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experience level of Lhe operator, and the fact that procedures were available
to help the operator perform the action, When no PSFs were mentioned in the
PRA with respec* to the particular HEP or HER, NUNE was entered under PSF1,
PSF2, and PSF 3,

Entry 16: PLANTNAML

The name of the plant is entered at this point in the data record.

Entry 17: COMMENTS

Additional information about the HEP or HER is included in the category
labeled COMMENTS, In most data records, NOME was entered in this category.
In Figure 2.1, the source of the HEP was included in the COMMENTS category.

Thus, the sample data record i1llustrated in Figure 2.1 shows that a prob-
ability of 1 x 102 was assigned to the likelihoos that an operator would fail
to switch over and inftiate the auxiliary feedwater system during a large
LOCA, This human error was classified as an error of omission, and as a pro-
cedural error (i.e.,, the operator failed to follow the procedures properly to
carry out the switchover), As a result, the /FWS failed, The source of this
HEP was NUREG/CR-1278 (1983) and was apparently modified by a consideration of
the time available to perform the action, the training and experience level of
the operator, and the availability of procedures. No upper and lower un-
certainty bounds were reported for this HEP,

2.3 Results and Interpretation

A total of 1976 HRA/PRA data records involving human errors were obtained
as a result of the analysis of 19 PRAs, (Data records containing information
on system unavailabilities were not subjected to analysis.) Tables 2.2
through 2.7 present the results of this analysis. These tables provide quan-
titative information of breadth of HRA data contained in current PRAs. As
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indicated, the vast majority of HRA/PRA data collected were not accompanied by
information that fully describes the errors under consideration,

Table 2.2 presents the number of records for each nuclear power plant
personnel category analyzed in the HRA segment of the 19 PRAs, This table
provides subtotals by both PRA and perscnnel category across all PRAs, It
shows that the data records of 9 personnel categories have been considered in
assessing risks of nuclear power plant operation, Of these, the vast majority
(78%) refer to the actions of operators.

Table 2.3 presents the PSFs considered in the HRA segments of PRAs
analyzed, This table provides subtotals by PRA ind for each PSF across all
PRAs, Of the 1162 PSFs considered in the quantification of HEPs across all
PRAs, the most frequently considered were procedures, stress, and time avail-
able (representing 32%, 26%, and 14% of these 1162 data records, respec-
tively). The quality of procedures most often considered to modify HEPs were
whether written procedures were available to assist the person acting and
whether check 1ists were used properly. Stress is a nonspecific PSF referring
to the subjective state of the person acting., Thus, severity of accident con-
ditions, number of annunciators or alarms sounding, perceived risk, time
available, and amount of distracting stimuli were all at times labeled stress
in various PRAs, Time available refers to the amount of time the individual
had to perform an action before nonrecoverable system failure occurred,

Table 2.4 presents the number of records for each human action in each
PRA for PWRs and BWRs, This table provides subtotals by PRA and for each ac-
tion across PRAs. The most frequently considered actions for which HEPs were
reported were OPERATING, TESTING, MAINTAINING, and CALIBRATING, OPERATING en-
compasses actions covering a range of complexity--from manijulating individual
switches, valves, and pumps to performing a sequence of actions to achieve a
certain system state (e.g., switchover from injection to recirculation). Data
records involving the action TESTING usually refer to failure by the operator
to restore a valve or switch to operational status after it was tested, Data

18



T —— L —

L TN ———— —--—‘
|

s

i

Table 2.2 Number of Records for Each Personnel Category by PRA

Pressurized Water Reactors

Calvert Calvert

Cliffs Cliffs Crystal Indian Sea- WASH-
Personnel ANO-1 RSSMAP IREP River Point Midland Oconee brook Sequoyah 1400 Yankee Zion
Individuals
pervisor 6 0 0 0 0 0 0 1 0 0 C 0
Shift Tech, Advisor 0 0 0 0 1 0 0 0 0 0 0
Rx. Operator 186 39 19 126 85 97 A0 a3 15 $? 2n
Auxiliary Operator 0 0 0 0 1 3 0 0 0 Y
Maintenance Mech, 14 0 1 54 1 8 2 6 0 0 1 3
1AC Tech, 0 6 0 3 1 35 14 15 i 10 3 3
Engineers 0 0 0 0 0 0 0 0 0 0 0 0
Contractor Personnel 0 0 0 0 0 0 0 0 0 0 0 0
Plant Management 0 0 0 0 0 0 0 0 0 0 0 0
SUBTOTALS BY PRA 207 45 200 183 89 143 % 66 16 67 204 30
Boiling Water Reactors
Subtotals by
Personnel (RWR)
Big Rock Browns Grand WASH- and PWR PRAs
Personnel Point Ferry Gulf Limerick Millstone Shoreham 1400 Combined)
Individuals
rvisor 0 3 0 1 0 2 0 13
Shift Tech, Advisor 0 0 0 0 0 0 0 1
Rx, Operator 100 86 L ¥ 92 172 103 20 1539
Auxiliary Operator 1 1 0 0 n 1 0 8
Maintenance Mech, 0 13 ] 3 20 3 1 211
1AC Tech. 0 12 5 11 56 5 11 191
Engineers 0 2 0 0 0 1 0 3
Contractor Personnel 0 0 0 3 0 3 0 3
Plant Management 0 0 0 1 0 k] 0 4
SUBTOTALS BY PRA 101 117 30 111 313 121 32 1976
19



Table 2.3 Number of PSFs by PRA

Pressurized Water Reactors

Calvert Calvert

Cliffs Cliffs Crystal Indian Sea- WASH-

PSFs ANO-1  RSSMAP IREP River Point Midland Oconee brook Sequoyah 1400 Yankee Zion
Equipment Design 6 0 0 0 2 H 0 0 0 0 20 3
Workplace Layout 0 0 0 0 2 0 0 0 0 0 0 0
Information Feedback 8 0 0 8 4 5 2 1 2 0 0 1
Man-machine Interface 0 0 0 0 0 0 0 0 0 0 0 0
Procedures 121 0 0 3 10 29 3 15 5 9 26 12
Time Available 1 6 1 6 7 18 1 13 0 5 2 13
Staffing 2 0 0 0 6 11 0 1 0 0 0 0
Job-related Training 3 1 0 0 1 4 0 0 0 0 0 0
Task Complexity 6 1 0 2 0 0 0 0 0 0 1 8
Regulations 0 0 0 0 0 0 0 0 0 0 0 0
Stress 16 6 1 7 4 19 2 24 0 0 165 0
Perceived Risk 45 0 0 0 0 0 0 0 0 0 0 0
Job-related

Experience 0 0 0 0 0 4 0 0 0 0 0 0
SUBTOTALS 208 14 2 26 34 91 } 74 7 14 214 37
Boiling Water Reactors
Subtotals by
PSFs (PWR and
B8ig Rock Browns Grand WASH- BWR PRAs
PSFs Point Ferry Gulf Limerick Millstone Shoreham 1400 Combined)

Equipment Nesign 14 12 0 15 0 10 0 8*
workplace Layout 6 0 0 0 12 0 0 2)
Informatior Feedback 4 3 0 3 7 2 0 8
Mar-machine Interface R 0 0 3 0 0 0 1
Procedures 27 32 0 33 21 21 6 13
Time Available 7 14 9 19 13 0 12 167
Staffing A ? 0 2 0 14 0 51
Job-related Training 2 0 9 1 0 8 0 17
Task Complexity 2 9 0 2 0 5 0 36
Regulations 0 0 1 0 7 0 0 3
Stress 15 11 0 20 0 5 3 743
Perceived Risk 0 1 0 0 1 0 0 47
Job-related

Experience 2 1 0 0 0 0 0 7
SUBTOTALS BY PRA 91 90 10 98 61 62 21 1162
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Table 2.4 Number of Records for Each Action by PRA

Pressurized Water Reactors

Calvert Calvert

Cliffs Cliffs Crystal Indian Sea- WASH.

Actions AND-1 RSSMAP IREP River Point Midland Oconee brook Sequoyah 1400 VYankee lion
Testing 93 0 4 0 19 10 10 ] 3 4 6 4
Operating L1 39 18 97 57 43 43 25 11 52 118 18
Monitoring 8 0 0 3 0 2 0 0 0 3 32 0
Inspecting 2 0 0 0 3 4 0 5 0 0 21 2
Checking 20 0 0 2 5 11 0 k) 0 0 12 0
Neciding R 0 0 6 1 7 0 3 0 0 R 0
Managing 0 0 0 0 0 0 0 0 0 0 0 0
Communicating 4 0 0 0 0 0 2 0 n 0 4 0
Calibrating 0 6 0 3 1 35 14 15 1 10 3 3
Responding 9 0 0 0 2 3 0 0 0 0 0 0
Maintaining 14 0 1 72 1 8 2 6 0 0 4 3
SUBTOTALS BY PRA 207 45 20 183 89 143 76 66 16 67 204 30

Boiling Water Reactors
Subtotal by

Action

Big Rock Browns Grand WASH-  [PWR and BWR

Actions Pgint Ferry Gulf Limerick Millstone Shoreham 1400 PRAs Combined)
Testing 10 0 0 7 a7 3 0 269
Operating 61 69 15 56 80 60 20 950
Monitoring 11 3 0 7 0 7 0 74
Inspecting 8 1 2 11 0 14 0 83
Checking ] 4 0 10 5 12 0 93
Deciding 2 5 0 7 0 14 0 53
Managing 0 0 0 1 0 2 0 3
Communicating 0 4 0 2 0 3 0 19
Calibrating 0 14 s L) 56 2 11 182
Responding 1 1 0 4 0 1 0 21
Maintaining 0 13 8 3 90 3 1 229
SUBTOTALS BY PRA 101 117 30 111 318 121 32 1976
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records involving the action MAINTAINING apply to Maintenance personnel only,
and MAINTAINING encompasses a range of activities that maintenance personnel
might perform (e.g., troubleshooting, restoration.) For the action CALIBRAT-
ING, data records apply to Instrumentation and Control personnel only, Data
records which include the action word OPERATING account for 48% of the total
HEPs in the HRA/PRA data base. Data records involving other acticns (e.y.,
monitoring, inspecting, checking, deciding, and communicating) account for 16%
of the total number of data records in the HRA/PRA data base,

Table 2.5 presents the frequency with which individual systems are in-
cluded in HRA segments of PRAs. This table indicates no common emphasis among
systems considered in HRA/PRAs. Different PRAs have concentrated on different
systems so that aggregration of these data would be misleading. For example,
in the HRA segments of the Midland PRA, 23% of all data records collected in-

‘,,xo*ve instrumentation and control systems while in the HRA segment of the
Oconee PRA, only 1% involve these systems.

Table 2.6 presents the number of HRA/PRA data records for each accident
situation and subtotals by accident situation for all PRAs. While it is clear
that LOCAs are freguently analyzed, no consistent pattern of analyses is shown
for PRAs generally.

