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ABSTRACT

Evaluation of the Use of Engineering Judgments Applied tytioal Human
Reliability Analysis (HRA) Methods. (December 2005)
Katherine D Kohlhepp, B.S.; B.S., The PennsylvanseStUniversity

Chair of Advisory Committee: Dr. William E. Burchill

Due to the scarcity of Human Reliability AnalysisRA) data, one of the key
elements of any HRA analysis is use of engineering judgmEhe Electric Power
Research Institute (EPRI) HRA Calculator™ guides the tlseugh the steps of any
HRA analysis and allows the user to choose among taafiRA methods. It applies
Accident Sequence Evaluation Program (ASEP), TechniqueHtonan Error Rate
Prediction (THERP), the HCR/ORE Correlation, and @aised Based Decision Tree
Method (CBDTM). This program is intended to produce coasistresults among
different analysts provided that the initial informatidas similar. Even with this
analytical approach, an HRA analyst must still renéseral judgments. The objective
of this study was to evaluate the use of engineering judgrapplied to the
guantification of post-initiator actions using the HRAl€lator. The Comanche Peak
Steam Electric Station (CPSES) Level 1 ProbabilRigk Assessment (PRA) HRA was
used as a database for examples and numerical compariSegineering judgments

were evaluated in the following ways:



1) Survey of HRA experts. Two surveys were completed, thwe participants
provided a range of different perspectives on how thewithdilly apply
engineering judgment.

2) Numerical comparison among the three methods.

3) Review of CPSES HRA and identification of judgmentd #me effects on the
overall results of the database.

The results of this study identified thirteen areas Imclwan HRA analyst must
interpret and render judgments on how to quantify a Humeor Probability (HEP) and
recommendations are provided on how current industry poaetis render these same
judgments. The areas are: identification and definibdnactions to be modeled,
identification and definition of actions to be modelet®finition of critical actions,
definition of cognitive portion of the action, choioé methodology, stress level, rule-,
skill- or knowledge-based designation, timing informatitrajning, procedures, human
interactions with hardware, recoveries and dependendie®: an action, and review of

final HEP.
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CHAPTER |

INTRODUCTION

Human Reliability Analysis (HRA) in the context dProbabilistic Risk
Assessment (PRA) has been the subject of numerousalcritviews because no one
method is considered acceptable and appropriate for aitwms. Each plant-specific
HRA represents a highly iterative analytical proceSgstem analysts and human
reliability analysts work together to define the operadctions to be modeled in the
PRA. HRA methods and techniques must be evaluated in sistemt and logical
manner, and there needs to be sufficient analytisallugon so that the plant-specific
aspects of the procedures, plant design, and training @®cace reflected in
representation and quantification of human error pratesi(HEP)*

Because human error is dynamic and involves individuklcaew experiences, it
is challenging to calculate a single failure rate to des@ specific action. It would be
ideal to collect the frequency of each human actidaré&ion a large data sample of
Nuclear Power Plant (NPP) operators. But, this is iotma because error probabilities
are very small, and in any reasonable amount of miateenough errors would occur to
collect a meaningful distribution of data points. Thugpalcdata of human failures in
NPPs is sparse.

With the development of NPP simulators, studies haea bempleted to try to

collect HRA data. In 1990, Electric Power Researchtlnisti EPRI) conducted the

This thesis follows the style dfuclear Technology.



“Operator Reliability Experiments Using Power Planth@ators” which attempted to
collect HEP data from simulatofsThe objectives of this study were two-fold: first, to
collect operator response and reliability data usingsttdle NPP simulators and actual
operating crews and second, to examine the validity hef Human Reliability
Correlation for use in HRA. This study examined operator actions in simulatorst€r
accident scenarios, and data was collected on timiognuation and the specific steps
taken by the crew. The results provided a small calleadif simulator data for specific
operator actions, but this is in no way representativall accident scenarios or all
operator actions within a NPP.

Due to the lack of physical HRA data, one of the keymehts of any HRA
analysis is use of engineering judgment. The applicatioth@fengineering judgment
can vary between methods and range in the degree otthutye In some instances
there will be no actual data available for an amslyand HRA experts will have to
estimate an HEP value based entirely on their exmerieviarious HRA models have
been developed around the use of engineering judgment. yFittadre are HRA
methods based on analytical approaches using generic lmatagccasionally these
methods produce unrealistic results which require adjustetite use of engineering
judgment.

In 1984, Stillwelt published a study on generating human reliability estsnate
using expert judgment. HRA experts were asked to rankessariasks based on their
estimated importance and then give an estimate of e thlue and its lower and

upper bounds. The ranking and the HEP estimates were cahyamng experts, and



the results showed consistent agreement (same ordeagyfitude). It was concluded
that this was an acceptable solution for gathering H&R.

Just because experts are consistent in their judgohe®s, not necessarily mean
they are accurately modeling the action. Observatafnsperators during simulator
training exercises have shown that sometimes whenasos were expected to be
routine and easy, the crews find them challenging, watiler times complex actions are
performed error-free. Furthermore, HRA experts oftamehto estimate timings for
actions, and when observed in the simulator, the gsniare often incorrect; or the
experts were expecting a different chain of eventstmioand the estimated timing is no
longer relevant.

Not all HRA methods rely entirely on engineering judginethe Success
Likelihood Index Method (SLIM) and Failure Likelihood Indétethod (FLIM) are
based on the combination of known anchor values anchates of the HEP for a
particular human action and Performance Shaping FadR8E)(which are influences
that affect the system. The values and weighting ®P8Fs are determined by the use
of expert judgment.

Analytical HRA methods are the more commonly usedhowt for the
guantification of HEP values. These methods begin by ugemeric data, not necessary
from NPPs, and adjustments are made using PSFs. Widely nnstebds include,
Technique for Human Error Rate Prediction (THERMSEP, the Caused Biased
Decision Tree Method (CBDTM)and the Human Cognitive Reliability/Operator

Reactor Experiments (HCR/ORE)



In 1983, Swain and Guttman published the Handbook of Humaiabhtsi
Analysis with Emphasis on Nuclear Power Plant Applicafi (THERP). This
pioneering study laid the foundation for current standards tachniques used in
practice today. It presents a methodology that enablelysés to make quantitative or
gualitative assessment of the occurrence of humansetiiat may affect the availability
or operational reliability of engineering safety feagiand components in nuclear power
plants. The THERP handbook gives tabulated human failueefibah a military facility
for potential errors, errors of omission, and erra§ commission and gives
recommendations on how to adjust these valves for MPHe use of a PSF.

The Accident Sequence Evaluation Procedure (AS@R¥ents a shortened, less
detailed version of THERP which enables analysts akenestimates of HEPs and other
performance characteristics that are sufficientlyueasie for the needs of PRAs. ASEP
begins by categorizing human actions into two categopiesaccident tasks and post-
accident tasks.

Pre-accident tasks are activities done under normalatmpgr conditions
including special conditions such as startup operation logr aictivities that affect the
availability of equipment needed to cope with an abnoewaht. Pre-accident tasks are
synonymous with test and maintenance. The methodsisdbon assigning each critical
action a basic HEP equal to .03 and summing over therotaber of steps. For each
one of the recovery factors present in the actibe, dasic HEP is multiplied by 0.1.
Recovery factors are environmental influences thttalert the operator when an error

is committed; examples include alarms and peer checking.



Post-accident tasks are all tasks required to cope widbaormal event. These
tasks can be further divided into diagnosis and post-diagactsmns. ASEP makes two
large simplifications in post-accident tasks. Firsgssumes that any failure to diagnose
correctly an abnormal event within the allowablagiwill result in core damage; and
second it assumes that the total time available easegmented into two independent
parts: first, the time it takes for operator to diagnibeeproblem and second, the time it
takes him to respond physically.

Both THERP and ASEP rely on the use of generic datéghtar analysis, other
HRA methods have been developed around the use of simdat@r The HCR/ORE
correlation used in the calculation of HEP values is such example. This correlation
describes and predicts the operating crew’'s success gditybabia function of time.
Unlike THERP and ASEP this model examines the probabififailure for an operating
crew as opposed to individual actions. The correlatios Wat hypothesized then
modified to match actual simulator data conducted during tpera@or Reliability
Experimentg.

The CBDTM approach to calculating HEP values is part of the SHRARA
Frame-work methodolog¥. It is based upon using an event tree as opposed to a fault
tree like other methods to describe the action. Fatdrthe action can be divided into
two parts, failure to initiate timely correct respor(§gg and failure to execute the
correct response. {B.

Peog Is intendedto predict the averagecrew behavior. Ideally P.og would be

determinedby the use of a simulator. If this option is not available,a secondary



approach is to determine the potential causes of eaxnatslecompose them into failures
associatedwith plant information-operatorinterface and failures associatedwith
operator-procedure interface,dls then the sum of all these small contributors. EPR
Report TR-10025%9gives specific decision trees and failure probabiltiiee used for
decomposing the action.

To determine B. engineering judgment must be used in considering the
following: how the operator interacts with the caohtipanel, quantification of
manipulation probabilities, and relevant hardware faslupe events. If only a simple
switch manipulation is required, the analyst could eitkérence an available data set
or use an ASEP screening value of .003. If the actiomoie complex the analyst can
choose to use a method such as THERP to calcuate P

The EPRI HRA Calculatdris a computerized tool for HRA analysis. This
program guides the user through the steps of any HRA analys program allows the
user to choose among analytical HRA methods and applieS8PA THERP, the
HCR/ORE correlation, and CBDTM. The software is mited to produce consistent
results among different analysts provided that the limtiarmation is similar.

By using the HRA calculator, or any analytical HRAthael, one would expect
if the HRA procedures were followed, the end result wowddalm acceptable and
consistent HEP value. This is not always the caseause an analyst must render
judgments on many different parameters and small varg@tio input parameters in
some situations can change the final HEP value byraleweders of magnitude. In

addition, an analyst may apply his personal engineering jedigrbecause he feel's that



the chosen method does not accurately reflect thenac@ither times the final HEP will
be adjusted so that it is consistent with an histbviiae.

This application of engineering judgment is critical e tcalculations of HEP
values, and it has been accepted and is practiced by H&¥sts. However, there has
been little research done to determine its accepyahitid consistency among experts.
Furthermore, little guidance is available for when @whto apply this subjective

judgment.

OBJECTIVE
The objective of this study is to evaluate the usengineering judgment applied
to the quantification of post-initiator actions using tBPRI HRA Calculatd! (From
this point forward the EPRI HRA Calculal8r will be referred to as the HRA
Calculator) The Comanche Peak Steam Electric St§dG@HSES) Level 1 PRA HRA
was used as a database for examples and numerical camp&gineering judgment
was evaluated in the following ways:
1) Survey of HRA experts. These experts provided a rahdifeyent perspectives
on how they individually apply engineering judgment.
2) Numerical comparison among the three methods.
3) Review of CPSES and identification of judgments andeffexts on the overall
results of the database.
This study primarily focuses on judgments made withinciihgtext of the using

the HRA Calculator. It addresses issues such as chbgieess level, and identification



of rule, skill or knowledge based actions, training, aratitgl of procedures. The
endpoint of the judgment evaluation is defined to be thit @diwhich a value has been
guantified by HRA Calculator. External to the HRA Qdddor the user may determine
the value calculated by the HRA Calculator is not aat®et but this decision making
process is outside the scope of this project. The interemults of this study will aid in

the development of guidelines for HRA Calculator users.

LENS MODEL OF JUDGMENT APPLIED TO ANALYTICAL HEP
CALCULATIONS

The lens model of judgments developed by Patkin 1996 presents a logical
well-suited model for understanding the use of engineering jadgm analytical HEP
calculations. This model suggests that we do not pertatvessence of an object or a
situation but rather a number of ‘cues’ received by ognaion.

“An object may be judged to be a table as a result of our
integration of cues such as color, mass, function, &iner cues we have
come to associate over time with tables. These umelle cues may be
seen and interpreted correctly by most observers. kHewahen we are
contemplating ambiguous social situations, no such agréemdikely.
The cues tend to be ill- defined, complex, and entanglednah easily
interpreted by our cognition. In response, our cognitidhonly register
a few of the numerous available cues. This lens of taess only a
statistical relationship with attributes of the sitoat we are
contemplating and, therefore, have less than 100% vaadity basis for
judgment. Each individual will perceive different cues andrpret them
differently but luckily the cues that can be perceived acemally
interrelated, and therefore a high redundancy will exigtin the lens of
cues. This redundancy reduces the effect of differentildcson and
weighting of cues and makes many judgments rather roBfist.”



This same approach to judgment is observed in the engmeedgment applied
to HEP calculations. The lens would be the HRA anajmi the analytical HRA
framework that he has chosen to use. The cues cHmbght of as input parameters
such as stress level, timing information, proceduresnimng, method chosen and so
forth. When each parameter is examined externahyoHEP calculation, most HRA
experts will identify the same parameters as influecethe human failure probability.
However, when the HRA analyst is asked to calculagpezific HEP value for a single
human failure event, there tends to be large discrepamtypw to interpret and quantify
each of these parameters. When examining the diffeesnlts from different analysts,
this becomes quite obvious, because the parameters usadalygts were weighted
differently. However, the end results show that mostlysts can agree within the same
order of magnitude for any HEP calculation.

Among HRA analyses, not only are there different H&®#alysts, but there are
also different methodologies. The information is nolydiltered by the analysts, but it
is also fitered by the quantification method. The HRAlculator has attempted to
remove the filter around the quantification stage, batahalyst must render judgments
on how to input parameters.

The lens model is simplistic in design, and it has bdemonstrated that
cognitive information is primarily completed within tlsdort-term memory, and short-
term memory has limited capacity. It has been fouadl $short-term memory can only
manipulate up to approximately seven ‘chunks’ of infornmatid any one time. This

corresponds rather nicely to the lens motfel.
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HEP calculations can be broken up into ‘chunks’ of miation as well. For
any HEP calculation there are eight broad areas b@HRA Calculator requires the
user to address as input parameters. These cues or ‘ch@imgrmation are required
for each calculation regardless of which method is udee the information is used is
dependent upon the method chosen. shows how chunks ahation relate to the field
of HRA.

HRA analyses are seldom completed by a single analydteach analyst has his
own personal biases that affect cue selection. Mulied Roth have identified the
following five biases for cue selectioffsand these can be observed in the quantification
of input parameters for HEP calculations. (See Table 1)

Identification of these biases in use of engineermdginent is useful in
understanding how an HRA analyst renders judgment in an eHRlation. These
theories suggest that is not possible for any two HRAlyats to render identical
judgments for an entire analysis, but it does suggestiftiae framework for the
judgments are the same, then the HRA analyst wilvarat the same overall
conclusions. (See Table 2) In the field of HRA thistypically all that is expected
because of the limited data availability to benchmas$ults. For any calculation an
analyst must determine an estimate for a human fadwent in a consistent, well-

justified, logical format, and this study is intended teate a framework for this process.



Table 1

How HRA Relates to the Len Models Groups (‘Chunks’)rddtmation

Procedures The analyst must identify both the procedheesperators will be
using during an accident scenario, and then judge claritiheof
procedures.

Complexity of The analyst needs to categorize each action in tefmsle- based

the actions skill-based or knowledge-based. In addition, he must judgehehtie

execution and cognitive portions of the action are soplcomplex

Stress levels

The analyst must choose a stressdeweptimal (low), moderate, o
high for each action.

11

=

Operator cues

The analyst needs to determine what phygsies the operators wi
receive and use to identify the problem. These includgs such a
reactor trip alarm or pressurize water level droppingadar

Timing information

Before beginning any calculationg inalyst must determine that thé

is enough time available to complete the action before damage

will occur. If there is not enough time to complete #ction, then
obviously the action will be failed, and it is not essary to do furthe
calculations. In addition, the analyst must determime kong it will
take the operators to execute the action and if theeetisie delay
between the start of the accident and the controhrage the operator
would receive.

pre

=

[72)

Training

The analyst must identify how many timesaryan action is trained i
a simulator and in the classroom.

Dependencies

The analyst needs to determine a dependeatyol each critica
action. The choices available within the HRA Caltodaare: zerg
dependence, low dependence, moderate dependence, high depe
or complete dependence. The HRA Calculator prov|
recommendations for dependence levels based on timlaldgaibut
the analyst has the option to override this function.

ndence
des

Recoveries within
an action

The analyst must identify recovery steps listed in pooes and if
additional people will be available to aide in the recgvof the

scenario.
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Table 2
How HRAIs Related to Mullen and Roth’s Personal Basis That May Affect Cue
Selection'
Cue How It Related to HRA
Availability This is observed in HEP calculations in the paramaftéiming. If an analyst

“If data is easily
retrievable, it may
cause us to put too
much weight on
associated cues?

has access to timing from thermal-hydraulic computer;due may use this t
obtain exact timing on how long the operator has topteta an action befor
core damage can occur. Another analyst may not hesess to thermalt
hydraulic codes, but instead he is able to observedtienain a simulator tg
determine timing information. The end result is thahkanalysts have collecte
timing information but from two different sources, andrmthan likely the
timings are not numerically identically.

D O

Selective perception

“Your role will, to a
large extent,
determines what cue
you perceive 2

The HRA analyst's background will influence the weighting oértain
parameters. For example, a HRA analyst with a backgraumgeérations may
put more weight on operator interviews as opposed to swnedgth a
background in thermal-hydraulics. Another example would bareaaiyst who
shas developed his own HRA methodology. In this casemhg be morg
confident in his method and be less likely to use annoititr method.

Concrete information

“We are more likely
to value information
derived from past
experiences or those
from a trusted
colleague®?,

This can be observed in HRA when analysts compareehdts to historica
values. Even if the original analysis was not welltdoented and the historic
value is hard to justify using current practice today, manglysts will try to
adjust the current calculations to show better agreemht the historical
values.

Wishful thinking

“Our personal
preference may inflat
the importance of a
cue beyond its real
significance™.

In the nuclear industry failure of any type is not aceggdiy the public. If &
nuclear accident were to occur, even if there werggakao the public, the U.S.
power industry would suffer serious consequences. This etimglsarried ove
> to the calculations of human failure probabilitiesvelly U.S. NPP stresses t
importance of operator training and spends a great demlongy and effort
developing state-of-the art training. Many HRA analystpecially those wh
participate in the training programs, may judge the opetaring as excellen
in every circumstance and consequently over-weight phimmeter in HER
calculations.

ne

O

Halo effect

“This is the effect of
one particular cue on
another —one cue cas
a halo over the others
We tend to experienc
cues in clusters such
that one thing goes
with another, so that
we tend to reject or
rationalize any cue
that appears to
contradict the

Typically as the accident progress, the crew's stmsd Will increase, because
they will be frustrated by the fact that their firsactions did not fix the problen.
This would be the cluster of cues that one would expecbserve. As time
passes, the crew may be proceeding in the correctidiretiut there is very
tdittle time available before core damage. The anahay conclude the actio
.will always fail. This may not necessarily be tlase, but because the analyst
e identified timing as the dominate parameter in thisact@nd he has rejected ¢
other cues that may lead to success.

n

all

consistent set?.

nas
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CHAPTER Il

OVERVIEW OF THE HRA CALCULATOR

The HRA Calculator provides a standardized approach to HRA promotes
uniform methods to achieve comparable results whendaritgy plants that are similar
in design, procedures and training. Users of the HRAuGatr belong to the EPRI
HRA/PRA Tools User Group. This group currently consists1® utilities, three
corporate members and two international members. uskes work together to aid in
the development of the software tool and to achiee®ramon industry approach to
HRA that will assure high marks in PRA reviews andassistent with the ASME PRA
Standard.

The software is setup to guide the user through an HERla#bn by interactive
windows and is based upon SHARF@r Human Failure Events (HFEs). While the
HRA Calculator provides many choices for input values, uker also can add his own
input values and comments for documentation.

The user can choose from the following three HRAhwes$ to quantify Bgyfor
post-initiator actions: 1) CBDTM Method, 2) THERP, andCBRE/HRC Correlation.
For pre-initiators the methods available are THERE ASEP. (This study is only
concerned only with post-initiator actions.)

These methods were selected in the development &fRiAeCalculator, because
in 2000 the HRA Calculator developers believed that these \the most commonly
used methods among U.S HRA analysts for Light Water tBesaLWR). These

methods offer an analytical approach that follows @edéfset of steps. Other methods
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rely more on an approach based around the use of enggng@dgment. One of the
goals of any HRA analyst must be to produce consistehbaceptable HEP results, and
by using one of the methods within the HRA Calculata tiser has the best chance of
meeting this objective.

The HRA Calculator has the capabilty of modeling fb#owing types of

actions (Sedable 3) as defined by SHARPL1.

Table 3

SHARP 1 Types of Actions Modeled by the HRA Calculator

Type —A Pre-initiating event interactions

Type —B Initiating event related interactions

Type — C Initiating event interactions

Cp | Interactions that are dictated by operating procedures
Cr | Interactions that are dictated by recovery of eqaipnthat has faile
earlier in the sequence. T

In the current configuration the program is best equippé@mdle Type A and C
actions. Type B actions would to be difficult to mode&céuse there is no ideal place to
document the sequence of events that follows an ingiavent. However, these types
of actions tend not to be explicity modeled in PRABstead, the impact of theses
events is explicitly accounted for within initiating ext frequencies. The user is
explicitly asked to distinguish between Type A and Type @omg, and this choice
influences the other information that is required tmplete the calculations.

The user must further separate Type C actions intaaaatom and ex-control
room actions. In version 2.0 of the HRA Calculatbere is no mathematical difference

between control room and ex-control room actions. ast-initiator actions the user
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must identify for documentation purposes where the actales place. Because there is
no mathematical difference between control room aadoatrol room actions, the user
could be creative and adjust other input parameters swustheas and timing information
to reflect the location of the actions. If thisdene, it must be well-documented so that
the final result is justifiable during peer review.

Once the action has been defined, the user must ydemtiimethod for
guantification. The HRA Calculator breaks every HERWation into two parts: failure
to execute the action correctly (® and failure to recognize the need for human
intervention and determine the correct action to ({&#k&). Peeis calculated using the
traditional THERP method regardless of the method chasssh Ry will vary among

methods used.

PROBABILITY OF EXECUTION FAILURE (P exo

To calculate Re the user is asked to identify each critical actiotask that if
failed would lead to core damage. Each critical actiothen assigned an error of
omission and an error of commission. These failubatilities come from THERP
with some modifications based on recommendationscstatEHERP on how to account
for exceptionally well-written proceduréS. Each error of omission and error of

commission is then multiplied by a PSF based upon tesesskevel chosen (Table 4).
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Table 4

Stress Levels and Corresponding PSF Applied by THERP aidG#Rulatof®

Stress Level PSF
Optimal (low) Stress| 1
Moderate Stress 2
High Stress 5

These new errors of omission and errors of comnmsaie related by an OR gate to
obtain the unrecovered probability of failure.
P(AUB) = P(A) +P (B) [1]
Next, the analyst must identify steps within the pduce that could act as
recoveries and assign a dependency level to each. The GHRulator provides a

minimum recommendation level based on time availablegcovery as shown below in

Fig. 1.

Hig[} Mod?r te Low 1 Zero>
0 15 30

60 mini
Fig. 1 Time Available for Recovery as It Relateshie HRA Calculator Recommended
Minimum Dependency Levéf'*
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From the chosen dependency level the HRA Calculatouledéés the conditional

probabilities between the recovery and the criticiba using the formulas described in

Table 5.

Table 5

Quantitative Interpretation of Qualitative Dependenceels® *°

Dependence Level Formula Minimum Conditional Probabiity
Complete P(ACB)= P(A) 1.0
High P(ADB) = P(A) 1+2 Bw 0.5
Moderate P(ADB) = P(A) 1+6;P(Bw 0.14
Low P(ADB) = P(A) “lgép(Bw 0.05
Zero P(ACB)=P(A)+ P(B) P(B)

To obtain the final execution probability the condiabprobabilities are again related

by an OR gate.
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PROBABILITY OF COGNITIVE FAILURE (P cog USING ANNUNCIATOR
RESPONSE MODEL

The Annunciator Response Model comes from THERRI provides a simple
approach to model cognitive failure. In this model ther ssdects Ry from a table of
failure probabilities based on the number of annuna@gboesent in the control room. As
the crew receives more alarms, the probability otess will decrease. THERP has
defined an annunciator as a set of alarms that trapedators regard as a single unit.

Table 6 gives the tabulated values for the choices gf UBing the Annunciator

Response Model.

Table 6

Tabulated B4Values Using Annunciator Response Motel

Order in which operator responds
Total 1 2 3 4 5 6 7 8 9 10 PriFj] EF Mean
Number
of Ann.
1] 1.00E-04 1.00E-04 10 3.00E-04
2| 100E-04 1.00E-03 6.00E-04 10 1.50E-03
3 100E-04 1.00E-§3 2.00E-D3 1.00E-0: 10 3.00E-03
4 100E-04 1.00E-03 2.00E-D3  4.00E:03 2.00E-0 10 5.00E-03
5| 100E-04 1.00E-§3 2.00E-D3  4.00E:03  8.00-03 3.00E-0 10 8.00E-03
6| 100E-04 100E-§3 2.00E-pD3 4.005:03 8.00E-03  1.60E-02 5.00E-0. 10 140E-Q2
7| 100E-04 1.00E-§3 2.00E-p3  4.00E:03 8.00E-03  1.6(E-0220EDZ 9.00E-0. 10 2.40E-2
8 100E-04 1.00E-§3 2.00E-D3  4.00E:03 8.00E-03  1.6(E-0220EDZ  6.40E-0p 2.00E-02 10 4.00E,02
9 100E-04 100E-§3 2.00E-D3 4.00E:03 8.00E-03 1.60E-0220EDZ  6.40E-0p  1.30E-p1 3.00E102 10 8.00f-02
100 1.00E-04 1.00E-03 2.00E{3 4.008-03 B800E-03 16(E-0220E7 6.40E0R 130EPL 250E01 500802 10 1.4QE-01
11t0 15 100E4 1.00E-p3 2.00E}03 4.00803 B8OOE-03 OEI0G 3.20E-0P 6.40E02 1.30E{01 250801 1.20F-01 10 ENP
16t0 20 LOOEM 100ED3 2.00E[03 4.00#-03 80CE-03 OFIH 320E0R 6.40Ef2 130E[0l 2508-01 150F-01 10 E4D
21t0 40 LOOE¥ 100EP3 2.00E[03 400#-03 80CE-03 OFIY 320E0R 6.40Ef2  130Ej0l  2508-01 2.00F-01 10 E53P
>40 100E-04 1.00E-03 2.00E{03 4.008-03 8.00F03 1.6¢E-(B.20E—0 6.40E02 130EP1 250801 25001 10 6.70E-01

In version 2.0 of the HRA Calculator, the user cary aalect from the mean

values given in the last column of Table 1. But, in tiesver versions of the HRA
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Calculator the user can choose any value listed inathle. The values provided within
THERP were for median values with an error factoreof The values shown in Table 1
have been converted to mean values for consistertty alli other probabilities used

within the HRA Calculatof.For this method, there is no override function avklab

PROBABILITY OF COGNITIVE FAILURE (P g USING HCR/ORE
CORRELATION
The HCR/ORE correlation uses the following formulaieel from simulator

data to calculategy

InC*)
P :1—¢L_E¥L] 2]

cog
where,

o = logarithmic standard deviation

T,,, = crew median response time

@& = standard normal cumulative distribution

j%iédu 3]
T, = time window for cognitive response and is calculated by
where,

Tw=Tsw— Ty [4]
Tsw = the total time from the initial event to the doivere the action can no longer

succeed.
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Tm= time required to complete the action

O represents the variation among different crews paeding to a specific set of
cues. Factors that influenceinclude: diagnostic difficulty, degree and kind of procedural
guidance, level of operator experience, communicatiomgrocew members. The HRA
Calculator calculatesr using decision trees based on procedures, operator graindh
stress level. An example of the decision tree is shinwFig. 2 This decision tree was
developed as part of the HRA Calculator and presentstamative to tabulated

values provided in EPRI Report TR-100259.

— Sigma Decizion Tree
I Skill wz. Rule Frocedures ” Training || Stress |

High 05

Lowy
' 0.8

Loty

—— |

Yes q 0.4
Rule ::“gh 0.8
Mo High 0a
Mo Lo na
s LI

Fig. 2 Decision Tree Used for Determining Sigma UsindRHIRE Correlatioh

An assumption behind the decision tree is that fofigwan initiating event, as
the accident proceeds further into the response, onexpaat to see larger deviations in

crew response times. A large can be indicative of difficult diagnosis, the need for
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deriving diagnoses by monitoring annunciators, or use ftgreint response strategies.
Thus, o is an indication of how demanding and stressful the aswens for the

operators?

PROBABILITY OF COGNITIVE FAILURE (P cog USING CBDTM METHOD

The CBDTM Method calculates.&3 by the use of eight decision trees and then
applies recovery by identification of time availalte fecovery and credit for additional
personal present in the control room. Table 7 providedailure mechanisms each tree
addresses. The complete set of decision trees is shodpendixA. No changes were

made between EPRI Report TR-100259 and the HRA Calculator.

Table 7

CBDTM Failure Mechanism®

Type Decision Tree Description
Failures in the Pca Data not available
Operator—Control RoomPcb Data not attended to
Interface Pcc Data misread or miscommunicated
Pcd Information misleading
Failures in the Pce Relevant step in procedure missed
Operator-Procedure Pcf Misinterpret instruction
Interface Pcg Error in interpreting logic
Pch Deliberate violation

The CBDTM Method allows the possibility that theraynbe time to review and

to correct errors in detection, diagnosis, or decisiaking related to an interaction.
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EPRI Report TR-100259 provides general qualitative guidance onth@apply these
recoveries, but the HRA Calculator has defined more ifgpeguidance so that
recoveries are applied in a consistent manner. Asdstiat EPRI Report TR-100259
there are five groups of possible recoveries. For amgnghuman interaction, one or
more of these recovery measures may be possible hBURA Calculator only allows
one recovery per decision tree to be credited. Not doys the HRA Calculator provide
recommendations when additional crew can be credit@dovtides recommendations on
minimum dependency levels. The qualitative scale suggesfBdERP is used to define
numerically a minimum dependence level, and formulas laeesame as those used
within Pee Table 8 gives the times after initiating event tlieigonal people can be

credited for recovery of post-initiator actions.

Table 8

Times at Which HRA Calculator Considers Taking Credit4dditional People

Time People

0-15 minutes Self Review
10 -15 minutes STA

1 hour ERF

6 hours Shift Change|

Once Rygand R« have been calculated, they are related to one arioflaer OR gate.

ERROR FACTORS
Once a point estimate has been calculated, the HRAIB®r assigns an error

factor based on recommendations provided by THERP T &ee 9).



Table 9

Error Factors Applied Within the HRA Calculafor

HEP Error Factor
Estimated HEP < 0.001 10
Estimated HEP > 0.00)] 5
Estimated HEP > 0.1 1

23



24

CHAPTER I
IDENTIFICATION OF ENGINEERING JUDGMENTS WITHIN

THE HRA CALCULATOR

Both literature and HRA analysts agree that HRA aainbe completed without
the use of engineering judgments. Before one can understamdo apply the use of
engineering judgment, the judgments themselves must befigtenti The types of
judgments will vary among methods used for quantificatidms Btudy has identified
the types and locations of engineering judgment a usemeoHRA Calculator would
need to consider for quantification of post-initiatoti@ts.

The HRA Calculator was developed to fit within the fetages of the SHARP1
HRA framework. Most of the judgments made within the HRAlculator are made
within the Define and the Quantification Stages, ansl skudy will focus primarily in
the Quantification Stage.

The following presents a complete list of places whesers of the HRA
Calculator must render engineering judgments, and the fatipassumptions should be
noted:

* There is not always a one-to-one correlation betwtbe original methodology
and the application within the HRA Calculator. Unledgkerwise stated, this
study refers to the methods as used within the HRA Gl

« HRA can consider crew behavior or a single operatdraver. Within this
study, it will be assumed that the analysis is focusingciew behavior unless

otherwise stated.
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* The judgments identified will numerically effect the HERIculations. There
are some judgments that the HRA Calculator asks thetoasender which are
used for documentation purposes only.

* The judgments identified are intended for post-initiata@ioas.

STAGE 1: DEFINE
Within the Definition Stage of HRA the HRA analysust render the following

four categories of judgments.

Identification and definition of actions to model within the HRA Calculator
The first step of an HRA is to identify and explicitly define which human
actions to model using the HRA Calculator. The judgmerasiemin identifying the
actions in this stage influence every other decisiaaemin the HRA. ldentification of
the actions is not completed by a single HRA analystcbmes from discussion with the
PRA model developers and understanding the accident sequefinese the analyst
understands the PRA model, only then can the actiondebéfied as actions that will
be quantified using the HRA Calculator.
The next step is to define explicitly each actiont Each action the following
areas must be addressed:
* Why is the human interaction required?
» How is success of this action defined?

* How does the operating crew interact with the hardware?
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» Can this action be acceptably modeled using the HRAu@&b?

Categorization of actions as pre- or post-initiators and grouping acns

By classifying each action as a pre- or post-initiatihe analyst begins to
conceptualize how the HEP will be quantified. Based end#finitions of pre- and post-
initiators, the distinction between the two is lident. An analyst may determine that
an action needs to be broken down into small actionghat it can be unambiguously
classified, and each analyst has their own methodwfto sub-subdivide further each
action. Furthermore, the quantification methodology esamignificantly between pre-
and post-initiators, and this designation needs to be rsad#hat the action can be
quantified appropriately.

For a complete HRA there can be several hundred pigami actions, and
modeling each action individually will be an overwhelnitask for any HRA analyst.
A reduction in the number of analyses can be made wpgm similar actions together.
Because quantification methods for pre-initiator actiasfsen involve screening
probabilities, the grouping of pre-initiators will havitlé or no effect on the final
results. For example, an HRA analyst may decide to grdugewel transmitter
calibrations together. While there are several difiertypes of level transmitters, the
same general procedures will be followed, and the chécesrors of commission will
be the same. Thus, the final HEPs for all leveldnaitters will be identical.

The HRA calculator is best suited to handle each piator separately. The

input for documentation tends to be directed toward a sawilen. Nowhere within the



27

pre-initiator calculations is the user asked to addresgstdue of grouping events and
identifying which actions fall within this group. Ifgrouping approach is employed the
user must document this type of information extern#h&HRA Calculator.

Within an HRA there are usually less than 100 posttoits identified for
guantification. To reduce the number of independent arsalysgher, it is not
uncommon for analysts to use the same calculatioradtipns which have different
initiating events, but the operators are expected tporesin a similar fashion. This
grouping of actions can vary among analysts; and if rearlg stated in the
documentation of the calculation, this can lead reviswe question the similarities

between actions with different initiating events.

Definition of critical actions

Within the definition stage it is important for theRA analyst to identify the
critical actions. Within the calculation ofef the analyst must identify the critical
actions and assign a probability of failure to eacloactThe analyst must identify the

procedure being used and the step number which addressesitzadlaction.

Definition of cognitive portion of the action
Before the cognitive portion of any action can be ¢jfieaah, it must first be
defined. For example, this could be as simple as the topei@ew transferring from a

general Emergency Operating Procedure (EOP) to a mor#éicspeacedure. Another
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example may include the action of diagnosing the accloetite use of a specific cue in
the control room.

Nowhere within the HRA Calculator is the analyskegsto state explicitly the
definition of the cognitive action. The analyst’s dgion will influence every other
judgment made within the & calculation, and furthermore, the definition many vary
among analysts. For each action within the HRA Caflou the user is asked to calculate
Peog ONce. If the analyst identifies that there is mtv@n one Ry action, the analyst
would need to break the action into two separate calon$ato be quantified using the
HRA Calculator.

Within the definition of the cognitive portion of tlaetion, the HRA analyst must
identify the cue that will alert the operating crew gerform the specific task. The
analyst can use any cue he chooses, and the defioititine cue will influence the
choices made about the following parameters: humaractiens with hardware, timing

and procedures.

Annunciator Response Model
In this model, the cue must be defined as an annunc@ttogrwise this model

can not be used.

HCR/ORE Correlation
The cue definition will directly effect howgdiayand Ty» are calculated, and these

values will affect the results of the mathematicatelation.
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CBDTM Method

The cue definition will affect the analyst’s decisoabout the choices made in
decision trees: Pca, Pcb and Pcg. Specifically, thaitimfi of the cue will affect how
the analyst answers questions about the clarity af@broom indicators and clarity of
procedures.

The cue definition would also influence the timing seqaeaot the actions.
Based on the timing information, the HRA Calculator egivrecommendations of

recoveries applied to the results of the CBDTM decitiess.

STAGE 2: QUANTIFICATION

Once the action has been defined, the HRA analyst smploy the use of
engineering judgment several more times in order to quaedth HEP, and these
judgments will vary among methods. Within the quantifmatstage the HRA analyst

must render the following judgments.

Choice of methodology

The HRA Calculator allows the user to choose amomgy THERP, ASEP,
CBDTM, and HCR/ORE methods for post-initiator evermsl FHERP and ASEP for
pre-initiators. When choosing which method to useHR&A analyst must consider and
judge some of the following parameters: ease of usereqtared for the type of actions
being modeled, and traceability of the final resultse Bhalyst must also decide if one

method will be used for the entire analysis, or théhoe will vary among actions.
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Stress level

The HRA Calculator requires the user to identify tmesst level of the operating
crew. It requires that the stress level be judged asabtiow), moderate or high. Once
the analyst chooses the stress level, the HRA Gatoubives recommendations (the
user can override any of these options) on other paeasnsuch as recoveries and
dependencies. Twice within any post-initiator calcutatibe user is required to identify
a stress level, first for the calculation gffaind second for the calculation qfdP

Within the calculation of &, the user must identify the stress level for each
critical action, and this decision influences the tssof R« as a PSF. One would
typically expect that the stress level for eachaaitaction would be the same, but the
user can vary the stress level among actions.

Within the calculation of 8, the choice of stress level influences the results
differently depending on the method used. Regardless ofothathosen, the user is

required to determine a stress level.

Annunciator Response Model

Stress level is not explicitly used in the calculatidiPe,g within the Annunciator
Response Model and is for documentation only. The user h@wever, implicitly
consider stress level when selecting a probabilityefresents the probability of failure
due to the number of annunciators present. As more @legin to sound in the control
room, the stress level of the operating crew mayease and, thus, increase the

probability of cognitive failure.
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HCR/ORE Correlation

Stress level choices influence the determinatiosigina using the HCR/ORE
correlation. Fig. 2 (Shown in Chapter Il - HCR/OREtgm) shows that stress level is
the last branch of the decision tree, and the user ioherstify the stress level as high or
low. Prior to reaching this screen within the HRAlcTlator the user was asked to
determine stress level, and the choices were optimablerate or high. In the
determination of sigma there is no option for modesttess, unless the override
function is used. The analyst must apply judgment on hohahale a moderate stress
choice made in the previous steps. For example, if thedetermines a moderate stress

level, he could interpolate between high and low stresdts of the decision trees.

CBDTM Method

Using the CBDTM method the HRA analyst again must daber a stress level
as optimal, moderate or high for documentation. With@ ¢ight decision trees of the
CBDTM the question of stress level is never explicaydressed. This method does
address issues that should implicitly affect stressdemxath as training and clarity of the
procedures. By close examination of the decision to@escan observe that in many
cases the same branches of the decision trees coukkbeor both high stress and low
stress actions. For example, the analyst may deceleovbrall action is high stress
because there are only a couple of minutes availableotaplete the action. In the
decision trees he has justified that there is a lowkvi@ad and only monitoring of the

control panel is required. These same choices could te foalow stress actions where
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there was a larger amount of time available. Deasiorade within the CBDTM

decision trees are not effected by timing information.

Rule-, skill-, or knowledge-based designation

For every HEP calculation the HRA Calculator usernsked to classify each
action as rule-based, skill-based, or knowledge-based founantation. Only within
the HCR/ORE Correlation does this parameter have aemceh effect. Within the
HCR/ORE Correlation the user must define the actiomlas or skill-based. If an action
is determined to be knowledge-based, the user would has@ngider extrapolating the
results produced by skill-based or rule-based actions.pBingneter has no effect on the

calculation of Bebut may influence &g

Annunciator Response Model
The Annunciator Response Model in not influenced bggmaizing the actions

as rule- or skill-based.

HCR/ORE Correlation

Classification of actions as rule-based or skill-daséuences the calculation of
sigma in the HCR/ORE correlation, as shown in Fig.(S2hown in Chapter 1l -
HCR/ORE section) Knowledge-based actions are not aderei within the sigma

calculation. If the analyst determines that the actis knowledge-based in the
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documentation section, for consistency he must theny aggditional judgment to

extrapolate a final sigma value.

CBDTM Method

The classification of rule-based and skil-based astio@s no numerical effect
on the results of the CBDTM method. However, thaynimplicitly affect the results
of the decision tree, failure of attention. Withimsttree the analyst is ask to distinguish
between high and low workloads, and one way the anaggtmake this decision is to

look at the action as a simple skill-based action @yraplex rule-based action.

Timing information
Regardless of method used to calculatg Ehe HRA Calculator requires the

user to complete the timeline shown in Fig. 3
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Time available for Recavery = T(sw] - T(m] - T[1/2] - Tidelay] = I 23.00 Minutes

Fig. 3. Timing Diagram

There are three general questions the analyst musteansiven completing this
diagram.
1) Is there enough timing available to complete theoag@ti If not, the HRA
Calculator will not allow the user to proceed.
2) How is the timing information going to be obtained?
3) How accurate does the timing information need to be?
Timing affects the results of.§g differently depending upon method chosen.
The numerical inputs into Fig. 3 have no effect on timaerical results when calculating
Pexe But the identification of critical actions ineg will affect the timing values
identified. For example, in order to determine the maatpui time the analyst must
consider the number of critical actions and how longakes to complete them

individually.
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Annunciator Response Model

The identification of the timing information presahtm Fig. 3 has no explicit
effect on the numerical results offusing the Annunciator Response Model. However,
probabilities for this method were intended to be preted such that as time increases
the severity of the accident will also increase. réhwill be more alarms which the
operators will need to address, and additional alarms leall to an increase in
confusion. Thus, as time increases the probabilitgagnitive failure also increases.

This is shown in the tabulated probabilities used withinmodel.

HCR/ORE Correlation
Timing is the dominating parameter in the HCR/ORE &lation, especially 1,
and T,. The HRA Calculator uses Eq 2 to determipg, P

InC:)
Prog 1= P[22 2]

cog

where,
o = logarithmic standard deviation
T,,, = crew median response time
Tw = Tow- Tm
® = standard normal cumulative distribution
The dominating term in this equation is the ratio @fTL2and Ry is sensitive to

small changes in this ratio. The high degree of semgiproduces large uncertainty in
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the calculations of & This is especially true when,Tis very short (less than about 5

minutes).

CBDTM Method

Using the CBDTM method, timing influences the calcolatin two areas. First,
the HRA Calculator uses the timing information to pdevirecommendations on
considering additional crew who may be available feaovery. The longer the sequence
progresses, the more people will become involved, anddiesence may be credited in
cognitive recovery. In this sense timing has the oppadfect on the 8y compared to
the Annunciator Response Model.

