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1. OVERVIEW AND SUMMARY OF RESULTS [
'

; O This report describes the methodology, analysis, and results of an ,

'evaluation of operator performance as it relates to the analysis of
accident scenarios in the TMI-1 PRA.

,

'

1.1 OVERVIEW

The objective of the human actions analysis task is to enhance the
completeness of the plant event sequence models with respect to both
favorable and unfavorable operator actions. The purpose of the human
actions analysis task is then to quantify the frequency of failure of
selected human actions in order to help delineate the human contribution
to the plant damage state frequencies.

Current techniques for human action analysis are limited. Different
analytical mode'is are required for different types of human errors, and
there are few operator error data available that are relevant to the
operation of nuclear power plants at a level of detail suitable for
incorporation into this analysis. The field of human action analysis is
evolving rapidly. The approach adopted in this study benefited from a
review of recent publications in the field. In particular,
References 1-1 through 1-6 provided many useful ideas. In deciding which
approaches to adopt for this study, repeatability and clarity were highly
valued. Plant-specific design and procedures were a major input to the
analysis of human actions adopteo in this study. However, the level of

O detail in these plant features explicitly accounted for was limited. For
example, no attempt was made to distinguish human error rates on the
basis of whether power was available to all the indications in the
control room. This deemphasis on the level of detail associated with
each action was chosen because the amount of data available were judged
insufficient to justit, more detailed models at this time. By focusing
on a smaller number of key influence factors (described in Section 2) in
determining the human error frequencies, an attempt is made to be
consistent in quantifying the impact of these factors on each of the
human actions evaluated. In this way, the relative importance of the
human actions should be preserved.

Different approaches are used for evaluating different types of human
actions. In this study, human errors are first separated by type,
according to the timing of the action. Figure 1-1 illustrates this
classification of human actions by type. Actions that take place prior
to the accident initiator may involve test and maintenance errors that
can inadvertently result in misalignment of a system. Such actions are
performed routinely, and errors in their performance only impact the
plant at or below the systems level; i.e., degrades parts or all of only *

one system.

A second type of human action includes those actions that inadvertently
initiate plant events; e.g., cause a reactor trip. These events are
implicitly included in the historical data base that is used to estimate

O
1-1
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the frequency of such events. Therefore, explicit quantification of the
specific human actions that may initiate plant events was not, performed.

The third type of human actions comprises those that may take place after
some other event initiates a plant accident sequence. As illustrated in
Figure 1-1, this third type of human error is conveniently divided into
two subtypes: dynamic human errors and recovery actions. Actions of
each subtype are described and evaluated in this study. Dynamic human
actions are those that the operator performs to supplement the automatic
response of plant systems for event mitigation, actions that he may take
that change or detract from the automatic response of plant systems, and
specific actions to restore previously failed systems by realigning the
system to bypass the failed equipment.

This first category of dynamic human actions can also be considered a
recovery action. However, for the purpose of presentation and because of
a different analysis approach, the tern., recovery actions, is used in
this study to refer to more complex activities to restore previously
failed systems. Such recovery actions may involve a variety of different
restoration activities because the equipment failure modes may be due to
any one of a number-of failure causes and each failure cause may require
a different course of recovery action. Also, the evaluation of such
recovery actions may be further complicated because the time available to
perform the recovery action may not be excessive; therefore, time
constraints must also be explicitly considered in detailed recovery
action analysis. Actions that involve the restoration to service of
equipment previously known to have failed along an accident sequence must
be modeled by a detailed recovery analysis; e.g., restore offsite power.
Actions involving the restoration of a system by functionally bypassing
equipment that has failed, using only other, operable equipment, may be
modeled using the dynamic action analysis methods; e.g., isolate a
leaking heat exchanger.

The human actions evaluated in this study may be categorized by type, as
illustrated in Figure 1-1. Table 1-1 defines the human actions
quantified in this study and categorizes them by type. The designators
listed for the failure frequency of each human action are prefixed by the
letter "H" to indicate that it is a human error rate. The next two
letters identify the top event for which the human error rate is used in
the analysis. Finally, an integer suffix is used to enumerate the
different actions used in each analysis. For some top events, none or
only one human action is evaluated. For the analysis of other top
events, several human actions must be considered.

Review of Table 1-1 reveals that human actions are evaluated for both
frontline (e.g., BW, C3, CA, CD, CS, etc.) and support system top events

.

(e.g., CV, EA, and NS).

The methodologies for evaluating each type are described in Section 2
Information relevant to the assessment of all human actions for TMI-1 is
presented in Section 3. Documentation for the assessed evaluation of
each specific human action is provided in Section 4

O

1-2
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|

1.2 SUMMARY OF RESULTS

O :
*

The human actions quantified in this study are defined in Table 1-1. A :
J total of 137 distinct human actions were quantified separately. Of }these, 31 were errors involving routine tasks that take place prior to

.
' initiation of a plant transient. There were 95 dynamic human actions and |

11 recovery actions explicitly modeled. The quantification of these !
human errors is described in more detail in Section 4 Tables 1-2, 1-3, ;

and 1-4 summarize the quantitative results for the actions defined in !
Table 1-1. Table 1-2 provides the probability of failure frequency |

i distributions for the dynamic and recovery actions. Tabla 1-3 provides ;

i the distributions for the basic human error rates used for quantifying [the error frequencies for routine human actions, nonviable dynamic,

actions, and errors of misdiagnosis. Table 1-4 indicates how the basic
;

; human error rates are combined to quantify the error frequencies for the ;
routine human actions.

1.3 REFERENCES ;

1-1. Nuclear Safety Analysis Center (NSAC), "0conee PRA, A Probabilistic
Risk Assessment of Oconee Unit 3," cosponsored by NSAC, Electric i,

Power Research Institute, and Duke Power Company, NSAC 60-SY, j
'

Section 6 and Appendix C, June 1984. (Primary author of Oconee PRA |is NSAC; Pickard, Lowe and Garrick, Inc., eit' er authored or ir
coauthored "Data Base Development," "Turbine Building Flooding," i
"Seismic," and "Fire.") |O t

1-2. Hannaman, G. W., A. J. Spurgin, et al., "Systematic Human Action |Reliability Procedure (SHARP)," NUS Corporation, prepared for i
Electric Power Research Institute. EPRI NP-3583, June 1984 ;

1

1-3. Hannaman, G. W., "Human Cognitive Reliability Model for PRA ;

; Analysis," NUS Corporation, NUS-4531, Rev. 3, prepared for Electric !
Power Research Institute. December 1984 ;

1-4 Beil, B.J., and A.D. Swain, "A Procedure for Conducting a Human i

Reliability Analysis for Nuclear Power Plants," NUREG/CR-2254, |,

May 1983.
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1-5. Swain, A.D., and H.E. Guttmann, "Handbook of Human Reliability !
Analysis with Emphasis on Nuclear Power Plant Applications " Sandia ;

National Laboratories, prepared for U.S. Nuclear Regulatory |
4

Commission, NUREG/CR-1278, SAND 80-0200, August 1983.
!.,

1-6. Pickard, Lowe and Garrick, Inc., "Seabrook Station Probabilistic !.

Safety Assessment," prepared for Public Service Company of New |
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TABLE 1-1. TMI HUMAN ACTIONS FOR QUANTIFICATION

O
Sheet 1 of 15

Human
Designator Action Description

Type

HAM 1 Dynamic Operator fails to bypass the instrument air dryer
transfer valve in the event it sticks betweer, dryers
restricting flow to both flow paths. It takes about
10 minutes for the air pressure to drop to low
levels. After loss of air pressure, reserve bottles
on the seal injection and intermediate cooling
air-operated valves maintain their position for about
another 10 minutes. The bypass must be established
before these valves fail closed.

HAM 2 Dynamic Operator fails te manually reload the instrument air
compressors following a loss of offsite power. One
train of vital electric power is also assumed failed.

,

H3W1 Dynamic Operator fails to start the HPI pumps and to open the
BWST suction valves, MU-V14s (used in BW-2), and to
open the MU-Vlus to establish HPI cooling.

HBW2 Dyaamic Like HBW1, but after recovery from station blackout
(used in 9W-3, RE-1, or RE-3 success). EFW is
conservatively assumed unavailable.

HBW3 Dynamic Like HBW1, but af ter recovery from loss of river water
(used in BW-4). EFW is assumed available.

HC31 Dynamic Operator fails to isolate seal return using a push
button in the control room for containment isolation
purposes, given that the 30-psig reactor building
pressure actuation system fails. A severe core damage
sequence is assumed in progress. The action must be
completed before the containment failure pressure is
reached.

HCA2 Dynamic Operator fails to manually actuate the reactor
building 4-psig containment isolation signal, given !

that the reactor building is unisolated, preventing '

pressure from ever reaching the 4-psig setpoint (purge
is in progress at the time of the accident). Operator |
asst'mes that a core damage sequence is in progress. ;

- _

!

9|
!

i
1

I~4 I0495G120986HAAR



___ - _ .. . __ _ _ _

TABLE 1-1 (continued)
O, !

Sheet 2 of 15 )
Human I

Designator Action Description |
Type

HCA3 utine Operator miscalibrates two or more ESAS channels
auring the refueling outage calibration.

HCA4 Routine The independent verifier fails to detect the
miscalibration of two or more ESAS channels,

j

HCD1 Dynamic Operator fails to initiate cooldown and
depressurization if the ADVs and pressurizer spray are
available. Also includes the remote manual action to
open the low pressure injection valves (DH-V-4A and
DH-V-48) and to start the DHR pumps [used in CD-1 and
CD-1(0P)].

HCD2 Dynamic Operator fails to perform a slow cooldown and )
depressurization, given that he originally decided to
attempt the cooldown but the usual equipment (RCPs,
spray valve, or ADVs) was not available. This action

p may include local control of the ADVs if they
V originally fail to respond or locally opening the

DH-V-4A and DH-V-4B valves if they fail [used in CD-1
and CD-1(0P)].

HCD3 Dynamic Operator fails to take action to cool down and
depressurize by using ADVs and pressurizer spray and
opens the DH-V4s for DHR cooling when vital bus ATA is
not available. Operator must use the backup manual
loader [used for CE-1(AA)]. A steam generator tube
rupture sequence is assumed to have occurred.

HCD4 Dynamic Like HCD1 except for steam generator tube rupture
events. The decision to initiate cooldown and
depressurization must be accomplished within 12 hours
of the tube rupture [used in CE-1 and CE-1(0P)].

HCDS Dynamic Operator fails to initiate cooldown and
depressurization using pressurizer vents and the PORV
following a steam generator tube rupture and a loss of
offsite power, which precludes pressurizer spray.

HCF1 Dynamic Operator fails to remotely establish reactor building
cooling after loss of river water using the industrial
coolers.

O

0495G010887HAAR

, .- . - ._. - _ - . . . . - . - - . , . _ ,,



TABLE l-1 (continued)

Sheet 3 of 15

Human
Designator Action Description

Type

HCF2 Dynamic Operator fails to remote manually regulate RBEC water
pressure, given failure of RR-V6. The accident
sequence evaluated is assumed to result in core damage
and a continually rising containment pressure. It '1

assumed that 10 minutes are available for action
before the pumps would fail.

HCSI Routine Frequency of misaligning the RBS test valves after
testing.

HCS2 Routine Error rate of the independent verifier failing to
detect the misalignment in HCSI.

HCS3 Routine Frequency of misaligning the RBS pressure switch
isolation valves.

HCS4 Routine Error rate of the independent verifier failing to
detect the misalignment in HCS3.

HCS5 Dynamic Frequency of the operator failing to actuate the
containment spray system. The 30-psig actuation
signal does not occur because a containment purge was
in progress at the time of the accident and was not
subsequently isolated. A core damage sequence is
assumed to have occurred.

HCV1 Dynamic Operator fails to realign the system to the normal
(once-through) alignment in the event that the
recirculation damper ( AH-D-36) f ails to open following
an ESAS actuation or in the event chilled water is
lost so that outside air is needed to limit the
circulating air temperature.

~

HCV2 Dynamic Operator fails to start a standby train of fans ,

or. chilled water in the event that the operating. train

fails. Offsite power is assumed available.

HCV3 Dynamic Fraction of the year that the chilled water system is
not needed because the outside air temperature is
sufficiently low. The operator action to align for
once-through flow is treated separately.

-_

9

1
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TABLE 1-1 (continued) i

Sheet 4 of 15
Human

Designator Action Description
Type

HCV4 Dynamic Similar to HCV8 except that no ESAS signal is
present. Operators fail to establish alternative
cooling for the control building, given an initial
loss of ventilation. Used for the LOCV initiating
event.

HCV5 Dynamic Failure of operator to manually open a single. control
building ventilation damper, which transferred closed, i

prior to overheating equipment in the affected room.
All support systems are assumed available. A plant ,

trip is assumed to have occurred. |

LCV6 Dynamic Operator fails to restart the control building
ventilation fans and chilled water train following a .

loss of offsite power. A failure of one train of !

engineered safeguards power is also assumed lost. ?

| HCV7 Dynamic Operator fails to align the control building i

ventilation system to the recirculation mode when no-
' ,

ESAS signal is present. One of AH-D-5, AH-D-37, or |
; AH-D-39 is assumed to have transferred closed. It is !
| assumed that the event occurs during the time of year '

when the system is primarily on outside air. ;

HCV8 Dynamic Operator fails to establish alternative control

building ventilation using portable fans (or hallway
fans) and elephant trunks to direct the ficw. ;

Ventilation is assumed lost initially. An ESAS signal :
is assumed present. It is assumed that 2 to 8 hours

| are available to establish the alternate ventilation,
i

HCV9 Dynamic Similar to HCV8 except that ventilation is lost only .i

after an initial period of 2 hours. During the first i

2 hours, DC power supplies the vital instrument buses,,

! which hold the room dampers open although engineered
safeguards electric power train B is assumed failed.
An ESAS signal is assumed present.

HDEA1 Routine Duration (in hours) until detection of multiple
miscalibrated ESAS channels.

1

0
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TABLE l-1 (continued)

Sheet 5 of 15
Human

Designator Action Description
Type

HDEA2 Routine Duration until detection of single miscalibrated ESAS
channel (in hours).

HDEF1 Routine Duration until detection of a valve misalignment
fol'owint; testing of a pump in the EFW system.

HDEF2 Routine Duration until detection of an error in the
calibration of a sensor channel.

HDH1 Dynamic Operators fail to turn off an operable DHR pump
following ESAS actuation, given that cooling water
flow from the corresponding DHCCW pump is not
available. The operating DHR pump must be secured
within approximately 20 minutes to avoid overheating.

HDH2 Routine Operator misaligns the DHR system after pump testing
(used in all LP and DH split fractions).

HDH3 Routine Error rate of the independent verifier failing to
detect the misalignmer.t of HDH2.

HDTl Dynamic Operator fails to take action to prevent boron
concentration effects following a LOCA when the plant
is in recirculation from the containment surap.

HDRTl Routine Average duration until detecticn of error of failing
to remove byoass from RPS af ter testing (used with
HRTl and HRT2).

HDRT2 Routine Duration to detection of multiple errors of
calibration of RPS channels (used with HRT3 and HRT4).

HDRT3 Routine Duration to detection of error of miscalibration of a
single RPS channel (used with HRT5 and HRT6).

HEAL Routine Frequency of miscalibrating two or more ESAS channels
after testing.

Q

HEA2 Routine Error rate of the independent verifier failing to
detect the miscalibration of HEAL.

HEA3 Routine Frequency of miscalibrating one ESAS channel after
testing.

O
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TABLE 1-1 (continued)

O
Sheet 6 of 15 |

Human
Designator Action Description

.

Type

HEA4 Routine Error rate of the independent verifier failing to ;

detect the miscalibration of HEA3. ;

HEF1 Dynamic Operator fails ,to replenish the 2-hour backup air *

supply after a loss of offsite power in which the
instrument air compressors were not successfully
loaded onto a diesel generator in time or to send an
auxiliary operator to open the EF-V30s.

HEF2 Dynamic Operator fails to properly control EFW flow locally
af ter a loss of automatic control. The EF-V-30s fail :
closed and must be opened locally to ensure success of |
Top Event EF . System actuation was previously -

successful.
7

HEF3 Dynamic Operator restores instrument air by changing air i

bottles in the 2-hour backup air system (used in the
steam line break tree for a break in the intermediate ;
building).

HEF4 Dynamic Similar to HEF1 except for the case when all !
engineered safeguards electric power is lost.
Operator fails to replenish the 2-hour backup air
supply or to send an auxiliary operator to open the
EF-V30s.

.

HEF5 Dynamic Operator fails to manually actuate emergency
feedwater, given that automatic actuation tails. The
allowed time for action is 30 minutes.

HEF6 Routine Operator fails to restore the EFW system to the normal -

alignment following test or maintenance. One train is
then not available.

HEF7 Routine Failure of the independent verifier to detect the EFW |
system restoration error described above .for HEF6.

|

HEF8 Dynamic Operator fails to properly control EFW flow locally
after one or more of the EF-V-30s fails open
mechanically or by failure to receive a signal to
close down. This action is ured in the evaluation of
Top Event EF+.

O

0495G120986HAAR



1

1

TABLE l-1 (continued)

Sheet 7 of 15
Human

Designator Action Description
Type

HEF9 Dynamic Operator fails to properly control EFW flow remotely
after one or more of the EV-V-30s fails open
mechanically or by failure to receive a signal to
close down. This action is also used in the
evaluation of Top Event EF+.

HEF10 Dynamic Operator fails to close C0-V-13 or C0-V-14B, given
that the hotwell high level alarm comes in and the
problem is due to CO-V-7 or C0-V-8 failing open.

HFW4 Dynamic Operator fails to manually control 0TSG ?evel af ter
automatic control has failed.

HFW5 Dynamic Operator fails to manually control main steam pressure
af ter automatic control has failed.

HGAl Dynamic A conservative estimate of the failure to recover
offsite power within 6 hours, assuming at least one
diesel generator is running.

HHAl Dynamic Operators fail to instruct divers clearing debris from
the pump house to surface and stand clear so that the
DHRW pump out for maintenance can be restored.

HHL1 Routine Frequency of leaving the decay heat removal system
misaligned follow 1ng test. Manual valves DH-V-12A and
DH-V-128 are not restored to the normal system
alignment.

HHL1A Dynamic Operator fails to remotely open the DHR drop line
valves to go on DHR following a successful normal
plant cooldown (IC-ESV MCC is available).

liHL1B Dynamic Operator fails to locally open the DHR drop line
valves to go on DHR following a successful normal
plant cooldown (used for HL-1 if IC-ESV MCC is
failed).

.

HHL2 Routine Error rate of the independent verifier failing to
detect the misalignment of DH-V-12A or DH-V-12B
described by HHLI.

O

0495G121186HAAR l-10



.- . . .-_-__ -

TABLE 1-1 (continued)

Sheet 8 of 15

Human
. Designator Action Description

Type

HHP 1 Dynamic Operator fails to manually start makeup pump B
following a loss of offsite power. _0ne vital train of
electric power and the opposite train of decay heat-
closed cooling water fail. Makeup pump B is stripped
as a result of the loss of power and must be manually
loaded onto the diesel generator.

HIC 1 Dynamic Operator fails to take manual control of the main
feedwater valves, giver. auto-ICS control failure.

HIC 2 Dynamic Operator fails to manually trip the main feedwater
valves to control flow.

HIC 3 Dynamic Operator fails to set the manual loader to zero, given
that the manual loader was not initially set to zero.

|

HIC 4 Dynamic Operator fails to manually control the TBVs and ADVs
using the hand / auto station, given failure of

m autopower from bus ATA. It is assumed that 5 mir.utes
are available for action.

HICS Routine Frequency of the atmcspheric dump valve manual loader
to inadvertently be left at the nonzero (or normal)
position.

HIC 6 Routine Fraction of time that the backup manual loader would
be left in the nonzero position if inadvertently
mispositioned; i.e., frequency manual loader is used
times the average duration until detection.

HID1 Dynamic Operator fails to identify a steam generator tube
rupture as such; failure assumes that the operator
takes it for a very small LOCA.

HID2 Dynamic Similar to HID1 except that offsite power is lost.
Failure of the operator to identify a steam generator
tube leak. Flow to the main condenser is now not
available.

HINJ1 Dynamic Operator fails to open MU-V14A and start the standby
makeup pump to provide seal injection flow when no
ESAS signal is present (used in INJ-1).

1

O
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TABLE 1-1 (continued)

O
Sheet 9 of 15

Human
Designator Action Description

Type

HINJ2 Dynamic Operator fails to locally open the makeup pump
cross-connect valves (MU-V76A/B) and suction valve
MU-V148 and to start makeup pump C after failure of
makeup pumps A and B flow paths (used in INJ-2).

HINJ3 Dynamic Operator fails to locally open the nakeup pump
cross-connect valves (MU-V76A/B) after failure of
A and B makeup pump flow paths and an ESAS signal is
present (used in INJ-4).

HINJ4 Dynamic Operator failure to locally reopen MU-V20 after
instrument air failure (Top Event AM failed) [used in
INJ-1(AM), INJ-2( AM), INJ-3( AM), and INJ-4( AM)].

HLTIA Dynamic Operator fails to take actiors tc switch from the
mdkeup tank to the BWST for ...akeup pump suction within
25 minutes during a normal cooldown.

HLTIB Dynamic Operator fails to take actions to provide makeup to
the BWST from Unit 2 during cooldown within 24 hours.

HLT2 Dynamic Similar to HLT1B except during a steam generator tube
rupture after a failure to previcusly cool down and
depressurize to go on DHR (used in LT-2). There are 8
hours available to make the transfer.

HMR1 Dynamic Operator fails to reestablish makeup pump
recirculation after ESAS clesure of MU-V-36 and
MU-V-37 and after successful manual throttling of HPI
flow. Failure to establish recirculation may result
in failure of one or more makeup pumps.

HNS1 Dynamic Operator fails to isolate a leaking, ruptured nuclear
services heat exchanger. All support is assumed
available. It is assumed that 30 minutes are
available for action between the time a surge tank low
level alarm is received until a loss of system cooling
capability.

HNS2 Dynamic Operator fails to start an NSRW pump, given a loss of
one train of AC power, and the remaining powered pump
was not selected to engineered safeguards. Failure of
power to IC-ESV MCC would prevent the pump B discharge
valve to open. High temperature motor alarms would be
expected in 2 to 3 minutes.

0495G120986HAAR



TABLE 1-1 (continued)

Sheet 10 of 15
Human

Designator Action Description
Type

HNS3 Dynamic Operator fails to start the standby auxiliary building
ventilation train on failure of the running train,
assuming the conditions for an engineered safeguards

i signal are present but only one train of actuation
I signals occurs.

HNS4 Dynamic Same as HNS3 except that no engineered safeguards
signal from either train is available.

HNS5 Dynamic Same as HNS4 except this action is used for the loss
I of nuclear services cooling initiating event or for
| NS-1; i.e., all support available,

HNS6 Dynamic Failure to isolate a leaking heat exchanger suppliedt

| cooling by NSCCW. It is assumed that 30 minutes are
l available for action between the time a surge tank low

level alarm is received until a loss of system cooling
g capability. Initial surge tank level is assumed to be
g near the low level alarm setpoint.i

HNS7A Dynamic Failure to locally isolate an NSCCW pump that has lost
electric power and whose check valve suffers a gross
reverse leakage.

HNS78 Dynami c Failure to locally isolate an idle NSCCW pump, which
has failed mechanically earlier (i.e., power is
available to it, but the valves are manual), and whose
check valve suffers a gross reverse leakage.

HNS8A Dynamic- Failure to locally isolate an idle NSRW pump whose
-

check valve suffers a gross reverse leakage. Offsite
power and the train of vital electric power to the
pump and its discharge valve are failed.

HNS8B Dynamic Failure to remotely isolate an idle NSRW pump whose
check valve suffers a gross reverse leakage. Power is
available to the pump and to its discharge valve. <

HP01 Dynamic Operator fails to manually open the PORV for HPI
cooling when the support systems needed for automatic
control are not available. Makeup pumps have ,

sufficient high pressure capacity if automatic
pressure control is working.

O
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Sheet 11 of 15
i

Human
Designator Action Description

Type

HRC1 Dynamic Operator fails to close the PORV block valve (used in
RC-4, RC-5, RC-6, RC-7, RC-8, and RC-9) i f the PORV
fails to reseat properly.

HRC2 Dynamic Operator fails to throttle HPI after the PORV or PSVs
have passed water [used in RC-3, RC-6, RC-9, RC-6(1C),
and RC-C9(1C)] to allow the PORV to reseat.

HRE1 Recovery During a loss of all AC power, failure of the
operators to recover HPl flow before RCP seal failure
at 6 hours. Exhaustion of the batteries at 6 hours
complicates subsequent efforts to restore electric
power. EFW is assumed available (used in RE-1).

HRE2 Dynamic Operator fails to restore river water before RCP seal
failure after the operators were not able to earlier
restore river water before turbine trip occurs.
Success is achieved by the operators restoring river
water or by successfully rotating service beween the
three makeup pumps to provide seal injection without
river water (used in RE-2).

HRE3 Recovery During a loss of all AC power, failure of the
operators to recover HPI flow before core uncovery at
I hour. EFW is not available (used in RE-3).

HRE4 Dynamic Operator failure to unplug the river water pump house
screens before a loss of river water pump suction,
which eventually results in a turbine trip. Used in
the loss of river water initiating event frequency.
It is assumed that only 6 hours are allowed for
unplugging.

HRES Recovery During a icss of offsite power sequence with onsite
power available, failure of the operators to recover
offsite power within 6 hours (used in steam generator
tube rupture sequences). .

HRE6A Dynamic Failure of the operators to recover river water from a
plugging of the pumphouse screens prior to the time of
core damage resulting from a seal loca. Emergency
feedwater is assumed available. The time available
for recovery is variable, depending on the number of
river water pumps running and including approximately
6 hours from the time of plant trip, after which all
three makeup pumps are assumed unavailable.

1-14
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.

Sheet 12 of 15
Human

Designator Action Description
Type

HRE6B Dynamic Similar to HRE6A except that EFW has also failed.

HRE6C Dynamic Similar to HRE6A except that control building
ventilation has failed. The screens must be unplugged
before either a seal LOCA leads to core damage or
until the loss of control building ventilation results
in an extended loss of all AC power.

HRE7 Recovery During a loss of offsite power with one diesel
generator unavailable, failure of the operators to
recover HPI flow before RCP seal failure at 6 hours. I

Exhaustion of the batteries at 6 hours complicates
subsequent efforts to restore electric power. EFW is
assumed available.

HRE8 Recovery During a loss of offsite power with one diesel
generator unavailable. Failure of the operators to
recover HPI flow before core uncovery at I hour. EFW
is nnt available.

HRE9 Dynamic Operator fails to recover DHRW by installing a J

temporary fire hose to an operable decay heat service
ccoler from the hose station in the heat exchanger
vault to the DR-V-17A/B drain lines. This action is
applicable when the DHRW pumps fail but a leak has
developed in the RCS, which requires cooldown using
the decay heat closed cooling water system.

HRE11 Dynamic Operators fail to initiate. repair of the DHR pumps or
the DHCCW pumps, given that these pumps fail to s' art
on an ESAS signal and both OHR pump trains are not
available. This action models only the decision to
attempt the repair. The likelihood of successful
repair if repair is attempted is considered in actions
HRE13 and HRE14

HRE12A Dynamic Operators fail to locally actuate a DHR pump train,
given DC power to that train is unavailable. The - -

operators have 6 hours to accomplish the local start.

HRE12B Dynamic Similar to HRE12A except that the operators have
12 hours to accomplish the local start.

o
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TABLE 1-1 (continued)

Sheet 13 of 15 '

Human
Designator Action Description

Type

HRE12C Dynamic Similar to HRE12A except that the operators have
24 hours to accomplish the local start before the DHR
system is required.

HRE13A Recovery Operators fail to recover a failed DHR pump train by
repairing a failed DHR or DHCCW pump within 6 hours.
The decision to attempt the repair is covered by
action HRE11.

HRE138 Recovery Operators fail to recover a failed DHR pump train by
repairing a failed DHR or DHCCW pump within 12 hours.
The decision to attempt the repair is covered by
action HRE11.

HRE13C Recovery Operators fail to recover a failed DHR pump train by
repairing a failed DHR or DHCCW pump within 24 hours.
The decision to attempt the repair is covered by
action HRE11.

HRE14A Recovery Operators fail to restore a DHR punp or DHCCW pump
from maintenance within 6 hours. The decision to
attempt the recovery is covered by action HRE11.

HRE14B Recovery Operators fail to restare a DHR pump or DHCCW pump
from maintenance within 12 hours. The decision to
attempt the recovery is covered by action HRE11.

HRE14A Recovery Operators fail to restore a DHR pump or DHCCW pump
from maintenance within 24 hours. The decision to
attempt the recovery is covered by action HRE11.

HRT1 Routine Operator fails t a remove the bypass from RPS af ter
testing.

HRT2 Routine Error rate of the independent verifier failing to
detect the error of HRT1.

HRT3 Routine Operator miscalibrates two or more RPS channels.

HRT4 Routine Error rate of the independent verifier failing to
detect the miscalibration of HRT3.

HRT5 "autine Operator miscalibrates a single RPS channel.

O
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TABLE 1-1 (continued) (
!O Sheet 14 of 15

Human i

Designator Action Description '

Type |
!

HRT6 Routine Error rate of the independent verifier failing to !
detect the miscalibration of HRT5. |

HRT7 Dynamic Operator fails to manually trip the reactor by pushing
the scram button within 30 seconds following a loss of i

main feedwater and failure of the automatic trip.
,

function. ;

HRT8 Dynamic Operator fails to interrupt power to the control rod >

drives from the control room within 30 seconds, given r

failure of the automatic reactor trip function, to |
prevent an ATWS condition.

HRV1 Dynamic Operator fails to terminate feedwater to one or more
steam generator to mitigate the occurrence of a stuck
open MSSV or ADV following a plant trip given that the

'j

SLRDS fails to isolate feedwater automatically.

HSil Dynamic Operator fails to isolate the main steam lines for a !) downstream steam line break. j
'

HSI2 Dynamic Operator fails to shut the MSIVs and stop EFW to the
broken OTSG.

,

i
'

HSR1 Dynamic Operator fails to switch over to sump recirculation
following a large LOCA. Only a short response time is

,

available (about 36 minutes after event initiation, i
but only about 1 minute af ter reaching the BWST low ;

'

level alarm).

HSR2 Dynamic Operator fails to switch over co sump recirculation )and align for high pressure recirculation following a i

small LOCA. A long response time is available (about*

10 minutes are available once the low BWST level is
reached, but this would not be for about 12 hours i
after the initiator). Action includes opening the |
piggyback valves (DH-V-7A and DH-V-78).

HSR3 Dynamic Operator fails to switch over to sump recirculation
following a medium LOCA. The response time available |

is shorter than that for a small LOCA but larger than
that for a large LOCA.

HSV1 Dynamic Operator manually closes the reactor building sump

O drain valves to prevent loss of recirculation
inventory after a failure of automatic isolation (used
in SV-2).
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Sheet 15 of 15
Human

Designator Action Description
Type

HTBlA Dynamic The operators fail to initiate turbine cooling of the
RCS following a steam generator tube rupture or a very
small break. The operators have successfuily cooled
down to DHR entry conditions, but, for some reason,
neither DHR pump train is operable. Turbine cooling
is then used to continue the cooldown to stop the leak.

HTBlB Dynamic Similar to HTB1A except that the operators have
previously fa!1ed to achieve cooldown to DHR entry
conditions.

HTCl Dynamic Operator fails to locally close, with a handwheel, the
turbine-driven EFW pump steam supply valves (MS-V-13)
and to isolate the affected steam generator af ter a
steam generator tube rupture [used in TC-1 (SG), TC-2,
and TC-2(AM)]. Failure assumes that long-term makeup
to the BWST will be necessary to make up for the
continuing loss of water.

HTC2 Dynamic Operator fails to close the turbine-driven EFW pump
stean supply valves and isolate the affected OTSG
after an SGTR and failure of MF+ (used in TC-5). The
overcooling transient is assumed to be caused by a
stuck open ADV, which must be closed locally.

HTH1 Dynamic Operator fails to throttle HPI by using liU-V217.
(Operator earlier opened MU-V217 and started a second
MVP on RT/TT). No ESAS signal was generated (used in

i

TH-1). It is assumed 30 minutes are available.

HTH2 Dynamic Operator fails to throttle HPI by using MU-V16A,
MU-V168, MU-V16C, and MU-V160 after engineered
safeguards actuation (used in TH-2).

HTH3 Dynamic Operator fails to throttle HPI af ter ESAS actuation
followed by the loss of the A train of engineered
safeguards electric power. The side A injection
valves remain open and must be locally closed because ,

makeup pump B must continue running for seal injection. |

HVB1 Dynamic Operator fails to transfer to inverter IE in the event
that the inverter supplying power to vital instrument
bus VBB or VBD fails.

,

1

O
|
|
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TABLE 1-2. QUANTIFICATION RESULTS FOR DYNAMIC AND REC 0VERY HUMAN ACTIONS

Sheet 1 of 5
(

Designator Name of Distribution Mean Variance Medianp p

HAMI HE*- Bypass Instrument Air Transfer Valve, OSP Available 1.27-03 7.46-06 4.14-05 4.06-04 3.88-03
HAM 2 -HE - Restart Instrument Air Compressors, OSP Lost 4.96-02 1.05-02 1.61 -0 3 1.58-02 1 . 51 -01
HBW1 HE - Initiate HPI Cooling 3.44-02 S.45-03 1.12-03 1.10-02 1 .0 5- 01
HBW2 HE - Initiate HPI; after Blackout, No EFW 7.07-02 7.31 -03 7.84-03 3 .91 -0 2 1.88-01
HBW3 HE - Initiate HPI; after Loss of River Water, EFW Available 1 . 21 -0 3 6.73-06 3.93-05 3.86-04 3.69-03
HC31 HE - Isolate Seal Return; Automatic Signal 30 Failed 1.84-02 1.56-03 5.99-04 5.88-03 5.62-02
HCA2 HE - Manual Containment Isolation; Reactor Fullding Initially 2.95-01 8.27-02 3.26-02 1.63-01 9 . 91 - 01

Unisolated
HCD1 HE - Initiate Cooldown with ADYs and Pressurizer Spray 1.27-04 7.43-08 4.13-CE 4.06-05 3.88-04
HCD2 HE - Initiate Slow Cooldown; RCP or Spray Not Available 6.34-03 1.86-04 2.06-C 2.03-03 1.94-02

'

HCD3 HE - Initiate Cooldown without ATA, RCP, and Spray Available 1.09-04 5.48-08 3.55-04 3.48-05 3.33-04
HCD4 HE - Initiate Cooldown with ADVs and Pressurizer Spray, SGTR 1.09-04 5.48-08 3.55-06 3.48-05 3.33-04
HCDS HE - Initiate Cooldown with PORY, SGTR, and LOSP 7.83-03 2.83-04 2.55-04 2.50-03 2.39-02

7 HCF1 HE - Establish Reactor Building Cooling after. River Water Fails 4.08-01 1 . 61 -0 2 2.25-01 3.75-01 6.12-01
5 HLF2 HE - Manual Regulation of RBEC Water Pressure 5.04-01 5.75-02 1.88-01 4.22-01 9.91 -01

HCSS HE - Manually Initiate Spray; Purge in Progress 4.53-01 1.42-02 2.75 - 01 4 .24-01 6.43-01
HCV1 HE - Realign for Once-Through Flow (AH-D36, or NS fails) 5.07-02 3.76-03 5.61-03 2.80-02 1.35-01
HCV2 HE - Start Standby C8V Train after Operating Train Fails; 1.27-03 7.43-06 4.13-05 4.06-04 3.88-03

OSP Available,

HCY3 HE - Outside Air too Warm for Alternate Ventilation 5.00-02 6.25-10 5.00-02 5.00-02 5.00-02
HCV4 HE - Establish Alternate CBY Cooling Following LOCY 1.28-03 7.52-06 4.16-05 4.08-04 3.90-03
HCVS HE - Open Damper that Transferred Closed 4.91-02 3.52-03 5.45-03 2.72-02 1.31-01
HCV6 HE - Restart CBV after OSP Lost and One Diesel Generator Failed 1.29-04 7.65-08 4.19-06 4.11-05 3.93-04
HCV7 HE - Align'CBV to Recirculation Mode; No ESAS Present 2.72-02 3.41-03 8.85-04 8.69-03 8.31-02
HCV8 HE - Establish Alternate Ventilation after Plant Trip 1.28-03 7.52-06 4.16-05 4.08-04 3.90-03

*

HCV9 HE - Establish Alternate Ventilation after Plant Trip, with 1.28-03 7.52-06 4.16-05 4.08-04 3.90-03
2-hour Delay

*HE = Human Error

NOTE: Exponential notation is indicated in abbreviated form; f.e., 1.27-03 = 1.27 x 10-3,
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TABLE 1-2 (ccatinued)

Sheet 2 of 5

Designator Name of Distribution Mean Variance Median
p

HDTl HE*- Prevent 80ron Concentration Effects Following LOCA 8.87-04 3.63-06 2.89-05 2.84-04 2. 71 -0 3
HEF1 HE - Replenish 2-hour Bottles or Control EF-V30S; LOSP 6.17-02 1.81-03 1.64-02 4.68-02 1.29-01
HEF2 HE - Manual EFW Flow Control; Automatic Control Fails 2.77-02 3.55-03 9.02-04 8.86-03 8.47-02
HEF3 HE - Replenish 2-hour Cottles; SLB Sequence 3.94-01 1.24-01 4.55-02 2.02-01 9.91 -01
HEF4 HE - Control EFW Flow Following Loss of All AC 1.29-04 7.65-08 4.19-06 4.11-05 3.93-04
HEF5 HE - Manually Initiate EFW; Automatic Initiation Fails; 7 Minutes 1.76-02 1.43-03 5.74-04 5.63-03 5.38-02
HEFB HE - Manual EFW Flow Control; EF-V 30 Fails; For EF+ 2.96-02 4.04-03 9.63-04 9.46-03 9.04-02
HEF9 HE - Remote Manual EFW Flow Control; EF-V 30 FAILS; FOR EF+ 1.27-03 7.43-06 4.13-05 4.06-04 3.88-03
HEF10 HE - Remote Isolation of CST Draining into Hotwell 1.27-03 7.43-06 4.13-05 4.06-04 3.88-03
HFW4 HE - Manually Control OTSG Level after Automatic Fatis 2.61 -0 2 3.15-03 8.50-04 8.35-03 7.98-02
HFW5 HE - Manually Control Main Steam Pressure af ter Automatic Fails 1.27-04 7.43-08 4.13-06 4.06-05 3.88-04
HGAl HE - Conservative Estimate of OSP Nonrecovery in 6 Hours 1.00-02 2.50-11 9.99-03 9.99-03 1.00-02
HHA1 HE - Pull Divers from Pump House to Recirculation DHRW Pumps from 1.27-03 7.43-06 4.13-05 4.06-04 3.88-03