Table 2.7 presents HEP values from the 19 PRAs that were analyzed. It
contains the range of probabilities of human errors of omission and commis-
sion, A total of 883 data records were classified as involving errors ofomis-
sion. A total of 446 data records were classified as involving errors of com-
mission, Thus, 67% of the total number of HEPs in the HRA/PRA data base could
be classified as an error of omission or commission. For the remainder (33%),
insufficient information was presented to classify the error as omission or
commission, Of those that could be classified, errors of omission were twice
as numerous as those of commission,
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Table 2.5 Number of Systems by PRA

Pressurized Water Reactors

Calvert Calvert
Cliffs Cliffs Crystal Indian WASH-

B L R T T IR~

Systems ANO-1 (RSSMAP)  (IREP) River Point Midland Oconee Seabrook  Sequoyah 1400 Yankee Zion
Alr 0 0 0 0 0 0 0 0 0 0 0 0
Condensate 0 0 0 36 0 0 0 0 0 0 0 0
Containment 40 0 2 9 15 6 16 1 1 5 0 2
Electrical Distribution 0 0 1 1 0 0 1 0 0 0 2 0
Emer: y Core
Cooling (ECCS) 124 0 2 82 20 52 41 3 8 9 16 3
Emergency Power (EPS) 0 J 1 0 20 12 2 ] 0 0 0 1
Engineered Safety Fea-
tures (ESFS) 0 i} 2 0 0 0 0 0 0 ] 0 0
Feedwater (FWS) 0 0 7 25 12 9 10 5 2 0 6 0
Fire Protection (FPS) 0 0 o 0 0 0 0 0 0 0 0 0
Instrumentation and
Control 20 0 0 2 3 35 1 2 0 3 14 0
Generator 0 0 1 0 0 17 0 0 0 0 4 0
Reactor Coolant 0 ] 0 3 i 14 0 4] 0 0 0 0
Turbine 0 0 Q0 0 0 0 0 0 0 0 7 0
Water 3 0 0 0 5 6 3 0 0 L) 0 0
Boiling Water Reactors
Rig Rock Browns Grand WASH-
Systems Cliffs Ferry Gulf Limerick Milistone Shoreham 1460
Air 2 0 ¢ 0 0 0 0
Condensate 6 3 0 0 3 0 9
Containment (CS) 10 32 0 0 37 1 5
Electrical
Distribution 0 1 13 0 X ] 0
Emergency Core
Cooling (ECCS) 8 63 21 2 35 1 3
Emergency Power (EPS) 7 21 1 c 0 o 1
Engineered Safety
Features (ESFS) 0 0 0 0 0 0 0
Feedwater 0 0 0 0 121 10 1
Fire Protection (FP} 1 0 0 0 1 0 0
Instrumentation and
Control 0 1 b 1 29 3 23
Generator 0 0 0 i} 0 0 0
Reactor Coolant (RCS) 3 13 2 0 0 1 2
Turbine 3 3 0 0 0 0 0
Water 8 20 3 0 56 1 4
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Table 2. Number of Records for Each Accident Situation by PRA

Pressurized Water Reactors

Ca'vert Calvert

Chiffs Cliffs Crystal Indian Sea- WASH-
Sttuation ANO-1 RSSMAP IREP River Point Midland Oconee brook Sequoyah 1400 Yankee Zion
Loss of Coolant 25 21 6 141 33 21 3 9 0 51 9 6
Accident (LOCA)
LOCA with Other
Transient 0 0 0 0 3 0 0 0 0 0 0 0
Station Blackout 0 2 1 0 5 0 2 0 0 0 0 0
Loss o.f Off-site
Power (LOSP) 0 13 4 2 7 5 5 1 0 1 2 12
Degraded Power
Conditions 0 0 0 0 6 0 3 0 0 0 31 0
Anticipated Tran-
sient w/o Scram 0 1 2 0 0 1 2 0 0 0 0 0
Rx, Trip 0 0 0 0 1 0 0 0 0 0 0 0
Turbine Trip 0 0 0 2 2 0 R 4 0 0 2 0
Steam Generator
Tube Rupture 10 0 0 0 0 43 0 3 0 0 2 0
Loss of Feedwater 0 4 0 0 0 1 0 0 2 0 2 0
Main Steam Isol.
Valve Closure 0 0 0 0 0 0 0 0 0 0 0 0
Unclassified* 1 13 0 5 17 19 0 5 0 2 2 0
SUBTOTAL BY PRA 36 a5 13 151 74 90 a7 22 2 54 50 18
Boiling Water Reactors
Subtotals by
Accident Situa-
Big Rock Browns Grand WASH-  tion (PWR & BWR
Situation Point Ferry Gulf Limerick Millstone Shoreham 1400 PRAs Combined)

Loss of Coolant

Accident (LOCA) 8 11 10 15 54 14 27 492
LOCA with Other

Transient 0 0 3 0 0 0 0 6
Station Blackout 3 1 0 0 0 0 0 14
Loss of Off-site
Power (LOSP) 9 0 10 0 0 0 0 71
Negraded Power
Conditions 0 0 0 0 0 0 0 40
Anticipated Tran-

sient w/o Scram 2 2 0 2 0 0 0 12
Rx, Trip 0 2 0 10 5 4 0 22
Turbine Trip 2 3 0 0 0 0 0 19
Loss of Feedwarer “ 0 b1 0 19 0 0 28
Steam Ges, Tube Rupture 0 e 0 0 0 0 0 58
Main Steam [sol,

Valve Closure 2 ¢ 0 0 0 0 0 4
Unclas: ified* 18 1% 7 0 6 23 0 126
SUBTOTALS BY PRA a4 37 30 27 Ha 41 27 2892
*Based on information in PRA, these accident situations could not be classified under other

catejories.
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Table 2.7 Range of Probabilities of Human Errors of Omission and

Commission by Personnel and Action Across PRA

Omission
Personnel Action Range n

Shift Supervisor Deciding Ixl0=* 1x10~2 3
Communicating 1x10~2 1

Inspecting 1x102  5,1x10°2 3

Checking 1.8x10°7 1

Operating 1.%x10°} 5x10-} 2

Operator Deciding 1.09x10"5 1x10-} 17
Communicating 1.6x10-? 3x10-3 2

Responding 7x10-5 §x10~? 6

Checking 5,08x10-3 5x10-} 38

Monitoring 2x10-*  6.1x10-? 15

Operating 2.2x10°? 1.0 473

Inspecting 1.37:10°% 1.0 30

Testing 4,/x10-  9.5x10°1 138

Maintenance Maintaining 1.0x107 5x10-1 144
Communicating 3x10-3 1x10-2 3

14 Calibrating 1x10-3 3x10-3 2
Inspecting 1.0 - 1

Auxiliary Operator Operating 2.18x10~3 4.4x10"2 3
Shift Tech, Adv, Checking 1.99x10-2 -- 1
TOTAL 883

Commission

Personne| Action Range n
Shift Supervisor Communicating 5x107} -- 1
Operator Deciding 1.28x10"%  1.26x10°2 3
Checking Ix10-8 1.0x10-2 18

Monitoring 1.2x10-?} 2.5x10-} 6

Operating 1x10°%  2.18x10-% 219

Inspecting 1x10-? 2x10-!} 5

Testing 2.8x10-% w0~ 1

Maintenance Maintaining Ix10-% 2.5x10°2 9
18C Calibrating 7x10-12 1.0 174
TOTAL 446
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3.0 IDENTIFICATION OF HUMAN RISK ISSUES OF CONCERN TO THE NRC

The primary objective of the research presented in this report was to as-
sess the degree to which currently available HRA/PRA data are related to hu-
man risk issues of concern to the NRC. To make such an assessment, a bench-
mark 1ist of human risk issues had to be identified. It was recognized that a
complete set of issues could not be develuped, since NRC concerns vary over
time., It was possible, however, to prepare a representative list of issues of
present concern to NRC that includes a human risk component. The method used
to prepare that list is presented in this section of the report. The complete
list of human risk issues and related data needs developed with this method
are presented in Appendices A and B,

3.1 Identification of Formal Issues With Human Performance Components

Contemporary concerns of the NRC are termed Generic Safety Issues. Four
sources were reviewed in order to compile an initial list of formal Generic
Safety lssues (i.e., TMI Action Plan [NUREG-066U], Task Action Plan [NUREGs-
0371 and =0471], Unreasonable Safety Issues Summary [NUREG/CR-0606], New
Generic Safety Issues [NUREG/CR-0933]). Items contained in each of these
sources were examined to determine whether or not they contained human perfor-
mance components., Generic Safety Issues from each of these sources identified
as containing human performance components are listed in Appendix A {column

1).

3.2 ldentification of Working Level Issues

In order to articulate the Generic Safety Issues contained in Appendix A
and make them compatible with available HRA/PRA data, it was necessary to
clarify, expand and refine each into the form of a question or questions ask-
ing for specific data on human performance. The compilation of questions re-
lated to the Generic Safety Issues identified above resulted in an initial
list of "working level issues." The final list of working level issues de-
rived from the Generic Safety Issues is contained in Appendix B, and was
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developed using a two-step process: (1) review of NRC planning documents, and
(2) interviews with NRC staff familiar with those planning documents and
parent Generic Safety Issues. Column 2 of Appendix A contains the working
level issue designations for the issues related to each Generic Safety Issue.

Four contemporary NRC planning documents were used to refine, expand, and
clarify working level issues. These documents included the Human Factors Pro-
gram Plan, Revision 1 (NUREG-0985), Human Factors Society Report (NUREG/CR-
2833), Safeguards Human Factors Research Plan (NUREG/CR-3520) and Maintenance
and Surveillance Program Plan (Approved by the EDO January 11, 1985). This
review yielded over 150 working level issues involving human performance which
clarify and refine the data needed to address the Generic Safety Issues de-
scribed in Section 3,1, These 150 working level issues were then arranged
under nine categories: (1) Staffing and Qualifications, (2) Training, (3)
Licensing Examinations, (4) Procedures, (5) Man-machine Interface, (6) Human
Reliability, (7) Management and Organization, (8) Trustworthiness, and (9)

Maintenance,

To further clarify, refine, and verify the working level issues organized
under the nine categories above, individual interviews were conducted with 28
cognizant members of the MRC staff of the Offices of Research (RES), Reactor
Regulation (NRR), Inspection and Enforcement (IE), and Materials Safety and
Safeguards (NMSS). These interviews included detailed reviews and discussions
of the working level issues list, or segrments thereof, and yielded a final
list of 175 working level issues related to contemporary Generic Safety Issues
of concern to the NRC. Appendix A (Column 2) references the final list of
working level issues and shows their relationship to Generic Safety Issues
listed in Column 1. Appendix B lists all the final working level issues.

3.3 Identification of Working Level Issue Data Elements

Finally, in order to make direct comparisons between available HRA/PRA
data ana working level issues, and through those issues, the Generic Safety
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Issues, it was necessary to break each working level issue down into consti-
tuent data elements., The method used to accomplish this task is referred to
as the “data element and record method" because it focuses on particular
aspects (i.e., elements) of each working level issue and yields a set of issue
data records needed to address the issue. It reduces each working level issue
to a set of personnel, action, PSF, accident situation, and plant system
combinations (i.e., issue data records) capable of direct comparison to the
existing HRA/PRA data records described in Section 2 of this report,

313.1 The Data Element and Record Method

By identifying relevant components of the questions stated in the working
level issues, a complete set of data elements pertinent to all the issues was
developed. These data elements fall into five categories: (1) the nuclear
power plant personnel involved, (2) the actions involved, (3) the presence of
factors affecting performance (e.g., stress, procedures), (4) the normal
situation or transient involved, and (5) the nuclear power plant systems,
structures, or components involved., The complete 1ist of data elements der-
ived from the working level issues for each of these five categories is pre-
sented in Table 3,1. The data elements derived from each working level issue
separately are presented in Appendix C. An "issue data record" is a combina-
tion of one element from each category reflecting an individual need for
specific, unique data on human performance. The greater the breadth of a par-
ticular working level issue, the larger the number of data elements and,
therefore, the number of issue data records it will generate.