The second place timing influenceggHs in answering the questions: is there
enough time available to complete the action? Bedoldressing the decision trees this
guestion must be answered, because the decision treeseagst there is enough time

for the crew to complete the action.

Training

For documentation purposes the HRA Calculator requiresuske to identify
what type of training is completed. The user must idertfify training as none,
classroom or simulator.

The distinction between simulator training and classrdraining should have
very little subjectively among HRA analysts. Again fdocumentation purposes the

analyst must identify how often each type of trainingcuws. This identification of
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training can be rather subjective. Many times a sigigon will be discussed within
several different training sessions, and the analystt rdecide whether to count each
discussion as a single training session or only cowntdtal number of training sessions

dedicated to the specific action being modeled.

Annunciator Response Model
The Annunciator Response Model is not influenced byptrameter of training,
and thus the purpose of defining how often and what typeaining is completed is for

documentation only.

HCR/ORE Correlation

Using the HCR/ORE correlation, the parameter ohimgi is addressed in the
decision tree used to calculate sigma. Fig. 2 (Showrhap@r 2 - HCR/ORE section)
This parameter occurs in the middle of the decisiorsiraed its impact on the results on

Pcog Can not be independently characterized.

CBDTM Method
Within the CBDTM decision trees, judgments about tnginare made in the
following decision trees:
* Pca — Availability of Information
* Pcd - Information Misleading

» Pcf— Misinterpret Instructions
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* Pcg — Misinterpret Decision Logic
In all of the trees the issue of training is a middidimal decision node, and it is difficult
to determine what effect a single decision will havetbe overall results of the.dfg
calculations. Within any one tree the decision aboaihihg can vary from having no

effect on the final tree value to influencing the resstrom a negligible value to 1E-2.

Procedures
In addition to identifying which procedures will be used miyrthe accident
scenario, the HRA analyst must also address the highdeestion: how does the use of
procedures affect the probability of failure? This questan be further broken into
small questions with sometimes rather subjective amsaie
* How will the operating crew know to transfer to anotpecedure if necessary?
 How are the procedures used by the operating crew? Aractlmas completed
from memory, or are procedures used in hand? How doesldhty of the
procedure affect the actions of the operating crew?
» How accurately does the operator or operating crewvdliee procedures?
Within the calculation of §¢ the procedures will be used to identify both criticdicans

and recoveries of the critical actions.

Annunciator Response Model
The annunciator response model is not influenced byatlyejudgments made

about procedures.
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HCR/ORE Correlation

Using the HCR/ORE correlation, the judgments made ghmmaedures are again
addressed in the decision tree used to calculate sigma.H§e 2 in Chapter 2 -
HCR/ORE section) This parameter occurs in the middléhefdecision trees, and its
impact on the results of.dg can not be independently characterized. It is integeso
note that the judgments made about the procedure use kas@nth effect as training on

the Rog calculation.

CBDTM Method

Table 10 shows the CBDTM decision trees, where amsalystist render
judgments about procedures. Decisions about procedures anduskeiduring the
accident scenario being analyzed are the dominatingrilmatatr within the Ry
calculation. Within the eight decision trees the astafgust render a total of 10 different
judgments. More judgments are made about procedures thamhanyparameter within

the calculation of 84



Table 10

CBDTM Decision Trees That Require Judgments About Procedure

Pcd The user must answer the following question: Are cutestar
parameter values as stated in the procedure? A yes regpotinss

Information guestion will lead to a negligible probability and willMeano effect

Misleading on the results of &,

Every node in this tree is answered by examining theepitwes tq

Pce identify the probability that an operator will skip atical action
stated in the procedure. Within the eight decision tresd to
Skip a Step in calculate By this is the only tree that gives a non-negligibleueg

the Procedure

for every decision path. Therefore, the results of tige are alway
a dominating contributor to.§

1)

Pcf

Misinterpret
Instructions

Within this tree, there are two nodes addressed by gwoes, and
the analyst must answer the following questions:
o “Does the step include unfamiliar nomenclature or an
unusual grammatical construction?”
o “Does anything about the wording require explanation i
order to arrive at the intended intetgtion?®
o “Does the proper interpretation of the step require an
inference about the future statiefplant?
o “Does the step present all information required to idgnt
the actions?”

=

Pcg
Misinterpret
Decision Logic

Three out of the four nodes in this tree address thetyclaf
procedures. The user must identify if for any criticapsthere is a
NOT, AND, or OR statement which could lead the opegatirew to

misinterpret the instructions.

Human interactions with hardware
Within the category of human interactions with hardevéne HRA analyst must
render judgments within the following two broad areas:

1) Errors of Commission (EOC) and Errors of Omisgi@@®0) — The analyst must
render judgment on what the possible errors of commisaied errors of
omission are and assign a probability of failure toheaxror. Analysts typically
use data from Chapter 20 of THERP for these failure piigleeh There is not

always a probability for every action, and the arnafgsist render judgment on
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how to extrapolate the small sample of data to bgstesent the action under
consideration.

2) Control room signals layout and its effect on cogaitailure.

Annunciator Response Model

The Annunciator Response Model is impacted only by paisameter. The
analyst must determine how many annunciators the apgratew will observe before
they diagnose and respond to the problem. If everyraciiuld be observed in a
simulator, the analyst would not have to render any judtgres to the exact numbers of
annunciators present in the control room. Howevels would be extremely time
consuming, so analysts typically estimate the numbeanoiunciators. Furthermore,
analysts could group alarms together, because they aogla annunciator, and this

would affect the total number of alarms each analyahts.

HCR/ORE Correlation

The HCR/ORE does not explicitly address how the opgyatiew will interact
with hardware. This parameter will be implicitly addesxbswithin the timing
information. The analyst can not determine the madation time if he is not aware of

what type of hardware interactions need to be completed.
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CBDTM Method
Within the CBDTM decision trees, judgments about thetrod room layout and

its effect on cognitive failure are made in the follegvdecision trees shown in Table 11

Table 11
CBDTM Decision Trees That Require Judgments About Humigndctions with
Hardware.
Pca The user must determine whether there are indications

available to diagnose the accident correctly and tleen t
Availability of Information determine if the indicators are accurate. The indisatould
be malfunctioning due to the progression of the accidén
an indicator is determined to be inaccurate, the analyst
address potential recoveries available either by itrgiror
procedures by additional decision nodes.

—

Pcb First, the analyst determines whether the work loathef
crew is high or low. Then, the analyst must examinettr
Failure of Attention the control panel needs to be continuously monitored or
checked only once.
Pcc The user must answer the following questions:
0 “Is the layout, demarcation, and labeling of the
Misread/miscommunication control boards such that it is easy to locate |the
required indicator?®
0 “Does the required indicator have human

engineering deficiencies that are conducive| to
errors in reading the display?”

A total of six judgments must be rendered within thewation of Rog. Most of
these decision are made in the beginning of trees, ambui knowing the failure
probabilities of each subsequent node, is not possibleleiatify how each decision
directly affects the results otd3 But, because there are so many judgments made about
human interactions with hardware, it is importantdentify and to understand that as a

group the judgments impact the results @f P
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Recoveries within the action

The HRA Calculator does not address the issue of rec@ations between
individual actions. It does incorporate smaller stesidentification of parameters that
may affect the crew’s ability to recover within aation. Within the calculation ofeR
the HRA Calculator asks the user to identify stepsdistihin the procedure that would
act as recovery. The analyst must judge what to casdit recovery step. If too many
recoveries are credited, thegwill be unrealistically low. If no recoveries areedited,

then the results will be overly conservative.

Annunciator Response Model

The Annunciator Response Model does not account foremayeries.

HCR/ORE Correlation
The HCR/ORE Correlation does not account of any rees explicitly. This
method was developed from actual simulator data, and wtiteiscenarios observed the

crew was not restricted in attempting to recover aorer

CBDTM Method

The HRA Calculator asks the user to account for rages/emade by the
presence of additional people after completing each dectsee. The more time
available to complete the action, the more people beepme available for recovery.

While there is a minimum amount of time availableliow for additional crew, the user
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is not required to take credit for any recovery. Alsihout using the override function,

the user can only take credit for one recovery per idaedisee.

Review of final HEP
Once an HEP calculation is complete one final judgmerdt he rendered. The
analyst must address the following two questions abouinddeHEP value.
1) Is the final value realistic?
2) Does the final value appear to be consistent comgarether actions within
the same analysis?
Not only must the final result make physical sense att@yst may screen bothyPand

Peog @nd render judgments about their individual physical sigmiéie.

Annuciator Response Model
When applying the Annuciator Response Model the analyst simply choose
a Rog value from the provided list. The lower bound limit lie tlowest possible R

value (3E-4), and this is considered to be conservative.

CBDTM Method

The CBDTM Method does not apply a lower bound tg, Plowever without
using the override feature it is unlikely to obtain proliss below about 1E-8.
Applying multiple recoveries to a single action is themary reason for obtaining

unreasonably low &, probabilities.
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HCR/ORE Correlation
Using the HCR/ORE Correlation it is not unrealisticabtain Ry values of 1E-
10. This occurs when relatively long (over 1hour) periogs ansidered. The HRA

Calculator sets a lower bound of 1E-16, and anything b&i®ws considered to be zero.
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CHAPTER IV

JUDGMENTS WITHIN THE CPSES DATABASE

To begin this study the Comanche Peak Steam Electato®s (CPSES)
complete HRA for Level 1, full power, post-initiator mets was used as an example
database® The purpose of analyzing a complete database was tovebsew one
renders engineering judgments and to understand the typedgofignts actually made
within a complete analysis. It was not to critiquevrdlial calculations.

The CPSES analysis was completed in 2004 as an update 189 version and
performed as part of the PRA update for the entire plahe HRA Calculator was used
exclusively for quantification, and specifically the CB@d Method was used for every
post-initiator action. While there may be discussitwowd the appropriateness of this
method for every action, it does provide consistentiimvthe entire HRA.

This database consisted of 52 post-initiator actioms$, Taable 12 summarizes the
types of actions modeled. The analysis included openattenviews for every action,
and a documented MAAP or RELAP calculation was used torrdeie timing
information. The HRA Calculator allows easy documemtaof the input parameters,
and the analyst did a thorough job of documenting all cdloms. Because of the
documentation, it was possible to re-calculate the M&ies using different methods

without collecting additional information.
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Table 12

Summary of Post-Initiator Actions

Post-Initiator Actions 52 Total actions
45 ntrol room actions
7 Ex-control room actions
Rule-Based Actions 44
Skill-Based Actions 7
Knowledge-Based Actions 1
High Stress Actions 17
Moderate Stress Actions 15
Optimal (Low) Stress Actions 20
Total time for scenario Ranged from 10 to 4800 minutes
Time required for manipulation Ranged from 1 to 30 minutes
T Ranged from 3 to 35 minutes

The seven ex-control room actions were excluded tlusnstudy, because the
sample size and the specific actions chosen do notagstatistical representation of all
ex-control room actions. The HRA analyst chose twleh only actions for which there
was an excessive amount of time available to completeaction i.e.,. more than 90
minutes. If there was a short time available to glete the action, the analyst used a
conservative approach and considered the final HEP 10 be

In addition to the types of ex-control room actiolngttwere chosen, the analyst
has identified that the environmental conditions atbkeio than ideal. The HRA
Calculator (Version 2.01) does not consider environmeR&Fs such as radiation,
lighting and temperature explicitly in its numerical algfuns.

Within the CPSES HRA Calculation Notebook, the HR#algst did document
30 assumptions. Some of these assumptions fit withinvibé&e areas of judgments
(Defined in Chapter IlI), but others were outside thepscof this study. The complete

set of assumptions was used as part of the Pilot survey.
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The Pilot survey and the Phase Il survey were derr@d E&xamination of this
database. Also, every action within the databasereeaculated using the Annunciator
Response Model and the HCR/ORE Correlation to showntlmerical comparisons

among actions and methods.

STAGE 1: DEFINE

Identification and definition of actions to model within the HRA Calculator
According to the CPSES HRA Calculation Notebook tHieviong approach was
taken to identify and to define the actions to be maldeteng the HRA Calculator.

“In general, human interactions were identified and ddfias part of the
plant response modeling in the accident sequence develo@menthe
system models. The human interactions were thesifdasas pre or
post-initiators. The screening analysis used the rdetleveloped for the
HRA in the IPE®

The post-initiator actions were identified from thastem models
and the PRA accident sequences analysis. The operdiowsfothe
actions specified in the Emergency Response GuidelinB&GgE and
Abnormal Conditions Procedures (ABNs). These operagsponses
form the bases for each branch in the event tr&ash human interaction
event is modeled as having a cognitive and an executidiompo The
HRA success criteria follow the event tree successrier, and are based
on a "best-estimate" plant response. While the HR¥#ts with input
from the PRA and deterministic calculations, operatterviews were
used to define the human interactions and performanpsghactors.

All post initiator HFEs in the PRA model had theirsRi
Achievement Worth (RAW) calculated using the PRA currentlel. To
ensure that the risk significant HFEs were included is tt&calculation,
several risk significant systems had one train remaretithen the HFE
RAWSs were calculated. The HFEs were ranked and the towe3é
recalculated using the HRA calculator. Many HFEs wexse on the
same calculations so they were recalculated even thtehmay not
have been in the top-®
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Categorization of actions as pre- or post-initiators

The categorization of actions as pre- or post-iot@twas based upon the
definitions in SHARP1 for Type A actions (pre-initizsprand Type C actions (post-
initiators). Type B actions were not explicitly moetwithin the PRA.
The HRA analyst defined three types of pre-initiatavsbe model using the HRA
Calculatort®

» Test of safety equipment;

* Maintenance of safety equipment;

» Calibration of safety sensors and actuators.
These three groups were further subdivided into groups acgdalitheir path through
the CBDTM decision trees. Each subgroup was then modelgd omce, and the
calculated HEP was used for all actions in the group.pest-initiator actions each

action was modeled individually.

Definitions of critical actions
Engineering judgments about how to define critical astiand recoveries were
based upon operator interviews, and by direct identinabf tasks stated in the

procedures. Only critical actions stated in the proceduegs credited.

Definition of cognitive portion of the action
During operator interviews the HRA analyst specificakked the operators to

identify a cue for each action. Typically the cue didéiniwas based on a control room
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alarm or signal to which the crew would respond follgvéteps of an EOP. The cue

was defined to be the beginning of the timing sequence.

STAGE 2: QUANTIFICATION

Choice of methodology
For pre-initiator actions the THERP methodology whkggs applied, and for
post-initiator actions the CBDTM Method was always m&gpl Judgments about which
methodology to use were based upon three consideration:
1. Choosing the method that identified the most parameted completes the
analysis in the greatest amount of detail.
2. Using a method that is consistent with current ingluste.

3. For consistency purposes the same methodology wasdajgpbeery action.

Stress

First an optimal level of stress was assumed for esation, because the
operators were assumed to be highly skilled and experieddesh, during operator
interviews the operators were asked to identify a stegl. If there was disagreement
about stress levels, then the operator’s choice wad. Uthere was some attempt to
include timing effects within the stress level chaigencrease it from a low to moderate

level.
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Within the calculation of & there were several cases in which different stress
levels were used for different critical actions. Thi&s done because the analyst
believed that some of the tasks were simpler to perfofiso, if there was significant
time between two critical actions, the stress lexad lowered for the second task.

In summary, engineering judgments about stress level based primarily on
operator interviews but also training, time availadotel number of tasks influenced the

decision.

Rule-, skill-, and knowledge-based actions

This classification was only for documentation. Tékecision was taken directly
from the operator interviews. The operators were pexliwith definitions of rule-
based, skill-based or knowledge-based as defined in THEBPhan asked to classify
the action. The HRA analyst always used the operatmpisions. If an action was

considered to be knowledge-based, it was not modeled whihiHRA Calculator.

Timing information

For each post-initiator action the HRA analystexitd a MAAP or RELAP run
similar to the situation being modeled. This was usedetermine T,. The start of the
action was defined as the cue, and therefeeg, Was typically zero. The manipulation
time was always taken from ASEP recommendations éwe operators gave more

optimistic times. For most actiong Zwas collected from operator interviews.
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The CPSES HRA states that additional people could luktedefor recovery at
the times given in Table 13. However, only in twoiat was credit taken for anyone

other than self review, and this makes the completbdaé almost independent of time.

Table 13

CPSES Times for Crediting Additional Crew for Recovery

Self Review Immediately
STA More than 15 min
ERF More than 1 hour

Shift Change| Never take credit for

Engineering judgments about timing were based on intetjmretaf thermal-
hydraulic calculations, operator estimates for, Tand ASEP recommendations for
manipulation time. Judgments about times at which to idensadditional crew for

recovery were based on the recommendations of the Edéulator.

Training

It was assumed that all CPSES operators are highkedsland well trained,
because the training programs are constantly being updaiedingroved upon.
Therefore, judgments about training were based upon idegtignd using the most
optimistic values within the CBDTM decision trees. Thenber of times an action was

trained and type of training on each action was olddiyanterviewing operators.
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Procedures

Within the CPSES analysis only proceduralized task® wegdited for control
room actions. It was assumed that all actions begin BOP 0.0 for diagnoses of the
problem, then transfer to additional procedures. Thexete©P 0.0 was not included in
counting how many procedures were being used.

For judgments about the clarity of procedures it was asduhat all procedures
are well written and have been updated to remove anigaous or confusing wording.
For decisions about the clarity of procedures the mpsmetic values provided within
the CBDTM method were used. A procedure step was consideapdically distinct if

it was the only step on the page or was boxed by a CBNTor NOTE statement.

Human interaction with hardware

The HRA analyst addressed the issues of how the ctenacts with hardware
during operator interviews. This provided a general undeisiquof the action being
modeled. It was assumed that each individual present icothteol room is well trained
and responsible for completing their individual assignekistasdVithin the control room
the following people were assumed to be present. CoRwoolm Supervisor (CRS),
Reactor Operator (RO) and Balance of Plant Operat@P{B Shift Supervisor (SS) and
a Shift Engineer (SE, who is also the STA).

According to the CPSES HRA analyst the control rodesign and layout is
continuously being updated to correct for any human fadssiges that have been

identified, and thus, for decisions about the claritghef control room layout the most
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optimistic values were used. Also, control room indarai were assumed to be
functioning unless failed by the initiating event.

For choices of errors of omission and errors of mggsion the HRA analyst has
assumed that the modified HRA Calculator values taken TBIBRP are appropriate to
use in all cases, because the procedures are in thensefgsponse-not-obtained

format.

Recoveries within an action
In general, recoveries within an action were acaadinfor by the analyst’s
interpretation of EPRI Report TR-100259 report and the re@dations provided by
the HRA Calculator. Only recoveries stated within pinecedures were credited, and for
almost every action self-review was credited, becatls® is a site policy. The
dependency level recommended by the HRA Calculator weayslused even if the
operator interviews provided conflicting opinions.
During operator interviews the following two questiospgcific to the CBDTM
Method) were asked:
1) “What R4 recovery factors can be applied to this actidgh?”
2) “What Ry recovery factors can be applied to this actidh?”
The responses provided the analyst with insight as & tvh may want to consider, but

the exact response was rarely used as stated.
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Review of final HEP

The final HEP values were compared against previous sddekheck for
consistency. However, no final values were modifiethiwithe HRA Calculator as a
result of the final review. It is expected that thiasnbecause many of the actions that
had the potential to produce unrealistic results wereseckeout prior to completing the

analysis and were conservatively set to one.
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CHAPTER V
NUMERICAL COMPARSION AMONG THE THREE METHODS

EMPLOYED BY THE HRA CALCULATOR

It is common knowledge among HRA analysts that applyinigrdiit methods
for the same calculation will produce a range of HERI fwalues. If an analyst is
attempting to provide consistent and justifiable resultds important for an HRA
analyst to understand the variations among the diffemeethods. Understanding this
variation helps an analyst render better judgments mwiilsi calculations. This chapter
shows the variation and agreements among the thrdeodseemployed by the HRA
Calculator. For this analysis, the CPSES databaseuses as the base model, and all
actions were recalculated using both the Annunciatorpétee Model and the
HCR/ORE Correlation.

The following assumptions were made in order to achemsistency among
methods and actions.

* The stress level chosen by the CPSES HRA was nahgeld among
methods. In the HCR/ORE correlation the HRA Calaulaloes not allow a
moderate stress level in the calculation of sigmaerdfore, a median value
between high stress and optimal stress was used for atedtress actions.

* A single annunciator was used as the number of annurgiptesent in the
control room when calculating the.Pusing THERP. This was done simply
because there was not enough information availabléetermine the exact

number of annunciators present.
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» Ex-control actions were excluded from this comparison..

* None of the figures show error bars or error factdrss is because the HRA
Calculator simply assigns error factors based on tie@ HEP point value
estimate recommended by THERP. The error factorsiralependent of
methodology used. Table 9 (Shown in Chapter Il) showshiiee choices for
error factors, and it is hypothesized that adding these factors would not
change any of the following analysis and conclusions.

Fig. 4 shows that in 80% of the actions the HCR/GRd&relation and the
CBDTM Method agree to within the same order of magnituddnere tends to be
greater variation between the two methods when tisengh stress and the median
response time in less than 5 minutes. These aremhealdminating factors in the
HCR/ORE Correlation but are only two of many in t68DTM Method. The
CBDTM Method does not use timing information explicitbyt it is considered in the

application of recovery factors applied teP
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One would expect to see greater variation between ohetfos these types of
actions, because at short response times the HCR/QREelation has been
logarithmically extrapolated beyond the data from whicivas derived giving higher
values for By Using the CBDTM Method only a discrete number of valean be
chosen from the decision trees. Many choices indé@sions trees lead to negligible
probabilities (below 1E-5), but there are few (lessntba decision paths that give a
value higher than 1E-1. For actions considered high stradsshort time available, the
CBDTM Method does not allow an exponential increasenfother actions like in the
HCR/ORE Correlation.  (While many values in the OBD Method and HCR/ORE
Correlation can be overridden in the HRA Calculatiis function was not applied.)

Excluding actions with high stress ang,Tess than 5 minutes, the two methods

agree to the same order of magnitude in 94% of the acfidns type of agre ement
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between the HCR/ORE Correlation and CBDTM Method Xpeeted, becaus both
methods are modeling the same action, and these metbodegariation of these
methods) are the most commonly used method among indugieyts. Even with the
use of simulators today, human failure data is sparsehanel is not a complete database
available for benchmarking these methods. If HRA atslgan not justify their HEP
calculations by the use of physical data, it becomereasing important to ensure

consistency between methods.
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Fig. 5 Comparison of Annunciator Response Model and QBDEthod

Fig. 5 shows that generally the Annunciator ResponsdeMand CBDTM
Method agree to within the same order of magnitude. In 6Réte actions the methods

agree to within one significant digit. The largest atgon again occurs for actions that
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are considered high stress and there is less than Seminegponse time available to
complete the action. Both the CBDTM Method and theuharator Response Model do
not use timing information or stress level as numeimgaits into the calculation ofc&,
However, in the derivation of both these models stl@gel and timing information were
considered in the tabulated values.

The CBDTM Method considers stress implicitly in theoicks made in the
decision trees, and timing is taken into account inaghy@ication of recovery factors; as
time increases more people will be available to hedgribsis and recover the problem.
The CPSES HRA has only taken credit for the recoweéel-review, which the HRA
Calculator allows the user to credit regardless of anaglable. Only in two actions did
the CPSES HRA account for additional time by applyingvecy factors to By

In the Annunciator Response Model the tabulatggRlues are based upon the
idea that if there is only one annunciator preserdn tthe operator will attend to it
directly with no distractions. As time increases tbperator will receive more
annunciators, and his stress level will increaser this analysis the assumption that
there is only one annunciator present for every aatmnoves any dependency among
timing, stress level and the calculation gfgP

Using the Annunciator Response Model it is not possibleodel Ry for a high
stress, short time available, because the model asdiaieas time increases stress also
increases. One would expect the final HEP values fesethypes of actions to disagree

with other methods.
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The Annunciator Response Model is based on a single topefailure
probability without crediting additional crew for recoyeiThe CBDTM Method was
developed around a crew failure probability where additipealple can be credited for
recovery. In Fig. 5, it was assumed that only oneopergill be attending to the
annunciator, and no credit was taken for additional peap#lable for recovery.
However, in the control room there are at leasgtdlpeople present at all times, and one
could justify in many circumstances taking credit for ¢hadditional people. (RO, BOP
and the control room supervisor). THERP describesmajthehow to account for the
additional people present in the control room for regese Fig. 6below shows even
better agreement between The Annunciator Response Modé¢he CBDTM Method if
the Annunciator Response Model is modified, externahftbe HRA Calculator, to

account for recoveries for additional crew.
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In Fig. 6, 97% of the actions agree to the same ordemagnitude and
furthermore, 68% of the actions agree to within one ifgighion digit. In these
calculations, both methods are representative of thieapility of crew failure, and one
would expect better consistency than in the Fig. 5

Fig. 7 shows the comparison between the Annunciatepdtese Model and the
HCR/ORE Correlation. Again, there is greater vaniatior actions that involve high
stress and there is less than 5 minutes availablenplete the actions. One would
expect to see a greater variation between the HCR/O#tEelation and the Annunciator
Response Model as compared to the previous comparisomisaissed previously, the
Annunciator Response Model does not explicitly accountifiee or stress dependence,

and the HCR/ORE Correlation is only dependent upon thes@arameters.
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In Figs. 5 and 7, the two actions that show large wanatamong all three
methods are: failure to start a standby pump manually,opedator failure to align a
single valve manually. As shown in Fig. 8 belowfr both of these actions is orders
of magnitude lower than other actions in the databHsie.is because both contain only
one simple critical action. R is the dominating term in both actions, and the failur
probability is very low. In the other actionsg,fand Ry are more evenly weighted.
The HRA Calculator does not have a lower truncatioi lor Pe values, but it seems
unrealistic not to set a lower limit. Using the tablerovided in the THERP, most
execution probabilities range from 6E-3 to 1E-1. In boththese actions multiple

recoveries have been applied to a low failure probahiit 1E-3. Thus, the large
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variations shown among the three methods in the Ht&P value is not due to the

method choice for the calculation ag§but due to the unrealistically lovws,Rvalue.
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Fig. 8. Rog Compared to £ Calculated Using CBDTM Method

The HRA Calculator breaks every HEP calculation intd9pBog and Rye Pexe
is always calculated by the THERP method regardledseofiethod chosen by the user.
It is interesting to compare only the calculation efgFor different actions, because
unlike in the comparison of final HEP valuess,,gPcan vary by several orders of
magnitude among methods. Because a single annunciator sesp@s used for the
Annunciator Response Modelgpis the same for every action. Fig. 9 shows that the

HCR/ORE Correlation varies by orders of magnitude amesigns, and the range of
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values is extremely large. The HRA calculator usesteoff value for R,y of 1E-16.
Values less than this are set equal to zero.

Fig. 9 shows that generally for the HCR/ORE Correfatas the stress level
increases, Byincreases. However, the CBDTM Method does not shuosvttend. In
the HRA calculator the user is required to address e¥plitie stress level in the
selection ofg, but in the CBDTM Method the analyst does not directipsider the
stress. One would expect that both methods should dm®waime trend, because the
CBDTM Method addresses issues that should implicitly affgcess levels. These

branches include workload, training, and clarity of trecpdures.
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Even though the CBDTM Method implicitly addresses sti®gsa variety of
parameters, an analyst could address each parametertar@mhsider it in relationship to
stress level. Many of the same choices could be fioad®th high stress and low stress
actions. The CPSES HRA, for example, uses severidileofame choices for both high
stress and low stress actions, and this explains WwayGBDTM actions show no
relationship to stress in Fig. 9.

THERP provides a chart of probability of failure toghasis compared to time
after compelling signal of an abnormal situation. Tikipresented as an alternative to
the Annunciator Response Model to calculatg. While this chart is not used in any
calculation applied by the HRA Calculator, it is intérgs to observe the large
discrepancies betweencp calculations. One would have hoped to see a stronger
agreement between this THERP time-dependent model antdGREORE Correlation,
because both models are explicitly dependent upon timebathdmethods are taking
into account the crew’s response as opposed to a spgflator. (Fig 10)

A commonly made statement among HRA experts is that HICR/ORE
Correlation gives unrealistically low HEP values whhbare is a large amount of time
available to complete the action and unrealisticaty tvalues when there is little time
available to complete the action. Fig. 11 below tdstsdtatement. For smaller ratios of
Tw/T12 the HCR/ORE Correlation is orders of magnitude highantooth the CBDTM
Method and the Annunciator Response Model. For largeosrahe HCR/ORE

Correlation gives slightly lower values.
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It is reasonable to believe that as the timing rateveases, the probability of
failure should decrease regardless of the method chosethedog-log scale shown in

Fig. 12, the data shows that all methods show this teesdme degree.
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From the data it is hard to draw definitive conclusidng it does show that for
ratios less than about 8, the HCR/ORE Correlation piediigher values. As the ratio
increases, the results of the HCR/ORE Correlation apfte decrease at a much faster
rate than the CBDTM Method and the Annunciator Respbtusel.

This difference in decreasing rate as a function of tsrbecause the HCR/ORE
Correlation uses a logarithmic correlation with nevéo or upper bounds. Both the
CBDTM Method and the Annunciator Response Model use aication of tabulated
values with only a finite number of possibilities. eTRBDTM Method considers any

probabilities less than 1E-5 negligible and disregardspsigtmeter in the calculation of
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Peog It is nearly impossible to produce the same large rafdg¢EP values using those
two methods.

The overall conclusion of this numerical comparisonhst for the same input
the three methods of the HRA Calculator will genenatlyduce HEP values on the same
order of magnitude with two large exceptions:1) actioms #nre high stress and,Jis
less than 5 minutes and 2) actions in which the \Rlue is exceptionally low (below
about 5E-4).

In 44% of the actions in this study the Annunciator RespdVlodel gave a final
HEP value less than CBDTM Method, and in 40% of thescga®e a lower value than
the HCR/ORE Correlation. However, when the HCREOBorrelation is compared to
CBDTM Method, the HCR/ORE Correlation gave a highduevan 75 % of the actions.

Aside from the numerical comparison, this study has stteavn that the user of
the HRA Calculator can easily and often unintentignakmove the implicitly
dependent parameters from a calculation. This is showiig. 9 in the use of the
CBDTM Method to calculate & When the actions are compared against each other

using stress level there is no relationship betweggyaRd stress level.
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CHAPTER VI

PILOT SURVEY

A pilot survey was done in order to ensure that theareber would receive
responses that were useful in meeting the needs otulg. $~or the pilot survey ten
experts were asked to complete two tasks:

1) From the complete set of documented assumptions préseritee CPSES HRA
Calculation Notebook the participants were asked to igeatid to discuss
whether they would have made alternative or additiorgduraptions if
performing this analysis.

2) After reviewing the HEP calculation for the actiohFeed and Bleed using the
CBDTM, the participants were asked to evaluate the edionl by answering
fourteen questions.

The complete pilot survey is shown in Appendix B.

Of the ten participates who received the survey sigaleses were received from
the following groups of participants:

* Three industry experts — two currently work for a nucle@ity and one is an
independent consultant

* Two methodology developers

* One academia expert

It should also be noted that none of the experts wkporeled to this survey are

currently using the HRA Calculator. They all claimbe familiar with at least one of

the methods employed by the HRA Calculator.
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The first comment that several experts made wdsthleg were not sufficiently
familiar with HRA Calculator or the CBDTM method tmsaver every question. This
comment was taken into consideration when creating’hiaese 11 survey. This comment
was also observed in the responses received. Bedwusgerts were not familiar with
the method, sometimes they would disagree with how anedea was calculated simply
because they use a different method for quantificatidtor this survey (shown in
Appendix B), the experts were not asked to critique thdaaedogy, but instead they
were asked questions about the application of the CBDTNhade Even so, many
experts felt the need to critique the methodology.

Experts were given two weeks to respond to the surmelyit avas expected that
the survey should have taken no more than a couple hmemiplete. However, from
the responses to the survey and many of the commentgs determined that the
experts spent a large amount of time (up to 15 hours) cangpkte survey, and the

Phase Il survey was shorted significantly.

CPSES DOCUMENTED ASSUMPTIONS

The experts were asked to provide comments on the dempét of 30
assumptions documented in the CPSES HRA. The expertsaskeel to analyze each
assumption and to identify and to discuss where they waald made alternative or
additional assumptions. From the comments receivecast mtended that one could
draw general conclusions about how one renders judgmenit$ thte specific area each

assumption addresses. In some instances this has ®epteted; comments on other



73

assumptions were used to create additional questionsefd?hise 1l survey. Since the
participants were only asked to comment on assumptieysabuld make differently, it
was assumed that by not commenting on an assumptigeattieipant agreed with the
stated assumption.

While the experts were given the complete set of gssons, they did not have
access to the database and were not able to seeheoassumptions were actually
applied within the analysis. The following summarizesheassumption as stated in the
CPSES HRA Calculation Notebook and the comments redteabout it. The numbers

correspond to the assumption number give by the CPSES HRA

Assumption 1

“Operators are highly skilled in performing the necesdasks, each
having more than six months experience and most vetieral years
experience. In most cases, “optimum stress” is appliedaltiee level of
experience, the nature of the event and lack of an undakerge in
performing the proceduralized tasks. Some events, howsailt in a
high stress situation. For example, a steam generdierrtpture (SGTR)
event would in general result in a high stress situadiosh the nominal
human error rates would be modified as appropridte.”

The HRA Calculator asks the user to choose an opestatzss level. The choices
available are optimum, moderate and extreme. This asgumgays that the optimum
stress level will be chosen as a default value, becapseators are highly skilled and
most have several years of experience. Assumption 36 giveexception to the default

value. The expert's comments are shown in Table 14.
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Table 14

Responses to Assumption 1

Response

* There ought to be some guidelines on how to recognizehéracteristics of an accident scenario
that requires elevation the of the stress level.

* While | agree that the operating crews are highly g@diand experienced, | would disagree with
the assumption that stress is generally optimum duringleciscenarios that lead to cgre
damage. In order to approach core damage, various equipmepérator actions have failed.
Every time that the plant does not respond as expectedppérating crew will get more
frustrated and stressed. We generally use high stress&irpost-initiator actions.

» Instead of saying operators are highly skilled | wouldtbay are highly capable.

* In THERP, the stress model includes two levels of lsighss- moderately high and extremely
high stress. | hope that in the CPSES HRA that rit@e an optimum level of stress was applied
to more than just one abnormal event, the steam gemetube rupture. If there were other
abnormal events analyzed, surely it would be approprigitéonassess optimum stress to all of
them.

There are two independent parts to this assumptiontad by the experts. First,
operators are highly skiled and second, during most sosn#re stress level of the
operators will be considered optimal. It is interestmgbserve that within the 52 post-
initiator actions in the CPSES database optimalsties used only eight times.

For every action, the CPSES analyst has identifiet the operators have
excellent training and chosen to use the most optarsstess values for quantification.
It seems unrealistic that every action would have llextetraining and that the quality
of training would not vary among actions. If this assuomptvere actually applied, the
overall results of the complete analysis would be indegetnof the training parameter.

From this assumption and comments the following coiwelusan be drawn:
engineering judgments about stress level applied, i.e.asbeciated PSFs, should be

based on more than a single factor such as training.
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Assumption 2

“Control room indication is provided for equipment statwith visual
and audible alarm indications of equipment failures or pai@m
deviations. The control room indication is assumebdet@vailable, unless
affected by the initiating event®

Examination of the CPSES HRA shows that this assomptas consistentl

y

applied, and according to the CPSES HRA analyst eveignaotodeled within the

HRA Calculator database is diagnosable by an indicatiahe control room. With this

additional clarification to this assumption, the expems the CPSES are in consist

agreement about how to credit control indications. &bl shows the expert comme

ent

nts

on this assumption. It is concluded that engineering judgraydgut main control room

indication availability should be based on the constaeraf human actions required.

Table 15

Response To Assumption 2

Response

* The first half of this assumption appears to indicatd thstrumentation is available for a

ny

equipment included in the HRA. If this is a correctiiptetation to the assumption | disagiee

with it. If it is not known whether indication exidty a particular piece of equipments, | would

assume it is not available. With respect to the maohime interface issues for the indicators |

would likely assume nominal conditions (not worst cabejo agree with the second half t

ne

assumption and would not assume instruments are unavailabies there is an accident-based

reason to assume it fails.

Assumption 3

“Visual and audible alarms demand (or serve as prompts ifidil
operator responses. Some events, such as Loss of GempOooling
Water and Loss of Safety Chill Water, are diagnosecinvitheir
respective Abnormal Operating Procedures. For any atbormal plant
condition resulting in a reactor trip or the need foacter trip, the
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operators' activities begin with the proceduralized stiep£OP-0.0,
within which diagnosis of the event is conducted. Therators are not
led from the alarm indications directly to diagnosistied event without
going through the EOP-0.0 procedut®.”

By examination of the database it was determined ftihiat assumption was

applied by assuming that the operating crew always starpgsocedure EOP 0.0. No

actions were analyzed in which the crew diagnosed antaysing other procedures.

The first expert's comment, (Shown in Table 16) is tlerect interpretation of this

assumption. It is concluded that engineering judgments abewetjuence of procedures

to be followed in response to any initiating event uithobe based on procedures

requirements and operator training.

Table 16

Responses to Assumption 3

Response

* It is not clear what this assumption means. At our tplire alarm procedures generally W
instruct the operating crew to another procedure, nothestwo procedures that are mentior
above. | would expect the same for CPSES. | think wghiatended with this assumption is th

regardless of whether a reactor trip is automatic aruak the operating crew will always go|to
EOP -0.0 following the reactor trip. EOP 0.0 gives a gertist of post-trip actions that must e

performed whether the event is diagnhosed or not.

» “The operators are not led from the alarm indicatioedly to diagnosis for the event without
going through the EOP 0.0 procedures” this is a very strordy pgobably an unrealistic

assumption.

Assumption 4

“It is assumed that each operator is responsible fowpéing specific
tasks. In addition to the Control Room Supervisor (CR®actor
Operator (RO) and Balance of Plant Operator (BOP) areonormally
in the control room, there is a Shift Supervisor (8&) a Shift Engineer

ill
ed
at
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(SE, who is also the STA) on each operating crewe R® and BOP

operators are familiar with the operations and costiol the entire

control room; each is assigned one position for a,shit can be

rotated to the other position on a different shiftor Ron-time critical

actions, where the extra crew members are not gpadigifassigned to

other tasks, a recovery factor for the extra crewnbes can be credited.

Credit for STA actions, generally Critical Safety Fime Status Tree

related, are not credited until 15 minutes after theatmiy event

occurs, if credit is taken®

This assumption applies directly to the calculation gf &sing the CBDTM
method. The user of the HRA Calculator can only crextita crew if there is more than
15 minutes available to complete the action. Whabisctear in this stated assumption
is that just because there is more than 15 minutesableafor recovery of the action, it
does not necessary mean that the extra crew witréedited. At the 15 minute time
interval the HRA Calculator gives the user the optiondrediting extra crew. Extra
crew was only credited in five of the 52 post-initiagmtions even though in 41 actions
there was more than 15 minutes available to recoverattion. In all these actions the

analyst noted that extra crew was credited because thas more than one hour

available for recovery. The expert’s comments hoeve in Table 17
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Table 17

Responses to Assumption 4

Response

* | would not allow a recovery factor for the extra cegcause | would assume high or complete
dependence between any extra crews and nominal creexddptions to the other material.

» Assessing zero credit for recovery factors by the S®A 15 minutes shows reasonable
conservatism. However, as an evaluator of the HR#pould want to know how the following
recovery factor is determined: “For non-time critieations, where the extra crew members|are
not specifically assigned to other tasks, a recovetpifdor the extra crew can be credited.”

* | would only allow extra crew recovery if there wasreason (i.e. procedure or acceptaple
practice) why the crew member would be checking. Inrotieeds, | would not give credit for
casual or accidental recovery.

From this assumption and comments the following coiwclusan be drawn:
engineering judgments about the recovery by extra maitraloroom crew and shift
technical advisor should be made by considering primadycaliateral assigned duties

in addition to time available.

Assumption 5
“Usually only one recovery factor is taken for eachBd Since “self
checking” is a site wide policy that has received highnagament
attention, this is the recovery most often credit€dedit is taken for STA
actions for the HRA events that need to be accongalisdt a relatively
long period of time after the initiating event has ocedr” *°
Table 18 shows that some experts would not apply selfkirtge in this
optimistic manner. However, there were four expert® wlid not comment on this
assumption, and from this it is inferred that they th# assumption for crediting self

checking is acceptable. In the second part of this gutive experts were asked again if

they would have taken credit for self checking, and tlingeof the four experts who
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provided comments agreed that taking credit for self chgakioverly optimistic unless

specifically addressed in procedures or other compellirgpnsa

Table 18

Responses to Assumption 5

Response

» Self-checking should not be allowed for the CBDTM failureodes that involve
misinterpretation. This should in the “rules” of the [@BM.

* The self checking credit would be a red flag for me. Tééks of extreme optimism, so if | wefe
evaluating the HRA | would be very skeptical. | rememdddPP HRA in which this type d
recovery factor was assessed almost every task donenaatiae conditions. This optimism was
further increased by assuming zero dependence betweanmigheal self checking so that the
original HEP was squared.

=

From this assumption and comments the following comrusian be drawn:
engineering judgments for crediting self-checking should kedan the availability of,

and be directed by, scenario-specific prompts for seitkhg.

Assumption 6

“Time critical actions are those which take a longetito diagnose and
perform relative to the length of the time window &lde. The time
critical actions are primarily identified either throughe operator
interview process or via an examination of the @\procedures, and an
examination of the time windows available from thakmydraulic
analyses (such as RELAP or MAAP) or other engineecaigulations.
The operator interview process ascertains the cuesseubs in the
procedure that the operators use to diagnose the evernheanane at
which this diagnosis takes place. Then, the steps judgbkd toitical to
that particular HI [Human Interactions] are confirmed &ghe overall time
to successfully complete these steps determined. Thealloviene
accounts for potential delays due to additional, norzatitprocedural
steps that must be executed first, time required for trmaponent to
change state (e.g. to start a turbine-driven pump), aitdtioms that may
be present due to crew manning. If the available tneow is less than
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the diagnosis time plus the time required to successfullgplede the
action, then the action is assumed to be failed. héf available time
window is longer than the diagnosis time plus the timguired to
successfully complete the actions, then the probabdityfailure is
adjusted through selection of the stress factor andlitweea credit for
recovery. For example, if there is a 30-minute timedew and the
action takes 5 minutes to diagnose and 15-20 minutes to exdueriean
optimum to moderately high [Moderate in the HRA Calculatevel of
stress is taken and no credit is given for recoverlgeriately, if the time
window is 1 hour, and the action is at the end of theesscbhranches on
the event tree (e.g. LOCA followed by successful imgectcooldown,
and depressurization such that the time window starexaevours after
the initiator), and the competition from other acsiaslow, then the stress
is taken as optimum and credit may be given for recovémyeach case
the operator actions are examined within the coméxhe scenario to
determine the potential impact of time constrainfs.”