7 Maintenance
y HHLIA HE - Remotely Open Dropline Valves Go to On DHR 1.21 -04 6.73-08 3.93-06 3.86-05 3.69-04

HHLIB HE - Locally Open Dropline, Given 1C Failed 1 . 21 -0 3 6.73-06 3.93-05 3.86-04 3.69-03
HHP 1 HE - Restart Makeup B after Loop; One Diesel Generator and 1.27-03 7.43-06 4.13-05 4.06-04 3.88-03

Top Events HA or HB Failed
HICl HE - Manual Control of MFW Valves; ICS Failed 4.93-03 1.12-04 1. 61 -0 4 1.58-03 1. 51 -0 2

HIC 2 HE - Manual Trip of MFW Pumps 1 .1 1 - 01 1.76-02 1.23-02 6.16-02 2.9 6- 01
HIC 3 HE - Set ADVs Manual Loader to Zero if not Initially at Zere 3.54-02 5.80-03 1.15-03 1.13-02 1.08-01
HIC 4 HE - Manual Control of TBV/ADV When ATA Fails 5.17-02 1.14-02 1.68-03 1.65-02 1.58-01
HID1 HE - Identify SGTR; Condenser Available 1.27-04 7.43-08 4.13-06 4.06-05 3.88-04
HID2 HE - Identify SGTR; Offsite Power Lost 1 . 51 -04 1.05-07 4.92-06 4.83-05 4.62-04
HIfD1 HE - Start Standby Makeup Pump for Seal Injection; No ESAS 1.27-04 7.43-08 4.13-06 4.06-05 3.88-04

*

HIPU2 HE - Crossconnect Makeup Pump for Seal Injection; A and B Failed 1.27-03 7.43-06 4.13-06 4.06-04 3.88-03
HIPU3 HE - Crossconnect Makeup Pump C For Seal Injection; ESAS Present 9.43-03 4.11-04 3.07-04 3.02-03 2.88-02
hit 04 HE - Open MU-V20 for Seal Injection; Loss of Air 8.86-02 1 .81 -0 3 3.52-02 7.55-02 1 .58 -01
HLT1A HE - Switch from Makeup Tank to BWST; Normal Cooldown Failed 7.22-03 2.41 -04 2.35-04 2.31-03 2.21-02

*HE = Human Error

NOTE: Exponential nutation is indicated in abbreviated form; i.e., 8.87-04 = 8.87 x 10-4
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( TABLE 1-2 (continued)
i

| Sheet 3 of 5
5Designator Name of Distribution Mean Variance Median

p p

'

HLTIB HE*- Long-term Makeup to BWST; Normal Cooldown Fails 6.24-02 1.82-03 1.68-02 4.76-02 1 .30 - 01
HLT2 HE - Long-term Makeup to PWST; SGTR Cooldown Fails 6.56-02 1.80-03 1.89-02 5.10-02 1.33-01
HMRI HE - Establish Makeup Pump Recirtulation after ESAS and TH 3 .24 -01 9.34-02 3.91 -02 1 .87- 01 9.83 - 01
HNSI HE - Failure to Isolate a Leaking Nuclear Service Heat Exchanger 7.14-02 1.77-02 2.33-03 2.28-02 2.24-01

| HNS2 HE - Start NSRW Pump; Pump GB Failed; Not ESAS Selected 6.29-03 1.29-04 2.14-04 2.10-03 2.01-02
| HNS3 HE - Start Standby Auxiliary 8uilding Ventilation Train; Running 1.00-01 2.10-11 1.00-01 1.00-01 1.00-01
l Train Failed
| HNS4 HE - Start Standby Auxiliary 8uilding Ventilation Train; 1.00-01 2.10-11 1.00-01 1.00-01 1.00-01
; No ESAS Present
| HNS5 HE - Start Standby Auxiliary 8uilding Ventilation Train for 1.00-01 2.10-11 1.00-01 1.00-01 1.00-01
| LOCV Initiating Event

HNS6 HE - Failure to Isolate Leaking NSCCW Heat Exchanger 2.04-01 9.99-02 3.36-03 2.68-02 1.00+00
HNS7A HE - Power to NSCCW Pump Lost and Check Valve Fails 3.99-01 7.68-02 8.80-02 2.8 5-01 9.91 - 01

| 7 HNS78 HE - NSCCW Pump Fails and Check Valve Fatis to Reseat 3.99-01 7.68-02 8.80-02 2.85-01 9.91 -01
y HNS8A HE - NSRW Pump Idle and Check Valve Fails to Reseat; Power 9.36-02 1.27-02 1.04-02 5.18-02 2.49-01

l Not Available
I HNS8B HE - NSRW Pump Idle and Check Valve Fails to Reseat; OSP Av flable 1.56-02 1.13-03 5.09-04 5.00-03 4.78-02

HP01 HE - Manually Open PORY for HPI Cooling; ATA Failed 1.09-03 5.46-06 3.54-05 3.48-04 3.32-03
| HRC1 HE - Close PORY Block Valve after PORY Fails 8.87-03 3.63-04 2.89-04 2.84-03 2.71-02
| HRC2 HE - Throttle HPI after PORY Passes Water 6.17-02 1 .81 -0 3 1.64-02 4.68-02 1 .2 9- 01

HRE1 HE - Recover Electric Power; Loss of All AC; EFW Available 4.94-05 1.23-08 f .45-06 1.50-05 1.52-04
HRE2 HE - Restore River Water with Fire Service Water or Rotate 7.43-02 1 .81 -03 2.47-02 6.03-02 1 .4 3- 01

( Makeup Pumps
! HRE3 HE - Recover Electric Power; Loss of all AC; EFW Failed 8.36-04 3.76-06 2.26-05 2.44-04 2.57-03

HRE4 HE - Unplug River Water Screens before Turbine Trip 1 . 51 - 01 8.52-02 3.00-02 3.00-02 1.00+00
| ' HRES HE - Loop with Onsite Power Available; Recover OSP for SGTR 3.94-02 9.53-04 8.84-03 2.83-02 8.74-02

HRE6A HE - Unplug River Water Screens before Core Damage; EFW Available 1.90-03 1.68-05 6.20-05 6.09-04 5.82-03

*HE = Human Error

NOTE: Exponential notation is indicated in abbreviated form; f.e., 6.24-02 = 6.24 x 10-2

f
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TABLE l-2 (continued)

Sheet 4 of 5

95thDesignator Name of Distribution Mean Variance Median
Percentile Percentile

HRE6B HE*- Unplug River Water Screens before Core Damage; EFW Failed 6.07-02 5.40-03 6.71 -0 3 3.35-02 1 . 61 - 01

HRE6C HE - Unplug River Water Screens Before Loss of AC or Seal 6.98-02 1.79-03 2.18-02 5.56-02 1.38-01
Failure; CV F

HRE7 HE - Recovery Electric Power, One Diesel Generator Available, 5. 01 -0 2 1.18-02 1.42-03 1.50-02 1.54-01
with EFW

HRE8 HE - Recovery Electric Power, One Diesel Generator Available. 3.82-01 7.14-02 8.58-02 2.75-01 9.66-01
without EFW

HRE9 HE - Recover HA and HB if FXA Fails; All Support Available 1.90-03 1.68-05 6.20-05 6.09-04 5.82-03
HRE9A HE - DCCW Pump Failures; No Recovery in 24 ;iours 5.00-02 1.60-11 5.00-02 5.00-02 5.00-02
HRE11 HE - Initiate Repair of DHR/DHCW Pumps Given ESAS 1.27-03 7.43-06 4.13-05 4.06-04 3.88-03
HRE12A HE - Locally Start Decay Heat Pumps Given DC Falls, 6 Hours 1.78-03 1.47-05 5.81-05 5 . 71 -0 4 5.46-03
HRE128 HE - Locally Start Decay Heat Pumps Given DC Faf f s,12 Hours 1.63-03 1.23-05 5.32-05 5.22-04 4.99-03
HRE12C HE - Locally Start Decay Heat Pumps Given DC Fails, 24 Hours 1.63-03 1. 2-05 5.32-05 5.22-04 4.99-03

7 HRE13A HE - Nonren:f r of DHR/DCCW Pumps in 6 Hours if Failed to Start 4.00-01 4.00-08 4.00-01 4.00-01 4.00-01
$ HRE138 HE - Nonrepair of DHR/DCCW Pumps in 12 Hours if Failed to Start 2.80 -01 1.60-09 2.80 -01 2.80 -01 2.80 - 01

HRE13C HE - Nonrepair of DHR/DCCW Pumps in 24 Hours if Failed to Start 2.80-01 1.60-09 2.80-01 2.80-01 2.80-01
HRE14A HE - Nonrecovery from Maintenance DHR/DCCW Pumps in 6 Hours 3.60-01 1.60-09 3.60 - 01 3.60 -01 3.60-01
HRE14B HE - Nonrecovery from Maintenance DHR/DCCW Pumps in 12 Hours 1.40-01 1.GO-09 1.40-01 1.4 0-01 1.40-01
HRE14C HE - Nonrecovery from Maintenance DHR/DCCW Pumps in 24 Hours 2.00-02 1.60-09 1.99-02 2.00-02 2.00-02
HRT7 HE - Manual Reactor Trip with Scram Button 1.55-02 1.10-03 5.03-04 4.94-03 4.72-02
HRT8 HE - Interrupt Power to CRD; Automatic Trip Fails .l.38-01 1.79-03 7.71 -02 1 .2 7 - 01 2.0 6 - 01
HRV1 HE - Isolate MFW Following Stuck Open MSSV in 30 Minutes 3.22-02 4.80-03 1.05-03 1.03-02 9.85-02
HSIl HE - Isolate Main Steam Lines; Downstream Steam Line Break 7.43-02 8.07-03 8.23-03 4.11-02 1 .9 8 -01

Upstream Breaks
HSI2 HE - Shut MSIVs and Stop EFW to Failed Steam Generater; 8.37-02 1.02-02 9.30-03 4.63-02 2.23-01

^

Upstream Breaks
HSRI HE - Switchover to Sump Following Large LOCA 4.74-02 9.77-03 1.54-03 1.52-02 1.45-01

*HE = Human Error

NOTE: Exponential e.m.ation is indicated in abbreviated form; i.e., 6.07-02 = 6.07 x 10-2,
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TABLE 1-2 (continued)

Sheet 5 of 5
' 95Designator Name of Distribution Mean Variance Medianp p

HSR2 HE*- Recirculation Switchover Following Small LOCA 1.27-04 7.43-08 4.13-06 4.06-05 3.88-04
HSR3 HE - Switchover to SIMP Following Medium LOCA 7.22-03 2.41-05 2.35-04 2.31-03 2.21-02
HSV1 HE - Close Sump Drain Valves; Automatic Fails 7.75-03 2.78-04 2.52-04 2.48-03 2.37-02
HTB1A HE - Initiate Turbine Cooling, SGTR or VSB, CD Success 5.94-02 5.16-03 6.59-03 3.29-02 1.58-01
HTB1B HE - Initiate Turbine Cooling SGTR or VSB, CD Failure 2.06-01 2.49-02 4.65-02 1 .48 - 01 4.58-01
HTC1 HE - Locally Isolate Steam Generator Following SGTR 1.09-04 5.48-08 3.55-06 3.48-05 3.33-04
HTC2 HE - Close to EFW Supply Valves; W+ Failed 1.27-03 7.43-06 4.13-05 4.06-04 3.88-03
HTH1 HE - Throttle HPI Using MUV 217; No ESAS 1.36-04 8.53-08 4.42-06 4.34-05 4.15-04
HTH2 HE - Throttle HPI Using MUV-16S after ESAS 3.86-02 6.89-03 1.26-03 1.24-02 1 .1 8- 01
HTH3 HE - Throttle HPI after ESAS and GA Fails 1.85-01 4.15-02 2.06-02- 1.03-01 5.07-01
HVB1 HE - Transfer Instrument Bus to Inverter IE 1.27-03 7.43-06 4.13-05 4.06-04 3.88-03

*HE = Human Error

NOTE: Exponential notation is indicated in abbreviated form; i.e., 1.27-04 = 1.27 x 10~4
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TABLE 1-3. QUAfiTIFICATION RESULTS FOR BASIC HUMAN ERROR RATES

5th 95thDesignator Name of Of stribution Mean Variance Median
Percentile Pertentile

HELD HE*- Conditional Human Error Probability - Low DepeMence 6.06-02 2.22-03 1.38-02 4.37-02 1 .34 - 01

l':ND HE - Conditional Human Error Probability - Medium kpendence 1.90-01 2.58-02 3.65-02 1.29-01 4.45-01
HEHD HE - Conditional Human Error Probability - High Dependence 5.46-01 5.02-02 2.36-01 4.76-01 0.9 7 - 01
HECD HE - Human Error - Complete Dependence 00+00 2.50-09 1.00+00 1.00+00 1.00400
HEC 1 HE - Changing or Tagging Wrong Valve s.17-02 4.95-04 5.11-04 4 .31 -0 3 3.52-02
HEC 2 HE - Changing or Restoring Wrong MCV Switch 7.03-03 1.79-04 3.06-04 2.58-03 2.11-0 2
HEC 3 HE - General Error of Commission - Nonpassive Tasks 7.03-03 1.79-04 3.06-04 2.58-03 2.11-02
HE01A HE - Failure to Follow Short List - Less than 10 Items 2.34-03 1.99-05 1.02-04 8.60-04 7.05-03
HE018 HE - Failure to Follow Long List - More than 10 Items 7.03-03 1.79-04 3.06-04 2.58-03 2.11-02
HE02A HE - Failure to Detect Errors When Checking Each Item 1.Es-02 3.81 -04 1.79-03 8.93-03 4.30-02
HE028 HE - Failure to Detect Errors When Checking Reutine Tasks 1 . 51 - 01 3 .21 -0 2 1.79-02 8.93-02 4 .3 9- 01
NEFil HE - Error of Misdiagnosis - High 8.07-02 9.54-03 8.94-03 4.46-02 2.15-01
HEFN HE - Error of Misdiagnosis - Medium 2.66-02 3.28-03 8.68-04 8.52-03 8.14-02

7 HEFL HE - Error of Misdiagnosis - Low 2.66-03 3.28-05 8.68-05 8.52-04 8.14-03
$ HNV1 HE - Nonviable Slip in Selecting Similar Controls 3.75-03 7.59-06 9 .21 -0 4 2.77-03 8.08-03

HDRT1 HE - Duration Until Detection to Remove RPS Bypass 2.84+01 2.22+03 4.00+00 8.00+00 1.68+02

*HE = Human Error

NOTE: Exponential notation is indicated in abbreviated form; i.e., 6.06-02 = 6.06 x 10-2,

.
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TABLE 1-4. ERROR QUANTIFICATION FOR ROUTINE HUMAN ACTIONS i

O t

Sheet'l of 3 '

"[t fError Rate Commentsr
.i

HCA3 HEC 3*HEHD High dependence between f
-channels.

5

HCA4 HEMD Verifier reviews action as
.

'

it is performed. i
!

HCS1 HE018 - |

|
HCS2 HE02A !

-

HCS3 HE01B*HEHD Complete dependence
assumed between pressure j
switches.'

*

HCS4 HE02A*HECD Complete dependence
'

usumed betucen pressure i
switches. !

i

HDEA1 13,140 Hours /2 Assumed a conservative |O bound equal to one-half !

the time to the next i

refueling outage. ;

HDEA2 13,140 Hours /2 Assumed a conservative -
'

bound equal to one-half ;

the time to the next -

refueling outage.
i

HDEF1 720/2 Assumed misalignment i
detected, on average, i
one-half the time period i

between tests. !'

,

-HDEF2 720/2 Assumed misalignment
'detected, on average,-

one-half of the time !
period between tests.

HDH2 HE01B Assumed it would remain I
misaligned until the next {
scheduled test. l

|
HDH3 HE02A Assumed it would remain

misaligned until the next {scheduled test.

Note: Distributions for the standard error rates are given in Table 1-3.

j 0495G121386HAAR
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TABLE 1-4 (continued)

O
Sheet 2 of 3

" Error Rate Comments
nt r

HDRT1 4 to 168 Hours High probability of being
detected by the beginning
of the next shift: small
chance of not being
detected for up to I week.

HDRT2 13,140 Hours Assumed a conservative
bound equal to the time to
the next refueling outage.

HDRT3 13,140 Hours Assumed a conservative
bound equal to the time to
the next refueling outage.

HEA1 HEC 3*HEHD High dependence netween
channels.

HEA2 HE02A -

HEA3 HEC 3 -

HEA4 HEMD Verifier reviews action as
it is performed.

HEF6 HE01B -

HEF7 HE02A -

HHL1 HE01B -

HHL2 HE02A -

HICS HE01B -

HIC 6 1 day /183 Days Assumed a cnnservative
bound; 1 day to detection
and repositioned every
6 months.

HRT1 HE01B -

HRT2 HE02A -

Note: Distributions for the standard error rates are given in Table 1-3.

i
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- TABLE 1-4 (continued)

~'

Sheet 3 of 3

H{a" Error Rate Commentset r

HRT3 HEC 3*HEHD High dependence for
miscalibrating second
channel.

HRT4 HEMD Verifier reviews action as
it is performed.

HRT5 HEC 3 -

HRT6 HEMD Verifier reviews action as
it is performed.

Note : Distributions for the stanc'ced error rates are given in Table 1-3.
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2. OPERATOR RESPONSE METHODOLOGY

The methodology for the analysis and evaluation of operator actions is
described in this section. Relative to the data available for' equipment
failure rates, maintenance frequencie and repair times, there is much
less information available for evaluating the likelihood of human
actions. Essentially, one must quantify the error rates for human *

actions based on one's state of knowledge by analyzing in detail each
operator action, subject to practical constraints (e.g., budget and
schedule), and by using what other analysts have derived for similar '

situations.

Although our engineering analysis may be satisfactory, subconscious
,

biases could distort our probabilistic judgments. The potential for !
systematically distorting these judgments was pointed out previously in '

Reference 1-6. For example, it is well known that probability assessors
,

| tend to be overconfident and produce distributions that are narrower than +

| justifisd (References 2-1 through 2-3). Such a situation was encountered
in the context of specializing generic distributions for failure rates

; (Reference 2-4), and 'the tendency has been to use broader distributions '

in later work (References 2-5 through 2-7). Perhaps the best remedy for'

these potential biases is to be aware of them. Furthermore, the best i

:aeasure (not the ultimate criteria) for the acceptability of a particular '

distribution, until adequate experience becomes available, is its
i reasonableness from the engineering standpoint, as judged by the study
i team and subsequent peer review.

Other practical limitations encountered in-the analysis of human actions
are documented in Section 6.6 of Reference 1-1. Such limitations are
shared by the analytical approaches adopted in this study. These :
limitations in the methoos for quantification of human action error ifrequencies are reflected in the relatively large uncertainties ;

attributed to each event frequency assigned.

2.1 INITIAL REVIEW OF OPERATOR ACTIONS

As an initial step in the frequency evaluation of operator actions, a
complete list of actions included in all of the systems models was !

| compiled. The initial identification of the operator tasks of interest
was primarily a collection process. Operator actions had been previously
identified in the development of the event sequence diagrams and in the

; performance of the systems analysis for each top event in the event
' trees. Actions of interest, which take place prior to an accident <

initiator, were identified and their resultant impacts on the, system '
,

! evaluated as misalignment states of the system affected. Dynamic actions
were identified when called out by tne plant procedures (reviewed during

,

the development of the event sequence diagrams); for example, those to i

control and coordinate plant systems or those judged to be the likely
|operator response should the automatic systems fail. No dynamic actions

of commission (i.e., incorrect actions that, if performed, would make i

| things worse) were initially identified for quantification. |

I

O
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The identification of operator tasks is also an iterative process.
Specific operator actions to restore systems initially failed were
identified as it became apparent that such system failure modes could
dominate the system failure f requency unless credit for such obvious
operator responses were to be taken. Complex recovery actions (e.g.,
recovery of offsite power) were not evaluated in the initial
quantification of the plant mo'Jel . In the final quantification, a select
group of complex recovery actions was identified and a detailed
evaluation performed. These recovery actions were chosen to address
accident sequences found to be important in the earlier rounds of
quantification.

Thus, the quantification of error rates for human actions was performed
in a two-step process. In the first step, preliminary point estimates
were developed for the error rates of the human actions identified up to
that time. In the second step, a detailed evaluation of these and other
human actions, identified in the initial quantification rounds as being
important, was performed.

In the initial accident sequence quantification rounds, for actions that
take place prior to t'ne initiator, the basic human error rates used were
derived from the human reliability handbook (Reference 2-8). Since the
general approach used to evaluate these actions was later refined and
applied again to the final list of routine actions considered, details of
the preliminary assessment are not provided here. The final methodology
used for quantifying all errors associated with routine human actions is
documented in Section 2.2.

The initial list of dyamic actions listed were judgmentally assigned
preliminary mean failure rates. The collective judgment of five study
team members was used to assign the preliminary dynamic human error
rates. The five-member study team, which assigned these preliminary
values, had a diverse background. All five, however, had some hands-on
operational experience. Four of the five are intimately familiar with
the TMI-l design. The developer of the plant model event trees and the
systems analysis task leader were represented in the group. The GPU team
members included a former operator of the sister plant, TMI-2, and a
former supervisor in charge of operator training. The study team's
judgments were, is part, based on experience in the development of human
action error rates for previous studies and by comparisons with
assessments made by others (Reference 1-1). Each of the dynamic human
actions on the initial list was discussed extensively. Consideration was
given to the human action description, including response time available,
availability of indications, sequence initiating event, support system
state, and likely accident scenario. Table 2-1 indicates the types of
items discussed for the human action HSR2; i .e., opening of the -

containment sump valves for switchover to sump recirculation. After
discussion of each dynamic human action, the five study team members
expressed their opinions about the likely human error rate. Eventually,
the group arrived at a consensus, as noted by the asterisk alongside the
b x 10-3 value in Table 2-1. These realistic to somewhat conservative
judgments were then used in the initial rounds of accident sequence
quanti fi cati on .

2-2
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The intent was to thereby identify the most important human actions for
[. subsequent detailed review and documentation. The importance of the

failure of each human action was determined by its occurrence in the
accident sequences contributing most to the core melt frequency or to
particular plant damage states that are risk significant.

Important new human actions were then identified by examining results of
the initial quantification. The complete list of human actions was later
reevaluated using the methods presented in the following sections for the
final round of accident sequence quantification.

2.2 ROUTINE HUMAN ACTIONS - TEST AND MAINTFNANCE ACTIONS

2.2.1 OVERVIEW

Tmt and maintenance actions that may inadvertently leave a system in an
unusual alignment (i.e., not the normal aligrment called for by
procedure) are modeled in the system analyses. This category of human
actions includes errors, such as equipment miscalibration and failures to
correctly restore a system from a prior test or maintenance alignment.
Test and maintenance actions are usually all performed routinely and
successfully as part of normal plant operation. Should such errors
occur, however, they may leave the system in a degraded state until
detected, either during a routine inspection or when next tested, which
may not be for several months, depending on the procedures that apply.
The likelihood of such errors is minimized, however, by the details
provided in the written test and maintenance procedures, the equipment
tagging procedures followed, and the independent checks made by plant
personnel (other than those who originally performed the action) to
veaify that the system it properly aligned. in addition, system
operability tests are generally performed before the system is declared
operable following completion of the action (see Sr.ction 3.2). Such
system tests are performed specifically to determine if a misalignment
has occurred and to verify the proper functioning of equipment that has
been restored,

i

The systems analysis activity includes the identification of system
.

j
miscalibration or misalignment errors. Once identified, a judgment is
made about whether the error is significant. The action may be dismissed
from further evaluation by the criterion that the error does not
materially alter the system alignment in a way that degrades the ability
of the system to perform its intended function, or it may be neglected
because the impact of the misalignment error is the same as some other
equipment failure mode that is clearly more frequent, by an order of one
magnitude or more. Using such criteria, the number of system
misalignment configurations that must be =qalyzed is minimized, thereby -|
reducing the number of test and maintenansa human action errors that must
be evaluated.

Once identified and judged to be significant, the likelihood of such test
and maintenance errors are quantified using the results fram the Nuclear

iRegulatory Commission human reliability handbook (Reference 2-8). The '

O rates of such errors are developed on a generic basis rather than using
plant specific data. The results are presented for certain basic actions

i
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that are used in the systems and plant analyses, either directly or after
some modifications dictated by circumstances specific to each system or
event.

The human reliability handbook is a substantial extension of the human
reliability analysis contained in the Reactor Safety Study

(Reference 2-9). It provides qualitative and quantitative information
for assessing human errors in numerous situations and discusses
extens'vely the various factors that influence human performance.

Despite the impressive amount of work the handbook contains, the
quantitative information provided is essentially the judgment of its
duthors and is not based on actual data at nuclear power plants. It is
necessarv, therefore, to use judgment in using this information in the
study.

For a specific human error rate, the handbook usually providas a best
estimate c d upper and lower bounds. The use of a lognormal distribution
is suggesteJ with the two given bounds to be used as its 95th and
5th pcrcentiles. The handbook points out that these are merely
suggestions and that the users may, in some situations, wish to assign a
larger uncertainty band.

In most cases, the lognormal distribution is a satisfactory distribution
to use because "the perf ormance of skilled persons tends to bunch up
toward the ow human error probabilities" (Reference 2-10 page 16-6).
Indeed, the distributions developed in this section are all assumed to be
lognormai.

T:le lognormal distribution is oetermined by using the best estinate as
the median and the upper bound as the 90th percentile, rather unan the
9bth percentile that the ..andbook recommends. This follows the approach
discussed in Section 5.2.1.1.2 of the data report for evaluating expert
opinions by expressing greater uncertainty about the error ratus than the
generic sources of data typically recommend; i.e., stretching out the
original distributions.

Having made these decisions, the parameters, y and o, of the
lognormal distribution are obtained from the following equations:

exp (p) = BE (Best Estimate) (2.1)

exp (p + 1.280) = UB (Upper Bound) (2.2)

The solution is

p = En (BE) (2.3)

o = Xn ( UB ) - ]/1.28 (2.4)

Since publication of the draf t NRC human reliability handbook in 1980
(Reference 2-10), the final report has also been publisned

S
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(Reference 2-8). A few comments are now offered relative to thes

I presentation in Chapter 20 of Reference 2-8 that describe how the
analysis procedures were adopted for use in this study. Table 2-2
reflects a compilation of basic human error rates from Chapter 20 of
Reference 2-8. For ease of comparison, the search scheme, Figure 20-1 in
the handbook, is repeated here as Figure 2-1. The sources of the
estimates used in this study are cross-referenced in Table 2-2 ;f this
section to those presented in the handbook. The basic human error rates
presented in Table 2-2 are for normal conditions, as judged to be
appropriate for actions taking place prior to an accident initiator. The
use of these distributions from the handbock as followed in this study,
is illustrated by the following example. Similar calculations led to the
basic human error rate distributions presented in Table 1-3.

Example

For the rate of omission in nonpassive tasks (e.g., maintenance, test,
etc.) when written procedures, consisting of more than 10 special
instruction items with checkoff provisions, are used correctly,
Table 20-7 of the handbook gives

Best Estimate (BE): 3 x 10-3
Lower Bound (LB): 10-3
Upper Bound (UB): 10-2

From Equations (2.3) and (2.4)

y = -5.81 and a = 0.94

Therefore,

Mean: a = exp p+ = 4.67 x 10'

a2 [exp (o ) - 1] = 3.08 x 10-52Variance:

95th Percentile: exp (p + 1.6450) = 1.41 x 10-2

5th Percentile: exp(p-1.6450) = 6.40 x 10-4

Observe that the numbers are not much different from those of the
handbook.

2.2.2 ERRORS OF COMMISSION

The errors of commission that may result from routine human actions, as
modeled in this study, are restricted to actions in failing to properly
restore plant equipment from test or maintenance conditions or in
miscalibration of sensors. Error estimates for selecting the wrong valve
or control switch were taken from Tables 20-12 through 20-14 of
Reference 2-8. The handbook estimate for general error of commission
listed in Table 2-2 is used for sensor calibration errors. SpecificO estimates for the frequency of calibration errors are not provided in any
of the tables of the handbook. Other errors of commission caused by
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mi reading displays during routine tasks (i .e., Tables 20-9 through 20-11
in Reference 2-8) are not modeled in this study. It is assumed that such
errors would be easily and readily recovered prior to any significant
plant degradation or, at least, that they occur infrequently compared to
the errors that are included for routine tasks.

2.2.3 ERRORS OF UMISSION

Estimates for errors of omission for routine activities reported in
Table 2-2 are also taken from the handbook (Reference 2-8). Such
estimates are used to describe such postulated actions as failing to
restore or align valves following a maintenance activity or test. Other
errors of om ssion identified in the handbook, such as in originallyi

preparing the procedure used or in the administrative control of
implementing the provisions of the procedure, are neglected. Errors in
the original preparation of the procedures are believed negligible
because the TMI-l plant has been operated and maintained for several
years now during which time such omissions would likely have been
i den',i fi ed . Errors in implementing the procedure are not really
appropriate for the actions modeled because those of interest are the
system restoration errors after the procedure has already been at least
partially implemented. Errors of omission involving routine human
actions without procedures or written instructions were not identified or
explicitly modeled in this study; i.e., Tables 20-6 and 20-8 of the
handbook were not used.

.

Estimates for errors of omission involving the failure of a checker to gdetect an error made by someone else are adopted from the
handbook; i.e., Table 20-22. Again, errors of an administrative control
nature (i.e., Table 20-6 of Reference 2-8), such as f ailing to implement
the checking procedures, w re not modeled. The tagging and locking
administrative control systems at TMI-l are judged to be excellent, as
described in Section 3.2. Referring to the description in Table 20-15 of
Reference 2-8, TMI Unit 1 tagging and locking systems have many of the
characteristics of a level 1 system. For conservatism, however, the
nominal human error probabilities characteristic of a level 2 system are
assumed. This avoids the detailed effort required to substantiate the
level 1 values for all restoration tasks during all phases of plant
operation. The handbook estimates for failure of basic walkaround
inspections to detect system or equipment misalignments outside the
control room (i .e., Table 20-27 of Reference 2-8) are not used. For the
relevant events identified in the TMI-1 PRA, written procedures are used
to perform the walkaround. Consequently, as suggested by the NRC
handbook (see footnote to Table 20-27), the estimates for the errors of
omission and commission in routine tasks, defined previously, are used
instead of the estimates from Table 20-27.

2.2.4 DEPENDENCE AND UNCERTAINTY BOUNDS

2.2.4.1 Dependence between Human Errors

When two or more routine tasks are to be performed, the question of ;

dependence must be addressed. This study adopts the suggested treatment '

in the NRC handbook for dependence, summarized in Tables 20-17, 20-18,
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20-19, and 20-21 of Reference 2-8. Briefly stated, this approach uses
( five separate formulas that depend only on the degree of dependencej

a judgmentally assigned by the analyst as appropriate for the task in
question and for the preceding tasks. These five levels of dependence
are: zero, low, moderate, high, and complete. The handbook (Chapter 10)
defines five levels of dependence as:

e Zero Dependence (ZD): "The quality of performance, including
nonperformance, of one activity has no effect on the performance of
subsequent activities."

e Low Dependence (LD): "It is a convenient assumption to make when the
dependence between actions is clearly greater than zero but not much
greater."

e Moderate Dependence (MD): ...a level of dependence between LD and"

H0."

e High Dependence (HD): "It is a convenient assumption to make when
the dependence between two actions is not complete but is definitely
toward the higher end of the dependence continuum."

e Complete Dependence (CD): "Complete dependence between the actions
of two people is rare, but not as rare as ZO. CD between two actions
performed by the same person is more common."

73 The handbook formulas for conditional human error probabilities are
("') provided in this report as Table 2-3, these formulas are judged to

represent best estimates for the conditional human error rates.

2.2.4.2 Uncertainty Bounds

Uncertainty bounds for the basic human error probabilities suggested in
the NRC handbook are used as input in this study. However, the suggested
lognormal distributions, with the stated upper and lower bounds as the
5th and 95th percentiles and the best estimate as the 50th percentile,
are stretched out for use in this study. The upper bounds are instead
treated as the 90th percentiles of a lognormal distribution.

For conditional human error probabilities, the estimates offered by the
handbook in assigning uncertainty bounds (i.e., Table 20-21 and
Appendix A of Reference 2-8 and repeated as Table 2-4 in this section for

.

convenience) arc adopted as is in this study. No additional stretching !

of the suggested conditional human error probabilities is performed. The
handbook-suggested values cover the uncertainty in the basic human error
probability estimate, the uncertainty in estimating the degree of
dependence between tasks, and the modeling uncertainties in the formulas
that account for the degree of dependence assumed. The uncertainty
ranges reported in Table 20-21 of Reference 2-3 are therefore used
directly in this study for estimates of routine task error rates. These
distributions for conditional human error probabilities are summarized in
Table 1-3 in which it has been assumed that the underlying basic human

[] error rate is less than 0.01.
LJ
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2.3 DYNAMIC HUMAN ACTIONS

This section describes the approach taken for the evaluation of dynamic
human actions that may be required by procedure or, at any rate, take
place after the accident sequence has been initiated. First, an overview
of the approach is provided, followed by sections that provide additional
details about the evaluation of frequency estimates for nonresponse
errors, errors of misdiagnosis, and the treatment of dependencies between
tasks.

2.3.1 OVERVIEW

In this study, as in Reference 2-11 (Section 4.3.8 and Chapter 10 from
which many of the ideas in this section were taken), it is judged that
the major causes of errors related to dynamic human actions involve the
diagnosis of the event. Both failure to perform a diagnosis and
misdiagnosis are considered. In the classification scheme of
Reference 2-12, mistakes, which are errors in thL formation of an
intention, dominate the likelihood of failure to perform the dynamic
human action. Slips, which are errors in the execution of an intention,
are judged of secondary importance. This key notion is fundamental to
the approach described below.

Figure 2-2 illustrates how several categories of information are
iteratively employed in the process of evaluating dynamic human actions.
These categories of information include plant systems and human
interaction information, human performance information, and information
from the probabilistic plant model in the form of event sequence
diagrams, top event definitions for each system analysis, and a list of
initiating eveni.s. Each input to the process is briefly described below.

e Event sequence diagrams indicate human action events included in the
framework of the plant systems model. The identification of the
operator tasks of interest, the context in which they arise, and the
relevant accident sequences are identified in the development of the
ESDs (see the Plant Model Report). Sequences involving operator
action (e.g., manual trip of the reactor) are identified on the basis
that recovery by operator action is feasible should automatic systems
fail or in the event operator action is required to control and
coordinate the operation of plant systems. The definition of
possible sequences involving operator action allows one to focus on

,

'

the types of plant information required and the factors that affect
the operators in their performance. |

e Systems and human interaction information is developed by the review
of plant-specific simulator training experience, station procedures,
and the systems analysis used in the safety assessment. Sequences
identified in a review of the ESDs are compared with operator
training experience and actual plant operating experience in the
TM1-1 plant to better appreciate such performance shaping factors as |
the presentation of information and the number and importance of I

alarms. The human action analysis team included GPUd personnel with |
substantial experience in plant operations and simulator training |

experience involving the TMl Unit 1 operators. Such information j

)

I
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provides the basis for' estimating allowable operator action responsem
times and the response requirements.

e The TMI-1 PRA list of initiating events is used to describe the-
'

,

entries in the operator-plant status confusion matrix (the TMI Unit 1
specific confusion matrix is developed in Section 3.4), an extension
of the confusion matrix developed by Potash, et al .
(Reference 2-13), and used by Potash and Dougherty in the Oconee PRA
(Reference 2-14). The confusion matrix documents the study team's '

judgments about whether the operators could misdiagnose one event as
another and the effect of misdiagnosis on the operator's subsequent
actions. The development of this matrix qualitatively aids in '
identifying possible operator mistakes, the results of these
mistakes, and the possibility of recovery. The possibility that the
symptoms of a particular initiating event are confused with another ,

event are indicated as either a high (H), medium (M), or low (L) '

probability of misperception. The results of the misdiagnosis on
subsequent operator actions for plant recovery are indicated either
as h"fing a negligible impact on recovery (N) or as requiring ,

reanalysis by the operators for subsequent recovery (R). An
illustrative example of this matrix is presented-in Table 2-5. In
this table, for example, it is judged that a reactor trip initiating
event might be confused with a turbine trip and therefore may require
operator rediagnosis. The subsequent impact of this misdiagnosis on
the operator's actions, however, is judged to be negligible. The -

potential for misdiagnosis and the possible impact on the operator's
actions varies, depending on.the specific plant conditions for eachO, specific initiating event and on the time period after the initiation

,

of the event.

e The types of human performance information used in the analysis of
dynamic human actions includes expert opinion summaries of human
error estimates from previous PRA studies (Reference 2-14), the NRC
handbook of human reliability analysis (Reference 2-8), the human '

cognitive reliability model for control room crew nonresponse
probability (Reference 2-15), and a Bayesian treatment of one
scenario (operators fail to stabilize high pressure injection) using
historical evidence (Reference 2-11). The results of the Bayesian I

treatment, which examined historical evidence, is used to help ;

calibrate and as a benchmark against which to compare expert opinion.

Each of the above categories of information is used in the evaluation of
dynamic human actions. The tool used in this study to organize the
quantification of dynamic human actions for ecch selected accident
scenario is called an operator action event tree (References 2-15
and 2-16). A generalized operator action event tree representation, W
which has been modified to suit our needs, is presented in Figure 2-3. '

The generalized sequer.cc of events shown is that once the event occurs,
the operators check their indications, perform a diagnosis, then take -

action. Af terward, if sufficient time is available, additional plant
cues or the arrival of additional support personnel may lead to a
rediagnosis of the event sequence and a change in the course of action.

O The operator action tree is not a model of how operators think in that
considerable iteration (i.e., among checking parameters, diagnosis, i

,
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review of procedures, and discussion) takes place during this process.
The operator action tree, however, is used to develop the probability of
arriving at an end state in an operator sequence. Each end state with
appreciable frequency in the operator action event tree representation is
then mapped back into the plant model event trees to complete the
evaluation of the overall plant sequence frequency. The judgment of
which end states of the operator action event tree to include in the
plant model is done on a case by case basis, taking into account the
importance of the impact of the end state compared to the impacts of
other events along the accident sequence and their frequencies. Each
outcome that is mapped back to the plant event trees is modeled as either
a top event by itself or in combination with the hardware necessary to
perform the action.

For sequences through the operator action event tree, four different end
states are possible (see Figure 2-3). Success indicates that the
operator successfully contributes to the recovery of plant systems. The
end states, "nonviable action" and "incorrect diagnosis" are ways in
which an adverse operator action may degrade the response of plant
systems or lead to other events that would not otherwise have
occurred; e.g., failure to stabilize high pressure injection may result
in the operation of the primary system power-operated relief valves.

A "nonviable action" end state (i .e., sequence Al*B4*Cl in Figure 2-3) is
one in which the operator successfully diagnoses the event sequence, but
either chooses a course of action that does not remedy the situation or
is unable to accomplish the action chosen. Such nonviable courses of
action may not affect the subsequent plant response or they may actually
make things worse.