Tne form of an issue data record can be stated as a question which re-
flects a specific data need:

How does a PSF affect an action by personnel on a system during a
situation?

By identifying the individual data elements in each category relevant to
an issue and using all reasonable combinations of those elements in the form
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Table 3.1

Level Issues.

Categories and Elements for Developing Data Elements From Wurking

Individuals and
Groups

Performance
Shaping Factors

Actions

Situations

Systems

Plant Manager
Shift Supervisor
Shift Tech, Advisor
Senior Reactor Op,
Reactor Operator
Auxiliary Operator
Maintenance Mech,
14C Tech,
Chemistry Tech,
Health Physics
Tech,
Engineers
Security Guard
QA/QC Tech.
Contractor
Personnel
Operations Org.
Maintenance Org.
14C Org.
Chemistry Org.
Health Physics Org.
Engineering Org,
Plant Management
QA/OC Org.
Security Org.
Off-site Response
Personnel

Equipment Design
Workplace Layout
Habitability

Time Available
Staffing
Organizational
Climate
Job-related Training
Information Feedback
Task Complexity
Regulations

Stress

Fatigue

Attitude

Job-related Experience

Fitness for Duty
Perceived Risks
Procedures

Testing
Operating
Monitoring
Inspecting
Checking
Deciding
Managing
Communicating
Calibrating
Responding
Maintaining

Loss of Coolant
Accident

Loss of Off-site Power
Other Transients
System Isolation
Normal Operation

External Event
OQutage

Safety-related
Systems

Structures

Non-safety
Systems

of issue data records,

Appendix D contains an

illustration of this method.

a complete set of issue data records can be generated.

This method has some limitations in addressing issues which are not

directly related to the type human risk of data currently developed in PRAs,

To accommodate this, three classes of working level issues were identified and

designated as Types A, B, and C.

30
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Type A. Working level issues for which a set of quantitative issue data
records can be generated that, if addressed by competent data, provide a
complete technical basis for addressing the issue in question,

Type B. MWorking level issues for which a partial set of guantitative
issue data records can be generated, but for which additional data not
currently provided in PRAs may be needed to establish a complete techni-
cal basis for addressing the issue in question., These issues may require
additional information such as operational history data or information

on the availability of a sufficient work force.

Type C. Working level issues which require data or information not com-
patible to the form of data records to provide a technical basis. In-
stead, these issues typically require information in forms other than the
data record format such as data on operational history or information on
the availability of a sufficient work force,

In order to identify a complete set of issue data records that reflect
all the data needed to address Types A and B working level issues, all reason-
able combinations of the elements in Table 3.1 were generated. This was done
by eliminating combinations of elements that were not realistic such as opera-
tors performing maintenance or [&C technicians workingy on plant structures,
This resulted in a total of 30,292 issue data records needed to completely
address all Type A working level issues and to partially address Type B.
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4,0 COMPARATIVE ANALYSIS OF AVAILABLE HRA/PRA DATA AND WORKING LEVEL ISSUES
In this section available human performance data described in Section 2
are compared with working level issue data requirements described in Section

3.

4.1 Analysis of Total Data Set

Table 4.1 presents a summary analysis of human error data extracted from
19 PRAs and the degree to which they respond to the data record requirements
of the 127 Types A and B working l2vel issues described in Section 3.2, In
the far left column are listed separate personnel categories for which data
are needed to address Types A and B issues. [Of the 175 working level issues,
26 (15%) are Type A, 101 (58%) are Type B, and 48 (27/%) are Type C.] The ad-
jacent Column labeled 1 contains the total number of complete and incomplete
data records for that personnel category retrieved from the 19 PRAs. Column 2
contains the number of Column 1 incomplete records involving action, PSF, and
situation data elements only (i.e., no information on systems). Column 3 con-
tains the number of incomplete Column 1 records involving action, PSF, and
system data elements only (i.e., no information on situation). Column 4 con-
tains the number of incomplete Column 1 records invblving action, system and
situation data elements only (i.e., no information on PSFs). Column 5 con-
tains the number of incomplete Column 1 records involving action and PSF data
elements only, and Column 6 records contain action data elements only, Column
7 contains records involving action and system data elements only. Column 8
contains records involving action and situation data elements only. Column 9
contains complete, but not necessarily unique, human performance data records

extracted from all 19 PRAs for each personnel category. Column 10 contains
the total number of complete and unique data records required as a complete
technical basis for addressing Type A and a partial technical basis for ad-
dressing Type i issues for each personnel category. Finally, Column 11 con-
tains the percentage of complete, but not necessarily unique, data records
from available PRAs which address issues associated with each personnel

category.
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Table 4.1 Overall Data Record Comparison

Column
1 2 3 4 5 6 7 8 9 10 11
Number of Partial HRA/PRA Data Recdrds
Total Records No. of
for Personnel  Action/PSF/  Action/PSF/  Action/System/ Action/ Action/ Action/ Compl. Issue Records Percent
Personnel Category Situation System Situation PSF Action System Situation Records Required Addressed
Plant Manager 0 0 0 0 0 0 0 0 0 1274 0%
Shift Supervisor 13 0 0 0 5 2 0 0 6 2142 3
v : . . 37; 35g sg 292 . - — =
Senior Rx., Op.* 1539 118 96 ’ 39 180 1071 17%
X. 0p. 2 1536 T8 86 02 758 LH 748 kL] 180 1071
Auxiliary Op. 8 1 1 1 1 0 0 0 a 952 4%
Maint. Mech, 211 0 11 LE 23 9 84 0 1 1666 SAYL
14C Tech, L!% 0 3 76 9 20 72 10 2 952 .2%
Themistry Tech. 0 0 e 0 (] ) 0 0
HP Tech, n 0 0 0 0 0 0 0 0 1428 0L
Engineers 3 0 2 0 0 1 0 0 0 1666 [1}3
Security Guard 0 0 0 0 0 0 0 0 0 952 0%
WYLF——H . [ 0 ] ] 0 g - I i ] 714 0%
Contractor Pers. & 0 0 0 0 6 0 0 0 2142 0
Operations Org. 0 0 0 0 0 0 0 0 0 59% 0r
Maintenance Org. 0 0 0 0 0 0 0 0 0 1428 01
T&C Org. Ll 0 0 L] 0 1] 0 0 0 LALS L.
Chemistry Org. 0 0 0 0 0 0 0 0 0 714 01
H# Org. n 0 0 0 0 0 0 0 0 1646 0%
inearing Org. 0 0 1] 0 0 0 0 0 0 1666 0%
gement 1 0 0 0 ] 4 0 0 0 1656 o
QA/QC Org. 0 0 0 0 0 0 0 0 0 1904 0
Security Org. 0 0 0 0 0 0 0 0 0 1666 111
Off-site Pers, e 0 0 0 0 0 0 0 0 680 0z
TOTALS 1976 119 112 533 396 124 450 49 193 30292 har

-::tu failed to distinguish between Senior Reactor Operators and Reactor Operators, Therefore, in the analysis, the same data were applied to each



Inspection of the table indicates that of 24 personnel categories for
which data are needed, 10 are addressed at least once across the 19 PRAs
(Column 1), Of these 10, six are addressed through at least one complete data
record (Colwnn 9). Inspection of Column 9 indicates that 180 of the total 193
(93%) of the complete data records involve the Senior Operator/Reactor Opera-
tor combination, Finally, of the 30,292 complete and unique data records re-
quired for resolution, or partial resolution of the 127 Type A and B issues
identified in Section 3, 193 or 0.64% of those records are provided from cur-
rently available PRAs.

4.2 Analysis of Data on Selected Categories

Tables 4.2 through 4.4 display HRA/PRA data record summaries for the most
frequently analyzed personnel categories (i.e., Senior Operator/Reactor Opera-
tor Combination, Maintenance Mechanic, Instrumentation, and Control
Technician).

Table 4,2 uses the same format at Table 4.1, and displays HRA/PRA data
records for the Senior Uperator/Reactor Operator category by action across all
19 PRAs, Table 4.2 indicates that the vast majority of records involve the
operation of one system or another (Columns 4 and 6). Table 4.2 also indi-
cates that approximately 18% of the data needs of issues involving the Senior
Operator/Reactor Operator category are satisfied (Column 8 total divided by
Column 9 total).

Tables 4.3 and 4.4 display the Maintenance Mechanic and Instrumentation
and Control Technician data, respect .vely. As might be expected, data records
in the HRA/PRA data base focus on maintaining systems (Table 4.3) and cali-
brating systems (Table 4.4). As indicaited in Table 4.3, 0.08% of issue data
requirements involving the Maintenance Mechanic are satisfied; whereas in
Table 4.4, approximately 0.27% of the Instrumentation and Control Technician
requirements are satisfied.
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Table 4,2 Analysis of Operator HRA/PRA Data

Column
1 2 3 a 5 [ 7 B 9 10
Number of Partial HRA/PRA Data Records
No, of No. of
PSF/ PSF/  Situation/ Complete Issue Data Percent
Action Action Situation  System System PSF System Situation Records Records Req'd, Addressed
Testing 9 2 49 56 26 140 1 Py 51 a1
Operating 4] 86 38 296 173 138 37 138 119 116%
Monitoring 9 8 2 4 a4 0 0 6 119 51
Inspecting 1 3 4 1 59 4 1 1 119 81
Checking 1 0 2 10 42 12 0 ) 119 %
Deciding 10 11 0 2 6 0 0 18 118 15%
Managing 0 0 0 0 0 0 0 0 119 0%
Communicat ing 3 0 0 1 5 0 0 2 119 ”
Calibrating 0 0 0 0 0 0 0 0 119 0t
Responding 2 8 1 2 3 0 0 5 119 a1
Maintaining 0 0 0 0 0 0 0 0 0 0%
TOTALS 82 118 96 372 358 294 39 180 1003 132
Table 4.3 Analysis of Maintenance Technician HRA/PRA Data
Column
1 2 3 4 5 6 7 8 9 10
Number of Partial HRA/PRA Data Records
No, of Na, of
PSF/ PSF/ Situation/ Complete Issue Data Percent
Action Action Situation System System PSF  System Situation Records Records Req'd, Addressed
Testing 0 0 0 0 0 0 0 0 0 0z
Operating 0 0 0 0 0 0 0 0 0 0%
Monitoring 0 0 0 0 0 0 0 0 119 0t
Inspecting 0 0 0 0 0 0 0 [i] 238 01
Checking 0 0 0 0 0 0 0 0 238 0%
Deciding 0 0 0 0 0 0 0 0 119 0%
Managing 0 0 0 0 0 0 0 0 0 0%
Communicating 0 0 0 0 0 0 0 0 238 0%
Calibrating 0 0 0 0 0 0 0 0 0 0%
Responding 0 0 0 0 0 0 0 0 238 0x
Maintaining 9 0 11 83 23 Ha 0 1 102 91
TOTALS 9 0 11 83 23 84 0 1 1292 J08%
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Table 4.4 Analysis of I&C Technician HRA/PRA Data

Column
1 2 3 1 5 6 7 8 9 10

Number of Partial HRA/PRA Data Records

No, of No, of

PSF/ PSF/ Situation/ Complete Issue Data Percent

Action Action Situation System System PSF  System Situatton Records Records Req'd. Addressed
Testing 0 0 0 0 0 0 0 0 51 0%
Operating 0 0 0 0 0 0 0 0 0 0%
Monitoring 0 0 0 0 0 0 0 0 51 0%
Inspecting 0 0 0 0 0 0 0 0 119 0%
Checking 8 0 0 0 0 0 0 0 119 01
Deciding 0 0 0 0 0 0 0 0 119 0x
Managing 0 0 0 0 0 0 0 0 0 1} ]
Communicating 0 0 0 0 0 0 0 0 119 01
Calibrating 20 0 3 16 9 64 9 2 51 41
Responding 0 0 0 0 0 0 0 0 119 (43
Maintaining 0 0 0 0 0 0 0 0 0 01
TOTALS 28 0 3 76 9 64 9 2 748 27%
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5.0 SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

5.1 Summary

This report describes research aimed at assessing the extent %o which
available HRA/PRA data address a representative set of human risk iss.ues of
immediate concern to NRC,

A1l of the human risk data and associated information presented in 19
PRAs were identified, collected, and stored on a computer, This produced a
collection of 1976 data records containing the point estimate for each human
error considered along with information on the personnel, actions, PSFs,
situations, and systems involved, if available.