From the wording of the assumption it was not cleatht reviewers that th

entire CPSES HRA was completed using only the CBDTMhawt No time reliability

e

curves were used within this analysis, and the anbagtto account for additional time-

based stress factors using other methods. The expEspenses are shown in Table 19.

Table 19

Responses to Assumption 6

Response

I would not add additional time-based stress factors astithe reliability curves shoul
implicitly account for time-related stress. Applicatiafrstress factors based on a perceived th
to the plant or public safety, which is not necesgatitectly related to time, is considered
explicitly address the stress factor. My concern i doable counting the stress factor may yi
overly conservative results.

d
reat
to
eld

I assume that if the action is time critical, thae probability from the HCR/ORE methodolo
will be higher than the CBDTM probability, and thus tH€ R/ORE probability will be used fqg

gy
r

diagnosis failure.
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This assumption and responses show that experts agtdbete should be some
relationship between time and stress for time-ctigctions. The relationship could be
either explicit by increasing stress level for shere periods, or an indirect relationship
could be established such as the use of time reliabilityes to relate stress and time.

Further questions about timing were asked in the Phasevéy.

Assumption 7
This assumption was disregarded from this study becaisséntiérpretation

might be ambiguous.

Assumption 8

“Execution errors are calculated using the THERP tahldgeference 5

[Reference 9 of this study]. Values from these talitgserrors of

omission are divided by three based on Swain’s notéshapter 15 of

THERP. These notes describe adjustments to the no8wen values,

in particular to credit the Ilayout of the procedures into

“response/response not obtained” format”.

This assumption is built into the HRA Calculator. Tueer can choose values
from tables within the HRA Calculator for errorsarhission and errors of commission.
The tabulated values have been divided by 3 based on THERRever, the user can
choose to enter any appropriate value and is not linieithe tabulated values. The

experts were not aware of this detail within the HRAlculator when reviewing this

assumption and their comments are shown in Table 20
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Table 20

Responses to Assumption 8

Response

* | have read Chapter 15 multiple times and | think thatagglication of this assumption |s
incorrect for CPSES. First NUREG/CR-1278 page 15-16 staaeshit operators made 1/3 fewer
errors with the columnar format that the narratorefat. Therefore, the failure rate would be 2/3
of the values rather than 1/3 of the values from Ch&fieHowever, in reading the EOPs, it/ is
clear that within the response/response not obtaioredat, the steps are often narrative rather
than the columnar formats as shown on pages 15-17. FaompexaEOP 0-0, Step 1.b is very
much a narrative rather than columnar format.

» This division by three does come from page 15-15 of THHRPthis really should be appligd
very sparingly. It depends so much on how good the wrpitesedures really are, and | have
seen some poorly written EOPs. If | were evaluatirgHRA, | would want the task analysis to
include a detailed evaluation of written procedures, edpeEi@Ps

The other four reviewers did not comment on this aptom which means that
they agreed with the CPSES assumption as stated. Thesmeats show that the
experts were equally divided about how to interpret pages 1Brt515-17 of THERP.
By close examination of the referenced pages and datadedoin Chapter 20 of
THERP, the HRA Calculator has modified the data provided HERP. In some
instances the values have been divided by 3 to accoumedponse/non-response-not-
obtained procedures; other times this has not beendeoes. The second comment
came from the author of THERP, and his comments am twointerpret his original
work should be weighted more than others who are int@&mgréne work.

From the stated assumption it would seem that sometimedivision by 3 for
errors of omission and errors of commission would b®tused simply because not all
procedures are identical. For the CPSES, every efrom@sion and commission was
divided by 3 since the analysis was done using the HRAu@#br which applied this

division. While this assumption does seem valid from itlierpretation of THERP,
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THERP also cautions that this assumption should be usedgipawithin the CPSES
analysis it appears to have been over used.

From this assumption and comments the following coiwelusan be drawn:
Engineering judgments about dividing THER@hapter 20 HEP values by 3 based on
THERP page 15-15 should be based on considering whether tits plcedures are

consistent with what is stated in THERP.

Assumption 9

“A procedure step is considered graphically distinct, as uselcision

tree “e” of the cognitive error calculation{e), if it is preceded by a

boxed CAUTION or NOTE or is the only step on the page”

While this assumption seems rational, one would expatttin any complete
analysis that an analyst would encounter both distimct graphically distinct steps.
Within the CPSES HRA database, every step was coadidgraphically distinct.
Furthermore, if one examines the procedures referenceach action, there are several
cases where there is no caution or boxed step ormigestep on the page and the steps
were considered graphically distinct. Within the CBDTMthod the user of the HRA
Calculator is not asked to document which procedure stepdisr consideration within
each decision tree, and therefore, one cannot deterihirthis assumption was
consistently applied. From examination of the procedtirgspears that this assumption

needs further clarification, and this is noted by tkgeets as shown in Table 21.
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Table 21

Responses to Assumption 9

Response

* | would apply “graphically distinct” to other types of stesswell, including: Steps in flowcharfs
that are distinct from others steps around it. | thimk definition is too narrow for defining
graphically distinct.

« EPRI TR-100259 states that the caution and notes are difuteeriused. You need to account
for this fact in the HRA evaluation. If more than Z&utions or notes on a page, then the
distinction are diluted.

This assumption and responses show that judgments abautohdetermine
graphically distinct can be based on identifying a caubiox, note or the only step on
the page. However, because only two experts respondedsubject was further

guestioned in the Phase Il survey.

Assumption 10

“The Emergency Response Facility (ERF) Review regotactor is not

applied if the operator action took place less than ang imto the

sequence, or if the time available for the operattpm@gas less than one

hour. The Technical Support Center (TSC) and Operatioppd@t Center

(OSC) are typically manned within one hour of an emmgeplan

declaration.™®

Within the HRA Calculator, only the CBDTM method dits recovery factors
for the presence of additional people, and without usingoteeride function only one
recovery can be credited. For most of the actiotisimihe CPSES HRA database, the
single recovery credited is self review. Recovery frBRF was never applied to any

action. As stated, this assumption refers to wherHfRA Calculator allows ERF to be

credited and is not reflective of when the analyst nthgechoice. Only one response
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was received (See Table 22). However, it is implied ttatack of responses shows that
experts are in agreement with the HRA Calculator aatitfes appropriate to consider
taking credit for the ERF and TSC after one hour. Theeefit is concluded that the

engineering judgment to take credit for the ERF and TS& afte hour is reasonable.

Table 22

Response to Assumption 10

Response

* In addition, I will only credit TSC/OSC if it is cleathat the TSC/OSC have sufficient
information to diagnose the action remotely.

Assumption 11

“The immediate action steps in Emergency Operating Eroes are

steps performed from memory without reference to thattemr

procedures. However, immediate action steps are reviaied the

actions are performed to ensure all required actionsa&en. Recovery

credit is typically not applied in this analysis of tieal cognitive error

(pc) estimation even though reading the procedure servesa as

check/recovery of the operator's immediate actions iSlconservatively

held as a potential future recovery’.

There were no comments made about this assumptiorfircandhis it is inferred
that all experts agreed with this assumption. Also withe database this assumption
was clearly and consistently applied. What is not dtatethis assumption is that if the
steps were considered memorized, even if the operaters following an EOP, the
cognitive portion of determining that a second proceduregeguired was never

considered in the quantification of,f Additional questions about procedures and

cognitive recovery were asked in the Phase Il Survey.
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Assumption 12

“There are a few instances where the CBDTM majnappropriate for
estimating the cognitive human error probability(pc). @p® response
to events indicated by a Main Control Board alarmgff)er than a reactor
trip are often skil-based in nature and do not require @sida or
diagnosis. Initial operator guidance is typically provided tine
appropriate Alarm Response Procedure(s), rather thameiEmergency
Operating Procedures. For this type case, pc is validgtedrbparison to
the THERP Annunciator Response Mod@l.”

Within the CPSES HRA database every action was raddesing the CBDTM

method. The Annunciator Response Model within the HRéc@ator was never used.

The experts comments were as shown in Table 23. olilélbe noted that the experts

did not have access to the database while analyzirgsgumption.

Table 23

Responses to Assumption 12

Response

| disagree with this assumption. Alarm responses are ghidprbcedure and often lead to either
the EOPs or system operating procedures to respond atatime condition. Alarm responses are
invaluable to diagnosing the event.

I am not familiar with any reasons why the CBDTMuMbnot be adequate for a Main Control
Board Response alarm response. Without a specific exahgale’t really make a judgment.

This is a very loose usage of the term “validateliimk this word is inappropriate here. Perhaps,
“compared with” would be a more appropriate.

All experts addressed different areas within this assampthe intention of this

assumption was to state when the CBDTM Method wouldbeoused for an HEP

calculation. Only one expert commented on this aspetiteoassumption. This shows

that more specific questions need to be asked in ordenderstand how one renders
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judgments about methodology choice. Additional questions atmetihodology choice

were asked in the second section of this survey aiiRhase Il survey.

Assumption 13

“The Emergency Operating Procedures are written in aingwr

“response/response not obtained” format. They incotparieckoffs and

have provisions for place keeping. Use of both of tlede is practiced

during operator training on the simulator. These assungtiare

important to the EPRI CBDTM assessment of procedure usage

performance shaping factors?®

There were no comments made about this assumption@ndtiis it is inferred
that all experts agreed on this assumption. Also witlendatabase this assumption was
clearly and consistently applied. Therefore, it is rifd that experts agree that is
appropriate to take credit for response/response nonettfarmat as applied within the

CBDTM Method, and to verify this conclusion additional sfiens about the use of

response/response-not-obtained procedures were askedPinade || Survey.

Assumption 14

“For control room action, only proceduralized recos®rre credited:®

Within the CPSES database, only proceduralized aciiside and outside the
control room were modeled. If an action was consdlei@ proceduralized, then the
action's HEP was conservatively set to one. Withine CPSES database both
proceduralized recoveries as well as additional crew werdited. It is believed that

this assumption was specifically written to addressvees within the Be Within Page
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only proceduralized recoveries were credited. FurthermibeeHRA Calculator is setup

to address only proceduralized recoveries Qs Fhe HRA Calculator requires the user
to insert a procedure number for every critical acaod recovery. The user can not
proceed without providing this information. The expertenments are shown in Table

24,

Table 24

Responses to Assumption 14

Response

» Regardless of whether the actions are performed logally the control room, we only take
credit for proceduralized actions. [This assumption siatesly concerned with procedurized
recoveries not action]

» Further explanation is needed for this comment. Foaits, are the actions outside the control
room credited? Does the PSA credit non-proceduralizedrasctiutside the main control room?

» | agree assuming that this does not exclude shift chaetges,

* This is a contradiction to assumption 4.

Without further justification on why this assumptionsastated one can not draw
conclusions on how one would render judgments on how editcproceduralized
recoveries. The responses to this assumption do shatwwwith one exception the
reviewers were not looking at the general overviewhef assumptions but were more
specifically concerned with each individual action. Fenthore, Assumption 4 conflicts
with this assumption. Therefore, it is concluded thagirexering judgments about

crediting only proceduralized steps should be made on abgassse bases.
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Assumption 15
This assumption was disregarded from this analysis beaausferenced other

documents used for timing information that were notlabi for this study.

Assumption 16
“In applying recovery, moderate dependence is usually asswimea the
instruction that provides the recovery mechanism foaetion is on the
same page of the procedure as the instructions to pettf@action, the
rationale being that one way to miss a procedural stép skip a page.
The equation for conditional probability for moderate daelemce from
THERP Table 20-17 is used®”
This assumption was applied to the calculationffd&hd without having access
to every page of procedure referenced it is not possibledetermine how this

assumption was consistently applied within the databElse.expert’s comments are

shown in Table 25.

Table 25

Responses to Assumption 16

Response

» This is not an assumption that | make. | am not swaktths assumption is logical when viewed
in terms of an operating crew rather than a singleatpes. If the procedure has been performed
many times, then it is very unlikely that the opergtomew will not recognize that a whole page
has been skipped. Note that this assumption contradsusngsion # 1, which implies that the
procedures are so well known and well practiced thatréhwe is under very little stress.

* | would probably not allow page location to hold this muaffluence over the recoveny
dependency level and do not agree with assigning moderatedédeme to recovery just because
it is on the same page as the initial action step.
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Two of the experts disagree while the four others didcoonment. This shows
that there is considerable disagreement on the appemesd of assigning a moderate
dependency level based on the page placement of the nesiep. Therefore, it is
concluded that engineering judgments about dependency levelprdoeduralized

recoveries should be based on more than page placemenbuéry steps.

Assumption 17

“If the recovery instruction is on a different procedyage, the recovery

factor used is usually the Error of Omission (EOM) rffrdable 20-7) for

the procedure step®

This assumption was consistently applied within theyaisalHowever, for each
error of omission identified as a recovery the HRAcGator requires the user to
identify an associated dependency level. This assumpties dot address how the
dependency level was chosen. One expert commented sonbigervation as shown in
Table 26 and Table 27.

Since only one response was received, it is impliadl ithis justifiable to apply
only an error of omission for a recovery factorthie recovery instruction is on a

different procedural page. Due to the lack of responsesadditjuestions about errors

of omission were asked in Phase IlI.
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Table 26

Response to Assumption 17

Response

We do not generally assume zero dependence for recagtrydtions, as is implied here. We
use a dependency model which is shown in

« Table27.

Table 27

Dependency Model Used by One HRA Expert

Dependency Level
Time Available Definition ) ) Execution
Diagnosis
Control Room Local
Very Short t <5 min Complete Complete Complete
Short 5<t<15 min High High Complete
Nominal 15 <t <60 min| Moderate Moderate High
Long 1<t<6 hrs Low Low Moderate
Very Long t>6 hrs Zero Zero Low

Assumption 18

guestion was asked again in the Phase Il survey.

“In determining the EOM pe values, if the operator actiakes place
within ten procedural steps from the start of the aotidequence, Item
20-7(1) [short list, with checkoff provisions] from THER$used. If the
operator action takes place > 10 steps into the sequdroe,2D-7(2)

[long list, with checkoff provisions] is used.

ltems 2@)7a&nd 20-7(4)

[no checkoff provisions] are usually used when the procegun®t an
Emergency Operating Procedur8.*

Table 28 shows that there was disagreement betwedwadohexperts. This same
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Table 28

Responses to Assumption 18

Response

* | do not understand this. | think | would analyze theaadiin groups that are associated with a
specific task and done my counting at that level. HoweMdERP was never intended to analyze
these types of procedures.

» | would apply the checkoff provisions based on what th@procedures.

Assumption 19

“Table 20-13 from THERP is for local manual valve operatiThis table
is also applied to operation of other local componemty s switchgear
breakers and room door¥”

No experts commented on this assumption. This assumpésrconsistently and
clearly applied within every action. The HRA Calculatdoes not mathematically
differentiate between control room and ex-controloast Additional questions about

this assumption were asked in the Phase Il survey.

Assumption 20

“Application of stress factors in quantifying human erpmobabilities
tends to be quite subjective, and can vary consider&iyeen analyses
and analysts. For the CPSES HRA, stress is considdyedtively in the
following manner:

a. Stress is implicitly included in the EPRI TR-100259 detsation of
cognitive errors (pc) through some of the selectionhéndecision trees
such as workload and the recovery credit; stress iscépinodeled in
the determination of the execution errors (pe) (Ret®®) as

outlined below;
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b. Optimum stress (x1) is usually used for the pe portiompsrator
actions directed by the "base" emergency proceduresnia sases, such
as steam generator tube rupture, the stress level is jtmldpedhigher and
a moderately high stress (x2) is applied;

c. For those operator actions where the operators fallewing

instructions in the Function Restoration (FR) proceslumr the

Emergency  Contingency Action (ECA) procedures, modsrdiigh

stress (x2) is applied to pe to reflect the increasesstcaused by the

failure(s) that put the operators in those procedures; an

d. If operator action is required as a result of subseapmpment failure

while in a FR or ECA, extremely high stress (x5) ppleed to the pe for

the additional action.*®

No experts commented on this assumption. Within thé& I@RIculator the user
must choose a stress level of optimal, moderate or amghthis is the foundation of this
assumption. In this assumption, the analyst has sinbglgds how the HRA Calculator
applies stress within an HEP quantification. Because desumption is built into the
HRA Calculator, it was consistently applied within thatire CPSES analysis. It is
satisfying to identify that experts agree with HRA Qé&ltor, because a disagreement on
this assumption would be very difficult to compensate ¥athin a calculation.

Therefore, it is concluded that the approach within H#®A Calculator for assigning

stress levels is a reasonable application of engimgegrdgments.

Assumption 21

“The dependence between elemental human error proilesbiiit the
subtasks that make up each pe are handled using the dependesay r
THERP (Table 20-17 of Reference 5). For example: If amabpeaction
required 2 of 2 manipulations for success within one HH€ulesion, pe
includes HEPs for EOC(1)+ EOC(2). [EOC - Error Of Cossiain] If an
operator action required 1 manipulation, with 2 switcheslae, failure
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to manipulate the first switch can be recovered by aipey the second
switch: EOC(1) * EOC(2). Consideration must be given @C(2) may
have a link or dependence with EOC(1) based on the tuaitalale. A

similar consideration exists for core damage sequencagaining

multiple operator action failure events. In this cabe tdegree of
dependence between the events representing differentiofgc{no

common elements) is determined using the following gueklin

a. Two operator action failures separated in time tyessential successful
action are regarded as independent.

b. The time available for most operator actiongegafrom minutes to hours. The
degree of dependence between operator actions is gadecdingly:

Time Separation (min.) Dependence

0 <t <15 High

15 <t < 30 Moderate

30 <t <60 Low

60 <t Zero

c. Events initiated by the same cue and on parallelesscpaths are treated
as having a common pc element.

d. Responses to memorized IMMEDIATE ACTION steps ardependent

of actions taken later in the procedure. Similarly,e thMMEDIATE

ACTION steps are independent if they are performed bferdiit crew

members.

e. For cases where an operator action failure signily reduces the time

window for a subsequent operator action, high dependenceld wbe

assessed on the second operator action.

f. For cases where an operator action failure guagaritdure of a

subsequent operator action, complete dependence wouldebseasd®

From this assumption and comments (See Table 29) tbevifig conclusions
can be rendered: general engineering judgments about hassign dependency levels

should be based upon the recommendations provided by THERBoae type of pre-

determined timing intervals.
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Table 29

Responses to Assumption 21

Response

* These appear to be reasonable guidelines and are thingsld consider in a dependengy
analysis; however, | would not explicitly create evdotscognitive and execution portions of the
actions as it is resource intensive and typically da¢sadd a lot of benefit.

* In response to part a, we take credit for “intervenisiggcesses, but we don’t necessarily asspme
zero dependence. We have created our own, decision &tei o model dependencies between
separate operator actions.

In response to part b, we use the dependency matrix simoassumption 16 to account for
dependency within-crew dependency for one action.
This dependency level differs from that used above atlgeiicurrent EPRI HRA Method, which
assigns zero dependence after 1 hour. It was judged thdtdrasee same crew being involved
in the response until the next shift turn over (6 houraeerage), some dependency will mpst
likely still be present. Therefore, zero dependence masassumed until 6 hours. For local
actions, the level of dependence was increased toetttenighest level given the fact that local
actions are not as easily recoverable due to thdeldmamount of independent verificatian,
additional time required to perform and verify the actemd general lack of direct indication [of
component status.

Assumption 22
“The HRA was conducted using the Emergency Response Gaslaind
Abnormal Procedures from Unit 1. Discussions with thgerators
indicate the procedures are close enough for Unit 2 tiet tan be
assumed to be identicadf”
No experts commented on this assumption, and it isrrédfethat they
unanimously agreed. This assumption appears to be weieistut only experts that

have a detailed understanding of both units can commenhisf assumption is

appropriate.

Assumption 23

“In the quantification of human error probabilitiesloaer bound of 1E-5
was used as the minimum allowed value for single, or c@hbns of
multiple, human interactions*®
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The HRA Calculator applies 1E-5 as a lower bound fol ffaP values. The
HRA Calculator does not set lower bounds for thg portions or the 8 The experts’
comments are shown in Table 30, and one can see tlatioraamong experts. Since
there was disagreement among experts, in the Phase/élysexperts were again asked

guestions about lower bounds.

Table 30

Responses to Assumption 23

Response

* | have never used any 1E-5 for a single human actiomyltong life experience, | cannot even
come up with a 1E-4 low HEP.

» 1E-5 might be a bit high for long term actions. | mighedi4E-7 for actions over 24 hours.

* | use a lower bound for 1E-5 for single events and 1E-BIRok combinations.

» The HEP for any individual post-accident action is riowaed to be less than 1E-5. In additign,
the minimum HEP that | use for the joint probabilifyroultiple post-accident human errars
occurring in a given accident sequence or cutest wasllooted to be less than 1E-6 due|to
uncertainty associated with determining the actual depeedbatween multiple operatofs
actions and the ability to precisely quantify human perénce.

Assumption 24
This assumption was not considered in this study bedareferences a previous

PRA analysis and other references not availablederin this study.

Assumption 25
This assumption was not considered in this study, bec#duskeals with
documentation within the PRA model. This was more daftatement about previous

HRA analyses than an assumption about the currentsaaly
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Assumption 26

“The default value for time required to manipulate a switntthe control

board is 3 minutes. This value is used as the minimum ewven if the

operator stated a shorter time in the operator ey required by the

operator to find and manipulate the switcl;.”

Within the CPSES analysis three minutes was c@migtused as the minimum
manipulation time. However, observation of operatberviews consistently shows that
the operators estimated significantly shorter manimuiatimes. This assumption has
not been justified (especially in conjunction with asgtiom one) relative to the basis of
the three minutes. The expert’s comments are showabie 31.

It is concluded that engineering judgments about assigninglefault
manipulation time are difficult to justify and a bettgpeoach would be to evaluate a

manipulation time for each action. Furthermore, tla@img and crew experience should

have some influence on identifying a manipulation time.

Table 31

Responses to Assumption 26

Response

* | use two minutes as a default time. However, thereases (e.g during ATWS events)
where | take credit for shorter times

* This assumption is in direct conflict to assumption offee operating crew is highly
skilled and experienced. The operators do not have to “@nddntrol panel switch,.
There minutes is a long time to turn a switch.

* Three minutes is too long and its use would imply core dantamany short response
scenarios which are commonly successful in simulaterceses and even in actual
operations. One minute may be more appropriate and 30dsentaybe applicable fq
some actions such as stand by liquid control (SLC) tiojec

=
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Assumption 27

“The default value for time required to recognize and regporan
inidication/annuciator in the control room is 5 minut€his value is used
as the minimum time even if the operator stated atshdime in the
operator interviews, required by the operator to respond anh
inidication/annuciator in the control roont®

In addition to the stated assumption, it should alsoddedthat for actions that

had less than five minutes available to recognize angédpond only memorized actions

were credited. If an action requires the use of procedurédess than five minutes are

available to recognize and to respond, the HEP wasoais/ely set to one.

As in assumption 26, the five minutes was consistarggd as the minimum

response time. However, observation of operatorviei@s consistently shows that the

operators estimated significantly shorter times.

Tassumption has not justified

(especially in conjunction with Assumption 1) the badishe five minutes. The expert’'s

responses are shown in Table 32.

Table 32

Responses to Assumption 27

Response

This time is also likely too long as this can be hegmistantaneous. Also, the conditions in the

control room are so variable that believing we cadeh the operators’ response times down
the time it takes to respond to an annunciator may bi dangerous and could mask mc
meaningful contributors. | would not use this.

1 to
re

This assumption could really skew the time based diagfrosisthe HCR/ORE methodology.

We will look at the priorities and what other acticmild be required at the same time wij
determining the median response time. For time cliticions, it is very likely that the medig
response time is 1-2 minutes.

en

We accounted for this time in the overall executionesponse time.
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In conclusion, engineering judgments about assigning a tleésplonse time are
difficult to justify and a better approach would be to eatd a response time for each
action. Furthermore, the training and crew experietoeild have some influence on

identifying the response time.

Assumption 28
“The value used for the dependency in the recovery @xanution error
was the value determined by the HRA Calculator (i.e0,Zew, medium,
and high), this is in lieu of any comments made during aiper
interviews.”®
For each action analyzed operator interviews weradwucted. The
documented results of the interviews show that dependendiie recovery
actions was not addressed. The HRA Calculator assigmnei@mum dependency

level for each recovery action based on the amoutimef available. The experts

comments are shown in Table 33.

Table 33

Responses to Assumption 28

Response

* We use the following, as described in the matrix giveAdsumption 16
[See

Table27)

* The assumption does not mention when recovery cregdikéen. We will normally credit self
review and other crew review for actions inside th€m[Main Control Room] (time
permitting). However, for actions outside the MCR,weeild generally not credit other crew
review because normally only one crew member woulasisegned to perform this task.

» Factors identified in operator interviews that could ioighe assumptions made in the HRA
analysis should be considered in the assessment of degendEhat is what the interview |s
for.
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From the responses shown in Table 33, it is concluded ¢mgineering
judgments about how to determine dependency levels shouldaded upon some
consistent set of criteria and consideration of #sults of the operator interviews.
These criteria could be given within the HRA Calculatworavailable within internal

guidance.

Assumption 29

This assumption was not considered in this study bedadsals with procedure

numbering internal to CPSES.

Assumption 30
“The stress level (optimal, medium, high) was determidedng the
operator interviews and are not annotated in each HieEiled
calculation. The stress level was based on time athdnacrequired to
complete the task'® [This assumption is an exception to the default stress
level chosen in assumption 1]
No comments were received on this assumption. Thefusperator interviews

was the preferred method for determining the stresd Veitlein the CPSES analysis.

Further questions about stress levels were asked irhdse P survey.
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IDENTIFICATION OF TYPES OF JUDGMENTS EACH ASSUMPTION
ADDRESSES

Table 34 gives the assumption number which addressesaesiof judgment
defined in the previous section. From the expert cortsrieis observed that the most
disagreement among HRA analysts is within the judgmemégoaies of Stress,
Procedures, and Timing Information. While the expertsdiidgree with several of the
assumptions directed at judgments made about recoverigs widpecific action, it is
clear from the comments that this group of assumpticere wonfusing, and it was not
clear to the reader how they were applied. Without maadudjtional judgments about
what the intention of the assumption was and how assumsptvere actual applied
further conclusions can not be drawn. The commentsettperts provided about
recoveries within an action show that this areanis that requires several judgments and
can be challenging to document appropriately.

The entire CPSES analysis was completed using the @BM&thod, and it is
interesting to note that many of the assumptions made ho influence on this method.
For example, the only timing information required foe tBDTM method is to answer
the question: Is there enough time available to compiete action? The HRA
Calculator, requires the user to enter the manipulatieh raedian response time for
documentation purposes only. While the reviewers wesbaily not aware of this fact,
they all commented that they would make different assompton how to collect this

information. The same is true for judgments renderedtaticess level.
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Table 34

Classification of Assumptions Based on Which Categbdudgment They Address

Judgment Area Assumption Comments
Number
Definition of Critical Actions 11
Definition of Cognitive Actions There is no statedsamption about how the
cognitive actions were defined
Choice of Methodology 12 The CBDTM method was used Jeryeaction
within the database
Stress Level 1, 20, 30
Rule vs Skill This designation is not required when usiieg
CBDTM method for quantification
Timing Information 6, 26, 27
Procedures 3, 9, 13,| Only procedurized actions were credited within
14, 22 the database
Human Interaction with 2,8,17, 18,
Hardware 19
Cue 2 Every action within the database was
diagnosable by a control room indication.
Training 1 Interviews with the CPSES HRA analyst
confirmed the following assumption: The most
optimistic values for training were always used
in quantification because operators are percejved
as highly and well trained
Recoveries within an action 4,5, 10, 16,
21, 28
Review of final HEP The CPSES HRA general assumgtiid not
include this type of review.

REVIEW OF SAMPLE CALCULATION USING CBDTM METHOD

For the second part of this survey, the experts wsahedato review a complete
HEP calculation within the CPSES HRA database. Th®mrachosen was Feed and
Bleed with the initiating event of general transiehhis action was used as a model
action, because it was assumed that every expert pating would be familiar with
this action and may have actually completed an andlysishis action for a different

plant. In addition to the complete analysis using th®THE method the participants
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were also provided with the results of the operatorvigers and relevant pages of the
procedures referenced.

Of the six experts who responded to the survey twoheitchoose not to
comment on this section. Four responses is not endath points to draw general
conclusions on how to render judgments, but their consndat provide insight on
understanding the use of engineering judgments and what typ#sngs outside
reviewers identify as questionable uses of engineering jewigriror this section, each
expert has been assigned an alias of expert A, B, ),oand this is helpful in
understanding the set of comments each expert provided.

Before responding to the specific questions about tHgsaawo of the experts

provided general comments shown in Table 35.

Table 35

General Comments About Pilot Survey

Response
Expert A | | could not find the transition into FRH-0.1 retEOP, | guess because it's
the critical safety function procedure, which was nalvjgted. It seems to m
that there are two cognitive steps in this HFE. Titg fs recognizing you hav
to transition to FRH-0.1, and the second, in FRH-0.fedrtitiation of feed and
bleed (i.e, step10). | think the analysis is focused enldtter and there’s n
evidence of the former being considered. So my respargebased on that
interpretation.

n

M

O

Expert B | The timing figure shows,Tas 20 minutes, ;L as 10 minutes and,las 2
minutes. Based on the operator interviews, | do noheeethis was obtained.
It would seem to me that;k would be 1-2 minutes and,Tvould be 2 minutes|,
which would leave 16-17 minutes available for diagnosis.oiting to the
figure, only 8 minutes appear to be available for diagnbaim assuming that
takes about 8 minutes to receive the cue.

—

One problem | have with the HRA Calculator is thatddes not actually
qguantify the PSF identified in the execution errors. ORAHloes explicitly
qguantify PSFs, although not necessarily the one gitledranalysis.
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Expert A’s interpretation of which cognitive portiorf the action is being
addressed in this analysis is correct. While not donotedein the analysis, interviews
with the CPSES HRA analyst confirmed this assumpfldrere was no consideration of
the transition from the EOP to FRH-0.1.

Expert B’s interpretation of the timing informatiosjustified; however, CPSES
choose to override information provided by the operatterviews in most of their
analysis. This is one such example, and there s jidtification given on why this was
done.

The experts were specifically asked to answer a fisgugstions about the

analysis. Below is the set of questions asked and spemees received from the experts

Question 1

Question 1: “When completing an HRA analysis do youaurycompany follow

a set of guidelines?”

Table 36

Responses to Question 1 of Pilot Survey

Response
Expert A | Yes, SPAR-H model [This is the NRC Model]
Expert B | Yes, Internal guidance
Expert C | Yes, Internal guidance
Expert D | Yes, IDAC HRA Manual Procedure

Table 36 shows that there is no one consistent melhgy used among the

experts, because the guidance documents referenced akidfiep§nt methodologies.
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Question 2

Question 2: “If possible without doing an independent cafimr, what would
you expect a typical HEP value for this Human FailurenEVelFE) to be? Based on
your intuition do you agree with the model HEP value?”

The responses given in Table 37 show that while exqrgrt had an estimate of
what a typical result might be, when compared againdt etteer the estimated values
encompass four orders of magnitude. The final HEP cédculoy CPSES was 1.9E-2
which falls in the middle of the spectrum. This is impot when discussing the use of
engineering judgment, because in this question all expens provided with the same

information, and they all chose to answer the queslifgrently.

Table 37

Responses to Question 2 of Pilot Survey

Response

Expert A Something in the range of 1E-3 to 1E-01

Expert B | would expect the HEP to be in the range of 5B-2H-2. Therefore, | believe the
estimation given in the analysis is reasonable.

Expert C | would normally expect the HEP for Feed and Btedoe in the range of 1E-2 to 1E-4
depending on the time available. However, based otirttgdine in this analysis, | would
expect the HCR/ORE diagnosis to dominate the cause-basgtbdis and the over all HEP
to be >0.2

Expert D The main factors contributing to failure ofisting Feed and Bleed, in my opinion, is not

from wrong diagnosis or execution error but the hesitatibthe operators wanting to
initiate Feed and Bleed due to the system damage would fiesultsuch action. In th
analysis, the operators would take ten minutes to igethd problem and additional two
minutes to execute the procedures instructions, if theatgyerdecide to do so. There are
eight minutes available for the operators to decidingtindrego for Feed and Bleed, as
instructed by the procedures, or restoring AFW/MFW toehlags system damage. Based
on this type of analysis, | would expect a higher HEPemtignated it to be around 1E-1.

1%
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Questions 3 and 4

Questions 3: “Are there assumptions within this adti@t you feel are invalid or
lacking justification?” Question 4: “If asked to completeirdependent analysis, would
you have chosen to make the same assumptions? Pléas@uodifferent assumptions
and justification.”

The responses to Question 3 (See Table 38 ) show ttlathe exception of
timing information the assumptions are adequately justifiend documented.
Furthermore, the responses to Question 4 (See Tableh89) that even though the
experts agree on these assumptions, they would havehgigien to make different

judgments for this same calculation if completing it depetige

Table 38

Responses to Question 3 of Pilot Study

Response

Expert A | In general, the assumptions seem OK

Expert B | No

Expert C The timing diagram shows 10 minutes as the medsmomse time and 20 minutes for the

time window. Neither of these is adequately justifiede Wperator interviews said 1{2
minutes for response time. This is consistent withddwution statement in FRH.0.1.B The
document states that the 20 minute time window comes M&AP, but does not state
what the time is based on (eg. Time from low SG leweCD or latest time to open
PORVSs).
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Table 39

Responses to Question 4 of Pilot Survey

Response

Expert B | would have only taken credit for one recowstep for critical step number 14. | would hg
also used the same stress level throughout the enticatexeerror.

Expert C Expert C — | would have chosen a median responeeofi1-2 minutes based on the caut
statement in FRH.0.1B. | would have also addressed tlendot different accident scenariq
rather than picking the most limiting case.

With the assumptions on the timeline, | can not justie CBDTM Method vs HCR/ORE fq
diagnosis. That is the time considerations will dwartausal considerations.

on
DS

Question 5

Question 5: “The methodology chosen for this actios e CBDTM Method.

In your opinion, is this the best methodology for Hesion? Other methods available are

HCR/ORE and THERP.” The responses are shown in B&ble

Table 40

Responses to Question 5 of Pilot Survey

Response

Expert A | Of the three methods, | would have chosenoimgs

Expert B I think the use of the CBDTM method was appropriat

Expert C | calculate the diagnosis probability using béta HCR/ORE and the CBDTN
methodology then choose the higher probability of e t

Expert D If we assume that the operators follow procediasely no matter what the situatig

is, the timing becomes the major issue in this cd$¥e HCR would be mor
appropriate for such situations.

As mentioned in Question 2, the main contribution te HEP is the operatol
decision of not following the EOPs. Among all the noeth available for HEHR
guantifications, currently only expert judgment based HRAhods could asses

N

1%

(7]

the values of such HEPs.
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Methodology choice is the first judgment an analyst nuesider in the
guantification stage. In Question 1, every expert ansivérat in their calculations they
currently use a different method. But when asked if thBT8 method was best choice
of methods within the HRA Calculator, three out of fexperts agreed that this method
was appropriate. Experts A, B, C are all using eitherotigghal CBDTM method or a
slight variation of this method. Expert D is working @developing new methodologies.
(See Table 40) Because of their backgrounds it is expeottdexperts who use this
method will feel its use was appropriate while otherselbgping new methods would
choose methods either they developed or apply the sanwpf@s of methods they are

developing.

Questions 6 and 7

Question 6: “Do you agree with the critical steps assigto this action?”
Question 7: “Would you add or subtract any of the crigstaps?”

Questions 6 and 7 show the same results as questions43 @&k Table 41 and
Table 43)

The experts tend to agree with the assigned steps, thayifwere completing

this calculation independently they would have rendereer gudgments.
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Table 41

Responses to Question 6 of Pilot Survey

Response
Expert A | Yes
Expert B It is not clear to me why resetting the cotrteent spray signal (Step 17) is a criti¢al
action and why it can not be recovered
Expert C Generally | agree.

Table 42

Responses to Question 7 of Pilot Survey

Response

Expert A No

Expert B | would not take credit for both Steps 16 and 18cweees for Step 14.

Expert D | would suggest adding a step “decision for activateef and Bleed either before Step
11 or Step 19. The added step is only for HRA modeling budtistated in the EOPs. 1

Question 8

Question 8: “Do you agree with the choices made irddwasion trees within the
CBDTM method?”

The scope of this question is rather large, and thertsxpach commented on
different judgments rendered within the CBDTM trees. ($able 43) More specific
guestions about the judgments made within the CBDTM trmees asked in the Phase Il

survey.
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Table 43

Response to Question 8 of Pilot Survey

Response
Expert A | Yes
Expert B For decision tree pcb, (data not attended tg,rnbt clear what alarm would is present to
select branch I. It seems branch m is more appropriate
Expert C | would disagree on the “check vs monitor” in. Pcihere is an alarm on low SG level, then
the crew would respond to start OTC on this signal.
| would also disagree on “single vs. multiple” in.doemost events, the operating crew
will be suing an EOP and an AOP for determining the disignd herefore, unless the
scenario is in the very early stages of the eventgeoy late, then | would say multiple
procedures are being used.
For decision tree pcg, | would probably say that phocedure contains an “OR”
statement based on the “OR” statement in Steps 10 and 12.
Question 9

Question 9: “CPSES has a site policy of self checkilgg.this enough

justification for ALWAYS taking credit for self checking?

Question 9 is directly related to assumption numberdie confirms that there

is controversy among the participating experts about twwapply self checking as a

recovery factor within the CBDTM Method. (See Ta#k) Within the assumption

section, this is one of the most strongly stated amubsistently applied assumptions

within the CPSES database.
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Table 44

Responses to Question 9 of Pilot Survey

Response

Expert A I am not sure what self-checking means for todng, or for missing a step in the
procedure, unless there is a mechanism for triggeringhieeking. |1 do not think it i$
appropriate to assume this unless a mechanism can Iiéieden

Expert B It depends on time available. | think that iFskecking were the only recovery mechanism

available, the credit should be limited for time-catiactions. However, after 15 minutes, |
believe the STA and control room supervisor providesbedcovery mechanism for control
room actions.

Expert C Yes

Expert D No, policy is a work statement that might bgedint from what has really been practiced.
The performance shaping factors “work/safety” cultunmige meaningful since it indicates
the practice side of policy.

Question 10

Question 10 “Do you agree with the choices of THERRieslfor errors of
omission and errors of commission? If you disagreey thley and what values would
you use?”

Table 45 shows the responses to Question 10. The respsin®e a range of
opinions on how to interpret and to extrapolate thdlsm@unt of data presented in the
THERP tables to calculate,® Additional questions about the interpretation of THERP
tables were asked in the Phase Il survey.

The HRA Calculator provides summarized THERP tables samgly requires
the user to choose a tabulated value. The results.@are then documented in the
tabulated format. There is no documentation provided aw khe dependencies
between actions are calculated. Expert D’'s commefiectr¢his idea. If the intentions
of the HRA Calculator are to provide a well-documenteldutation to reviewers not

familiar with the HRA Calculator, then this goal et been achieved.
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Responses to Question 10 of Pilot Survey

<

)

Response

Expert B | agree

Expert C No! First given a successful diagnosis of thel i@eOTC, there are few if an
omissions errors that apply. Basically the whole poinOTC is to start the S|
pumps and open the PORV'’s, the operators would not onsi¢ tsteps. For errof
of commission, | would pretty much stick to table 20-12. Bheactuation is a
series of push buttons. Since CPSES is a latter plambuld assume that the
control panels have mimic layouts.

Expert D | am not convinced with these values for thlewing reasons:

The steps between Step 11 (Actuate Sl) and Step 20 (Vexdlg path) are aimin
the same goal: establishing feed&bleed. Once feed&bisedecided, the
conditional HEPs of the subsequent steps should be mushthes their

O

independent HEPs. In other words, the HEPs of subse§teg (i.e., Steps 12 to

20) are highly dependent on the success/failure of Step 11.

The Errors of Commission (EOCs) mentioned in THERMhy address the EOQ

(7]

induced by attention failure. The cognition induced EO@xat addressed. The

operators responses in Davis-Besse lost of heat sitikent in 1985 are an
example. In this case, the operators decided not to &eedBleed the RP
[Pressurized Relief Valve] (i.e., an error of onosgibut tried to restore EFW.

[Emergency Feed Water] (this activity is hard to ategorized with use of EOD

and EOC classification since the EOO and EOC claatidin is system-centered

rather than human-centered classification).

S

As | stated in question two, | would assign 1E-1 for EOGtep 11. State EO
only does not have much meaning. EOC make sensetaslgssociated with a
failure mode.

2]

As for Steps 12 to 20, their basic HEPs are highly depermtlent  the succes
or failure of their preceding steps. The following exangalkeulates EOO of Step
12, the EOOs of other steps can be calculated by the semner:

Given: P(Failure of Step 12 | given situation) = 1.3E-3 * 2 = 2.6E-3

Assume:success of Step 12 is highly dependent on the succespof BiThe
dependency level is high.

Calculate:
P(Failure of Step 12 | success of Step 11, given situation) =
1 - P(Success of Step 12 | success of Step 11, given sijuation

P(Success of Step 12 | success of Step 11, given situation) =
{1 + [1 -P(Failure of Step 12)]}/2 = (2 — 2.6E-3)/2= .9987

P(Failure of Step 12 | success of Step 11, given situation)
=1 - P(Success of Step 12 | success of Step 11, givenaijuatl - .9987-.3E-
3

112
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Table 45 Continued

Expert D | agree with the value of the EOC of Step 11 shown i yable; however the
(Continued) | EOC is only due to attention failure and it does not teognitive failure.

The EOCs of all other steps (Steps 12 to 20) caused bytioriefailure can be
calculated as the same way | calculating the P(Faifutep 12 | success of Step
11, given situation) in the example above

Question 11

Question 11: “Do you agree with the stress values and timv stress
performance shaping factors are applied?”

As with Assumption 1 there is again little agreementramexperts not only on
what an appropriate choice for stress level should balboton how to apply stress as a
PSF. (See Table 46) Further questions about how to degearstress level were asked

in the Phase Il survey.

Table 46

Responses to Question 11 of Pilot Survey

Response

Expert B No. The stress factors very from moderagxteeme stress with no explanation for why
the stress level would be impacted. Given the failb=V, | would assume moderately
high stress level (just as the operators said).

Expert C Expert C - No, | believe that the stress lstheuld be high (x5) throughout the entjre
execution error. As it stands, lower stress levelewssumed for some critical actions.
As a minimum, the justification for using the loweresss level for certain critical actions
should be justified in the analysis.
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Question 12

Question 12: “How would you determine if this HEP valuadseptable in terms

of meeting the needs of the PRA model? What additiof@mation would be needed?

What other people would need to be included in this disau&sio

This question was asked to try to understand how an HRKst determines if

his answer is “correct.” Since there is no physitzth for comparison, each expert must

render judgment on how they justify that their resulis @mplete and will meet the

needs of the PRA model. Table 47 shows that each engretéred judgments on how

they define acceptable results. Expert C even comohéh&t he did not know how to

interpret what “acceptable” was referring to.