An "incorrect diagnosis" end state is one in which the operator
incorrectly assesses the actual event sequence either because he does not
detect the sequence of events correctly or he mistakenly interprets the
available indications and, as a result, takes an action that fails to

remedy the plant state or, again, may make things worse. There is also
the possibility that, despite the incorrect diagnosis, a correct action
may be taken anyway because the incorrect procedures that are then
followed may still require that the correct action be
taken; e.g., sequence A2*Hb.

Finally, the "nonresponse" end state is one in which the operator fails
to diagnose the event sequence and therefore takes no action.
"Nonresponse" end state frequencies are evaluated by the methods
described in Section 2.3.2. The methods for evaluating "incorrect
diagnosis" end states are described in Section 2.3.3. In general, the
operator action event tree sequences that result in a "nonviable action" 4

end state are believed adequately accounted for by the evaluation of the |

other dynamic human action types.

The likelihood of the operator consciously selecting a nonviable action
that worsens the plant status is very small, given that he has already 1

correctly diagnosed the accident sequence, because of the writton
procedural guidance available to the operating crew. Such errors are
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believed bounded in frequency by operator action sequences that involve
O an incorrect diagnosis ; e.g., sequence A2*B6*C2.

.
'

!

3 The likelihood of correctly diagnosed but nonviable actions that have [
essentially no effect on the plant status are assumed to be small '

relative to the error rate estimates oeveloped for nonresponse end [
states. Since tnis class of nonviable actions-also has the same effect '

as the nonresponse sequences, it is not analyzed separately.
;

Uperator slips in executing the correct, intended course of action (e.g., ,

inadvertent steam line rupture detection system actuation) might also
lead to a nonviable action. Such slips are generally only important if ;

they lead to a degradation in plant status that is not easily reversed.
A complete assessment of such slips is not perforrad in this study. When :
specific slips are identified and judged to be important, they are
included, however. 2

'A nonviable action may also effectively result in a nonresponse if there
is insufficient time to carry out the selected action. Dynamic human ;

actions for which the adequacy of the allowable recovery time is j

questionable, even if a successful diagnosis is performed quickly and the :
course of action is clear, are evaluated in a detailed recovery analysis !
if repair of failed equipment is involved or if the recovery actions are !
complex . Methods for such recovery analysis are described i.e i
Section 2.4. Otherwise, if the time available or the time required to f
perform the correct action is uncertain, these time periods are treated {

O as variables, probability distributions are assigned, and the methods of !

Section 2.3 again used. If the allowable recovery time is clearly
insufficient, no credit is given for such operator actions. .'

2.3.2 NONRESPONSE FREQUENCY ESTIMATION !
!

2.3.2.1 Overview !
L

This section describes the methods used in this study to estimate the i
frequency of nonresponse operator action sequences that result from a }
failure of the control room team to diagnose the accident sequence and '

take the appropriate action. The quantitative model adopted for this !

purpose is the human cognitive reliability model developed by Hannaman, !
et al ., for EPRI (Reference 2-15), but with some modifications. This !

model basically assumes that there are three key factors in the '

assessment of the nonresponse frequency for a control room crew; the !
dominant cognitive processing type, the median response time to perform :

the task, and the allowable time to perform the task before a change in !
'

plant status occurs. The effect of other performance-shaping factors,
such as stress level, operator experience level, and the quality of the
plant operator interface, are also accounted for in the model by !

modification of the estimated median time to perform the task. The type [of dominant cognitive processing is assumed to be unaffected by the other
f

performance-shaping factors. |
,

)

! The HCR model provides time-dependent error rate estimates for !
'

nonresponse operator action sequences. With increasing time, the
.

,

!
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mathematical correlation indicates a continually decreasing error rate.
It was judged by the TMI-1 PRA study team that, in the absence of new,
radically different stimuli, a lower limit to the control room team error
rate should be reached that would then be time independent. Lower limits
to the error rates were judgmentally assigne . These lower limits arer

adjusted to reflet t the quality of the plant interface, changes in plant
status indications, or in the makeup of the diagnosis team. A poor or
very poor plant interface is assumed to have a negative influence on the
time independent nonresponse error rate. Therefore, the time-independent
rates are adjusted up accordingly. The arrival of additional control
room crew personnel or the establishment of the emergency response team
onsite, if applicable, is assumed to have a beneficial influence on the
nonresponse error rate. Also, if indications of the plant status change
radically, this may prompt a rediagnosis of the accident sequence by the
control room crew. The time-independent nonresponse error rates are then
adjusted to account for this rediagnosis.

2.3.2.2 Implementation

The HCR model is used to describe the time-dependent portion of the
nonresponse error rates. The mathematical correlation is given by
(Reference 2-15)

It/[T*(1 + K )*(1 + K )*(1 + K )] - C11y 2 3

C21

9Cli, C21, C3i = dependent on the type of cognitive processing
involved (skill (i=1), rule (i=2), or
knowledge-based (i=3).

t = allowable response time.

T = median or best estimate of the actual response time.

F(t) = 1, i f

t/[T*(1 + K )*(1 + K )*(1 + E )] < Cliy 2 3

Performance Shaping Factors

K1 = Operator Experience

K2 = Stress Level

K3 = Quality of Plant Interface

where F(t) is the time-dependent frequency estimate for a nonresponse by
the control room crew. The values of the correlation parameters of the
HCR modei are those identified as interim values after limited
benchmarking in Reference 2-15. These assumed values are repeated here
as Tables 2-6 and 2-7.

9
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To use the HCR model, the particular dynamic operator action being
considered must first be defined and the applicable performance-shaping
factors characterized in terms that can be reflected in the model. This,

( requirement is common to all such human action response models.
Engineering judgment plays a major role in the assignment of the
performance-shaping f actors. A dynamic human action questionnaire was
developed to allow the study team to codify pertinent information '

collected about each dynamic action and to document the judgments made in
characterizing the performance-shaping factors.

; Table 2-8 lists the questions asked for each dynamic human action
considered. In part A of the questionnaire, the analyst is asked to
describe, in general terms, the action being considered and to relate the
action back to the plant model by identifying the split fractions in
which the action is considered. The third part of Section A indicates

; the particulars of the accident scenario; i.e., the support system state,
! the initiating event, and the status of other plant systems. The status

of plant instrumentation might also be an important consideration in the
assignment of dynamic human error rates. The current state of the art,;

; however, is not sufficient to dist.riminate error rates based on the
,

' status of instrumentation. Consequently, a systematic review of the |
status of the instrumentation on which the operator relies to diagnose i
each scenario was not performed in this study.

| The support model does identify whether the power supplies to vital
| instrument buses VBA, VBB, VBC, and V8D are available or not. None of
; the support system states in which dynamic human actions are quantified

have both power trains A and B of vital instrumentation unavailable. At%

I least one power train to two vital instrument buses is available in each
I support state. The instruments on which the operators key to make their
! diagnosis are redundant. In particular, the subcooling margin monitors i

have redundant power supplies. Loss of one or more instrument buses may ,

lead to additional confusion, but the operators are trained to recognize |the loss of power position for such instruments. The scenario
descriptions in the completed questionnaires do not, therefore, include a

i

1 discussion of the status of power to such instrumentation.
1
1 Individual instruments may fail for a variety of reasons other than loss

of power; i.e., see Section 3.6. A systematic review of sucn failures is
not included in the current scenario descriptions. In part, such

j failures are implicitly accounted for in Section C of the questionnaire,
.

,

j which documents the quality of the operator / plant interface. l

In part 8, a set of questions is provided to help the analyst decide what
type of cognitive processing is involved in making the diagnosis.
Similarly, parts C, 0, and E are designed to help the analyst

,

qualitatively determine the most appropriate description for each of the H

performance-shaping factors identified as parameters of the HCR model:
operator and plant interface, stress level, and the experience level of
the operating team. Part F assesses the remaining parameters that must

! be defined to use the HCR model: the median response time and the
allowable response time.

O
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Part G of the questionnaire inquires about the potential for reciagnosis
of an event following a nonresponse diagnosis if sufficient time is
available. Results from this part of the questionnaire are used to
account for correctly rediagnosing the event following an initial failure
to diagnose; i.e., quantify branch C3 in the generalized operator action
event tree representation, Figure 2-3.

One key elenent of dynamic human actions analysis is the dependence
between two separate human actions in the same event sequence. The
dependencies considered between human actions are documented in part H of
the questionnaire. Of particular concern is the possibility of
simultaneous, or nearly simultaneous, demands on the people who must
perform the actions. If the diagnosis and the response times are
relatively short compared to the time available, the concerns about
competing demands on the operator's time are generally neglected. An
operator time line is developed to assist the analyst in qualitatively
evaluating the potential dependence between human actions if the demands
on the control room crew are particularly heavy. An operator time line
is simply a graph portraying the time available to accomplish each human
action and the earliest indication for action so that the potential
overlap is well displayed.

Parts I and J of the questionnaire address dynamic human action types
other than the nonresponse errors; i.e., misdiagnosis and selections of
nonviable options. Methods for modeling misdiagnosis errors are
discussed separately in Section 2.3.3. As first noted in Section 2.3.1,
dynamic actions resulting in the selection of a nonviable action, given
that a correct diagnosis of the the event has already been performed, are
believed adequately accounted for numerically by the nonresponse error
estimates. A systematic identification of significant operator slips
that might effectively lead to the selection of a nonviable action, is
not performed. Part J of the questionnaire, nevertheless, provides the
analyst with a place to document any particular concerns that arise even
without a more complete evaluation. Engineering judgment is used to
assign error rates to any nonviable actions deemed important enough to
include in the plant model.

Part K of the questionnaire summarizes the conclusions reached about the
characterization of the dynamic human actions cognitive processing type
and the appropriate performance-shaping factors. The HCR model is then
evaluated by using the corresponding correlation parameters from
Tables 2-6 and 2-7 to determine estimates for the human action
nonresponse probabilities.

The HCR model results are for human actions in which the time available
for diagnosis is an important consideration in the human error estimate.
it is judged by the TMI-1 PRA study team that, for actions in which the
time available is very long relative to the time required to diagnose and
complete the action, a time-independent human error rate governs. Such
time-independent error rates effectively set lower limits to the total
human error rates. Use of such time-independent error rates also
implicitly recognizes that the data on which the HCR model correlation

G
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parameters are based are currently limited, especially in the lower range
of human error estimates. Qualitatively, one expects that an incorrect

' diagnosis that leads the control room crew to believe no response is
justified would likely still be believed if no other stimuli indicate the
reed for a rediagnosis. In such cases, a time-independent error rate
particularly seems appropriate. Consequently, extrapolation, using the
HCR model, to very low error rates may be inappropriate since the HCR
correlation predicts a fairly rapid falloff in the human nonresponse
error rate with increasing time, especially at low error frequencies.
See, for example, Figure 2-4, which illustrates typical calculated values
from the HCR model.

In response to the above observations, judgment was used to assign
time-independent nonresponse frequencies. These frequencies are listed
in Table 2-9. Different values are assigned to each of five classes of
dynamic actions. In selecting these values, an attempt was made to be
consistent with the judgments made by analysts in other PRA studies when
assigning error rates to dynamic actions for which a substantial amount
of time is available. The sum of the time-independent error frequency ,

and the HCR model output is chosen as the total nonresponse error rate.

Referring back to the operator action event tree (Figure 2-3), if no
detection or diagnosis of the event occurs (i.e., nonresponse), it is
still possible for a successful outcome. The operating team may be
prompted to rediagnose the event and redirect their efforts to take the
proper action. The time-independent nonresponse error rates may be

O modified to account for a rediagnosis. Influence factors are applied to
V the values in Table 2-9 to account for rediagnosis if applicable. A

rediagnosis may occur if additional staff become available (judged to
have high dependence on the previous diagnosis) or if changes in the

Iplant status prior to the allowable recovery time result in significantly,

different plant indications (medium dependence with the previous i

diagnosis). Table 2-10 lists the influence factors assumed. These l

factors are assumed to be applicable to each of the five human action
types identified in Table 2-9. Since these factors are applied only to
the time-independent error probabilities, adequate time for the second
diagnosis, and subsequent action, is assumed. No factors to account for
rediagnosis are assumed for the time-dependent error rate estimates.

A second consideration for modifying the time-independent nonresponse
error rates is the quality of the plant-operator interface.
Qualitatively, if the plant indications are poor or very poor, one would
expect a greater potential for the operating crew not to respond. This
negative influence of a poor plant-operator interface for a specific
situation is accounted for by influence factor R3, as indicated in
Table 2-10. These factors were again assigned using engineering judgment. .

] The models described in this section for assessment of nonresponse error
rates were computerized. A list of the resulting program is provided in
the Appendix (Table A-1). The treatment of dependencies between dynamic
human actions and the procedures for estimating uncertainties (discussed
in Sections 2.3.6 and 2.3.2) were also included in the program.

d
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2.3.3 ASSESSMENT OF ERRORS OF MISDIAGNOSIS

Misdiagnosis is broadly defined as a misperception in the actual status
of a plant safety state; i .e., reactor shutdown, cooled core, sufficient
inventory. For example, operators may confuse a small LOCA with a steam
generator tube rupture event because both result in a reduction in
reactor coolant system inventory. This section describes the methods
used to identify and quantify the likelihood of an "incorrect diagnosis";
i.e., sequence A2.B6.C2 in the generalized operator action event tree
Figure 2-3, which is caused by a misdiagnosis.

Basically, the approach taken is to first identify the relative
likelihood of entering the wrong procedure for each initiating event
modeled. The list of initiating events is used as an initial screen of
events rince it represents a spectrum of plant transients or events
during the first few minutes of an accident sequence. Ideally, a very
extensive list of accident sequences would be compared to each other to
assess the potential for misdiagnosis. However, such a formulation of
the problem is open-ended and could never be construed as complete. The
list of initiating events, with no other plant failures, is considered to
be a manageable number of accident sequences that may still provide many
of the insights to be learned from such an investigation.

Initiating events identified as having a nonnegligible probability of the
operator selecting the wrong procedure are then evaluated further. An
assessment is made of the impact of selecting the wrong procedure. Those
actions called for in the incorrect procedure that might make it
difficult to later recover from the incorrect diagnosis are identified.
It is the potential for a misdiagnosis that leads to an action that
complicates the situation that is of most interest.

The results of this review are documented in an operator-plant status
confusion matrix, as described in Section 2.3.1. An example confusion
matrix is provided as Table 2-5. The operator-plant status confusion
matrix lists plant events in which event symptoms may be confused. The
possibility that the symptoms of a particular event are confused with
another event is indicated as having a high (H), medium (M), or low (L)
probability of misperception. The results of the misdiagnosis on
subsequent operator actions are indicated either as having a negligible
impact on recovery (N) or as requiring reanalysis by the operators for
recovery (R). A reactor trip, for example, may be confused with a
turbine trip. The operators' immediate actions, verification that the
reactor and turbine have tripped, are very similar and are almost
automatic. Therefore, the effect of possible confusion between these two
events, even if one is mistaker for the other, is judged to be negligible.

The entries in the confusion matrix are often symmetric, if one sequence
of events is likely to be confused with another; generally, the reverse
is also true. In the example above, a reactor trip was the initiating
event. The matrix can, but does not in this case, distinguish any
dif ference between the two symmetric cases in operator perception: that
is, the same confusion level (medium in this case) and effect on the

9
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plant (a negligible impact in this case) is considered to exist if the
turbine trip is the initiating event and the operators think a reactor
trip had occurred or vice versa.

An individual performing an analysis of the possibility of confusion
might argue that a higher state of confusion may exist for events that i

occur at lower frequencies or for events that may never occur during the
.!lifetime of the plant. These events would be beyond the normal

experience for the typical operator except in training. Actual G erators
handling a transient, it can be argued, may discount an event with a ,

lower frequency of occurrence and may be more apt to assume that the
,

similar initiating event with a higher occurrence frequency has actually
occurred. For this reason, not all symmetric entries in the confusion
matrix must be judged to have an equal chance of being confused with the
other.

,

The impact of misdiagnosis on the operators' actions may vary
.

considerably, depending on the specific plant conditions for each event ,

1 and the time period af m the event. For example, an initiating event, -

such as a steam generator tube rupture, may appear to be a small LOCA
early in the transisnt before condenser or steam generator blowdown

,

radiation alarms are annunciated or if the alarms fail to operate.
However, the operators may still take proper initial corrective actions '

,

without knowing the cause of the small LOCA. Such considerations are
therefore important when assessing the impact of identified potential
areas for misdiagnosis. ;

Possible errors of misdiagnosis are difficult to identify. This type of
,

dynamic error has not been studied as extensively as errors under routine ,

conditions and are considered to be influenced more by operator
perception of status and less by the position of controls. This
subjective analysis of the potential for misdiagnosis, however, does !

, consider possible ergonordical deficiencies when a deficiency may clearly ~ i
J contribute. Part I of the dynamic human actions questionnaire (i.e.,

Table 2-8) allows the analyst to document those situations in which the
available indications differ only slightly between two similar events or, i

if the indications differ, only on parameters not normally key 6d on by [
the operator . t

The availability of electric power supplies for the instrumentation to
monitor and track plant status is included in the support model event
tree structure. Tha plant hardware (e.g., systems instrumentation,
electric power availability) required to successfully carry out an
operator action is analyzed explicitly and separately from the human
response if it is believed to be important relative to the human error.
Details on the use of specific plant instrumentation, especially its -

power supplies, were not reviewed in this study. A detailed,
sequence-by-sequence review of the instrumentation available as a
function of support system status is judged to not currently be warranted
by the state of the art in human factors analysis.

O
P
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The following describes the steps taken to develop the operator-plant
status confusion matrix for TMI-Unit 1. The matrix is developed by first
preparing some preliminary tables, then reviewing these preliminary
tables as the assignment of the qualitative entrius in the confusion
matrix is made.

Three preliminary tables are used to summarize the information used by
the operator to select the appropriate procedure. One table describes
the physical status of the plant for each initiator in the early stages
of an accident sequence. The physical status is described in terms of
the expected response of a selected, short list of plant indications
available to the operator and on which he is trained to initially focus
his attention. Obviously, the response of every indication in the
control room cannot be documented so simply. This table is just a
summary of the important indications available to the operating crew for
each initiator.

A second table is then prepared to relate the entry conditions for each
procedure in terms of the same short list of plant indications. The
entries in this table are determined by the layout of the procedures and
not by the plant response to any particular initiator.

A third table is developed to identify the correct procedure or
procedures to be followed for each initiating event. More than one
procedure maf be appropriate, or even necessary, to follow the correct
response. This third table therefore also identifies the expected order
in which the procedures should be implemented for each initiator.

The three tables together form a partial basis for judging the potential
for confusion between each pair of initiating events. (See Section 3.4
for the TM1-1 specific tables). The expected plant response for the
first initiator in the first preliminary table is contrasted with the
entry conditions (in the secor.d table) for the appropriate procedure for
the second initiator in the pair (as identified in the third table).
Depending on the similarity of plant indications, the potential for
confusion is then judged as high, medium, low, or insignificant. The
timing of the plant indications, the stress on the operators, and the
available time for diagnosis of the plant status are, of course, not
delineated in the three preliminary tables. These factors are considered
judgmentally, however, in the assignment of confusion matrix entries and
documented accordingly.

The second part of filling out the confusion matrix is concerned with the
potential for a misdiagnosis, should it occur, leading to a situation
that would complicate the operating team's ability to recover from it. A
fourth preliminary table is prepared to document this judgmental -

process. The system functions of interest in the plant model are defined
by the top events in the event trees. This preliminary table identifies
which procedures call for manual action to initiate the systems that
perform the actions defined by the top events, or to back up their
automatic initiation. For example, Emergency Procedure 1210-7, large
break LOCA cooldown, calls for manual switchover to achieve sump
recirculation; i.e., Top Events SA and SB.
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Thus, for the row in the fourth preliminary table corresponding to Top
pd Events SA/SB, an "X" is placed in the column for Procedure 1210-7. In

the same table, an "0" is placed in the appropriate place if the actions-

called for by a particular procedure are directly opposite to or
otherwise complicate the system functions defined by a particular top
event. For example, if a procedure says to turn the reactor coolant
pumps off, this is a complicating action for both Top Events RP, reactor
coolant pumps continue to run, and CD, cooldown and depressurization of
the reactor coolant system using pressurizer spray.and the reactor
coolant pumps, it is possible that the wrong procedure could be selected
and, jet, the correct operator response still be asked for. - On the other
hand, one or more top events may be adversely complicated by the error in_-
selecting the wrong procedure; i.e., misdiagnosing the accident
sequence. The degree of complication caused by the misdiagnosis is ,

assigned judgmental'y to the confusion matrix but only for those entries
for which the potential for misdiagnosis was judged to be nonnegligible.

The entries in the final confusion matrix (presented in Section 3.4) can
therefore take on a range of qualitative assessments, ranging from a
negligible potential for misdiagnosis to a high potential for
misdiagnosis that also has a strong potential for complicating the
operator's ability to recover. The range of possibilities is identified
in Table 2-11. The median point estimates shown in Table 2-11 are
subjectively assigned. The values assigned are in the same range as
those chosen in the Oconee PRA for similar events (Reference 2-14,
page C-7).

Events of misdiagnosis enter into the generalized operator action event
tree (see Figure 2-3) with branch A2; i.e., faulty detection diagnosis.
In the event of a misdiagnosis, it is assumed that the operating crew
initially follows the actions delineated in the incorrectly chosen
procedure; i .e., follows branch B6 with frequency 1.0. As indicated in
the generalized operator action event tree representation following the
misdiagnosis, it is still possible, and actually likely, for there to
eventually be a successful rediagnosis and subsequent redirection of the ,

operating crew's actions; i .e., with time, the frequency of branch C2 in '

Figure 2-3 becomes very small .

The TMI-1 PRA study team is unaware of a suitable method for estimating
the likelihood of failure to successfully rediagnose the plant status
after an initial misdiagnosis. Therefore, it is assumed that all such
initial misdiagnoses are eventually successful and the accident sequence
correctly rediagnosed. The timing of the rediagnosis is implicitly
rodeled by judgmentally identifying which of the top events that are
judged to be adversely affected by the initial misdiagnosis should be
quantified as such; i.e., the misdirected action causing the complication -

is judged to occur prior to a successful rediagnosis. For example, using '

the reactor coolant pump example mentioned previously, the successful
rediagnosis may be judged to occur after the RCPs were incorrectly
tripped (i.e., Top Event RP), but before the time that cooldown and
depressurization using pressurizer spray (i.e., Top Event CD) must be
initiated. In this case, the impact of the misdiagnosis event would be

d
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modeled as affecting Top Event RP, but not CD, when including this
misdiagnosis event in the plant model.

Each misciagnosis event judged to have a nonnegligible frequency is
accounted for in the plant model on a case-by-case basis. If the
misdiagnosed event is judged to affect only one top event, the frequency
of the event is included as just another failure mode for that top
event. If the misdiagnosed event is judged to affect multiple top
events, a new top event is then added to the appropriate event tree to
account for this new dependency. In this way, a misdiagnosis leading to
an entirely different sequence may be quantified.

2.3.4 NONVIABLE HUMAN ACTIONS

In the generalized operator action event tree representation
(Figure 3-2), sequence Al*B4*Cl results in a nonviable action end state.
As first discussed in Section 2.3.1, operator errors resulting in
nonviable actions, which have essentially no impact on the status of the
plant, are assumed to have relatively small error frequencies compared to
the nonresponse error estimate assigned to nonresponse states.
Similarly, the likelihood of the operator consciously selecting a
nonviable action that worsens the status of the plant following a correct
diagnosis of the situation is also believed to be very small.

The most likely cause of the operating crew performing a nonviable
action, after a correct diagnosis has already been made, is believed to
be the result of an inadvertent slip in attempting to perform the correct
action. The operating crew member may inadvertently select the wrong
control. In evaluating the frequency of such nonviable actions, use is
made of error rate estimates presented in Table 20-12 of the NRC human
reliability handbook (Reference 2-8). The potential for such slips is
documented in the dynamic human actions questionnaire, part J. Only
potential slips that may be caused by similar controls being located in
close proximity are judged to have a significant frequency of
occurreqce. The NRC handbook suggests a best estimate error rate of
3 x 10-3 with an error factor of 3 (Reference 2-8, Table 20-12, item 2)
for such errors. The probability distribution for this error rate is
given the name HNV1. The mean, 5th, median, and 95th percentiles for it
are provided in Table 1-3. The error rates recommended in the handbook
for potential slips involving less similar controls were not used. A
systematic and complete evaluation of such errors was not attempted in
this study.

2.3.5 TREATMENT OF DEPENDENCIES AMONG TASKS

The likelihood of failure of a second human action in an accident -

sequence is generally greater if the fiast human action was not
successfully completed. Dependencies a.nong tasks exist because the
decision to perform each task may be cased on the same diagnosis, the
actions may be directed at the same immediate goal, and, at any rate,
these actions are to be accomplished by the same control room crew.

O
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The NRC handbook-(Reference 2-8) classifies dependencies between tasks '

Os according to the perceived strength of the dependency. Five levels of
dependence are used. Equations are offefed (i.e., Table 20-17 of.

Reference 2-8) for computing the conditional failure probability of a ,

second action, given the success or failure of the immediately preceding
action. These equations are repeated here as Table 2-3. This treatment
of dependencies among tasks has been widely used in prior PRA
studies; e.g., References 2-11 and 2-14. Since the HCR model formulation !

currently offers no guidance for use of the model in the treatment of
dependence among tasks, the NRC handbook approach is also adopted here i

for all dynamic human actions.

The key aspect in applying the NRC handbook approach for dependencies
among tasks lies in the qualitative assignment of the strength of the
dependencies. Part H of the dynamic human actions questionnaire
(Table 2-8) documents the judgments made in the assignment. If two '

actions are both directed at the same immediate goal (e.g., remote start
of a pump or local start of the same pump) complete dependence is>

assumed, if both actions rely on the same event sequence diagnosis,
-

complete dependence,is again assumed. Operator time lines may be,

developed to document dependencies that may result from the need to
perfora a number of tasks simultaneously with a limited control room crew.

,

2.3.6 ASSIGNMENT OF UNCERTAINTIES

Uncertainty distributions are assigned to each of the human error rates
developed for dynamic human actions. These assignments are based onO ,

judgment since there are few or no data on which to base such' '

distributions. Both the NRC handbook (Reference 2-8) and the Oconee PRA
authors (Reference 2-14) suggest an approach that divides the range of
point estimate, dynamic human error probabilities 4.to two regimes. *

The Oconee PRA authors chose a dividing line at 0.1 (Section 6.4 of '
i Reference 2-14). The NRC handbook (Reference 2-8) suggests that the

dividing line between the two regimes be made at 0.001. For error rates
greater that 0.001, an error factor of 5 is suggested; i.e., Table 20-20
of Reference 2-8. For error probabilities less than 0.001, an error
factor of 10 is suggested. These error factors are in the same range as i

those derived by Apostolakis, et al., using a Bayesian approach and the4

1 available historical evidence to investigate the failure frequency of the'

operators to stabilize high pressure injection when necessary
'

(Section 10, Reference 2-11). This event was assigned a mean error rate
of about 0.02.

For this study, the dividing line between the two regimes is chosen to be
at 0.03. Above this value, error factors of 5 (the ratio of the 96th to -

the 50th percentile) are used. For dynamic actions with point estimates
below 0.03, error factors of 10 are assigned. In each case, lognormal
distributions are assumed to apply. For "nonrare event" human error
estimates (i.e., greater than about 0.1), use of a lognormal distribution
may lead to error estimates that are not possible; i.e., values greater
than 1.0. In such cases, discrete distributions are judgmentally

O
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developed that give roughly '.5e same spread between the 5th
and 95th percentiles, do preserve the mean, but that do not go above 1.0.

The above guidelines can be applied in a straightforward manner if the
human action under consideration is not dependent on previous tasks. The
formulas provided in Table 2-3 for dependent tasks introduce an added
complication for treating uncertainties.

The NRC handbook suggests uncertainty ranges that can be used for
conditional human error probabilities. These suggested ranges are
repeated in Table 2-4 as a function of both the level of dependence among
actions and the independent human error probability. The handbook
approach, described in Appendix A of Reference 2-8, was adopted in this
study for assigning uncertainty distributions to conditional human error
rates.

If the first action fails and the second action is dependent on it, the
methodology outlined in the NRC handbook was used directly. If the first
actions succeed, however, following the same approach then leads to
unusually narrow ranges for the error rate distribution of the second
action. Therefore.'if the preceding action on which the second depends
is successful, the uncertainty range factor assigned to the error rate of
the dependent action is then the same as if it were not dependent on the
preceding action; i.e., factor of S if greater than 0.03; factor of 10 if
less than 0.03. These methods for computing the uncertainty ranges of
dynamic human action error rates were also included in the program for
computing nonresponse error rates. The program listing is provided in
Appendix A.

Study constraints precluded a detailed recovery analysis of every dynamic
human action in which it was suspected that the uncertainties in the
assumed allowable length of time for recovery and the time required to
perform the indicated action could be very important. To treat such
uncertainties without using the detailed recovery analysis methods
described in Section 2.4, the program that computes nonresponse human
error rates was augmented to treat uncertainties in such times. Discrete
probability distributions for the allowable length of time and for the
length of time estimated to be required to perform the indicated action
can be input. The program then computes the human action error frequency
for each discrete combination of the two distributions. These results
are then displayed in the program output, so the range of estimates can
be compared to the general human action range factors; i.e., factor of S
if error frequency is greater than .03, and range factor is 10 if the
error frequency is less than 0.03. If the range of error frequencies due
to t;ie variability of allowable length of time and length of response
times is less than the general range factors, the general range factors o

are then used with a median value equal to the average of the computed
error frequency distribution. If the time distributions lead to a
greater range of error frequencies than the general range factors, the
larger, computed error frequency distribution is then used directly.

O
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Estimated upper and lower bounds and best estimate error frequencies for
n dynamic human actions are reported in Table 4-1. These estimates were
(~) fitted to 20-bin histograms to form probability of frequency

distributions for each error rate. The final results, including the mean
values for these frequency distributions, are reported in Table 1-2.

2.4 DETAILED RECOVERY ANALYSIS

2.4.1 OVERVIEW

A detailed recovery analysis requires careful evaluation of human
response during abnormal and unf amiliar circumstances. The actions of
operating, maintenance, supervisory, and support personnel must be
coordinated in a team effort to restore normal plant conditions.
Depending on the event scenario, the failed equipment, and the causes for'
failure, several competing recovery options may be available. These
options must be evaluated considering the available personnel, the
difficulty of each action, actual and perceived urgency, procedural
guidance, training, and experience. Very often, these decisions must be
made under conditions of high stress with little time for detailed
planning. For these reasons, it is important to apply recovery models
for specific event scenarios or for groups of event sequences exhibiting
similar system and plant performance characteristics and requiring
similar human responses.

The likelihood of core damage during a recovery scenario is a function of
the time required to recover, T , and tne time to core damage ifRh recovery does not occur, TCD. Damage occurs if TR is greater than

V TCDi 1 e >

Fr{ core damage) = Fr{TR>TCD)

Note that the allowable recovery time may be chosen to be other than the
time of core damage if appropriate.

This competing process model has been used in the analysis of other
time-dependent scenarios (Reference 2-17). Its usefulness stems from its
translation of models for physical variables (TR and TCD) into models
for event f requencies that are needed in a PRA.

One method of determining TR is the use of a simulation model. In
simulation modeling, a complex time-dependent process can be treated in a
relatively simple manner without sacrificing the essential details of the
process. This method was used for the detailed recovery analyses
performed on THI-1,

'

2.4.2 THE RECOVERY MODEL

A realistic recovery model must account for the causes and timing of
specific events, the sequencing of actions, and the time available for
successful recovery. The purpose of the simulation model is to predict
the distribution for the recovery time, T , given those various piecesRg

b
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of information. The model essentially consists of two parts: (1) a set
of "rules" for system behav.or that dictates when the system components
f ail, or are repaired, as a function of the current system configuration
and (2) a Monte-Carlo sampling mechanism for establishing the occurrence
times of key random events. As an example of the system behavior rules,
in the model for electric power recovery, battery 1 is required to begin
draining when diesel 1 fails. Another rule is that if battery 1 drains
before either offsite power or diesel 1 is recovered, diesel l cannot be
started for the duration of the scenario.

The advantage of a simulation is that rules of arbitrary complexity can
be used to realistically treat the operational characteristics of the
system being modeled. In the detailed recovery analysis, the simulation
model is in the form of a small computer program written by using the
SIMSCRIPT 11.5 simulation language (Reference 2-18).

The program contains three basic sections. These sections are the
PREAMBLE, the MAIN program, and the PROCESS and EVENT routines.

The PREAMBLE introduces the processes, events, and variables to be used
in the simulation. ~1t can be thought of as the cast of characters for
the program. It also defines all variables and lists the items to be
tracked in a TALLY statement.

The MAIN program reads the input data and starts the simulation. The
PROCESS / EVENT routines define the actions associated with each simulated
entry. These routines incorporate the system's rulas of behavior
mentioned above.

The disadvantage of a simulation approach when modeling rare events is
that only a relatively small number of trials result in system failure.
Therefore, estimates based on these trials may be subject to significant
statistical variability. To reduce the scope of this problem, various
importance sampling techniques may be used, in this case, a relatively
simple approach is adopted. First, a set of system boundary conditions
is developed, based on postulated failure or success on demand of the
system components. Next, a simulation analysis is performed, conditioned
on these boundary conditions. Using this technique, the equipment demand
failure rates are incorporated when combining the conditional
distributions for T . rather than during the sampling process.R

The results of the simulation model program are in the form of a
frequency of recovery given a particular set of boundary conditions;
i.e., a recovery scenario. These results are combined using the
following equation

e

n

F(TCD) " .1C F (TCD)$4
1=

9
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where

F(TCD) = the unconditional frequency of recovery within the allotted
time window TCD'

TCD = allotted time window; i.e., time to core damage.

Ci = frequency of the conditions imposed on scenario i.

Fj(TCD) = the conditional frequency of recovery at time TCD for
scenario 1.

.

n = the number of scenarios (sets of conditions) examined.
'

The frequency of core damage can now be determined by subtracting the
frequency of recovery from 1; i.e.,

Fr(core damage) = 1 - F(TCD)
,

The specific rules and programs for each detailed recovery analysis are,

'.

described in Sectiori 4.3.
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(TABLE 2-1. SAMPLE WORKSHEET FOR INITIAL QUANTIFICATION
OF OPERATOR ACTIONS

SPLIT FRACTION: SA/SB-1 HUMAN ACTION NAME: HSR2

DESCRIPTION: Hust do within 10 minutes after getting BWST low-level
alarm (about 6 to 12 hours into the scenario) to protect
the LPI pumps. BWST low-level alarm at 3 feet in BWST.
Operator opens sump isolation valves DH-V6A and DH-V6B, -

assuming there is water in the sump. Operator should
also close BWST suction valves to the LPI pumps (DH-VSA
and DH-V5B), but if he does not, check valves prevent
backflow into BWST.

INITIATING EVENT: Transient, very small LOCA.

SUPPORT SYSTEM STATE: One train down, or all support systems available.

SCENARIO: Transient either fails to reclose PORV and RCS relief
valves or perform HPI cooling (closed loop RHR and makeup
is not an alternative). The BWST is exhausted, and at
least one train of HPI and LPI pumps is available.

VALUE: 5 x 10-3(MBS)

* 5 x 10-3(CA)

10-3(CH)

10-(TMc )

5 x 10-3(FRH)

O
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TABLE 2-2. SOURCE OF BASIC HUMAN ERROR RATES (Per Demand)

FROM THE Nr.C HANDBOOK

NRC Final Handbook Source of Estimate in
Task Distribution * The NRC Final Handbook

(Reference 2 8) (Tables in Reference 2-8)

ERRORS OF COMMIS$10N

1. Changing or tagging wrong valve when 5 x 10-3 EF = 3 Table 20-13. Item 2 and
the desired valve is one of two or 'noro Table 20-14 Item 3
adjacent, simi?ar-appearing manual
valves and at letst one other valve
is in the same state as the desired
valves, or when the valves are MOVs of
such a type that valve status cannot be
determined at the valve itself.

2. Changing or restoring wrong MOV switch 3 x 10-3 EF = 3 Table 20-12. Item 2
or circuit breaker in a group of
similar-appearing items identified
by labels only.

3. General error of cornission in 3 x 10-3 EF = 3 Table III 6-1. Item 3
nonpassive tasks, such as maintenance, of Reference 2-10
test, or calibration, when written
procedures are used; e.g., misreading
label and therefore selecting wrong
switch.

ERRORS OF OMISSION

1. Failure to use procedures with
checkof f provis1ons,

a. Short list (< 10 items). 10-3 EF = 3 Table 20-7, Item 1

b. Long list (> 10 special 3 x 10-3 EF = 3 Table 20-7, Item 2
instruction items).

2. Failure of checker to detect errors
made by others.

a. Failure to recognize an incorrect 10-2 EF = 5 Table 20-22. Item 4
status when checking each item;
failure to involve active
participation,

b. Failure to recognize an incorrect 10-1 EF = 5 Table 20-22 Item I
status when checking routine
tasks; failure of checker to use
written materials.

*Best estimate; EF = error f actor.

O
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TABLE 2-3. EQUATIONS FOR CONDITIONAL PROBABILITIES OF SUCCESS
AND FAILURE ON TASK "N," GIVEN SUCCESS OR FAILURE ON PREVIOUS TASK "N-1,"

FOR DIFFERENT LEVELS OF DEPENDENCE (From Reference 2-8, Table 10-2)

9 I"Success Equations ," Failure Equationspe de ce ,

20 Pr[S, ,|5, ,jZD]=n (10-9) Pr[F,,[F, ,|ZD]=N (10-14)
, ,

"
LD Pr[S'N"! 'N-l'I 20

(10-10) Pr[F,N,|F'N-1 SD] = 20
00-10'

" "

Pr[S N'!S"M , jMD] = (10-11) P r[F'N , j F, ,),|MD]= (10-16)MD

C)'
pas.,.iS.,.,.iNo].';" P,[F.,.ir.,.i.;ND].';"No (iO- m n 0-m

CD Pr[S, ,[S*N-l' CD) = 1.0 (10-13) Pr[F, ,| F,g ,|CD,1 = 1.0 (10-18)

*In Reference 2-8.

|

|

.

|

(v
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TABLE 2-4 AnPROXIMATE CHEPs AND THEIR UCBs FOR DEPENDENCE LEVELS,*
GIVEN FAILURE ON THE PRECEDING TASK (From Reference 2-8, Table 7-3)

Levels
Item of BHEPs

Dependence

(a) (b) (c)
< .01 .U5 (EF = b) .1 (EF = 5 )

1 ZD**
(d) (e) (f)

.15 (EF = 5 ) .2 (EF = 5) .25 (EF = 5)
_

Levels
item of Nominal CHEPs and (lower to upper UCBs)i

Dependence

(a) (b) (c)

2 LD .05 (.015 to .15) .1 ( .04 to .25) .15 ( .05 to .5 )

3 MD .15 ( .04 to .5) .19 ( .07 to .53) .23 ( .1 to .55)

4 HD 5 (.25 to 1.0) .53 (.28 to 1.0) .55 ( .3 to 1.0)

5 CD 1.0 (.5 to 1.0) 1.C ( .53 to 1.0) 1.0 (.55 to 1.0)

(d) (e) (f)
_

2 LD .19 ( .05 to .75) .24 (.06 to 1.0) .29 ( .08 to 1.0)

3 MD .27 ( .1 to .7 5) .31 ( .1 to 1.0) .36 ( .13 to 1.0)

4 HD .58 (.34 to 1.0) 6 (.36 to 1.0) .63 (.4 to 1.0)

5 CD 1.0 ( .58 to 1.0) 1.0 ( 6 to 1.0) 1.0 (.63 to 1.0)

* Values are rounded of f from calculations t:ased on Appendix A in Reference 2-8. All .

values are based on skilled personnel; i.e., those with more than 6 months experience
on the tasks being analysed.
**ZD = BHEP. EFs for BHEPs should be basr:d on Table 20-20 in Reference 2-8
iLinear interpolation between stated CHEPs (and UCBS) for values of BHEPs between
those listed is adequate for most PRA studies.