In order to assess the extent to which the HRA/PRA data collected address
the human risk issues currently facing NRC, a 1ist of working level issues was
developed., First, human risk questions relevant to Generic Safety Issues
(NUREGs-0371, -0471, -0660; NUREG/CR-0933) were compiled into an initial list
of working level issues (i.e., questions needing to be addressed to resolve
the Generic Safety Issues). This list was refined, expanded, and clarified
using NRC planning documents (NUREG-0985; NUREG/CRs-2833, -3250), and inter-
views with 28 cognizant NRC staff members. The final working level issues
1ist is presented in Appendix B,

The data needed to address all of these issues were systematically iden-
tified. This was done by breaking the issue into its elements in the cate-
gories of personnel, actions, PSFs, situation, and systems for which data are
needed. The issue data records generated in this manner were then compared
with the HRA/PRA data records collected from 19 PRAs, The extent to which the
HRA/PRA data meet the requirements of issue data records needed to address the
issues was assessed,
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5.2 Conclusions

It can be seen from the tables presented in Section 4 that the vast
majority of HRA/PRA data in existing PRAs are not accompanied by sufficient
information to clarify the conditions surrounding the human errors considered
or why they were considered important. In addition, the method by which these
data were generated is virtually never identified. As a result, most HRA/PRA
data extracted from published PRAs cannot be used to address most human risk
issues associated with efforts to reduce risk without additional analysis be-
ing performed, Further, as documented, an existing PRA cannot be used to make
an evaluation of the effects of changes, such as new retrofit requirements or
new information, on risk, If information on each category of data elements
accompanied each human error considered in the PRA document, the methods used
to generate these data were made explicit and the process of identifyi~q and
quantifying critical human errors documented, it would be possible to address
significantly more human risk issues than can now be addressed using existing
PRA results,

In addition, it can be observed that a great deal of the information re-
quired to address human risk issues cannot be stated in terms of probabilities
of single human errors. These are the Types B and C issues (accounting for
85% of all working level issues). Further work is being done in this research
program to develop means of acquiring, manipulating, and considering informa-
tion from non-PRA sources to address additional human risk issues.

From the comparison of currently available HRA/PRA data and human risk
issues of immediate concern to NRC, the following conclusions are drawn:

- Only 15% (26 of 175) of the working level issues identified in this
study as Type A issues could be directly compared to available HRA/PRA
data. Only an additional 58% (101 of 175) could be compared to these
data, This appears to be a result of the tremendous emphasis on the
quantitative aspects of individual human performance in PRAs. Many
PRAs do discuss qualitative aspects of human performance, but no
systematic way of interpreting this information could be found,
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- Less than 1% of the data needed to address the Types A and B issues
were found in the 19 PRAs analyzed in this report, This may be at-
tributable to the relative lack of input to the PRA process from
qualified HRA specialists., Their full participation in the PRA pro-
cess (i.e., from start to finish) would ameliorate this problem to
some extent, In addition, more systematic documentation of the HRA
segments of the PRA may make PRA data more directly applicable to a
broader ranye of human risk issues. Documentation should include a
complete explanation of HRA/PRA methods, data sources, sensitivity
analyses, and results.

- Among the 19 PRAs analyzed in this study, 93% (180 of 193) of the com-
plete data records identified haa to do with the actions of Operators,
On the other hand, human risk issues were found to be associated with
24 personnel categories of which only 8% are operators,

This suggests that modifications in the otherwise data-rich process and
documentation invoived in a PRA would yield substantially more information of
use in the regulatory area. This is especially true in terms of addressing
human risk issues, Several efforts are underway which offer a vehicle for
initiating such modifications. For example, the SHARP process (EPRI-XXXX,)
for better integration of HRA into PRA provides a framework for improving the
consideration of human errors in PRAs. As new methods for generating HRA/PRA
data and better ways of using these data are developed in this and other re-
search programs SHARP may offer a framework for integration of these methods
into the PRA process. Another effort which would benefit from further de-
velopment of HRA methods and means to use resultant HRA/PRA data is the Prob-
abilistic Safety Analysis (PSA) effort (NUREG/CR-2815, 1985), A principal ob-
jective of the PSA effort is tc make risk assessments of nuclear power plants
comparable to each other as well as more useful in addressing issues related
to retrofit requirements., Another PSA objective is to allow for risk assess-
ments to be useful in assessing new information on risk reduction as it
becomes available,
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Work continues in this effort to develop ways of using HRA/PRA data nore
effectively in addressing human risk issues of concern to NRC, The products
of this research will be documented in the next report in this series and will
be useful in efforts, by both NRC and industry, to address a much broader
range of issues than is currently the case.

5.3 Recommendations

The objective of making risk assessments more useful is the essence of
many PRA-related efforts in both industry and NRC., The research program de-
scribed in this report is aimed at supporting those efforts, Full considera-
tion should be given to better documenting the consideration of HRA in PRAs,
Fuller consideration will necessitate more use of qualified HRA specialists
with the training and background necessary to document the relevant elements
of human errors and report information necessary to use HRA/PRA data in ad-
dressing issues of concern to NRC, This study has lead to the following
recommendations:

- The HRA segment of the PRA process should be improved so that it con-
siders and presents both gquantitative and qualitative data directed
toward both risk gqualification and risk reduction at the plant level,

- The HRA segment of a PRA process should be documented so that it can
be uvsed as a technical basis to address a broader range of human risk
issues of immediate and long-term concern to NRC,

- HRA information and data should be presented and formated so that it
can be systematically used along with information and data from non-
PRA sources to address a broader range of human risk issues of
immediate and long-term concern to NRC,
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In this appendix, each Generic Safety Issue is listed in Column 1,
responding final working level issue identifiers are listed in Column 2.

APPENDIX A

GENERIC SAFETY ISSUES AS THEY RELATE TO
WORKING LEVEL ISSUES AND DATA ELEMENTS

Cor-
The

complete list of final working level issues identified in Column 2 is pre-

sented in Appendix B,
Generic Safety Issues are listed in Column 3-7,

From Working Level Issues,

Corresponding data elements required to address the

An entry “"ALL" in Columns 3-7
means the data on all of the corresponding entries in that category of Table
A.1 are required to satisfy Generic Safety Issues data needs.

Table A.1 Categories and Flements for Developing Data Elements

Individuals and

Performance

Groups Shaping Factors Actions Situations Systems
Plant Manager Equipment Design Testing Loss of Coolant Safety-related
Shift Supervisor Workplace Layout Operating Accident Systems
Shift Tech, Advisor Habitability Monitoring Loss of Off-site Power Structures
Senior Reactor Op. Time Available Inspecting Other Transients Non-safety
Reactor Operator Staffing Checking System [solation Systems
Auxiliary Operator Organizational Deciding Normal Operation
Maintenance Mech, Climate Managing External Event
1&C Tech, Job-related Training Communicating Outage
Chemistry Tech, Information Feedback Calibrating
Health Physics Task Complexity Responding
Tech, Regulations Maintaining
Engineers Stress
Security Guard Fatigue
QA/QC Tech, Attitude
Contractor Job-related Experience
Personnel Fitness for Duty
Operations Org, Perceived Risks
Maintenance Org, Procedures
14C Org.
Chemistry Org.

Health Physics Org.
Engineering Org,
Plant Management
QA/QC Org.
S“ufﬂy o".
Off-site Response
Personne!l
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? Appendix A
‘: Ceneric Safety lasues, Working Level lssues, and Data Element Tahles.
] Tahle 1
; 1 2 3 E 5 6 7
;
P Dats Flements
1
m&%&.&m Work ing
1 Level Tssue Individuals & Sitoa-
1 Action Item tdentifiers Croups PSFs Actions tions Systems
: 1Al - Operating 115, 1.19-1.22, 1.26- Shifr Supervisor Staffing Operating ANl ANl
Persoone! and 1.28, 2.1, 2.3, 2.5, Senior Reactor Op. Job-related Training Deciding
Statfing 2.7, 2.9, 2.16, 3.1, Reactar Operator Job-related Experience Commun i cat ing
] 3.3-3.5, 3.7, %.10-3.13, Auxiliary Operator Fitness for Duty
g 3.9, 6.1, 6.7, 4.2, 7Y Operations Org.
i
: TA2 - Training and .21, .22, 2.1-2.10, Shift Supervisor Job-related Training All Except Al ANl
‘ Qualifications of 2.14-2.19, 3.1, V.4, Senior Reactor Op. Task Complexity Calibrating
‘| Operating Personnel 3.5, L7, 3.9-2.15, 4.11, Reactor Operator Job-related Experience Maintaining
. &.12, 4.18, 6.1, 9.10, Auxiliary Operator
' 9.4 Operations Org.
‘ T 1A - Licensing and  1.1-1.3, 1.5, 1.7, 1.9 Al Statfing AN Al Al
g N Regualification of .M 1068, 109, L., Organizational Climate
Operating Personnel 1.22, 1.24-1.27, 2.1, 2.3, Job-related Training
. 2.7, 2.9, 2.10, 2.16, Regulations
3.3-3.5, 3.7, %.9-3.16, Attitude
6.9, 7.2, 7.3, 7.5, 7.10, Job-related Experience
8.5-8.7, 8.10 Fitness for Duty
' A4 - Simulator Use V<9 A0, 235 1.2, Senior Reactor Op. Al AVl Except All ALl
and Deve lopment 2.1, 2.7-2.9, 2,18, V.2~ Reactor Operator Calibrating
- A %0 10 300, Maintaining
[ .04, 5.1, 5.2, 5.7-%.10,
$.16, 5.19, 5.20, 6.18
I8l -~ Management 1.2-1.6, 1.7, 1.8, 1,15, Al Al Except AN At Al
for Operations 1,18, 1,19-1.22, 2.12, Equipmen® Design
2 2.13, 2.16, 2.9, 3,3, Workplace lavoat
3.6, &1, S.4-4.6, 4.8, Habivability
j 4.9, 4.12, 6,14, 4.17-
, .19, 6.10, 7.2, 7.3,
1.5, 1.8, 7.12, 8.1\,
8.12, 9.6, 9.7, 9.9,
i 9.11, 9.13
152 - Inspection .19, 2.10, 2.04, &.11- ANt Regulations ATY At Al