Table 47

Responses to Question 12 of Pilot Survey

Response

Expert A I would look at it in relation to the other P& and do a comparison based on
scenario specific demands, training etc. To me tlelate value is less important as
there is a significant uncertainty associated with $JE&hd this would have to K
addressed when using the PRA.

Expert B | | would compare its relative value with otherRsEn the PRA. In addition, | woul

model. In addition, operators and/or training personmallsl review the final results ¢
the HRA. In terms of additional information the fallmg would be needed, other PR/
or the SPAR model.

d
compare it to similar HEPs at other plants, includinrg HiEP used in the NRC’s SPAR
f
AS

Expert C

I am not sure what you mean by the term faabde”. When | look at the HEPS, I log

for consistency. In other words, | would expect thataae difficult action would have a

higher execution error than a simple action. Actidret are more time critical wil
generally have a high probability than non-time caitiactions. | also try to be ve
consistent with the cause based determinations.

It is not clear to me what type of walkdowns or cohfranel reviews or simulatg
reviews were done to support the HEP analysis. Also,rgference the Reactor Tr
procedure and the Functional Recovery procedure. | wowdalge looked at the Los
of Feedwater procedure and any alarm procedures that woulthewperators to th
loss of AFW (pump trip alarms, low SG alarms, etc.).

the

D
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It was intended that from the responses to this ipmestll experts would apply
the same principles to determining if the results wareeptable. Overall, the three
comments suggest that HRA analysts would want to contpairefinal HEP values to
other results within the same PRA model to produce stamdiresults. However, this
statement is too general, and there needs to be sdimiéiadeon what specifically to
compare between HEP values. The comments do provideideasesuch as timing and
guantifying the same action using a different method. €@ue$3 further addresses this
same issue. Sometimes HRA analysts may “check” thdtseof an HEP calculation by

comparing it to historical values, and question 13 wasnatieg to address this issue.

Question 13

Question 13 “Can you determine if the HEP is consistetit historical values
and/or similar to other NPPs values? If this valueewsconsistent with the historical
value, would you question and change this analysis in ag¢'w

The comments (See Table 48) show that while experteake comparison with

historical values, they all agree that this should beedwith caution.
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Table 48

Responses to Question 13 of Pilot Survey

Responses
Expert A | believe it is in the ballpark of other assaents.
Expert B | would look at it to see if there are anydaéasons why the HEPs are different. HoweVer,

if the HRA methodologies have changed, this may explardtfference.

Expert C For some actions you can look at HEPs develapethé IPE or for past generic studies.
However, you also have to be aware of what typesiofgs are driving your HEP and
potentially what was driving the HEP in the historiealalysis. | believe that it is mugh
more important to be consistent within your PSA.thE HRAs are consistent within the
PSA, then if all HEPs are consistently high then @i@F is higher but the system
importance ranking identifies the most important systeri¢ith HRA you can always

second guess the analysis (no matter how well it isrdented), but consistency counts.

Again, | am more focused on consistency with other BIRAthe same analysis. However,
| would question the value if it were significantly higharlower than the previous plant
HRA analysis.

Conclusion

From the comments on the sample calculations th@wiolg conclusion can be
drawn. If the calculation is documented appropriatelyeveers of an HEP calculation
may not question or criticize assumptions made withinaaalysis, but if personally
asked to render the same judgment they might use a difigppnbach than was used by
the analyst.

The questions asked in this survey were directed at fylegtivhere judgments
are made within an analysis, and it was intended tiatekperts’ responses could be
used to draw conclusions about how the judgments were eshdeiThis survey
succeeded in identifying judgments; however, with only foamplete responses no
final conclusions can be drawn about how one rendesetjudgments. Furthermore, the

guestions asked did not address specifically the issue ofuttmments were made. The
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Phase Il survey was created to address specificallyisswe of how one renders

judgments.
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CHAPTER VI

PHASE Il SURVEY

From the results of the Pilot survey the Phase Wesumwas created. For this
survey twenty additional HRA analysts were asked to qyaate, and a total of eleven
responses were received. Five of the responses wame garticipants of the Pilot
survey. Of those who responded four people are currently tise HRA Calculator and
the seven others are familiar with the methods empldyy the HRA Calculator. All of
the participants have completed numerous HRA analyseshavel several years of
experience.

The Pilot survey showed that the questions asked werespecific to the
example to draw general conclusions. The Phase Il sumasy broken into small
sections addressing different areas of judgment. The sigstion asked general HRA
guestions not specific to a method. The second seatiotaios questions specific to the
HRA Calculator and the use of the CBDTM Method, Annuaci&kesponse Model and
the HCR/ORE Correlation. Because most HRA analystg vse one methodology, it
was expected that no participant would answer every goestio

The following presents each question asked followed éy¢bponses received.
The responses are stated exactly as received fropattieipants, but only the responses
that address the question in a context relevant toHfRA Calculator are provided.
Several participants answered questions in relatiorthier anethods not applied by the
HRA Calculator. The results from both surveys werealusecreate recommendations

on how to render judgments within the HRA Calculatore Tomplete Phase Il survey
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which includes the introduction and instructions, and sangallculations used for
reference are included in Appendix C. The categoriekarstirvey were defined prior
to defining the areas of judgments (See Chapter lll) tlaeck is not always a one-to-one

correlation between survey sections and identifiedsavéadgments.

COMPLEXITY OF ACTIONS

Question 1

Question 1 “How do you judge whether an action is ruledhaskill-based or

knowledge based?”

Table 49 shows that most analysts follow the THERfnitens for rule-based,
skill-based or knowledge-based classification (See Chaftér. However, they also
have generalized and created simplified rules for clea8dn such as rule-based =

training + procedures.
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Table 49

Responses to Question 1 of Phase Il Survey - Complaixfgtions

Responses

In skill-based processing there is a close coupling betwee sensory input and the respo
action. Actions that are classified as skill-basedypieally those that are immediate actions

hse
in

emergency procedures, for which there is extensiveitigiiand practice. In essence, the

operating crew is expected to respond immediately to thidasle cues for skill-based action
without having to refer to procedures or to discuss thierecextensively with each other.

Rule-based cognitive processing is governed by a set ofquces that are expected to be u
and followed during the event. It is expected that the tipgrarew is familiar with and ha
practiced the use of the procedures, but not necessarilyet extent that the actions g
performed by rote.

Knowledge-based processing encompasses actions thaequanerthe integration of a mo
complex set of indications stemming from multiple equipnfaittires, particularly unusua
events, or instrument readings that provide only indimgitrmation regarding plant statu

Sl
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Because the specific conditions may not have beerrigatéd, response is not necessarily

governed directly by procedures. Instead, the performainttee mperating crew may depet

significantly on their knowledge of the plant design andraireg characteristics and thei

ability to apply this knowledge in formulating an approprig@sponse.

nd

I would avoid using time-reliability curves based on tésutts of the EPRI ORE work, but if
were to use one it would be the ORE version, which diduse the skill/rule/knowledge as|
differentiating parameter. This is a hold-over frora thiginal HCR, which was not support
by the ORE project results. However, if | were tdkmauch a judgment, it would be based

whether the response was skill-of-the-craft (i.ery ypeacticed and done without need to cons

procedures) — skill-based, whether the actions were guidegrdnedure — rule-based,
whether there was some thinking to be done — knowledgetba@/hile 1 would not call th¢
actions skill- rule- or knowledge-based, | would differetatibetween instinctive actions (e.
confirmation of reactor scram), procedure based actams potential recovery actions that i
not procedure based.

| follow the guidance in NUREG/CR-1278 (THERP). | consikeowledge-based actions
apply to situations that are to some extent unfamibathe operator, either due to lack
training or lack of procedures. Rule-based actions apg@ituations where the operator reli
on procedural guidance for performing a particular actibis dxpected that the operator has
least some training on or familiarity with the procedluiSkill-based actions typically apply
actions for which the operator has extensive trairongxperience. While the actions
usually proceduralized, the operator is capable of perfgrntire required action(s) fror
memory.
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Judgment. Most actions are procedure-driven, and thus rséetb&ome field actions a
considered skill-based, as is normally controlling leiel RCS and steam generat
Knowledge-based actions are for actions outside nor@&sE
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Judgment. Most actions are procedure-driven, and thus rséetb&ome field actions a
considered skill-based, as is normally controlling leiel RCS and steam generat
Knowledge-based actions are for actions outside nor@&sE
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Table 49 Continued

Rule-Based: proceduralized, highly trained, compliance based.
Skill-based: proceduralized; habit or stored padtef pre-programmed instructions.
Knowledge-based: no procedures, or instructions; highllytced

The line between rule based and skill based is diffiaultliéfine and may change betwe
operators and/or plants based on training and the cooft¢né procedures. If an operator
considered to have committed a simple step or setpud sbememory, then | might consider i

skill based action (maybe putting the mode switch in shwiddior example). Other
proceduralized actions | would mostly define as rule basegona. Knowledge based actions |

en
S
a

tend to think of as those actions that require the tperto interpret symptoms of the plant gnd
determine the correct course of action. With the add symptom based EOPs, the

knowledge based actions that might be analyzed in a P&Anamy opinion, not very commqg
because the procedures tend to address the interpretation.

Actions directed by procedure are typically consideredetaube based. These are typica

l

lly

actions that are pertinent to the cognitive portiornthef analysis. Actions directed by verbal

communication, such as to an operator in the fieléxecution type actions, such as openin
valve, starting a pump, etc are considered to be skildbaSognitive actions without specif
procedural direction are knowledge based. In general, wedveauisider all troubleshootin
type actions, or infrequent evolutions requiring a numbsteps without procedural guidang
to be knowledge based.

Rule-based: Completion of a task requires the operatdolltav written procedures. The
operator knows the general guidance or direction of theeduwes but not to the specific detai

such as all the procedural steps in their exact sequendied

Skill-based: the operating procedure of a task is famitidhe operator. Without the help
written instruction, the operator can comfortably ptete the task. Completing a task
reciting the procedure steps which are familiar to ferator also counted as skill-based.

Knowledge-based: there are no written procedures/instnsctnor formulated solution fo

complete a task. The operator has to rely on higthgineering knowledge and system-speg
knowledge to act on the task.

Rule-Based=procedure+training.
Skill-Based=procedure+training+frequent practice
Knowledge-based=No procedure, only training for §oation exam and college

When the required action is specially stated in the progeand the operator has enough t
to follow the procedure, | would consider it as Rule-bas®¥dhen the operator required

immediate action (such as manually tripping the reactoangW&TWS event) prior to follow the

procedure, | would consider it as Skill-based. When thiera¢s not specially stated in th
procedure, | would consider it as Knowledge based.

| consider that all proceduralized actions are rule-based.

When the required action is specially stated in the pogeand the operator has enough t
to follow the procedure, | would consider it as Rule-bas®dhen the operator required

immediate action (such as manually tripping the reactoangW&TWS event) prior to follow the

procedure, | would consider it as Skill-based. When thiera¢s not specially stated in th
procedure, | would consider it as Knowledge based.
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Question 2

Question 2 “Do you use this type of designation in youPH#&lIculations? If so,
how is this information used?”

The responses can be grouped into three categoriesvas shTable 50. Some
analysts do use this type of designation directly inr tH&P calculations and apply it
within the use of time reliability curves. Others |félgat this information is useful in
understanding the action and should have some implicgteftech as skill-based actions
should have lower stress values that other knowledget@ag®ns or less recovery is
applied for knowledge-based actions. The third group of pgaatics agree that this
classification is not used in any form within thealaulations and do not bother to

classify actions in this manner.

Table 50

Responses to Question 2 of Phase Il Survey - Complaixfgtions.

Response

* Yes, the HCR model is based on a time-reliabilityeation for crew response. The correlation
was evaluated separately for three different types ghitwe processing: skill-based, rule-
based, and knowledge-based.

* Yes. It is useful to document the analyst’s thoughts amasvof the action. It does not have a
direct quantitative effect, however there may be sjpecdses where the information may |be
used to override an HRA calculator default or value. Tleases would typically be those where
we feel that we have significantly more uncertaihg is typical.

* Yes, this information used during the procedure step review.

* No, not explicitly

* | do not use the designation of rule-based, skill-basedkanaledge-based explicitly in th
HRA. However, they are implicitly considered. Formyde, in general we only take credit for
actions that are proceduralized. As such, knowledge-basietisare typically not credide
Instead of designating actions as either skill-basedlerlrased, we categorize them based on
amount of training and/or experience the operators hétwetle particular action. We assign
levels of high, nominal or low to represent the amarfriraining/experience on a particular
action, with corresponding multipliers of 0.5, 1 and 3, raspdyg. (These multipliers arg
consistent with those used in the NRC’s SPAR-H Method)

D
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Table 50 Continued

» Indirectly. Less recovery for knowledge based actions.

* Qualitatively it appears that skill-based would have tiweest probability of failure; followed by
rule-based, and then knowledge-based.

* No, the skill, rule, or knowledge-based classificatiorstif too high level to assess HEPs|of
variant types of tasks in different industries.

* | do not use the skill/rule/knowledge based distinctionayrHRA evaluations.

Question 3

Question 3: “To what extent do you think the designatietwben rule-based,
skill-based, or knowledge-based actions influences your Ef¢ulations?” Based on
the responses to Question 3 shown in Fig. 13 it is cortltia this designation should

influence the HEP calculations.

Number of respondents

Not at all Very little Somew hat Are a dominating
factor

Fig. 13. Participants Opinions on How the Classificatio the Complexity of
the Action Affects Overall HEP.

Question 4
Question 4: “Do you think your answer to Question 3 ifeht for different

methodologies? If so how? “
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The responses to Question 4 (See Table 51) show Heae tis large

disagreement about how the classification should affeetcalculations. Again, most

participants agree that judgments about the classificafidine actions should affect the

results of the calculations. The original intent o thuestion was to identify if one

would use different parameters when classifying the r&ti®ther than the simple No

responses, the participants did not consider the questibis icontext.

Table 51

Responses to Question 4 of Phase Il Survey - ComplaixAgtions

Response

No [5 participants]

Only to the extent that | would differentiate betwegrstinctive, procedure driven and no
procedure driven recovery actions. However, | would begudifferent HRA methods for eag
category, not shifting a parameter within a TRC.

=5 5
1

Our approach is identical to that used in the SPAR-H btktbut probably differs from othe
methodologies. In fact, some HRA methods may not eu@mtitatively account for theg
designations.

=

My understanding is some of the methodologies were bag@ditly on the rule, others mor
implicitly or use other variables which are relatedhese three different factors.

e

It depends on whether the methodology specifies thatistiaction must be used as an import
characteristic of the action’s definition and quandifion. If it is an integral part of th
methodology, then | would use it, but | don’t think | wouddlyron a methodology that requirg
the use of this characteristic.

ant
e
2d

Certainly! Surgery operation is skill-based task; aniswgethe midterm examine questions &

mostly knowledge-based activities; and setting up a newlghgised equipment is mostly

procedure-based activities. The skill-based, rule-baseti knowledge-based activities are
usually the dominant factors affecting HEPs.

re

not

Some methodologies do try to account for the use of skl and knowledge-based actions.

-or

example | used it in the construction of the HCR approach.

Conclusion

When rendering engineering judgments on how to assignngplexty level

analysts tend to formulate simple guidelines (unique to eaelyst) based upon the

complex THERP definitions. The classification shoudvén some implicit effect on the
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calculation if the methodology does not use this paramefithin the numerical
algorithms. The responses to the questions in thisoseshow that all analysts agree
that this parameter is important to several diffengottions of the analysis such as

methodology development, timing, stress, training, anewesof the final HEP.

STRESS LEVEL

Question 1

Question 1: “How do you determine stress level forcioa?”

The responses show (See Table 52) that there isomonan approach to
determining a stress level. Furthermore, the samdsldoe stress are being used in
entirely different contexts. For example, the HRAdD&tor uses low, moderate, or high
stress, and many of the participants have defined thesls differently. From the
responses there are four re-occurring parameters usexpéstse operator interviews,

time, workload, and consequences of the action the faisw
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Table 52

Responses to Question 1 of Phase Il Survey — Stresk Leve

Response

Operator interviews [2 responses]

Indirectly through consideration of complexity, time doamts, workload (I used the CBDTM

Method for the cognitive element and that was constdut focus on factors a PRA analyst

might be able to address, without being an amateur psgihol

We classify stress as being in one of three lewasninal, high and extreme. An extreme stress

level is dsruptive to the point where performance of most peogledeieriorate drastically,
Extreme stress is likely to occur when the onset®fthessor is sudden and the duration of
stressing situation is long. This level of stresal#® associated with the feeling of threat
one’s physical or emotional well-being. An exampleanf extreme stress situation is g
involving catastrophic failures that have the potenfialradioactive release. A high stre
level is considered to be higher than nominal. Examiplelside the presence of multip

instruments and annunciator alarms at the same titheiaexpectedly; loud and continuous

noise which impacts the ability to focus on the as=igtask; or the consequences of the {
represent a threat to plant safety. A nominal sie&d is conducive to good performance.

Judgmentally. Bases on combinations of perceived tioraplexity of sequence, consequen
of the actions, expected frequency of the sequence... lvetArimoderate stress for accide
responses actions and upgrade (to high) or downgrade (tohdyif there is a good case.

Time available, and perceived consequences of the failioreaccomplish something, af
familiarity with the situation.

| typically use a time reliability correlation to aemt for the stress factors as it usually captt
important stress issues. For instance, containmatird is a potentially disastrol
consequence which could threaten the lives of plant peet@nd the general public, but t
long time that is generally available to mitigate tbbaditions that are causing the containm
challenge would reduce the stress for completing thadracti think time stress overridg
consequence stress in most cases. If | were forcaappty stress levels, | suppose ti
imminent core damage with limited time available wolddektreme or threat stress, high str
when multiple emergency systems have failed but core glanganot imminent, modera
stress for other accident conditions, and low str@sadtions a reactor trip situation when
systems are operating properly. That's a pretty sineglifipproach, but | would view a mg
detailed approach as limited in benefit due to the feat tthe assignment of stress levels v
always need to be subjective to address all potengalsios. A cookbook method is difficu

to apply.

With great difficulty and much discussion. Seriously, ikisonsidered to be one of our m
difficult steps of the analysis. The stress levelcéfehe quantitative result within the HR
calculator and the typical sources are not particulatigfying regarding guidance. We tend
shade to Moderate stress more frequently than the H&éufator would recommend. Th

most often happens for actions that are occur duringt®weinere a number of things are

simultaneously changing in both the primary and seconglamg of the plant, or for loss
power scenarios.

Two ways: First, direct assessment by experts or\ig@mng operators. Second, calculg
stress as function of other directly assessable R&Es whether reactor tripped, alart
activation state, severity of the situation)
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Guidance in NUREG 1278. Response to an evolving accidetd teaMODERATE stress, i
operator is under threat of loosing control (no respeageior actions, or additional events

5),

then EXTREME stress is applied.
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Question 2

Question 2: “Suppose during operator interviews that theatgys conclude that
the action is low stress but you believe the acBamgh stress, how do you determine a
stress level?”

Table 53 shows that this scenario does occur in HE€ulggons and that
analysts have pre-constructed solutions to this probl@hme simplest way to
acknowledge this disagreement is not to ask operatorsevowthese three responses
came from participants that all had over twenty yeafsexperience. The least
experienced analysts both commented that they would deferperators. Applying
weighting factors would be another approach, but it does pleore subjectivity on how

to weight each response, and there will be variatioorng analysts.

Table 53

Responses to Question 2 of Phase Il Survey — Stresk Leve

Response

» | would defer to operators as being most knowledgeable.

* | would explain to the operator the teriia described above for classifying stress ley
Beyond that, | would generally defer to the operator’siopi.

* | would pick the high stress. | would also write a juséifion to document why | picke|
the high stress level.

» | do not ask the operator about potential stress l&vial.not possible to simulate stress
level at the Simulator. Instead, | use my own consisjgdgment i.a.w. the pre
established guidelines. Later, | review all HRA for sistency of assumed stress levels.

» If operators and trainers agreed unanimously for lowsstre would likely make if
nominal stress.

* | probably would use nominal, which average out the diffees. Alternatively, | would
interview additional personnel to see whether theeeo#tner factors not captured in the
first interview.

* Provide appropriate weight factors to the operator’'ssaasent and my assessmenf to
obtain a combined result.

o
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Table 53 Continued

* | would not ask directly about stress, but focus on theent measures above, which are
somewhat more objective.
»  After 20 years of daily contact with operators, includimgrviews, | have concluded that
interviews have limited value. Every operator is uniqueé avery interview depends on
the immediate context of the interview (your relatiapswith the operator, is the operator
having a “good” day, is the operator interested in thieve etc). Further, in matters like
these, operators tend to react like fighter pilots,they tend to label everything as lgw
stress. | rely more on my view of the context of #ution/event and any observations |
have made on the simulator or the infrequent real event
* The best way to proceed if you disagree with an expegsrétor) opinion is to try to
observe crews at work on the simulator for a sinalagident.

In summary there were four different types of respamsehis question: 1)
simply defer to operators’ opinions, 2) use the levelrdabed by the HRA analyst, 3)
apply even more subjective judgments and apply weightingrfacamd 4) do not ask
operators for stress levels but instead focus on indmeasurements or observations in

the simulator.

Question 3

Question 3: “To what extent do you think the stressllekioice influences your

HEP calculations?”
The responses to this question are shown in Fig. 14thendesults show that

most analysts consider stress to have a some impaheddEP calculation.
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Not at all Very little Somewhat Are a dominating
factor

Fig. 14. Participants Opinions on How Stress InfluektieB Calculations.

Question 4

Question 4 “Do you think your answer to Question 3 isshffit for different
methodologies? If so how?”

Five participants responded with a simple No responseabutqual number
responded that they do think stress level influences déleulations differently
depending on methodology. (See Table 54) If one actuatigiders several different
HRA methods available for quantification, it is eagyréach the conclusion that stress is
treated differently by different methods. However, tliudy is only considering
analytical methods applied by the HRA Calculator, and fmutrof the five participants
who responded No are current users of the HRA Calculafbis is most likely because
the stress level is asked for as low, moderate, or, higth the same PSF value is used
regardless of which method is used to calculatg R is therefore, concluded that a

consistent PSF value is more important than theiidas®n.
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Table 54

Responses to Question 4 of Phase Il Survey — Stresk Leve

Response

* No [5 responses]

* Yes, because in CBDTM, the question about “stressaaked differently than they are |n
THERP

» | think that the choice of stress levels in othethndologies has an appreciable cumulative
impact on the HEPs, especially in terms of executioorgr

* My understanding is some of the methodologies considerettilypghe stress, others may
use other variables which are related to the steesers.

* The use of stress could vary depending on the methodolaggels but | don’t use many
methodologies and don’t have the insight as to how te@fstress might change.

* Yes, depend on the context stress is not always a dotnfaetor. Other factors (e.g.
fatigue, biased mind) have superior influence than sinessme situations.

* Yes, for example HCR does not consider stress.

Question 5

Question 5: “When calculatinge,R (using the HRA Calculator) is it better to
maintain a constant stress level for all criticali@ns or vary the stress level between
actions? Table C-2 and Table C-3 show both scenfmiothe Feed and Bleed Action
used in the Phase | Survey.”

There were three different opinions on how to hakile situation (See Table
55). First, four participants agree that they would gelgemaintain a constant stress
level. Second, four analysts stated that they wouldnattéo quantify the action as
accurately as possible and, therefore, they would Jaystress level among critical
actions. The third approach used by three analysts iss¢oa different methodology

approach or to analyze in the action in more detai tpplied by the HRA Calculator.



Table 55

Responses to Question 5 of Phase Il Survey — Stresk Leve

Response

Maintain constant stress level unless involving déferpeople in different environments

| would use the same stress value for all criticalbasti | couldn’t see a basis for me, ag
HRA analyst, rather than a psychologist, to make astyndiion.

| would apply a constant stress level for all of thetasis within an action. There are

couple of reasons for this. The first is that theoueces available for HRA are limited apd
applying stress on a subtask level can be time consumihg. second is that is not clear

that the additional rigor makes the answers any betéep based stress assignments
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even more subjective than one for the overall aciioth an additional layer of guesses dpes

not imply a more accurate answer.

Largely same stress levels. When reactor operator segaection outside the control rod
by someone else, that other person will be assignddMDR_ stress level.

m

| think it is better to quantify HEPs as accuratelyassible. Therefore, if the stress leyel

varies between tasks for a specific action, it shoalthbdeled as such. Having said th3
do not believe in practice that the stress level weitly frequently between tasks for a giV
action.

| am not sure without doing a more detailed sensitivitglies. My intuition argues for both

cases, depending on the different understanding and thesptardrios of interest.

Vary stress level only if there is a clear justifioa. It makes sense that the first step in
example might have higher stress than subsequence actions.

t, |
en

the

| believe the stress level should reflect the speaifiion to the extent possible. Otherwise,

may make it difficult to see differences between actidhie are always trying to reduce t

subjectivity, but we should be cautious about arbitraprogs during analysis. Our overall

objective is consistent application of the methodolsgyas to better be able to g
differences between various actions. Please note Ithmlieve there is a significan
difference between consistent action and arbitratigrac

Since the success of some steps within the procedureaaecimportant then the others
think the stress level should be vary based on thieadréctions.

It depends on the duration of the task. For the feed-keditscenario, | would us
constant pressure level.

The problem with the table is that it does not dedhwhe context within which th
assessment is being made. The approach is typicalashSvapproach in breaking dow
tasks into sub-elements and then trying to quantify thedthen attempting to account f
context by using nominal PSFs. Based purely workload deretions | would say thdg
most of the actions are low workload since they imeahe operation of a small number
switches in readily available locations. EstabhighiN2 and Instrument air could |
difficult based on where the various stations in theRVIfBAain Control Room] or outsid
in the Aux room. In the case of errors of commissiorwould say the importance of th
actions, in sense of core damage frequency, will deternvhat will even be looked at.
it is looked at then | am not sure that individual stepd@oked at in this manner. Agal
we are back to the Swain way of looking at things, pied. More modern approach
deal with the whole response of the crews to an attidas for the Table C-3 a & b, th
same comments hold.
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In general, the participants were equally split on wérethwas appropriate to
vary the stress levels among actions. In the Plow&y only one participant identified
the variation in stress levels between criticaloams It was anticipated that with this
guestion there would be strong agreement among particientgyver, this was not the

case.

Conclusions

Engineering judgments about stress should be considered indiadual bases
and no “cookbook” formula can be applied. When determinisgyess level analysts do
generally consider the following: operator intervietusie, workload, and consequences
of the action if the crew fails. This is shown batlthe survey responses and the CPSES
HRA (See Chapter Ill). In addition, HRA analysts asing the same classifications in
different contexts, so it is better to determineRIS# value as opposed to a level such as
low, moderate or high.

To avoid rendering inconsistent engineering judgments duopgrator
interviews analysts tend to have pre-constructed sakitiabout how to handle
disagreement. For example, the CPSES HRA conducted opéraviews and chose
to always defer to operators opinions when there wdisagreement about stress levels.
However, the survey responses show that the more iemped the analysts, the less
weight they place on the operator’s responses to diness

Engineering judgments made about varying the stress bmteleen critical

actions are difficult to justify if the action is cotefed by the same person in the same
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location. Therefore, the engineering judgment should bedoan what level of detail is
necessary for the analysis. In some instancesamtigd be a time consuming task that
would not impact the results, and in other cases, ¢hisl lof detail is a requirement.
One example, where analysts would want to apply additidetil to the calculations
could be for actions that are high stress apgid less than 5 minutes. In these types of
actions the results of the CBDTM Method and the HCREGPbrrelation can vary by

orders of magnitude.

TRAINING

Question 1

Question 1 “Do you differentiate between simulator nirg vs. classroom
training in HEP calculations? If so, how is this usegldur calculations?”

The current configuration of the HRA Calculator does differentiate between
simulator and classroom training, but it does ask thdysineo identify the different
types of training for documentation purposes. Two partitgpeesponded with a simple
no response, and three responded that they do not dif¢ecietween types of training
directly.

Four participants responded that they do differentiatengntcaining types. In
general they do this either within the design of thehodology, such as CBDTM
Method asks the analyst to differentiate between itgaiand actually practicing the

action, or using a larger sigma within the HCR/ORE €lation for classroom training
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compared to simulator training. Table 56 shows the commet of responses. This

shows that if an analyst chooses to differentiatewéen simulator and classroom

training, this is typically done as prescribed withia thethodology or implicitly used to

determine other parameters. However, half the partitspdo not differentiate between

training types, and it is implied that this is because rttethodology they use does not

directly specify this task.

Table 56

Responses to Question 1 of Phase Il Survey — Training

Response

No [2 Responses]

I would question the relevance and amount of the traimage than whether it was simulator
classroom as far as the cognitive element is coedernHowever, my bias would be th

classroom training would not be as effective, parti¢ylfar actions like venting a containment.

When | refer to the amount of training on a particaletion as being high, nominal or low, | ¢lo

not generally differentiate between classroom trgjraind simulator training, although both tyg
are usually included for most actions credited in the PNAte that some actions credited in {

PSA are performed locally at the equipment. As suchulator exercises are of little usg.
However, such actions typically have corresponding Jafoffnance Measures (JPMs) whitch

have the operators simulate the actions.

Only indirectly — use a larger sigma for classroom trjrio account for larger spread in timing.

The Cause-Based Method includes consideration for tigrioimnsteps and for actually practicit
the actions. | use these features to account foritighiand practice.

Yes. Not generally used in calculation, however thiy beaa consideration for determination
stress level.

Yes, | believe most simulator training would include stasm training subjects (such as E
response from the control room). However, classrbaming can also included local actions
recovery actions from different alternatives.

Yes, | introduce training as a heading in the HDT forioha. | then use training quality as
measure within the training heading. Exposure to traimmghe simulator is obviously of
higher value than classroom training particularly if dateollected and analyzed.

It appears to me simulator training would carry more weidhe to the premium demand on ¢
simulator, a surrogate of interviewing simulator instoustappears to be the most pragmatic
of getting the information. It is recognized, howewbgt simulator instructor may be somew!
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biased in his understanding of the scenarios and experidoseof the simulator instructors stjll
have the design basis mentality, i.e., assume mulapleés and worst case scenarios rather than

considering the scenarios on a cutset-by-cutset basis.
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Question 2: “To what extent do you think training infloes your HEP

calculations?”

The responses show that most analysts considetthgbarameter of training

should have some effect on the HEP calculation. FRpel5)

IS

Number of responses

Not at all Very little

Fig. 15 Participants Opinions on How Training Influend&$ Calculations

Question 3

Somewhat Are a dominating

factor

Question 3: “Do you think your answer to Question 2 ifeht for different

methodologies? If so how?”

Six of the participants agree training has the safheence regardless of which

methodology is used. (See Table 57). Only one participamist training will influence

the results differently between different methods, asdrésponse is more convincing

than a simple No response. The section “Choice ahdtiwlogy” further addresses

guestions related to different results from differenthods.
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Table 57

Responses to Question 3of Phase Il Survey — Training

Response

* No (5 responses)

* No, | don't think training would change its significanae different HRA methods
However, | see the training and the products of traiféng, knowledge, experience, and
skills) are as a whole.

« | think that the training influences are different amamethodologies for numerous
reasons. First, not all methodologies may even quyahgfimpact of training. The HRA
Calculator, for example, does not quantitatively accoanttfe training influence. Our
HRA methodology, although based on the EPRI HRA Methodytifatively assesses the
impact of performance shaping factors (PSFs) such iasntyausing an approach similar
to the one contained in the NRC’s SPAR-H Method. oBécthe adjustment factors for
HRA methods that do quantitatively account for trainingymot be the same. Lastly,
even for those HRA methods that use the same adjustfaetors, the criteria fof
designating the level of training (e.g., high, nominalow) may be different.

» | do not know enough to say how other methodologies migight training, but | could
not analyze it in much more detail than | do now waity current background.

Conclusions

When rendering engineering judgments about how trainingemfes HEP
calculations analysts consider what type of trainingratpes receive (classroom vs
simulator) either implicitly by incorporating this infoation into other parameters or
following the use prescribed by the methodology. Witk erception when rendering
engineering judgments about methodology choice analystsotiacansider how the

parameter of training can vary among methods.

TIMING

Question 1

Question 1: “How would you calculate/determing?r
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The participants agreed that they would use some typdeomal-hydraulic

model based around the success criteria to obtgiH®wever in addition they also use

other sources including: operator interviews, manufacgdurecommendations, and the

FSAR. (See Table 58)

Table 58

Responses to Question 1 of Phase Il Survey — Timingnhafoon

Response

Engineering Analysis.. Thermal Hydraulic models such &AM would be used for time t
core melt calculations; engineering calculations woulddssl for items such as time to drai

D
na

tank; manufacturer recommendation/judgment may be usetkfos isuch as the time a pump

can operate in a degraded condition (i.e., insufficierBINlfNet Positive Suction Head]) befo
damage occurs.

re

I would calculate I, from the time that the event occurs to the latest &at which an action

must be completed in order to prevent an irreversilatee stvhich is not always equivalent
core damage. For example, if core damage occurs in 6 baitise pumps that are required
prevent core damage cavitate at 2 hours, our valug,afduld be 2 hours (not 6 hours).

to
to

T-H [Thermal-hydraulics] analysis using MAAP or oth@nglified scoping analysis based on

information from FSAR [Final Safety Analysis Reporty accident analysis done for succ
criteria determination.

£SS

The reference sources or calculation methods fgrafe determined by the action and
success criteria. Sometimes that means that themguhulic analyses are the appropri
bases while in other cases hand calculations mayobe appropriate. In certain cases, ther|
no easy way to determineg,fand judgment is required. In those cases, | have triettéon

its
ate
eis

system engineer input, but sometimes, it is up to the HR&#lyst to estimate it based on his or

her judgment (last resort).

By plant specific analysis whenever possible (preferr@herwise, analysis from a simil
design, or finally best estimate, provided that timingascritical. If timing is critical, one ha
better use analysis (otherwise the NRC will use 1E-01).

ar
)

It depends on the system failure criteria set for #sk.t &w is the time lapse between t
initiating event and the system failure state reachssiliraing that there is no operato
intervention on the system state.

ne
rs’

Use of Code MAAP4, use of owners’ group analyses, irgenoperators or ops training

personnel

Most of them by MAAP analyses. Some based from W@AP [Westinghouse Topica

Report], plant specific calculation results. If noneh@m available, would use operator inp
or simulator times.

The time window is usually defined by carrying out transenalyses. Even a simulator coy
be used for these purposes if the plant models are rédgaicaurate.

Typically from thermal-hydraulic calculations

MAAP Calculations, hand calcs, or estimates.

uts

id
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Question 2

Question 2: “How would you calculate/determing?T

From these responses (See Table 59) it is observedhdra are three general

ways in which analysts obtain this data: Interviesiseither operators or simulator

instructors, Job Performance Measurements (JPM), @ndlabservation of the action.

If none of these sources are available, then théysineould use data provided by

THERP or ASEP, but these are used with caution becdweseténd to be overly

conservative.

Table 59

Responses to Question 2 of Phase Il Survey — Timingnhafoon

Responses

Timing information from Operation's records. Individaaécution tasks are periodically trained o
these tasks are timed and recorded (Job Performancendsps

Maybe from JPM or from simulator exercises.

I would estimate | as the time required to complete the action as measuradthe start of the
response.

Observations of crew during simulator scenarios, estisniaom observations of similar actions.

Discussion with simulator instructor or actual simulators if available; some bounding values baj
on judgment.

sed

The means of obtaining an action’s manipulation timmalso dependent on the action itself. Ifi
one that is practiced in a simulator and time permgsralator observation, then the action can
timed. Walk-downs are also a means of determining maatipaltimes. Job Performance Measu
are guidelines that plants keep as part of the operaioingrogram and they are sometimes hely
in obtaining times. Operator interviews can be used, THHERP suggests double any operg
estimate, which can yield overly conservative resulis a last resort, the time can be estimate
the HRA analyst using a consistent set of rules suthase provided in ASEP.

is

be
res
nful
tor
d by

Observation of actual action. Interviews and tabes are not reliable.

From experiments (e.g., simulator exercises) or field data

Conservative estimate + interview Ops Training persbnn

Almost all of these manipulation timing are from thgetor inputs. Very little from calculatiq
results or assumptions.

>

T can be estimated by experts or just run the simulator.




139

Question 3

Question 3: “How would you calculate/determing T

The responses to this question were similar to Qare2tand the same

conclusions about Question 2 apply. (See Table 60)

Table 60

Responses to Question 3 of Phase Il Survey — Timingnhafoon

Response

Operator interviews or simulator data

Simulator exercises if available, but only if forcedute the HCR. | would avoid it.

| would determine 7, as the time to begin the response starting from the the cue ig
received. In terms of where to get this informatigimulator exercises would be the preferg
choice. However, since it is not always practiagapossible to get these times from simula
exercises, other options would be talk-throughs with opesadr training personnel, wall
throughs of the procedures or walkdowns of the actions.

ble
tor

For some actions actual simulator timing data is abkglg-or others, estimates based on s
timing observations of how long it takes to processuph EOPS.

bme

Discussion with simulator instructor or actual simulators if available; some bounding valu
based on judgment.

es

| calculate the diagnosis time by taking the time frbm ¢ue to the irreversible end state g
subtracting the manipulation time from it. | think tlesiot technically the same as the med
response time.

and
ian

| calculate the diagnosis time by taking the time frbm ¢ue to the irreversible end state g
subtracting the manipulation time from it. | think tlésiot technically the same as the med
response time.

and
ian

Tsw - (Teelay+ Tm). The critical determination is when diagnosis stops manipulation begins.

Our practice defines this as the point in the proceduszentne Operator has arrived at the
critical step.

ost

From experiments (e.g., simulator exercises) or field. data

Conservative estimate + interview Ops Training persbnn

Again, almost all of these median response timingrara the operator inputs. Very little fro
calculation results or assumptions.

Ty can be obtained from simulator results and this ig #dke simulator group keeps go(

nd

records, otherwise one can use expert judgment.
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Question 4

Question 4: “Do you believe that it is necessary tcudeent all timing
information (See Fig. C-5) even if the method you aiagur your HEP calculation
does not require this information? For example, the TBDmethod only requires the
analyst to determine if there is enough time availablecomplete the action, or the
Annunciator Response Model is independent of timing.”

Two participants responded with a simple no responset Bitjers responded
that all information should be gathered regardless ot wghaput into the calculations,
because it is important for documentation, and it ies&ary to understand all aspects of
the action modeled. (See Table 61) It is concluded thamang information asked for

by the HRA Calculator should be input regardless of winethodology is used.

Table 61

Responses to Question 4 of Phase Il Survey — Timingnhafoon

Response

* No [2 Responses}

* It is very important to have estimates of the systame window, the time of the cues, an
estimate of the time it takes to get through the procetiuthe appropriate step(s), and jan
estimate of the time to completion for the CBDTM{lais is necessary to determine (a) whether
the action is feasible, and (b) whether there i tion recovery.

* | believe that the timing information {J T, and T;;) should be documented as part of the
HRA.

* ltis important to evaluate both cause-based and tirsedbmethod for all actions unless therge is
a large amount of time available for simple actioes Qlearly not time-based)

* Yes; they seem to represent key information that prayide a good benchmark of factars
affecting the HEP. For us, since we are using the maximuthe two or three applicable
methods, the questions is moot; we have to compile tleeS RC/HRE by default

* Including the timing information as part of an actiodé&inition and if time permits, it should
be done. Given that resources are not always alatialllocument issues that are not used
the quantification, it does not have to be done tanaflaeviewer to reproduce the results.
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Table 61 Continued

» Absolutely! The credibility and validity of the analyswvill depend on the scrutability of eatch
HRA.

* |l don't think it is necessary. Such detailed clasdificaon timing window provides the things
need to be considered for assessing time sufficien@tledfing each segment of time for all
tasks is only useful for certain type of tasks.

* YEA! Atraceable record is documented.

* Yes, many of the successful actions depended on the apeesponse timing. Proper
documentation will ensure the bases for the criticad tresponse action are justified.

Question 5

Question 5: “Is your decision about how to collectngnaffected by your choice
of methodology?”

Five participants responded with a simple yes, and thaecipants responded
with a simple no. The others (with one exception), eagithat under certain
circumstances the method by which the timing inforomais collected is affected by
their methodology choice. Although there is some disageat in the responses to this
guestion, most state that there is a correlation detwjudgments on how timing

information is collected and methodology choice. (Bagle 62)

Table 62

Responses to Question 5 of Phase Il Survey — Timingnhafoon

Response

* No [3 responses]

* Yes [5 responses]

* Yes. While we may effectively discuss,;,land T, in our HRA, we do not actually
separate the two for quantification.

* Yes. At the risk of not doing what | am preaching in goasii7 above; we may not
collect certain timing information if it is simplyrale-based or THERP is used.

* Notreally. The timing is to ensure that how muchetitme operators have to successfully
complete the action.
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Conclusions

Engineering judgment on where to collect timing infoioratare based on the
specific information identified within the method. Aysts collect T, by first
considering thermal-hydraulic calculations, then additiGoairces. T is collected by
one of the following: operator interviews, observataf the actions, or JPM. If none of
these are available, a more conservative approacised by consulting THERP or
ASEP. The same is true ford Analysts are in agreement that all informationudtho
be documented regardless of which methodology is used. Itioagdengineering

judgments about choice of methodology are affected brtiray information.

TABULATED THERP PROBABILITIES

NOTE: Only seven out of the eleven respondents staggdhey routinely use THERP.

Question 1
Question 1. “The CPSES analyst has interpreted Tablé @the THERP as
follows:

“In determining the EOM g, values, if the operator action takes
place within ten procedural steps from the start of abeident
sequence, Item 20-7(1) [short list, with checkoff provisjonom
THERP is used. If the operator action takes place > €k shto

the sequence, Item 20-7(2) [long list, with checkoff prows] is
used. Items 20-7(3) and 20-7(4) [no checkoff provisions] are
usually used when the procedure is not an Emergency Ojeratin
Procedure
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Is this how you would use Table 20-7 for errors of ommsaice. How do you use Table
20-7 in your HEP calculations?”

This question was asked in response to disagreement gehevihin the Pilot
Survey, and Table 63 shows that there is agreementvotnchapply THERP Table 20-7.
Analysts agree with the CPSES interpretation of howapply THERP Table 20-7.
While most analysts agree on how to count steps/tasksocedures, there is some
discussion about how to credit check-off provisionshéré are questions about check-
off provisions, most analysts would directly identifyett within the questionable

procedure.

Table 63

Responses to Question 1 of Phase |l Survey — Tabulate®RPHEEobabilities

Response
» For this type of Westinghouse procedure, yes, though | wdubtk whether they actually
check off the step on the procedure before giving theditdoe checkoff.

» The interpretation | use for Table 20-7 is virtually ideamt That is, | would assign a short list
to those actions performed in procedures that haveHassor equal to 10 steps or, for longer
procedure, for actions taken within the first 10 stepgenbf the EOPs do not officially have
check-off provisions, | would treat the steps in EOPsumh since the operators are trained to
use placekeeping aids such as checking off or circling stapfiave been completed.

* Long list only if action requires 10 steps or more. Thoene be multiple tasks in one proceduire
step.