O
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TAB!C 2-5 OPERATOR PLANT STATUS CONFUSION MATRIX

Plant Event 1 2 3 4 5 6
(illustrative example) (RT) (TT) (IL) (SL) (ML) (LL)

1 Reactor Trip (RT) M/N--

2 Turbine Trip (TT) M/N --

3 Isolable LOCA (IL) M/N L/N--

O
C 4 Small LOCA (SL) --

5 Medium LOCA (ML) M/N--

6 Large LOCA (LL) --

NOTt'S :

1. Abbreviations (L = low probability of misperception; M = medium
probability of misperceotion; H = high probability of misperception;
N = negligible impact on recovery; and R = rediagnosis required to
mini,nize impact of misperception.

2. For matrix intersections with no entry, the confusion probability is j
negligible.

n

|
|

.

;
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TABLE 2-6. INTERIM HCR
CORRELATION PARNiETERS*

1

Cognitive Cli C2 C3i
*

Processing Type

Skill (irl) 0.7 0.407 1.2

Rule (i=2) 0.6 0.601 0.9

Knowledge (i=3) 0.5 0.791 0.8

1

*From Reference 2-15
** Decimals carried on C2 to ensure that
F(t ) = 1 at t = 0.

1

i

|

l
1

I

|
1
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,

!
,

F

- {~ ')\ . l
'i

.i
I

TABLE 2-7. HCR MODEL PERFORMANCE-SHAPING FACTORS- |
'

AND RELATED COEFFICIENTS *

!
!

!
5

Coefficients !
!
!

OPERATOR EXPERIENCE (K ) ,1
!

1. Expert, well trained. -0.22 :,

2. Knowledge, average training. 0.00 i

3. -Novice, minimum training. 0.44 |

.I
STRESS LEVEL (K )2

1. Situation of grave emergency. 0.44 |
2. Situation of potential emergency. 0.28 |
3. Active, no emergency. 0.00 |
4. Low activity, low vigilance. 0.28 .

(23) |

; QUALITY OF OPERATOR / PLANT INTERFACE (K ) [3

1. Excellent. -0.22 |
2. Good. 0.00 (
3. Fair. 0.44 |4. Poor. 0.78 L

5. Extremely poor. 0.92' i

*From Reference 2-15. |

!
-

1
1

!

l

I
.!

!
;

;

)

1

()
;

|

1
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TABLE 2-8. DYNAMIC HUMAN ACTIoriS QUESTIONNAIRE

Sheet 1 of 13

Human Action Identifier:

A. Description of Human Action

1. Objective (task to be performed and failure criteria):

2. List split fractions that include this human action.

O

3. Situation (initiating events and plant conditions, support
system states, dependence on prior errors): collect into
separate scenario groups for evaluation. Emphasize factors
affecting response time and stress level .

I

O
i
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,

i

TABLE 2-8 (continued) :
e

!
Sheet 2 of 13 |

B. Cognitive Processing Type:
,

1. Is the operator familiar with the action?' (yes,no) ,

Rank on scale of 1 to 5, with 3 being average and 5 most
,

familiar.

2.- If yes, by what means? (procedures, training, frequent
performance, or walk-throughs)
Give procedure number if applicable ;.

3. Does this action contradict operator training, rules of thumb, .

or intuition? (yes,no)
:
'4 Is this action included in simulator training? (yes,

no) __

!

5. How frequently are these actions reviewed by the
operators? !

Check descriptions that apply to this action:

Skill-Based

L_J Routine action, procedure not required.
:

| | Routine action, procedure required, but personnel well |trained in procedure. '

| | Action not routine but unambiguous and well understood by
1

operators who are well trained.
i

| | Action is listed in procedures for turbine trip or reactor !

trip. (1210-1)

Rule-Based (procedures) ;

I | Routine action, but procedure required; operators not well !
trained, or procedure does not cover.

!
;

I I Not routine, action unambiguous and well understood, but
;not well practiced.
i
i

| | Action described in emergency procedures, but not for
turbine trip or plant trip. (Identify by number)

|
.

!

!
.

'

O
.

t
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TABLE 2-8 (continued) j

Sheet 3 of 13

Knowledge-Based
|

| | f40t routine, action ambiguous.

| | flot routine, procedure does not cover.

| | flot routine, p ncedure not well understood.

| | Decision to act ,:ased on a rule-of-thumb, but not in

emergency procedures.

Decide on one. What type of behavior is reauired?

O

.

O
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i

!
i
.

TABLE 2-8 (continued) !

O ;
Sheet 4 of 13 ;.

i
C. Operator / Plant Interface (items on which operators will key to base |

judgment) :

1. Instruments and readings that trigger action (identify procedure .

number and step if applicable)': !

Are displays directly visible?

2. Alarms (name, location, audible, visual): .

.

!

Will there be many other alarms to distract the operator? i
(Descri be . )

f
3. From where will action first be attempted? (control room, f

othe r--speci fy) :
r

4 Is special coordination between operators required? (yes,
no)

5. Is there corroboration among indications? (i.e., Different
parameters confirm the need for action.) (very good, some,.none) ;

e

!

6. How specific is the guidance for action? (component numbers,
timing) |

Check most applicable description of plant interface: f
| | Excellent. Same as below, but with advanced operator aids to

help in accident situations. !

I I Good. Displays carefully integrated with SPDS to help
,

operator, t

:

| | Fair. Displays human-engineered, but require operator'to !
integrate information.

{
.

| | Poor. Displays available, but not human-engineered.

| | Extremely Poor. Displays needed to alert operator are not
directly visible to operators.

O
~
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TABLE 2-8 (continued)

Sheet 5 of 13

0. Stress Level

1. Is the control room team expected to have a high workload?
(yes, no)

2. Why is this action needed? (backup to an automatic action,
planned manual action, recovery of failed system, defeat ESAS
response)

3. Will this action contaminate a portion of the plant or otherwise
result in an extended plant shutdown? (yes,no)
(Explain if yes.)

4. Are there any system failures that complicate this action?
(none,one, multiple)

5. Is this action the opposite to the response required in another
procedure or to general training? (yes, no)

What are the expected work conditions for the crew?

I ! Vigilance Problem. Unexpected transient with no precursors.

| | Optimal Condition / Normal. Crew carrying out small load
adjustments.

| | High Workload / Potential Emergency. Mild stress, partway
through accident with high work load or equivalent.

| | Grave Emergency. High stress, emergency with operator feeling
threatened.

Assess stress level for each scenario group.

Scenario Group Stress Level Comments

A.

B.

C.
-

D.

O
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TABLE 2-8 (continued)

i
'/'-- Sheet 6 of 13

E. Experience Level of Operating Team
(specific team member who would perform the action)

| | Expert, well trained. Licensed with more than 5 ye4 's
experience.

| | Average knowledge, training. Licensed with more than 6 months
experience.

I | Novice, minimum training. Licensed with less than 6 months
experience,

rn
k,

.

"N
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TABLE 2-8 (continued)

Sheet 7 of 13

F. Response Time Available

1. What is the timing of the first indications for the operator
action? (in time since initiating event)

2. When may the operator first act? (in time from initiating
event)

.

3. When is the last time allowed for the operator to take action
and be successful?

Measured as median time since initiating event,
or as time since first indications ?

4. Estimate the median time to carry out the action, once decided
to pursue.

Best estimate of the time it will take to diagnose ?

Estimate the median time available for the operator to decide to
- perform the correct action. Measure the time available from

when he would first turn his attention to the indications until
the last time available.

Assess timing for each scenar group.

Time Time Time toTime toScenario Allowed Available Perform
Group Best Conservative i39" S8 Conservative /Best EstimateEstimate Estimate Best Estimates

A.

B.

C.

D.
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TABLE 2-8 (continued)'

Sheet 8 of 13

G. Recovery from Earlier Misdiagnosis

1. What significant new indications are there to tell the operator
.

that an earlier diagnosis was in error?

2. Does the additional plant feedback occur prior to the allowed
time for successful action? When?

3. Is the time available for the correct action sufficient to allow
newly arriving crew members to participate in the decision?
(i .e., Is the error rate essentially time independent?)
(yes,no)

4. During the time available for diagnosis, what new crew members
will be able to address the problem? [e.g.,none, shift
technical advisor _(STA), remote emergency response team]

p%/
At what point would the following events be declared? |

l

e Alert (onsite response team called) '

e Site Area Emergency (offsite response team called
e General Emergency (potential evacuation)

S. Should additional credit be given because of additional plant
feedback? (yes,no)

6. Should additional credit be given because of newly arriving crew l
members? (yes,no) !

;
i

e

O
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TABLE 2-8 (continued) g
Sheet 9 of 13

H. Dependence with Other Human Actions in Same Scenario

1. Have other errors of human actions occurred in this scenario?

2. How much influence do previous human errors have on this action?
(significant,some,none)

3. Are other actions being performed serially or in parallel?
(Attach operatnr time line if necessary to describe.)

O
4. Are there enough personnel available to carry out the necessary

actions?

5. Must a specific dependence with another human acticn be
accounted tor?

Scenario Group Yes/No Comments

A.

B.

C.

D. '

,

9

2-42
0495G120986HAAR



. - - .-. -. . - . - -. - - . . . . -- .. - , . - -

TABLE 2-8 (continued)'
-

/ Sheet 10 of 13

I. Potential for Confusion in Diagnosis Leading to Unsuccessful Response

1. Are there procedures available to instruct operator to perform
the action? (yes, no) Identify by number .

2 If no procedures apply, is the operator trained to perform the
specific action? (yes,no)

3. Which initiating events may leaa to a need for this action?

4 Do each of these initiating events result in the plant physical
conditions necessary to enter the procedure encompassing this
human action? (yes, no) _ ~ If no, identify by initiator

5. Which other procedures have entry conditions similar to the
procedure encompassing this human action? Identify by number

.

6. Do the indications describing the entry conditions for other
procedures differ from the correct procedures only by
parameters not normally keyed on by the operator?
(yes,no) If yes, identify .

7. Is the stress level at the time of selecting the proper
procedure high, mild, optimal, or very low?

8. Is the operator trained to expect the actual situation to be of-
extremely low frequen'cy? (yes, no)

Is the potential for an incorrect diagnosis leading to an
operator-induced failure high, medium, low, or very low?

9. What is the likelihood of the operator initially entering the
wrong procedure? (likely, somewhat likely, unlikely)
Identify' by number .

10. If the incorrect procedure is entered, does it direct the
operator to:

I l Not do any related action?

| | Perform an action that makes things worse? Identify
.

I I Perform the correct action anyway?

O
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TABLE 2-8 (continued)

Sheet 11 of 13

11. What top events arc likely impacted in some way that makes
recovery more complicated prior to the successful
redi agnosis ?

|

9

O
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TABLE 2-8 (continued) i

Sheet 12 of 13
|

'

J. Potential for Selection of Nonviable Action (assuming a correct
diagnosis)

1. Are procedures available to instruct the operator to perform '.he
action? (yes,no)

,

2. Is discretion given to the control room team as to the proper
option among several to be. selected? (yes,no)

3. Are any of the opcions nonviable for any one of the scenario
groups identified? (yes,no) Identi fy:

1

!

|

|

4. Is more than one option pursued in parallel? (yes,no)
,

5. If no snecific procedures apply, are there other plausible !
options that are nonviable? (yes,no) Identify |

If the correct action were taken prematurely, would the action
still be successful?

l

6. If a nonviable solution is selected, are sufficient cues and
time available to later pursue a viable option?
(yes, no)
Identify cues:

|

7. Is the plant / operator interface such that a potential exists for
the operator to slip (i.e., manipulate .the wrong controls) when
implementing the correct action? (yes/no) Explain: .

8. Is the potential for selection of a nonviable option high,
sJ medium, low, or very low?

0495G061386HAAR



TABLE 2-8 (continued)

Sheet 13 of 13

Human Action Identifier:

K. Summary Sheet

From B. What type of behavior is required?

From C. Description of plant interface?

From D. Expected stress level for each scenario group?

Group A
Group B
Group C
Group D
Group E

From E. Experience level of operating team .

From F. Time available to perform correct action .

Best estimate of time to diagnose .

From G. Additional credit for rediagnosis due to plant feedback?
Arriving crew members?

From H. Need to account for dependence with other actions for each
scenario group? Degree of dependence?

Group A
Group B
Group C
Group D

From I. Potential for incorrect diagnosis leading to failure?

From J. Potential for selection of nonviable option?

Type of human action

| | Backup to an automatic action

| | Detract from an ESAS response -

| | Recovery of a failed system via realignment

| | Planned manual action

| I Action may 1:.ad to an extended outage; e.g., due to
contamination.
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TABLE 2-9. ASSUMED TIME-INDEPENDENT NONRESPONSE FREQUENCIES [

!

|

.Best EstimateTask Type Human Error Value- -

t

i
t

1. Manual Backup to Automatic Plant Response 10-3

(e.g., manual reactor trip, HPI startup) !
!
;

2. Change / Detract from ESAS Plant Response 3 x 10-2 |

(e.g., turn off HPI) f
,

3. Recovery of Failed System (e.g., isolate - 10-2

leaking heat exchanger) {
:

4. Planned Manual Action (e.g., recirculation 10-3

switchover) |<

,

|
,

5. Action that Will Contaminate the Plant or 10-2 |
Otherwise Lead to an Extended Outage }

(e.g.,HPIcooling) f
i
!
l

!

!

<

I

f

f

O |
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TABLE 2-10. INFLUENCE FACTORS ON
TIME-INDEPENDENT NONRESPONSE FREQUENCIES

Benefits from Rediagnosis

Condition R Factor
1

Skill or Rule-Based Process and 1/3
Shift Technical Advisor Arrives

Knowledge-Based Process and 1/2
Offsite Emergency Response
Team Arrives

Condition R F ctor
2

New Plant Indications 1/7
Causes Control Room Crew To
Reassess Diagnosis
(e.g., reactor vessel level
drops, radiation alarms go off)

Negative Influence of Poor Plant Interface

.

Condition R Factor3

Poor Plant Interface 3
with Operating Crew

Very Poor P1 ant Interface 7
with Operating Crew

Fair or Better than Average 1

Plant Interface with
Operating Crew

O
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.1

0
~!

l
,

|

TABLE 2-11. BEST ESTI!iATE ERROR R'ATES FOR.
ItISDIAGil0 SIS' EVENTS IDENTIFIED IN THE

,

, 0PERATOR-PLANT STATUS CONFUSION MATRIX
,

I

|

Potential for Degree of Complication of.'''covery Actions ;

- |Initial -Some Impact on. Subsequenttiisdiagnosis* Negligible Opera tor Actions.

High 0 0.05
1

|

tiedium 0 0.01

Low 0 0.001
.

Negligible 0 0 i

(blank)

*That is, selection of the wrong procedure.

.

t

O
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b. NUREG/CR-1778 (NRC HANDBOOK)
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d. HCR MODEL
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PLANT SYSTEMS /ilUMAN INTERACTION INFORMATION
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SEQUENCE DIAGNOSIS Of7TIONS REDIRECTION

SUCCESS 1 s*----

A 8g 2
S____

B (etc.)3
S----

B4

(N0NVIABLE ACTION)
C
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S------
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FIGURE 2-3. GENERALIZED OPERATOR ACTION EVENT TREE REPRESENTATION
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V %,

TOP
EVENTS

I 2 d IPROCEDURES 4 2 4 m g < m o a a v, > n m I k < m + . < m < m -

I I I -
3J

I < < m e m O O O U U v u v D O c< o a F-

c o o w w w w o c I I I - J J 2 2 2

1210-1 R CTOR/ TURBINE X X X X X X X X X X X X X X X X X X X X X X X X X 0

| ?210-2 LOSS OF SCM X X X X X X X X X

1210-3 EXCESSIVE COOLING X X X X X X X X X X O

1210-4 LACK OF PSHX X X X X X X X X X X

1210-5 SGTR X X X X X X X X

12104 SMALL BRE AK LOCA X X X X X X X X X X X X X X X X X X X X X X X X X
COO LDOWN

12147 LARGE BREAK LOCA X X X X X X X X X X X X X X 0 X X X X X X X X X
COOLDOWN

1210-8 RCS SUPERHE ATED X X X X X X X X X X X X X X X X X X

1210 9 HPl COOLING X X X X X X X X

121410 ATOG RULES X X X X X X X X X

1202 -2 LOSS OF OFFSITE X X l' ( X X X X X

| 1202 2A BLACKOUT X X X X X X X X X X X X X X X X X

1202-9A LOSS OF "A" DC X X X

1202 17 LOSS OF ICCW

1202 26 PARTI AL LOFW X X X X

1202 29 PRESSURIZER X X X X X X X X XSYSTEM F All

1202-30 EARTHQUAKE X

1202-31 FlR E I X

1202 35 LOSS OF DHR X X X X X X X X X X X X X C

1202 36 LOSS OF INSTRUMENT X X X X XAIR
1202-37 COOLOOWN OUTSIDE X X X 0 0 X X X X x x X 0

CONTROL ROOM

1202 38 NSRW F AIL X X

#

1202-40 ICS POWER Fall X X ! X X X O4

t 120319 RIVER WATER SYSTEM X X X X X8 F All

1203 20 NSCCS Fall X X

1203-21 SSCCS F All X

1203 24 STEAM LEAK X X

1203 34 CONTAINMENT BUILDING
VENTILATION F All *

1102 11 COOLDOWN X 0 X 0 0 0 X X 0 X 0 0 X X

110216 NATUR AL CIRCULATION
X X X

| . COOLDOWN

LEGEND:

X - INDICATES THAT THE PROCEDURE CALLS FOR PERFORMANCE OR VERIFICAT

O - INDICATES THAT THE PROCEDURE CALLS FOR AN ACTION THAT DEGRADES C

* N
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E B e t te r e : E sa n a d a s E 5 : s s e

O X X X X X

X 0 X

X X X X

X X X X

X X X X X X X X

X 0 X X X X X X X

X X X X X X

X O X X X 0

2 X X X X

O X X X

X X X X X X X

X X X X X X X

I x x x

[ x x x x

iTI
X X

APERTUREr 0 X X X X:

' CARD
X X

X X

' lso Availabl.A
Apg,x x x x ,,

x 0 x x

O X X

X 0 X X

X X

X

X

X X X 0 X

TABLE 3-11. OPERATOR ACTIONS CALLED FOR
* * *

IN EACH PROCEDURE

O X

i

ON OF THE TOP EVENT FUNCTION. ph // O O 7["d /
R 15 OPPOslTE TO THE TCP EVENT FUNCTION.
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TABLE 3-12. TRANSFERS CALLED OUT IN EACH PROCEDURE

. I o

i 6-
, - 1

k $ $" $E
vHANSe E HRE o 10 ', - 8 g

=O g
-

s a : Y y 1.

*
j PHoctouME - j -2 s r. =*=

3, ,
885 8 H , , < . < = 1, =es -

$
,, .

4 9 s,y o - : - < :2 o r < < - a s

g 0 {;:; .<m5 1 3 i
" W T f $ 5 $ =5.E l{8

0 8 1 h .#g
s i* *

8 - - .

3 g - 0 O s >= 0 0 M
-

2- 0 3 0 28 ae-

[ = n
3 5 3 3 .-

3-

.E B E=.
g U- a t .- s as

o-865. .E.
We a : 5 !E 1' i'

*

D U S, : 5' 8 0,8
";

g 3" <"8 38
-

-X O M < - s< s s u ,s s .. ,, o, o o
.N. n LPHOCEOURE :: i e e 2 4 : 8 8 8 ; x 8 ; a a e a n x : ;

"" " " " "

9 2 9 E 9 I I * *
.

E. E E. E. E R E. E. E E. .R .E E R R. E E E.
3 3?

: : : : : : : : : :. . . . . . . .

846@ t HE ACIOHfIUHB3NE g g g
a T H eP

8210 2 TOSS OF SCM M M M M M M M M M

12:03 E ACESSevE COOL 6NG X X X X M M

1210 4 L ACK OF PSHM M M M M M M

9210 5 SGTR M M M

12106 SM ALL BH& AA LOCA g g g gCoot DOWN
tJUt 7 LANGt BMF AX LOCA X M MCCM)t Th)WN

1210 8 HCS SUPEMME ATE D M M

9280 9 Hrt COOLING M M M M M M

W 3210 to ATOG NULES
9

1202 2 LOSS OF Of f diTE POWE R M M

3207-2A eL ACAOUT X X

6202 9A LOSS OF ''A" OC

t m21 F LOSS OF 8CCW

1202 26 f%etisAL LOFW X

t.dJ 29 PHt.bSUHaltH
SYSTEM F A8L "

1202 30 E AM THOUAME M M

1202337eHE N

.; 1202 3S LOSS OF DHR X

8202 J6 Loss OF INSlHUMkNT
A tH

:) IJul 3 7 LOUT DUWN OU t SaOL
! CONtHOL HOOM g g

3202 3a NSHW f Att M

i202 40 aCS POWE R F All -

M

IJO319 HIvkN WAf tH System
F A0 g g

I203 20 NSCCS F All

1203 21SSCCS F AaL
^

3203 24 SIE AM LE AIC M M
j R203 34 CON T AINME NI BUSLO6NG
-

VINilt ATION F A4L

110211 COOtoOWN
,
" e tO216 NA TUH AL Ca##;ULA TION
1 COG OOWN g

.
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TABLE 3-13. "MISALIGNMENT ERRORS" AT TMI
UNITS 1 AND 2 INVOLVING SAFETY SYSTEMS

Sheet 1 Qf_4

Number
U"I"9TMI System of Detection / Recovery

# * '5 " ""*Unit Involved Trains Tim
Maintenance * Affected

1. January 1974 1 HPI M One Failed pumps by Next pump test

leaving suction valves (quarterly).

closed; valves opened
but pump remained
disabled.

2. May 1974 1 Diesel M One Lube oil switches 48 hours.
w Generator lef t disconnected.
b
* 3. June 1974 1 HPI M One 56 ~ ch valve lef t Operability test

closed. before placed in
service.

3A. November 1974 1 Sampling M One Primary sampling 4 months.
Line containment line

valve lef t open.

3B. September 1974 1 Containment M Two Two normally open 8 days.
Isolation valves lef t in closed

position. Part of

erergency access
hatch mechanism
involving automatic
pressurization of
door seals.

*T = Test; M = Maintenance.

O O O
0497G053086HAAR _



,- ,~p , ,

O N.J %)

TABLE 3-13 (continued)

Sheet 2 of 4

Number
Following

TMI System of Detection / Recovery
' # * "*Unit Involved Trains Time

Maintenance * Affected

3C. December 1975 1 Containment M One Outside containment 2 weeks.
Isolation isolation valve for

steam generator sample
sample line failed to

close; valve operator
lef t in wrong
position and would not
close automatically.

Y
w 4. February 1976 1 HPI T One Incorrect valve Discovered during
*

lineup during test. same test.

5. June 1978 2 Diesel M One** Failed to close 14 hours.
Generata.' breaker following

switchgear cleaning.

6. August 1978 1 NSRW 7 Two Two of three pumps 33 hours and 20
(running) not minutes.
selected to
engineered
safeguards.

7. March 1979 2 EFW (T)? Three EFW discharge valves Accident revealed
lef t closed. Not (2 weeks?).
noticed in the
control room.

*T = Test; M = Maintenance.

**While maintenance continued on the second train, both trains were out of service.

._ @X@!$h0H!CCl3D o _ _ - -



TABLE 3-13 (continued)

Sheet 3 of 4
!

' "
TMI System of Detection / Recovery

# # " " #"
Unit Involved Trains Time

Maintenance * Affected

8. fiarch 1979 1 EFW M One MS-V6. steam- Routine surveillance
regulating valve during heatup.
lef t closed.

9. -/1980 2 NSRW and M One Service water valve Completion of
Diesel alignment error service water
Generator rendered one diesel maintenance

generator inoperable; (8 hours).
other diesel

g generator still
o operable.

10. January 1981 2 NSRW - One Pump stopped, but less than 1 day.
lef t in pull-to-lock

rather than in >

. automatic mode.

104 June 1981 2 Coatrol M - Lef t control building Quickly when
Building ventilation alarmed (?).
Ventilation interlock in defeat

preventing the
automatic signal to
go to the

! recirculation

j position.
s

I

L__

*T = Test; M = Maintenance.

O O O



.. . _ . .-

'

,

1
.

TABLE 3-13 (continued)

Sheet 4 of 4

Number
"ITMI System of Detection / Recovery

** ** " *Unit Ini. sed Trains Time
Maintenance * Aff d *

11. August 1981 2 Diesel M One** With one service - 7 hours (during '

Generator water pump in maintenance).
maintenance, failed

to restore second
diesel generator after
performing operability
test.

r

12. August 1983 1 Waste M One Maintenance failed 1 day.w
1 Storage to close sampling ,

" Tank line valve after !

sampling MWST.
Hydrogen cover gas - '

over makeup tank
,

leaked into MWST
because of this open
line.

*T = Test; M = Maintenance.
,

**While maintenance continued on the second train, both trains were out of service

,

4

)
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TABLE 3-14 INSTRUMENT PROBLEMS AT TMI UNITS 1 nND 2

Sheet 1 of 6
System / Number of Detection /TMI Type ofDate 'trument Trains Comments ec veryUnit Problem *Invol vec, Affected Ti n.e

August 1974 1 Waste /pH One pH readings too low. MI,EF 4 Days
Monitor

September 1974 1 Waste Gas / - Radiation monitor NR <1 Day
Radiation taken out of service
Monitor while release in

progress.

April 1975 1 CRD - Equivalent full-days NR 4 Days
curve not updated;
reactivity excess.,

February 1975 1 CRD - CRD position MI,EF 10 Days
indication had been
reading faulty.
Operators disbelieved
it when eventually it
correctly indicated
a problem.
Discrepancy not
investigated.

December 1976 1 Reactor One Design error of ED -

Building radiation monitor
Radiation resulted in excess
Monitoring moisture.

*See Sheet 6 of 6 for definitions.

O O O
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TABLE 3-14 (continued)

Sheet 2 of 6
System / Number of Detection /

T [e of RecoveryTMI
Pfblem*Date Instrument Trains CommentsUnit Involved Affected Time

January 1976 1 Coolant Valve not restored on NR Two days
Leak RM-A2 after quarterly (although daily
Detection / surveillance. surveillance)
Radiation
Monitor

February 1976 1 Particulate One Cover plate ajar NR,MI 22 hours.
Monitoring after inspection of

reactor building
atmosphere monitor.

w

j; June 1976 1 Containment One Following maintenance, NR Discovered
Isolation / radiation monitor while in

Radiation left disabled, so Test
Monitor purge valves would

not close on an ESAS
signal.

July 1977 1 Reactor One Improper reassembly NR,MI -

Building of radiation monitor

Particulate following test
Monitor allowed in leakage

rf outside air.

March 1979 2 Pressurizer One During TMI-2 accident, MI,ED 1 Hour plus
Level pressurizer level 40 Minutes

misled operators.

__ -

*See Sheet 6 of 6 for definitions.

0497G060486HAAR
--



TABLE 3-14 (continued)

Sheet 3 of 6
System / Number of Detection /TMI Type of

Date Instrument Trains Comments RecoveryUnit Problem *involved Affected Time

March 1980 1 RPS Multiple Narrow-range RCS MI,EF -

and pressure transmitters.
2 When off scale,

sometimes go back to
on scale.

June 1980 2 Remote One RCS inlet temperature EF -

Shutdown on remote shutdown
panel failed.

w .

I, December 1980 2 Core Flood Two CFT level indicators MI,EF -

#"
Tanks stuck in position

although level dropped.

January 1981 1 HPI One Flow indication line EF -

MO-36-FF leaked due
to corrosion and
makeup startup.

November 1961 2 UTSG Level One 125V DC power to level EF,MI Quickly Noted
(ICS) transmitter. Failure

November 1982 2 Sump Level One Level in sump reads MI,ED -

too high because
of sludge.

*See Sheet 6 of 6 for definitions.

O O O
0497GOS3086HAAR
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TABLE 3-14 (continued)

Sheet 4 of 6
System / Number of Detection /Type ofTMI

Unit Problem * RecgveryDate Instrument Trains Comments
Involved Affected Time

January 1982 2 Chlori'ne - Monitor failed; set EF As Alarm
Monitor off alarm; operator Sounded

silenced; placed in
safe position.

April 1982 1 Radiation One Mud blocked flow to ED,MI -

Monitor radiation monitor.
for River
Water

w

j; October 1982 2 Level in Two Level instruments on EF Quickly.Noted
OTSG two steam generators Failure

failed because of
two different causes.

June 1982 2 Chlorine One Alarmed high on- EF,MI Noticed on
Monitor failure.- Alarm

February 1982 1 Radio - False detection of MI,ED --

and Masks hydrogen due to face
2 mask radios.

- May 1983 2 Containment - Level indication did MI,-- Detected in
Sump / Level not-change although 1 Week

wdter added due to
valve . leaking beside
instrument.

*See Sheet 6 of 6 for definitions.
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TABLE 3-14 (continued)

Sheet 5 of 6
System / Number of Detection /TMI Type ofDate Instrument Trains Comments RecoveryUnit Problem *Involved Affected Time

July 1983 2 Level In One Standby pres ure EF,MI <1 Day
Tank control system tank

level failed low.
July 1983 1 Radiation One Radiation monitor EF,MI -

Monitor read a high count at
condenser.

August 1983 1 Radiation One No flow to radiation EF,MI -

Monitor monitor at condenser
y due to moisture
$ condensation.

August 1983 1 Radiation Une Maintenance closed NR 40 Minutes
Monitor valve, isolating

radiation monitor
from condenser.

April 1983 1 DHR/0il Two Labeled low oil NR At Equipment
Level level incorrectly, Failure

then removed
alternate oil
control mechanism. .

One pump failed,
the other had some
problem, but was not
run until first pump
pump failed.

*See Sheet 6 of 6 for definitions.

t O O
nao7r,nconocuany
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TABLE 3-14 (continued) 1

i

Sheet 6 of 6
1

Abbreviations for Types of Problems

: NR - instrument not properly restored.
!

MI - misleading indications.

EF - equipment failure.

EO - environmental design. t

;

6

4 '
. N
l

,

i
!

!

I

!

!
'

i

i

!
:

1
;

i

|
'

,

0497G053086HAAR
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TABLE 3-15 INSTRUMENT CAllBRATION PROBLEMS AT TMI 1 AND 2

Number Detection / |
Date of Trains Comments Recovery

U it In d Affected Time

April 1975 1 RPS Four Only one individual Routine
calibrated high power Testing
trip points set at 4 Days
109.5% whereas
speci fied at 105.5%.

May 1977 1 ICS/RPS Four Steam generator Several
pressure transmitter Calibration
failed; consequently, Periods
all four nuclear Possibl e
detectors
miscalibrated I I
reading power 10%
too low.

September 1970 1 CVSCS(?) One(?) NaOH concentration At Next
miscalibrated Calibration
because of calibration
drift due to seal
failure of pressure
transmitter.

December 1981 2 Core TAVE One Thermocouple leads 15 Hours
polarity reversed
and lef t reversed
after calibration.

9

0497G060586HAAR 3-48
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TABLE 3-16. TMI EXPERIENCE CONCERNING DYNAMIC HUMAN ACTIONS
.

(b,) Sheet 1 of 2

TMI Systems '' "'IN
Date ""'" ' '# "Unit involved

Time

1. July 1974 1 River Water Operators fail to monitor AT 3 Days
to river when monitor plus its
backup was out of service.
Discharge water temperature
slightly exceeded environmental
limits.

2. April 1977 1 Circulating Middletown fire department 1 Day
Water arrived quickly in response to

pump house flood.
,

3. April 1978 2 HFW Operator, following reactor 80 Seconds
trip, cut HFW demand, but did
not initially realize that HFW
was in manual.

I4. March 1978 2 CRD Operator misinterpreted 7
procedures; proceeded to higher
power level with control rods
out of position.

5. October 1978 2 RPS CRD trip breakers closed with 7
only one source range detector |
in service technical
specification violation.

Power snurce out on other
,

( detector.
,
.

6. March 1978 2 PORY Vital power lost caused PORY to 4 Minutes !fail to open position and lose I

indication. '

Operator could not determine the
source of depressurization.

7. March 1979 2 PORY EFW, THI-2 accident.
andliPI Recovered EFW by opening valves 8 Minutes,

(noted level too low).,

Closed block valve in PORY. 1 Hour,
42 Minutes

Attempted cooldown and 7 Hours
depressurization for
sequence with possible steam
generator tube rupture.

Operator isolated containment 30 Minutes
well af ter (20 minutes) RCD
tank blew.

Operator started HPI manually 13 Seconds
and isolated letdown. *

,

8. July 1980 2 Ventilation Failed to reset four fans from 5 Hours
control room following fire l
alarm. !
Indicator overlocked on back |
panel.

O

0497G121186HAAR 3-@
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TABLE-3-16 (continued)

Sheet 2 of 2
Recovery /

TMI Systems
Date Coment DetectionUnit Involved

Time

9. October 1981 2 Auxiliary Did not recognize significance 2 Days
Building of reduced flow in auxiliary
Ventilation building due to previous damper

problems.
Indications had been faulty.

10. Hay 1976 1 Waste Operator verified alarm, found 90 Minutes
Evaporator that alarm had failed to af ter the

automatically close salve to Alarm
terminate release.
Operator manually terminated the
release by closing the valve
from control room.

O

9
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1
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4. DESCRIPTION AND QUANTIFICATION OF HUMAN ACTIONS

O
This section documents the quantification of each human action
identified. All of the human actions listed in Table 1-1 are
considered. This section is divided into three parts corresponding to ,

the three separate methodologies for evaluating the frequencies of the
different human action types; i.e., routine, dynamic, and recovery
actions.

4.1 ROUTINE HUMAN ACTIONS

Results from the evaluation of routine huma:: actions are summarized in
Table 1-4. The distributions for the referenced human action rates are
provided in Table 1-3. The human action identifiers are listed in
alphabetical order.

The human error rates assigned to each of the human action identifiers
are defined in Section 2.2. The methodology for estimating these error -
rates, the special numerical results obtained, and the basis for the use
of these error rates are also described in Section 2.2.

..

A discussion of the specific application of these error rates for the
specific routine actions evaluated is provided in the following
paragraphs.

In the paragraphs that follow, the term, operator, is not meant to be
O. restricted to just those personnel manipulating plant controls in the

control room. Here, operator is meant to include all plant operations
personnel who may impact the status of plant equipment, including '

maintenance crews and instrument technicians. i

The list of routine human actions listed in Table 1-4 is not exhaustive.
First, the only errors of commission associated with routine actions are
those involving miscalibration of RPS and ESAS channels. Inadvertent
valve manipulations that result in system misalignments, but that are not

( tied to either test or maintenance procedures, are not modeled
explicitly. Isolated errors of this type are not believed to contribute
significantly to risk. Errors of omission in restoring systems to normal
status following test or maintenance actions are included. However, in
some cases, frequency arguments employing comparisons with system

1 hardware failure rates have been used to limit the number of routine
i human actions considered in this section. Such frequency arguments are
| provided in the individual systems analysis.

Finally, routine human actions that lead to the misalignment or failure .

of redundant system trains are not all modeled explicitly. The
miscalibration of multiple RPS and ESAS channels is modeled explicitly.
However, the common cause failure parameters for pumps, valves, and other;

mechanical components are believed to adequately account for the
misalignment of multiple mechanical system trains.,

O;

;
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4.1.1 HCA3

HCA3 is the human error rate of miscalibrating two or more ESAS channels
that provide the 4-psig containment high pressure signal during the
scheduled refueling outage calibration. The error rate assigned is made
up of two parts. Miscalibration of one channel is assigned an error rate
of HEC 3; i.e., a general error of commission. The likelihood of a
failure of miscalibration of a second channel, given miscalibration of a
first, is assumed to be highly dependent. Therefore, the overall error
rate assigned to HEA1 is HEC 3*HEHD, where HEHD is the conditional human
error rate, assuming a high level of dependence. No credit is given for
the fact that not all miscalibrations are sufficient to result in failure
of the system. Also, miscalibrations of sensors should be easier to
detect than miscalibrations of bistable trip setpoints. The error rate
assigned to HCA3 is assumed to apply the miscalibration of the bistable
trip setpoints.

4.1.2 HCA4

HCA4 is the error rate of the independent verifier failing to detect the
miscalibration of two or more ESAS channels, as represented by HEA1. Two
persons perform the ESAS channel calibration together. One reads the
procedure and verifies that the other performs the calibration
correctly. Medium dependence with the first action is assumed. HCA4 is
therefore assigned an error rate of HEMD.

4.1.3 HCSI

HCS1 is the frequency of the operator leaving the reactor building spray
valves in the recirculation line to the BWST in the test alignment after
testing. These are manual valves that must be restored to the normal
alignment following the test. Failure to restore these valves would
require the omission of a step in the procedure.

Therefore, the human error rate assigned to this action is HE01B;
i.e., failure to use a procedure with a long list of checkoff
provisions. Only single spray pump train errors are considered
explicitly in the evaluation. Multiple train errors of restoration are
accounted for in the common cause failure parameters.

4.1.4 HCS2

HCS2 is the error rate of the independent verifier failing to detect the
misalignment of the manual valves noted in the discussion for HCSI.
Since the verifier is required by procedure to verify the restoration of
these valves, the human error rate assigned to HCS2 is HE02A;
i.e., failure of the checker to recognize an incorrect status when
checking each item.

4.1.5 HCS3

HCS3 is the frequency of the operator failing to restore the reactor
building spray pressure switch manual isolation valves following the

4-2
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reactor building spray 30-psig pressure channei tests. There are three
fG pressure switches per pump train, and only two of the three are needed
V for system success. Two or more pressure switches must therefore be left

in the test position to fail one train of reactor building spray.
Failures affecting both spray trains are not modeled explicitly as human
errors. Such human errors are instead accounted for in the evaluation of
common cause failure parameters for the pumps. The error frequency
assigned to HCS3 for one train of spray only is HE01B*HEHD; i.e., failure
to follow procedures with a long list of checkoff provisions times the
conditional high dependence of repeating the error for a second pressure.
switch.