of Operating
Reactors

5.14, 5.12, 5.1, &.8-
.00 ¥i9, Fobi 1.8, 29,
9.1-9.1, 9.5-9.13, 9,15
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Table | (Continued)

e e e ko S e e o

1 2 3 “ 5 A 7
Data Elements
Gooeric Working
Le =1 lTssue Individoals & Situa-
Action Item Tden. ‘fiers Groups PSFs Actions tions Systems
IC ~ Operating 1.9, 1.10, 1.19, . .20, All Procedures All ALl Al
Procedures 123, 2.5, 2.7, 3.4, 3.7,
6.1-6.15, 4.17, 5.6, 8,
5.9, 5.16, 6.1, 6.4, 5.8,
6.14, 7.12, 8.1, 8.8,
8.9, .10
ID - Control Room 1.9, 2.20, 3.7, 4.9, Shift Supervisor Equipment Design All Except ANl Al
Design 4.15, 4.19, 5.1-5.3, 5.5, Senior Reactor Op. Workplace Layout Calibrating
5.7-5.12, 5.14, S5.1%, Reactor Operator Habitability Maintaining
5.19, 5.20, 6.4, 5.6, 9.6, Auxiliary Operator Job-related Training
9.7, 9.9, 9.1 Operations Org. Information Feedback
Task Complexity
Procedures
IE - Analysis and 1.9, 1,12, 1.014,1,.26, 3.8, All ALY Al Al All
Dissemination of 5.7, &.1, 6.2, 6.5, 6.6,
Operating Exper- 6.8-6.12, 6,14, 6.16,
ience 7.1, 7.7, 8.3, 9.4, 9.7
IF - Quality 1.16, 1.29, 2.21, &.11, QA/QC Tech. All Inspecting System Tsolation All
Assurance 4.20, 7.2, 7.13 QA/QC Org. Managing Norma! Operation
Communicating Out age
1C - Preoperational 1.23, 2.%%, 2.22, &.20 AllL Time Availahle All System Isolation ANl
and Low-Power Staffing Normal Operation
Testing Job-related Training Dutage
Information Feedhack
Regulations
Procedures
118 - Consideration 2.5 2.5, AL, 1.9, Shift Supervisor Procedures Operating All Except ANl
of Degraded o 5.2 Senior Reactor Op. Deciding Syates Isolation
Melted Cores in Reactor Operator Respond ing Norma! Operation
Safety Review Operations Org. Dut age
11D - Reactor 5.22, 9.1 Senior Reactor Op. Cauipment Design Test ing System isolation Safety-related
Coolant System Reactor Dperator Workplace Lavout Normal Dperation Svatems
Relief and Operations Org. Hahitability Dutage
Syfety Valves Procedures
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Tahle 1| (Continued)

L] 2 3 4 5 . ?
Data Elements
Generic Safety lssues Work ing
Rt Level Tasue Individuals & Sitoa-
Action Ttem Tdentifiers Groups PSFs Actions tions Systems
TIE - System Design 2.1, 3.0, 3.4, 304, 4.2, Shift Supervisor Equipment Design Testing Al Al
4.9, 4.15, 4.18, 419, Senior Reactor Op. Information Feedback Operating
5.8, 9.4, 9.1% Reactor Operator Task Complexity Maintaining
Auxiliary Operator Regulations
Maintenance Mech. Procedures
14C Tech.
QA/QC Tech.
Operations Org.
Maintenance Org.
I&C Org.
QA/QC Org.
1IF - Tastrumenta- oA, 2.1, 3.2, 4.2, S.1,  Shift Supervisor Equipment Design ALY Al All
tion and Controls 5.2, 5.7-5.9, S.14, 5.15, Senior Reactor Op. Informat ion Feedback
6.2, 6.6, 9.16 Reactor Operator Task Complexity
14C Tech.
Operations Org.
18C Org.
11" - TMI-2 Cleanup 7.7 All All Operating Outage ALl
and Examination Monitoring
Inspecting
Manag ing
11! -~ Genera! Tmpli- 7.7, .10 Plant Management Information Feedbhack Deciding Dutame ATl
cations of T™I for
Design and Comstruc-
tion Activities
I1TA - Emergency 119 2.5, 2.1%, 2.14, Plant Management Equipment Design Monitoring All Except Al
Preparedness and 2.19, %.6, 5.9, 5.19, Off-site Response Staffing Deciding System Tsolation
Radiation Effects 5.21, 7.12, 810, 8.2 Personne | Organizational Climate Responding Normal Operation
Regulations Dutage
1R - Emergency 2.13 Off-site Response All Responding ALl Except Al
Preparedness of Persoane | Svstem Tsolation
State and Local Norma! Operation
Government s Mt age
HLIC - Public 7.4, 2.19 Plant Management Information Feedhack Manag ing Al Al

Informat ion
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Table | (Continued)
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1 2 3 4 % 6 7
Data Elements
Generic Safety Tssues Working
Level Tssue Individuals & Situa-

Action Ttem ldentifiers Groups PSFs Actions tions Systems
11ID ~ Radiation 2.4, 2.13, 2.19, 4.16, Shift Supervisor All Testing All Al
Protection 9.10 Senior Reactor Op. Operating

Reactor Operator Monitoring
Operations Org. Rerponding
Plant Management
178 - Tesuarce of Ps? Plant Management Information Feedhack Monitoring Al All
Inatructioas and
Information to
Licensees
IVC -~ Extend 3.8
Lessons Learned
to Licensed
Activities
Other than
Power Reactors
IVD ~ NRC St~ 1.13, 2.8, 2.7 Ass Job-related Training Monitoring Al AN
Training
IVF - Financi 2.22, 7.8, 7.10 Plam Management Organizational Climate Managing Normal Operation Al
Disincentiv
Safety
A-3 - Westinghouse .16, 1.26, 2.4, 4.2, Chemistry Org. ANl Monitoring All Except Al
Steam Generator &.16, 5.2, 6.14, 9.1, Engineering Org. Inspecting System Isolation
Tube Integrity 9.6, 9.8 Plant Management
QA/QC Org.
A4 - CF Steam 1.16, 1.24, 2.4, 4.2, Chemistry Org. ANl Monitoring Al Except Al
Generator Tube L.16, 5.2, 8,74, 9.1, Fagineering Org. Inapecting System Tsolation
Integrity 9.6, 9.8 Plant Management
QA/QC Org.
A-5 - BAW Steam 116, 1.26, 2.4, 4.2, Chemistry Org. ALY Monitoring Al Except Al
Cenerator Tube 4.16, K.7, 614, 9.1, Engineering Org. Taapecting Svstem Isolation

Integrity

9.6, 9.8

Plant Management
QA/QC Org.
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Table 1 (Continued)

1 2 1 4 5 6 7
Data Flements
Ceneric Safety 1 Working
T Level lssue Individuals & Situa-
Action Item ldentifiers Groups PSP Actions tione Systems
A-1} - Saubber 4.16, 4.20, 9.5, 9.7 Maintenance Meeh. Al Monitoring Al Structures
Operability Maintenance Org. Inspecting
Assurance Plant Management hecking
A-14 -~ Flaw Detec~ 9.6 Maintenance Mech. Al Inspecting Al Al
tion Maintesance Org.
Plant Management
A-1% - Steam Effects 9.5 Operations Org. All Testing AN Safety-related
on BWR Core Spray Systems
Distribution
A-2) - Containment 9.6 Maintenance Org. All Testing Normal Operation Structures
Building Response Plant Management Dutage
A-29 - Nuclear 1.26, 4.17, 6.20, 7.11, Shift Supervisor Workplace Layout Inspecting Normal Operation ALl
Power Plant 7.12, 8.1-8.6, 8.8, 8.9, Senior Reactor Op. Time Available Respond ing
Design for the 8.12 Reactor Operator Staffing Maintaining
Reduction of Auxiliary Operator Organizational Climate
Vulonerability to Maintenance Mech, Task Complexity
Industrial Sabotage 14C Tech. Regulations
Security Cuard
Cont ractor
Personnel
Operations Org.
Mainteaance Org.
1AC Org.
Security Org.
Off -wite Response
Persornel
A3 - Adsguacy of 4.10, 4.16, A.12, K.13, Mainteaance Mech. Fquipment Nesign Testing ANt Safety-related
Safety Related 9.4, 9.9, 5.1 Maintenance Org. Workplace Layoat Syetems
DC Power Procedures
Supplies
A-% -~ Instruments 3.4, 5.9, 5.19 Shift Supervisor Equipment Nesign Operating Al Fxcept ANl
for Monitoring Senior Reactor Op. Information Feedhack Mon.toring Svatem Teolation
Radiation and Reactor Operator Task Complexity Checking Normal! Operation
Process Variables Nperations Org. Procedures Deciding Out age
During Accidents Respand ing
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Table | (Continued)

1 2 3 4 S 6 7
Data Elements
Generic Ssfety lsayes Working
™! Level Issue Indivionals & Situa-
Action ltem Tdentifiers Groups PSFa Actions tions Systems
A-Y5 - Adequacy 4.16, 9.6 Shift Supervisor Al Testing All Except ANl
of Offaite Senior Reactor Op. System Inolation
Power Systems Reactor Operator Normal Operation
Operations Org. Outage
A-40 - Seismic 2.5, 2.16, 5.19 Shift Supervisor All Operating External Event ALl
Design Criteria - Senior Reactor Op. Responding
Short Term Program Reactor Operator
Operations Org.
Plant Management
A-41 - Long Ters 2.5, 2.16, 214, 5.19 Shift Supervisor Job-related Training “Operating External Event Al
Seismic Program Senior Reactor Op. Reapond ing
Reactor Operator
Operations Org.
Plant Management
A-43 - Containment 19, 1.5, 2.7 $hift Supervisor Equipment Design Testing All Except Safety-related
Emergency Senior Reactor Op. Procedures Operating System Tsolation Systems
Sump Performance Reactor Operator Responding Norma! Operation
Outage
A-44 - Station 1.9, 2.7, 5.6, 9.6, 9.9, Shift Supervisor Al Operatiog Loss of Off-site Power ANl
Blackout 9.13 Senior Reactor Op. Responding Other Toansients
Reactor Operator
A-4S - Shatdown 1.9, 1.20, 2.7, 2.9, V.7 Shift Supervisor Hquipment Design Operating All Except Safety-related
Decay Mest Senior Reactor Op. Streas Respond ing System Isolation Systems
Remova! Reactor Operator Procedures Norma | Operation
Requirement s Dutage
B4 - EOGS $.16, 4.19, 5.22, 9.5, Shifet Supervisor Equipnent Design Testing All Except Safetv-related
Reliability 9.13, 9.16 Senior Reactor Op. Procedures Tnspecting Svstem Isolation Systems
Reactor Operator Maintaining Norma! Operation
Operations Org. Outage
Plant Management
B-71 - Secondary 3.14