* | use the CBDTM Method’s mechanism to treat step donisand do not count it again for
execution. | usually assume that the CBDTM Method'’s stafssion component applies fo
each subtask within an action, so if there are 10 duhtasnultiply the initial step omission
mechanism’s contribution by 10. The use of Table 20-ih ftbe example seems like|a
reasonable approach and | would feel comfortable appliiaiginterpretation of THERP.

* Yes. | suspect that there may be some differencedenprreting the long list / short list criterig.
At Seabrook, we are considering all steps of the proceédutetermine which value to use. As |
read the later questions, | get the impression that seaysonly be counting steps in a specific
step / action. | believe that this is incorrect, atarly w/ regard to errors of omission.
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Table 63 Continued

* Yes for short vs. long list. However, for checkoff ve checkoff, | use the procedure that
documents the actual step performed by the operatooiguessing about this important aspect
since it heavily influences the results. In fact, éguced several recommendations to imprpve
various procedures by adding Checkoffs. This has loweredpldre CDF [Core Damag
Frequency]

» Similar to CPSES.

[¢)

Question 2
Question 2: “Other than THERP Table 20-7, are thereoimyr THERP Tables

you use for Errors of Omission on a regular basis? Untat circumstances do you use
the other tables?”
The responses (See Table 64) show that for erramistion THERP Table 20-

7 is used almost exclusively. It should also be notedstagn out of the 11 respondents

stated that they routinely use THERP.

Table 64

Responses to Question 2 of Phase |l Survey — Tabulate®RPHEEobabilities

Response

* Occasionally use 20-6 , though more likely to be used feintiators.

» | do not typically use other omission tables.

* We stick to the HRA calculator, i.e. no longer delveoifHERP outside the context of the
Calculator. [The HRA Calculator provides an electromérsion of the tabulated THERP
values.]

» Table 20-7b with RNO, procedure with RNO column.

* No [Three responses]
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Question 3

5

Question 3: “Besides THERP Table 20-12, what other THE&¥es do you use

for Errors of Commission for control room actioex¢luding recovery actions.)? Under

what circumstances do you use the other tables?”

In general, most analysts use THERP Table 20-12 forseafocommission for

control room actions, and on occasion THERP Tables¢®@nd 20-11 are used. (See

Table 65). All three of the tables are availableuse within the HRA Calculator.

Table 65

Responses to Question 3 of Phase |l Survey — Tabulate®RPHEEobabilities

Response

20-13 if the procedure calls for local operation.

Table 20-12 is the most commonly used table, but theradditional tables that are used
well, depending on the actions involved. For controht@ctions, Tables 20-10 and 20-11
also used. In addition, for actions performed outsidecthr@rol room (e.g., local valv,
manipulation), Table 20-13 would also be used.

as
are

D

| have, on occasion, used Tables 20-10 and 20-11 when apeatling is important to th
completion of an action on a gauge that is not onbeptimary reactor parameters. | do
have a specific set of conditions for myself thaggar the use of these tables, which
probably a weakness.

D

not

We stick to the HRA calculator, i.e. no longer delvioifHERP outside the context of t

Calculator. [The HRA Calculator provides an electromésion of the tabulated THERP

values.]

ne

Also use Table 20-11 for control room actions of readisgldis, checking indicators, etc.

Question 4

Question 4: “Under what circumstances do you use dataesootber than the

tabulated THERP values for Errors of Omission and BrodiCommission?”
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Table 66 shows that when rendering judgments about wihakefarobabilities
to use within an HEP Calculation, one should use THER®@ primary database. The
one participant who observes simulator training exescés potential data sources has
spent many years collecting this data. For most HRAyats this is not within the scope

of their analysis.

Table 66

Responses to Question 4 of Phase |l Survey — Tabulate®RPHEEobabilities

Response

* In general, | only use values from THERP for errorsrofssion or commission. An exception
could be for immediate action steps (i.e., actions titaur during the first few steps of|a
procedure that are supposed to be committed to memoryyhfoh an error probability can he
obtained from NUREG/CR-4772.

* Never

* | can almost always find a way to use a THERP talsries that is appropriate for the
circumstances. However, for multi-step actions thiattaghly trained, practiced, and used|in
actual plant operations (such as initiation of SPC [Sgspe Pool Cooling] in a BWR), the
THERP data can provide overly conservative resultshdise cases, | may modify some values
and make a note identifying the reason for the chafmpere is no set of guidelines for this and it
is done based on experience and interaction with therR&el. For example, it would becomies
apparent during cutset review that the HEP for SPC iiuitias too high when the loss of DHR
[Decay Heat Removal] CDF dominates the risk profile tuan HEP of 1E-4 with 24 houfs
available for action.

* None (with the usual disclaimers). There can alwaya bme when a specific source could |be
considered more pertinent.

» Errors of Omission (EOOs) are typically due to failunEsperator’s attention and memory (slip
and lapse types of error correspondingly) in this contdxbor procedure format is the likely
cause of attention failure. Unexpected interruption eftdsk is likely causing memory failurg.
Taking a short cut is typical Errors of Commission (BPi@ this context. The causes are likely
that the operator links current plant symptoms to aasaeriamiliar to the operator (e.g., by
training).

* Always use THERP

* The operator comments.

» For most of my work | use either data or informationva®l from simulators or expert judgment.

—
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Question 5

Question 5: “Fig. C-3. is a page from EOP 0.0. and Ste@$&den identified
as a critical action. Can you determine an Error ohisSion and an Error of
Commission using only procedures? If not, what otherimétion is need?”

The responses show (See Table 67) that judgments alborg ef omission and
errors of commission are based on more than procedargifications. Most analysts
base these judgments on understanding of the scenariobaadration of the control

room layout (especially indicators).

Table 67

Responses to Question 5 of Phase |l Survey — Tabulate®RPHEEobabilities

Response
. The EOM could probably be derived based on looking at theedure only. However, in ordéer
to correctly calculate the ECOM, knowledge of the aantoom panel layout should also pe
included since this impacts whether the ECOM for selgdhe wrong control would use item
(2), (3) or (4) in Table 20-12. In addition, other perforomshaping factors (PSFs) would need
to be known (in particular, stress level).
. No. | need to know the scenario- Is MSAFW pump failedhsd RNO action is needed. Did
both (all) AFW pumps fail; Have the operators beenrutséd preciously to try to restart
also need to know crew protocol-Do they use checkoffs wach step, do the use formal
communications, etc.
. No. In addition to the preceding steps of the proceduredgtermine where it is in the
procedure (the step numbers themselves are not adequate))d need to see the instrument
display for the relevant equipment to determine the ap@i@pEOCSs for Be | think it would
also be necessary to know about the accident sequemdedn that action would be taken to
help define the performance shaping factors that mightpertant (stress level, instrument
availability (maybe an alternate gauge is required toskee), environmental conditions, etc.).
. The evolving accident/initiating event is also impottém determine PSFs, workload, stress,
number of alarms, and others.
. Omission — Table 20-7b with RNO, Procedure with RNO colut@ommission - Table 20-11|
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Table 67 Continued

. | agree that the EOP 0.0 might be a critical step imrekponse to the accident by the crew, |but
| cannot evaluate the impact without examining the cant€he accident determines the
context within which the crews work. The displaysha tinformation in the MCR determine
what the operators see and this may obscure théyatfithe crews to select the correct
procedure. Training maybe such that the operators deangiout the response as well as they
could do! So context matters!

. Control room panel layout.

Question 6

Question 6: “Besides procedures, are there other metfoadsse to determine
Errors of Omission and Errors of Commission? Fomgx{a, do you do a walk-through
of the control panel, or conduct operator interviews?”

The responses to this question are in agreemenQuitistion 5. (See Table 68)
When rendering engineering judgments about errors of @misand errors of
commission, analysts find it helpful to do both a walletigh of the control room and
conduct operator interviews. It is expected that irdaal world this would be done for
every action modeled; however, in reality due to tinestraints this may not be

possible.
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Table 68

Responses to Question 6 of Phase |l Survey — Tabulate®RPHEEobabilities

Response

» The former is necessary, the latter helpful.

* | would want to either walkdown the control panels aklat a drawing of the control room
panel layout.

* For local actions, walk through may be important. Omerahterviews and simulator
observations are always invaluable.

» Walk-through and conducting operator interview are gredte drawbacks are level of effort
requirement and accessibility.

* A control panel walkdown is highly desirable and all #ffoshould be made to perform|a
walkdown of the panels and take pictures. Operator irt@svcan provide some insights, but
the actual panels are the most helpful.

» Also use the operator inputs. Do both walk-through andudroperator interviews.

* In addition to procedures: the accident scenario, trgjniman-machine interface, workload,
communications protocol, and leadership. InterviewsNBP operators, and instructors.
Reviews of procedures and control boards. Observatibsamulator sessions of operatqrs
responding to various accidents, etc.

Conclusions

In general, there is good agreement among HRA andlysis use THERP) on
how to interpret the tabulated THERP probabilities. Iysta used Table 20-7 almost
exclusively as a database for probabilities of ErmfrsOmission. When interpreting
Table 20-7 of THERP analysts begin counting procedure stemsthe beginning of the
accident sequence procedures. For Errors of Commissalysts tend to use THERP
table 20-12 for control room actidhand occasionally use THERFables 20-10 and

20-11.
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LOWER BOUNDS

Question 1

Question 1: “In your opinion should there be a lower lodar HEP
calculations? If so what value do you use and how did yermete that value?”

The responses show (See Table 69) that analysts unetymagree that there
should be a lower bound for HEP calculations. In additimst agree that this should be

in the range of 1E-6 to 1E-4; however, there is a ladKiagion for this range.

Table 69

Responses to Question 1 of Phase Il Survey — Lower Bounds

* Yes, 1E-4 Based on engineering judgment [2 responses]
* Yes, an HEP should not be lower than the lowest vialube Annunciator Response
Model Table.

* | believe that the lower bound value for the overadlam HEP for a given action should
be no lower than 1E-5 and for most actions should nimviber than 1E-4. | also beliey
the combined HEP (i.e., multiple operator action fagyshould not be lower than 1E-

* Yes. as low as just above truncation if may stilbbpractical significance under certajin
conditions.

* Yes. We use 1E-04 as a lower bound. This value is bas28 pear of PRA discussio
w/ NRC and personal opinion. It is difficult to imagirteat a complex activity can Q
considered more reliable than 1 in 10000, regardless afigtisins and training. Beyon
this value, one is likely to have missed dependenciéthee significant impact.

» <1.0E-05

* No, should be based on the HRA calculator results. HRA Calculator does apply @
lower limit of 1E-6 for the overall HEP]

* Yes, there should be a lower bound for HEPs and conidsadf HEPs. | usually use|a
floor of 1E-6 for individual HEPs and combinations of iKERat are required within 24
hours of an event. This is consistent with previoBA$and HRA documentation

(2200

>

Qo
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Question 2

Question 2: “In your opinion should there be a lower lblooim Ro4 values? If so,
what value do you use, and how did you determine that value?”

The responses (See Table 70) show that analysexjaedly split about whether
to apply a lower bound for & values. From these responses, an argument could be
made that a lower limit does not need to be applied,usecaxceptionally low values

for Peog Will have little or no influence on the final result

Table 70

Responses to Question 2 of Phase Il Survey — Lower Bounds

Response
* Yes, an HEP should not be lower than the lowest vimitbe Annunciator Response Model
Table.
* | do not believe there should necessarily be a lowent) value for either the cognitive error |or
execution error..... | do believe there should be a lowand value for the overall HEP.

* | am not sure about an absolute lower bound, but our sdsultl to be greater than 1E-4

* Yes. as low as just above truncation if may stilldbepractical significance under certalin
conditions.

* | wouldn't apply a floor limit separately to the catiye and execution components, just the tptal
HEP.

* Yes. We use and overall HEP lower bound of 1E-04. We guelly suspicious of individual
contributions w/ values less than these values.

+ 1E-5

* No [2 responses]

Question 3

Question 3: “In your opinion should these lower boundsdm®sistent between
methods?”

With one exception, HRA analysts agree that theoaildhbe consistent lower

bounds between methods. (See Table 71)



152

Table 71

Responses to Question 3 of Phase Il Survey — Lower Bounds

Response
* Yes (8 responses)
* The ERPRI doc (TR-100259) clearly says to use the CBDTMdtkts the lower bound. We
do that by using the Max(HE&Ebrv, HER criore
» It probably doesn’t make a lot of difference if thetioes use slightly different HEP floor values.
If they are very high floors, then the method will be ublesdecause it will mask potentially
important hardware wvulnerabilities. Very low floorsultl also mask potentially important
contributors and would not be accepted by the PSA cantynuin summary, small variations can
be tolerated while large variations would not be Usaattaccepted by the industry.

Conclusions

Unanimously, all analysts agree that there shouldobee dower limit to HEP
calculations and that this limit should be the samerdégss of the methodology used.
Most analysts agree that this limit should be in Hrege of 1E-6 to 1E-4 with a tendency
towards the higher end. Engineering judgments about whatwer lbound limit should
be based not on measurements or method used. Insteadréhépased on what is a

practical and meaningful result.

CHOICE OF METHODOLOGY

Questions 1

Question 1: “How do you determine which methodology to fesean HEP

calculation?”
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The response in Table 72 show that analysts detemhioh method to use by a

combination of the following: precedents, guidance providedespective method

description or the use of more than one method. (Questiorther addresses this topic.)

Table 72

Responses to Question 1 of Phase Il Survey — Choiceetbfddology

Response

We have used both the CBDTM and HCR for each HEP aoskdhthe greater failun
probability between the two methods

On the nature of the action, whether it is autom@tistinctive), procedure driven, or
recovery action.

We only use one methodology throughout the entire HRAbelleve it is more

important to use one methodology consistently throughmuaihalysis than it is to use

a particular method.

Use CBDTM Method and HCR/ORE Correlation for almdktations. We do not usge

the Annunciator Response Model.

Based on the guidance from the HRA Calculator trainingksimp and previou
examples from the HRA experts. When in doubt, use tworeetmethods and see h
they compare.

| want one that allows for flexibility and thoroughness ane that accounts for maj

contributors to cognitive and execution errors (likeERSand CBDTM Method for

cognitive and THERP for execution error).

Since the industry has no guidance or consensus, we tigmateulate HEPS usin
both CBDTM and HCR/ORE, and select the largest HEPh¥¥e occasionally limite

our calculations to a given method if the action isdie(overwhelmingly, etc) time

limited (HCR/ORE) or clearly a cognitive / diagnostiolplem (CBDTM).

Each method has its strength in predicting the HEPrtdioetypes of tasks. Selectig
of the appropriate method is dependent on the type of tasiatysis.

Pre-determined by using EPRI & HRA Calculator guidelinegailability and
importance of timing is also an important factor.

Question 2

9]

U7y

DW

OO

14

Question 2 “Is it better to use the same methodologwgrioentire analysis or to

use a method that is appropriate for each individual &tion
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The responses to Question 2 are shown in Table 7®a8icipants would apply
one method and four participants would apply more than @tkeat.. (See Table 73) It
should be noted that typical actions modeled within apbeie analysis are either skill-
based or rule-based proceduralized actions, and moreikkapnthe same methodology
is appropriate to use for every action. To justify badw points presented in Table 73,
when rendering engineering judgments about methodology chaicanalyst considers
the type of action being modeled and chooses an appromegbed for each action, and

often the same method is used for every action wathiantire analysis.

Table 73

Responses to Question 2 of Phase Il Survey — Choiceetbfddology

Response

* We have used both the CBDTM Method and HCR/ORE Coioeldor each HEP and chosén
the greater failure probability between the two method.

» | would use the same method for each action withirséimee type

» | believe it is more important to use one method aastly throughout the analysis.

* We apply both methods (CBDTM Method and HCR/ORE Coriaiatto all actions except
where long times are available.

* | believe is more appropriate to use a method that isopgpte for each individual action;
however, on certain cases, it may be useful to comgiiffezent methodology if they present
significantly different results.

» Picking a specific methodology for specific typesaofions implies that the analyst believes the
numbers the calculations produce are accurate, whicjudstionable. In HRA, a consistent
application of a methodology that provides a meansewkldping a relative ranking of the
difficulty of the actions is about the best that onddctwope for, quantitatively. One would hope
that the results are close to “correct”, but theneoiseal way of knowing. By mixing methods| a
major benefit of the quantitative portions of the HRAliminated (consistency in the evaluations)
and | consider it detrimental to the analysis. There Ibeag small, specific set of operator actipns
that cannot be quantified using the methods applied theritpagf plant actions, but | have not
encountered them yet (at least not those that shouldabéfegal using HRA techniques).

» It would be preferable to use the method that is apprepfdatthe action, however there is ho
consensus guidance on this topic.

» Use the method appropriate for a specific action asadsripe HEP assessment is consistent.

* Yes it is better. Change of methodology to achieveosenfavorable answer is like cheatirg.
Only timing consideration may force you into a diffedrerethod.

* | would suggest using one method but changes in context wdetd gife HEP values.
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Question 3

Question 3: “Do you believe that any method can be tgsadalyze any action?”

The responses are shown in Table 74. Analysts agaeéhére is no one method

appropriate for every action, and this further supportsonelusions from Question 2.

Table 74

Responses to Question 3 of Phase Il Survey- Choicesttiddology

Response

No. HCR method may be important to use when timingdstaecal component but it may not giy
the best result when timing is not a key component.

Different methods can be used within their realm of iappllity.

I believe it should be up to the HR analyst as to whiBtA method to use.

No, both methods (CBDTM Method and HCR/ORE Correlgtisinould be used on almost :
actions.

3]

Not necessarily. Some methods do not make sensenfie Gocumstances.

| would say the answer is yes (for a goof methodolagy) that while the method might not repres
what the “real” answer is believed to be as well ashenpit will be close enough. And ifit | not, the
something should be able to be done within the framewidheanethodology to make it work. Tal
the example of BWR SPC initiation. The EPRI HRA Caltar would yield a result that is too hig
for long term loss of DHR cases, but there are a@emptions that would allow for a correction to
made.

No. | don’t believe the Annunciator Response Modepjsrapriate given CBDTM and HCR/ORE

No, none of the existed HRA methods covers the whaalpesof possible actions.

No

If the methods are consistent, the answer should bs™Y

ent
BN
e
jh
be

Question 4

Question 4: “Under what circumstances do you calculatéllBR value using

more than one method and compare the numerical results?”

The responses are shown in Table 75. Generally, shgatjo use multiple

methods, and usually it is done to compare the resuttifferient methods numerically.
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Table 75

Responses to Question 4 of Phase Il Survey —Choice thioldielogy

Response

* Always

* Only to get an idea of where the range of opinions liB®ne of the methods is calibrated,
therefore it is useful to have some idea of what #mge of values is.

* | cannot say that | would ever use more than one rdetbgy to calculate an HEP other than|to
compare the results.

* Always use the larger HEP from both methods (CBDTMHhddtand HCR/ORE Correlation.

e | will check numbers against other industry “examples,|fdo not use multiple methods and
perform multiple cross-method calculations myself.

* Since the industry has no guidance or consensus, we Hgreaulate HEPS using bot
CBDTM and HCR/ORE, and select the largest HEP. We bagasionally limited our calcs {
a given method if the action is clearly (overwhelmyngic) time limited (HCR/ORE) or clearl|
a cognitive diagnostic problem (CBDTM).

* When | feel the method has great variability in detemg the HEP of a task.

* When the result is unreonable (too low or too highhgihat the applicability of the adopted
method becomes suspect.

» To present a case for why the selected method ig bette

o =

<

Conclusions

Several of the users of the HRA Calculator calculd#Ps using both the
CBDTM Method and the HCR/ORE Correlation and then tdiee higher of the two
values. Using older, non-computerized methodologies, it dvbeltime consuming and
difficult to perform two independent analysis for the saacttion. Using the HRA
Calculator this is a simple task, and the second calmulaen be done in a matter of
minutes. Assuming that the analyst is familiar witk thethodology. Many analysts do
not perform more than one analysis for the samemgchiecause they calculate HEPs by
non-computerized methods.

The responses also show that most HRA analystapgoiging some variation of
THERP, CBDTM Method and the HCR/ORE Correlation foeit analysis. This is

important to identify, because it shows that the n@themployed by the HRA
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Calculator are what current analysts are using evéreiHRA Calculator is not being
used.

When rendering engineering judgments about which methodotogyse,
analysts should follow internal guidance for recommendation methodology choice
and if using an electronic method should repeat the catoulasing multiple methods

for comparison, then chose the higher HEP.

ANNUNCIATOR RESPONSE MODEL

Only a few responses to questions about the Annundi@sponse Model were
received. It is believed that this is because few HiRAlysts apply this method.

When applying this model one must keep in mind that thbatlities provided
by THERP were based entirely on engineering judgmenteldre, it was anticipated
that current analysts may want to modify theses pilitieo However, responses to
Questions 2 and 3 show this not to be the case. Therdmtation of the Annunciator
Response Model provided in THERP clearly states thatHfBP values provided in
THERP Table 11-3 are based on a single control room tmpekdowever, responses to
these questions indicate it is common practice topnéeithem to be for a control room
crew even though THERP provides instructions to modiéy HEPs in THERP Table

11-3 for a crew. This practice is stated to be consgevat
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Question 1

Question 1: “How do you determine the number of annunagbresent in the
control room for a specific action?”

The analysts agree that there is no ideal way tleatadhis data. Therefore, it is
concluded that there are three different ways in whitlanalyst can render judgments
about how to collect data on the number of annunciaktescan ask operating staff, use
alarm response procedures, or observe simulator exe(c&ee Table 76). All three of
these tasks are time consuming, and it is difficult téaiobthe exact numbers of

annunciators.

Table 76

Responses to Question 1 of Phase Il Survey — Annun&atgponse Model

Response

» Ask operating staff.

* For this reason, | would be reluctant to use the anatorcresponse model in the first pla
However, if it is to be used, the best way would beitiver observe the scenario in the simulator
or talk-through the scenario with an experienced opemttnainer. There may be cases where
expert judgment by the HRA analyst could be used. For exaimfpee alarm is caused by the
initiating event or if the alarm occurs well out img& such that other alarms would not |be
expected.

* Use simulator or discuss with simulator instructor fe $cenarios of interest to come up withjan
estimate.

» Use of Alarm Response Procedures. Interview operators.

Question 2

Question 2: “In your opinion, is it appropriate to use \hkies shown in Table
11-3 of THERP when there is more than one person presém control room? These
values were derived for single operators, but CPSES shvag at least 3 or more

people present in the control room.”
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The responses (See Table 77) clearly show that respsnaeply the tabulated
values to crew behavior. This is acknowledged by senmrdvide conservative results.
However, numerical values of HEP results from the Aniaiar Response Model using
the modifications for crew presence given in THERP agmore closely with the

CBDTM Method (See Chapter V).

Table 77

Responses to Question 2 of Phase Il Survey — Annun&atgponse Model

Response

* Yes, if more crew members are focused on the samanarators they are less likely to miss it, but
typically one operator has the responsibility for ised of the control room.

* Yes, | believe that Table C-1 should apply to the ertiesv.

* | believe it may be slightly conservative; howewgitjen the dependency of the crew (i.e. similar
training and perception), and also, one person may beatedito reading the procedure or other
task, the applicability of one person for a three-persew is still reasonable.

» Diagnostic values in NUREG 1278 are for control room ¢reat per person or for one person. I|do
not apply recovery of one’s error for diagnostic faifure

» The approach does model crew's response.

Question 3
Question 3: “If you were to model crew behavior using walues in THERP
Table 11-3 would you modify any of these values to take tci@dadditional people?”
The responses (See Table 78) show that the respomutenpseted this question

as applying to the initial HFE. Therefore, the respsrae essentially the same as those

to Question 2.
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Responses to Question 3 of Phase Il Survey — Annun&asponse Model.
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Response

*« No

* No, | would not modify the HEPs in Table 1 to take crdditadditional personnel. However

there could still be opportunity to take credit for recgJgy either the same person or additiopal

personnel if additional cues are present.

* Not really. Unless there is significant more indepemdei available resources and timing is not a

critical issue.

* Only if time for second crew.

* Yes | would change the values. | do not use the AnnumdResponse Model, | do not think thiat

operators function the way that the model implies, il more annunciators the higher
unreliability of crews! Operators select a numbeke&yf annunciators to determine the accident

and use EOPs to confirm the accident and then proceé@. Svain model of how operators
respond to accidents is based upon a state of knowledgamntfggeration around about 1980,

limited exposure to simulators and event based procedure®s ot correspond to
operating conditions!

current

Conclusions

HRA analysts who apply the Annunciator Response mattelbavledge that this

model is conservative, but they do not attempt to apjuitianal engineering judgments

on how to modify the tabulated probabilities to obtaore realistic HEPs.

HCR/ORE CORRELATION

Questions 1

Questions 1: “List all the sources you use for coltectiming information.”

Table 79 shows the responses and Question 2 further addif@isgepic.
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Table 79

Responses to Question 1 of Phase Il Survey — HCR/OREeI&awn

Response

* Simulator exercises, Operator estimates, Job Perfasndeasures

» Three potential sources would be simulator data, opeirggnviews or expert judgment, with
the third option being a last resort.

» Simulator data for the action, walk through, simulatoadat similar actions.

* MAAP runs, T-H calculation, FSAR, NUREGS, Operatoeintews, Simulator runs, Simulator
instructor interviews,

» Field observations, simulator observations, estim@ey cautiously).

» Field observation, event analysis, and experimengs, @mulator exercise)

* Engineering calcs, MAAP4, owners’ group analyses, operagstimates

* Most of them by MAAP analyses. Some based fromW@AP/WOG, plant specific thermal
hydraulic calculation results. If none of them avd#@alwould use operator inputs or simulator

times.
« Timings from simulators, expert judgment, walkthroughs winplpersonnel and transient
analyses
Question 2

Question 2: “From your list of timing sources, under wdietumstances do you
use each source in your HEP calculation? Are all theeces equally considered when
choosing which source to use in a calculation?”

The responses to Question 2 are shown in Table 8& ctncluded from both
Tables 79 and 80 that all sources of timing informatiayukhbe considered, and then
the best source should be identified based on the spacifan. In addition, analysts
would prefer to collect timing information from simulator actual observation of the
action.

Within the HCR/ORE Correlation the timing infornwti includes both [J
(cognitive response time) andyJd (mean crew response time, both cognitive and
execution). However, the HRA Calculator determingsb@sed on d,. The responses

to questions on timing indicate experts determing frimarily based on thermal-
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hydraulic calculations. But b must be determined from other data. The HRA
Calculator determines wI' by TswTm-Taelay Therefore, analysts must checky T
determined by the HRA Calculator agains) dletermined by observation to verify

sufficient cognitive time is available.

Table 80

Responses to Question 2 of Phase Il Survey — HCR/OREeI&awn

Response
* Information from simulator exercises and job perfornganteasures is used when available.
Otherwise, operator estimates are used.
* The first choice would be simulator data or actual péxperience. The second choice would be
operator interviews. The last resort would be expert juhgm
» Simulator data for the action (with at least thremng) is the best source.
* | would consider all sources and then depending on the purplobesapplication choose either
a best estimate or conservative values.
» Field observations, simulator observations, and egtsn@ery cautiously).
» All sources should be considered as long as they arkalieai Weight factors may be applied|to
these sources.
* Usually one source is available and usually one sourcendt®s when multiple sources are
available.
» Direct evidence is better than expert judgment. The guaflithe information depends on the
chosen expert. | would use the above to test the quélitye information received

Question 3

Question 3: “Do you consider the accuracy of the timfigyrmation when using
the HCR/ORE? If so, how does this affect your caleutat?”

This question was intended to determine if analystsider the sensitivity of
the HCR/ORE Correlation to small variations in timwben rendering judgments about
which timing source to use. Table 81 shows that anadystequally divided. Those who
do consider this tend to adjust the information rathan tthoose a different data source.

It is concluded that an analyst may wish to render adgitijudgments about the
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accuracy of the timing by adjusting the timing informatibowever, the accuracy of the

information does not influence which timing source te.us

Table 81

Responses to Question 3 of Phase Il Survey - HCR/ORE&ton

Response

No

Regardless of where the timing information is deriveshstderation should be given as
whether the response times need to be adjusted. Fopkxahoperator interviews are ust
to obtain response times, the estimates could beeooptimistic side. Even when simulat
exercises are used to obtain response times, care $leoidklen that the simulator scenar
from which the response times are collected are apmidida the scenarios for which th
action is credited in the PSA.

to
pd
or
0s

e

If 1 do not have strong simulator data, | consider iasireg sigma

No. | use point estimate .

To the extent possible, we calculate a median baseditiipi® observations. Otherwise yq
use what you have. Accuracy is not a term one shoutdtiags w/ HEP calculations.

u

Yes, | would and have done so in the past. | would consilag different sources to giy

me some sense of the uncertainty range to be condidere

Question 4

Question 4: “In your opinion, should the stress levelseln in the decision tree

used to determine sigma be the same as the streswleaddulate Re?”

Within the HRA Calculator the user determines a stitegel for both Be and

Peog portions. The two stress levels do not necessa®y teamatch. Furthermore, within

Pexe the choices for stress level are low, moderate igh, hbut in the HCR/ORE

Correlation the choices are low or high. There ischoice for moderate stress. This

guestion was intended to address this discrepancy and tdyidesmalysts use the same

judgments to determine stress levels in bathdhd Ryg
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The responses (See Table 82) show that the analestsqaally divided on
whether to match the stress level betwegpdhd Rxe Those who do match stress levels
acknowledge this is not possible for moderate streshinwihe HRA Calculator.
Therefore, it is concluded that if a perfect model wevailable and an ideal situation
were being modeled, the stress levels betwegraRd R,. should be the same. In reality
many models (including the HCR/ORE Correlation) are degigned so that the stress
level in Rog and Rye can match, and HRA analysts rarely model ideal stinati

Therefore, the stress levels will usually vary.

Table 82

Responses to Question 4 of Phase Il Survey — HCR/OREeI&awn

Response

* Not necessarily, since the person completing the degnénd the person completing the
execution may be doing so under different conditions.

* ldeally, yes. However, there are only two stresglte (high or low) in the HCR/ORI
Correlation Decision Tree, but there are three sttegels (nominal, high and extreme)
calculating Rie

* Yes, we use high in the sigma decision tree for modaradehigh.

» They should be considered in context, and thus separatelgver, they may not be totally
independent.

* No. There are three choices for the value (Low, MatggrHigh). The decision tree is tpo
simplistic.

* Yes, PSFs’ effects should be counted

Question 5

Question 5: “What do you consider a lower bound for theutation of Ryg?”

It is well established that the HCR/ORE Correlat@an give exceptionally low
values for Ry if there is a long time available (greater than 1 haarcomplete the

actions. This question was intended to address the igswhad analysts considers a
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lower bound to be for the HCR/ORE Correlation and ttemheine if the responses are

consistent with the responses in the lower boundaosecti

Table 83

Responses to Question 5 of Phase Il Survey — HCR/OREeI&awn.

Response

I would not place a lower bound on eithggg@r R, but, rather, the overall mean HEP. There

are some instances where one could argue that theigeggritor is negligible compared to the

execution error (and vice versa), in which case it dowdt be appropriate to arbitrarily assign
lower bound value to either the cognitive or executioorer

CBDTM Method is the lower bound for the HCR/ORE Caatigln.

In IPE days, epsilon basically is zero; but currentithwhe peer review and increased use
HRA, 1.0E-7 or so.

We use 1E-04 as a lower bound. This value is based on 25fyeRA discussion w/ NRC and

a

of

personal opinion. It is difficult to imagine that a comphctivity can be considered more reliaple

than 1 in 10000, regardless of instructions and training.r@etts value, one is likely to haye

missed dependencies that have significant impact.

1.0E-05

1.0 E-04, but it depends on my overall assessment of thegparations in the MCR

Table 83 shows that most analysts (with one excéptisa a lower bound in the

range of 1E-7 to 1E-4. While this is a large range, it doggest that there should be

some lower limit for By, and this is in agreement with the responses to theigogs

asked in the Lower Bound section. Therefore, the condsifrom the Lower Bound

section apply specifically to the HCR/ORE Correlation.

Question 6

Question 6: “Consider the following sample calculatioh R,y using the

HCR/ORE Correlation: [The complete sample calculaisoshown in Appendix C. This

is a calculation of By using the HCR/ORE Correlation to model the action Loks
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Recirculation Capability. The calculated,fvalue was 3.1 E-10.] From the above
information, would you use the HCR/ORE correlationawalate Rug?”

This question was attempting to identify if analystedex judgments on the
methodology choice based on the results of the calonfati The responses show (See
Table 84) that several analysts would use both the HRR/@orrelation and the
CBDTM Method and then use the largest value. In thisnelathe CBDTM Method
would produce a largercg Two experts would not use this method, because the
actions are not time dependent. Therefore, analystshdee the HRA methodology
considering the numerical results produced by different easthMost analysts would

apply both the HCR/ORE Correlation and the CBDTM far $ame action.

Table 84

Responses to Question 6 of Phase Il Survey — HCR/OREeI&awn

Response

* Yes, and we would use the CBDTM method, too.

* | would personally use the CBDTM to calculate Pcog in ganeHowever, one could use the
HCR/ORE correlation. Another approach would be toutate Pcog using both the CBDTM
and HCR/ORE correlation and then use the higher ditbevalues to determine Pcog.

* Yes

* Yes, as a rule, we would try both HCR/ORE and CBDTM

* Our general practice is to use both HCR/ORE and CBDTMaltoulate HEPs and use the
largest value. | see no reason to deviate from thapr@atice for this action.

* No, the time window is about two hours. Subtractingtiine of delay, the operator still has
about 30 minutes response time window. With such long nesgime window the predictions
of HCR/ORE are not good.

* No
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Question 7

Question 7: “Using the input stated above [Same exaraplguastion 6], the
value determined by the HRA Calculator was 3.1E-10. Do gel that is a realistic
value?”

The experts unanimously agree that the calculated iwlugealistic, and this is
in agreement with the response to Question 4. Table 8&sslhe complete set of

responses, and the same conclusions from the LowerdBaation apply here.

Table 85

Responses to Question 7 of Phase Il Survey — HCR/OREeI&awn

Response

* No [ 3responses]

* No, too small. This is where our method of using twoaations and selecting the highest is
useful.

* No, 3.1E-10 is not a realistic value for this actiorowdver, | would argue that the basis of the
calculation for By is not correct. The starting point for this act{tr0) should be considergd
as the time the Refueling Water Storage Tank (RWiSTepleted (75 minutes). The total
system time window () would then be 35 minutes (versus 110 minutes). Using the sa
values for T1/2 (5 minutes) and Tm (3 minutes) still rednltsn HEP of 3.1E-10. However, |
also disagree with the premise that the stress lesaldabe low. | would consider stress|to
remain high following a LOCA [Loss Of Coolant Accidenintii ECCS [Emergency Core
Cooling System] recirculation was successfully establis Therefore, | would use a sigma of
0.4 versus 0.3, which results in a value for Pcog of 1.7Eeé5assess whether this value is {oo
low would require an estimation of the execution errBor this case, | believe the cognitive
error would be negligible compared with the execution error

* It is not a meaningful HEP. All it says it that tfsistion is not sensitive to time. The CBDTM
Method is always the lower bound. | do not see thedata but this should be a challenging
cognitive action because the operators must do some diagAaut together the low RWST
level with loss of water outside containment. The lostside containment may not be obvious.
It may require local verification which adds time.

* No. Anything below 1.0E-7 probably is too low.

* No. If you accept 3E-10, you are saying that you beliea¢ ghhuman error prob is 1 in|3
billion. How credible is that. Shoe laces can’t bkably tied much better than 1E-02. Valyes
less than 1E-04 are difficult to justify. Unlikely everds happen, typically because |of
dependencies that were unforeseen by the “experts”.

« 3.1 E-10 this is not a realistic figure, | would estimé#tatta figure nearer 1.0E-02 might pe
closer




168

Question 8

Question 8: “If you encounter an unrealistis,gPralve (such as the example
above), what would you do to correct this? Why?”

Table 86 shows that most analystsuld apply another method (primarily the
CBDTM Method). Only one analyst would calculatg.nd determine if &, is even
relevant to this calculation. Again the responseshi® question are in agreement with

the conclusions from the Lower Bound Section.

Table 86

Responses to Question 8 of Phase Il Survey — HCR/OREeI&awn

Response
*  We would calculate the failure probability using CBDTM amduld use that value since |it
would be greater.

» Even if | was a fan of HCR, and used it, the EPRI doaurmroduced the CBDTM to develap
a floor for pog

* | would calculate Pexe to see whether a low value fog Fceven relevant

* Always use CBDTM Method then use Max(HEBRrv, HER criorE-

» | would try CBDTM and see the difference.

* The usual; Review the information, Review the HRA ddktor inputs and assumptions.
Compare the value to the CBDTM value. If still verwowve would bound at 1E-04. Thijs
should be a fairly reliable action since diagnosisatdifficult and there is plenty of time to
complete the action. One could argue that thg,Bhouldn’t really count because the operator
will be well aware that the action is coming and willed to be completed.

* Use another method or apply the residual HEP. Therditieeent residual HEPs mentione
THERP is at 1E-3 level. The newer HRA method suchR&SRSH uses 1E-5. However, regal
data suggest that 1E-7 might be a reasonable value.

» Use Figure 12-4 of NUREG 1278

» Use expert judgment with the experts being the instructuireperators or manager.

Conclusions
Within this section several different areas of engimg judgments were

surveyed. In addition to further supporting the conclusioos) fother survey sections,
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the following additional conclusions can be drawn aboogireering judgments
rendered within the HCR/ORE Correlation.

* Analysts would prefer to collect timing information rfinosimulator or actual
observation of the action. In addition, analysts nulrstck T, determined by the
HRA Calculator against J determined by observation to verify sufficient
cognitive time is available.

* Analysts may wish to render additional judgments aboutat®iracy of the
timing by adjusting the timing information; however, tlaecuracy of the
information does not influence which timing source te.us

* Engineering judgments on which methodology to use are lmasednsideration

of the results produced by different methods.

CBDTM METHOD

Questions 1 and 2 of this section were based upon redding¢commendations
in EPRI Report TR-100259. The report recommends revisitinagddtision trees on a
case-by-case bases. It was suspected that very fdygtarfallow this recommendation,

and Questions 1 and 2 test that theory.

Question 1
Question 1: “The original report on the CBDTM methodoremends that the

HRA analysts revisit the numerical values used in thaswas trees and modify or
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adjust as necessary. Do you consider doing this in regrdatice? If so what are you

looking to adjust?”

The responses are shown in Table 87. As expected,atignetost analysts do

not modify the original decision trees.

Table 87

Responses to Question 1 of Phase Il Survey — CBDTM Metho

Response

No

The report also suggested revisiting the structure ofées.t This was included to indica
that the values used were the writers’ best assessméhe time, in the hope that ma
work would be done to improve the pedigree. No-one eveodidy knowledge, except i
the Temelin (Czech Republic) PRA the trees were nemtlifo reflect the fact that th
control room had computer guided procedure following softiuiaked to the plant proces
computer, eliminating some of the reading errors.

No, in my opinion it is not necessary to revisit themerical values used in the decisi
trees.

No, that is difficult to do for an individual analyst. dttis like changing the rules. It wou

-

te
re

)

be appropriate for an expert panel to change values (oragltenew branches or new tregs.

No. If | do, | probably would make a judgment call on tmanches and compare wi
various HFE to see whether they are consistent.

We do not adjust values. We don’t have the time or exggetti both research a differe

value AND be able to justify it's use to the NRC. Tractical bottom line is that the NRC

would probably override your carefully crafted value if yeere using the results to fight
violation.

Yes!. To look for obvious inconsistencies

Yes, operator self review, STA review and extra crew.

| find it strange that the authors of EPRI TR-100259 recongdnbkat HRA users should

change the values given by the calculator. What ib#ses for so doing? If you belie

e

that the CBDT values are the best, why change thHrife authors suggest that might pe

possible to change the values there ought to be a resoded process for soidg.
Further, I thought that the basis for the calculatos tegproduce HEPs that can be use
compare one plant with a similar plant. Allowing vaildly as a matter of course defed
this objective!

Question 2

J to
\ts

Question 2: “Are there any entire decisions treed tfou feel are no longer

relevant to consider in HEP Calculations for U.S Narccleower Plants? If so how do
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you determine this and which trees do you feel are ngelorelevant? The original

report was written in 1992 and has not been updated totreglzent operations.”

The responses are shown in Table 88. With the excepfidhe decision tree

“deliberate violation” analysts feel all other dewis trees are relevant to current

analysis.
Table 88
Responses to Question 2 of Phase Il Survey — CBDTM Metho
Response
* No

Tree a could be dealt with more explicitly in the scendefinitions perhaps.

| do not have any problem with using all the decisieedrin the CBDTM, although in practi¢e

only a few of the decision trees yield non-zero proheds for most actions.

We do not ever use the deliberate violation tree.

| think it is still at a high level such that the stiwre/framework is still applicable; judgment stj

need to be made; the only differences may be the udBRAfcalculator may have popularize the

uses and improve somewhat the consistency of the ajptisa

We use all the trees, but, given our procedure format aageushe values from a few trees

dominate the calculation.

Yes, deliberate violation tree seems irrelevant! thdined operators are instructed to stop
consult with TSC if they believe the instructionngarrect.

or

| cannot determine which are acceptable and whiclmetreln my mind since the whole process

depends on Swain in the first place the CBDT method istipmable! Yes the report was

written in 1992, but it was just a rehash of THERP wmiite 1980 or even earlier!

Question 3

Question 3: “When using the decision tree pca- Avaitatoif Information [See

Fig. C-7.] the CPSES HRA analyst made the followingiaggion

“Control room indication is provided for equipment statushw
visual and audible alarms indicators of equipment failures o
parameter deviations. The control room indicatiorsgimed to be
available, and accurate unless affected by the inigiavent.*®
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This assumption was used for every action in the CP&E&base and resulted in the

Pca tree always giving a negligible value. Are there atjons for which you would

consider doing an HEP calculation when this assumptiontivalid and/or the Pca tree

would result in a non negligible value?”

The responses (See Table 89) show that most antdygisto agree with the

CPSES assumption. However, some specific examples eh Wis assumption is not

valid include fire in the control room and prolonged statblackout. Therefore,

the

assumption that control room indication is availabldess affected by the initiating

event is appropriate with rare exceptions.

Table 89

Responses to Question 3 of Phase 1l Survey — CBDTM Metho

Response

No [2 responses]

You'd have to work harder to find indirect indicationstoé need for the action.

In practice, like CPSES | do not believe that there amy cases in our HRA where th
probability is not negligible. However, it is concable that there could be situations wh
indication is available in the control room but thdication may not be accurate.

S
ere

A rare occasion that | can think of is prolonged Sta@tackout after battery depletion, the
may not be any indication in the control room.

It is a good general assumption. There are some subtlenmentation failures that would |
difficult for an Operator to recognize. These failuree also difficult for the analyst t
recognize, and are fortunately very unlikely.

pe

@)

Yes. Initiating event is very important for the H@Avelopment.