4.1.6 HCS4

HCS4 is the error rate for an independent verifier failing to detect the
failure in the action to restore the valves, represented by HCS3,
involving the reactor building spray pressure switch isolation valves.
An error rate of HE02A is assigned; i.e., failing to recognize an
incorrect status when checking each item. Complete dependence (HECD) is
assigned for the verifier when considering multiple pressure switches.

4.1.7 HDEA1

HDEA1 is the duration (in hours) until more than one miscalibrated ESAS
channel is detected that the independent verifier failed to detect*

immediately following the calibration. It is assumed that the
miscalibration would not then be detected until about one-half into the,

time to the next calibration performed during the next refueling outage.
The ESAS channels (including the bistable trip points) are actually
tested monthly although the calibration is performed only once each i
refueling. Several such tests are conservatively assumed to pass before !

the miscalibrated channels are detected. The detection time is assumed
to be in 0.75 years, or 13,142 hours.

4.1.8 HDEA2

HDEA2 is the duration (in hours) until detection of a single,
miscalibrated ESAS channel that the independent verifier failed to detect
immediately following the calibration. Similar to HDEA1, HDEA2 is
assigned a duration of 0.75 years, or 13,142/2 hours.

4.1.9 HDEF1

HDEF1 is the average duration until a valve misalignment is detected
,

following testing of a pump in the EFW system. The pumps are tested once |a inonth, but such misalignments are often detected prior to the next .

- test. HDEF1 is therefore assigned a duration of 720/2 hours.

4.1.10 HDEF2

HDEF2 is the average duration until an error in the calibration of the
EFW sensor channels is detected. HDEF2 is assi ned a duration of
one-half the test period for the system or 720/ hours.

|
!

!

l
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4.1.11 HDH2

HDH2 is the error rate for the operator failing to realign the DHR system
following pump testing. The error would require an omission in following
the test procedure to restore the manual valves to the normal alignment.
Human errors in restoration of these valves affecting both DHR trains are
not modeled explicitly with human error rates. Such errors are instead-

accounted for in the common cause failure parameters for the pumps. The
error rate assigned to HDH2 for misalignment of a single DHR train is
then HE01B; i.e., failure to follow procedures with a long list of
checkof f provisions.

4.1.12 HDH3

HDH3 is the error rate of the independent verifier failing to detect the
failure to realign the DHR system following pump testing. This error
would be an omission to follow the test procedure that requires
independent verification of the restoration to the normal system lineup.
The error rate assigned is then HE02A; i.e., failure to recognize an
incorrect status when checking each item. If the verifier also fails to
detect the error, it -is conservatively assumed by the analysis that the
system would remain in the misaligned configuration until the next
scheduled test.

4.1.13 HDRT1

HDRT1 is the average duration until detection of an operator error in
failing to remove an RPS channel from bypass after testing, given that
the independent verifier also failed to detect the error. When an RPS
channel is in bypass, the corresponding RPS cabinet in the control room
has a light on top that is lit. At the shift change, the oncoming crew
is required to take numerous control room readings and, in particular, to
check the log that identifies when an RPS channel bypass is both
implemented and terminated. Therefore, it is assumed that, if an RPS
channel is left in bypass, it is very likely to be detected by the
bcginning of the next shift. HDRT1 is assigned a small chance of being
detected in the same shift (a .1 probability for 4 hours), a good chance
of being detected at the beginning of the next shift (a .5 probability
for 8 hours) and less chance of being detected during later shifts (a
0.3 probability at 24 hours and a 0.1 probability at I week).

4.1.14 HDRT2

HDRT2 is the average duration to detection of a miscalibration of
multiple RPS channels. The miscalibration is assumed to go undetected
until the next scheduled calibration at the next refueling outage. HDRT2 .)
is assigned a duration of 1.5 years, or 13,140 hours. )

4.1.15 HDRT3

HDRT3 is the average duration to detection of a miscalibration of a
single RPS channel. Similar to HDRT2, HDRT3 is assigned a duration of
1.5 years, or 13,140 hours.

i

|
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4.1.16 HEA1

HEA1 is the human error rate of miscalibrating two or more ESAS channels
during the scheduled refueling outage calibration. The error rate
assigned is made up of two parts. Miscalibration of one channel is !

assigned an error rate of HEC 3; i.e., a general error of commission. The i

likelihood of a failure of miscalibration of a second channel, given
miscalibration of a first, is assumed to be highly dependent. Therefore,
the overall error rate assigned to HEA1 is HEC 3*HEHD, where HEHD is the
conditional human error rate, assuming a high level of dependence. No
credit is given for the fact that not all miscalibration errors are

l
sufficient to result in failure of the system. Also, miscalibrations of 4

sensors are more easily detected than miscalibrations of bistable trip
setpoints. The error rate assigned is assumed to apply to the ,

miscalibration of the bistable trip setpcints. )

4.1.17 HEA2 |
|

HEA2 is the error rate of the independent verifier failing to detect the |

miscalibration of two or more ESAS channels, as represented by HEA1. Two
persons perform the ESAS channel calibration together. One reads the
procedure and verifies that the other performs the calibration
correctly. However, if a channel is outside the tolerance limits, the
persons performing the calibration must submit an Exception and
Deficiency sheet documenting the finding that they are out of tolerance.
This report would then be reviewed by the shift supervisor and the
preventive maintenance supervisor. Consequently, the verification actionO is assumed to be independent of the initial miscalibration. An errorU rate of HE02A is therefore assigned to HEA2.

4.1.18 HEA3

HEA3 is the errcr rate for miscalibrating one ESAS channel during the
scheduled refueling outage calibration. Similar to that for HEA1, the
error rate assigned to HEA3 is HEC 3; i.e., a general error of comission.

4.1.19 HEA4

HEA4 is the error rate for the independent verifier failing to detect a
single ESAS channel miscalibration, as represented by HEA3. Medium
dependence is assumed between the two actions. HEA4 is assigned an error i
rate of HEMD.

4.1.20 HEF6

HEF6 is the frequency of the operator failing to restore one train of the
,

emergency feedwater system to the normal alignment following a system
,

test or maintenance action. Failure to restore the system would require
the omission of a step in the procedure. Therefore, the human error rate
a signed to this action is HE018; i.e., failure to use . procedure with a
long list of checkoff provisions. Only single train errors are
considered explicitly in the evaluation. Multiple train errors of
restoration are accounted for implicitly in the common cause failureO parameters for the failure modes of the system pumps.

4-5
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4.1.21 HEF7

HEF7 is the error rate of the independent verifier failing to detect the
misalignment noted in the discussion for HEF7. Since the verifier is
required by procedure to verify the restoration of these valves, the
human error rate assigned to HEF7 is HE02A; i.e., failure of the checker
to recognize an incorrect status when checking each item.

4.1.22 HHL1

HHL1 is the error rate for leaving one train of the decay heat removal
system misaligned following test. Manual valves DH-V-12A or DH-V-12B may
not be restored to the normal system alignment. The error rate assigned
to HHL) is then HE01B, failure to follow procedures with a long list for
checkoff provisions.

4.1.23 HHLE

HHL2 is the error rate for the independent verifier failing to detect the
decay heat removal system micalignment error represented by HHL1. Since
the verifier is required by procedure to verify the restoration of these
valves, the human error rate assigned to HHL2 is HE02A; i.e., failure of
the checker to recognize an incorrect status when checking each item.

4.1.24 HICS

HICS is the error rate of the atmospheric dump valve manual loader being
inadvertently left at the nonzero position. The position of this manual
loader is checked during plant heatup from shutdown conditions and
verified every shift. HICS is assigned an error rate of HE01B;
i.e., failure to follow a procedure with a long checkoff list, given that
the manual loader was used for cooldown.

4.1.25 HIC 6

HIC 6 is the fraction of time that the backup manual loader for the
atmospheric dump valves is not correctly set at the zero (i.e., valves
closed) position as a result of the mispositioning represented by HIC 5.
The position of the manual loader is verified as part of a routine check
of tasks by each shift according to the CR0 reading sheet.

/, conservative estimate of the time that the manual loader might be
mispositinned is used in this evaluation. It is conservatively assumed
that, if left in the nonzero position, the error would, on average, be
detected within 24 hours. This corresponds to three shift changes. It

is also assumed that the ADVs would be repositioned with the manual
loader once every 6 months (OPS-232, surveillance test). This gives an
estimate of 5.5 x 10-3 for the fraction of time that the manual loader
may be misaligned, given that the operator initially failed to restore it
to the zero position.

O
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4.1.26 HRT1

HRT1 is the error rate for the operator failing to remove the bypass from
an RPS channel af ter testing, which is performed monthly. Only one RPS
channel can be left in byoass at a time. This error would be an omission
of a step in the testing procedure. The error rate assigned to HRT1 is
therefore HE01B; i.e., failure to follow procedures with a long checkoff
list.

4.1.27 HRT2

HRT2_is the error rate for the independent verifier failing to detect
that an RPS channel was left in bypass after RPS testing. By procedure,
the independent verifier checks to ensure that the system is restored to
the normal alignment following the test. The error rate assigned to HRT2
is therefore HE02A; i.e., failure to recognize an incorrect status when
checking each item. If the independent verifier fails to detect the
misalignment, the average duration until detection is given by HDRT1.

4.1.28 HRT3

HRT3 is the error rate for the operator miscalibrating two or nnre RPS
channels during the refueling out6ge calibration. The error rate
consists of two parts. First is the error rate for miscalibration of one
channel, HEC 3; i.e.., a general error of commission. High dependence is
assumed for the likelihood of miscalibrating a second channel, given
miscalibration of one. Therefore, che overall error rate is assigned

O HEC 3*HEHD where HEHD is the conditional human error rate, assuming a high
level of dependence.

4.1.29 HRT4

HRT4 is the error rate for the independent verifier failing to detect the
miscalibration of multiple RPS channels, as represented by HRT3. Two
persons perform the RPS channel calibrations together, The independent
verifier reads the procedure aloud and verifies that the action is being
performed correctly, while the two work through the procedure. Medium
dependence between the two actions is assumed. HRT4 is assigned an error
rate of HEMD.

- 4.1.30 HRT5

HRTS is the error rate for the operator failing to properly calibrate a
single RPS channel. Similar to the first part of HRT3, an error rate of
HEC 3, general error of commission, is assigned.

4.1.31 HRT6

HRT6 is the error rate for the independent verifier failing to detect the
miscalibration of a single RPS channel, as represented by HRTS. Similar
to that for HRT4, medium dependence is assumed between the performance of
the action and the independent verification. HRT6 is assigned an error
rate of HEMD.

4-7
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4.2 DYNAMIC HUMAN ACTIONS

This section presents the results for the dynamic human actions that were
evaluated using the methods described in Section 2.3. Section 4.2.1
presents the results of the nonresponse human error frequency estimates.
Section 4.2.2 presents the results for the errors of misdiagnosis, and
Section 4.2.3 presents the results for the evaluation of potential
nonviable human actions. Detailed i ecovery analyses perforned for a'

select few dynamic human actions are described in Section 4.3.

4.2.1 NONRESPONSE DYNAMIC HUMAN ERRORS

The final distributions for the nonresponse human error frequencies are
sumarized in Table 1-2. Dynamic human action questionnaires were
completed for nearly all of the dynamic human actions identified. The
input to the computer program that was prepared for quantification of the
dynamic actions and the results are listed in Table 4-1. A separate page
of results is provided for each action.

In Table 4-1, the input echoes are self-explanatory. These are the
qualitative judgments that are used in the dynamic, nonresponse human
error frequency models described in Section 2.3.2. For most actions
listed, point values are estimated for both the median estimate of the

length of time it takes to diagnose and the medium estimate of the length
of time available for diagnosis. For those actions for which the length
of time available to diagnose is very uncertain because either the amount
of a!10wable time, the amount of time required to respond (once
diagnosed), or both are uncertain, varlable time distributions are used,
then provided in the input er . If variable time distributions are
used, the error frequency results for each discrete combination of the
length of time available and the length of time to respond are provided
as intermediate results. The final error frequency distribution results
are then provided in the form of a lower bound (5%), a best estimate or
median, and an upper bound (95%). Discrete distributions are then
developed to represent the range of results for ese in quantifying each
split fraction. The mean values of these discrete distributions are
provided in Table 1-2. At the bottom of the program output for each
dynamic human action, the contributions of the time-dependent and
time-independent error frequencies are provided prior to acccunting for
assumed dependencies among actions. The failure frequency range provided
above these results does account for the dependencies among actions, as
specified in the input echo.

The full, completed questi; r. ires are provided in Appendix B.
Questionnaires were not con.,6.ted for the following human actions; HCV3,
HGAl, HNS3, HNS4, and HNSS.

.

HCV3 represents the fraction of time that the outside air temperature at I

TMI is too warm to permit effective cooling of the control building in |
the once-through cooling mode without operable chillers. The allowable !
upper limit to this outside air temperature is assumed to be 84 F,
allowing 20 F for the rise in temperature through the hotter rooms and a
limiting equipment failure temperature in terms of a bulk room air
temperature of 104 F (Reference 4-1). Accoraing to neteorological

i
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records at the site during the last 5 years, the fraction of time the
p outside air temperature has exceeded 84*F varied between 1.5% and 4.5%
Q (Reference 4-1). A conservative estimate of 5% exceedance was therefore

assumed for this analysis. This means that, for 5% of the time, extended
loss of the chillers is assumed in,the plant model to result in eventual
failure of some equipment serviced by the control building ventilation

_

system even if the system fans function properly. However, if the loss
of control building ventilation procedure is followed, and portable
ventilation fans installed, thi' maximum allowable outside air temperature !
is increased from 84*F to 95'F. The average year exceeds 95'F only 0.2%
of the year (Reference 4-2) and, generally, for only 2 to 3 consecutive
hours. Therefore, if portable ventilation is established in the control

'building, only 0.2% of the time is the outside air temperature assumed
too hot for effective cooling. Then, the conditional frequency of
exceeding 95'F, given 85 F is exceeded, is given by .002/.05 = .04

Dynamic human actions HNS3, HNS4, and HNS5 are currently not used in the
quantification of the plant model. In the evaluation of Top Event NS,

,

(nuclear services cooling), it has been assumed that loss of the Class I, |
auxiliary building ventilation system would not lead to overheating of '

! the closed cooling water pumps it services. However, the equations have
been written in a way that permits this dependency to be considered at a
later time, if desired. The three dynamic actions listed above would
then be used. They are each concerned with manually starting the standby
ventilation train in the event the normally operating train fails or
loses power. For the quantification of accident sequences in this study,
they are not use.J. Consequently, the dynamic human action questionnaires |

O were not completed for these actions. Instead, conservative, screening
values of 0.1 are assigned to the error frequencies for these actions for

4 now.

Human action identifier, HGA1, represents a conservative estimate of the
error frequency for failing to recover offsite power within 6 hours !
following an initial loss of all vital AC. The detailed recovery i

analysis documented in Section 4.3 supersedes this estim:te in the final
results, by suitably adjusting the split fractions for Top Event RE. Use
of HGA1 is therefore a calculational convenience to conservatively
account for offsite power recovery in most sequences involving degraded

i

electric power states. For those sequences still found to be incortant,
the results from the detailed electric power recovery analyses described
in Section 4.3 are then used to refine the frequency estimates.

.

Questionnaires were completed for all the other dynamic human actions
listed in Table 1-1. For presentation purposes, these events are divided

1 into two groups; those that are dependent on the performance of other
human actions and those that are assumed to be independent.

,

4.2.1.1 Dependent Actions

A list of the accident scenarios examined in which dependent dynamic
human actions are evaluated is provided in Table 4-2. Each of these
accident scenarios is described in the following paragraphs.

4-9
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The first accident scenario listed in Table 4-2 'is initiated by a loss of
river water, assumed to be caused by a plugging of the pump house
screens, possibly by leaves or othr river debris. Initially, the
operators would sense the screen problems via a trouble alarm. HRE4
represents the action to attempt to clear the screen prior to the time
that the plant trips. HRE6 represents the action to subsequently clear
the screens if the operators failed to do so earlier. Three different
variations of PRE 6 are used to represent three key scenario groups:
(1) control building ventilation and emergency feedwater succeeds
(HRE6A); (2) control building ventilation succeeds, but emergency
feedwater fails (HRE68); and (3) control building ventilation fails, but
emeraency feedwater succeeds. The status of the control building
ventilation system and the emergency feedwater system are important in
determining the time available to clear the pump house screens. If

emergency feedwater f ails, the time available is 1 hour from the loss of
river water pump suction. If emergency feedwater and control building
ventilation succeed, the time before core damage is governed by the
timing and rate of RCP seal leakage. From the time the river water pumps
lose suction, 9 hours are assumed to be available. The conditional
failure frequency of control building ventilation is increased, given a
loss of river water,3ecause the ultimate heat sink for the chilled water
system is then 1 . Thu loss of control building ventilation also
affects the allo. le time to unplug the screens. Without control
building ven+ in, all vital AC power may be lost as the switchgear
rooms overl .he allowable recovery time is then determined by which
takes the shorter length of time, the control building room heatup or the
RCP seal leakage that leads to core damage.

HRE2 represents the action to prevent an RCP seal LOCA from developing by
maintaining seal injection without river water. At low injection flow
rates, the makeup pumps can continue to operate for a few hours without
cooling. HRE2 represents the action to rotate between the makeup pumps
to sufficiently extend the time availaF to unplug the river water
screens to ensure eventual success. A iow dependence is assuned between
HRE2 and HRE6A. This action is not viable if control building
ventilat Nn fails because AC power is assumed to be eventually lost or,
if EFW -=is, because the required makeup pump injection rates would than
be tot igh; i.e., the pumps would quickly overheat without cooling.

Each of the different sequences involving recovery from a loss of river
water are illustrated in the event tree shown in Figure 4-1. The split i

fractions involving the human actions identified in this section are
indicated at the correspondir,g branch points in the tree. Note that
action HCF1 does not have a bearing on whether core damage occurs or
not. HCF1 only helps define the plant damage state. Clearly, these
actions are Mterrelated since they are directed, in part, at the same

,,

goal, c1 aning the screens. If the operator is unsuccessful at both
actions HRE2 and HRE6, a core melt sequence is assumed to result af ter
the loss of inventory via the seal LOCA.

ihCF1 represents the action to establish reactor Jilding cooling without '

river water by realigning the industrial coolers to the fan coolers. A
substantial dependence between this action and failure of both HRE2 and
HRE6 is assumed because ti.e operating crew may fixate on the initial
recovery response even though they are unsuccessful. Finally, if the

|

'
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screens are successfully cleared and river water' restored (i.e., HRE6
P success), the oparators must start the makeup pumps to reestablish normal
\ seal cooling. Since both actions HRE6 and HBW3 are directed toward the

same goal (i.e., providing RCP seal cooling), the evaluation of HBW3
assumes a dependence on the success of action HRE6.

Two dynamic human actions are considered for accident scenarios involving
failure of reactor trip. Both human actions HRT7 and HRT8 are required,
in the initial steps of Abnormal Transient Procedure 1210-1, ,

Reactor / Turbine Trip. HRT7 represents the first action, which is to ;

manually trip the reactor by pushing the scram button. HRT8 represents
the subsequent action to interrupt power to the control rod drives. In
the systems an: lysis of the reactor trip function, human action HRT8 is
only asked if the rods failed to go in and action HRT7 does not cause the
rods to go in. HRT7 may be unsuccessful because the operator fails to
perform the action or, more likely, because the reactor trip breakers !

failed to function; therefore, pushing the scram button har no effect. *

In evaluating the error frequency for HRT8, a low dependence on the |
failure of HRT7 is assumed. Although these two actions are directed at
the same goal, this -approach is still believed to be conservative.
Failure of HRT7 probably does imply failure of HRT8. . However, the demandt

' for HRT8 is much more likely to be due to failure of the trip breakers,
regardless of the success or failure of HRT7. Thus, always assuming a
low dependence on the failure of HRT7 should be conservative.

A third accident scenario involves the need to initiate HPI cooling 3

following a loss of all secondary cooling. Two human actions are '

considered; HBW1 and HP01. HBW1 represents the actions to decide to '

initiate HPI cooling, open the BWST suction valves, and start the HPI
pumps. If the support systems needed for automatic pressure control of r

the PORY are available, the model assumes that manual action to hold the
PORV open is not needed for success of HPI cooling. This is because of ,

the very high pressure capacities of the makeup pumps. If automatic
control power is lost to the PORV (i.e., instrument bus ATA is failed),
the operator can still manually hold open the PORV, as needed, to allow :

successful HPI cooling; i .e., action HP01. The action, HP01, is
therefore assumed dependent on successful performance of HBW1.

,

Following initiation of HPI cooling, the rate of makeup to the RCS should
eventually exceed the rate of inventory loss. This then requires that i

'HPI flow be throttled to prevent overfilling and challenging the PORV.
After a normal plant trip, HPI is initiated manually.and a flow path is
provided by openina MU-V217 to maintain pressurizer level. This action
is not modeled explicitly in the plant mooel event trees since it is not
essential to plant safety. HTH1 represents the operator action to
throttle the HPI flow before the PORV is challenged. The evaluation of

,

HTH1 therefore assumes a dependency on the successful completion of the
'earlier operator action to manually increase HPI flow. If HTH1 fails,

the operator may still tnrottle HPI after the PORV is challenged to allow |
the PORV and/or PSVs to rescat; i.e., action HRC2. Since the operator
has already failed once to throttle HPI, the evaluation of HRC2 assumes a
dependency on the 'rilure to perform HTH1. Although both HTH1 and HRC2
are directed toward the same goal, complete dependence is not assumed

.
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oecause the plant PORV has in the meantime been challenged, which is
judred likely to cause the operator to rediagnose the situation.

Following an ESAS initiation of HPI, the throttling action, HTH2, is
again evaluated. In this case, however, the mantal action to open
MU-V217 dia not take place, so no dependence is assumed. The subsequent
action to throttle HPI after a PORV challenge is again assumed to have a
medium dependence on failure of HTH2 since both actions are directed at
the same goal; namely, maintaining RCS inventory. In case the operator
succeeds in throt.tling after an ESAS initiation of HPI, care must be
taken to ensure that makeup pump recirculation flow is established;
i.e., action HMR1. Mediu , dependence on the success of HTH2 or H1H3 is
assumed in evaluating the failure frequency for HMR1.

If a purge of the reactor building is in progress at the time of an
accident, such as a LOCA, having the reactor building purgc line open
would prevant any appreciable buildup of pressure in the containment.
This would veclude any automatic containment isolation signal . If the

operator iails to manually isolate the reactor building (i.e., action
HCA2), he is also unlikely to initiate reactor building spray.
Therefore, a medium dependence on the failure of HCA2 is assumed in
evaluating the failure frequency of HCS5; i.e., manual buildint spray
initiation.

If instrument air is lost, one recovery action is to bypass the
instrument air dryer transfer valve should a transfer operation sequence
fail, blocking both flow paths. This failure mode is in fact expected to
dominate the '3ilure frequency for loss of instrument air. HAM 1
represents the failure frequency for the operator action to locally
bypass the air dryers. In the event HAM 1 fails and an extended loss of
instrument air results, HINJ4 represents the local operator action to
open the air-operated seal injection valve; i .e., MU-V20. Evaluation of
the failure frequency for this action is assumed to have a low dependence
on the failure of HAM 1,

Two general ac;ident scenarios relate to cooldown and depressurization .f
the reactor coolant system following a plant trip. The cooldown and
depressurization actions are assumed only required if there is an RCS
leak; i.e., following a steam generator tube rupture or following a plant
transient with a very small leak, not large enough to be called a small
LOCA (and therefore includad in the reactor trip initiating event
frequency). Without a steam generator tube rupture, if the cooldown and
depressurization are unsuccessful, this is assumed to be caused by
failure of the ccrrespor. ding human action; i.e., HCD1 or hCD2. If the
RCS is not depressurized, tne RCS leak would continue, albeit at a very
low rate, and eventually require long-term makeup to the BWST;

,

i.e., action HLT18. Since, in this scenario, cooldown and
deprersurization were not initiated in time to preclude the need for BWST
makeup, a low dependence is assumed in the evaluation of HLT1B on the
failure of HCD1 or HCD2. On the other hand, if the cooldown and
depressurization are successful, the operators would then open the
dropline to go on DHR cooling. Therefore, the evaluation of actions
HHL1A and HHL1B (i.e., actions to open the dropline) assumes that the
operators have already successfully initiated the cooldown.

4-12
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Following a steam generator tube rupture, the operator's first task is to
diagnose the accident and identify which steam generator has failed;

V i.e., HID1 or HID2. The plant model assumes that this action must be
successful to prevent core damage. Therefore, all subsequent actions in
this scenario are evaluated assuming a successful diagnosis. The
evaluation of the actions to isolate the affected steam generator CITC1),
initiate cooldown and depressurization (HCD3, HCD4, or HCDS), and open
the DHR dropline (HHLIA) all assume successful diagnosis of the event.
In addition, evaluation of the action to open the dropline (HHLIA) also
assumes that cooldown and depressurization are successful. Should
cooldown and depressurization not be successful, long-term makeup to the
BWST would eventually be required; i.e., action HLT2. Therefore,
evaluation assumes a low dependence on the failure of the actions to
achieve the cooldown; i.e., HCD3, HCD4, and HCDS. The dependence is
judged to be low because the actions are well separated in time.

The next three accident scenario groups listed in Table 4-2 all invoive
cegraded states of electric power. If offsite power is lost, but both
diesel generators function properly so that both vital buses are
available, the operator actions that involve dependencies are the actions
to ensure seal injection, EFW control, and cooldown and depressurization
of the RCS. There are other actions that are required, such as
restarting the control building ventilation systent fans after the loss of
offsite power (i.e., action HCV6), but these actions are assumed to be
independent of other actions during the scenario. In the event of a loss
of offsite power, the instrument air compressors would not be loaded onto
the diesels if an ESAS signal is present. The plant model conservatively
assJmes that an ESAS signal has occurred so that manual action to reload
the compressors is required; i .e., action HAM 2, If the action is
successful, instrument air is assumed available throughout the remainder
of the scenario. If HAM 2 fails and instrument air is lost, operator
action is needed to locally open the RCP seal injection valve, MU-V-20,
and to control EFW flow. Both the action to open the seal injection
valve (action HINJ4) and the action to control EFW flow (action HEF1) areassumed to be dependent on the failure of HAM 2. Low dependence is
assumed because these actions are separated in time, with different
indications to perforni each action. For example, the action to control
EFW flow would not be necessary until the 2-hour air bottles are
exhausted. EFW control could then be achieved by either replenishing the
bottles or by taking local manual control of the EF-V30s that otherwise
require instrument air to remain open. Once a decision to initiate a
cooldown is made, the loss of offsite power requires additional
considerations because the RCPs would not be available. The action to
initiate a slow cooldown (HCD2) is evaluated by assuming a high
dependence on the success of HCD1.

The dependencies between actions to ensure seal injection and control EFW
flow and to initiate a slow cooldown alsa apply to the accident scenario
involving loss of offsite power with one vital bus failed. In addition,
the loss of one vital bus greatly increases the chances of losing
MCC IC-ESV. In fact, the initial plant model conservatively assumes that
if Top Event GB fails, power to MCC 1C-ESV is lost. No credit is taken

] for the transfer of MCC 1C-ESV to the opposite vital electric power
L train, which would be possible if no ESAS signal were present. The loss
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of MCC 1C-ESV precludes remote opening of the dropline valves. For this
scenario, local opening of the dropline valves (i.e., action HHL18), may
be necessary to estab'ish long-term DHR cooling. Therefore, if a
cooldown and depressurization was required and successfu'.ly initiated,
the evaluation of sction HHL1B assumes low dependence un success of HCD1
and HCD2.

In the event of a loss of all AC power (i.e., loss of offsite power and
initial failure of both diesels), two different accident scenarios are
identified in which dependencies among human actions are assumed. The
scenarios are distinguished by whether EFW is available or not. In the
event of a loss of all AC power, the operator is instructed to sand an
operator to locally control EFW flow. The aralysis of the action to
recover electric power (i .e., HRE1), is, of course, partially dependent
on the successful control r' EFW by the operator although the
overwhelmingly more important factor is the extension of the length of
the allowable recovery time. If EFW fails, the length of the allowable
electric power recovery time is, of course, much shorter. Although one
of the reasons for EFW failure could be the operator failing to locally
control flow, only a very low dependence on this potential cause of EFW
failure is assumed when evaluating the likelihood of electric power
recovery; i .e., action HRE3. Actions HRE3 and HRE1 are evaluated using
the detailed recovery analysis methods described in Section 2.4. The
specific analysis performed is reported in Section 4.3.

The final scenario in Table 4-2 involves a failure to cool down
sufficiently to terminate appreciable leakage from the RCS during a steam
generator tube ruptur e or a very smalI break accident sequence. The
failure of normal DHR cooldown may result from a failure of the DHR
system itself or because the operators fail to cool down and depresrurize
the RCS sufficiently to allow DHR cooling. If main feedwater is operable
(i.e., MF- success), then the RCS may be cooled to cold shutdown
conditions without using the DHR system. The turbine stop valves would
be opened to allow sufficient steam flow to the condenser, which would
then be maintained at a vacuum, and the cooldown could then be continued
using main feedwater. If the operators fail to initiate a cooldown to
DHR entry conditions, it is not as likely that they would initiate
turbine cooling. A medium dependence is assumed betw(en the action to
cool down to DHR entry conditions and the action to initiate turbine
cooling. The support systems required for successful turbine cooling are
no greater than those required for normal main feedwater following plant
trip.

If the reason DHR cooling is unavailable is in part because the 10C power
train is unavailable, the operators may decide to locally actuate the
affected pump train. Since RCS cooldown is successful, success of HCD1

,

is assumed. Since the cooldown and the local start of the DHR pump tr3in
are directed at the same goal, a medium dependence is assumed between i

these actions.
1

4.2.1.2 Independent Actions '

The remaining dynami; actions listed in Table 1-1 were evaluated by i
'assumuq they were independent of any other human actions that might be
|
|
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required or attempted during the scenario. The review of the number of
p crew members av;ilable on a normal shif t at TMI Unit 1, as obcumented in
C/ Section 3.4, iadicates that the manpower required to perform these

actions would be available, even in very manpower-demanding scenarios.
Therefore, no dependencies resulting from manpower limitations were
assumed in -their evaluation.

This conclusion is especially true for those actions that require
relatively little time to perform. Actions that are assumed to be
independent of Cher actions and that fall into this category include the
actions to manual |y initiate individual systems (HBW2, HINJ1, HNSP, and
HEFS), isolate sea t return (HC31), realign equipment in the control.

building ventilation system (HCV1, HCV2, and HCV6), notify divers
removing silt from the river water pumps that they shc ' stand clear so
that the pumps may be started (HHA1), switch over HPI suction to the BWST
from the makeup tank (HLT1A), close the PORV block valve (HRC1), isolate
main steam following a steam line break (HSI1, HSI2, and HTC2), close
reactor building sump drain valves (HSV1), transfer power sources to an
inverter (HVB1), and trip the MFW pumps (HIC 2).

A second group of such actions that are assumed to be independent take a
somewhat longer time. These actions involve control of specific systems,
generally in response to a failure of automatic control. Such actions
include EFW flow control (HEF2 and HEF8), MFW control (HFW4, HFWS, and
HIC 1), main stream control (HIC 3, HIC 4), and reactor building emergency
cooling pressure control (HCF2). Specific, planned manual actions that
take a relatively short time are also independent. Such actions include

[V) switchover to sump recirculation during a medium or large LOCA (HSR1 and
HSR3).

Specific recovery actions that are only required if some equipment fails
are also assumed to be independent. Examples of these actions include
local realigning of the makeup system (HINJP and HINJ3), turning off a
DHR pump if the corresponding train of decay heat fails closed (HDH1),
aligning a fire hose to the river water side of a.DCCW heat exchanger
(HRE9), initiating repair of an unavailable DHR or DCCW pump following
ESAS actuation (HRE11), taking control building ventilation system
recovery actions (HCV3, HCV4, HCVS, HCV7, HCV8, and HCV9), remotely
controlling EFW (HEF9 and HEF10), and taking nuclear services closed and
river water recovery actions (HNS1, HNS6, HNS7A, HNS7B, HNS8A, and HNS88).

Planned, long-term actions for which a substantial amount of time is
available are also evaluated as independent of other actions. Two
examples of this type are the prevention of long-term boron concentration
effects following a LOCA (HDTI) and switch over to sump recirculation
following a small LOCA (HSR2).

The qualitative judgments about performance-shaping parameters for each
of these actions are documented in Table 4-1 along with the calculated
frequencies for the noncesponse errors.

O
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4.2.2 ERRORS OF MISDIAGNOSIS

Oynamic human errors resulting from faulty event detection or diagnosis
(i.e., sequence A2B6C2 in Figure 2-3) are considered in this section.
The methods described in Section 2.3.3 for errors of misdiagnosis were
adopted here for evaluating t"e TMI Unit 1 plant ard procedures. The
plant-specific preliminary tables presented in Section 3.5 form the basic
for preparation of the TMI Unit 1 operator-plant status confusion
matrix. Table 4-3 presents the TMI Unit 1 confusion matrix. The
evaluation for each initiating event sequence (i.e., row in the table) is
provided below.

4.2.2.1 ICS Malfunction (ATA Loss)

An ICS malfunction can appear to be a malfunction in one of the systems
controlled by ICS. An overcooling or undercooling event can be caused by
the main feedwater system components failing or the ICS commanding them
to operate erroneously. The ICS can also cause a reactor / turbine trip
should a failure cause improper control rod movement. ICS-induced
transients can be very rapid, sometimes causing a plant trip before the
operator is aware there is a problem. Consequently, it is not always
apparent that an ICS malfunction may have caused the trip. The
procedures direct the operators to monitor and control specific plant
parameters in order to place the reactor in a stable condition,
regardless of what caused the trip.

Only one type of ICS malfunction is included in the ossessment of
misdiagnosis, total loss of instrument bus ATA. Loss of ATA causes an
excessive cooling to occur. Consequently, the operator may select
Procedure 1210-3, Excessive Cooling, rather than the more appropriate
one, Procedure 1202-40, ICS Power Failure. RCS temperature Tcold would
decrease, as required, to satisfy the entry condition for 1210-3.
However, failure of ATA has its own loss of power alarm, and the ICS/NNI
hand / auto station lights would go of f and the indications would fail to
midscale. These indications are fairly obvious to the operator, so the
chance of his confusing ATA loss for a simple excessive cooling is judged
to be low.

If he did confuse them, the impact would I 9 small . The excessive cooling
procedure does not ask the operating cres to dispatch an operator to
restore ATA, but no credit was taken for this action in the event
sequence model anyway. In both Procedures 1210-3 and 1202-40, the
operators are instructed to trip the main feedwater pumps. Therefore,
the impact of this potential misdiagnosis is judged to be negligible.

4.2.2.2 Loss of River Water

A total loss of river water would result in a loss of secondary river
system pressure and a number of other alarms indicating trouble in the
river water pump house and the nuclear services and intermediate closed
cooling water systems. The NSCCW system trouble alarms would also occur,
but at a later time. None of the other event sequences considered for
misdiagnosis have similar plant responses. Therefore, the confusion
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matrix was assigned a negligible chance that this initiator sequence
~3 would be confused with any other.

(V i

4.2.2.3 Loss of Aain Feedwater '

A loss of main feedwater would result in a plant trip with an increase in
subcooling margin, RCS pressure, pressurizer level, and RCS temperature.
Abnormal Procedure 1210-1 provides the guidance necessary to mitigate
this event. No other procedures are required. As none of the plant ;

'responses for the other initiator sequences resemble this event, the
chance of confusing this sequence for any other is judged to be
negligible.

4.2.2.4 Loss of Offsite Power i

Plant response to a loss of offsite power resembles a loss of main
feedwater. Important distinguishing differences involve the loss of
230-kV bus voltage and the increase in diesel generator voltage and
frequency. These indications are very apparent to the operating crew.
Although the plant response also satisfies the entry conditions for
Procedures 1210-4 (Loss of Primary to Secondary Heat Removal),1210-8
(RCS Superheated), 1202-9A (Loss of DC Train A), 1202-36 (Loss of i
instrument Air), and 1203-34 (Control Building Ventilation Failure), the
operTtors are trained to jump directly to the procedure for loss nf
of fsite power; i .e.,1202-2. The chances of confusing this sequence with '

any other is judged to be negligible.

4.2.2.5 Steam Generator Tube Rupture

A steam generator tube rupture might possibly be confused with a small !

LOCA or an interfacing LOCA event if the operators did not recognize the
increasing secondary system radioactivity levels dr the increase in the 4

steam generator level of the affected steam generator. For this reason, '

the potential for confusion with a small LOCA is judged to be low. The I

potential for confusion with an interfacing LOCA is judged to be
negligible because of the perception that the interfacing LOCA is very
unlikely and because no procedures are specifically designed for it. For I
either event, the operators would monitor the primary system subcooling I

margin and control the inventory of primary coolant. The Small Break |LOCA Procedure, 1210-2 (loss of subcooling margin), requires the
operators to stop the reactor coolant pumps, but the Steam Generator Tube
Rupture Procedure,1210-5, requires them to be left on (one per loop).
If the operator stopped the RCPS while believing the event to be a LOCA,
then realized the event was a steam generator tube rupture, he would
still be able to restart the RCPs to provide forced circulation for
cooling down. The one situation for which this might be too late to be

.

successful is in the very infrequent event that would combine a tube
rupture with a failure of reactor trip. In this case, however, the
operator would be unlikely to trip the RCPs until he was assured that a
reactor trip had occurred. Reactor trip would be ensured before he left I

the Reactor / Turbine Trip Procedure,1210-1, which would be entered first
in either case.
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A steam generator tube rupture wtald satisfy several of the entry
conditions for the Fressurizer System Failure Procedure, 1202-29.
However, a pressurizer system failure would not adequately describe the
plant response an the secondary side. In particular, it would not
account for the radiation reading on RM-A-5, for the increase in steam
generator level, or for the original plant trip. Therefore, the chance
of entering the pressurizer system failure procedure is judged to be
negligible.

In the long term, the operators must recognize the tube rupture to ensure
that the RCS is cooled down and depressurized to stop the cnntinued loss
of RCS inventory, or to recognize it in time to establish a long-term
source of makeup to the BWST before i.t is exhausted. There are several
cues to allow the operators to decide that a tube rupture rather than a
LOCA has occurred in the long term. One very important one is the
reactor building sump level indication. Because the two events must be

' confused for a very long time before any significant impact results from
the confusion, it pas decided that the procedure for assigning the
frequency of such an error, as discussed in Section 2.3.3, did not apply
to this event. Therefore, the methods for assigning frequencies to
nonresponse dynamic actions (See Section 2.3.2) was used instead to
estimate the frequency of failing to recognize the steam generator tube
rupture as such and cooling down sufficiently. The analysis for dynamic
human actions HIDI and HID2, presented in Section 4.2.1, are believed to
adequately cover the potential for confusion between these events.

4.2.2.6 Reactor Trip

9in the event of a reactor trip, a number of plant indications change.
These are summarized in Table 3-17. The reactor trip alarm and rod
bottom lights being on are very clear indications that a reactor trip has
occurred. The Reactor Trip Procedure,1210-1, should be entered. This
procedure is also entered for a large number of other transients. It is
very likely that the operators would choose the correct procedure. A
negligi'le chance of misdiagnosis is assumed except for the initiatoro

sequence, turbine trip. This is because turbine trip leads to reactor
trip and vice-versa. Since the response is the same, the initial cause
of the plant trip may be confused. The impact is negligible, however,
because Procedure 1210-1 is the desired operator response for either
cause of plant trip.