Accident Conse-
quence Mode ling

- g e e et . et
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Tahle 1| (Continued)

TRy SeTSS————

1 2 3 4 6 7
Data Elements
Generic Safety lssues Working
™ Level lssue Individuals & Situa~-
Action Item Identifiers Groups PSFa Actions tions Svatems
B-8 - Locking Out 3.2, 5.2, 5.8, 5.9, 5.70 Senior Reactor Op. Equipment Design Testing AVl Except Safaty-related
of RCCS Power Reactor Operator Task Complexity Checking: Syatem Isolation Systems
Operated Valves Maintenance Mech. Procedures Norma! Operation
18C Tech.
Operations Org.
Maintenance Org.
14C Org. Outage
B-11 - Subcompart- 3. 14 Senior Reactor Op. Equipment Design Responding All Except Al
ment Standard Reactor Operator Workplace Layout System Tanlation
Problems Normal Operation
Outage
B-17 -~ Criteria for % 4.2, 4.5, 5.9, 3.9, Senior Reactor Op. All Responding AN All
Safety Related $.16, €.20, 6.2, 6.22 Reactor Operator
Ope=rator Actions
BR-18 - .ortex 9.6 Senior Reactor Op. Equipment Design Responding All Except Safety-related
© _ppression Reactor dperator System Tsolation Systems
Requirements for Normal Operation
Containment Samps Outage
B-27 - LMFAR Fue! 1.7 Senior Reactor Op. Equipment Design Responding All Except ANl
React r Operator Procedures System laolation
Normal Nperation
Outage
B-3% - Occupational 113, 1.16, 1.19, 1.2, Al Equipment Design Test ing System Tanlation AN
Radiation Ex— 2.2, 2.4, 4.2, .14, 6.2, Workplace Lavour Tnapecting Normal Operation
posure Reduction 6.10, 7.2, 9.5 Habitability Checking Dutage
Time Availahle Calibrating
Staffing Maintaining
Task Complexity
Procedures
8-3% - Develop De- 4.2, 9.6, 9.1} Seniar Reactor Op. Al Tesing Normal Operation Safety-related
velop Design, Reactor Operator Maintaining Dut age Syatems

Testing, and Main-
tenance Criteria
for Atmosphere
Cleanup System
Air Filtration
—and_Adsovption

Auxiliary Operator
Marntenance Mech.
1AC Tech.
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'I Table | (Continued)
\ 1 2 3 4 5 6 7
Data Elements
: Generic Safety Tssues Working
™I Level [ssue Individoals & Situa-
Action Ttem 1dentifiers Croupw PSFa Actions tions Systems
? B-42 - Secio~ 1.13, 1.16, 1.18 Al Staffing Managing Normal Operation ANl
economic Organizational Climate Communicat {ag
: Environmental Regulations
' Tmpacts
B-47 - laservice 9.5 Ma intenance Mech. Al Inspecting Normal Operation Structures
Inspection of Maintenance Org. Outage
Supporte-Classes Plant Management
1. 2, ” and MC
Component s
B-48 - BWR ORD 9.6 Maintenance Mech. All Taspecting Normal! Operstion Safety-related
Mechanical Maintenace Org. Dutage Systems
Failure (Collet) Plant Management
Housing
' T
O 349 - Inservice 9.6 Maintenance Mech. Al Inspecting Normal Operation Structures
_ Criteria and Maintenance Org. Outage
Corrosion " Plant Management
vention Criteria
for Contsinments
B-50 - Post~ 9.4 Plant Management Workplace Layout Tnspecting External Event Al
Operating Basis :
Earthquake
Inspection
B8-51 - Load 9.5 I8C Tech. AN Testing Norma! Operation Safety-related
Break Switch IAC Drg. Dutage Systems
B-55 - lmproved 4.2, 9.6 Senior Reactor Op. Al Operatiog Normal Operation Safety-related
Reliability Reactor Operator Maintaining Dutage Svsetems
of Target Rock Maintenance Mech.
Safety Relief Operations Org.
Valves Maintenance Org.
B8-56 - Diese! 5.4, 9.6, 9.1 Maiatenance Mech, ALl Testing Normal Operation Safety-related
Relishility IS8 Tech Inapect ing Mt age Systems
Maiatenaace Org. Checking

IAC Org.

Maiataining
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Tahle 1 (Continued)
1 2 3 4 5 L] ?
Dats Elements
Lce-z&_%!m,m Working
Level lssue Individuals & Situa-

Action ltem tdentifiers Croups PSFa Actions tions Systems
B-S8 - Passive $.2, 5.20, 5.72, A.A, 9.6 Senior Reactor Op. Al Tesing Normal Operation Safety-related
Mechanical Reactor Operator Outage Systems
Failuces Operations Org.

B-60 - Loose 5.2% Senior Reactor Op. ALY Monitoring Normal Operation Safety-related
Parts Monitoring Reactor Operator Systems
Systom Operations Org.

R-61 - Allowable &.16, 9.6, 9.13, 9.16 Senior Reactor Op. Time Available Tesing Outage Safety-related
ECCS Equipment Reactor Operator Staffing Managing Systens
Outage Periods Maintenance Mech. Regulat ions Maintaining

Operations Org. Procedures
Maintenance Org.

B-66 - Control 2.1, 2.5, 2.9, 2,18, 2.19, Plat Manager Workplace Layout Operating All Except Al
Room Infiltration 3.6, 5.1, 5.4, 6.9 Shift Supervisor Habitability Responding System Isolation
Measurements Senior Reactor Op. Perceived Risk Normal Operation

Reactor Operator Out age
Operations Org.
Plant Management

8-71 - Incident 15 1.00 2.1, %11 Plant Management Equipment Design Managing All Except Al

Response Off-site Response Information Feedhack Communicating System Tanlation
Personne! Normal Operation
Out age

C-11 - Assessment 9.6 Senior Reactor Op. All Testing System Isalstion Safety-related
of Failure and Reactor Operator Tnapecting Normal Operation Systems
Reliahility of Operations Org. Outage
Pumps and Valves
D1 - Advissbility S.19, .22 Senior Reactor Op, Equipment Design Respond ing External Event Safety-related

of a Seismic Scram

Reactor Operator

Svstems



-y

Table |

1 2 3 (COﬂt‘ﬂved) 5 6 7
Data Elements
Generic Safety Issues Work ing
™ Leve! lssue Individuals & Situa~
Action Item Identifiers CGroups PSFs Actions tions Systems
RFO 1.1.! - NPP 3ol 3u7<1.9, 1.]2+1.13 All Equipment Design All All All
Staffing Require-~ 1.15-1.16, 1.18-1.20, Workplace Layout
ments 1.23%, 1.29-1.30, 2.9, Staffing
2.19, 3.3, 4.3-4.4, 4.6, Information Feedback
4.14, 5.1, 5.3-5.4, 5.8~ Task Complexity
5.9, 5.14, 5.18-5.19,
$.21, 6.1, 6.22, 7.2,
7.6, 7.8, 7.12, 9.10~
9.11, 9.13
RFO 1.1.2 -~ NPP Per- 1.1=1.4, 1.12-1.13, 1.17, Shift Supervisor Job-related Training Testing All All
sonnel Qualifica~ 1.20-1.23, 1.25-1.26, Shift Tech. Advisor Job-related Experience Operation
tion Requirements i.29-1.30, 2.16-2.17, Senior Reactor Op. Monitoring
2.1, 2.3-2.1%, 2.16-2.17, Reactor Operator Inspecting
2,20-2.21, 1.4, 3.9-3.13, Auxiliary Operator Check ing
3.15, 4.3, 4.12, 5.8, Operations Org. Deciding
315, 3.9, 5.2}, 6.3, Managing
6.7, 6.22, 7.3, 8.5, 8.8 Communicating
Responding
HFO 1.1.3 - Guidance 1.10, 1.16, 1.19, 1.2, All Staffing All All All
on Limits and Condi- 3.11, 4.8, 5.5, 6.9, 6.21, Organizational
tions of Shifr Work 7.2, 7.4, 7.6, 9.10 Climate
Fatigue
BFO 1.1.4 - Fitness 1.5, 6.9, 7.10-7.11, 8.5, All Fitness for Duty All All All
for Duty 8.7
HFO 1.2.1 - Develop- 1.2-1.3, 1.17, 1.21, 1.23, All Organizational All All All
ment of Training 2.1-2.19, 3.4-3.5, 3.9, Climate
Regulation and 3.11, 3.12, 3.14, 3.16, Job~related Training
Guidance 4.12, 5.2, 5.9, 5.15, 6.9, Job~related Experience
9.11
HFO 1.2.2 -~ NRC Train~- 1.2, 1.21, 2.1-2.19, 3.4, All Organizational All All All
ing Evaluation Pro- 3.11-3.12, 3.15-3.16, 4.12 Climate

gram

&.14, 5.5, 5.9, 5.13, 6.8,
7.6, 9.14

Joo-related Training
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Table 1 (Continued)

3 4 5 6 7
Data Elements
Generic Safety Issues Work ing
™I Leve! Issue Individuals & Situa~
Action Item Tdentifiers Groups PSFs Actions tions Systems
RFO 1.3.1 - The Exam~ 1.2, 1.11, 1.20-1.21, Shi ft Supervisor Job-related Training Teating All All
ination Content 1.27-1.28, 2.1, 2.5-2.7, Shift Tech. Advisor Operating
2.9, 2.16-2.17, 3.1-3,16, Senior Reactor Op. Moni toring
4.3, 4.12, 5.1-5.2, %.6, Reactor Operator Inspecting
5.8-5.9, 5.15-5.16,5.19, Checking
6.2, 6.8, 6.18, 7.9 Deciding
Managing
Communicating
Responding
HFO 1.3.2 ~ The Exam 1.2, 2.1, 2.3, 2.6~2.7, Shift Supervisor Job~reiated Training Testing All All
ination Process 2.10, 3.1-3.16, 4.3, Shift Tech. Advisor Operating
&.12, S.11, 5.15-%.16, Senior Reactor Op. Monitoring
$.19, 6.2, 6.18 Reactor Operator Inspecting
Checking
Deciding
Managing
Communicating
Responding
HFO 1.4.1 - Procedures 1.11, 2.16, 4.1-4.19, All Procedures All All All
Guidance and Criteria 6.3-6.4, 6.22, 9.1, 9.3,
9.9, 9.13
HFO 1.5.1 - MMX Guid- 3.7, 4.2, 5.1-5.21, Shift Supervisor Equipment Design Testing All All
ance for Existing 6.4, 6.6, 6.22, 9.6, Shi ft Tech. Advisor Workplace Layout Operating
Designs 9.13, 9.16 Senior Reactor Op. Habitability Monitoring
Reactor Operator Information Feedback Inspecting
Auxiliary Operator Checking
Deciding
Managing
Communicating
Responding
RPO 1.5.2 - M Guid- 1.14, 2.20, 4.2, S5.1- Shifr Supervisor Equipment Design Testing All All
ance for Designs $.21, 6.4, 6.22, 9.6, Shifr Tech. Advisor Workplace Layout Operating
Based on Advanced 9.13, 9.186 Senior Reactor Op. Information Feedback Moni toring
Technologies Reactor Operator Inspecting
Auxiliary Operator Checking
Deciding
Managing
Communicating