When there is a fire in or near the control roohwould pick CR [Control Room] indicatio
inaccurate.

h

The question is not if the indications are accurateratiter how are they perceived by t
operators. Is the quality of the MMI high or otherwisethe specific accident? When tak
together with all the other influences the result heagd to a high or low HEP. Again, the res
depends on the context. The pathway selected by the £RBER person is not the proble
really, but rather that the other influences of procesluetc. are not considered along w
instrument accuracy.

he
en
ult
m

ith




173

Question 4

Question 4:*In the decision tree pcb-Failure of attention, how dwu y

differentiate between high vs. low workload?”

Table 90 shows that there is no one parameter used t¢abgethe workload.

Instead, analysts tend to base this decision on a icatiam of the following

parameters: 1) number of steps listed in the procedurasur@her of crew members

compared to number of tasks, 3) number of procedures beidgrukand, and 4) total

number of procedures in use.

Table 90

Responses to Question 4 of Phase Il Survey- CBDTM Metho

Response |

Operator interview; and as a general rule we have fduamichigh work load occurs early in the

event, wheresas low workload occurs later in the event

Based on what is going on in the control room in teofrsumber of alarms and whether th
are reinforcing or distracting, and on the number of reguiesponses.

In general, high workload is considered to represent eihsmtwhere the operator may be us
two or more procedures concurrently, is involved withfggeming two or more actions, or
required to keep track of several parameters.

Judgmental based on the number of alarms expected.

Number of the operators in the crew, and actual acttpslated in the procedural steps.

We consider the context of the event. What is happenitige control room, what indicatior]
are available, how rapidly conditions are changing, &itl, this is a subjective decision.

ey

More than one event taking place. More than 10 tasksrforpe

When the operator only use the EOP to response theaderansients (without any LOCA;
SBO [Station Black Out], total loss of heat sink etcyould considered it as “Low”. An
actions that required the operator to mitigate the curesece of accident initiating events wol
consider “High”.

id

Go back to a definition of workload. The analyst shduwde definitions of the quality @
workload for each workload level; high, medium or low.e Btandards ought to be set ahea

=

d of

the analysis task. The same goes for the other indase
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Question 5

Question 5:*The decision tree pcc-Misread/miscommunication asksatiadyst

to determine if the indicator is easy to locate. €@ntrol room actions, is it reasonable

to assume that all indicators are easy to locate?y0angive an example when you

would determine this not to be the case?”

There are two parts to this question. First, moslystsatend to agree that control

room indications are easy to locate but realize tiite are will be exceptions. Second,

examples of hard-to-locate indicators tend to be lacateback panels or out of sight of

the operators. (See Table 91) Therefore, engineering judgrabout how to determine

if an indicator is easy to locate should be based ogrmeting if the indicator is out of

sight (i.e., on the back panel) of the operating crew.

Table 91

Responses to Question 5 of Phase 1l Survey — CBDTM Metho

Response

Yes; several years ago our Control rooms were modifiednsider human factors for location
indications and controls.

For some actions, indicators are found on back panetsjgh | think these are main
confirmatory. | can't give explicit examples.

of

No, | don't think it is always reasonable to assunat #il indicators are easy to locate. It depe
on the layout of the control room. Some controlmmeanay have indications that are not wit
site of the operator or are close to the floor.

nds
nin

At our station, good control room mimics are used. 8muld say all control rooms are eas
Some remote actions may be other than easy.

BY.

This is a reasonable assumption for actions requirednbgrgency Operating Procedures.
have not found a situation where we thought an indicgaasrdifficult to locate.

We

Some indicators necessary for the situation may detdd at the back of a control panel. T

operator need to move physically in order to obtairréaelings.

he

Indicators are easy to locate at the control rooth®@fplant where | work.

All of the controls and indicators on the control tiband on the front panels are consider eas
locate. The ones that | consider not easy to loaegdocated on the back panel or not on
control board.

By to
the
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Table 91 Continued

* The terms easy and not easy to locate is not readdgrstandable in a human factors or human
reliability sense. Currently, in the world of humaictbrs as applied to Human System Interfaces
(HSI) there are numbers of people undertaking studies inlibsamalyses. The process is not
exact but people realize that it is necessary to #sbws HSIs in order to arrive at the ‘best’
arrangement for a specific application. A similar appindaas to be taken with the NPP userg!

» Not enough experience to recall one.

Question 6

Question 6: “The HRA Calculator asks the following questo determine if the
indicators are Good or Bad. Does the required indicatee Hauman engineering
deficiencies that are conducive to errors in readingdibplay? In your opinion, are
there any groups or types of indicators that have humgmesering deficiencies that
have not been corrected in most control rooms?”

The analysts agree that most human engineering defeserhave been
corrected, and no analyst can identify any specificeefty that still exists. (See Table
92) This suggests that it would be a rare expectationrfdRA analyst to determine

that an indicator has engineering deficiencies.
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Table 92

Responses to Question 6 of Phase Il Survey — CBDTM Metho

Response

* No [3 responses]

» | am not aware of any ergonomic deficiencies whickehzot been corrected.

* It would be an exception — maybe local indications.

» Not enough experience to recall one.

* No opinion on ‘most’ controls rooms. Suspect it gred#pends on the vintage of the plant. The
Seabrook control room indicators have been “humarrfadt since initial design.

* | do not know what HFEs still exit in any current MCRSome are good and possibly not very
good. But it could be that for accidents the arrangemer@sgood and poor for others. This
depended on the skills of the HF personnel involved inufftgrade process. | have seen some
excellent MCRs and poor MCRs. The devil is in the tetai

Question 7

Question 7: “List the circumstances under which you daalnsider an indictor
to have deficiencies that could lead to human errords Tuestion further address
engineering deficiencies, and again the same conclusapmy. When rendering
judgments about indicator deficiencies, analysts may idenghe examples shown in

Table 93.
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Table 93

Responses to Question 7 of Phase Il Survey — CBDTM Metho

Response

This is a human factors problem and | would refer yahao literature.

The following examples are just theoretical. One exaroqldd be an analog indicator where the

range of indication is large but a precise measuremargdded, making it difficult to obtain 3
accurate value. Another example is where the actuahystea value reads off-scale. A thi

example could be in instances where the labeling onnttieator is poor or difficult to read.

Again, however, | am not aware of any actual caséiseodbove examples.

n
rd

Units not clear; or analog readings that require closeeagings; out-of sequence display
location.

or

It would be an exception - maybe local indications.

Units or style significantly different than other dian indicators. Different response than simi
indicators, e.g. top to bottom, left to right, righte, etc.

ar

1. shifted or incorrect calibration; 2. being an indiiedication rather than a direct indication o
measurement; 3. reading is affected by glare or low ithation; 4. low capacity or capability i
visual accommodation.

fa

>

One example, if the operators have to interpolate oapatate to get their reading.

Equipment manufacturers light LEDs, they have low powasamption and can be reasona
visible when viewed from the correct position, butythause misreadings. Indicators located in
high or low positions can cause problems. Mixed solutioaglving computer displays and o
fashion indicators can cause confusion for operatdise old board arrangements were good
some ways since operators could view displays in pardlig¢l computer displays are serial
nature, so the crews can have problems if the comptthitecture is poor. This is one reason
operators like dense displays, which are frowned on &Hfh [Human Factors] community! §

bly
too
d
in
in
the
0

the best way to see what works is to test the cbgwanning accident scenarios on simulators!

Questions 8

Questions 8: “Using the CBDTM method decision trees; o you determine if

a procedure has standard or ambiguous wording?”

The responses are shown in Table 94 and Question 9rfadtieesses this topic.
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Table 94

Responses to Question 8 of Phase 1l Survey — CBDTM Metho

Response

We assume training and resulting critiques have resultachiiguous wording being eliminate
from procedures. In addition, we have a writer's guidé lielps to ensure standardization
procedure wording

2d
of

Based on whether the language is clear or not.

EPRI-TR-100259 and follow-on reports describing the EPRI CB[pFovide ample guidance i
determining whether the procedure has ambiguous wordingenieral, the lower branch is seldo
if ever, used.

n
ml

Judgment — Look for odd wording. We have a case where thratopenust determine wheth
level is less than (-) 85”. The presence of a doubletivegéess than, negative elevation) wot
qualify as ambiguous.

er

id

General versus specific; scenarios can be easilydigshed versus not easily distinguishable;
double negative, etc.

no

If there are any doubts about standard wording, we do @esipoll of people in the general offig
area. If there are a number of different interpretegtior questions, it's ambiguous.

e

The qualitative statements that allow operator’s judgrasmimbiguous wording. For example,

RCS [Reactor Cooling System] pressure is too high thgn “Too high” is qualitative statement.

Changing it to a quantitative statement such as “if R&Ssure exceeds 2200 psi then...).

u'.I:

| get the required operator manual tasks from the proceditiney are clear to me without requiré
training (not a licensed operator), they are considenaanbiguous to licensed operators.

2d

Since the procedures are written in accordance witinthestry standard, | often pick “Standardg

Best ask the crews and even better run a number cespsiding to similar scenarios.

Question 9

Question 9: “In Fig.C-11 are there any examples of what would consider

ambiguous wording? Justify using your response to question 8.”

Questions 8 and 9 are both directed at understanding Faystardetermine if a

procedure is ambiguously worded. The responses in bothsTabland 95 show there are

multiple approaches even when all analysts are givesaime input. (See Fig C-3). It is

concluded that engineering judgments concerning procedure atylsgauld be based on

multiple simultaneous approaches and evaluated on a casesdypases.
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Table 95

Responses to Question 9 of Phase Il Survey — CBDTM Metho

Response

No

Yes, but because of the word verify. It would seem thatould have been better written as a
Check whether containment spray is required, then gponse not obtained would be to start it} It
is complicated by the AND and NOT statements and woulaidked up in pcg

| would not consider the wording to be ambiguous.

Proper Alignment, If necessary are ambiguous words.

CBDTM would penalize you for this wording. There are savexamples of AND, IF, NOT|
THEN, all in proximity and combination, and in both #ected response and the RNO.

The procedure in Fig. C-4. provides more information tinalfig. C-3. Fig. C-4. not only provid
instruction on which component to act on but also iat#iche location of the controller. As|a
result, the procedure of Fig. 11. has longer wording thdfign10. As long as the operators are
training and feel comfortable of such instructions, h’dthink they would make much difference.

D

Three preconditions may confuse a newly trained oper@uarall, not ambiguous.

Step 7a HAS REMAINED. | would considered ambiguous, becasideng as the containment
pressure is over 18.0 psig, containment spray is required.

This seems to me to be the problem with poorly designecedures from a human factors point of
view. Westinghouse EOPs are full of poorly designedrsiés. The negative statements leading
to actions are almost always a problem!

Question 10

Question 10: “Using the CBDTM method, the analysslked to determine if the

steps are hidden or obvious. What do you consider td'tuidden” step?”

Table 96 shows that there is no consistent appraaatetermining hidden steps

among experts. It further suggests that some analystsa@plying very optimistic

assumptions within their analysis, while other applyatkd analysis. The responses do

give various suggestions and approaches to addressing hiddgnaste it is believed that

if analysts were to consider a combination of the sstgmes, then consistent results could

be achieved.
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Table 96

Responses to Question 10 of Phase Il Survey — CBDTM Metho

Response

We don't have any examples of hidden steps.

See page 4-7 of the EPRI report TR-100259

| would generally not consider any critical steps tchlwElen. As such, | do not recall any cases

where the lower branch (hidden) was used.

Unusual to be hidden.

An action or decision point embedded in another steptmmn

An action step that is buried in the middle of a loteat, e.g. a “do” step in the middle of a note| or

caution.

Is there operator’s training on the essential and suggplemstructions in performing an activi
not explicitly written in the procedure steps?

Ly

As an example: If you are referred to other proceduremiagtnot be easily located or, if they take

the operators to perform contingencies to contingencies

If there is a specific procedure available for systewomponent restoration, but EOP RNO did
specifically identified this procedure number. | would édesthis as hidden.

not

Nothing is obvious to the central office analyst leeyou are forced to consult domain experts

rather than knowledge experts. A hidden step is an aid&mified by the training process or

Py

experience. Many times procedures are found to be defentisome area, even now. It often| is

discovered by operators/instructors running through diffesegnarios.

Question 11

Question 11: “Using the CBDTM method, the analyst leedsto determine i

steps are graphically distinct. How do you determinesteg is graphically distinct?”

The responses are shown in Table 97 and Question 12rfaddeessees th

topic.

f

is
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Table 97

Responses to Question 11 of Phase Il Survey CBDTM Method

Response

» We do not take credit for “graphically distinct” steps.

* See EPRI Report TR-100259

* Using WOG EOPs as an example, | would consider thesfiegt in a procedure to be graphical
distinct, as | would a step that follows a note or @audr is by itself on a page.

y

»  Several action verbs in the same step.

» Not easily mixed-up for example, if a dyslexic can readdibénction, it is distinct.

»  Steps that are boxed, or the only step on a page.

* Not easy to be overlooked. It's subjective judgment.

» Ifthere is an easy selection from a graph or table

* lassume that graphically distinct means that an infleéseither clearly good or bad. If the states
are not clear then the analyst has to consider Wwiaghebranches lead to and then decide if a better
HEP might be given by an average or a weighted valuermnékind. So for example the first
branch is between Easy and Not Easy and the othecliea are Bad and Good. The Easy branch
would lead to 1.0E-03 and the Not Easy branch would yield 4.0EABBaverage number would
yield 2.5E-03!

Question 12

Question 12: “Below is a page from EOP 0.0. (Fig. C-3.p $8a has been
identified as a critical action, and the analyst hagrdened that step 6a is “obvious”
and graphically distinct from other actions on the payyeuld you agree or disagree
with these decisions? Discuss how you made your decision.

The responses are shown in Table 98, and most anafysis with the CPSES
HRA analyst in identifying this step as an obvious, giaglly distinct step. Questions
11 and 12 were directed at determining how an analyst degsrfia procedure step is
graphically distinct.

The responses show that each analyst defines timedifferently. Furthermore,
some analysts apply a vague or rather subjective dafinfuch as “not easily mixed

up”, and others apply a concrete definition like “the osigp on the page.” No
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conclusions can be drawn on which set of definitimnsnbre appropriate, but if an
analyst wants to render consistent, justifiable, amdl-documented results, the best

approach would be to follow some combination of thecoete definitions.

Table 98

Responses to Question 12 of Phase Il Survey — CBDTM Metho

Response

* | agree that it is “obvious” but | do not agree thas itgraphically distinct.” The step is not more
conspicuous than the surrounding steps.

* In the sense that the step has a distinct address,A®s historical note, this was originally
thought of more in the context of flowchart procedurgsical of BWRs, and some PWRs.

» Step 6 is the only procedure on the page. Therefore 6&8tdgeing the first step in Step 6, coulld
be considered graphically distinct. However, becauserttieal step (Step 6a) is not the only step
on the page, | would not consider Step 6a to be graphatiatipct. Having said that, | would not
object strongly to designating the step as graphicallindist

* Yes, itis clear or obvious.

* | would call the step obvious because it is a simpl®@adtRNO. | do not consider it graphically
distinct because it looks like every other step on tlyepa

* Agree. Some properties are concise wording, stateragotit] distinct bullets, and consistent
format through out the procedures.

» | agree. The step is clear, there is no room forntespretations.

» The procedure step, RNO are clear and simple. Theréfageee with these decisions.

* | do not agree with the assessment. From a designars gfoview the TDFW is the most
effective pump having a much greater capacity. The catibim of the pumps fulfills the
diversity requirement, which is extremely important.t B obvious!

D

Question 13

Question 13 “Describe your methodology on how you applpvweries and
dependencies using the CBDTM method.”

The scope of this question was rather large, andesgonses (See Table 99)

address a variety of different areas. In general asafgiow some type of available
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guidance when rendering judgments about dependences. It igmpang¢ant to apply a

consistent method that to seek an exact method.

Table 99

Response to Question 13 of Phase Il Survey — CBDTM Method

Response

Table 4-1 in TR-100259 outlines the nature of any recovextyrttay be credited for each of t
eight failure mechanisms. The dependence characteaséaerived from the model presented
Table 20-17 of NUREG/CR-1278.

=]

| use the EPRI report TR-100259

The following table [Shown in Table 27] summarizesdependency we would use. It should
noted that this dependency level differs from that usetiencurrent EPRI HRA Method, whig
assigns zero dependence after 1 hour. It was judged tleat tiathe same crew being involv,
in the response until the next shift turnover (6 hoursaegrage), some dependency will m
likely still be present. Therefore, zero dependence (&% not assumed until 6 hours.

be

oSt

Use the HRA Calculator recommended dependency level urffessrmal PSFs are present.

If there are recurring steps that provide opportunity | @asisign a multiplier which accounts f
dependencies. The dependency would be relatively high, Say Quite independent if there ig
second person with more experience and freshness aneve

or

Review the steps for succeeding steps that would aid iowv@isng an error or omission. Revig
the preceding steps to determine if there are stepsftimagorrectly executed, would cause
operator to bypass or miss the critical step.

W
AN

Recoveries are allowed if timing allows for it. Nantplete independency between people, at
use low dependency. | often use medium dependency (all bas¢dREG 1278 guidelines).

best

Operator will conduct self-review while continuing througle procedure, extra crew will provig
peer check, or STA could use diagnostic status tree tfy opterator of required action. Bot

e

recovery and dependency are based on time availaltgterment procedure steps.

Conclusions

Within this section several different areas of engimg judgments were

surveyed. In addition to further supporting the conclusioos) fother survey sections,

the following additional conclusions can be drawn aboogireering judgments

rendered within the CBDTM Method.



184

Since most analysts do not modify, remove or divergm fthe original CBDTM
decision trees, there is little engineering judgment agppbemodification of the
CBDTM method to produce more realistic results.

HRA analysts tend to agree that with rare exceptibissdappropriate to assume
that control room indicators are available unlesscaééid by the initiating event.
Engineering judgments to differentiate between high amd Wwwrkload are
based on the follow four items: Number of steps inphecedures, number of
crew members, number of procedures being used in handpttchamber of
procedures in use.

Engineering judgments about how to determine if an indicateasy to locate
should be based on determining if the indicator is out sifjthe operating crew.
Engineering judgments about procedure ambiguity should be basedilople
simultaneous approaches and evaluated on a case-by-sase ba

In order to determine if a step is graphically distinatamalyst should follow
some concrete, consistent, and well-documented approach.

It is more important to render engineering judgments alveabveries and

dependences using a consistent method than to seek amexiacd.
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CHAPTER VIII
RECOMMENDATIONS ON THE USE OF ENGINEERING

JUDGMENTS WITHIN HRA CALCULATIONS

Regardless of which methodology an HRA analyst is usinguantification, the
same judgments will be made within the definition stdgaes recommended that an
HRA analyst review the “Good Practice For Implemantituman Reliability Analysis
(HRA),” NUREG 1792 and follow these recommendations wtedering judgments
within the following aread’

1. Identification and definition of actions to modeledhm the HRA Calculator

2. Categorization of actions as pre or post-initiators

3. Definition of critical actions

4. Definition of cognitive portion of the actions
SHARP1 also provides recommendations within this dvefit has not been updated to
match current practice. At this time, NUREG 1792 is tlstnup-to-date and complete
high level guidance for performing HRA.

The first step of an HRA is to identify and to defieeplicitly which human
actions are to be modeled using the HRA Calculator.réteroto accomplish this, an
HRA analyst should complete the following three stepsorder to render all the
judgments within the definition stage.

1. Review available information to gain an understandindne PRA model and the
systems and equipment involved. NUREG 1792 Sections 5.1.3.1-5pto¥ide

recommendations for good practice on what to do inrdugew. Users of the
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HRA Calculator should be aware that the following pieaemformation will be
needed for every action modeled with in the HRA Caloujaaind documenting
this information in this stage will help the user ifatethe quantification stage.
* Procedure and tasks numbers
* Types and number of annunciators the operating crew many
encounter
* Locations of the crew — Control room/ex-control acs.
* Potential cues that will alert the crew to perfornmtae tasks
* Related human interactions that could act as recoveries
2. Define each action such that it can be modeledlmsia event. Each definition
should include identifying what the initiating event isdawhat the possible out
comes of the action are. NUREG 1792 Sections 5.2.3.1 and5@dide specific
recommendations.
3. Conceptualize post-initiators actions as two pahs:dognitive portion and the
execution portion. For the cognitive portion describ@s much detail as possible
how the crew will know to perform the action and takéenof when in the sequence
of events the crew will receive a cue to performabgon. For the execution portion
it is important to identify individual critical actionand potential performance

shaping factors that would impact the crew’s performance.
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JUDGMENTS WITHIN THE QUANTIFICATION STAGE

Once the action has been defined the HRA analyst ewmtioy the use of
engineering judgment several more times in order to quyaséich HEP value. The
following recommendations are intended to be used as goaxtiger guidance for
guantification using the HRA Calculator and have beenpded from the following
sources: results of two surveys of HRA experts, revoéwthe original methodologies,
review the CPSES complete HRA using the HRA Calculatord mathematical
comparison among methods applied by the HRA Calculat@asél recommendations are
not intended to be used as cook-book formula for the HRMEulator but instead
provide guidance for inexperienced HRA analysts on howent#iRA analysts render

these same judgments.

Choice of methodology

There are several different approaches to selectingethod by which to
calculate B,y Appendix D describes the parameters recommended by SHARP1 i
identifying which methodology to useWhile the HRA Calculator is not a single
method, it can be evaluated using the same parameténs aglividual methods. The
SHARP1 report identifies which methods were available for quantifmain 1990, but
it does not give guidance on how to interpret and to cdm@ay analysis using an
identified method. At the time of the SHARP1 publicatidtre HRA Calculator had not
yet been developed. SHARP1 provides the user with aniewenf mechanics of each

method but gives little insight into strengths and weaewsof the mathematical
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modeling of each method. The user of the HRA Calculatay wish to consult this

table if previous analyses are available for comparaaed they wish to gain insight on

why one method was chosen over another.

Table 100 shows the strengths and weaknesses of eabbdwoiegy as used

within the HRA Calculator. If the HRA analyst hasntibed that one parameter should

be a dominating influence on the HEP calculation, iimportant to ensure that the

method accounts for that parameter accordingly.

Table 100

Strength and Weakness of Each Method Employed by the E&Ailator

Method

Strength

Weakness

Annunciator
Response Model

Requires little input
Simple to understand

Not widely used by industry

Does not explicitly account for time,
stress, procedures, training or crew wor
load

Derived from engineering judgments

HCR/ORE
Correlation

Explicitly accounts for time
dependence

Derived from simulator data

For actions where there is a long time
(several hours) available the correlation
gives unrealistically low B, values.
For actions where there is a short time(|
minutes or less) available the correlatio
give unrealistically high £, values.

CBDTM Method

Explicitly addresses the use of
procedures during accident
sequences.

Address a variety of different
parameters that have the potenti
to influence the probability of
failure.

Derived from both engineering
judgments and practical
experience.

Requires detailed information about the
action, which is not always available
Knowledge-based actions may be difficy
to model because method focuses on h
aloperators use procedures. For knowled
based actions typically no procedures a
used.

Widely used in industry
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Once the HRA analyst has an understanding of the shemrgid weakness of each

method, the choice of which method to use may becdeas. df the user is still not

certain which method is best suited for an actionfahewing steps are recommended.

1)

2)

Complete the analysis using the CBDTM method. TheDTM method
addresses the most parameters and requires the user & ¢ath most
information. Using this method will ensure that analizgs considered and
documented all possible parameters.
Recalculate the HEP using the HCR/ORE Correlatiohlsing the HRA
Calculator this is a simple task, and all the infororatan be imported from the
CBDTM calculation. The user must be sure to completevitndow labeled
Peog The HRA Calculation will import default values intasttwindow, not the
data used in the CBDTM method. For most actions, oneegpect that the two
methods will give results to within the same order @fgnitude. Two large
exceptions are:
a. For actions that are high stress ang B less than five minutes the
HCR/ORE Correlation will produce a consistently higheybability.
b. For actions in which the.R value is exceptionally low (below 5E-4) the
two methods will diverge. If this is encountered, ibest to reconsider

the recoveries applied to thefralue.

3) As a conservative approach the higher final probalali the two calculations

should be used. Special consideration must be takesrd tha very short time

available to complete the action (less than fiveutais), because the HCR/ORE



190

Correlation tends to give exceptionally high values.sbme situations the

analyst can justify this high value, but sometimesegnss unrealistic, and the

HRA analyst may wish to defer back to the CBDTM metho

4) Document and save both calculations for reference.

The Annunciator Response model is difficult to justifgchuse it is only
influenced by the number of annunciators an operata@ivex in the control room. If
this is the dominating influence, then this model seatable. Otherwise, the HCR/ORE
Correlation or the CBDTM Method should be used. On thsitipe side, the
Annunciator Response Model and the CBDTM Method do gigaltsewhich agree to
within the same order of magnitude, and approximately 62%ctbns will agree to
within one significant digit. Using the Annunciator Resse Model may lead a
reviewer to question why other parameters were noticékplconsidered in the

calculation of Byg

Stress
Within the calculation of & the stress parameter is based upon THERP. If an
analyst is familiar with the THERP methodology and newthe HRA Calculator, the
following differences should be noted. THERP definessstas four levefs
* Very Low — Insufficient arousal to keep alert - PSF =2
*  Optimum — Facilitative level - PSF =1
* Moderately High — Slightly to moderately disruptive — PSF =

* Extremely High — Very disruptive — PSF =5
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The tabulated probabilities in THERP presume an optinawel bf stress. It is
important to understand these definitions, because th& Eftculator only allows the
user to choose among the following three options watld@finitions to accompany the
choices’

* Low/Optimum — PSF =1

* Moderate — PSF =2

» High-PSF=5
Furthermore, every tabulated failure probability refeeehwithin the HRA Calculator
was derived assuming optimum stress as defined within THERF¢ause THERP uses
four levels and the HRA Calculator only uses threeldeve more important to choose a
PSF value rather than a specific level designation.réggonses from the surveys show
that different analysts use different stress leveksifiaations for the same PSF.
Therefore, it is important to document both the stiegsl classification and the PSF
(See Chapter VII — Stress Level). From this poiniveod, it will be assumed that stress
levels are defined as used within the HRA Calculator.

Very low stress as defined by THERP does not fitiwithe three definitions of
the HRA Calculator. If an analyst would like to applystiierm within the HRA
Calculator, one option would be to choose moderatesstoesatch the PSF of 2. Then,
in the comments section make careful and clear consntbat this is a very low stress
action. The PSF value is what is important; thesdlaation is for documentation.

Low/optimum stress can be considered the same as optlewghstress as

defined by THERP. This type of stress is charactefedctive interaction between the
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operating crew and the environment at a pace thatmaepge comfortably. Low stress
actions are typically actions that crews completeaonoutine bases, and they can
anticipate how the plant is going to respond. The crevemsfortable in performing this
action either because it is routine, or they haveived extensive training on this action.
For optimum stress level actions, the plant is nomiminent danger of core damage,
and the crew will not feel pressure to complete thimeetwithin time constraints.
Moderate stress level is comparable to the THEREI le moderately high
stress. A moderate stress level is used for actiosis require the crew to perform
several tasks at a rapid pace. The crew has had batlatsimand classroom training on
this action but is not required to perform the action aomoutine basis. THERP
references the following examples as moderate stobsast
* Single transients (Other than large LOCA), that meokhutdown of the
reactor and turbin®.
» Tasks preformed during startup and shut down that must be mpedowith
time constraints.
In addition to these types of actions, HRA analystssily the following events as
moderately stressed actions (See Chapter VIl — Stssd)L
 The crew currently has the plant under control but theat®on is quickly
evolving and operator actions are time critical.
* The operators receive multiple instruments and alarmspeceedly at the same

time.
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High stress is comparable to extremely high strestefised by THERP. Other
HRA analysts often refer to this type of stressxeeee. THERP defines high stress as
a level of stress that “threatens a crews welldp&irFor operating crews this would be
the threat that the crew has lost control of theasion and without action core damage
is imminent. High stress actions are always time ddg@n The tasks involved in these
actions are skill- or knowledge-based, and inexperiencaa otembers are hesitant to
perform these tasks. Examples of high stress achchsle:
» Actions that are necessary because the crew hasopsvimisdiagnosed an
event, and now the plant is not responding as expected.
» The consequence of the action has the potential bati@n release not only to
the public but also workefs.
» Several emergency backup systems have already failed.
* Work preformed within a radiation environment where @ctive clothing must
be worn®
Because each action is complex and unique, the pararieaénsfluence stress
will vary among actions, and no formula can be used terane a stress level.
Furthermore, individual analysts tend to create individymgdroaches to determining a
stress level. Therefore, it is not appropriate orfjabte to make a general assumption
about stress levels within a complete HRA. For exapgteHRA analyst may want to
state that optimal stress will be used as a default véleeause operators are well
trained (See Chapter VI Assumption 1 and Assumption 30y ih@dependent reviewer

disagrees with this assumption, they will specifically djio@ the stress choice in each
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and every calculation. The analyst will also spendgaifsiant amount of time within
each calculation justifying why the assumption was appatgprin each case. If one
wishes to state a general assumption at the beginniran adnalysis, it is better to
comment about the approach by which the stress lellebavdetermined. As in the
example above, one could state: To determine a s&esls & moderate stress level was
first considered, then adjusted up or downward depending orofypaining the crew
has received.

To determine a stress level the following steps @emmended for an analyst to
follow in order to encompass all the areas that infteestress which current analysts
feel are important to consider.

1. Consider all parameters (shown in Table 101) thatenfle the stress of the operating
crew.

2. Using information obtained in step one, assign sstlevel with appropriate PSF
value used to calculate.,& While there could be some variation among HRA a&tsly

on a stress level chosen, if the main influencesti@ss have been identified, the HRA
analyst should have little difficultly justifying to rewers his choice for the stress level.

If all the influences have little or no effect dretstress level then an optimal
level of stress should be used. Similarly, if all thBuences are considered as high
contributors to stress then a high stress level shosildsed. There will obviously be a
gray area at the boundary between the low and moddrats sind moderate and high

stress.
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If actions are required to be completed in a limited @rmof time such that the
crew is aware of the time constraints, then eithenoderator or a high level of stress
should be used. HRA analysts, as well as THERP, agegeifthrotective clothing is
needed because of environmental conditions, then téesdevel should be high. One of
defining differences between moderate and high stragmtsor high stress actions the
crew is aware that core damage is imminent, becatiser eseveral back up systems
have failed or they have already failed a differenibact

Users of the HRA Calculator have the option of cimapslifferent stress levels
for different tasks within an action. Unless spec#ictions are completed by two
different people at independent locations with signifidane between the actions, it is
difficult to justify using different stress levels betwedifferent sub-tasks within a
specific action. It is best to apply a stress lewethe operating crew as opposed to

trying to identify how each member will respond to dlagion.



Table 101

Parameters to Consider When Identifying a Stress Level

Sequence of
events occurring

This includes identifying what has previously occurred arthtwthe
operators anticipate will occur.

=+

i

in the plant

Timing There are two parts to consider in the inflgeattiming and its impact o
stress level; First, how long has the crew alreadsnbavolved in this
sequence of events? Naturally, as the sequence progitesstess level g
the operating crew should also increase. Second, hovih moe is
available to for the crew to diagnose and to responttig¢caction? If the
crew is under shorter-than-normal time constraintsotoplete the action
then a moderate or high stress level should be used.

Crew'’s Training is a separate parameter discussed in lattéprseciThe crew’s

familiarity with | familiarity with the action can come from trainingeecises and b}

the tasks identifying how often the crew performs the same sedétasks on &
routine basis. One would expect that the more trainingea receives of
action the less stress the crew will feel.

Clarity of The analyst should take note of how procedures will bevfed during an

procedures action. For skill-based actions, procedures will be oré&rad and the use ¢

procedures should have little or no effect on stressl.levor rule-or
knowledge-based actions, procedures will be used in hand, ifa

exceptionally clear could aid the crew and potentiallyelothe stress leve|.

If the procedures are ambiguous or confusing, the streslsdethe crew|
would tend to increase. For knowledge-based actions, araeewill need
to be interpreted, and this should lead to a stressdéwmebderate or high.

f

Environmental
conditions

Because Version 2.01 of the HRA Calculator does not atctam
environmental conditions explicitly as a PSF, the emrnental condition
should be accounted for within the choice of stresslle¥f the
environmental conditions are the same as normal tipgreonditions, ther
this parameter should have no influence on the stegssk IThis is becaus
the tabulated values for errors of omission and embrommission are
normalized to the “normal” conditions in which thegne measured. If th

crew is working in a high radiation environment, themigh level of stress

should be chosen.

n]

D

Alarms and
signals received
from plant

It is important to identify what signals the crew expettt receive for the

sequence being analyzed. If the signals can be used tooséagevera
different accident scenarios and are unclear, this cead to confusion
among crew members thus increasing the stress [duble alarms, provide
clear identification of a specific accident, then Hteess level of the cre
could decrease. If using the Annunciator Response Modehnhlyst mus
identify how many annunciators are present for diagigosie event. As th¢
number of annunciators increases, the stress levéheofcrew will also
increase.

T+ =

Number or tasks
required

As the number of tasks increase, the stress levalasladso slightly increase.

This influence should be ranked below other influenceaulse, if the task
are performed on a routine bases, several tasks shoultlithee, and the

crew could feel comfortable performing these actions.

[2)
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3. Ask operators what they would estimate the stress$ tevbe. It is common practice

for HRA analysts to ask operators for opinions abowt Btvessful certain actions are to
perform. When interviewing operators it is criticabththe operators understand the
context in which the questions are being asked. Be&kiagaquestions about stress, it is
important to review why you are interested in detemmgina stress level and the
definition of each level as applied to the HRA Calculafithe operators may consider
every action to be high stress, but using the HRA Gatlouldefinition of high stress this

IS not appropriate.

There are situations in which the HRA analyst arddperators will disagree on
the stress level. If this arises, the analyst shga back to step 1 and discuss each
parameter with the operators and determine whethethbaiRA analyst and operators
are in agreement. If there is still no agreement #ffte discussion (assuming the analyst
is confident in his evaluation), the HRA analyst'sigien should used. This is because
the HRA analyst should be most familiar with how tmput will influence the HEP
calculation.

4. Match the explicit stress choice determined dp # the implicit stress level
used within By The Annunciator Response Model and the CBDTM Method hatle
considered stress implicitly in the calculation @fgPThe HCR/ORE Correlation uses
stress explicitly, but the only choices the user hadadble are high or low stress. Once
a stress level has been identified for thge Portion, it is good practice to ensure
consistency between,Rand Ry, Consistency does not necessarily mean that téssst

levels are the same. The survey responses show Btaralysts often use a variation
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between Be and Rog in order to best model each individual action. If ¢hex not
consistently between the two, the user has thre®rmptiFirst, re-examine the stress
level identified for R taking careful note of the parameters within thg, Portions.
Second, choose a different method to calculatg, that considers stress more
appropriately. Third, simply document the discrepancy antircenthe calculation. The

third option should be used only when other approacheshiesreexhausted.

Annunciator Response Model

If using the Annunciator Response Model to calculatg Btress level must be a
function of the number of annunciators the crew re&seto diagnose an event. The HRA
analyst must be able to justify that stress levelhef operating crew also increases in

proportion to the number of annunciators.

HCR/ORE Correlation

Using the HCR/ORE Correlation, the user must judge titessslevel as high or
low. There is no choice for moderate stress levelv land high stress are defined the
same as in &K If an HRA analyst determines a moderate stresd fev Rye then one
option to ensure consistently is to interpolate betwrgh and low stress used g
This is possible because stress is the final bram¢he decision tree used to calculate
sigma, and the HRA Calculator allows the override famctto be used. In the

documentation section, the user must document why theidevéunction was used.
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Another option would be to reconsider the stress lievBl, and identify if the
action could be re-categorized as high or low stres¢sadsof moderate. This approach
would be consistent, but changing the stress level us@ddmould influence the end

result by a factor of three.

CBDTM Method

Stress is accounted for within the decision treesdbwtifying the parameters
that could influence stress such as training, workloath@foperating crew, and clarity
of the procedures. In step 1 the analyst will identifyo&lthese parameters, and when
doing the Ry calculation needs to consider these decision bramncltese same manner
as done in step one. It should be noted the decisions &neenot affected by timing
information, and if the analyst determines that tiness level is dominated by a limited

amount of time, then the CBDTM method is a poor metloyochoice.

Rule-, skill-, or knowledge-based designation

Rule-based, skill-based, and knowledge-based actions anedd@i the HRA
Calculator in the same manner as THERP. THERP defkittdbased actions as actions
that consist of more or less subconscious routinesrgedeby stored patterns of
behavior. Typically, current HRA analysts refer tolldkased actions as actions that are
memorized and can be preformed without consulting procediieie these actions are
usually stated in the procedures, the operators are d@afamith the situation that they

do not directly consult procedures. Examples of these tydesctions include:
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Manipulating a single switch in response to an expectaedramator, manually tripping
the reactor during ATWS event, or operator uses hand tmoperform routine
maintenance.

THERP defines rule-based actions as actions that eesgumore conscious effort
in following stored (or written) rules. Typically, HRAnalysts refer to rule-based
actions as actions which are proceduralized, and theatomgrcrew is familiar with
general procedure guidance. These actions are compliased,band procedures are
always referenced. Most of the failure probabilitieevied by THERP and given
within the HRA Calculator are for rule-based actions.

Knowledge-based actions, as defined by THERP, arenacitiowhich the tasks
are, to some extent, unfamiliar and there is condiker@gnition involved in deciding
what to do. HRA analysts refer to knowledge-based rets actions in which the crew
must formalize a solution based on symptoms of the @adtno written procedures
exist. Within a complete HRA, there are typicallyywéew knowledge-based actions
modeled within a PRA. In current plants, there is coimgmsive training and procedures
for most anticipated operator actions. If an HRA ystatncounters a knowledge-based
action, they typically exclude the action from the PRAdel because it occurs outside
the scope of the PRA, or the probability of failuresét to one. The methods employed
by the HRA Calculator poorly model these types of astibecause of the extremely
complex level of cognition involved.

To determine the classification of each actions kecommended that the HRA

analyst consult Table 102. This table lists the diffef@spects that characterize each
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type of action. For each parameter, the HRA analystild be able to identify which

category the actions fit into. After reviewing thengplete table, the type of action that

is identified most often should be used to classify ttier

Table 102

Parameters Used for Classification of Actions

Skill-based actions

Rule-based actions

Knowledge-based
actions

How are procedures

All procedure are

Procedures are used in

There are no specific

used within the action?| memorized. hand even though procedures used for
experienced crew diagnosing the action.
members may have Once the crew
procedure memoaorized. | diagnoses the event,
there may or may not b
exact procedures
suitable for use.
Do crew members Yes Yes, the crew will know No, because event has
have general what to expect, but they proceeded beyond
procedure guidance will not react until procedures’
committed to directed to do so by thel applicability.
memory? procedures.
Are the actions Yes Sometimes No

committed to
memory?

What type and how
often does the crew
receive training on this
action?

The crew has received
extensive training on
these types of actions,
and these actions are
practiced often.

The crew has received
training on these types
of actions, but the

actions are not practice
regularly.

There is no formal
training for these types
of actions.

d

How much
communication among
crew members is
expected?

The crew will respond
immediately, and no
communication is
necessary.

Typically, three-way
communication will be
employed.

The crew will have
extensive discussion orj
developing a solution.

Once the action has been assigned a classificabiertiRA Calculator requires

the user to identify the complexity of the both theymmtve and execution portion as

simple or complex. While this may be useful in understanthe action being modeled,

the user’s response has no numerical impact on thetsesdlhus, the user should
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attempt to classify the action but should not exhaust ®r resources on these sub-
classes. If no choice is input, the HRA Calculatoligassthe action a default value of
complex.

Within the HCR/ORE Correlation, the user must idgnitie action as rule-based
or skill-based. There is no choice for knowledge-baséidrec If the analyst identifies
the action as knowledge-based, it is recommended thaheanmethod be used for
quantification of Ry The CBDTM Method may not be appropriate to model
knowledge-based actions, because this model is highly degeamnuten the crew’s use of
procedures. For knowledge-based actions the event hassg@eacbeyond procedures
applicability. If an action is considered to be knowletdgsed, the user has two options:
1) choose a different methodology not presented witl@nHRA Calculator or 2) apply

a conservative approach and set the probability airéatio one.

Timing information

Depending upon the methodology used to calculatg Bming information
influences the calculation otf3 differently. (See judgment section). Taking note of, this
it is still recommended that all judgments about timingrdredered following the same
set of guidelines. Furthermore, it is recommended tHatinsing information be
collected and documented regardless of what is specificgliyt into the calculation.
This provides complete documentation of the action disaserovides justification for

the method selected.
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There are several different ways in which an HRAlyst can collect timing

information. Table 103 gives a list of possible sourdasning information.

Table 103

Sources of Timing Information Ranked in Order of Impaorean

Twand Tgeiay Ty Tip
1 Engineering analysis | Observation of action in Simulator and training recordg
such as MAAP or other| the simulator.
thermal-hydraulic codeg

2 Manufactures Operations records 18 =Tw ~(Taelayt Tm)
recommendations
3 FSAR Job performance Operator interviews
measures
4 Timings referenced in | Operator interviews Estimation based on talking
procedures through procedures
5 Calculations used in ASEP recommendations

similar PRA models

To collect timing information the HRA analyst shouldgim by examining the first
method listed in Table 103 and proceed down the table timilceamation is gathered.

If possible, it is recommended that more than onecsoloe used for comparison
of timing information; this would determine consisterimtween sources or make the
HRA analyst aware of potential differences. The timesd to be representative of times
that would actually occur during the accident sequence anddeakt conditions. An
HRA analyst could simply use a stop watch to timedtring a simulator exercise. In
the true scenario, the operators could respond differbethause of more confusion,
higher stress level, or different environmental coodg. Comparing two sources of
information would alert the HRA analyst of any oveodtimistic times that may have

been obtained.
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After the timing information has been collected, thRA analyst must address
the question: Is there enough time available to completeaction? If not, the HRA
Calculator will not allow the user to proceed, and tHeAHanalyst will either have to
assume the probability of failure is 1, or re-examine times being used within the

HRA Calculator.

Annunciator Response Model
The probabilities for this method were intended toirtterpreted such that as
time increases, the severity of the accident wdlbahcrease. If this is not the case for

the action being modeled, then another method shouldelbetosalculate &y

HCR/ORE Correlation

Timing is the dominating parameter in the HCR/ORE @lation, especially 1,
and Ty. Peog is SO sensitive to the ratio of,/T1, that a one minute variation in,can
change the 8y value up to 50% Because of this, the HRA analyst must recognize this
high degree of sensitivity will produce large uncertaintyhe calculation of 8y This
is especially true whenyTis very short (less than about 5 minutes); for thégess of
actions, the HRA analyst must consider if timing is tominating influence on.& If it

is, then the HCR/ORE Correlation is appropriate to use.
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CBDTM Method

The CBDTM uses timing information to provide recommeiotis on
considering additional crew who many be available fecowery. The longer the
sequence progresses, the more people will become invaddtheir presence may be
credited in cognitive recovery. It is recommended thet HRA analyst follow the
recommendation of the HRA Calculator for determinimges8 at which additional crew

can be credited. (See judgments section on timing)

Training

Classification of the type of training as simulator dassroom should be
relatively clear to an HRA analyst. It is recommahdbkat HRA analysts consult with
training instructors and training records to determing bien and what type of training
occurs. The number of times an action is trained basumeric effect on quantification.
It does give the analyst an idea of how comfortabteesv should be at performing an
action which would affect the stress level. HRA asizlyagree that engineering
judgments about training should also impact judgments aboassstand action
complexity.