4.2.2.7 Turbine Trip

Similar to the remarks for the reactor trip initiator sequence made in
Section 4.2.2.6, this event has a high likelihood of being confused with
a reactor trip. Both lead to the same plant response. Because they both .

call for the ooerators to follow Procedure 1210-1, the impact of
mistaking the cause of the plant trip is assumed to be negiigible.

4.2.2.8 Loss of Control Building Ventilation

The operators would first notice a failure or degradation of the control
building ventilation system by individual room temperature alarms in the g
control building and/or increased temperature in the control roon. Such W
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indications are not normally keyed on by the operators, but there is very
little chance for confusion because none of the other initiators have
similar indications. A new procedure is being prepared to address such
total ventilation system failures. Credit for this procedure was taken
in this study. A negligible chance of confusion with other sequences was
assumed.

4.2.2.9 Excessive Feedwater
.

An excessive feedwater event would result in a decrease in subcooling
margin, RCS pressure, pressurizer level, OTSG pressure, and a decrease in
RCS temperature Tcold. Because of the similar plant response, the
excessive feedwater event may be confused with a loss of power
(i.e., bus ATA) to the ICS. In this case, the operator has the
opportunity to mitigate the excessive feedwater from the control room
using the ICS controls in manual and stopping the excessive flow. Gi ver,
a loss of bus ATA, the operator could only prevent the overfeeding by
tripping the pumps because the main feedwater regulating valves fail to
half open. A loss of ICS power also prevents the automatic operation of
the turbine bypass valves, which then requires the operator to control
the cooldown by using the ADVs. Numerous alarms are available to aid the
operator in diagnosing the event as a loss of power to the ICS.
Therefore, the potential for confusion with a loss of ICS power is judged -
to be low.

As discussed in the Section on ICS power failure (i.e, Section 4.2.2.1)
the impact of such a diagnosis is negligible because both the Excessive
Feedwater Procedure, 1210-3, and the ICS Power Failure
Procedure, 1202-40, instruct the operators to trip the main feedwater
pumps, thereby terminating the overcooling.

The operators are not likely to corfuse an excessive feedwater event with =
a steam generator tube rupture because they would monitor the post-trip
main feedwater response to verify that it ramped back correctly. The
rampback should allow the steam generator to boil down to 30 inches. If
feedwater is not behaving normally and steam generator level continues to
;ncrease, the operators will attempt to manually control the flow using ;
thc feed regulating valves or by tripping the main feedwater pumps, as 1

inst,ucted in the Reactor / Turbine Trip Procedure, 1201-1. If flow is I

normal, but the steam generator level is still increasing and the RM-A-5
radiation monitor shows increasing secondary activity, the operators know
that a tube rupture has occurred. Also, 0TSG pressure and RCS
temperature Tcold should both increase following a tube rupture. In an
excessive feedwater event, they might both be expected to decrease.
Therefore, a negligible chance of confusing a tube rupture with an
excessive feedwater event is assumed. .

Excessive main feedwater causes similar RCS symptoms to those of a steam
line break if the different secondary conditions are not noted;
i.e., OTSG leve!. However, the sa.ne procedure (1210-3, Excessive
Cooling) is used to mitigate the effects of either event once the

i
reactor / turbine trip procedure is exited. Therefore, a negligible impact
and a medium potential to confuse these event types are assumed.

:
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An excessive feedwater or loss of feedwater transient should not be
confused with a main steam line break in the reactor building because of
the stean released to the reactor building. Reactor building pressure
and sump level would increase, which cues the operator to either a LOCA
or a steam line break. The steam generator level and pressure response
following SLRDS actuation (0% on the ruptured steam generator) and the
reactor building radiation level trend (upward, given a LOCA) then allows
him to differentiate between a steam line break and a LOCA.

4.2.2.10 Loss of DC Train A

The plant response to a loss of DC train A is similar to a normal reactor
or turbine trip event sequence. The difference is that an upscale
indication of diesel generator voltage and frequency would result and the
alarms for a 'oss of the DC Train A distribution system would be on.
These indications sufficiently distinguish it from any other considered
initiators to allow us to judge that there is a negligible chance of
confusing it with other events.

4.2.2.11 Interfacing LOCA (V-Sequence)

The plant response to an intefacing LOCA sequence is sin!ilar to that for
a steam generator tube rupture and for a medium or small LOCA. Only a
low potential for confusion with a tube rupture is assun,ed because,
although the subcooling margin is downscale in both events, the
interfacing LOCA would not result in high radiation readings on RMA-5 or
in a high OT5G water level . There are no specific procedures at TMI to
address an interfacing LOCA sequence. Therefore, the PRA event sequence
model does not provide for any operator-initiated alternate success paths
in the event such an event were postulated to occur. Consequently, the
impact of misdiagnosing this event for another is assumed to be
negligible. The interfacing LOCA might be confused with a medium or
small LOCA. To distinguish this event from a LOCA within the reactor
building, the operator would receive indications that the coolant from
the RCS is not collecting in the reactor building sump, but instead is
accur..ulating in the auxiliary / fuel handling building. He would then have
to direct his attention to ensuring an adequate supply of makeup water to
the borated water storage tank and to minimizing the loss of equipment
due to the location of the leak. The loss of subcooling margin and the
decrease in RCS pressure may lead the operator to select the Loss of
Subcooling Margin Procedure, 1210-2, which is the same as he would select
for a LOCA. Thus, a medium potential for confusion with a LOCA is
assumed. Again, because the event sequence model gives no credit for
subsequent operator actions in response to an interfacing LOCA, there is
only a negligible impact of this potential confusion with a LOCA.

4.2.2.12 Loss of Instrument Air

Loss of instrument air causes failure of main feedwater, seal injection,
and RCP thermal barrier cooling and causes the turbine-driven EFW pump
steam admission valves to fail open. The most distinguishing indication
in the control room of this event is the presence of the instrument air
system alarms coming on. The only other initiator for which these come &on is the loss of offsite power. These two events are easily W
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distinguished by the operators. Therefore, a negligible frequency of
confusion was assumed.

4.2.2.13 Large LOCA

A LOCA causes an increase in reactor building temperature, pressure, and
radiation level, all of which are keyed on by the cperators. The reactor
building sump level will also increase as the steam / water mixture in the
reactor building collects and drains into the sump. The increase in
reactor building oressure causes the operators to consult the control
building ventilation failure procedure, (1203-34), but this does not-
affect the subsequent selection of procedures. The plant response to a
large or medium LOCA differs most markedly from a small LOCA because the
core flood tank level decreases. As seen in Table 3-17, the direction of
the plant indications following a large or a medium LOCA are essentially
the same. The timing of the response of the indication is, of course,
much di fferent. Because of this difference in timing, only a low chance
of confusing a large LOCA with a medium LOCA is assumed. However, since
the same procedures are consulted for these events [i.e, loss of

,

subcooling margin (1210-2) and large break LOCA cooldown (1210-7)], the |
impact of confusing one for the other is negligible. i

A large LOCA event results in decreasing 0TSG pressure and in'RCS
temperature Tcold. These are the entry conditions for the excessive
cooling procedure, i.e., 1210-2. It is possible that the operators might
initially confuse a large LOCA for excessive cooling, but the d|fference
in steam generator level response and the reactor building radiation

(O levels decrease this potential. A negligible potential for confusion
'between these two events is assumed. Even if they were to be confused,

the difference in operator response is that, for excessive feedwater, the-
operator may trip the feedwater pumps. This has only a negligible impact
on the plant response to.a large LOCA.

'

A LOCA event appears to be very similar to a main steam line break in the
reactor building through the primary (RCS) system response. However, the
secondary response (steam generator level and pressure) provides the
operator with information to diagnose the event correctly. After SLRDS
isolates the ruptured steam generator, the HPI system would refill and
repressurize the reactor coolant system. The operator would then
throttle and finally stop the HPI system. He would then cool down using <

the intact steam generator. As an additional check, the operator is
trained to first think of the event as a large LOCA and to check for
reactor building radiation level trenas to confirm whether the leak is
from the primary or secondary system. The difference in core flood tank |
level response also allows the operators to distinguish a medium or large |

LOCA from such a steam line break. Therefore, the potential for .|
confusion between a large LOCA and a main steam line break inside the
containment is assumed to be negligible.

There is little chance of confusing a steam line break outside the
reactor building with a large LOCA. The reactor building pressure I

response to this event is sufficiently different to ensure that they_
would not be confused.
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4.2.2.14 Medium LOCA

The plant response to a medium LOCA is similar to that for a large LOCA
except for the timing of events. Therefore, a low potential for
confusion with a large LOCA is assumed, b it the impact of this confusion
is negligible.

The discussion provided above for large LOCAs also applies to medium
LOCAs because there is only a negligible potential for confusion of
medium LOCAs with steam line breaks inside or outside the reactor
building or with an excessive feedwater event.

4.2.2.15 Small LOCA

There is some potential that a small LOCA could be confused with a steam
generator tube rupture. The primary system responds the same;
i .e., RCS pressure, subcooling margin, and pressurizer level all
decrease. However, the steam generator with the failed tube leads to
differences on the secondary side. The flow of primary water to the
secondary side causes an increase in steam generator level and a smaller
feedwater flow rate. The secondary side would become contaminated due to
the leak and would be monitored by the condenser vacuum pump exhaust
radiation detector (RM-A-5) and on the detectors on the steam lines to
the atmospheric dump valves. These differences are judged to lead to a
low potential for misdiagnosis. If the operator did select the tube
rupture procedure (1210-5) instead of the loss of subcooling margin
precedure (1210-2), the only real difference in his response would be the
failure to trip the RCPs. This difference in operator response is judged
to be negligible.

4.2.2.16 Very Small LOCA

A very small LOCA results in a drop in pressurizer level and RCS
pressure. It culd not necessarily cause an automatic plant trip
although it may on low RCS pressure. The plant response to a very small
LOCA of the pressurizer level, makeup tank level, makeup flow, and RCS
pressure is similar to a small LOCA or a steam generator tube rupture
event. It should not be confused with a tube rupture, however, because
none of the three indications keyed on to enter the tube rupture
procedure (1210-5) are satisfied. There is no decrease in subcooling
margin, no radiation detected on RM-A-5, and the steam generator levels
are not increasing. Therefore, the potential for confusing this event
with a tube rupture is assumed to be negligible.

The best response to a very small LOCA may be to enter the loss of
subcooling margin procedure (1210-2), which would be the proper response
to a small LOCA. However, the decrease in RCS pressure and the change in
subcooling margin may not be sufficient to key the operators to enter the
procedure. Instead, the indications may direct them to enter the
pressurizer system failure procedure (1202-29) although, again, the
subcooling margin remaining unchanged decreases the chance that this
procedure would be selected. A low potential for confusing the very
small LOCA for a pressurizer failure is assumed. Normally, the operators

|

|
,
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would only suspect the PORV as the leak source if the reactor coolant
A drain tank pump high level or pressure alarm came on.U

This procedure does not instruct the operators to trip the -reactor or
initiate plant shutdown. One step calls for the isolation of the PORV,
which may indeed terminate the leak. On the other hand, if it is not the
leak source, it would render the PORV inoperable for a brief time. The
impact of this misdiagnosis is judged to be very small.

4.2.2.17 Turbine Building Steam Line Break

A steam line break in the turbine building results in a decrease in OTSG
pressure and in RCS temperature Tcold. It therefore satisfies the
entry conditions for the excessive cooling procedure; i.e.,1210-3
(see Table 3-18). Although the two events would lead the operator to the
same procedure, the two events would be distinguished by the difference
in steam generator level response; i.e., increase for excessive feed and
decrease for the steam line break. Also, after SLRDS actuates on a steam
line break, main feedwater flow would go to zero, but flow would be
higher than normal for the excessive feedwater event. Because the events
are similar enough to lead to the same procedure, they are judged to have
a medium potential for confusion. They are then assigned a negligible
impact if they are confused, however, because they do use the same
procedure.

From the control room, a steam line break in the intermediate or in the
turbine building looks similar. The damage created by the steam
impinging on equipment along with the temperature and moisture effects
will be the only differences between the events. If the break is in the
intermediate building, an instrument air system failure may occur. Such
a failure would require the operators to compensate for additional
equipment failures caused by the loss of air. An intermediate building
steam line break could appear to be a turbine building break when the
steam escaped through the intermediate building / turbine building acc m
door. An operator could not approach the area close enough to determine 1

where the break had occurred until after the steam line was isolated and
blowdown stopped. A medium potential for confusion with an intermediate ,

'

building steam line break is assumed. However, the impact on subsequent
operator actions is negligible.

4.2.2.18 Intermediate Building Steam Line Break

Almost the entire discussion presented above for turbine building steam
line breaks also applies to intermediate building steam line breaks. One
difference is that if the break occurred in the turbine building, the
operators could still take action to recover the instrument air

.

compressors in the event of a coincident loss of offsite power. The time
available for recovery of the air compressor is substantial, however, and
can be performed from the control room. Certainly, there would be
sufficient time to wait until after the blowdown had been stopped,
regardless of where the operators initially thought the break had
occurred. Consequently, despite the potential to confuse the break
location initially, no impact on the analysis of the human action to
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recover the air compressors is assumed. A negligible impact on the
operators' response is therefore assumed.

4.2.2.19 Toxic Chemical Pplease

One indication that the operators would have about a toxic chemical
release is the air intake alarm in the control building tunnel. The
response to this alarm is to use Procedure 1203-34, Control Building
Ventilation Failure. Since no other procedures have this alarm as an
e.'try condition, there is judged to be only a negligible chance of
confusing this sequence with any other.

4.2.2.20 Station Blackout

The station blackout sequence satisfies the entry conditions for
Procedure 1202-2A Station Blackout, and a number of the other key
procedures; i .e., 1210-4 1210-8,1202-9A,1202-17,1202-37, and 1203 -34
As in the case of the loss of offsite power sequence, this sequence is
readily identified by a complete loss of power at the 230-kV bus and by
the failure of the AC lighting. The station blackout sequence is easily
distinguished from a loss of offsite power alone by the loss of voltage
at the 4,lo0V buses 10 and IE. The continued loss of AC lighting easily
allows the operator to identify this sequence, so a negligible chance of
misdiagnosis is assumed. The station blackout procedure (1202-2A)
directs the control room crew to transfer to procedure 1202-2 (loss of
offsite power only) if power is restored to one or both of the vital
4,160V buses, but there is no transfer to the blackout

procedure (1202-2A) if both vital buses are lost after having first
entered the loss of of fsite power procedure. However, the loss of all
vital AC power is so obvi3us that a negligible chance of confusing this
sequence for another is assumed.

4.2.2.21 Fire at Either IP or 1S Switchgear Rooms

A fire in the IP or 1S switchgear rooms would result in a fire and smoke
alarm. If left unchecked, it may also result in a loss of one vital
480V bus and possibly a reduction of makeup flow. Normally operating
makeup pump B may be lost if the fire causes loss of the 480V switchgear
that is powering MCC 1C-ESV, which in turn powers the pumps' auxiliary
oil pump. Of the initiating event sequences considered, only this
sequence would result in a fire alarm. Emergency procedure 1202-31 ifor
fires) only directs the operators to announce the fire and to initiate
the actions to put it out. It does not describe what equipment may be
lost because this would be very event specific. Depending on the
particular fire location and magnitude, many confusing alarms may be
experienced. It was not possible in this study to examine the potential
for such indications leading the operators to take an improper action.
As the initial selection of the fire response procedure is unambiguous, a
negligible chance for misdiagnosis is assigned in the confusion matrix.

4.2.2.22 Seismic-Caused Loss of DC Power

The plant response to a seismic-caused loss of both trains of DC power gwould be similar to a loss of a single DC train, provided offsite power
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is not also lost. A key difference is that the seismic event would also
O yield a seismic alarm in addition to both DC train trouble alarms. There
( is no specific procedure at TMI for the loss of both trains- of DC power

whether it is caused by a seismic event or not. The operators are likely
to select either the loss of DC train A procedure (1202-9A).or the
earthquake procedure (1202-30). The chance of misdiagnosing the event i

should be negligible, but the appropriate procedures to follow are '

unclear. The operators may go to 1202-9A before entering the earthquake
procedure. Based on the summary of these two procedures in Table 3-20,
it is judged that there would be a negligible impact.on the subsequent
operator response, regardless of which one is entered first.

4.2.2.23 Nuclear Services Closed Cooling Water Failure

Failure of the nuclear services closed cooling water system is alarmed in
the control room. Depending on the system failure mode, the system
failure may be detected by a low surge tank pressure alarm, low level

.

alarm, low pump discharge pressure alarm, or by heat exchanger
temperature alarms. The guidance for the alarm response procedures is
very specific. Because none of the other initiator sequences is expected
to lead to such alarms, the chance of confusing this sequence with the
other one is judged to have a negligible frequency.

4.2.2.24 Inadvertent HPI Initiation

There is no specific procedure for an inadvertot initiation of HPI.
Inadvertent HPI would not cause a plant trip immediately. A rapid power
decrease and filling of the pressurizer due to the injection of borated
water from the BWST would alert the operator prior to a plant trip. It

is expected that the operator would recognize the HPI initiation as a
spurious event and would first throttle, then stop the HPI system
accordingly. The HPI actuation would also cause a decrease in Tcolde
similar to an excessive cooldown, but it is judged that the chance of
confusing this event with an excessive cooldown and entering
Procedure 1210-3 (i.e., excessive cooldown) is negligible, provided the
plant has not yet tripped. A low chance of mistaking inadvertent HPI
initiation with a small LOCA is assumed. It is natural for the operators
to expect that the system actuation was due to a real LOCA condition..
However, as indicated by the plant response indications listed in
Table 3-17, the two event sequences differ substantially. The subcooling
margin and RCS prqssure would both increase instead of decrease as they
would for a smal' .0CA. In the longer term, reactor building sump level
and radiation level would not increase as they would for a small LOCA.
As a result of Dese differing indications, only a low potential for
confusion is assumed.

'

In the event a small LOCA was assumed to initially be the cause, the
operator would likely trip the reactor but would probably not enter the
Loss of Subcooling Margin Procedure, 1210-2, because subcooling margin
would actually be increasing. Consequently, the operator may trip the
RCPs and might fail to throttle HPI before the PORV is challenged.
Therefore, in the confusion matrix, a rediagnosis is assumed required.

p It is very likely that the operators would subsequently realize that no
Gr LOCA had occurred, then throttle HPI. The complete impact cf this
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misdiagnosis is therefore judged to be small. The initiator,
"Inadvertent HPI," was not analyzed separately in this study.-

4.2.2.25 Main Steam Line Break in the Reactor Building

The plant response to a main steam line break in the reactor building is
similar to a break in the turbine building except that, in this case,
reactor building pressure and sump level would increase. Because of
these obvious differences, a negligible chance of confusing this event
with another steam line break is assumed. However, these symptoms are
similar to a small or medium LOCA plant response because subcooling
margin and RCS pressure would also decrease. Therefore, the operators
may mistake this event for a LOCA and enter the loss of subcooling margin
procedure (i .e.,1201-2) instead of the excessive cooling
procedure (1210-3). A high potential for confusion was assumed.

If the loss of subcooling margin procedure was incorrectly selected,
Table 3-20 indicates that the chief difference in the operator's response
would be to trip the RCPs instead of the main feedwater pumps. This
confusion could therefore result in an aggravation of the conditions for
pressurized thermal shock. This would only be of concern if the SLRDs
system failed to isolate main feedwater. Therefore, some impact on the
operator's response is expected, and a rediagnosis is required to avoid
this impact. However, because of the reliability of the SLRDS, the
impact should not contribute significantly to plant risk. The initiator,
main steamline break in the reactor building, was not quantified in this
study.

G4.2.2.26 Failure of Reactor Trip (ATWS)

Events involving a failure of reactor trip should be easily identified by
the operators because of the reactor trip alarm without concurrent rod
bottom lights. In Table 3-17, the plant response is indicated, assuming
a loss of main feedwater without automatic reactor trip. Most plant
indications are similar to the loss of main feedwater with reactor trip.
In either case the operators should select the Reactor / Turbine Trip
Procedure, 1210-1. The first step in this procedure asks the operators
to ensure that reactor trip has occurred. A low potential for confusing
a loss of main feedwater with a loss of main feedwater without reactor
trip is assumed. However, a negligible impact on the plant is assumed
because they both direct the operators to the same
procedu re ; i .e . , 1210-1.

4.2.2.27 Summary of Errors of Misdiagnosis

The TMI Unit 1 operator-plant status confusion matrix is provided as
Table 4-3. Only a few of the initiator event sequences were judged to
have a significant potential to be confused with some other event. In
this evaluation, the potential for confusion is based on the likelihood
that the operating crew would select the wrong procedure for the event in
progress. The degree of assessed potential for confusion ranged from
high to negligible.

O
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fm The second part of each entry in the confusion matrix qualitatively
( describes the potential impact of the postulated confusion should it

'

occur. These impacts were interpreted from Table 3-20, which identifies
the actions to be performed by the operating crew, as specified in each
procedure. In very few cases are actions described that would be just
the opposite of the correct action called for in a given sequence. For
this reason and because one event is often confused for another although
both follow the same procedure, there are very few entries in Table 4-3
in which the assessed impact was judged to be significant. Such entries
are noted by "R," indicating that a rediagnosis is required to avoid the
expected impact. In no case was the operator assumed to take an
erroneous action that was not explicitly written in one of the procedures

evaluated.

Four of the entries in the confusion matrix were judged to have a
significant potential for confusion with another event and have an
adverse impact on the plant if the operators follow the steps in the
incorrect procedure. A tube rupture mistakan for a small LOCA was one.
Given the very large amount of time available before the adverse impact
would be realized and that the adverse impact results from a failure to
take action (i.e. , a nonresponse) or not cooling down in a timely
fashion, the nonreeponse frequency estimation procedures discussed in
Section 2.3.2 were used to quantify this error. The methods described in
Section 2.3.3 were not used.

The other three confusion matrix entries in which a significant potential
r] for an adverse impact were judged possible involved the event sequences,
V inadvertent HPI initiation and main steam line break in the reactor

building. Neither of these initiators were quantified in the current
PRA model. If they had been quantified, the quantification estimates in
Table 2-11 would have been used as best estimates. The uncertainties in
these estimates would be assigned, using the methods in Section 2.3.6;
i.e. , range factors of either 5 or 10, assuming lognormal distributions.

4.2.3 NONVIABLE DYNAMIC HUMAN ERRORS

In the process of completing the dynamic human error questionnaires for
each dynamic action listed in Table 1-1, the analyst was requested to
note on the form if it was judged that there was a potential for a
related nonviable action. These judgments are summarized in parts I
and J of the questionnaire. The nonviable actions may be postulated to
occur as a result of a misdiagnosis, a conscious decision to pursue the
wrong action after a successful diagnosis, or an operator slip in
selecting the wrong control after correctly diagnosing the accident I
scenario. J

)
It is recognized that this process cannot be viewed as a complete )
coverage of nonviable actions (see 3ection 2.3.4). However, this i

approach does allow particular events of this type, if identified, to be I
factored into the study. The study team that tried to identify these
actions included two persons from GPUN with substantial experience in
operations at the TMI station and in training sessions at the simulator. 1

|

I
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Table 4-4 lists the pctential slips or nonviable actions identified while
filling out the questionnaire. The human action identifiers listed in
the table refer to the particular questionnaire in which these actions
were first postulated. The postulated errors are described in the second
column of the table. The third column provides the reasons for the
disposition of each postulated slip or nonviable action.

Of the 11 actions identified, reasons are given for not explicitly
quantifying 9 of them. One action was identified when assessing action
HINJ2. HINJ2 represents the action to locally cross-connect makeup
pump C for RCP seal injection in case makeup pumps A and B have failed.
It was noted that the operators would possibly be more likely, in this
scenario, to restore RCP seal injection too quickly, thereby shocking
them with cold water and causing them to fail. The error frequency
Msigned to this nonviable ection is HNV1 (see Section 2.3.4). This is
the error rate for a general error of commission. Its impact is assumed
to be the same as a failure of action HINJ2; i.e., failure of the RCP
seals, leading to an eventual small LOCA. The eleventh action was
identified in the evaluation of HBW1. HBW1 represents the action to
initiate HPI cooling in the event of a loss of primary to secondary heat
transfer. Du.-ing the TMI-2 accident, it was mistakenly assumed that
pressurizer level was restored after primary to secondary heat transfer
was reccvered. As a consequence, the HPI pumps were turned off
prematurely. Since the accident, additional guidance has been provided
in the procedures in the form of new HPI throttling criteria, and a
subcooling margin nanitor has been installed. The shift technical
advisor has been assigned the responsibility to monitor the conditions
required to satisfy the throttling criteria (i.e., 25 F subcooling
margin, thermal shock curve limitations, and pump flow, in addition to
pressurizer level). Because of these changes, the possibility of a
repeat of this error is believed to be very small. It may also be argued
that the frequency of this error is already accounted for in the
frequency of human error HBW1; i.e. , failure to initiate HPI cooling.
For historical reasons, however, this event is treated separately from
HBW1. The error frequency assigned to this nonviable action is also
HNV1. Its impact is assumed to be the same as a failure of HBW1; i.e.,
failure of HPI cooling.

Other accident sequences in which the operators might inadvertently
throttle HPI when makeup is required were considered. One particular
scenario is of interest. This scenario begins with a plant trip and
scfficient excessive cooling on the secondary side to cause an ESAS
signal in low RCS pressure. If the operator fails initially ts throttle
in time, the pressurizer PORV would be challenged. Once the PORv lifts,
the operators would likely then throttle HPI to allow the PORV to close.
If the PORV then fails to reclose, however, we would be in a situation in

which HPI has been throttled but a LOCA still exists. The operators
throttle HPI under these circumstances by resetting ESAS
(Procedures 1210-2 and 1105-3). ESAS woul<i then reactuate if RCS
pressure decreased a second time to the 1,600-psig setpoint as a result
of the LOCA. Therefore, even if the operators failed to recognize that
this PORV did not reclose after throttling, ESAS would actuate
automatically, as pressure continued to decrease. Therefore, the failure
of the operators to manually reinitiate HPI, when required for this
scenario, was not modeled.
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4.3 OPERATORS RESTORE ELECTRIC POWER F0LLOWING A LOSS OF ALL AC POWER .I

This section describes the analysis of electric power system hardware and
the operators' actions to restore AC power to at least one Class 1E bus

,!following a loss of all offsite power initiating event. Recognition-of
the power failure condition would be almost immediate. The nature of the
AC power loss condition and the numerous indications available in the -

control room (dark panels, loss of lighting, failure of all AC equipment, j
etc.) make its identification relatively simple. There is, therefore, a ;

negligible chance that control room personnel can misinterpret a loss of [
all AC power as being another condition and take inappropriate actions

.

for the situation. The event, however, will cause some. degree of s' cress -!.

and confusion among the operators because it is perceived as a severe
,

transient. The principal concerns will be to: ,

!

e Restore AC power. !
i

e liaintain and control emergency feedwater flow from the turbine-driven !
emergency feedwater pump.

e Monitor core subcooling and reactor coolant inventory.

e Monitor DC power availability and take actions to extend battery life.~
i

This section analyzes the frequency of electric power failure and !
recovery under three conditions, depending on systems available for i
recovery (e.g., one of two C ?sels, only one diesel, offsite power) and i
the availability of emergency fecdwater; i .e., heat removal via the OTSGs. ;

The three conditions are contained in five human recovery action failure i
rates, HREl, HRE3, HRES, HRE7, and HRE8. The failure rates are defined .

below.
,

t

e HRE1. This human recovery action models the failure to recover at !

least one engineered safeguards bus and its associated DC bus after a .

loss of all AC power, both of fsite and onsite. Emergency feedwater ;
is available throughout the loss of AC power, and the maximum mean j

time for recovery of AC power is 6 hours due to battery depletion.
;

e HRE3. This human recovery action models the failure to recover at I
least one engineered safeguards bus and its associated DC bus after a

{loss of all AC power, both offsite and onsite. Emergency feedwater
!

failurc has also occurNd, and the maximum mean time for recovery of !
AC rower is 1 hour (Ne to leakage of fluid from the reactor. |

r
e HRES. This human racovery action models the failure to recover '

of fsite power within 6 hours to allow starting the reactor coolant ;

pumps. A primary to secondary tube rupture has occurred, and onsite
;

power (i.e., diesel generators) is available throughout the recovery. '

e HRE7. This human recovery action action models the failure to !

recover a second safeguards bus and its associated DC bus after a !

O loss of offsite power and a failure of a support component on the
V energized safeguards bus. In this case, one diesel generator starts j

,
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and is assumed to run satisfactorily dering the study period, while
the other diesel generator fails to start and must be recovered.
Emergency feedwater is assumed to be available throughout the loss of
AC power, and the maximum mean time for recovery of AC power is
6 hours due to battery depletion,

e HRE8. This human recovery action models the failure to recover a
second safeguards bus and its associated DC bus. It is like HRE7
except that emergency feedwater failure has also occurred. The
maximua mean time to recovery is 1 hour due to leakage of fluid from
the reactor.

Factors that influence the time available to restore AC power include the
availability of 125V DC power (i.e., battery lifetime) and the time to
core damage due to pump seal leakage or PORV discharge following a loss
of all onsite AC power. Coolant inventory loss out the PORV would occur
during a loss of all AC power after the time of OTSG dryout and along
sequences in which the turbine-driven emrgency feedwater pump is
postulated to fail. The result of this =nalysis is the conditional
frequency (i.e., given a loss of offsite power initiating event) of loss
of onsite power and failure to restore onsite or offsite power to at
least one Class 1E AC bus before core damage occurs. The analysis is
performed for a 24-hour period following the loss of offsite power. The
analysis is applicable to several different initiating events other than
"loss of offsite power" that also entail a loss of offsite power
condition; e.g., destruction of a 230-kV substation, transient with
subsequent loss of offsite power, and fires and floods that cause a loss
of offsite power. This analysis is not applicable to seismic-induced
loss of offsite power.

The Three Mile Island Unit 1 offsite electrical power recovery (Station
Blackout with Loss of Both Diesel Generators) instructions include
detailed load-shedding procedures in order to extend battery life.
Procedures exist for the operator to manually op rate offsite breakers
(e.g., 230-kV and 4.16-kV switchgear breakers) in order to restore power
if CC power is not available. Sufficient instrumentation not dependent
on AC or DC power (e.g., thermocouples, mechanical pressure gauges)
exists so that control room operators can monitor plant parameters should
AC and DC power become unavailable. The procedure for loss of all
AC power used as a basis for this analysis is the Three Mile Island
Nuclear Station Unit Number 1 Emergency Procedure 1202-2A (Revision 12),
Station Blackout with Loss of Both Diesel Generators.

4.3.1 MODEL FOR ELECTRIC POWER FAILURE AND REC 0VERY

The electric power system analysis presented in Section 2 of the Systems
,

Analysis Report evaluates the unavailability of power at the Class 1E
buses. These are AC buses 10 and lE, one for each train of safeguards
equipment, and DC buses 1A/1E and IB/1F, which supply the two primary
DC power trains and instrument inverter 1A. These buses are presented in
Figures L2 through 4-4. System success in Section 2 (Systems Analysis
Report) is defined as a minimum of one of two engineered safeguards buses
and its associated DC bus being available. The system is analyzed in
Section 2 (Systems Analysis Report) under two s. ;s of boundary
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conditions: power available for 24 hours following an initiating event
/'' (1) with offsite power available and (2) with no offsite power available.
.Q)%

In general, specification of the recovery event scenarios provides two
important pieces of information necessary for the evaluation of human
actions and equipment response. The initiating event and subsequent
system failures define the status of the plant when the operators are
required to act. Control room alarms, emergency procedural guidance, and
the status of critical plant parameters provide basic input to focus the
initial actions. For each scenario, there is also a fairly well-defined
time window for successful system recovery. Core damage will be
prevented if the identified recovery actions are completed within this
time window. The amount of time available depends on the type of
initiating event and the nature and timing of subsequent component
failures.

A realistic model for the recovery of electric power during a specific
~

event scenario must account for the causes and timing of the power
failure events, the sequencing of failure and recovery actions, and the
available time window for success before the onset of core damage.
Equipment failures and recovery can ' occur at any time during the nominal
24-hour study period after event initiation. These factors were built
into a SIMSCRIPT-II.5 simulation model. A copy of the SIMSCRIPT program
for recovery of electiic power at TMI-1 (EPR model) is contained in
Appendix C to this rer. ort.

The EPR model tracks i he failure and recovery of specific essential power
CI sources through time end provides a distribution of the time to recover

- power from any source; e.g., offsite power, one or both diesel
generators. This power recovery time distribution is then compared with
the time distribution for onset of core damage. The result is a
probability of successful recovery of electric power before the onset of
core damage.

A general description of the simulation model and the computer program
sections are contained in Section 2.4. The PROCESS / EVENT routines used
in the electric power recovery analysis are described below,

o PROCESS INITIALIZE. Initializes the other processes contained in the
simulation.

e PROCESS OFFSITE POWER. Initially unavailable, this process sets the
recovery time for offsite power to be used in the simulation.

e PROCESS FIRST DIESEL. This process determines both the time to
failure and time to recovery after failure of diesel generator A. .

e PROCESS SECOND DIESEL. This process determines both the time to
failure ano' time to recovery after a failure of diesel generator B.

e PROCESS FIRST DC BUS. This process models the restrictive effect of l
|losing train A of DC power.
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e PROCESS SECOND DC BUS. This process models the restrictive effect of
losing train B of UG power.

e EVENT REPAIR DECISION. This event provides a method to change the
repair effort from one diesel to the other when both have failed.

The following assumptions are made concerning the EPR model.

e When both diesel generators have failed, the batteries will supply
vital loads for 2 hours unless DC load shedding occurs. A discussion
of the extended battery lifetime due to load shedding is contained in
Section 4.3.4.2. If AC power is not recovered within the appropriate
time window, the batteries will fail and will not be recoverable.

e If the batteries .dil, the diesel generators are no longer
recoverable and offsite power must be restored through manual means.
However, plant operators indicate that DC power is necessary to
operate the 230-kV substation breakers locally. Therefore, when this
occurs, core melt is guaranteed.

e When both diesel generators are failed, repair will be performed on
the first diesel for a period of time determined by EVENT REPAIR
DECISION, Repair effort is then switched to the second diesel, and
the first diesel repair continues in parallel.

e Two f ailure rates are used for diesel generators: one rate for
failures within the first hour of operation and a second rate for
failures that occur at a time longer than 1 hour of operation.

4.3.2 TIME-DEPENDENT POWER FAILURE ANALYSIS

The evaluation of a detailed power recovery model requires careful
treatment of the sequencing of power failures and recovery actions after
the initiating event has occurred. Failures may occur at different times
during the analysis period. For example, offsite power failure could be
the cause of a plant transient initiating event, and the onsite diesel
generators could fail during operation at some later time. It is
possible for some recovery actions to proceed in parallel, while the time
sequencing of other recovery actions must be carefully modeled< The
actions required to restore power from the offsite grid and the repairs
of a failed diesel generator can be performed at the same time if there
are enough personnel available to support both tasks. However, the
analyst must be careful to account for the fact that diesel generator
repairs and offsite power recovery actions may be started at
significantly different times during the event scenario. In general,
offsite grid recovery efforts will begin soon after the initial power ,

failure. Diesel generator repairs will begin only after the diesel
generators have failed, which may not occur for several hours after the
initiating event. Careful treatment of these time dependencies ensures
that the model does not incorrectly include the effects of recovery
actions quantified before a failure has occurred, such as assigning a
frequency for diesel generator recovery within 1 hour af ter the
initiating event when, for example, the diesel generator has not failed
until 2 hours af ter the event. This treatment also eliminates the
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quantitative contribution from failures of one power supply that occur
C after power has been recovered from another source, such as diesel

generator failures that occur after offsite power has been restored.
Once normal power has been restored, the diese1' generators may be shut
down. The quantitative effects fr v an analysis of diesel generator
operation for ti es after offsite power recovery should not contribute tom
the power unavailability model results. The EPR model accounts for the
time sequencing of failures and recovery actions. It allows the
evaluation of parallel and time-sequenced recovery models.

The EPR model results provide a distribution of power recovery times from
any source. This distribution, Figure 4-5, when compared with the time
to the onset of core damage, provides a probability of successful-
restoration of power.

4.3.3 POWER REC 0VERY OPTIONS

4.3.3.1 Offsite Power Recovery

The Three Mile Island substation is connected with the Metropolitan
Edis a Company 230-kV transmission network by four circuits: two full
capacity circuits to Middletown Junction, one-half capacity circuit to
Jackson, and one full capacity circuit through a 230/500-kV
autotransformer to the Metropolitan Edison 500-kV grid. Following a loss
of power at these three substations, restoration of offsite power is
defined as reenergizing one or more of the four transmission lines
(Middletown Junction line 1091 or 1092, Jackson line 1051, or 230/E00-kV

O line) and supplying electrical power to TMI-1 through the 230-kV
substation.

The first step in developing a model for offsite power recovery at THI-1
plant site is to specify a simplified functional model, which bounds the
actual dynamic system response for a variety of scenarios. In this
study, loss of offsite power is defined as a loss of all four
transmission lines connected to TMI or the 230-kV substation up to and
including the auxiliary transformers (1A and 18). Functionally, this
power failure must be severe enough to cause the unit to trip offline and
to require emergency power to the Class 1E buses from the onsite diesei
generators. Although this represents a severe disturbance of the
Metropolitan Edison transmission grid, similar failures have occurred at
other operating nuclear power plants. Localized transient grid
disturbances have also occurred after generating units have tripped
offline, and these events are included in the development of the loss of
offsite power frequency quantification. Recovery of offsite power must
be modeled within the context of these general failure scenarios. The
experiential data indicate a high degree of coupling among diverse lines
and different transmission voltages for severe failure events. The data
also show that most events involve combinations of hardware failures,
spurious operation of protective devices, preexisting naintenance
outages, and human actions, which are !xtremely difficult to model.

Transient stability and power flow have been performed to determine the
effect of TMI-1 and its associated facilities on the reliability of theO interconnected transmission grid. Detailed information on the
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reliability of the 230-kV 9 rid is provided in the TMI-1 FSAR
(Reference 4-3). S
The offsite power failure events modeled in this study are more severe
than the grid disturbances used for power system planning and design
evaluations. Severe and widespread power outages can be caused by a
combination of diverse factors, including inclement weather, component
hardware failures, abnormal system loading conditions, and human
interaction, These failure scenarios are extremely difficult to model
analytically and fall outside the scope of system design criteria.
Therefore, while extrencly useful for evaluating the relative grid
stability effects of various system hardware configurations, the system
design load flow models do not provide good predictive results for the
frequency of major disruptions.