Responding
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Table | (Continued)

1 2 3 - 5 L] 7

Data Elements

Generic Safety lssues Work ing
™ Level lssue Individuals & Situa-
Action Item ldentifiers Groups PSFs Actions tions Systems
BFO 1.6.1 - Regulatory !.8, 7.1-7.12 Plant Manager Staffing Checking All All
Position on Manage- Plant Management Organizational Deciding
ment and Orgamization Climate Managing
at Operating Reactors Job-related Training Communicating
Information Feedback Responding
Task Complexity
Regulations
Attitude
Job-related Experience
Perceived Risks
HFO 1.6.2 -~ NRC Manag- 1.8, 7.1-7.12 Plant Manager Staffing Checking All All
ment and Organiza- Plant Management Organizational Deciding
tion Guidelines and Climate Managing
Assessment Procedures Job~related Training Communicating
for Operating License Information Feedback
Reviews Task Complexity
Regulations
Attitude

Job-related Experience
Perceived Risks

-1.6, 1.9-1.10, 1.21- All All All All All
2, 2.1-2.4, 2.19-2.22,
=3.3: 3.5, 3.7, .11~

HFO 1.7.1 - Human 1.1
1.2
3.1
3.12, 4.3, 4.8, 4.12-4.16,
5.1
7.6
9.5

Error Data Acquisi-
tion

-5.21, 6.1-6.21, 7.3,




APPENDIX B
FINAL WORKING LEVEL ISSUES LIST

This appendix contains a list of the 175 working level issues in their
final form., These issues reflect the results of a review of Generic Safety
Issues, NRC planning documents, and interviews with cognizant NRC staff, Each
working level issue is a question which brings rise to specific needs for data
information,

After each issue the issue type is designated with an A, B, or C. These
issue types are defined as follows:

Type A, Working level issues for which a set of quantitative issue data
records can be generated that, if addressed by competent data, provide a
complete technical basis for addressing the issue in question.

Type B. Working level issues for which a partial set of quantitative
issue data records can be generated, but for which additional data not
currently provided in PRAs may be needed to establish a complete techni-
cal basis for addressing the issue in question, These issues may require
additional information such as operational history data or information

on the availability of a sufficient work force,.

Type C. Working level issues which require data or information not com-
patible to the form of data records to provide a technical basis, In-
stead, these issues typically require information in forms other than the
data record format such as data on operational history or information on
the availability of a sufficient work force.
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1. Staffing and Qualifications - Working Level Issues

1.1 What are the bases on which all job positions can be compared in terms
of human performance? (A)

1.2 How does training affect human performance? (A)

1.3 How do qualifications affect human performance? (A)

1.4 How do job performance reviews affect human performance? (B)

1.5 How do fitness-for-cuty requirements affect human performance? (A)
1.6 How do behavioral observation programs affect human performance? (B)
1.7 Does the STA job position reduce risk significantly? (B)

1.8 Do senior managers' actions affect risk significantly? (B)

1.9 What human errors are most important during recovery activities? (B)
1.10 How do shiftwork and overtime affect human performance? (A)

1.11 What are the most important occurrences to be aware of during normal
operations? (B)

1.12 What is the relationship of staffing and qualifications levels with the
operational history of licensees? (C)

1.13 What is the availability of qualified personne! for work in plants? (C)

1.14 What are the longitudinal trends on factors affecting human errors in
plants? (B)

1.15 What is the optimal form of emergency staffing? (A)
1.16 What are the present staffing conditions in the industry? (C)

1.17 What are licensees' current personnel selection practices and criteria?

(C)
1.18 What job vacancies currently exist in the industry? (C)

1.19 How can alternative crew staffing approaches used by the industry be
evaluated? (B)

1.20 What is the contribution of engineering input to recovery activities and
accident mitijation? (B)

1.21 How does formal education affect human performance? (A)
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1.22
1.23

1.24

1.25
1.26

1.27

1.28
1.29

1.30

How does job-related experience affect human performance? (A)

What are the impacts of staffing and qualification requirements on the
NTOL licensing process? (B)

What are the important tasks in various operations, [&C, maintenance,
QA/QC, and security jobs? (B)

Should personnel besides operators be licensed by NRC? (B)

How should access authorization be related to cther personnel
qualifications? (B)

How can simulation experiments be used to support qualification
requirements? (B)

What cognitive skills are required for accident management? (B)

What are the optimal staffing arrangement and qualification requirements
for the QA/QC staff? (A)

How should an off-site emergency support center be staffed and what
personnel qualifications should be required? (A)
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2.

2.1
2.2
2.3
2.4

2.5

2.6

2.7

2.8

2.10
2.11

2,12

2,13
2.14

2.15

2.16

2.17
2,18

Training - Working Level Issues

What is the optimal content for an operator training curriculum? (B)
What is the optimal content for a maintenance training curriculum? (B)
What is the optimal content and schedule for refresher training? (B)

What is the optimal content of training curriculum for other plant
personnel? (B)

To what extent does operator training presently prepare operators for
severe accident management? (B)

What qualifications should be required of training instructors and
training program developers? (C)

How can simulators be used to enhance the training of licensed
operators? (B)

How can simulators be used to enhance the training of plant personnel
other than licensed operators? (B)

wWhat specific normal, off-normal, and emergency conditions should be
simulated for operator training? (B)

On what basis should plant training programs be evaluated? (B)

How do trainers and trainees perceive that training programs can be
improved? (C)

To what extent does security training prepare personnel for
safety-related events, as well as security-related events? (B)

What training is necessary for off-site response personnel? (B)

What is the optimal role of drills and other performance oriented
training techniques? (B)

How useful is the ISD approach to training development? (C)

What training requirements are needed to prepare operators to respond
:dgquately during plant conditions for which there are no procedures?
B

Wwhat forms of hands-on training are needed? (B)

How can the fidelity of training simulators be best assured? (B)
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2.19 What personnel should receive special training in the use of
respirators for radiation protection? (B)

2.20 What types of training should be required for personnel using new job
performance aids? (B)

2.21 What role can low power testing play in the process of training plant
personnel? (B)

B-5



3. Licensing Examinations - Working Level Issues
3.1 What are the important accident sequences for each plant? (C)

3.2 What are the effects of response times available for recovery steps
during those sequences? (B)

3.3 What is the impact of team behavior on operator performance? (B)

3.4 What are the most important knowledge, skills, and abilities for
operators? (B)

3.5 What cognitive skills should operators be tested on? (B)

3.6 At what point in a sequence should the site be abandoned? (C)

3.7 What are the most important tasks during recovery activities? (B)
3.8 What useful information is available from nonpower reactors? (C)

3.9 What is the appropriate role for plant simulators in the examination
process? (B)

3.10 What is the validity of the current licensing exam? (C)

3.11 What are the best methods for testing and measuring operator
performance? (B)

3.12 How can cognitive skills be assessed in an examination? (C)
3.13 Should examination cutoff scores be established? (B)

3.14 What are the appropriate engineering models for use in programming
simulators? (B)

3.15 What is the best format for requalification examinations? (B)

3.16 What are the optimal qualifications and training for licensing
examiners? (C)
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4.
4.1

4.3

4.4

4.5

4.7

4.8

4.9

4,10

4.11

4.12

4.13

4,14

4.15

4,16

Procedures - Working Level [ssues

What are the effects of different types of procedures on human
performance? (A)

How should trade-offs between hardware changes and procedural changes be
assessed? (B)

What is the optimal roll artificial intelligence in the control room?
(8)

What is the "social domain" of the personnel using procedures in power
plants? (C)

How often are procedures actually used in plant operation and
maintenance? (B)

What is the impact of new advanced emergency operating procedures on
operator performance? (A)

What is the frequency of events associated with the use of procedures?

(c)
What is the impact of stress on the use of procedures? (A)

What are the types of procedure-associated errors that most impact
risk? (B)

What are the most important sequential errors that can be avoided using
procedures designed for that purpose? (B)

What procedures should be reviewed at an entire facility or just
specific segments of the facility (e.g., only maintenance and
operators)? (B)

What are the trade-offs between training and procedures and how can they
be assessed? (B)

How can NRC foster respect for the value of procedures among licensee
employees? (C)

What are the alternative formats for presenting procedurcs and how -an
they be evaluated? (B)

What types of procedures should be used for advanced display systems?
(B)

What type of procedures are optimal for preventive and corrective
maintenance? (B)
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4.17

4,18

4.19

4,20
4.21

How do security procedures affect the ability of the operations staff to
safely operate the plant? (A)

How are upgraded procedures integrated with existing procedures and what
are the effects of that integration process? (B)

What are the optimal procedures to be used to minimize risk while
isolating systems? (A)

What are the optimal form of QA/QC procedures? (A)

What are the optimal procedures for preoperational and low-power
testing? (B)
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5.
5.1

5.2
5.3
5.4

5.5
5.6

8.7

5.8

5.9

5.10
5.11
5.12

5.13

5.14
5.15

5.16
5.17
5.18
5.19

Man-machine Interface - Working Level I[ssues

What are the impacts of control room design and modifications on
operator performance? (A)

What is the relative importance of the alarms in control rooms? (B)
What are optimal review criteria for control room reviews? (B)

What are the impacts of local control station design and modifications
on operator performance? (A)

Which interfaces are associated with high human error rates? (A)

What are the important aspects of human actions involving manually
operated valves, diesel generators, and communications equipment? (B)

How should advanced display technologies be used in plant control
rooms? (B)

what are the optimal means of managing information in the control
room? (B)

What are the most important things for the operator to do during
accident sequences? (B)

What are the best types of annunciators to use? (A)
How should advanced displays be assessed? (B)

How can NRC verify improvements in safety due to interface design
modific tions? (B)

What aspects of the man-machine interface are important in maintenance
activities? (A)

Should plant control rooms be completely overhauled and modernized? (B)

How can operators best obtain a mental image of the plant's state while
in the control room? (B)

How important are operations performed at locai contol stations? (B)
Should local control stations be alarmed? (B)
What are the impacts of auxiliary operators on safety? (B)

What are the control/display requirements for operating crew needs
subsequent to severe seismic event? (A)
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5.20 What is the optimal functional allocation of alarms? (B)

5.21 What are the optimal roles for various personne' during severe accident
management? (B)

5.22 What are the optimal ways of assuring safety valve positions? (8B)

5.23 What are the optimal ways of monitoring loose parts in the reactor
system? (B)
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6.
6.1

6.2

6.3
6.4
6.5

6.6

6.7

6.8
6.9
6.10
6.11
6.12
6.13

6.14
6.15

6.16

6.17

6.18
6.19

Human Reliability - Working Level Issues

What are the most important human activities in feed and bleed
operations? (B)

What are the general effects of time available to perform tasks on human
reliability? (A)

What is the utility of cognitive modeling? (B)
What is the utility of decision aids? (B)

How should errors of commission be treated in risk assessments and
regulation? (C)

What are the optimal means of identifying valves, switches, meters, and
so on, (B)

What are the relative characteristics of group versus individual
errors? (B)

What human errors can initiate an accident? (C)