HRA analysts tend to agree that most Level 1, pos&tior actions modeled for
U.S nuclear power plants are well-trained. If this aggiom is applied to a complete
HRA analysis by always using the most optimistic valuéen the actions are not
differentiable by different types and degrees of trainifigs is problematic, because all

analysts agree that different types and degrees ofngasinould be a dominating
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parameter in determining the HEP. This is consideretet@ weakness of the HRA
Calculator because training is not explicity modelech @SF within the calculation of
Pexe It is recognized within By using the CBDTM Method and the HCR/ORE
Correlation. Some of the decision trees explicithfedéntiate between simulator or
classroom training and it is recommended that anahstschoose the most optimistic
value but instead take the time extra time to identiferdinces between classroom and
simulator training.
For additional guidance on how to render specific engmgegudgments within

decision tree nodes for both the CBDTM Method and tRRIDRE Correction, it is

recommended that analysts following the recommendaiviths the HRA Calculator.

Procedures
The use of procedures by operating crews within U.S augewer plants is
considered by most to be second nature. In additicatetaifying which procedures will
be used during the accident scenario, the HRA analyst alsestaddress the high level
guestion: How does the use of procedures affect the plipbabfailure? This question
can be further broken into small questions.
* How will the operating crew know to transfer to anotpecedure if necessary?
* How are the procedures used by the operating crew? Fapkxahe crew could
have the procedures in hand, or they may completeg¢hs 5bm memory.
* How does the clarity of the procedure affect the astafrthe operating crew?

* How accurately does the operator or operating crewvidliee procedures?
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To answer these questions, it is recommended thdtif#fe analyst observe at
least one action during a simulator exercise. It tspnactical for an analyst to observer
every action modeled, but observation of similar sitoul@xercises would provided the
analyst with a general understanding of how a crew, fepéazithe plant being modeled,
uses procedures. To further understand the use of procedisrescbmmended that the
analyst do a talk through of each action with the pro@tiuhand and ask the operators
how they would answer the above questions.

Procedures are used within the calculation @f When specifically identifying
critical actions and recoveries applied to specific tasksrsion 2.01 of the HRA
Calculator requires the user to identify a step numben filee procedures for every
critical action and recovery. For most actions thisimple task. There are actions in
which procedures are not used in hand, and no step numbée ddentified. In these
situations, it is recommended that the user simply @dademmy variable in place of the
step number. The user can not leave this input blankre&uiring the user to input a
step number the program inadvertently assumes all aetrenroceduralized.

NUREG 1792 provides a list of procedure characteristics toald be
considered to have negative impacts on the HEP. Mostest specific parameters are
identified within the CBDTM Method only. Again, like ining, procedures are not
addressed as an independent PSF withip &#d many HRA analysts consider this a

weakness of the HRA Calculator.
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HCR/ORE Correlation
The HRA Calculator recommends that the decision ndsl®utaprocedures
address the extent of procedural guidance and the cuedlevaigor example, whether
the procedure, itself, is sufficient to guide the operatowhether he/she also has to
monitor meters, position indicators, etc. This can itbentified by answering the
following two questions:
1) “Is the procedural guidance simple/explicit enough; e.ce, stap, clearly
defined (is it unnecessary to monitor meters/alarmanake the correct
decision)?
2) Are the indications/alarms clear enough to support @idec or is it
necessary to take additional observations to readrraat decision? Is the
diagnostic straightforward without the need for consul&®RPS or bringing
in additional crew members?”
The decision tree used to determine sigma was developgmttasf the HRA Calculator

and these questions and recommendations come directly the HRA Calculator

User’'s manual

CBDTM Method
Within the CBDTM Method judgments about procedures are mthen the
following decision trees.
* Pcd — Information Misleading
* Pce —Skip a Step in the Procedure
» Pcf— Misinterpret Instructions

* Pcg — Misinterpret Decision Logic
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It is recommended that for most of the decision noddsessing procedures the analyst
answer each question by simple observation of the gunee Most of the nodes have
concrete, obtainable solutions and require little judgnbgnthe analyst. The following
nodes have been identified to require sometimes sulgegidigments, and further
recommendations are provided.

Pce —Skip a Step in the Procedure —The analyst must addees®de titled
Hidden vs Obvious. Most procedures have been updated tectdor potentially
hidden steps, and the hidden branch is seldom used. A hitigters onsidered to be
one of the following:

» A step that is given within a caution statement,

» A step located on the back of a page,

» More than one step is contained within a single staneém

» The step references another procedure that is diffudtcate.

Also within the Pce tree, the user must address tHe tidled graphically distinct.
There is no common definition of graphically distinctnang HRA analysts.
Furthermore, they define graphically distinct in vaguemgersuch as, not easily
overlooked, or not easy to mix up. EPRI Report TR-100259, dgivesfollowing
example of graphically distinct:

“Steps that form the apex of branches in flowchartcpdores, steps

proceeded by notes or cautions, and steps that are fedntatemphasize

logic terms are more eye-catching than simple actiepss and are less

likely to be overlooked simply because the Ilook differeh@éan

surrounding steps. However, this effect is diluted ifehame several such

steps in view at one time (as on a typical flowchatid for this reason

the only steps on flowcharts that should be creditedeasy graphically
distinct are those at the junction of two branchingvfpaths.?
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For non-flow chart procedures, it is recommended lealleboxed, or other
highlighting techniques be identified as graphically distiddso steps listed first in a
series of steps or which is the only step given onge gan be considered graphically
distinct.

Pcf — Misinterpret Instructions — Within this treee tanalyst must address the
node titled, Standard or Ambiguous Wording. Again, HRA atslyend to agree that
most procedures in current plants have been updated to eéeamalviguously worded
steps. EPRI Report TR-100259, recommends the following tjhvestions be addressed
within this decision node:

1) “Does the step include unfamiliar nomenclature or arsua grammatical
construction?

2) Does anything about the wording require explanatiorrderoto arrive at
the intended interpretation?

3) Does the proper interpretation of the step requirenfenence about the
future state of the plant®?”

Answering yes to any of the above questions would #fertHRA analyst that the
procedure has ambiguous wording. Furthermore, HRA analgstsise some additional
criteria.
* Qualitative statements such as pressure is too highcarsidered to be
ambiguously worded because of the word too.
» The use of double negatives within a procedure step isdeved to be

ambiguously worded.
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Human interactions with hardware

For each critical action identified within,2the HRA analyst must identify both
an error of omission and an error of commissionefegry critical action and recovery.
The HRA Calculator provides the user with tabulated filprobabilities, which were
taken from THERP. HRA analysts all agree THERP pravithe most complete set of
failure data available, and they seldom use other laildatabases. It is, therefore,
recommended that HRA analyst use the provided databank mlgdunder rare
circumstances use data from other sources.

The HRA Calculator has modified some of the THERP @lbdbes based on
Swain’s recommendations to credit exceptionally weitten procedures. Current HRA
Calculator users tend to agree that these modificaffons the original methodology
are appropriate. But, HRA analysts using other methodishi@ethese modifications are
overly optimistic. In order to obtain consistency agoHRA Calculator users, it is
recommended that users of the HRA Calculator use thdatald probabilities provided
in the HRA Calculator and not refer back to the origitdERP values.

For errors of omission it is recommended that HRAlmts use Table 20-7
exclusively for post-initiator actions. Within thiglile the HRA analyst must identify
where the procedure contains a short list (less thated®) or a long list (greater than
10 items). It is recommended that each proceduralized steprisidered an item. Also,
within THERP Table 20-7 the user must determine if chdtkrovisions are correctly
used. It is recommended that the analyst specificallgtifgleif there are check off

provisions and the crew actually uses them. This hex $everal analyst to produce
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recommendations for improvements within various procedime adding check-offs
which lowered CDF. It is not appropriate to assume alidEOPs use check off steps
without physically identifying them.

For errors of commission it is recommended that HiRAlysts do the following:
1) observe the control room layout and if time permdisa walk-through, 2) identify
procedures being followed and 3) understand the sequence ra$ daggng modeled.
Without completing all three items the HRA analyst cat choose an appropriate
value. Typically, HRA analysts use THERP Table 20-12nfimist post-initiators, and

occasionally THERP Tables 20-11, 20-13 will also be used.

Annunciator Response Model

The Annunciator Response Model is only impacted by plaisameter. The
analyst must determine how many annunciators the apgratew will observe before
they can diagnose and correct the problem. This igfiaulli problem to address,
because THERP defines a single annunciator as a groularofsaor indicators that
trained operators regard as a single unit and does no¢rfulefine single unit. This is a
rather subjective decision, and most HRA Calculatorsudernot apply this method. It is
recommended that if an analyst is not able to dift&aen clearly between single or
groups of annunciators, then the CBDTM Method or the KBEHE Correlation be used
to calculate Rg

HRA analysts who do use this model agree that theréhaee ways in which to

collect annunciator data.
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1) Use alarm response procedures

2) Operator or training instructor interviews

3) Simulator observation
It is recommended that HRA analysts begin by idengfyall potential alarms listed
within alarm response procedures. Then discuss thevitist training instructors to
identify if some annunciators could be grouped togetherusectney are always trained
together. These interviews will also provide usefubmisinto identifying annunciators
other than alarms that would aid the crew in diagnosiegrésponse. Observation of
simulator exercises would be useful for the analystotapare his list of annunciators to
those that are important during the scenario. Howaw@ng simulator observations as
the primary source for data would be difficult to justiffless the action being modeled
is identical to the simulator exercise. The alarmeshaghly dependent upon the specific
action.

It should be noted that THERP provides a method fongakredit for the
presence of additional people, and if an analyst would waitedit additional people
for recovery, they would have to modify the result lné¢ ttalculations external to the
HRA Calculator. There is no override function avadalithin the Annunciator

Response Model.

CBDTM Method
Pca- Availability of Information- Within this treehe user must determine

whether there are indications available to corrediggnose the accident and then
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determine if the indicators are accurate. For mostelLg\post-initiator actions the HRA
analyst can assume that unless the indicator is madumg because of the initiating
event, it is available for correct diagnoses. There f@w situations in which the
indication is not available and they include:

* Fire in or near the control room.

* Prolonged station blackout after battery depletion
These exceptions are considered rare, but when theydo,ahe analyst must then
carefully address the rest of the decision tree no@esyuise this tree would then become
a dominating factor to the overall HEP.

Pcb —Failure of Attention — First, the analysts musérmaine whether the work

load of the crew is high or low. It is recommended thRA analysts use the following

criteria in Table 104 to differentiate between high awvdWwork load.

Table 104

High vs Low Workload

High Work Load Low Work Load
Number of required steps listed| Greater than 10 steps Less than or equal to 10 steps
in procedures.
Number of operators in crew More tasks than operators No single operator is assigned
compared to number tasks. available to complete more than one task at a time
simultaneous tasks.
Number of procedures being Two or more simultaneously Only one procedure at a time,
used.
Number of parameters crew Greater than two Less than or equal two
must keep track of within
response.




215

Next, within the Pcb decision tress, the analysttnuetermine whether the
control panel needs to be continuously monitored orkateonly once. This is usually
specified within the procedure steps.

Table 105 gives commonly-used terms which can be appliediffeventiate
between monitor and check. In addition to identifyingséhd&ey words listed in the

procedures, operator interviews would also be of greafibém the HRA analyst.

Table 105

Terms Used to Differentiate Between Monitor and ®hec

Check Monitor
Verify PERFORM ....... UNTIL set point is reached.
Ensure MAINTAIN level BETWEEN .......
CONTROL level BETWEEN ........
WAIT UNITL .............

Pcc — Misread/miscommunication — In the first node uber must address the

following question:

“Is the layout, demarcation, and labeling of the cdrtoards such that it
is easy to locate the required indicatdr?”

HRA analysts tend to agree that most indicators asg &a locate for control room
actions directed by EOPs. An indicator would be consitielitficult to locate if it is

located on the back panel and out of general sight afibeators. For ex-control room
actions, this node is more difficult to address and woedplire the HRA analyst to go

physically into the plant and watch an operator perfinmtask.
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Next, the HRA analyst must address the question ask#égkByRA Calculator:

“Does the required indicator have human engineering dedieie that are
conducive to errors in reading the dispfay?

HRA analysts agree that most control rooms have beedated to correct any human
engineering deficiencies. When HRA analysts were askdbey could identify any
groups or types of indicators that may be considered eleffithe following suggestions
were provided.

* Indicators that required interpolation or extrapolation.

* Indicators where the range of indication is large, byirecise measurement is

needed.
* Units or styles are different than similar indicators
* Reading is off the scale.

* Reading is affected by glare or low illumination.

Recoveries within an action

The HRA Calculator does not address the issue of rec@aations between
individual actions. As a general rule of thumb, most Hidalysts only credit recoveries
directed within the procedures. Furthermore, it is diffitaljustify taking credit for site
policies such as self-review for every action.

Most HRA analysts agree that justifiable HEP valuesabove 1E-5. The most
prevalent mechanism to obtain probabilities lowerntlE-5 is to apply multiple
recoveries. It is, therefore, recommended that rees/@ot be applied if they lower the

final HEP below 1E-5.
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To address dependency levels between actions and resowéthin Ry it is
recommended that the HRA analyst use the recommenslaiionided within the HRA
Calculator. THERP can also be consulted for further gaglaihnecessary. The HRA
Calculator's recommendations are based upon the steskidentified and the time
available to complete the action. It is difficult poovide further recommendations on
how to assign a dependency level, because there is disggreement among HRA
analysts. Users of the HRA Calculator tend to folllwe HRA Calculator
recommendations, but HRA analysts using different methadidsreated unique and

individual approaches.

CBDTM Method

After completing each decision tree, the HRA Calculakks the user to account
for recoveries made by the presence of additional peoplee more time available to
complete the action, the more people may become bleaitar recovery. While there is
a minimum amount of time available to allow additiocxa@w, the user is not required to
take credit for any recovery. It is recommended th&AHanalysts follow the
recommendations of the HRA Calculator to apply recegeto decision trees. These
recommendations were based on ERPI Report TR-100259. In oadditi is
recommended that HRA analysts not take credit forregiew unless a requirement for
it is explicitly stated in the procedures. Self-reviesv already credited within the

decision trees.
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Review of final HEP

Once an HEP value is obtained, the analyst must reviewesults to ensure that
the value has physical meaning. This is done by addged® following questions:

1) Is the final value realistic?

2) Does the final value appear to be consistent amtmg actions within the

same analysis?

It is recommended that the analyst look at simildcutations using different
methods and previous analysis. Analysts use previous a#asd to identify an
estimate of what the final value may be. Howeveis #hould be done with caution
because in many cases the analyses have eithectepreted using a different method,
or that plant conditions have been updated.

The second question can be addressed by comparing aetibmsthe model.
For example, analysts tend to agree that as moreidimeailable the lower the failure
probability, and this can be verified after each calimh. A second example is that as
stress increases the probability of failure alsoeiases.

HRA analysts tend to use a lower bound for HEP valuésel range of 1E-6 and
1E-4 with a tendency towards the higher end. This rangealokes can be used to
identify the results that may be unrealistically low.For results that may be
unrealistically low it is recommended that the analetiew the entire calculation
especially engineering judgments rendered about recoveites also recommended
that prior to beginning a complete analysis that aysinaet a consistent lower bound

regardless of which methodology is applied.
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Regardless of which methodology is used to calculaig P is recommended
that analysts review R in relation to the final HEP value. In some caBgg will be
exceptionally low (below 1E-6) and, therefore, not hay influence on the final
results when compared ta.® However, if the analyst determines prior to compigti
the calculation that the cognitive portion of the @ttis a contributor to the failure
probability, then the analyst may wish to apply anothethod for B

During the review stage it is also recommended the eegng judgments made

about timing and recoveries be reviewed, because theggng¢nts specifically have

major influences on the numerical results.
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CHAPTER IX

CONCLUSION

This study has identified thirteen areas of judgmente (B#ble 106) that an
HRA analyst would have to render when completing an E&€&ulation using the HRA
Calculator. In addition, recommendations on how to rem@eh of theses judgments
have been proposed. The recommendations represent ddRénpractice and identify
what constitutes a complete, justifiable, well-documgmaculation. In some instances,
there were multiple approaches to rendering the same jutigraed the study’'s
recommendations try to incorporate theses different omgbes into a single

recommendation. For example, see Chapter VIl , Stregsl.

Table 106

Areas of Judgments That an HRA Analyst Will RenderafttEP Calculation Using the
HRA Calculator.

Identification and definition of actions to be modehthin the HRA Calculator
Categorization of actions as pre- or post-initiators
Definition of critical actions

Definition of cognitive portion of the action

Choice of methodology

Stress

Rule-, skill- or knowledge-based designation
Timing information

Training

10 | Procedures

11 | Human interactions with hardware

12 | Recoveries and dependencies within an action.
13 | Review of final HEP

OO (NO|U|R|WIN|F




221

As part of this study, the results of the three methadployed by the HRA
Calculator were compared for a complete set of posatoit actions from a PRA. It is
concluded that for the same input, the three methods ajlgneroduce HEP values on
the same order of magnitude with two large exceptions:

1) Actions that are high stress angh 1S less than 5 minutes, and

2) Actions in which the & value is exceptionally low (below about 5E-4).

If this study were to be continued, the next step woeltbthave an HRA analyst
follow these recommendations for a complete analyfisie these recommendations
were created by surveying current HRA analysts, ikgeted that once an analyst tries
to apply them, minor adjustments will need to be consdler

These recommendations have been created specificallyersion 2.0 of the
HRA Calculator. It is expected that as newer versointhe HRA Calculator become
available, the specific recommendations will needeadronsidered, but the areas of the
judgments will remain constant. (Assuming the methodsstilethe same.) This is
because the areas of judgment were created by considerafi the original
methodologies as well as how the parameters are udad thé HRA Calculator.

The field of HRA is still in its infancy, and thei® a lack of databases of human
failure probabilties. Therefore, engineering judgment® aritical to all HEP
calculations regardless of which method is being applistthA field of HRA continues
to develop, it is expected that more failure probalslitsll be collected, and hopefully
this will reduce the number of subjective judgments an HiRAlyst needs to render for

HEP calculations.
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APPENDIX A
SAMPLE P, CALCULATION USING THE CBDTM METHOD

WITHIN THE HRA CALCULATOR
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The following figures show the eight decision tress &edchoices made for a sample
Peog Calculation using the CBDTM Method.

pca: Availability of information

Indication Avail in

CR

CR Indication
Accurate

Warning/Alternate
in Procedure

Training on
Indicators

Ies
No

{d) 1.5e-03
{e) 5.0e-02
{f) 5.0e-01
(3).*

Fig. A-1. Decision Tree Pca: Availability Of Inforian

pcb: Failure of attention

Low vs. Hi Check vs. Monitor Front vs. Back Alarmed vs.Not
Workload Panel Alarmedn
Front
Check
********* Back
Low
777777777 Front
Monitor
Back
1. Choice
Z Eh;:ice Front
Check
Back
Hi
Front
Monitor
Back

{b) 1.5e-04
{c) 3.0e-03
{d) 1.5e-04
{e) 3.0e-03
{f) 3.0e-04

{g) 6.0e-03
{h) neg.

{i) neg.

(i) 7.5e-04

(k) 1.5e-02
(1) 7.5e-04

{m) 1.5e-02
{n) 1.5e-03
(o) 3.0e-02

Fig. A-2. Decision Pcb Failure of Attention
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pce: Misread/miscommunicate data

Good/Bad Indicator Formal

Communications

Indicators Easy to
Locate

(a) neg.
{b) 3.0e-03

(c) 1.0e-03
Yes ' (d) 4.0¢-03
No | (€) 3.0e-03
| () 6.0e-03
(9) 4.0e-03
| {h) 7.0e-03

Fig. A-3. Decision Tree Pcc Misread/miscommunicate data

ped: Information misleading

All Cues as Stated Warning of

Differences

Specific Training General Training

—————————————————————————————————— (a) neg
Yes| {b) 3.0e-03
No
{c) 1.0e-02
I {d) 1.0e-01
| {e) 1.0

Fig. A-4. Decision Tree Pcd Information Misleading

pce: Skip a step in procedure

Ies
No

Obvious vs.
Hidden

Single vs. Multiple

Graphically
Distinct

Placekeeping Aids

{a) 1.0e-03
{b) 3.0e-03
{c) 3.0e-03
{d) 1.0e-02
{e) 2.0e-03
() 4.0e-03
{q) 6.0e-03
{h) 1.3e-02
{i) 1.0e-01

Fig. A-5. Decision Tree Pce Skip a Step in Procedure
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pcf: Misinterpret instruction

Standard or All Required Training on Step
Ambiguous wording Information

ffffffffffffffffffff {a) neg.
fffffffff (b) 3.0e-03

Yes | {c) 3.0e-02
No | (d) 3.0e-03
| {e} 3.0e-02
(f) 6.0e-03
| {g) 6.0e-02

Fig. A-6. Decision Tree Pcf Misinterpret Instruction

pcg: Misinterpret decision logic

"NOT" Statement "AND" or "OR" Both "AND" & Practiced Scenario
Statement "OR"

| (a) 1.6e-02
| {b) 4.9e-02
(c) 6.0e-03
| {d) 1.9e-02
(e) 2.0e-03
| () 6.0e-03
(g} 1.0e-02
(h} 3.1e-02
(i) 3.0e-04
ffffffff | (i) 1.0e-03

ffffffff (k) neg.
777777777777777 <|7 {I) neg.

Fig. A-7. Decision Tree Pcg Misinterpret Decision Logic

Yes|
No I

pch: Deliberate violation

Belief in Adequacy Adverse Reasonable Policy of
of Instruction Consequence if Alternatives "Werbatim™
—————————————————————————————————— (a) neg
Yes | {b) 5.0e-01
‘No| | {€) 1.0
{d) neg.
{e) neg.

Fig. A-8. Decision Tree Pch Decision Tree Pch DedibeNiolation
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TABLE A-

Sample Calculation Cognitive Unrecovered

Pc Failure Mechanism Branch HEP
Pc: Availability of Information a neg.
Paq,: Failure of Attention a neg.
Pc: Misread/miscommunicate data a neg.
Pc: Information misleading a neg.
Pc: Skip a step in procedure a 1.0e-03
Pg: Misinterpret instruction a neg.
Pg: Misinterpret decision logic Kk neg.
Paq.: Deliberate violation a neg.
Sum of Pg through Pg, = Initial Pc = 1.0e-03
TABLE A-ll:

Sample Calculation for Cognitive Recovery

g o
2 = £ z g s
e3d ©32 <3 & wp 9x L T Final
lntaAl HEP o> & 3> O &> = ==
we dc nwg g Wwg g g a g Value
< o S
2 =
PG: neg. - - - - - NC - 1.0
Pa;: neg. - - - - - NC - 1.0
Pc: neg. - - - - - NC - 1.0
P neg. - - - - - NC - 1.0
PG 1.0e-03 X - - - - 1.0e-01 HD 5.0e-01 5.0e-04
Pg: neg. - - - - - NC - 1.0
Pg: neg. - - - - - NC - 1.0
Pa: neg. - - - - - NC 1.0
Sum of Pgthrough Pg= Initial Pc = 5.0e4

DF-Dependency Factor
HD —High Dependency
NC- No Credit
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APPENDIX B

PILOT SURVEY
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INTRODUCTION

Objective

The overall objective of this study is to better untéard the subjective use of
engineering judgment as applied to analytical human ré&jiabialysis (HRA) methods.
Your responses to this two-part survey will be usedudysand identify when, why, and
how to apply the use of engineering judgment in HRA. Thtended final results of this
study will be a set of proposed guidelines on how and whemppropriate to apply
engineering judgment for modification of the results efHHRA Calculator. These
guidelines will benefit the probablisitic risk assesn{@&RA) industry by providing

insight on understanding engineering judgment, and this knowgzdgbe used to
produce more consistent and justifiable human error piidiesi(HEP) values.

Comanche Peak Human Reliability Analysis

Comanche Peak Steam Electric Station (CPSES), heisgsly provided their HRA for
use in this study. CPSES is a two unit, 4 Loop Westinghdasign Pressurized Water
Reactors (PWR). In 2004, CPSES updated their HRA anakisig the HRA
Calculator. The HRA under consideration for this stsdpi their Level 1 PRA for
internal events during full power operations only.

For the purpose of this study, you should assume that ahesisrand data provided
comes directly from CPSES. While the format of tifermation has been adjusted to
meet the needs the study, the analysis has not bedfiechdrom what CPSES provided
to the researcher.

HRA Calculator

All analyses shown in this survey were completed usiad=lectric Power Research
Institute (EPRI) HRA Calculator. The HRA Calculatooydes a standardized
approach to HRA that promotes uniform methods to acluexwgarable results when
considering plants that are similar in design, procedur@graining. The software is
setup to guide the user through and HEP calculation by dtiseravorksheets.

The user has the ability to choose which HRA metlooapply. For post-initiator, the
methods available are, Caused Based Decision Tree M&@IRDTM), THERP, and
ORE/HRC. For pre-initiators, the methods available H#HERP and ASEP. While the
HRA Calculator provides many choices for input values,uer also can add their own
input values and comments for documentation if desired.

The software also creates detailed reports in a logasy-to-follow format, making it
convenient for a second analyst to understand whdidesinputted into any
calculations.
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SURVEY PART ONE

Instructions

Below is the complete set of general HRA assumptiorterbg the CPSES HRA
analyst during his analysis. Please identify and dischsseayou would have made
alternative or additional assumptions if you were periogrthis analysis.

General Assumptions Made Throughout Entire CPSES HRA Analyis

The following are general assumptions used in most afiffe analysis, but in some
circumstances the HRA analyst has chosen not xfdlhese general assumptions.
These assumptions were taken directly from the CPSES&H &Raliably (HRA)
Notebook. Comments in [ ] have been added by thendsaor additional
clarification. A * indicates that this assumptiofboislt into or is the default value used
by the HRA Calculator

1. Operators are highly skilled in performing the necgdsaiks, each having more than
6 months experience and most with several years erperidn most cases, “optimum
stress” is applied due to the level of experience, ther@af the event and lack of an
undue challenge in performing the proceduralized tasks. Seemtse however, result
in a high stress situation. For example, a steam gemetube rupture (SGTR) event
would in general result in a high stress situation andntmainal human error rates
would be modified as appropriate. . [The HRA Calculator déls&suser to choose an
operator stress level. The choices available arenapti moderate and extreme. This
assumption says that the optimum stress level will lhesen as a default value.
Assumption 30 gives an exception to the default value.]

2. Control room indication is provided for equipment statut) visual and audible
alarm indications of equipment failures or parameter tews. The control room
indication is assumed to be available, unless affegtéldebinitiating event.

3. Visual and audible alarms demand (or serve as promptmif@al operator response.
Some events such as Loss of Component Cooling WatkrlLass of Safety Chill
Water, are diagnosed within their respective Abnornmer@ting Procedures. For any
other abnormal plant condition resulting in a reactqr dr the need for reactor trip,
the operators' activities begin with the proceduralizegssin EOP-0.0, within which
diagnosis of the event is conducted. The operators @rrded from the alarm
indications directly to diagnosis of the event withoutngothrough the EOP-0.0
procedure.

4. It is assumed that each operator is responsible dowpleting specific tasks. In
addition to the Control Room Supervisor (CRS), ReaOyerator (RO) and Balance of
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Plant Operator (BOP) who are normally in the contoaim, there is a Shift Supervisor
(SS) and a Shift Engineer (SE, who is also the STA¢ach operating crew. The RO
and BOP operators are familiar with the operationscamdrols in the entire control
room; each is assigned one position for a shift, batbearotated to the other position
on a different shift. For non-time critical actipnghere the extra crew members are
not specifically assigned to other tasks, a recovertpfafor the extra crew member
can be credited. Credit for STA actions, generallyicati Safety Function Status Tree
related, are not credited until 15 minutes after theatimty event occurs, if credit is
taken.

5. Since “self checking” is a site-wide policy that haseived high management
attention, this is the recovery most often ceatlit Credit is taken for STA actions for
the HRA events that need to be accomplished at aved§along period of time after
the initiating event has occurred

Time critical actions are those which take a longetbo diagnose and perform relative
to the length of the time window available. The tior@ical actions are primarily
identified either through the operator interview proogswyia an examination of the
relevant procedures, and an examination of the timdoms available from thermal-
hydraulic analyses (such as RELAP or MAAP) or otheyirexering calculations. The
operator interview process ascertains the cues and istdpe procedure that the
operators use to diagnose the event and the time ah wikcdiagnosis takes place.
Then, the steps judged to be critical to that particulam&h Interactions (HI) are
confirmed and the overall time to successfully complbese steps determined. The
overall time accounts for potential delays due to additjonon-critical procedural
steps that must be executed first, time required for ahgonent to change state (e.g.
to start a turbine-driven pump), and limitations that rbay present due to crew
manning. [Assumptions 26 and 27 gives more detail on timingjel available time
window is less than the diagnosis time plus the time redub successfully complete
the action, then the action is assumed to be failddhe available time window is
longer than the diagnosis time plus the time required tcesstully complete the
actions, then the probability of failure is adjustedtigh selection of the stress factor
and the allowed credit for recovery. For examplehef¢ is a 30-minute time window
and the action takes 5 minutes to diagnose and 15-20 minutsetate, then an
optimum to moderately high level of stress is taken andradit is given for recovery.
Alternately, if the time window is 1 hour, and the awtis at the end of the success
branches on the event tree (e.g. LOCA followed by essfal injection, cooldown,
and depressurization such that the time window staresadwurs after the initiator),
and the competition from other actions is low, them $tress is taken as optimum and
credit may be given for recovery. In each case theraior actions are examined
within the context of the scenario to determinegbeential impact of time constraints.

6. In general, if the success of a task requires theessiaf “OR”ed operator actions,
the
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dependency modeling is applied. This assumption isl lmasthe belief that if the

operator fails the first step in a series or grotipfOR”ed actions, it is more likely

that
he will fail subsequent steps in the group. Intégard, the nominal human error
probability (HEP), multiplied by the applicable penfiance shaping factor (PSF), is
applied to the first step; then a dependency is agplidte HEP of the first step to
derive the HEP of the second and subsequent stegpen@encies are calculated
using the formulas in Table 20-17 of Reference 5.

*7. Execution errors are calculated using the THERP tablReference 5. Values from
these tables for errors of omission are dividethree based on Swain’s notes in
Chapter 15 of Reference 5. These notes desdjiiEraents to the nominal Swain
values, in particular to credit the layout of pinecedures into a “response/response
not obtained” format. Additional details on #pplication of this method are
outlined in the quantification description of Sact4.3.

8. A procedure step is considered graphically distinct, &s indecision tree “e” of the

cognitive error calculation pe), if it is preceded by a boxed CAUTION or NOTE or
is the only step on the page.

9. The Emergency Response Facility (ERF) Review exgdactor is not applied if the
operator action took place less than one hour int@efeence, or if the time available
for the operator action is less than one hour. Téwhilical Support Center (TSC) and

Operations Support Center (OSC) are typically mannedinwibme hour of an
emergency plan declaration.

10. The immediate action steps in Emergency Operatinge8uoes are steps performed
from memory without reference to the written procedurd$owever, immediate
action steps are reviewed after the actions are pesfbrto ensure all required
actions are taken. Recovery credit is typically notiagph this analysis of the final
cognitive error (P estimation even though reading the procedure serves as a

check/recovery of the operator's immediate actionsis i§ conservatively held as a
potential future recovery.

11. There are a few instances where the EPRI Causel Besision Tree Methodology
(CBDTM) may be inappropriate for estimating the cogeitihuman error
probability (p). Operator response to events indicated by a Mairtr@loBoard
alarm(s) rather than a reactor trip are often skifldal in nature and do not require a
decision or diagnosis. Initial operator guidance is tylgicarovided in the
appropriate Alarm Response Procedure(s), rather thdmreifEmergency Operating

Procedures. For this type case, i validated by comparison to the THERP
Annunciator Response Model (Table 20-23 of Reference 5).
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12. The Emergency Operating Procedures are written iduacar “response/response
not obtained” format. They incorporate checkoffs aagehprovisions for place
keeping. Use of both of these aids is practiced during tmpeteaining on the
simulator. These assumptions are important to the EFBDTM assessment of
procedure usage performance shaping factors.

13. For Control Room actions, only proceduralized redeseare credited.

14. The application of recovery is included when it is juddedl there is enough time
for re-visitation, based on the sequence timing and &malable for the operator
action provided in the PRA Accident Sequences and SuccessicC analyses
(References 2 and 7-9). See assumption #20 for additionds detahe impact of
timing on dependencies.

15. In applying recovery, moderate dependence is usually @dsuhen the instruction
that provides the recovery mechanism for an actionnisthe same page of the
procedure as the instructions to perform the actionratienale being that one way
to miss a procedural step is to skip a page. The equati@oralitional probability
for moderate dependence from THERP Table 20-17 (Referemnse$gd.

16. If the recovery instruction is on a different piho@l page, the recovery factor
used is usually the Error of Omission (EOM) (from Table7 of Reference 5) for
the procedure step.

17. In determining the EOM.pvalues, if the operator action takes place within ten
procedural steps from the start of the accident sequibane20-7(1) [short list, with
checkoff provisions] from THERP is used. If the operaction takes place > 10
steps into the sequence, Iltem 20-7(2) [long list, with labiégrovisions] is used.
Items 20-7(3) and 20-7(4) [no checkoff provisions] are usualgd ushen the
procedure is not an Emergency Operating Procedure.

18. Table 20-13 from THERP is for local manual valve ojmmmat This table is also
applied to operation of other local components such @shgear breakers and room
doors.

19. Application of stress factors in quantifying human repoobabilities tends to be
quite subjective, and can vary considerably betweerysesalnd analysts. For the
CPSES HRA, stress is considered objectively in theviong manner:

a. Stress is implicitly included in the EPRI TR-100259 (Refee 6)
determination of cognitive errors Jpthrough some of the selections in the
decision trees such as workload and the recovery cretédss is explicitly
modeled in the determination of the execution errory (Beference 5) as
outlined below;
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*b.  Optimum stress (x1) is usually used for theertion of operator actions
directed by the "base" emergency procedures. In sones,casch as steam
generator tube rupture, the stress level is judged to berhagiud a moderately
high stress (x2) is applied;

*c.  For those operator actions where the operat@dodlowing instructions
in the Function Restoration (FR) procedures or the Bemey Contingency
Action (ECA) procedures, moderately high stress (x2p@ied to p to reflect
the increased stress caused by the failure(s) that pubplerators in those
procedures; and

*d. If operator action is required as a result of sgiset equipment failure
while in a FR or ECA, extremely high stress (x5) pleed to the p for the
additional action.

20 . The dependence between elemental human error {itesaln the
subtasks that

make up each. jpre handled using the dependency rules in THERP (Table 20-17
of Reference 5). For example:

If an operator action required 2 of 2 manipulations for esgavithin one HEP
calculation, p includes HEPs for EOC(1)+ EOC(2). [EOC - Error Of Cassmn]
If an operator action required 1 manipulation, with 2 dvetcavailable, failure to
manipulate the first switch can be recovered by operathe second switch:
EOC(1) * EOC(2). Consideration must be given that EO@{2y have a link or
dependence with EOC(1) based on the time available.

A similar consideration exists for core damage sequeroesgaining multiple
operator action failure events. In this case the @egfelependence between the
events representing different functions (no common esh is determined using
the following guidelines:

a. Two operator action failures separated in time bgsmential successful
action are regarded as independent.

*pb. The time available for most operator actions egarfrom minutes to
hours. The degree of dependence between operator asti@ngd accordingly:

Time Separation (min.) Dependence

0<t<15 High
15<t<30 Moderate
30<t<60 Low

60 <t Zero
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C. Events initiated by the same cue and on paralleessqeaths are treated
as having a common plement.

d. Responses to memorized IMMEDIATE ACTION steps adependent
of actions taken later in the procedure. Similarly IRMIMEDIATE ACTION
steps are independent if they are performed by differemt members.

e. For cases where an operator action failure signtfic reduces the time
window for a subsequent operator action, high dependence Wewdssessed on
the second operator action.

f. For cases where an operator action failure guarantadure of a
subsequent operator action, complete dependence would bseasse

21. The HRA was conducted using the Emergency Response Gesdelnd
Abnormal Procedures from Unit 1. Discussions with th@erators indicate the
procedures are close enough for Unit 2 that they cassuemed to be identical.

* 23. In the quantification of human error probaletiti a lower bound of 1E-5 was
used as the minimum allowed value for single, or combingstof multiple, human
interactions.

24. All post initiator Human Failure Events (HR&}Yhe PRA model had their Risk
Achievement Worth (RAW) calculated using the PRA currembdel of record
(Reference 45). To ensure that the risk significant $Hkkere included in this
recalculation, several risk significant systems had toae@ removed and then the HFE
RAWSs were calculated. The HFEs were ranked and the tapeB8 recalculated using
the HRA calculator. Many HFEs were based on the seamwilations so they were
recalculated even though they may not have been itohe30. The list is shown in
Attachment G.

25. All latent HFEs were recalculated. The latéiRE equations, section 4.4, were
used as basis for the input to the HRA Calculator. [&tent HFEs were recalculated
with all of the pertinent information documented using HRA Calculator. The results
from the HRA calculator may not agree with the valsleswn with the equations since
the HRA calculator analyzes the HFE in more moreildeTde equations are shown for
historical purposes and should not be used in the HFEsanaly

26. The default value for time required to manipulateitch on the control board is
3 minutes. This value is used as the minimum time, #tba operator stated a shorter
time in the operator interviews, required by the oper&ofind and manipulate the
switch.

27. The default value for time required to recognize andoores to an
inidication/annuciator in the control room is 5 minute§his value is used as the
minimum time even if the operator stated a shortee timthe operator interviews,
required by the operator to respond to an inidication/aataran the control room.
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*28. The value used for the dependency in the recafealy execution error was the
value determined by the HRA Calculator (i.e. zero, lovedium, and high), this is in
lieu of any comments made during operator interviews.

29. The procedures in the reference section doaméin the revision number. The
revision number for the procedures used will be documentetthed operator interview
sheets.

30. The stress level (optimal, medium, high) was deted during the operator
interviews and are not annotated in each HFE detadliedilation. The stress level was
based on time and actions required to complete the tasks pssumption is an
exception to the default stress level chosen in assompyi

References Cited in Assumptions

[5] Swain, A.D and Guttmann, H.Handbook of Human Reliability Analysis with
Emphasis on Nuclear Power Plant ApplicatiqisiERP) NUREG/CR-1278,
Sandia National Laboratories, August 1983.

[6] EPRI TR-100259, “An Approach to the Analysis of Oper#ations in
Probabilistic Risk Assessment”, June 1992.

[45] R&R —PN-022,”Accident Sequence Quantification”
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SURVEY PART TWO

Instructions

Please read the following analysis prepared by CPSE&8raweker the questions
presented at the end.

HEP Given Information

Human Failure Event (HFE) Scenario Description

1. Initial Conditions: Steady state, full power operation
2. Initiating Event: General Transient
3. Accident sequence: Transient sequences shown below.

Transiant RCS Secondary |Condensate|Feed and|High Pressure Seguence
Imitiating Event |Integrity |HT Remaoval Bleed |Hecirc Cut come
Ik
Ik
104

Core Damage

Core Damage

WELOCA

i SLOCA
l

SLOCA

|

I
Fig. B-1. Transient Event Tree

WELOCA

4. Preceding operator error or success in sequence: N/A

5. Operator action success criterion: Start of Bleedraed

6. Consequence of failure: Core damage

7. Key assumptions: The stopping of the reactor coplamips, resetting S| [Safety
Injection] sequencers, and resetting containment speayan-critical actions

During the accident scenarios listed above, the opesatequired to establish Feed and
Bleed if a loss of auxiliary feedwater occurs. Uponltiss of all AFW, the operators
are instructed by the Critical Safety Function Stattee3 in the Emergency Response
Guidelines to enter FRH-0.1, "Response to Loss of Secphtiamt Sink". This
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procedure first instructs the operator to attempt tmrestecondary cooling via AFW
and MFW, with condensate not questioned. If this iguessible, the procedure requires
the operator to use the pressurizer PORVs to providelébd path from the RCS and
high pressure safety injection to provide the feed tdr@G&. High pressure safety
injection is assumed to require initiation via genegaéirsafety injection signal (S

Signal).

All of these tasks can be accomplished from the cordam and the operators are well
trained on this task.

[Unlike other PWR plants 2 PORVs on the primary siderageired for successful
completion of this action. Opening only 1 PORYV will pobvide sufficient flow.]

Operator Interviews

Two operators were present in this discussion andebebined responses are shown
below.

What are cues that operator would observe?
No secondary heat sink

How much time is required for operator to see the cuamgphose the problem?
1-2 minute

How much time is required for control room manipulation?
2 minute

How many times is this action trained in the classnd
Once every 2 years

How many time is this action trained in the simul&tor
Once every 2 years

What type of response would you classify this as?
a) Simple, intuitive, or memorized action (skilled)
b) Procedure-directed (Rule)
c) Requires a lot of diagnosis or is non-proceduralizedwlatge-based)
The operator responded with answer B

Would you classify this action as simple or complex?
Simple

What is the operators workload during this scenario?
High

What is operators stress level relative to normatatmns?
High

Discussions with the operators indicate there wilhbdesitation on the part of the
operator to initiate bleed and feed when the proceduratelctt.



241

Application

These operator actions apply to the Transient imgativent category (General
Transient, Inadvertent Safety Injection Actuatioreg®n/Feedwater Line Break, Loss of
Main Feedwater, Loss of Cooling Water (component ngoliater, station service
water, and safety chill water)), and Loss of varidastécal buses. Each of these basic
events models failure to start Primary Feed and Bleetihgdfollowing a transient
initiating event where it is conservatively assumestehs no S signal.

Procedure

The procedure used for this task is FRH-0.1, "Responses® dfdSecondary Heat
Sink". FRH-0.1 is entered from the Critical Safety RiomcStatus Tree or EOP-0.0,
"Reactor Trip or Safety Injection".

Timing Information

The time available for this action (beginning statend state) comes from the review of
MAPP calculation RXE-LA-CP1/0-062. The success critgeigermined in the
calculation are based on the operator opening the POR&sed on the aboveyfis

1200 seconds (20 minutes).

Cue
At least 3 Steam Generators less than 27%
or
Pressurizer pressure greater than 2335 psig due to loss nfiagcheat sink

20
T S
T
delay 0 T'I.-"2 10 TM 2 |
[ |
Irreversible
Cue DarmageState
|
L.
k=0 Urit: Minutes

Fig. B-2. Feed and Bleed Timing Information
The above terms are defined as follows:

Reference (Start) Time (F The starting point of an HRA timeline. This is defil at
the time at which the initiating event begins.