Because of these modeling limitations, the analysis of offsite power
failures for this study relies heavily on experience data obtained from
all the operating nuclear power plant sites in the United States. It is

recognized that the TMI power supply grid has some unique
characteristics. In fact, each site in the United States presents its
own unique set of design problems and advantages. The methodology used
to evaluate the generic data accounts for the site-to-site variability
introduced by these differences. Transmission system design criteria and
operating guidelines have become reasonably standardized throughout the
United States over the last decade. However, the historical experience
of TMI and the Pennsylvania, New Jersey, Maryland (PJM) grid have been
included in this analysis. A detailed analysis of TMI site-specific loss
of power is available in References 4-4 and 4-5. These studies were used
because both TMI-1 and TMI-2 use the same 230-kV substation as a supply
of offsite power.

A detailed recovery analysis based on models for each of the 230-kV and
500-kV transmission lines and each of the interconnected substations and
generating facilities is too complex for the purpose of this study. As
with the power failure frequency models discussed previously, a complex
model based on hardware configurations alone may not afford adequate
treatment of such common factors as parallel and time-sequenced recovery
efforts, limitations imposed because of the power outage, communications
problems, and personnel availability.

For this analysis, successful offsite power recovery requires at least
one of the 230-kV lines or the 500-kV line be reenergized to the
substation. The coupling between the lines could be quite significant
during recovery ef forts af ter a major disruption. For example, the most
important factors determining the time to restore power could be the
mobilization of repair crews and the phased recovery of generating
capacity. These actions would broadly affect the recovery times for
several lines in the area. The experience data from power system outages
at other sites strongly support a model with elements of independence and
coupling among diverse transmission lines. Typical recovery scenarios
show a delay time during which all power remains of f while repair crews
are mobilized and load switching is initiated. When power is restored,
two or more lines typically are reenergized in quick succession. As
generation capacity and loads are restored to service, more lines are
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I

reclosed. Finally, lines experiencing severe structural damage are .

/~'i returned to service over extended periods after crews complete the |

O necessary repairs. For this recovery model, the time of interest is the
first increment until power is restored from any source,

lBased on a review of the TMI offsite line configurations, it was found '

that the systera hardware response can be bounded by two eq)lvd ent
transmission one models. The lower bound for the power recovery |

frequency is p ovided by a model that considers the local grid at TMI as i

a single transmission line. This model essentially assigns complete ,

dependence among all the 230-kV lines and the 500-kV line. It accounts |
for failure scenarios caused by extensive structural damage to the -TMI H

substation or by widespread storm damage. The upper bound for the
recovery frequency is evaluated by a model for two independent lines.

,

This model acknowledges the fact that the offsite power enters the 230 ' V i

,ubstation through two separate corridors, one from Middletown Junction
to the north and the other from the south containing the Jackson line and
the 500-kV grid line. Although there are four transmission lines
supplying the substation, the effects of these redundant supplies is
limited by the commonality of the two entry corridors. It is believed
that the equivalent model of two totally independent transmission lines
provides a realistic upper bound recovery model for this configuration.
To account for the facts that power recovery could be more cifliccit
after a major local grid disturbance or that the diversity in lines could
make power recovery easier than exhibited by this simplified model, the
one-line and two-line bounds are assessed as the 5th and 95th percentiles |for the recovery response model.

Metropolitan Edison has several years of operating experience from their
230-kV and 500-kV transmission networks. There have been no instances of
total 230-kV/500-kV transmission grid unavailability since December 1983
(References 4-4 and 4-5). Records of forced outages of the PJM 230-kV
and 500-kV lines were reviewed. Single-line outages of less than
5 minutes duration were removed from the data base, and the remaining
events were ranked by duration. A majority of the events of less than a,

5-minute duration represent momentary outages that are cleared within a
few seconds by automatic relay operation and circuit breaker reclosure.
Although about 78% of the line outages in the PJM data base are of this
momentary type, experience has shown that extensive outages affecting all
offsite power to a plant usually involve firm faults, which prevent
immediate line reclosure and are not usually cleared by the operation of-

automatic protective devices. Therefore, momentary single-line outages 1

were excluded from this data base because their restoration times were i

not characteristic of observed data from actual offsite power failures. i

The remaining events represent a conservative summary of line recovery |

times after forced outages. Table 4-5 summarizes the line outage data .

and provides a comparison of the recovery time distributions with and
,

without the momentary outages. !

'

The line outage duration data generally include times for repair crews to
reach the location of the fault, time to repair the fault, and switching
time to restore the line to service. Short duration events represent

Os
faults that were cleared by automatic or remote manual operation of fault

,

protection circuit breakers or faults occurring when repair crews were in
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the immediate vicinity of the equipment. Extended outages are
characterized by more extensive damage to conductors in remote locations.

The forced outage duration distribution, excluding momentary outages,
from Table 4-5 is used in this analysis to characterize the minir,um time
to restore pcwer from a single transmission line model, limited by
hardware repairs and not including event specific personnel response
times. This provides a conservative estimate for the time to recover
power for the following reasons:

,

e Momentary line outages of less than a 5-minute duration have been
excluded from the data base. Some offsite power failures at TMI
could allow rapid line reclosure, depending on the cause and extent
of the initiating event.

e The line outage duration data include repair crew response times for
extended duration events.

e Although the duratior data are from forced outages only, which have a
high priority for restoration, a single line forced out of service in
an area where a second parallel circuit remains available will not
receive the same priority as will the restoration of power to TMI
af ter all offsite power has been lost. Therefore, some of the
extended duration events may not represent the same repair urgency as
would be evident during a loss of offsite power event for this study.

Figure 4-6 summarizes the hardware limited recovery time distribution
used for this analysis. The lower bound is the 5th percentile of the
model uncertainty distribution. It is a cumulative plot of the
single-line forced outage duration data from Table 4-5, excluding
momentary outages. The upper bound is the 95th percentile of the model
uncertainty distribution. It is obtained by assuming that successful
power recovery will occur if either one of two independent transmission
lines is reenergized, with each line characterized by the data from
Table 4-5, excluding momentary outages.

4.3.3.2 Diesel Generator Power Recovery

4.3.3.2.1 Diesel Generator Hardware Recovery Model ;
1

The two standby diesel generators and their support systems are described I
in the TMI-1 FSAR, Reference 4-3. Each diesel generator has an !
independent air-starting system and requires a supply of 125V DC from its |
respective DC bus (i.e., bus 1A/1E for train A and bus 1B/1F for train B |
diesel generators) for generator field flashing and generator start and
control. The effect of the unavailability of DC power on diesel

,

generator recovery is accounted for in the PROCESS FIRST DC BUS and
PROCESS SECOND DC BUS section of the EPR model.

The time to return a diesel generator to operation after a hardware
failure depends on many factors, such as the cause of failure, repair
personnel availability, alternate oower supply status, reactor operating
conditions, etc.
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A diesel generator may fail to supply power to its associated bus for any
/N one of several reasons. In this study, two specific types of causes have
d been identified that contribute most significantly to these failures:

(1) the diesel generator may experience some type of hardware-related
failure, either during its starting sequence or during subsequent
operation; and (2) the diesel generator may have been out of service for
maintenance when the initiating event occurred.

The causes of diesel generator hardware failures can range from the
spurious operation of a trip solenoid to major physical damage of

. mechanical or electrical components. Recovery from these failures may
involve the simple resetting of a local trip interlock and restarting of
the diesel generator, or my require. disassembly 3nd repair of the
engine, generator, or their control systems. The following table
indicates some of the key actions that can be ac:omplished within given
recovery time periods:

Time Following Operator Response Action

0 to 5 Minutes Reset Trip Relay and Attempt Local
Manual Restart of Diesel Generators

5 to 15 Minutes Troubleshoot Simple Problems; Check
Electrical and Mechanical
Indications

15 to 30 Minutes Perform Step-by-Step Problem
Diagnosis; Notify Cognizant

|
Engineering and Maintenance |

Personnel

30 to 60 Minutes Oper6 tors Refer to Technical
Manuals and Drawings for Diagnosis
of More Complex Failures; Response
Time for First Offsite Personnel

1 to 2 Hours Offsite Personnel Troubleshoot
Problems Not Requiring Component
Repair; Make Complex Adjustments to
Control Systems

2 to 4 Hours Replacement of Simple Failed
Components (includes maintenance
crew response time)

4 to 8 Hours Repair of Failed Components .'

Requiring Minor Disassembly

Time Following Operator P ' ,onse Action

8 to 24 Hours More Complex Repairs

24 to 72 Hours Repairs Requiring Disassembly

3 to 7 Days Diesel Engine Overhaul l
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I' is emphasized that these key actior.s apply to the recovery for a given
failed diesel generator following operator response to that unit and only
:0 the recevery f rom hardware-related failures. ?t is not the time
required to recover any one of the failed units. These key actions are
used as one piece of information in developing a distribution for the
time to recover a failed diesel generator.

The recovery time distribution summarized below applies to situations
involving moderate to high urgency for diesel generator repairs. It is
broadly based i generic recovery data (References 4-6 and 4-7) from
operating plants, the experience of operations and maintenance experts,
and specific features at TMI. The TMI-1 Shi't Manning Log recommends a
staff of one maintenants foreman and two maintenance personnel (either
electrical or mechanical) on all shifts. During the day shift of the
normal work week, Monday through Friday, additional personnel are
available. Designated technicians are available on call during weekends.

TIME TO RECOVER A FAILED DIESEL GENERATOR

Time Following Operetor
_

Response (hours) Relative Frequency

i '. o 1 .25
1 to 4 .26
4 to 8 .25
8 to 24 .11
> 24 .12

This d1str ibution is used to model the time to restore a single diesel
generator to coerat'on after the diesel has experienced a hardware
failure, It a uumes that the repair efforts are continuous frca the
initial t oucleshooting until the diesel generator is returned to
service. Recovery cannot begin until someone responds to the diesel
generator room to investigate the failure, and this distribution does not
include scenario-specific delays for operating or maintenance personnel
reaching the room. ihe personnel response times are evaluateu in
Sott.un 4.3.3.2.2 and are contained in the PROCESS FIRST DIESEL and
DROCESS SECOND DIESEL portion of the EPR model .

4.3.3.2.2 Diesel Generator Recovery Personnel Response Time Model

A TMI-1 auxiliary operator is responsible for operating the diesel
generators and ft initial problem troublesnooting. A d qimum of four
auxiliary operators all be available. During the norma! work day,
additional personnei e alv available. An auxiliary operator's normal
responsibilities inci me. ring p' ant equipment (e.g., service water -

pumps ), char.ging val . p.x - ns and e 9m configurations under the
direction of the contre- a operat. performing walk-through'

it.spections of plaot t aift working conditions, the'-"

operators will usuall) 3 s sus locations (a 9. , the-

corbine building ard ' - < j. 11199 building) or will be at
oe3ignated watch areas, out less likely, location is. ,

the main control room.
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When offsite power is lost, both diesels will receive signals to start.
O An auxiliary operator will normally proceed to the diesel generator
V. building soon after they start. The recovery analysis does not include

credit for an immediate response because the operator's precise location
at the time of diesel generator failure is uncertain since a diesel may
feil during operation at any time before offsite power is restored.

It is expected that the first indications of diesel generator failure
will be noticed by the control room operators who may attempt to manually
restart the affected engine from its control room switch. Hcwever,
experience has shown that many failures require local troubleshooting to
correct the problem and to reset engine trip relays. The control room
operators may also be reluctant to quickly restart a diesel generator
that tripped during operation before they determine a cause for the
failure. This analysis assumes that an auxiliary cperator must
investigate all failures locally before any engine restarts are
attempted. The control room operators or the control room shift
supervisor will contact an auxiliary operator by telephone or page soon
after the diesel generator fails. After he has been notified of the
failure, the auxiliary operator will proceed to the diesel ge,ierator
building to investigate the cause, reset engine trip relays, and begin
local recovery efforts including manual restart attempts. It is
estimated that the operator's response time to the diesel generator
building from any of his normal duty locations is approximately
5 to 10 minutes after notification. It is assumed that the auxiliary
operators will carry keys to manually unlock controlled access doors if
required. The following distribution is used to model the response time

iO for an auxiliary operator. It applies to the elapied time from failure
of the diesel generator until the operator begins local troubleshooting :activities in the diesel generator room. This time includes delays for '

the control room to contact the operator and describe the problem, the
operator transit time to the diesel generator building, and possible
additional delays due to communications problems, locked doors, o; other
considerations that could impede the operator's response.

TIME FOR FIRST OPERATOR RESPONSE TO
FAILED DIESEL GENERATOR

(includes Notification Time and Transit Time)

Response Time (minutes) Relative Frequency'

,

0 to 5 .01 l5 to 10 .25
10 to 15 .50 j

15 to 20 .20
20 to 30 .03
30 to 60 .01 )

It is also expected that the in-plant shift supervisor and the onsite
maintenance technicians will respond to diesel generrtor failures hat

'

are not quickly corrected by the auxiliary operator. Depolding o'. the'

status of equipment in other parts of the plant, additional qualified
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auxiliary operators may also be available to help with the recovery
efforts. The participation of this normal complement of shif t personnel
has been considered in this recovery time distribution.

If both diesel generators for a unit fail, the operating and maintenance
personnel wodd concentrate their initial recovery efforts on one of the
diesels. A prelimiaary evaluation would be made to determine whether one
of the diesels was likely to be repaired more quickly than the other, and
that diesel would receive the most concentrated attention. For example,
efforts would be made to restart a diesel generator that tripped
spuriously before repairs were started on a diesel engine that sustained
extensive mechanical damage. This recovery model assumes that the
initial response team will concentrate their efforts almost exclusively
on one diesel generator for approximately 30 min'ates after the auxiliary
operator reaches the building. If the first diesel is not restored to
operation after 30 minutes, it is expected that the response ceam will
begin parallel efforts to recover the other failed unit. For example,
the maintenance technicians could remain with the first diesel to begin
component repairs or replacement while the operators turned their
attention to troubleshooting and restart attempts on the second unit. As
more support personnel respond to the site, repairs of both diesel
generators can proceed in parallel and the recovery models can be
substantially decoupled.

For this a'alysis, if both diesel generators have failed, recovery of
only one is allowed during the first 30 minutes after initial operator
response. Power can be restored from the diesel generators to only one
of the two Class 1E buses in this interval. For times longer than
30 minutes, the model allows recovery efforts to be started on the second
diesel generator, and work is assumed to proceed on both diesels in
parallel until power is restored. Thus, the minimum amount of time
required to begin power recovery to both Class 1E buses by repairs of
failed diesel generators is more than 30 minutes after the diesel
generators fail.

4.3.3.2.3 Overall Diesel Generator Power Recovery Model

in the EPR model, overall diesel generator recovery is modeled by first !
simulating the response of personnei by selecting a delay from the
distribution presented in Section 4.3.3.2.2. During this delay, no
recovery or repair of the diesel can occur. A second delay is then ;
simulated, which represents the repair time selected from the i

distribution presented in Section 4.3.3.2.1. Thesa simulated delays '

describe the time from loss of a diesel to recovery of operation of that
diesel.

Several simulation runs of the EPR model were made. In these simulation
runs, each diesel generator was represented by the following initial
conditions:

e A diesel generator is not available at time = 0 and cannot be
recovered during the 24-hour study period (condition 1).

O
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e A diesel generator is lost initially at time'= 0 (i.e., fails to
start), but can be recovered during the 24-hour study periodp)( (condition 2).

e A diesel generator starts and runs for some time, fails, and can be
recovered (condition 3).

Recovery distributions were generated for each of the six combinations
abeye; e.g., A181, A182, A183, A282, A2B3, and A3B3. In addition, a

seventh distribution, for comon cause failure, was generated. Each of
these distributions was generally categorized into one of three recovery
models: (1) offsite power (A181) detailed in Section 4.3.3.2.3.3,
(2) single diesel generator (A182 and A183) detailed in
Section 4.3.3.2.3.1, and (3) dual diesel generator (A2BE, A2B3, A3B3, and
common cause) detailed in Section 4.3.3.2.3.2.

4.3.3.2.3.1 Single Diesel Generator Recovery Model . Immediately
following the loss of offsite power, buses 10 and It will remain
deenergized if both diesel generators fail to start due to either being
out of service for maintenance or experiencing failure during the
starting sequence. A single diesel generator will supply 100% of the
equipment required to ensure plant safety. Thus, recovery of only one
diesel generator is required. The model for a single diesel generator
consists of the summation of the distributions for all simulations where
one diesel is in condition 1, and the other diesel is in condition 2
or 3. This condition is modeled in distributions A182 and A183. The
combined distribution for a single diesel generator model is shown inO Figure 4-7.

V
4.3.3.2.3.2 Dual Diesel Generator Recovery Model . The model for deal
diesel generator recovery is described by the summation of all
distributions where both diesels are in either condition 2 or 3; i.e., '

A2B2, A283, A3B3, and the common cause case. These distributions include
scenarios where one or both diesels fail to start on demand or where bothi

diesels fail during. operation either independently or as the result of a
common cause failure. The distribution that results from the sumnation
of these scenarios is presented in Figure 4-8.

The EPR model of dual diesel generator recovery allows the recovery of
the first of two diesel generators to begin when an auxiliary
operator / shift foreman arrives at the diesel generator room. Recovery of
the second diesel begins 30 minutes after the auxiliary operator / shift
foreman arrives, and the repairs of both diesels are modeled as
continuing in parallel thereafter.

4.3.3.2.3.3 Offsite (no diesel generator) Recovery Model. The model for
recovery without diesel generators is described by the distribution in
which both diesel generators are in condition 1; i.e., A1Bl. This
situation could occur if one diesel is out of service for maintenar .
(technical specifications allow a diesel to to out of service for
maintenan- for up to 7 days during plant operation) and the remaining
diesel ha. .atastrophic failure (e.g., a fire or explosion) that

(' results in a loss of the diesel for longer than the 24-hour study
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period. The distribution tnat results from thi's situation is presented
in Figure 4-9.

4.3.4 ELECTRIC POWER REC 0VERY SCENARIOS

The electric power recovery analysis is performed for Top Event RE1 in
the TMI event trees under the three conditions discussed in Section 4.3.

Recall from Section 4.3.1 that a variable time window is used for each
recovery option. The available time for recovery is a function of both
support system availability and core thermal hydraulics. Each diesel
generator requires a supply of 125V DC in order to start and operate.
If, ' example, battery life lasted only 2 hours af ter the loss of all
onsite (diesel) power, the auxiliary operators would have a time window
of only 2 hours to recover the diesels if the thermal hydraulic window,
for this cese, is longer than or equal to 2 hours. The thermal hydraulic
time window is a function of the cvailability of emergency feedwater and
the leak rate trom the reactor coolant pump seals, which start to leak
wnen all onsite power is lost. If in this case, for example, emergency
feedwater (the emergency turbine-driven feedwater pump) is available when
and after onsite power is lost, the time window for onsite power recovery
is dependent on the leak rate from the reactor coolant pump seals; i.e.,
the time to core uncovery from this leak.

4.3.4.1 Time Window Based on Plant Thermal Hydraulics

Within the framework of the complete loss of AC power, the status of the
turbine-driven emergency feedwater pump ar.d the status of the reactor
coolant pump seals are very important for determining the available time
window before the onset of core damage. The time windo'.! is the time
avai'able for the operators to take action (e.g., restore electric power
and restart the motor-driven emergency feedwater pump or the makeup
pumps) before core damage occurs. This time available for action
generally increases after the initici reacto' trip (at t = 0) because the
reactor decay h?at generation rate decreases with time.

The emergency feedwater system is described in Section 11 of the Systems
Analysis Report. Emergency feedwater is assumed to be available as long
as onsite AC power is available. When onsite power is lost (i.e., the
diesels fail), emergency feedwater is available only if the
turbine-driven feed pump did not fail or was recovered within 1 hour
after the loss of onsite power. The scenarios of electric power recovery
include both states (i.e., available or unavailable) of emergency
feedwater. In the scenarios in which emergency feedwater is available,
the turbine-driven pump and its support systems are assumed to be
available for 24 hours after the loss >f all AC power.

The analysis assumes that a primary sysiam leak from the reactor coolant
pump seals will occur sometime after the systems supplying cooling water
to these seals have stopped due to the loss of all AC power. The leakage
rate from the seals varies, but is assumed to be 80 gpm (decreasing with
pressure) for the first 10 hours due to the specially designed seals in
use. Af ter 10 hours, the leakage rate rises rapidb '.'o a maximum of
300 gpm per pump.
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Trw variable ti a window based on thermal hydraulics is presented in
/3 Table 4-6. The time window is about 1 hour if emergency feedwater is not
V available or is lost during the first 24 hours. A time window of 9 hours

is used in scenarios in which emergency feedwater is available throughout
the loss of all AC power. This 9-hour time was selected because the core
will be uncovered due to the PORV lifting in 9.1 hours.

4.3.4.2 Time Window Based on Availability of DC Power *

During the time window established by thermal hydraulic considerations,
the operators will be restoring power to one engineered safeguards bus by
recovering either a diesel generator or power from the offsite grid. The
availability of DC power has a direct influence on this recovery.
DC power must be available to start the diesel generator. In addities,
DC power must be available to operate onsite switchgear breakers from the
control room. IF DC power is not available, these breakers may-be
opereted manually. The breakers in the 239-kV substation also require
DC power be available; however, these breakers cannot be manually
operated by cnsite personnel.

The availability c f DC power is dependent on the discharge rate, battery
temperature, specific gravity, and the minimum useful or final battery
voltage. The analysis of the battery availability is highly dependent on
the scenario under consideration. Under a scenario with no operator
action to shed DC loads and with 100% load on each DC bus, for example,
the batteries will last for 2 hours. This is the licensing design basis
discharge used to size the batteries (Reference 4-3).

>

By reducing the ltad on the DC buses, the battery availability can be
extended. On the other hand, adequate instrumentation (e.g., reactor
system pressure, pressurizer level, steam generator level, core neutron
power level, etc.) must be available to the control room operators.
Control room supervisory personnel must decide what load level should be
established. They would be in constant communication with the auxiliary
operators and maintenance personnel repairing the emergency diesel
generators as well as the transmission system dispatchers at the electric
system control center. Discussions with these personnel indicate that a
DC load level could be established that would extend battery availability
to between 6 and 8 hours. For this reason, a lengthened battery
availability of 6 hours was used in this study.

4.3.5 ELECTRIC POWER REC 0VERY MODEL ASSEMBLY

The sir.wlation model output is a distribution of AC power recovery for
each sm of initial conditians discussed in Section 4.3.3.2.3. These
distributions are conditional on the frequency of the initial
conditions. Therefore, the seven distributions were combined by removing
the conditional status of each distribution and summing them. The result
was an unconditional distribution of AC power recovery. This
distributic.1 is shown in Figure 4-5.

The distributions for recover:, of AC power is then examined with respect

Os
to the time windows of Sections 4.3.4.1 and 4.3.4.2. The result is a
conditional frequency of core melt, given a loss of offsite power. This

,
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is done by determining the relative frequency of AC power not being
recovered within the time window of interest and is calculated from the
following equation.

* core melt =1- I C F (t)jj
i

where

Cj E the correction factor applied, based on the conditions placed
the simulation model.

F'(t) E the frequency of recovery of AC power for the individual
initial diesel generator condition.

t E the lbst of the time window, battery lifetime, or
thermal hydraulic.

The five human recovery action failure rates can now be calculated. Four
of the failure rates, HREl, HRE3, HRE7, and HRE8, are calculated from the
above equations. Human recovery action failure rate HRES s calculated
from a portion of the information presented in the previous sections.

Human recovery action failure rate HRE1 is calculateo by examining the AC
power recovery distribution at a time window of 6 hours. The 6-hour time
was developed in Section 4.3.4.2. By using the equation above, the
distribution for HRE1 is:

Mean Value: 5.1 x 10-5
Sth Percentile: 1.68 x 10-6
50th Percentile: 1.80 x 10-5
95th Percentile: 1.87 x 10-4

Human recovery action failure rate HRE3 is calculated by examining the AC
power recovery distribution at a time window of 1 hour. The 1-hour tice
window was developed in Section 4.3.4.1. The calculation is done in the
same manner as in HREl above. The distribution for HRE3 is:

Mean Value: 8.7 x 10-4
bth Percentile: 2.61 x 10-5
50th Percentile: 2.94 x 10-4
95th Percentile: 3.18 x 10-3

Human recovery action failure rate HREb is calculated by examining 1

Figure 4-6. Since only offsite power must be recovered because onsite
'

power is available from the diesel generators, the f 3ilure rate is a
distribution of the failure to recover power before 6 hours from the
event in Figurc 4-6. The distribution for HRES is:

Mean Value: 4.04 x 10-2
Sth Percentile: 9.64 x 10-3
both Percentile: 3.11 x 10-2
95;h Percentile: 9.79 x 10-2
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Human recovery action failure rate HRE7, like HRE1, is calculated by
pd examining the AC power recovery distribution at a time window of

6-hours. However, only the conditional distributions for recovery with a
single diesel generator are used. The calculation is done in the same
manner as for HRE1 above. The distribution for HRE7 is:

Mean: 5.02 x 10-2
5th Percentile: 1.64 x 10-3
50th Percentile: 1.76 x 10-2
95th Percentile: 1.90 x 10-1

Human recovery action failure rate HRE8, like HRE3, is calculated by
examining the AC power recovery distribution at a time window of 1 hour.
Like HRE7, HRE8 only considers cases of single diesel generator
recovery. The calculation is done in the same manner as for HRE1 above.
The distribution for HRE8 is:

Mean: 3.93 x 10-1
5th Percentile: 9.36 x 10-2
50th Percentile: 2.98 x 10-1
95th Percentile: 9.51 x 10-1 .

4.4 REC 0VERY OF DHR COOLING

This section describes the recovery analysis of a DHR pump train under
conditions in which there is a loss of coolant from the RCS and cooldown

O. to cold shutdown cont'..tlons are required. The time available for
,

recovery depends on the size of the leak. Recovery is considered, if at
least 6 hours are available, until DHR cooling is required, which is
measured from t.1e time an ESAS signal occurs and the operators notice
that both DHR pump trains are unavailable. This excludes medium and
small LOCAs from consideration for recovery of the DHR pump trains. For
small LOCAs, 6 hours are assumed to be available. For steam nenerator
tube ruptures, very small breaks, RCP seal LOCAs, and stuck-open
pressurizer PORV or reliet valves,12 hours are assumed to be avellable ,

for recovery. For very small leaks (i.e. , tco small to initiate a plant
tripbythemselves)morethan24hoursareassumedtobeavailable.

.

'

There are a number of ways in which both trains of DHR pumps may be
unavailable. Each OHR pump train requires DC control power to start,
vital AC power to operate, and the corresponding trains of decay heat
closed cooling water and decay heat river water systems to provide an
ultimate heat cink. The recovery analysis presented here considers all
such combint..ons of both pump trains failing. Success of a recovery >

au ton considered here is the restoration of one DHR pump train for ;

o pe.rati on.

The DHR pump train recovery actions considered were identified in
Section 1, Table 1-1. These actions are HDH1, HHA1, HRE9, HRE11, HRE12
( A, B, and C), HRE13 ( A, B, and C), and HRE14 ( A, B, and C). HDH1, HHA1,'

HRE9, HRE11, and HRE12 are dynamic human actions, which were quantified
i

using the methods described in Section 2.3. These actions are mentioned i

here because they are used in conjunction with HRE13 and HRE14 to account
for recovery of all the many ways in which the DHR pump trains can fail. ;

!
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If a decay heat closed cooling water pumo or a decay heat river water
pump fails, the corresponding DHR pump must be secured before it
overheats due to lack of cooling. This action is modeled by HDHl. If

the pump is not shut down in time, repair of the overheated DHR pump then
must be considered for recovery as well.

One of the most frequent ways in which a decay heat river water pump
train is taken out of service is for preventive maintenance to remove
excess silt frca the pump intake. Once the divers are recalled, the DHR

pumps can be started. The action to recall the divers is considered by

dynamic human action dHA1. Successful performance of HHA1 would restore
a decay heat river water system pump train for the specified conditions.
A more general recovery action has been identified (HRE9); however, that
applies to many more ways in which the decay heat river water pump train
may fail. As long as the decay heat service cooler on the affected pump
train is operable, the operators, with enough time, may establish flow to
the cooler using a fire hose outlet in the DHCCW service cooler room.
The fire hose could be connected to the cooler via a 2-inch drain line.
There are four diverse fire service water pumps that can provide the
needed flow. Although the flow established in this way would probably
not be enough to cool down quickly, it should be enough to provide
additional time for recovery actions and to allow the DHR pumps to only
operate to recirculate inventory back to the RCS from the sump. As the
action represented by HRE9 is more encompassing than HHA1, only HRE9 is
considered for the recovery analysis.

If DC power is lost to one of the DHR pump trains, the operators may
locally initiate all three pumps in the train to establish flow. This
action does not require that any equipment be physically repaired.
Therefore, these actions (i.e., HRE12A, HRE12B, and HRE12C) were
evaluated using the methods of Section 2.3.

Recovery actions to consider the timely repair of a failed DHCCW pump or
a DHR pump were also considered. Dynamic action HRE11 was used to model
the decision to initiate repa'r of the affected pump. The likelihood of
successfully repairing a pump in time, once the decision to attempt such
a recovery is made, is represented by recovery actions HRE13 and HRE14.
These actions could not be analyzed according to the methods of
Section 2.3

Recovery actions HRE13 and HRE14 were quantified by reviewing historical
data from a variety of plants. The failure and maintenance event data
reviewed for pumps simliar to TMI's DHR and DHCCW pumps are summarized in
Table 4-7. Part 1 of the table indicates that 25 failure events and
44 maintenance events were reviewed. All of the pump maintenance events
came from TMI Unit 1.

A repair time is not recorded for all of the failure events. Repair
times were therefore estimated for these events. Events estimated to
require less than 6 hours for repair involved relay failures, tripped
breakers, and packing leaks. A shaft sleeve replacement was estimated to
require between 6 and 12 hours. No events were estimated to require less
than 24 hours but more than 12 hours. One event involving replacement of g
bearings and seals was estimated to require more than 24 hours. The
frequency of not repairing a DHR or DHCCW pump, as a function of
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allowable repair time, is reported in part 2 of the table. The
p frequencies of nonrepair in the table for allowable repair times of 6,
Q 12, and 24 hours correspond to the median estimates of the frequency

distributions for human actions HRE13A, HRE138, and HRE13C. A factor
of 2 was used to describe the uncertainty in each of these estimates;
i.e., the ratio of the 95% to 50% was assumed to be 2.

A total of 44 DHR and DHCCW pump maintenance events at TMI Unit 1 were
reviewed. All 44 maintenance restoration times were recorded. Part 2 of
Table 4-7 indicates the frequency of the pump not being restored from4

maintenance as a function of the allowable repair time. The frequencies-
in part 2 of the table were assumed to represent'the median nonrepair
fractions if the pump train was initially in maintenance. The
frequencies listed in the final column of the second part of Table 4-7
are used as the median nonrepair frequencies for recovery actions HRE14A,
HRE14B, and HRE14C. A factor of 2 was used to describe the uncertainty
in each of these estimates.

The above human action failure estimates were used to evaluate the
potential recovery of a single DHR pump train, given both trains were
initially unavailable due to a combination of causes. These actions were
only considered if a minimum of 6 hours is available before the DHR
system is required.
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TABLE 4-1. QUANTIFICATION RESULTS FOR DYNAMIC }|UMAN ACTIONS

Sheet 1 of 111

HAM 1- BYPASS INSTRUMENT AIR TRANSFER VALVE,0SP AVAILABLE

INPUT ECH0:

TYPE OF COGNITIVE PROCESSING IS = RULE

EXPERIENCE LEVEL OF OPERATING CREW IS = AVERAGE

STRESS LEVEL IN CONTROL R00ft IS = POTENTIAL EMERGENCY
QUALITY OF PLANT INTERFACE WITH OPERATv.1S IS = GOOD
TYPE OF HUMAN ACTION TASK IS = RECOVER FAILED SYSTEM
ADDITIONAL CREW AVAILABLE FOR DIAGNOSIS IS = SHIFT SUPERVISOR
ADDITIONAL PLANT FEE 0BACK TO ALERT OPERATOR = YES

TYPE OF DF. PENDENCY BETWEEN TASKS IS = ZERO

STATUS OF TASK WHICH THIS ACTION DEPENDS ON IS = FAILED
THE MEDIAN ESTIMATE OF THE TIME TO DIAGNOSE IS = 1.000 MINUTES
ESTIMATES OF TIME AVAILABLE ARE = POINT ESTIMATE
(UNITS FOR TIME ARE THE SAME AS FOR TNE MEDIAN TIME) MINUTES
BEST ESTIMATE OF THE TIME AVAILABLE FOR DIAGNOSIS IS = 16.000 MINUTES
(UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME)

RESULTS:

FAILURE FREQUENCY RANGE
LOWER BOUND = 4.77E-05
BEST ESTIMATE = 4.77E-04
UPPER BOUND = 4.77E-03

BEST ES"MATE TIME DEPENDENT = NEGLIGIBLE
BEST ESTIMATE TIME INDEPENDENT = 4.76E-04
TOTAL BEFORE ACCOUNTING FOR DEPENDENCY BETWEEN TASKS =4.77E-04

9
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TABLE 4-I (continued)
%

(Q
Sheet 2 of 133

HAM 2- RESTART INSTRUMENT AIR COMPRESSORS,0SP LOST i

INPUT ECH0: '

TYPE OF COGNITIVE PROCESSING IS = RULE
EXPERIENCE LEVEL OF OPERATING CREW IS = AVERAGE

STRESS LEVEL IN CONTROL ROOM IS = POTENTIAL EMERGENCY
QUALITY OF PLANT INTERFACE WITH OPERATORS IS = FAIR
TYPE OF HUMAN ACTION TASK IS = PLANNED MANUAL ACTION
ADDITIONAL CREW AVA'.LABLE FOR DIAGNOSIS IS = SHIFT SUPERVISOR
ADDITIONAL PLANT FEEDBACK TO ALERT OPERATOR = NO
TYPE OF DEPENDENCY BETWEEN TASKS IS = ZER0
STATUS OF TASK WHICH THIS ACTION DEPENDS ON IS = FAILEL
THE MEDIAN ESTIMATE OF THE TIME TO DIAGNOSE IS = 3.0L ) MINUTES
ESTIMATES OF TIME AVAILABLE ARE = POINT ESTIMATE ,

(UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME) MINUTES
'

BEST ESTIMATE OF THE TIME AVAILABLE F0P. DIAGNOSIS IS = 19.000 MINUTES
(UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME)

RESULTS:

FAILURE FREQUENCY RANGE
LOWER BOUND = 1.86E-03
BEST ESTIMATE = 1.86E-02

'-

UPPER BOUND = 1.86E-01 .

BEST ESTIMATE ilME DEPENDENT = 1.76E-02
BEST ESTIMATE TIME INDEPENDENT = 1.00E-03
TOTAL BEFORE ACCOUNTING FOR DEPENDENCY BETWEEN TASKS =1.86E-02

!
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TABLE 4-1 (continued)

O
Sheet 3 of 111

HBW1- INITIATE HPI COOLING

INPUT ECH0:

TYPE OF COGNITIVE PROCESSING IS = RULE

EXPERIENCE LEVEL OF OPERATING CREW IS = AVERAGE
STRESS LEVEL IN CONTROL ROOM IS = POTENTIAL EMERGENCY
QUALITY OF PLANT INTERFACE WITH OPERATORS IS = FAIR
TYPE OF HUMAN ACTION TASK IS = CAUSE EXTENDED OUTAGE
ADDITIONAL CREW AVAILABLE FOR DIAGNOSIS IS = SHIFT SUPERVISOR
ADDITIONAL PLANT FEEDBACK TO ALERT OPERATOR w YES
TYPE OF DEPENDENCY BETWEEN TASKS IS = ZER0
STATUS OF TASK WHICH THIS ACTION DEPENDS ON IS = FAILED
7|5 MEDIAN ESTIMATE OF THE TIME TO DIAGNOSE IS = 3.000 MINUTES
ESTIMATES OF TIME AVAILABLE ARE = POINT ESTIMATE
(UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME) MINUTES
BEST ESTIMATE OF THE TIME AVAILABLE FOR DIAGNOSIS IS = 27.000 MINUTES
(UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME)

RESULTS:

FAILURE FREQUENCY RANGE
LOWER BOUND = 1.29E-03
BEST ESTIMATE = 1.29E-02
UPPER BOUND = 1.29E-01

BEST ESTIMATE TIME DEPENDENT = 2.86E-03
BEST ESTIMATE TIME INDEPENDENT = 1.00E-02
TOTAL BEFORE ACCOUNTING FOR DEPENDENCY BETWEEN TASKS =1.29E-02

0
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TABLE 4-1 (continued) '

O
Sheet 4 of 111

HBW2- INITIATE HPI,AFTER BLACK 0UT,NO EFW

INPUT ECH0: *

TYPE OF C0GNITIVE PROCESSING IS = RULE

EXPERIENCE LEVEL OF OPERATING CREW IS = AVERAGE

STRESS LEVEL IN CONTROL ROOM IS = P0TENTIAL EMERGENCY

QUALITY OF PLANT INTERFACE WITH OPERATORS IS = FAIR
TYPE OF HUMAN ACTION TASK IS = REC 0VER FAILED SYSTEM
ADDITIONAL CREW AVAILABLE FOR DIAGNOSIS IS = SHIFT SUPERVISOR
ADDITIONAL PLANT FEEDBACK 10 ALERT OPERATOR = YES

TYPE OF CEPENDENCY BETWEEN TASKS IS = ZER0

STATUS OF 1ASK WHICH THIS ACTION DEPENDS ON IS = FAILED
THE MEDIAN ESTIMATE OF THE TIME TO DIAGNOSE IS = 5.000 MINUTES
ESTIMATES OF TIME AVAILABLE ARE = POINT ESTIMATE
(UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME) MINUTES
BEST ESTIMATE OF THE TIME AVAILABLE FOR DIAGNOSIS IS = 27.000 MINUTES
(UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME)

RESULTS:

FAILURE FREQUENCY RANGE
i LOWER B0UND= 8.77E-03O BEST ESTIMATE = 4.39E-02

UPPER B0UND= 2.19E-01
BEST ESTIMATE TIME DEPENDENT = 3.3?E-02
BEST ESTIMATE TIME INDEPENDENT z 1.00E-02
TOTAL BEFORE ACCOUNTING FOR DEPENDENCY BETWEEN TASKS =4.39E-02

Oo
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TABLE 4-1 (continued)

Sheet 5 of 111

HBW3- INITIATE HPI,AFTER LCRS OF RIVER WATER, EFW AVAIL.

