structure is provided for illustration on page 16. In some
cases the causes may be in series or parallel and most likely a combination of the two.
After an event or degraded condition is discovered or observed, an apparent cause may
be identified. However, the apparent cause is typically based on a cursory causal
analysis (often referred to as an apparent cause evaluation) and is unable to
substantiate and justify all of the real contributing, proximate, and root causes, which can
be identified after a root cause evaluation. In most cases a well justified apparent cause
can be used as the proximate cause prior to beginning the root cause evaluation.

: The CAP is linked to all the nodes in the causal
analysis framework. The CAP identifies programmatic concerns, events, and degraded
conditions and then performs a significance screening to determine an appropriate
causal analysis evaluation. Typically those issues that are deemed low significance will
receive a cursory causal evaluation while issues with higher significance will receive a
robust root cause evaluation (note that there can be different types of significance).
Unless the apparent or proximate cause of an event or degraded condition is obvious to
all parties (i.e., the licensee and the NRC inspectors), the inspectors rely on the licensee
to perform the appropriate causal evaluation which will then be reviewed by the
inspectors for adequacy. For the purposes of the SDP, the intent is to not wait for a root
cause evaluation due to the extended period of time for completion and disposition. If
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the SDP determines that the finding is of low to moderate safety significance or higher,
the licensee typically performs a root cause analysis with appropriate corrective actions
which will be inspected by the NRC (i.e., supplemental inspections).

The right side of the diagram on page 16 describes the high-level process of inspection and
the SDP which corresponds to the causal analysis framework.

1. Inspection: When an event occurs or a degraded condition is identified, the inspection
staff develops an issue of concern. Then the inspectors typically review the licensee’s
causal evaluation as developed according to their CAP. Sometimes the “cause” is
readily apparent to all parties right away; sometimes an in-depth causal evaluation is
warranted. Typically a lower level causal evaluation (e.g., apparent cause) can be used
to determine the “proximate cause” of the event or degraded condition. However, in
some cases a PD cannot be identified with a lower level causal evaluation and a root
cause evaluation may be needed. If the proximate cause meets the definition of a PD
and the more-than-minor screening criteria, then the FIN enters the SDP to determine
the safety significance of the event or degraded condition.

2. SDP and Risk Analysis: The risk analyst is challenged with taking the FIN and the
manner in which the FIN was the proximate cause of the event or degraded condition
and developing a risk analysis to characterize the safety significance.

Generic Examples of Causality:

Using the block diagram on page 16, let’s consider an example in which several contributing
causes, a proximate cause, and a root cause "together” led to a degraded condition.

Let’'s assume that an in-depth root cause evaluation (RCE) was performed right after a safety-
related pump failed a surveillance test (e.g., failed to run) and it took 3 months to complete the
RCE. The diagram below describes the generic causal structure of the RCE:

Root /
= | =

Proximate
Cause 2
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The above generic causal structure is one of many different diagrams that could be developed
given the details and circumstances of a specific event or degraded condition. As such, there
could be causal chains that are in series, others in parallel, and some a combination of series
and parallel. The SDP was based on the assumption that the finding is the “proximate cause” of
the degraded condition or event. As such, the risk analysis attempts to model the safety
significance of the degraded condition or event caused by the finding. Again, this causal
relationship between the finding and the degraded condition or event is sufficient to establish a
reasonable causal link between the two. The determination of a sufficient causal link should be
made in a timely manner such that a RCE is not needed in most cases. After an in-depth RCE,
more often than not there are many causal factors with various types of causal relationships that
contribute to the end state (e.g., pump failed to run).

One might assert that each of the causes is a PD; and for the sake of argument let’'s assume
that all the PDs are MTM (i.e., FINs). So in effect the example above could have 5 FINs which
all independently lead to the degraded condition (i.e., pump failure to run). This is a big
assumption because one could argue that there are slight or strong dependencies between
each of the causes. However, in keeping with the example, since each finding is assessed
independently (see SDP “Rules of the Road” for more information), we would effectively be
saying that each FIN only contributes a portion of the cause which led to the degraded
condition. For example, the root cause is 35%, each contributing cause 15%, and the proximate
cause is 20%. If the pump was in a fail to run state for 3 months and the ACDF was 2E-6, each
of the 5 FINs would be Green because we would be distributing the safety significance based
on each cause’s proportional contribution to the degraded condition or event. In effect, this
“redistribution among multiple causes” approach artificially dilutes the overall safety significance.
The above example is not how the ROP and SDP were designed to function.

Now let’s look at some extreme cases in which the causes are only in a series or parallel
structure leading to the degraded condition of event.

In the below example all of the contributing causes could be described as the “proximate cause”
and be articulated as a FIN and any one of them alone would lead to the degraded condition:




In the above example it is reasonable to conclude that since any one of the causes alone would
have led to the degraded condition, there is almost a 100% correlation, or “link” between a FIN
(or proximate cause) and the degraded condition. As such, any one of the five contributing
causes could be a FIN that was the proximate cause of the degraded condition.

The above example is just illustrative and is most likely not that realistic. If each cause was
actually an independent FIN and the degraded condition was determined to be of White
significance, there could be 5 White findings. Typically there is not a 100% link between the FIN
and degraded condition and some of the causes do not meet the definition of a PD. So again,
the above example is designed only to communicate a concept, not be representative of a
realistic example.

In the below example all of the contributing causes could be described as the “proximate cause”
and be articulated as a FIN but all of them together would be needed to lead to the degraded
condition:

1}11*

In the above example it is reasonable to conclude that since any all of the causes together are
needed to lead to the degraded condition, there is a weak (maybe 25% correlation, or “link”,
between a FIN and the degraded condition. This raises the question, can any one of the four
FINs be the “proximate cause” of the degraded condition? Maybe the answer is no because it
took four independent findings to collectively cause the degraded condition.

The above example is just illustrative and is most likely not that realistic. If each cause was
actually a FIN and the degraded condition was determined to be of White significance, there
could be four Green findings none of which alone could have resulted in the White degraded
condition. Typically there are not multiple 25% links between the FINs and a degraded
condition and some of the causes do not meet the definition of a PD. So again, the above
example is designed only to communicate a concept, not be representative of a realistic
example.
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