System Time Window (Tsw) - Time available for antlmefore an undesired end state is
reached
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Manipulation Time (1) - The time required to complete the execution portica o
human interaction

Delay Time (Telay - The time from F until the cue is reached.

Median Response Time {J) — The time available to diagnose the problem.

Miscellaneous Information Provided By CPSES HRA Analyst

The HRA Calculator asks the analyst for the followemyironmental conditions for
documentation purposes. However, the results are nofrugeslmathematical
computation of the HEP.

\ Degree of Clarity of Cues & Indications:

X - Very Good
- Average
- Poor

Human-Machine Interface:

X - Control Room Panels
- Local Control Panels
- Local Equipment

\ Environment:
Lighting Heat/Humidity
X - Normal X - Normal
- Emergency - Hot/ Humid
- Portable - Cold
Radiation Atmosphere
X - Background X - Normal
- Green - Steam
- Yellow - Smoke
- Red - Respirator required

\ Equipment Accessibility:

Location

Accessibility

X - Control Room Front Panels
- Control Room Back Panels
- Hot Shutdown Panels

Accessible
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HEP Calculation

Method Approach
HRA Calculator using Caused Based Methodology

Critical Actions

1. Diagnose the need for Feed and Bleed

2. Actuate injection via an S signal

3. Reset the Safety Injection and Containment IsleBignals, and open the air supply
4. Open the 2/2 PORVSs.

Calculation Of Pc
Dotted lines shows chosen path.

pca: Availability of information

Indication Avail in CR Indication Warning/Alternate Training on
CR Accurate in Procedure Indicators

| {d) 1.5¢-03
(€) 5.0e-02
(f) 5.0e-01
(g).*

Xes
No I

Fig. B-3. Pca: Availability of Information
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pcb: Failure of attention

Low vs. Hi Check vs. Monitor Front vs. Back Alarmed vs.Not
Workload Panel Alarmedn
Front
Check (a) neg.
Back | {b) 1.5e-04
Low | {c) 3.0e-03
Front | (d) 1.5e-04
Monitor | (€) 3.0e-03
Back | {f) 3.0e-04
1. Choice l (9) 6.0e-03
Z Eh;:ice Front | {h) neg.
Check | {i) negq.
Back I {i) 7.5e-04
Hi | (k) 1.5e-02
________ Front —— e _()7.5e-04
Monitor [ L {m) 1.5e-02
________ Back | (n) 1.5e-03
| {o) 3.0e-02
Fig. B-4. Pchb: Failure of Attention
pce: Misread/miscommunicate data
Indicators Easy to Good/Bad Indicator Formal
Locate Communications
r ————————— {a) neg.
{b) 3.0e-03
_________ I {c) 1.0e-03
Yes | (d) 4.0e-03
No I {e) 3.0e-03
| {f) 6.0e-03
I {g) 4.0e-03
| {h) 7.0e-03

Fig. B-5. Pcc: Misread/miscommunicate Data
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ped: Information misleading

All Cues as Stated Warning of Specific Training General Training
Differences

—————————————————————————————————— (a) neg
Yes| (b) 3.0e-03
No
{c) 1.0e-02
I {d) 1.0e-01
| {e) 1.0

Fig. B-6. Pcd: Information Misleading

pce: Skip a step in procedure

Obvious vs. Single vs. Multiple Graphically Placekeeping Aids
Hidden Distinct

( 77777777 (a) 1.0e-03
(b) 3.0e-03

(c) 3.0e-03
| {d) 1.0e-02
() 2.0e-03
Yes | {f) 4.0e-03
No | (9) 6.0e-03
| {h) 1.3e-02

(i) 1.0e-01

Fig. B-7. Pce: Skip a Step In Procedure

pcf: Misinterpret instruction

Standard or All Required Training on Step
Ambiguous wording Information

———————————————————— (a) neg.
__________ {b) 3.0e-03

Yes | {c) 3.0e-02
No | (d) 3.0e-03
| {e) 3.0e-02
(f) 6.0e-03
| {g) 6.0e-02

Fig. B-8. Pcf: Misinterpret Instruction



pcg: Misinterpret decision logic

"NOT" Statement "AND" or "OR" Both "AND" & Practiced Scenario
Statement "OR"

| {a) 1.6e-02
| {b) 4.9e-02
{c) 6.0e-03
| {d) 1.9e-02

Yes|
No

(e) 2.0e-03
| {f) 6.0e-03
(g) 1.0e-02
| {h) 3.1e-02
(i) 3.0e-04

________ | {i) 1.0e-03

________ (k) neg.
_______________ ﬂli {l) neg.

Fig. B-9. Pcg: Misinterpret Decision Logic

pch: Deliberate violation

Belief in Adequacy Adverse Reasonable Policy of
of Instruction Consequence if Alternatives "Werbatim™
********************************** {a) neg
Yes | (b) 5.0e-01
‘No| ' (c) 1.0
(d) neg.
(e) neg.
Fig. B-10. Pch: Deliberate Violation
TABLE B-I
Summary of Event Tress and Unrecovered Pc Calculation
Pc Failure Mechanism Branch HEP
Pc: Availability of Information a neg.
Paq,: Failure of Attention I 7.5e-04
Pc: Misread/miscommunicate data a neg.
Pc: Information misleading a neg.
Pc: Skip a step in procedure a 1.0e-03
Pg: Misinterpret instruction a neg.
Pg: Misinterpret decision logic Kk neg.
Paq.: Deliberate violation a neg.
Sum of Pg through Pg, = Initial Pc = 1.8e-03
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No credit was taken for STA Review, Shift Change an& Review.

DF = Dependence Factor
ND= No dependence
MD =Medium Dependence

TABLE B-lI
Cognitive Recovery
T X >
nital | = 8| 8| 3 E n 29 | Final
HEP | B3| 5| 85 a SW | value
@ X = =T
PG neg. - - - 1.0
Pa: 7.5e-04 - 1.4e-01 MD 1.4e-001 1.0e-
04
Pc: neg. - - - 1.0
Pa: neg. - - - 1.0
Pc: 1.0e-03 X | X| 1.0e-01* ND —self 5e-02 5.0e-
5.0E-1 | review 05
MD- Extra
crew
Pg: neg. - - - 1.0
Pg: neg. - - - 1.0
Pa. neg. - - - 1.0
Sum of Pgthrough Pg= Initial Pc =1.5e-04 |



TABLE B-llI

Execution Unrecovered Calculated Using THERP

Step Omission
Table Item Stress Stress
Step No HEP Ref. Ref. E/M/O Value
11 1.3E-3 20-7b 2 E 5
Actions: Actuate SI
12 | 1.3E-3 | 20-7b | 2 ] M ] 2
Actions: Verify RCS feed
14 | 1.3E-3 | 20-7b | 2 ] M ] 2
Actions: Reset both trains of SI
16 | 1.3E-3 | 20-7b | 2 ] M ] 2
Actions: Reset Containment Spray Isolation phased\EBn
17 | 1.3E-3 | 20-7b | 2 E | 5
Actions: Reset Containment Spray Signal
18 | 1.3E-3 | 20-7b | 2 ] M ] 2
Actions: Establish N2 and Instrument Air
19 | 1.3E-3 | 20-7b | 2 ] E | 5
Actions: Open 2/2 PORVs and Block Valves to establiskdpath
20 | 1.3E-3 | 20-7b | 2 ] M ] 2
Actions: Verify bleed path
TABLEB-III Continued
| Commission Total
Table | Item | Stress Stress Per
Ref. Ref. | E/M/O Value Step
20-12 8a E 5 7.8e-03
| Comments:
| 20-12] 3 | M | 2 5.2e-03
| Comments: Recovers step 11 with medium dependency
| 20-12] 8a | M | 2 3.1e-03
| Comments:
| 20-12] 8a | M | 2 3.1e-03
| Comments: Completed with step 14 therefore it is zeooed
| 20-12| 8a | E | 5 7.8e-03
| Comments:
| 20-12] 3 | M | 2 5.2e-03
| Comments:
| 20-12] 3 | E | 5 1.3e-02
| Comments:
| 20-12] 3 | M | 2 5.2e-03

| Comments: Recovers step 19 with medium dependency

248
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The tables referenced are those given in the THER&do@k. The HRA calculator has
some of the tables built into the software with s@ssumptions built in. These tables are
attached at the end for reference.

Discussions with the operators indicate there wilhbdesitation on the part of the
operator to initiate bleed and feed when the proceduratelicit. For these scenarios,
there is assumed to be both high stress and a high \adrklo

E- Extreme Stress — PSF =5
M- Moderate Stress — PSF =2
O-Optimum Stress — PSF =1
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TABLE B-IV
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Execution Recovery Calculated Using THERP
Recovery

Step No.  Step No. Action HEP (Crit)
11 Actuate SI 7.8e-03
12 Verify RCS feed
14 Reset both trains of SI 3.1e-03
16 Reset Containment Spray
Isolation phase A and B
18 Establish N2 and Instrument Ai
19 Open 2/2 PORVs and Block 1.36-02
Valves to establish bleed path )
20 Verify bleed path
17 R_eset Containment Spray 7 8e-03
Signal
Total Unrecovered: 3.2e-02
TABLE B-IV Continued
HEP (Rec) Dep. Cond. HEP (Rec) TOé”t‘LLO'r
3.9e-03
5.2e-03 HD 5.0e-01
7.8e-04
3.1e-03 HD 5.0e-01
5.2e-03 HD 5.0e-01
6.5e-03
5.2e-03 HD 5.0e-01
7.8e-03

Total Recovered:

1.9e-02



Analysis Results:

TABLE B-V

Summary of Calculation
without Recovery

with Recovery

Pcog 186'03 156'04
Pexe 326-02 196'02
Total HEP 1.9e-02
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Survey Questions

Instructions
Please answer the following questions with eitheroya® responses or a brief text
response to the question.

1) When completing and HRA analysis do you or your comfiiow a set of
guidelines? If possible, please provide a copy of these gadelhen submitting your
responses.

2) If possible, without doing an independent calculatidmtwvould you expect a
typical HEP value for this Human Failure Event (HFEg&&] on your intuition do you
agree with the model HEP value?

Assumptions (Part Two portion only)
3) Are there assumptions within this specific HFE gt feel are invalid or lacking
justification?

4) If asked to complete this HFE analysis independentiyldwou have chosen to
make the same assumptions? Please note your diffesemb@ttons and your
justifications for making theses.

Choice of Methodology

5a) The methodology chosen for this analysis was Cd&aseld Methodology. In your
opinion, is this the best methodology for this HFERe&Dimethods available are:
HCR/ORE/THERP and THERP.

5b) If you would choose to use a different methodology tugwour reasoning for this?

Critical Actions
6) Do you agree with the critical steps assigned toHRIE?

7) Would you add or subtract any of these steps?

Calculation of Pc
8) The values for the branches of the trees were tdikectly from THERP. Do you
agree with the choices made in the decision treesnaneatues assigned to them?

9) CMPSES has a site policy of self checking. Is thaugh justification for ALWAYS
taking credit for self checking?

Calculation of Pz
10) Do you agree with the choices of THERP values i@mreof omission and errors of
commission? If you disagree, then why and what valuedwnu use?
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11) Do you agree with the stress values and how thes stegformance shaping factors
are applied?

Acceptability of final HEP results

12a) How would you determine if this HEP value is acceptalierms of meeting the
needs of the PRA model?

12b) What additional information would be needed?

12c) What other people, would need to be included in thisshigm?

13a) Can you determine if the HEP is consistent witohcal values and/or similar to
other NPPs values?

13Db) If this value were inconsistent with the histalricalue, would you question and
change this analysis in any way?

14) Do you have any prior knowledge of how a crew may #gtehaves during this
action (or similar ones)? Is the HFE adequately repteddo reflect how the crew
actually behaves?
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INTRODUCTION

Objective

The overall objective of this study is to understandeoehe subjective use of
engineering judgment as applied to analytical human ré&jiabialysis (HRA) methods.
This Phase Il Questionaire is produced in response t@s$ldis and findings from the
Phase | Pilot Survey. The Phase | Survey showedhbet tvas very little agreement
between HRA experts on the questions asked. The resgornsesPhase | Survey were
so specific to the example that it was difficult to mgkeaeral conclusions.
Consequently for this survey, more general questionsltese asked.

The Phase | Survey also indicated that many respandene not familar enough with
the method used in the pilot survey to answer manyeofjtiestions. This questionaire is
divided into sections that are specific to differenthoes. The respondents need to
answer only the questions about the methodology wileah &re familiar. It is

intended and expected that very few participants will angll the questions.

Comanche Peak Human Reliability Analysis

As in the Phase | Survey, the Comanche Peak Stearni&€Btations HRA [1] will be
used as an example. However, in this survey some naidifis have been made from
the original analysis in order to meet the needsestthdy. Since the CPSES analysis
was completed using only the Caused Based Deterministliold€CBDTM), alll
calculations using different methods were done by theareker with input from a
CPSES HRA analysis. Therefore, the HEP calculasbiosvn in this survey are similar
but not identical to what CPSES actually uses in (R& model.

CPSES has two 4-Loop Westinghouse design Pressurized Réstetors (PWR). In
2004, CPSES updated its HRA analysis using the HRA Calculdtwe.HRA under
consideration for this study is for Level 1 PRA foremtal events during full power
operations only.

Overview of HRA Calculator

All analyses shown in this survey were completed usiadg=lectric Power Research
Institute (EPRI) HRA Calculator [2]. The HRA Calculafmovides a standardized
approach to HRA that promotes uniform methods to acluexwgarable results when
considering plants that are similar in design, procedur@graining. The software is
setup to guide the user through HEP calculation by intgeastorksheets.

The user has the ability to choose which HRA metlooapply. For post-initiator, the
methods available are (1) Caused Based Decision TraeoMéCBDTM) [3], (2)
THERP [4], and (3) ORE/HRC [5]. For pre-initiators, thethods available are THERP
and ASEP. However, this survey is concerned only paist-initiator actions. While the
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HRA Calculator provides many choices for input values,uer also can add his/her
own input values and comments for documentation if desired.

The HRA Calculator breaks every HEP calculation imto parts: (1) failure to execute
the action correctly @) and (2) failure to recognize the need for human inte¢iwe to
determine the correct action to take,gP Pexeis calculated using THERP regardless
of the method chosen by the useEach critical action is assigned an error of ommssio
and an error of commission, and each critical adgs@ujusted by a stress Performance
Shaping Factor (PSF). The user can then apply rece@mredependencies tg

Peog is Where the numerical variation in HEP calculatioosurs within the HRA
Calculator between different method$ie CBDTM method calculatesJgby the use of
a series of decision trees and then applies recoveheligentification of time available
for recovery and the use of additional personal preseheicontrol room. Examples of
the decisions trees and recoveries will be showattiarl examples.

The THERP approach ta.dgis a simpler approach compared to CBDTM. This
approach selects.&gfrom a table of failure probabilities based on the Inemnof
annunciator present in the control room. THERP hasettfin annunciator as a set of
alarms that trained operators regard as a single uike Cal below gives the tabulated
values for the choices ofdg using the annunciator response model.



# of
ANNSs

10

11 to
15
16 to
20
21to
40
> 40

1

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.001

0.001

0.001

0.001

0.001

0.001

0.001

0.001

0.001

0.001

0.001

0.001

0.001

TABLE C- |
Tabulated BgValues using Annunciator Response Model

3 4 5 6 7 8 9 10  Pr[Fj] EF
0.0001 10
0.0006 10
0.002 0.001 10
0.002 0.004 0.002 10
0.002 0.004 0.008 0.003 10
0.002 0.004 0.008 0.016 0.005 10
0.002 0.004 0.008 0.016 0.032 0.009 10
0.002 0.004 0.008 0.016 0.032 0.064 0.02 10
0.002 0.004 0.008 0.016 0.032 0.064 0.13 0.03 10
0.002 0.004 0.008 0.016 0.032 0.064 0.13 025 005 10
0.002 0.004 0.008 0.016 0.032 0.064 0.13 025 012 10
0.002 0.004 0.008 0.016 0.032 0.064 0.13 025 015 10
0.002 0.004 0.008 0.016 0.032 0.064 0.13 025 020 10
0.002 0.004 0.008 0.016 0.032 0.064 0.13 025 025 10

Mean

0.0003

0.0015

0.003

0.005

0.008

0.014

0.024

0.04

0.08

0.14

0.31

0.40

0.53

0.67

8G¢
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The third method available for calculating.fts the HCR/ORE [4] correlation. This
method uses the following correlation derived from sitauldata to calculate.&

InG:)
P,, =1-®[—Y2- [1]
o
o = logarithmic standard deviation
® = standard normal cumulative distribution—— j e?du
2z 2,

T, = time window for cognitive response
T,,, = crew median response time

The HRA calculator [1] calculates using decision trees based on procedures, operator
training and stress level. For the actions used snptifaject, the CPSES analyst
considered all the actions to be proceduraized and \aelett. An example of the

decision tree used to calculateis shown below.

— Sigma Decizion Tree
I Skill wz. Rule Procedures Training Shezs
- T T T T T/ T T Tohew T T T AL

High he

Lot
It 0.8

Lot
Yes A 0.4

High
Rule ng 0.6
MO High 0e
MO Low 0.9
—fhn

Fig. C-1. Decision Tree Used for Determining Sigma ubi@GiR/ORE
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INSTRUCTIONS

Please provide short answer responses to the questieash section. Only complete
the sections with which you are familiar. Very fewopke will have the background to
provide responses to every section. Please consideigaastion as it would pertain to a
Level 1 PRA for internal events during full power openagionly.

GENERAL HRA JUDGMENTS

Notes: 1) The questions pertain to post-initiator control rcaations only.
2) A color printer is needed to see Figéraad 13 in hard copy.

Complexity of Actions

1) How do you judge whether an action is Rule-based, Siglbdb or Knowledge
based?

2) Do you use this type of designation in your HEP calioula® If so, how is this
information used?

3) To what extend do you think the designation betweenbaded, Skil-based, or
Knowledge-based actions influences your HEP calculations?

Not at all

Very little

Somewhat

Are a dominating factor

apop

4) Do you think your answer in 3 is different for differ@methodologies? If so
how?

Stress Level
5) How do you determine stress level for an action?
6) Suppose during operator interviews that the operatoductenthat the action is

low stress but you believe the action is high sties®, do you determine a stress
level?
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7) To what extend do you think the Stress level choibgeences your HEP
calculations?

e. Not at all

f. Very little

g. Somewhat

h. Are a dominating factor

8) Do you think your answer in 7 is different for diffetremethodologies? If so
how?

9) When calculating & (using the HRA Calculator) is it better to maintain a
constant stress level for all critical actions arwthe stress level between
actions? Table C- Il and C-lll show both scenarm<sie Feed and Bleed Action

used in the Phase | Survey.



TABLE C-llaand C-ll b
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Pexe Calculated for Feed and Bleed Using Different Stregsls For Different Ciritical

Actions
Step Omission
Table Iltem | Stress | Stress
Step No. HEP Ref. Ref. | E/IM/O | Value
11 1.3E-3 20-7b 2 E 5
Actions: Actuate SI
12 | 13E-3 | 2070 2] M| 2
Actions: Verify RCS feed
14 | 13E-3 | 2076 | 2] M| 2
Actions: Reset both trains of SI
16 | 13E-3 | 2076 | 2] M| 2
Actions: Reset Containment Spray Isolation phased\EBn
17 | 13E-3 | 20-7b | 2] E| 5
Actions: Reset Containment Spray Signal
18 | 13E-3 | 2070 | 2] M| 2
Actions: Establish N2 and Instrument Air
19 | 13E3 | 20-7b | 2] E | 5
Actions: Open 2/2 PORVs and Block Valves to establiskdl
path
20 | 13E3 | 2070 | 2] M| 2
Actions: Verify bleed path
Commission
Table Item Stress Stress
HEP Ref. Ref. E/M/O Value
2.7E-4 20-12 8a E 5
1.3E-3 20-12 3 M 2
Comments: Recovers step 11 with medium dependency]
2.7E-4 20-12 8a M 2
2.7E-4 20-12 8a M 2
Comments: Completed with step 14 therefore it is zeraed d
2.7E-4 20-12 8a E 5
1.3E-3 20-12 3 M 2
1.3E-3 20-12 3 E 5
1.3E-3 20-12 3 M 2

Comments: Recovers step 19 with medium dependency]

E- Extreme Stress — PSF =5
M- Moderate Stress — PSF =2
O-Optimum Stress — PSF =1



Table C-lll aand C-lll b

Pexe Calculated for Feed and Bleed Using the Same &&esisFor All Critical

Actions
Step Omission
Table Iltem | Stress | Stress
Step No. HEP Ref. Ref. | E/IM/O | Value
11 1.3E-3 20-7b 2 E 5
Actions: Actuate SI
12 | 13E-3 | 20-7b | 2] E| 5
Actions: Verify RCS feed
14 | 13E-3 | 2070 | 2] E| 5
Actions: Reset both trains of SI
16 | 13E-3 | 2070 | 2] E| 5
Actions: Reset Containment Spray Isolation phased\EBn
17 | 13E-3 | 20-7b | 2] E| 5
Actions: Reset Containment Spray Signal
18 | 13E-3 | 2070 | 2] E| 5
Actions: Establish N2 and Instrument Air
19 | 13E3 | 20-7b | 2] E | 5
Actions: Open 2/2 PORVs and Block Valves to establiskdl
path
20 | 13E3 | 20-7b | 2] E | 5
Actions: Verify bleed path
Commission
Table Item Stress Stress
HEP Ref. Ref. E/M/O Value
2.7E-4 20-12 8a E 5
1.3E-3 20-12 3 E 5
Comments: Recovers step 11 with medium dependency]
2.7E-4 20-12 8a E 5
2.7E-4 20-12 8a E 5
Comments: Completed with step 14 therefore it is zeraed d
2.7E-4 20-12 8a E 5
1.3E-3 20-12 3 E 5
1.3E-3 20-12 3 E 5
1.3E-3 20-12 3 E 5
Comments: Recovers step 19 with medium dependency]
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E- Extreme Stress — PSF =5
M- Moderate Stress — PSF =2
O-Optimum Stress - PSF =1
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Training

10) Do you differentiate between simulator training \@ssroom training in HEP
calculations? If so, how is this used in your calcutegi

11) For the CPSES analysis, the HRA analyst has deesirthat every action in the
database is WELL trained. Do you consider all trainonge equally weighted in
HEP calculations? Do you have a consistent systeuwhgtinguishing between
well trained and poorly trained action?

12) To what extend do you think training influences youPHlculations?
i. Not at all
] Very little

k. Somewhat
I. Is dominating factor

13) Do you think your answer in 12 is different for diffdrerethodologies? If so
how?

Timin
The HRA Calculator uses Fig. C- 2 to show timing aspeficés HEP calculation. The

user is required to identify all timing portions regardlesthe method used to calculate
Pcog.

Reference (Start) Time (F The starting point of an HRA timeline. This is defil at
the time at which the initiating event begins.

System Time Window (Tsw) - Time available for actimefore an undesired end state is
reached.

Manipulation Time (1) - The time required to complete the execution portica o
human interaction

Delay Time (Telay - The time from F until the cue is reached.

Median Response Time {J) — The time available to diagnose the problem.
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Tdela_l,l ID | T1.-"2 IBD | TM |1 |
l | ]

|meversible

I:L|Je [lamageState
I
| |
t=0 Unit: IMinute3 'I
Time available for Recovery = Tfsw] - Tim] - T[1/2) - Tidelay] = | 23.00 Minutes

Fig. C-2. Timing Diagram used by HRA Calculator

14) How would you calculate/determing,¥

15) How would you calculate/determingT

16) How would you calculation/determing P

17) Do you believe that it is necessary to documeiatf #tle above timing
information even if the method you are using for youPHfalculation does not
require this information? For example, the CBDTM metbaly requires the
analyst to determine if there is enough time availableomplete the action, or
the Annunciator Response Model is independent of timing.

18) Is your decision about how to collect timing affedtgdyour choice of
methodology?

THERP Tabulated Values

The CPSES analyst has interpreted Table 20-7 of the PHEdbook as follows:

In determining the EOM & values, if the operator action takes place within ten
procedural steps from the start of the accident sequence, Item 20skk) [ist, with
checkoff provisions] from THERP is used. If the operator actiorstpleee > 10 steps
into the sequence, Item 20-7(2) [long list, with checkoff provisiangped. Items 20-
7(3) and 20-7(4) [no checkoff provisions] are usually used when the procedwoktas
Emergency Operating Procedure

19) Is this how you would use Table 20-7 for errors of aonssle. How do you use
Table 20-7 in your HEP calculations?
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20) Other than THERP Table 20-7, are there any otherRIRHEables you use for
Errors of Omission on a regular basis? Under whatigistances do you use the
other tables?

21) Besides THERP Table 20-12, what other THERP Tablesudase for Errors of
Commission for control room actions (excluding recg\aations.)? Under what
circumstances do you use the other tables?

22) Under what circumstances do you use data sources logihethe tabulated
THERP values for Errors of Omission and Errors of @ugsion?

23) Fig. C-3is a page from EOP 0.0. and Step 6a has beefiddeat a critical
action. Can you determine an Error of Omission anBraor of Commission
only using procedures? If not, what other informatiomeied?

24) Using the THERP tables, what values of Error of @@sion and Error of
Omission would you assign to this Step 6a of Fig. C-3? \téide¢ numbers did
you use in your decisions? Discuss any assumptions thahgde in your
choices of failure probabilities.



CPSES
EMERGENCY RESPONSE GUIDELINES

PROCEDURE NO.

UNIT 1 EQOP-0.04

EEACTOR TRIFP OR SAFETY INJECTION

REVISION NO. 7 PAGE 7 OF 97

—| STEPI—I ACTION/EXPECTED RESPONSE

&

Verify AFW Alignment:
a. MDAFW Pumps - RUNNING

b. Turbine Driven AFW Pump -
RUNNING IF NECESSARY

c. AFW total flow - GREATER THAN
460 GFM

d. AFW valves alignment - PROPER
ALIGNMENT

a.

b. Manually open steam supply

. Manually align wvalves as

Manually start pump(s).

valvel(s).

Check narrow range levels and
perform the following:

IF narrow range level greater
than 5%(26% FOR ADVERSE
CONTAINMENT) in any SG, THEN
control feed flow to maintain
narrow range level between
5%(26% FOR ADVERSE
CONTAINMENT) and 50% AND go
to Step 6d.

IF narrow range level less
than 5%(26% FOR ADVERSE
CONTAINMENT) in all SCs.

THEN manually start pumps and
align valves as necessary.

necegsary.

: RESPONSE NOT OBTAINED |—

Fig. C- 3. Sample Page From EOP 0.0. Use for Questiond234an
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25) In Fig. C-4 below Step 3a has been identified asieatatction. What THERP
tables and values for Errors of Commission and Exb€mission would you
assign this action? Discuss any assumptions that youimgdar choices of
failure probabilities. (Do you believe there is enoudbrmation provided to
answer this question?)

CPSES FPROCEDURE Wi
EMERCENCY RESPONSE CUIDELTNES UNIT 1 EOF-0.0A
REACTOR THETP 0F SAFETY TNIECTION REVISION WO_ 7 PAGE & OF 97
1 I
—~| sTEF|—— ACTION/EXPECTED RESPONSE | | RESPONSE NOT OBTAINED |—0
G) Verify Turbine Trip:
a. All turbine stop walwes - a. Manually trip turbhine.

CLOSED

IF the turbine will HOT trip.
THEN edither:

& Pull-out the EHC pumpe
_DR_
& Trip the turbine wia the
Local Trip Valwe (830"
Turhine Declk)

CE) Verify Power To AC Safeguarde

Busses:
a. AL safeguarde busses - AT a_. Restore power to at least one
LEAST {ONE ENERGIZED AC safeguards bus:
« AL gafepguards bus woltage- & Perform manual emergency
6900 Wolte(6500-F100 Volte) gtart of DE{=)._

a Ferform manual normal start
of DE(e) AND manually clo=se
supply hreaker{s)._

IF power can NHOT he restored
to at least one AL safeguards
buse. THEN go to ECA-O.0A.

LOSE OF ALL AC POWER. Step 1.

b. AC safeguarde busses - BOTH b. Restore power to de-energized
ENERGIZED AL safeguards bus per
ABN-601, RESPONSE TO A
138345 KV SYSTEM MALFUNCTION
or ABN-602, RESFONSE TO A
E900/%80 WOLT SYSTEM
MALFIUNCTION when time permite.

Fig. C- 4: Sample Page From EOP 0.0. Use for Question 25

26) Besides procedures, are there other methods you ugetmide Errors of
Omissions and Errors of Commissions? For examplepdaly a walk-through
of the control panel, or conduct operator interviews?

Lower Bounds
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27) In your opinion should there be a lower bound for H&Butations? If so what
value do you use and how did you determine that value?

28) In your opinion should there be a lower bound ggvRlues? If so, what value
do you use, and how did you determine that value?

29) In your opinion should these lower bounds be consibsnteen methods?

Choice of Methodology

30) How do you determine which methodology to use for aR E#culation?

31) Is it better to use the same methodology for aneeatialysis or to use a method
that is appropriate for each individual action?

32) Do you believe that any method can be used to analygiaction?

33) Under what circumstances do you calculate an HEP wvsing more than one
method and compare the numerical results?

Pcog CALCULATIONS USING ANNUNCIATOR RESPONSE MODEL

1) How do you determine the number of annunciators pr@séme control room
for specific action?

2) Inyour opinion, is it appropriate to use the valuesvshia Table C-1 when
there is more than one person present in the cantool? These values were
derived for a single operators but CPSES always haastt3 or more people
present in the control room.

3) If you were to model crew behavior using the valuésainle C-1, would you
modify any of these values to take credit for additigpeaiple?
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Pcog CALCULATIONS USING HCR/ORE CORRELATION

1) List all the sources you use for collecting timingmfation.

2) From your list of timing sources, under what circuntsardo you use each
source in your HEP calculation? Are all the sources Boe@hsidered when
choosing which source to use in a calculation?

3) Do you consider the accuracy of the timing informrratidven using the
HCR/ORE? If so, how does this affect your calculattons

4) In your opinion, should the stress level chosenardgtision tree used to
determine sigma (See Fig. C-1) be the same as whadsa€alculate §&s?

5) What do you consider a lower bound for the calculadidPyy?
Consider the following sample calculation @ffusing the HCR/ORE Correlation:

Operator fails to use ECA- 1.1 on Loss of Recirc Capability

HFE Scenario Description:

1. Initial Conditions: Steady state, full power operation

2. Initiating Event: All except LBLOCA ans MBLOCA

3. Accident sequence: Loss of RCS inventory

4. Operator action success criterion: Successful impieEEA-1.1A
5. Consequence of failure: Core damage

On loss of recirculation capability, the operatorsracpiired to enter ECA-1.1, "Loss of
Recirc. Capability.” This procedure will instruct théonimit injection flow, and

provide makeup to the RWST in order to extend the injegiftase. Due to the high
flow rates and short time to depletion of the RWSTE, #ation is not credited in the
Large and Medium LOCA trees. Success in this recovélrgnevent core damage.

The length of time to RWST depletion is expected to ex&hours.

The Tsw timing for this Human Action was determinedrfra review of Calculation
RXE-LA-CP1/0-003. MAPP run SB2F1 was selected as thergndase for this HEP
determination. This MAAP runis a 4 inch SBLOCAgtargest break in the small
break range) where all Emergency Core Cooling faite@tculation. This represents
the limiting case for these initiators because theediepl time of the RWST is

minimized due to this being the largest break in theldmredk range. Since the SIPs are
not injecting in this run, the time to RWST depletiauid be less than the time
calculated. However, the time at which the contamirspray is actuated is the lower
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bound for RWST depletion because of the comparativelit sihee it takes to deplete
the RWST after sprays are actuated. If SIP injectias considered core uncovery
occurred at approximately 8500 seconds approximately 22 sedtedRWST

depletion (6302 seconds). Thus, If SIP injection and injedbrm both CCPs had been
considered, core damage would still occur after 6700 secondsnihlites). Based on
the above Tsw is 6700 seconds (110 minutes). The Tdélaynmsnutes based on the
RWST depletion time of 4500 seconds.

Procedure and step governing Hl:

Cognitive: EOP-1.0A, "Loss of Reactor or Secondary @ud] EOS-1.3b, "Transfer to
Cold Leg Recirculation”

Execution: ECA1-1.1A "Loss of Emergency Coolant Recitautél

\ Training:
- None
X - Classroom Frequency: 1 per year
X - Simulator  Frequency: 1 per year

| Degree of Clarity of Cues & Indications:

X - Very Good
- Average
- Poor

Stress:

X - Optimum (Low)
- Moderate
- Extreme (High)

Type of ResponseRule
Human-Machine Interface: Control Room Panels
Environmental Conditions: Normal

Lighting — Normal

Heat/Humidity — Normal

Radiation- Background

Atmosphere — Normal
—No steam smoke or use of regpiraquired.



Equipment Accessibility: Control Room Front Panels

Cue:

RWST Lo Lo level alarm
Leak outside containment
Radiation monitors
Containment sump level

T
delay | 142 I

Irresversible
Damagestate

t=0

|
Urit: Minutes

Fig. C- 5 Timing Diagram For Samplg.,pPCalculation

Reference for Manipulation Tim@perator interviews

Duration of time window available for action (TW27.00 Minutes

Sigma Decision Tree

Skill w=. Rule Procedures Training Stress
T T T T T T T T T T how T T e
Vs —
] High
Low
Skill Mo
L High
Low
Vs s
[
Yes L 7 g
aw
o L High
[
Rule L 7 g
aw
lfes 'H' :
[
Mo L 7 g
aw
Mo [
1 High

Fig. C-6: Sigma Decision Tree Used in HCR/ORE Correhati

6) From the above information, would you use the HCR/@®&telation to

calculate Bny?

272
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8)

9)

1)

2)

3)
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Using the input stated above, thgzRalue determined by the HRA Calculator
was 3.1E-10. Do you feel that is a realistic value?

If you encounter an unrealistig,Pvalve (such as the example above), what
would you do to correct this? Why?

In the example above, do you feel the use of operatviews to gather
manipulation timing was appropriate?

Pcog CALCULATIONS USING CBDTM METHOD

The original report on the CBDTM method recommendsttte HRA analysts
revisit the numerical values used in the decisions aedsnodify or adjust as
necessary. Do you consider doing this in regular pré&ctics what are you
looking to adjust?

Are there any entire decisions trees that youalieeho longer relevant to
consider in HEP Calculations for U.S Nuclear PowentB8falf so how do you
determine this and which trees do you feel are no lomdevant? The original
report was written in 1992 and has not been updated totrefleent operations.

When using the decision tree presented in Fig. C- TH®ES HRA analyst

made the following assumptio@bntrol room indication is provided for

equipment status with visual and audible alarms indicators of equipment failures
or parameter deviations. The control room indication is assumed to be available
and accurate unless affected by the initiating evefittiis assumption was used

for every action in the CPSES database and resultbé iAca tree always giving

a negligible value. Are there any actions you would clensioing an HEP
calculations for when this assumption is not valid anthie Pca tree would

result in a non negligible value?

pca: Availability of information

Ind. Awvail in CR CR Ind. Accurate | ‘ Wwharndalk. in Proc. ‘ ‘ Training on Ind. ‘
Cancel

——— (c) neg.
e (d)15e03
Yes

——— (e)50e02
2 L f50e01

()=

Fig. C- 7. Pca Decision Tree — For use with Question 3
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4) In the pcb decision tree shown in Fig. C-8, how doditierentiate between
high vs. low workload?

pcb: Failure of attention X |

| e oo || "o ] e s [ o |
Cancel

Check T t@)neq

e —

Low (c) 3.0e-03

Front (d) 1.5e-04

Monitar (e)3.0e-03

Back (f) 3.0e-04

1. Choice (g) 6.0e-03
2. Choice Front (h}neg.
Check (iyneg.

Back {j) 7.5e-04

Hi (k) 1.5e-02

Front (1) 7.5e-04

Monitor — (m) 1.5¢-02

Back (n) 1.5e-03

{ (0) 3.0e-02

Fig, C- 8. Pcb Decision Tree — For use with Question 4

5) The decision tree shown in Fig. C- 9 asks the anaydétermine if the indicator
is easy to locate. For control room actions, ig@sonable to assume that alll
indicators are easy to locate? Can you give an examfyga you would
determine this not to be the case?

6) The HRA Calculator asks the following question to deiee if the indicators
are Good or BadDoes the required indicator have human engineering
deficiencies that are conducive to errors in reading the display3our
opinion, are there any groups or types of indicatorshiéié¢ human engineering
deficiencies that have not been corrected in mostraiommoms?

7) List the circumstances under which you would considendgictor to have
deficiencies that could lead to human error?
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pcc: Misread/miscommunicate data g

Ind. Eazy to Locate Good/Ead Indicator Farmal Comrmz |
Cancel
Good Yes (a)neg.
Easy —IC (b) 3.0e-03
Bad Lz () 1.0e-03
—IC (d) 4.0e-03
— Cood Lz (e) 3.0e-03
Not Easy 1o () 6.06-03
Bad tes (g)4.06-03
—C (h) 7.0e-03

Fig. C-9. Pcc Decision Tree- For use with Question6,5]

8) Using the CBDTM method decision trees, how do you geterif a procedure
has standard or ambiguous wording?

9) Using the CBDTM method, the analyst is asked to daterifithe steps are
hidden or obvious. What do you consider to be a “hiddep st

10) Again using the CBDTM method, the analyst is asked teermée if steps are
graphically distinct. How do you determine if a step igpgieally distinct?

11) Below is a page from EOP 0.0. (Fig. C-10) Step 6a hasidestified as a
critical action and the analyst has determined tlegtt 64 is “obvious” and
graphically distinct from other actions on the page.ulWgou agree or disagree
with these decisions? Discuss how you made your decision.

12) In Fig. C-11, are there any examples of what you wandider ambiguous
wording? Justify using your response to question 8.

13) In Fig. C-11, the analyst has identified that steparcistical action. Using the
CBDTM method decision trees the analyst has madeotl&ing choices
shown in Fig. C-12. Assuming that scenario is well pcadti do you agree with
the choices made in the decision tree shown in Fig.3@- Justify your answer.



CFPSES PROCEDURE NO.
EMERGENCY RESPONSE GUIDELIMNES UNIT 1 EQOF-0.04A
REACTOR TRIF OR SAFETY INJECTION EREVISION NO. 7 FAGE 7 OF 97

—| ST'EPI—I ACTTON/EXPECTED RESPONSE }

6

Verify AFW Alignment:

a.

b.

d.

MDAFW Pumps - RUNNING

Turbine Driven AFW Pump -
RUNNING IF NECESSARY

. AFW total flow - GREATER THAN

460 GPM

AFW valves alignment - PROPER
ALIGNMENT

a.

b.

d.

Manually start pump(s).

Manually open steam supply
valve(s).

Check narrow range levels and
perform the following:

IF narrow range level greater
than 5%(26% FOR ADVERSE
CONTAINMENT) in any SG, THEN
control feed flow to maintain
narrow range level between
5%(26% FOR ADVERSE
CONTAINMENT) and 50% AND go
to Step 6d.

IF narrow range level less
than 5%(26% FOR ADVERSE
CONTAINMENT) in all SGs.
THEN manually start pumps and
align valves as necessary.

Manually align valves as
necessary.

|
| RESPONSE NOT DBTAIN'EDI—

Fig. C-10. Sample Page From EOP 0.0. Use for Questions 11
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CPSES PROCEDURE NO.
EMERGENCY RESPONSE GUIDELINES UNIT 1 EOQOP-0.0A
REACTOR TRIF OR SAFETY INJECTION REVISION NO. 7 PAGE 8 OF 97

* 7 Verify Containment Spray Not
Required:

a. Containment pressure - HAS
REMAINED LESS THAN 18.0 PSIG

s 1-ALB-2F window 1-8, C3 ACT
- NOT ILLUMINATED

_AN:D_

s 1-ALE-2F window 4-11, CNTMT
ISOL PHASE B ACT - NOT
ILLUMINATED

_AND_

e Containment Pressure - LESS
THAN 18.0 PSIG

—| STEPI—I ACTION/EXPECTED R_ESPONSEI—I RESPONSE NOT OBTAINED |—

a. Perform the following:

1) Verify Containment spray
initiated. IF NOT, THEN
manually actuate.

2) Verify appropriate MLE
indication for CNTMT SPRAY
(BLUE WINDOWS) AND PHASE B
(ORANGE WINDOWS).

IF wvalves NOT aligned,
THEN manually align
valve(s) as appropriate.
(Refer to Attachment 6 as
necessary) .

3) Verify containment spray
flow.

4) Ensure CHEM ADD TK DISCH
VLVs - QPEN

e 1-H5-4752
¢ 1-H5-4753

5) Stop all RCPs.

Fig. C- 11: Sample Page From EOP 0.0. Use for QuestionsdlP3a
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pcg: Misinterpret decision logic

MOT Statement

AMD o
0OF Statement

BOTH
AND & 0OR

Yes
K]

Practiced
Scenario

i,

Cancel

(a1 1 Be-02
{h) 4 8e-02
(C) B.08-03
() 1.8e-02

—— fe) 2.0e-03

14) Describe your methodology on how you apply recoveriesdapendencies

L f6DeD2
(o) 1.08-02
{hi 3.18-02
(i) 3.08-04
() 1.08-03

Fig. C- 12. Decision Tree Choices Based Upon Fig. C-11.

using the CBDTM method.
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APPENDIX D

SHARP1 COMPARISON OF DIFFERENT HRA METHODS
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TABLE D-1

SHARP1 COMPARISON OF DIFFERENT HRA METHODS

Comparison Index Handbook Method CBDTM Method Normalized Correlations HRA Calculator
THERP/ASEP HRC THERP, ASEP, CBDTM, HCR/ORE
Ease of use H M M L
Level of Resources Required L L H/M M
Traceability M L H/M H
Applications
CpCrABC
Type of human actions ACp Cp, Cr CpCr (Excludes control room actions)
Errors of Cognition Slips Mistakes and Non-
Slips and Mistakes Treated Slips and Mistakes Treated a$ responses Treated
Type of error as EOM and EOC EOM and EOC Explicitly Execution Errors, Errors of Cognition

Qualitative Output
Degree of Knowledge is
enhanced through application| L L M M
Analytical Application

Combination of Boolean Expressions
A formula with graphical | Mathematical formulas, Computerized

Form of Algorithm Boolean Expression Decisiaees solutions database
How Performance Shaping Recommend values Recommendations
Factors are Handled Judgment Recoveries provided Only considers stress as a PSF
Degree of integration of
engineering knowledge L L Depends on skill of user L

Data Required
Communication with

Others L M H M
Availability of data for M —Dependent upon which method ig
methods H H M chosen
Quantitative output
How is uncertainty By assignment of By assignment of uncertainty By assignment of uncertainty factors
addressed uncertainty factors factors Not considered
Fixed by elements in Ranges for Key Can be accomplished by trial and errar
Capability for sensitivity Handbook parameters established b method.
Analysis Fixed by decision trees evaluations

H-High, M-Medium, L-Low
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