What factors actually affect human performance? (A)

What are the important errors in maintenance activities? (B)
What sources of human error 4ata are there? (C)

What sources of dependency data are there? (C)

How should dependent errors be treated in risk assessment and
regulation? (C)

How can field data be used to provide feedback to licensees? (B)

What are the optimal means of using structured cxpert judgment to
estimate human error probabilities? (C)

What are the optimal means of acquiring, storing, and retrieving human
error data? (C)

How can human performance be more fully integrated into risk
assessment? (C)

Can training simulator data be used in risk assessment? (C)

How can performance modeling best be used in risk assessment? (C)
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6.20 Can sabotage be integrated into existing risk assessment methods? (B)

6.21 Can models of performance be developed for performance shaping factors
other than available time? (C)

6.22 What operator actions should be made self actuating rather than operator
actuated? (B)



7.
7.1

7.2
7.3

7.7

7.8

7.10

7.11
7.12

7.13

Management and Organization - Working Level [ssues

What is the relationship between operational history and safety in
plants? (C)

What is the number of personnel at each plant in each job position? (C)

How can the gquality of management personnel at operating plants best be
maintained? (B)

What are the demographics of personnel working at plants? (C)

What are the optimal forms of guidance and review criteria for
wanaygencnt audits? (B)

What are the organizational structure and climate at each plant? (C)

What is the optimal! way to provice reedback of experience to all plant
managements? (8B)

What major activities by management personnel are the most important in
terms of safety? (C)

What external events are most important at each plant? (B)

What is the best way to assure the management capabilities of personnel
at plants under construction? (C)

How do attitudes toward security affect site security at plants? (A)

How should operational, security, and off-site response personnel
interact and communicate during an emergency? (B)

What are the optimal form of repurting requirements for QA/0C
activities? (B)
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8.
8.1
8.2

8.3

8.4

8.5

R.6

8.7
8.8

8.9

8.10

8.11

8.12

8.13

Trustworthiness - Working Level [ssues

What are the impacts of safeguards and security activities on risk? (B)

wWhat are the appro?riate uncertainty bounds for the prcbability of a
sabotage event? (C

What is the optimal way to acquire, store, retrieve, and report
safeguards field data from licensees? (C)

What is the optimal way to avoid excessive vandalism at sites under
construction and operation? (C)

What is the best way to screen personnel for trustworthiness and
reliability? (B)

How can trustworthiness and reliability be ensured on a continuing basis
for employees? (B)

What is the established worth of employee assistance programs? (B)

What is the optimal allocation of the functions of access control and
access authorization screening? (C)

What is the optimal designation of vital areas considering both security
and safety needs? (B)

To what extent should NRC become involved in reculation of fitness for
duty measures? (C)

How should access authorization of off-site emergency response personnel
best be handled? (B)

Should trustworthiness measures such as access controls be relaxed
during a safety-related event and, if so, to what extent? (C)

To what extent does a behavioral observation program better assure
trustworthiness? (C)
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9.
9.1

9.2

9.3

9.4

9.5

9.6

9.7

9.8

9.9

9.10
9.11

9.12

9.14

9.15

9.16

Maintenance - Working Level Issues

What is the optimal role of maintenance in preventing the aging of
components? (B)

What are optimal requirements for assuring an adequate supply of spare
parts at plants? (C)

What maintenance practices correlate with reactor scrams trips and
safety system challenges? (C)

What sources of equipment performance data are available and how useful
are they? (C)

What is the utility of the SALP ratings in evaluating maintenance
practices? (C)

What are the optimal means of conducting test and surveillance
activities in terms of risk? (B)

What components and systems at plants are routinely maintained and how
often? (C)

What zre the maintenance practices of other industries with similar
needs? (C)

What are the critical considerations in taking equipment out of service
for maintenance? (B)

How should maintenance tasks be staffed? (A)

Can organizational and management factors be identified that critically
impact maintenance in operating nuclear power plants? (B)

What are the acceptable maintenance requirements, standards, and
criteria for use in evaluating plant-specific mainterance programs and
activities? (B)

What are the appropriate methods for validating and verifying correct
performance of maintenance work, authorization, and control when systems
or components are taken out of service? (B)

Can a technic») nh.sis be established for the training/qualification of
maintenance per.unnel? (B)

What is the proper extent of requlatory activitity concerning
maintenance of security systems and equipment? (B)

How can the availability of safety-related systems he improved? (B)
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APPENDIX C
DATA ELEMENT TABLES FOR EACH WORKING LEVEL [SSUE

In this appendix, the d4ata elements required to address each Type A and B
working level issue identified in Appendix B are listed, An entry "ALL" in
the data element tables means the data on all corresponding entries in that
category of Table C.1 are required to satisfy that working level issue data
needs,

Table C.1 Categories and Elements for Developing Data Elements
From Working Level lssues,

Individuals and

Performance

Groups Shaping Factors Actions Situations Systems
Plant Manager Equipment Design Testing Loss of Coolant Safety-related
Shift Super-isor Workplace Layout Operating Accident Systems
Shift Tech., Adviso~ Habitability Monitoring Loss of Off-site Power Structures
Senfor Reactor Op, Time Available Inspecting Other Transients Non-safety
Reactor Operator Staffing Checking System I[solation Systems
Auxiiiary Operator Organizational Deciding Normal Operation
Maintenance Mech, Climate Managing External Event
1A Tech, Joh-related Training Commynicating Outage

Chemistry Tech,

Inform:ition Feedback

Calibrating

Health Physics Task Complexity Responding
Tech, Regulations Maintaining
Engineers Stress

Security fuard Fatigue

QA/QC Tech, Attitude

Contractor Job-related Experience

Personnel Fitness for Duty

Operations Org.
Maintenance Org,
14C Org.
Cnemistry Org,
Health Physics Org,
Engineering Org,
Plant Managemont
QA/0C Org.
Security Org,
Off-site Response
Personnel

Perceived Risks
Procedures

c-1
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Appendix C
Data Element Tables for Working Level Tssues

1 2 3 4 5 6
Data Elements
Working

Level Issue Individuals & Situa-

Identifiers Groups PSFs Actions tions Systems
1.1 All Al Al AN All
1.2 All Job-related Training All ANl All
1.3 All Job-related Training ANl All Al

Job-related Experience
1.4 All Organizationa! Climate All All ALl
1.5 Al Organizational Climate All Al All
1.6 All Organizational Climate Al Al Al
1.7 Shift Tech. Advisor All Monitoring All All
Inspecting
Checking
Communicating
Responding
1.8 Plant Manager ALl Monitoring ALY Al
Inspecting
Checking
Deciding
Managing
Commmicating
Responding
1.9 All All Al All Except All
System Isolation
Normal Operation
Outage
1.10 ATl Staffing Al Al ANl
Stress
Fatigue

Attitude
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Data Element Tables (Continued)

1 2 3 4 5 6
Data Elements
Working
Level Tssue Individuals & Situa~
Tdentifiers Croups PSFe Actions tions Syatrms
1.11 Al All Monitoring Normal Oneration All
Checking
1.14 Al All All All ANl
.15 All Staffing All Al Except All
System Isolation
Normal Operation
Outage
1.19 All Staffing Al All ANl
1.20 Shift Tech. Advisor All Deciding All Except All
Engineers Managing System Isolation
Engineering Org. Communicating Normal Operation
Responding Outage
1.21 All Job-related Training All All ALl
.22 All Job-related Experience Al Al All
1.23 Al Staffing Checking All All
Job-related Training Managing
Job-related Experience Communicating
1.2% Senior Reactor Op. Al} ALl ALY All

Reactor Operator
Auxiliary Operator
Maintenance Mech.
T4C Tech.

Security Guard
QA/QT Tech.
Operations Org.
Maintenance Org.
QA/QC Org.
Security Org.
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vats Element Tahles (Continaed)

1 2 3 “ S 6
Data Elements
Working
Level Tssue Individuals & Situa-
Identifiers Groups PSFs Actions tions Systems
1.2 All Organizational Climate All Al Al
Job-related Training
Task Complexity
Regulations
Attitude
Job-related Experience
1.26 All All All All Al
1.27 All Job-related Training All Al All
Joh-related Experience
1.28 Plant Manager Time Available Deciding All Except All
Shift Supervisor Job-related Training Communicating System Isolation
Senior Reactor Op. Information Feedback Responding Normal Operation
Reactor Operator Task Complexity Outage
Operations Org. Job-related Experience
Procedures
1.29 QA/QC Tech. Staffing Testing System lsolation All
QA/QC Org. Joh-related Training Monizoring Normal Operation
Task Complexity Inspecting Outage
Regulations Checking
Job-related Experience Deciding
Communicating
1.% Off-site Response Staffing Deciding All Except All
Personne Joh-related Training Managing System Isolation
Job-related Experience Communicating Normal Operation
Responding Outage
z.1 Senior Resctor Op. Job-related Training All Except All Al
Reactor Operator Maintaining
Auxiliary Operator
2.2 Maintenance Mech. Jobh-related Training Inspecting System Isolation Al
Maintenance Org. Checking Normal Operation
Maintaining Outage
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Data Element Tables ‘C

Working
Iasue

Jrganizational

qu i pment Design

Information Feedback
Task Complexity

Procedures

Maintenace
Maintenan

Shife

Senior

React

Auxili perator
Jperations Org

Plant Management







c




wki

ng

Issue

f

Lers

Senior Reactor »

Reactor Operator

Auxiliary Operat

On

ary Operator

sv Reactor Op
perator

rary Operatl

liarvy Operator

Shift Supervisc
Senior Reactor
Reactor Operator
Auxiliary Operator

\‘\.iv atiro

Superv
yvr Reactor Op
s Operator

iary Operator

Data Element

Data Elements

Equipment Design Except
Workplace Layout brating
Information Feedback Maintaining
Task Complexity

Stress

Perceived Risks

Procedures

4
Operating

yring

Equipment Design

ipment Design
‘v'.".v‘ i1ty
yrmat ion Feedback

edures

Equipment Design
Information Feedback

Procedures

External

Event

Svatems




ement s

Individuals &

Groups

Plant Manager Equipment Design Testing System Isolati

Shift Supervi Information Feedback Operating Normal Operation

Senior Reactor Op Task Complexity Monitoring Outage
Reactor Operator Procedures Inspecting

Auxiliary Operator hecking

Chemistry Org

Senior Reactor Op. Equipment Design 1 Normal Operat

Reactor Operator Information Feedback

Auxiliary Operator

Maintenance Mech

Shift Supervisor
Senior Reactor Op
RP;‘\':" "P"ta' 2 4

Auxiliary Operator

Shift Supervisor Equipment Design

1

Senior Reactnr Op. Job~related

Training

Reactor Opers Information Feedback
Task Complexity
Attitude

-

Job~related Training
Information Feedback
Task wplexity

Procedures

Shifr
Shifr Te
Senior Rea
Reactor
Auxili
Maintenan
15 Tech
Maintenan
1&C Org




Working
Level Issoe

[dentifirers

Maintenance Mech

Maintenance Org

Plant Management

Manager Staffing
Managenent Jrganizational limate
Jobh~related Training
Regulations

Attitude

Manager
Management

Plant Manager m Feedback

Plant Management

hemistry R
Plant Managemen
Security Org
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