INPUT ECH0:

TYPE OF COGNITIVE PROCESSING IS = RULE

EXPERIENCE LEVEL OF OPERATING CREW IS s AVERAGE

STRESS LEVEL IN CONTROL ROOM IS = POTENTIAL EMERGENCY

QUALITY OF PLANT INTERFACE WITH OPERATORS IS = FAIR
TYPE OF HUMAN ACTION TASK IS = REC 0VER FAILED SYSTEM
ADDITIONAL CREW AVAILABLE FOR DIAGNOSIS .!S = FULL SUPPORT
ADDITIONAL PLANT FEEDBACK TO ALERT OPERATOR = YES

TYPE OF DEPENDENCY BETWEEN TASKS IS = LOW

TITLE OF TASK WHICH THIS ACTION DEPENDS ON IS = HRE2
STATUS OF TASK WHICH THIS ACTION DEPENDS ON IS = SUCCEEDED

THE MEDIAN ESTIMATE OF THE TIME TO DIAGNOSE IS = 0.100 HOURS
ESTIMATES OF TIME AVAILABLE ARE = POINT ESTIMATE

(UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME) HOURS
BEST ESTIMATE OF THE TIME AVAILABLE FOR DIAGNOSIS IS = 6.000 HOURS
(UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME)

RESULTS:

FAILURE FREQUENCY RANGE
LOWER BOUND = 4.53E-05
BEST ESTIMATE = 4.53E-04
UPPER BOUND = 4.53E-03

BEST ESTIMATE TIME DEPENDENT = NEGLIGIBLE
BEST ESTIMATE TIME INDEPENDENT = 4.76E-04
TUTAL BEFORE ACCOUNTING FOR DEPENDENCY BETWEEN TASKS =4.76E-04
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TABLE 4-1 (continued)

Sheet 6 of 111

HC31- ISOLATE SEAL RETURN,30# AUT0!!ATIC SIGNAL FAILED
|

INPUT ECH0:

TYPE OF COGNITIVE PROCESSING IS = SKILL !

EXPERIENCE LEVEL OF OPERATING CREW IS = AVERAGE ;
'

STRESS LEVEL IN CONTROL ''10M IS = GRAVE
,

I QUALITY OF PLANT INTERFACE WITH OPERATORS IS = FAIR !

TYPE OF HUMAN ACTION TASK IS = BACKUP AUTO. ACTION"
,

ADDITIONAL CREW AVAILABLE FOR DIAGNOSIS IS = SHIFT SUPERVISOR
'

! ADDITIONAL PLANT FEEDBACK TO ALERT OPERATOR = NO

i TYPE OF DEPENDENCY BETWEEN TASKS IS = ZERO
'

,

STATUS OF TASK WHICH THIS ACTION DEPENDS ON IS = FAILED
THE MEDIAN ESTIMATE OF THE TIME TO DIAGNOSE IS =~ 2.000 MINUTES
ESTIMATES OF TIME AVAILABLE ARE = POINT ESTIMATE

(UNITS FOR TIME ARE THE.SAME AS FOR THE MEDIAN TIME) MINUTES

BEST ESTIMATE OF THE TIME AVAILABLE FOR DIAGNOSIS IS = 9.500 MINUTES !

(UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME) j

RESULTS: j

i
,. FAILURE FREQUENCY RANGE !

LOWER BOUND = ' 90E-04
BEST ESTIMATE- 6.90E-03
UPPER B0UND= 6.90E-02 :

BEST ESTIMATE TIME DEPENDENT = 5.90E-03 i

BEST ESTIMATE TIME INDEPENDENT = 1.00E-03 :

TOTAL BEFORE ACCOUNTING FOR DEPENDENCY BETWEEN TASKS =6.90E-03

i .

!

$

'
!

|
j !

l !
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TABLE 4-1 (continued)

O
Sheet 7 of 111

HCA2- MANUAL CUNT. ISOLATION,RB INITIALLY UNIS0 LATED

INPUT ECH0:

TYPE OF COGNITIVE PROCESSING IS = RULE
EXPER ENCE LEVEL OF OPERATING CREW IS = AVERAGE

STRESS LEVEL IN CONTROL ROOM IS = GRAVE
QUALITY OF PLANT INTERFACE WITH OPERATORS IS = FAIR
TYPE OF HUMAN ACTION TASK IS = BACKUP AUTO. ACTION
ADDITIONAL CREW AVAILABLE FOR DIAGNOSIS IS = SHIFT SUPERVISOR
ADDITIONAL PLANT FEEDBACK TO ALERT OPERATOR = YES

TYPE OF DEPENDENCY BETWEEN TASKS IS = ZERO

STATUd 0F TASK WHICH ThlS ACTION DEPENDS ON IS = FAILED
THE MEDIAN ESTIMATE OF THE TIME TO DIAGNOSE IS = 2.000 MINUTES
ESTIMATES OF TIME AVAILABLE ARE = POINT ESTIMATE
(UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAh TIME) MINUTES
BEST ESTIMATE OF THE TIME AVAILABLE FOR DIAGNOSIS IS = 7.000 MINUTES
(UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME)

RESULTS:

FAILURE FREQUENCY RANGE
LOWER BOUND = 3.6LE-02
BEST ESTIMATE = 1.83E-01
UPPER B0UND= 9.13E-01

BEST ESTIMATE TIME DEPENDENT = 1.82E-01
BEST ESTIMATE TIME INDEPENDENT = 1.00E-03
TOTAL BEFORE ACCOUNTING FOR DEPENDENCY BETWEEN TASKS =1.83E-01

0

4-54
0516G121186HAAR



!

TABLE 4-1 (continued) !
ip

d i
Sheet 8 of 111 1

HCD1- INITIATE CD WITH ADVS+PZR SPRAY

INPUT ECH0:

TYPE OF C0GNITIVE PROCESSING IS = SKILL
EXPERIENCE LEVEL OF OPERATING CREW IS = AVERAGE
STRESS LEVEL IN CONTROL ROOM IS = OPTIMAL C0fiDITIONS
QUALITY OF PLANT INTERFACE WITH OPERATORS IS = FAIR
TYPE OF HUMAN ACTION TASK IS = PLANNED MANUAL ACTION
ADDITIONAL CREW AVAILABLE FOR DIAGNOSIS IS = SHIFT SUPERVISOR
ADDITIONAL PLANT FEEDBACK TO ALERT OPERATOR = YES
TYPE OF DEPENDENCY BETWEEN TASKS IS = ZERO

STATUS OF TASK WHICH THIS ACTION DEPENDS ON IS = FAILED
THE MEDIAN ESTIMATE OF THE TIME TO DIAGNOSE IS = 0.250 HOURS
ESTIMATES OF TIME AVAILABLE ARE = POINT ESTIMATE
(UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME) HOURS

BEST ESTIMATE OF THE TIME AVAILABLE FOR DIAGNOSIS IS = 4.000 HOURS
(UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME)

RESULTS:

FAILURE FREQUENCY RANGEO LOWER B0UND= 4.76E-06O BEST ESTIMATE = 4.76E-05
UPPER BOUf40= 4.76E-04

BEST ESTIMATE TIME DEPENDENT = NEGLIGIBLE
BEST ESTIMATE TIME IfiDEPENDENT = 4.76E-05
TOTAL BEFORE ACCOUNTING FOR DEPENDENCY BETWEEN TASKS =4.76E,05
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TABLE 4-1 (continued)

Sheet 9 of 111
_

HCD2- INITIATE SLOW CD,RCP OR SPRAY NOT AVAILABLE

INPUT ECH0:

TYPE OF COGNITIVE PROCESSING IS = SKILL
EXPERIENCE LEVEL OF OPERATING CREW IS = AVERAGE

STRESS LEVEL IN CONTROL ROOM IS = OPTIMAL CONDITIONS

QUALITY OF PLANT INTERFACE NITH OPERATORS IS = FAIR
TYPE OF HUMAN ACTION TASK IS = REC 0VER FAILED SYSTEM
ADDITIONAL CREW AVAILACLE FOR DIAGNOSIS IS = SHIFT SUPERVISOR
ADDITIONAL PLANT FEEDBACK TO ALERT OPERATOR = YES

TYPE OF DEPENDENCY BETWEEN TASKS IS = HIGH
TITLE OF TASK WHICH THIS ACTION DEPENDS ON IS = HCD1

STATUS OF TASK WHICH THIS ACTION DEPENDS ON IS = SUCCEEDED
THE MEDIAN ESTIMATE OF THE TIME TO DIAGNOSE IS = 0.250 HOURS
ESTIMATES OF TIME AVAILABLE ARE = P01NT ESTIMATE
(UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME) HOURS

BEST ESTIMATE OF THE TIME AVAILABLE FOR DIAGNOSIS IS = 5.500 HOURS
(UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME)

r.ESULTS:

FAILURE FREQUENCY RANGE
LOWER B0UND= 2.38E-05
BEST ESTIMATE = 2.38E-04
UPPER B0UND= 2.38E-03

BEST ESTIMATE TIME DEPENDENT = NEGLIGIBLE
BEST ESTIMATE TIME INDEPENDENT = 4.76E-04
TOTAL BEFORE ACCOUNTING FOR DEPENDENCY BETWEEN TASKS =4.76E-04

_

@
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inBLE 4-1 (continued)
Ob

Sheet 10 of 111

HCD3- INITIATE CD W/0 ATA,RCP+ SPRAY AVAILABLE,SGTR OCCURS

INPUT ECH0:

TYPE OF COGNITIVE PROCESSING IS = SKILL
EXPERIENCE LEVEL OF OPERATING CREW IS = AVERAGE

STRESS LEVEL IN CONTROL ROOM IS = P0TENTIAL EMERGENCY
QUALITY OF PLANT INTERFACE WITH OPERATORS IS = FAIR
TYPE OF HUMAN ACTION TASK IS = PLANNED MANUAL ACTION
ADDITIONAL CREW AVAILABLE FOR DIAGNOSIS IS = FULL SUPPORT
ADDITIONAL PLANT FEEDBACK TO ALERT OPERATOR = YES

TYPE OF DEPENDENCY BETWEEN TASKS IS = MEDIUM

TITLE OF TASK WHICH THIS ACTION DEPENDS ON IS = HID1
STATUS OF TASK WHICH THIS ACTION DEPENDS ON IS = SUCCEEDED

THE MEDIAN ESTIMATE OF THE TIME TO CIAGNOSE IS = 0.250 HOURS
ESTIMATES OF TIME AVAILABLE ARE = POINT ESTIMATE
(UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME) HOURS

BEST ESTIMATE OF THE TIME AVAILABLE FOR DIAGNOSIS IS = 3.500 HOURS
(UNITS FOR 11ME ARE THE SAME AS FOR THE MEDIAN TIME)

RESULTS:

fi FAILURE FREQUENCY RANGE
LDWER BOUND = 4.09E-06
BEST ESTIMATE = 4.09E-05

,

UPPER BOUND = 4.09E-04
BEST ESTIMATE TIME DEPENDENT = NEGLIGIBLE
BEST ESTIMATE TIME INDEPENDENT = 4.76E-05
TOTAL BEFORE ACCOUNTING FOR DEPENDENCY BETWEEN TASKS =4.77E-05

|

() '
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TABLE 4-1 (continued)

O
Sheet 11 of 111

HCD4- INITIATE CD WITH ADVS+ PZR SPRAY,SGTR

INPUT ECH0:

TYPE OF COGNITIVE PROCESSING IS = SKILL
EXPERIENCE LEVEL OF OPERATING CREW IS = AVERAGE
STRESS LEVEL IN CONTROL R0Gi IS = POTENTIAL EMERGENCY
QUALITY OF PLANT INTERFACE WITH OPERATORS IS = FAIR
TYPE OF HUMAN ACTION TASK IS = PLANNED MANUAL ACTION
ADDITIONAL CREW AVAILABLE FOR DIAGNOSIS IS = FULL SUPPORT
ADDITIONAL PLANT FEEDBACK TO ALERT OPERATOR = YES

TYPE OF DEPENDENCY BETWEEN TASKS IS = MEDIUM !
TITLE OF TASK WHICH THIS ACTION DEPENDS ON IS = HIDI
STATUS OF TASK WHICH THIS ACTION DEPENDS ON IS = SUCCEEDED
THE MEDIAN ESTIMATE OF THE TIME TO DIAGNOSE IS = 0.250 HOURS
ESTIMATES OF TIME AVAILABLE ARE = POINT ESTIMATE

(UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME) HOURS
BEST ESTIMATE OF THE TIME AVAILABLE FOR DIAGNOSIS IS = 3.500 HOURS
(UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME)

RESULTS:

FAILURE FREQUENCY RANGE
LOWER BOUND = 4.09E-06
BEST ESTIMATE = 4.09E-05
UPPER B0UND= 4.09E-04

BEST ESTIMATE TIME DEPENDENT = NEGLIGIBLE
BEST ESTIMATE TIME INDEPENDENT = 4.76E-05
TOTAL BEFORE ACCOUNTING FOR DEPENDENCY BETWEEN TASKS =4.77E-05

.

O
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TABLE 4-1 (continued)

Sheet 12 of 111

HCDS- INITIATE CD W/PORV,SGTR AND LOOP

INPUT ECH0:
,

TYPE OF COGNITIVE PROCESSING IS = RULE
EXPERIENCE LEVEL OF OPERATING CREW IS , AVERAGE

STRESS LEVEL IN CONTROL ROOM IS = POTENTIAL EMERGENCY i

'
QUALITY OF PLANT INTERFACE WITH OPERATORS IS = FAIR
TYPE OF HUMAN ACTION TASK IS = CAUS: EXTENDED OUTAGE i

ADDITIONAL CREW AVAILABLE FOR DIAGNOSIS IS = FULL SUPPORT -

ADDITIONAL ~ PLANT FEEDBACK TO ALERT OPERATOR = YES

TYPE OF DEPENDENCY BETWEEN TASKS IS = HIGH
TITLE OF TASK WHICH THIS ACTION DEPENDS ON IS = HID1
STATUS OF TASK WHICH THIS ACTION DEPENDS ON IS = SUCCEEDED

THE MEDIAN ESTIMATE OF THE TIME-T0 DIAGNOSE IS = 0.250 HOURS
ESTIMATES OF TIME AVAILABLE ARE = POINT ESTIMATE

i (UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME) HOURS
BEST ESTIMATE OF THE TIME AVAILABLE FOR DIAGNOSIS IS = 3.500 HOURS
(UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME)

I, RESULTS.
t

O FAILURE FREQUENCY RANGE
LOWER B0UND= 2.94E-05
BEST ESTIMATE = 2.94E-04 ,

UPPER B0UND= 2.94E-03 |
BEST ESTIMATE TIME DEPENDENT = 1.11E-04 i

'

BEST ESTIMATE TIME INDEPENDENT = 4.76E-04
TOTAL BEFORE ACCOUNTING FOR DEPENDENCY BETWEEN TASKS =5.87E-04

'
,

i

|
1 1

,

; I

a

,

Y

,
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TABLE 4-1 (continued)

O
Sheet 13 of 111

HCF1- ESTABLISH RB COOLING AFTER RIVER WATER FAILS

INPUT ECH0:

TYPE OF COGNITIVE PROCESSING IS = KNOWLEDGE
EXPERIENCF LEVFL OF OPERATING CREW IS = AVERAGE

STRESS LEVEL IN CONTROL ROOM IS = GRAVE

QUALITY OF PLANT INTERFACE WITH OPERATORS IS = P00R
TYPE OF HUMAN ACTION TASK IS = DETRACT FROM ES
ADDITIONAL CREW AVAILABLE FOR DIAGNOSIS IS = FULL SUPPORT
ADDITIONAL PLANT FEEDBACK TO ALERT OPERATOR = N0
TYPE OF DEPENDENCY BETWEEN TASKS IS = MEDIUM
TITLE OF TASK WHICH THIS ACTION DEPENDS ON IS = HRE2
STATUS OF TASK WHICH THIS ACTION DEPENDS ON IS = FAILED
THE MEDIAN ESTIMATE OF THE TIME TO DIAGNOSE IS = 0.100 HOURS
ESTIMATES OF TIME AVAILABLE ARE = POINT ESTIMATE
(UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME) HOURS
BEST ESTIMATE OF THE TIME AVAILABLE FOR DIAGNOSIS IS = 0.500 HOURS
(UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME)

RESULTS:

FAILURE FREQUENCY RANGE
LOWER B0UND= 2.35E-01
BEST ESTIMATE = 3.89E-01
UPPER BOUND = 6.44E-01

BEST ESTIMATE TIME DEPENDENT = 1.97E-01
BEST ESTIMATE TIME INDEPENDENT = 9.00E-02
TOTAL BEFORE ACCOUNTING FOR DEPENDENCY BETWEEN TASKS =2.87E-01

0
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TABLE 4-1 (continued)

''~
Sheet 14 of 111

HCF2- RANUAL REGULATION OF RBEC WATER PRESSURE

INPGT ECH0:

TYPE OF COGNITIVE PROCESSING IS = KNOWLEDGE
EXPER;ENCE LEVEL OF OPERATING CREW IS = AVERAGE
STRESS LEVEL IN CONTROL ROOM IS = GRAVE
QUALITY OF PLANT INTERFACE WITH OPERATORS IS = VERY P00R
TYPE Or HUMAN ACTION TASK IS = REC 0VER FAILED SYSTEM
ADDIT'.0NAL CREW AVAILABLE FOR DIAGNOSIS IS = SHIFT SUPERVISOR
ADD'fl0RAL PLANT FEEDBACK TO ALERT OPERATOR = N0.

T',PE OF DEPENDENCY BETWEEN TASKS IS = ZER0
STATUS OF TASK WHICH THIS ACTION DEPENDS ON IS = FAILED
THE MEDIAN ESTIMATE OF THE TIME TO DIAGNOSE IS = 10.000 MINUTES
ESTIMATES OF TIME AVAILABLE ARE = POINT ESTIMATE
(UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME) MINUTES
BEST ESTIMATE OF THE TIME AVAILABLE FOR DIAGNOSIS IS = 9.000 MINUTES
(UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME)

RESULTS:

. FAILURE FREQUENCY RANGE
LOWER BOUND = 2.00E-01

A- BEST ESTIMATE = 1.00E+00
UPPER B0UND= 1.00E+00

BEST ESTIMATE TIME DEPENDENT = 1.00E+00
BEST ESTIMATE TIME INDEPENDENT = 7.00E-02
TOTAL BEFORE ACCOUNTING FOR DEPENDENCY BETWEEN TASKS =1.00E+00

>

([$)
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TABLE 4-1 (continued)

O
Sheet 15 of 111

HCSS- MANUALLY INITIATE SPRAY, PURGE IN PROGRESS

INPUT ECH0:

TYPE OF COGNITIVE PROCESSING IS = KNOWLEDGE
EXPERIENCE LEVEL 0F OPERATING CREW IS = AVERAGE
STRESS LEVEL IN CONTROL ROOM IS = GRAVE
QUALITY OF PLANT INTERFACE WITH OPEPATORS IS = POOR
TYPE OF HUMAN ACTION TASK IS = BACKUP AUTO. ACTION
ADDITIONAL CREW AVAILABLE FOR DIAGNOSIS IS = SHIFT SUPERVISOR
ADDITIONAL PLANT FEEDBACK TO ALERT OPERATOR = NO
TYPE OF DEPENDENCY BETWEEN TASKS IS = MEDIUM
TITLE OF TASK WHICH THIS ACTION DEPENDS ON IS = HCA2
STATUS OF TASK WHICH THIS ACTION DEPENDS ON IS = FAILED
THE MEDIAN ESTIMATE OF THE TIME TO DIAGNOSE IS = 2.000 MINUTES
ESTIMATES CF TIME AVAILABLE ARE = POINT ESTIMATE
(UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME) MINUTES
BEST ESTIMATE OF THE TIME AVAILABLE FOR DIAGNOSIS IS = 7.000 MINUTES
(UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME)

RESULTS:

FAILURE FREQUENCY RANGE
LOWER B0UND= 2.85E-01
BEST ESTIMATE = 4.38E-01
UPPER BOUND = 6.72E-01

BEST ESTIMATE TIME DEPENDENT = 3.41E-01
BEST ESTIMATE TIME INDEPENDENT = 3.00E-03
TOTAL BEFORE ACCOUNTING FOR DEPENDENCY BETWEEN TASKS =3.44E-01

9
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TABLE 4-1 (continued)

O
Sheet 16 of 111

HCV1- REALIGN FOR ONCE THROUGH FLOW (AH-036,0R NS FAILS)
|

|
INPUT ECH0: I

TYPE OF COGNITIVE PROCE. TNG IS = RULE
EXPERIENCE LEVEL OF OPERA,'NG CREW IS = AVERAGE
STRESS LEVEL IN CONTROL R0k " ' P0TENTIAL EMERGENCY
QUALITY OF PLANT INTERFACE Wild OrdRATORS IS = POOR
TYPE OF HUMAN ACTION TASK IS = REC 0VER FAILED SYSTEM
ADDITIONAL CREW AVAILABLE FOR DIAGNOSIS IS = SHIFT SUPERVISOR
ADDITIONAL PLANT FEEDBACK TO ALERT OPERATOR = YES
TYPE OF DEPENDENCY BETWEEN TASKS IS = ZER0
STATUS OF TASK WHICH THIS ACTION DEPENDS ON IS = FAILED

.

THE MEDIAN ESTIMATE OF THE 1IME TO DIAGNOSE IS = 0.500 HOURS
ESTIMATES OF TIME AVAILABLE ARE = VARIABLE

(UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME) HOURS

DISTRIBUTION FOR TIMES ALLOWED
5.00 6.00 11.00 24.00 0.00 0.00 0.00 0.00 0.00 0.00

PROBABILITIES FOR TIMES ALLOWED DISTRIBUTION
0.10 0.40 0.30 0.20 0.00 0.00 0.00 0.00 0.00 0.00,

DIST''IBUTION F0P TIMES TO RESPOND ONCE DIAGNOSED
0.10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.C3 0.6L

PROBABILITIES FOR TIME TO RESPOND DISTRIBUTION
1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00_ 0.00

INTERMEDIATE RESULTS:
TIME ALLOWED TIME TO RESPOND ESTIMATED ERROR FREQUENCY PROBABILITY

6.00E+G0 1.00E-01 3.59E-02 1.00E-01
6.00E+00 1.00E-01 3.20E-02 4.00E-01
1.10E+01 1.00E-01 3.00E-02 3.00E-01
2.40E+0' 1.00E-01 3.00E-02 2.00E-01

RESULTS:

FAILURE FREQUENCY RiNGE
LOWER BOUND = 6.28E-03
BEST ESTIMATE = 3.14E-02
UPPER BOUND = 1.57E-01

BEST ESTIMATE TIME DEPENDENT = 1.39E-03
BEST ESTIMATE TIME INDEPENDFNT = 3.00E-02
TOTAL BEFORE ACCOUNTING FOR DEPENDENCY BETWEEN TASKS =3.14E-02

O
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TABLE 4-1 (continued)

O
Sheet 17 of 111

HCV2- START STANDBY CBV TRAIN AFTER OPERATING TRAIN FAILS,0SP AVAILABL

INPUT ECH0:

TYPE OF COGNITIVE PROCESSING IS = SKILL
EXPERIENCE LEVEL 0F OPERATING CREW IS = AVERAGE
STRESS LEVEL IN CONTROL ROOM IS = LOW VIGILANCE
QUALITY OF PLANT INTERFACE WITH OPERATORS IS = FAIR
TYPE OF HUHAN ACTION TASK IS = RECOVER FAILED SYSTEM
ADDITIONAL CREW AVAILABLE FOR DIAGNOSIS IS = SHIFT SUPERVISOR
ADDITIONAL PLANT FEEDBACK TO ALERT OPERATOR = YES
TYPE OF DEPENDENCY BETWEEN TASKS IS = ZER0
STATUS OF TASK WHICH THIS ACTION DEPENDS ON IS = FAILED
THE MEDIAN ESTIMATE OF THE TIME TO DIAGNOSE IS = 0.100 HOURS
ESTIMATES OF TIME AVAILABLE AR: VARIABLE=

(UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME) HOURS

DISTRIBUTION FOR TIMES ALLOWED
5.00 6.00 11.00 24.00 0.00 0.00 0.00 0.00 0.00 0.00

PROBABILITIES FOR TIMES ALLOWED DISTRIBUTION
0.10 0.40 0.30 0.20 0.00 0.00 0.00 0.00 0.00 0.00

0DISTRIBUTION FOR TIMES TO RESPOND ONCE DIAGNOSED
0.10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

PROBABILITIES FOR TIME TO RESPOND DISTRIBUTION
1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

INTERMEDIATE RESULTS:
TIME ALLOWED TIME TO RESPOND ESTIMATED ERROR FREQUENCY PROBABILITY

5.00E+00 1.00E-01 4.76E-04 1.00E-01
6.00E+00 1.00E-01 4.76E-04 4.00E-01
1.10E+01 1.00E-01 4.76E-04 3.00E-01
2.40E+01 1.00E-01 4.76E-04 2.00E-01

RESULTS:

FAILURE FREQUENCY RANGE
LOWER BOUND = 4.76E-05
BEST ESTIMATE = 4.76E-04
UPPER BOUND = 4.76E-03

BEST ESTIMATE TIME DEPENDENT = NEGLIGIBLE
BEST ESTIMATE TIME INDEPENDENT = 4.76E-04
TOTAL BEFORE ACCOUNTING FOR DEPENDENCY BETWEEN TASKS =4.76E-o4

0
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TABLE 4-1 (continued)

O
Sheet 18 of 111

HCV3- FRACTION OF TIME OUTSIDE AIR TEMP HIGH

POINT VAltlE IS =5.00E-02
,

O

P

O
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TABLE 4-1 (continued)

O
Sheet 19 of 111

HCV4- ESTABLISH ALTERNATE CBV COOLING FOLLOWING LOCV

INPUT ECHO:
TYPE OF COGNITIVE PROCESSING IS = RULE
EXPERIENCE LEVEL 0F OPERATING CREW IS = AVERAGE
STRESS LEVEL IN CONTROL R001 IS = POTENTIAL EMERGENCY

| QUALITY OF PLANT INTERFACE WITH OPERATORS IS = FAIR
l TYPE OF HUMAN ACTION TASK IS = REC 0VER FAILED SYSTEM
| ADDITIONAL CREW AVAILABLE FOR DIAGNOSIS IS = SHIFT SUPERVISOR

ADDITIONAL PLANT FEEDBACK TO ALERT OPERATOR = YES
TYPE OF DEPENDENCY BETWEEN TASKS IS = ZERO

| STATUS OF TASK WHICH THIS ACTION DEPENDS ON IS = FAILED
! THE MEDIAN ESTIMATE OF THE TIME TO DIAGNOSE IS = 0.250 HOURS
f ESTIMATES OF TIME AVAILABLE ARE = VARIABLE
| (UNITS FOR TIME ARE THE SkiE AS FOR THE MEDIAN TIME) HOURS

f
| DISTRIBUTION FOR TIMES ALLOWED

5.00 6.00 11.00 24.00 0.00 0.00 0.00 0.00 0.00 0.00

PROBABILITIES FOR TIMES ALLOWED DISTRIBUTION
0.10 0.40 0.30 0.20 0.00 0.00 0.00 0.00 0.00 0.00

DISTRIBUTION FOR TIMES TO RESPOND ONCE DIAGNOSED
0.50 0.75 1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

PROBABILITIES FOR TIME TO RESPOND DISTRIBUTION
0.20 0.60 0.20 0.00 0.00 0.00 0.00 0.00 0.00 0.00

INTERMEDIATE RESULTS:
TIME ALLOWED TIME TO RESPOND ESTIMATED ERROR FREQUENCY PROBABILITY

5.00E+00 5.00E-01 4.85E-04 2.00E-02
5.00E+00 7.50E-01 4.93E-04 6.00E-02
5.00E+00 1.00E+00 5.08E 04 2.00E-02
6.00E+00 5.00E-01 4.77E-04 8.00E-02
6.00E+00 7.50E-01 4.78E-04 2.40E-01
6.00E+00 1.00E+00 4.79E-04 8.00E-02
1.10E+01 5.00E-01 4.76E-04 6.00E-02
1.10E+01 7.50E-01 4.76E-04 1.80E-01
1.10E+01 1.00E400 4.76E-04 6.00E-02
2.40E+01 5.00E-01 4.76E-04 4.00E-02
2.40E+01 7.50E-01 4.76E-04 1.20E-01
2.40E+01 1.00E+00 4.76E-04 4.00E-02

RESULTS:

FAILURE FREQUENCY RANGE
LOWER BOUND = 4.79E-05
BEST ESTIMATE = 4.79E-04
UPPER BOUND = 4.79E-03

BEST ESTIMATE TIME DEPENDENT = 2.44E-06
BEST ESTIMATE TIME INDEPENDENT = 4.76E-04
TOTAL BEFORE ACCOUNTING FOR DEPENDENCY BETWEEN TASKS =4.79E-04
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TABLE 4-1 (continued): ,

O :
Sheet 20 of 111 j!.

|

HCV5- OPEN DAMPER THAT TRANSFERRED CLOSE |

'

INPUT ECH0:

TYPE OF COGNITIVE PROCESSING IS = KNOWLEDGE |
EXPERIENCE LEVEL 0F OPERATING CREW IS = AVERAGE ;

STRESS LEVEL IN CONTROL ROOM IS = LOW VIGILANCE
'

QUALITY OF PLANT INTERFACE WITH OPERATORS IS =- POOR :
TYPE OF HUMAN ACTION TASK IS = RECOVER FAILED SYSTEM !

ADDITIONAL CREW AVAILABLE FOR DIAGNOSIS:IS = SHIFT SUPERVISOR -

ADDITIONAL PLANT FEEDBACK TO ALERT OPERATOR = N0

TYPE OF DEPENDENCY BETWEEN TASKS IS = ZER0 |
STATUS OF TASK WHICH THIS ACTION DEPENDS ON IS = FAILED ;

THE MEDIAN ESTIMATE OF THE TIME TO DIAGNOSE IS = 0.250 HOURS '

ESTIMATES OF TIME AVAILABLE ARE = VARIABLE

(UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME) HOURS

DISTRIBUTION FOR TIMES ALLOWED |
5.00 6.00 11.00 24.00 0.00 0.00 0.00 0.00 0.00 0.00 i

PR03 ABILITIES FOR TIMES ALLOWED DISTRIBUTION
0.10 0.40 0.30 0.20 0.00 0.00 0.00 0.00 0.00 0.00,

O t

DISTRIBUTION FOR TIMES TO RESPOND ONCE DIAGNOSED [
'0.25 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

PROBABILITIES FOR TIME TO RESPOND DISTRIBUTION i

| 1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 !

!
INTERMEDIATE RESULTS: |
TIME ALLOWED TIME TO RESPOND ESTIMATED ERROR FREQUENCY PROBABILITY t

5.00E+00 2.50E-01 3.19E-02 1.00E-01
6.00E+00 2.50E-01 3.06E-02 4.00E-01

'

1.10E+01 2.50E-01 3.00E-02 3.00E-01 |
2.40E+01 2.50E-01 3.00E-02 2.00E-01 |

RESULTS* '

!
FAILURE FREQUENCY RANGE i

LOWER BOUND = 6.09E-03 |
BEST ESTIMATE = 3.04E-02 i

UPPER BOUND = 1.52E-01 i

BEST ESTIMATE TIME DEPENDENT = 4.45E-04 |
BEST ESTIMATE TIME INDEPENDENT = 3.00E-02 |
TOTAL BEFORE ACCOUNTING FOR DEPENDENCY BETWEEN TASKS =3.04E-02 !

!

O i
1

|
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TABLE 4-1 (continued)

O
Sheet 21 of 111

HCV6- RESTART CBV AFTER OSP LOST AND 1 DG FAILED
i

INPUT ECHO:

| TYPE OF COGNITIVE PROCESSING IS = RULE
'

|

EXPERIENCE LEVEL 0F OPERATING CREW IS = AVERAGE
STRESS LEVEL IN CONTROL ROOM IS = POTENTIAL EMERGENCY
QUALITY OF PLANT INTERFACE WITH OPERATORS IS = FAIR
TYPE OF HUMAN ACTION TASK IS = PLANNED MANUAL ACTION
ADDITIONAL CREW AVAILABLE FOR DIAGNOSIS IS = SHIFT SUPERVISOR
ADDITIONAL PLANT FEEDBACK TO ALERT OPERATOR = YES
TYPE OF DEPENDENCY BETWEEN TASKS IS = ZER0
STATUS OF TASK WHICH THIS ACTION DEPENDS ON IS = FAILED
THE MEDIAN ESTIMATE OF THE TIME TO DIAGNOSE IS = 0.250 HOURS
ESTIMATES OF TIME AVAILABLE ARE = VARIABLE

(UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME) HOURS

DISTRIBUTION FOR TIMES ALLOWED
5.00 6.00 11.00 24.00 0.00 0.00 0.00 0.00 0.00 0.00

PROBABILITIES FOR TIMES ALLOWED DISTRIBUTION
0.10 0.40 0.30 0.20 0.00 0.00 0.00 0.00 0.00 0.00

DISTRIBUTION FOR TIMES TO RESPOND ONCE DIAGNOSED
0.25 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

PROBABILITIES FOR TIME TO RESPOND DISTRIBUTION
1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

INTERMEDIATE RESULTS:
TIME ALLOWED TIME TO RESPOND ESTIMATED ERROR FREQUENCY PROBABILITY

5.00E+00 2.50E-01 5.2SE-05 1.00E-01
6.00E+00 2.50E-01 4.80E-05 4.00E-01
1.10E+01 2.50E-01 4.76E-05 3.00E-01
2.40E+01 2.50E-01 4.76E-05 2.00E-01

RESULTS:

FAILURE FRE0VENCY RANGE
LOWER B0UND= 4.83E-06
BEST ESTIMATE = 4.83E-05
UPPER BOUND = 4.83E-04

BEST ESTIMATE TIME DEPENDENT = NEGLIGIBLE
BEST ESTIMATE TIME INDEPENDENT = 4.76E-05
TOTAL BEFORE ACCOUNTING FOR DEPENDENCY BETWEEN TASKS =4.83E-05

0
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TABLE 4-1 (continued)

Sheet 22 of 111

HCV7- ALIGN CBV TO RECICULATION MODE,N0 ESAS PRESENT

INPUT ECH0:

TYPE OF COGNITIVE PROCESSING IS = KNOWLEDGE
EXPERIENCE LEVEL 0F OPERATING CREW IS = AVERAGE
STRESS LEVEL IN CONTROL ROOM IS = LOW VIGILANCE
QUALITY OF PLANT INTERFACE WITH OPERATORS IS = VERY P00R
TYPE OF HUMAN ACTION TASK IS = REC 0VER FAILED SYSTEM
ADDITIONAL CREW AVAILABLE FOR DIAGNOSIS IS = SHIFT SUPERVISOR
ADDITIONAL PLANT FEEDBACK TO ALERT OPERATOR = YES

TYPE OF DEPENDENCY BETWEEN TASKS IS = ZER0
STATUS OF TASK WHICH THIS ACTION DEPENDS ON IS = FAILED
THE MEDIAN ESTIMATE OF THE TIME TO DIAGNOSE IS = 0.200 HOURS
ESTIMATES OF TIME AVAILABLE ARE = VARIABLE

(UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME) HOURS

DISTRIBUTION FOR TIMES ALLOWED
5.00 6.00 11.00 24.00 0.00 0.00 0.00 0.00 0.00 0.00

PROBABILITIES FOR TIMES ALLOWED DISTRIBUTION
0.10 0.40 0.30 0.20 0.00 0.00 0.00 0.00 0.00 0.00

DISTRIBUTION FOR TIMES TO RESPOND ONCE DIAGNOSED
0.25 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

PROBABILITIES FOR TIME TO RESPOND DISTRIBUTION
1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

INTERMEDIATE RESULTS:
TIME ALLOWED TIME TO RESPOND ESTIMATED ERROR FREQUENCY PROBABILITY

5.00E+00 2.50E-01 1.08E-02 1.00E-01
6.00E+00 2.50E-01 1.03E-02 4.00E-01
1.10E+01 2.50E-01 1.00E-02 3.00E-01
2.40E+01 2.50E-01 1.00E-02 2.00E-01

RESULTS:

FAILURE FREQUENC'f RANGE
LOWER B0UND= l.02E-03
BEST ESTIMATEi 1.02E-02
UPPER BOUND = i .02E-01

BEST ESTIMATE TIML DEPENDENT = 1.79E-04
BEST ESTIMATE TIME INDEPENDENT = 1.00E-02
TOTAL BEFORE ACCOUNTING FOR DEPENDENCY BETWEEN TASKS =1.02E-02

O
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TABLE 4-1 (continued)

O
Sheet 23 of 111

HCV8- ESTABLISH ALTERNATE VENTILATION AFTER PLANT TRIP

INPUT ECH0:
TYPE OF COGNITIVE PROCESSING IS = RULE
EXPERIENCE LEVEL OF OPERATING CREW IS = AVERAGE
STRESS LEVEL IN CONTROL ROOM IS = POTENTIAL EMERGENCY
QUALITY OF PLANT INTERFACE WITH OPERATORS IS = FAIR
TYPE OF HUMAN ACTION TASK IS = REC 0VER FAILED SYSTEM
ADDITIONAL CREW AVAILABLE FOR DIAGNOSIS IS = SHIFT SUPERVISOR
ADDITIONAL PLANT FEEDBACK TO ALERT OPERATOR = YES
TYPE OF DEPENDENCY BETWEEN TASKS IS = ZERO
STATUS OF TASK WHICH THIS ACTION DEPENDS ON IS = FAILED
THE MEDIAN ESTIMATE OF THE TIME TO DIAGNOSE IS = 0.250 HOURS
ESTIMATES OF TIME AVAILABLE ARE = VARIABLE

(UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME) HOURS

DISTRIBUTION FOR TIMES ALLOWED
5.00 6.00 11.00 24.00 0.00 0.00 0.00 0.00 0.00 0.00

PROBABILITIES FOR TIMES ALLOWED DISTRIBUTION
0.10 0.40 0.30 0.20 0.00 0.00 0.00 0.00 0.00 0.00

DISTRIBUTION FOR TIMES TO RESPOND ONCE DIAGNOSED
0.50 0.75 1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

PROBABILITIES FOR TIME TO RESPOND DISTRIBUTION
0.20 0.60 0.20 0.00 0.00 0.00 0.00 0.00 0.00 0.00

INTERMEDIATE RESULTS:
TIME ALLOWED TIME TO RESPOND ESTIMATED ERROR FREQUENCY PROBABILITY

5.00E+00 5.00E-01 4.85E-04 2.00E-02
S.00E+00 7.50E-01 4.93E-04 6.00E-02
5.00E+00 1.00E+00 5.08E-04 2.00E-02
6.00E+00 5.00E-01 4.77E-04 8.00E-02
6.00E+00 7.50E-01 4.78E-04 2.40E-01
6.00E+00 1.00E+00 4.79E-04 8.00E-02
1.10E+01 5.00E-01 4.76E-04 6.00E-02
1.10E+01 7.50E-01 4.76E-04 1.80E-01
1.10E+01 1.00E+00 4.76E-04 6.00E-02
2.40E+01 5.00E-01 4.76E-04 4.00E-02
2.40E+01 7.50E-01 4.76E-04 1.20E-01
2.40E+01 1.00E+00 4.76E-04 4.00E-02

RESULTS:

FAILURE FREQUENCY RANGE
LOWER BOUND = 4.79E-05
BEST ESTIMATE = 4.79E-04
UPPER BOUND = 4.79E-03

BEST ESTIMATE TIME DEPENDENT = 2.44E-06
BEST ESTIMATE TIME INDEPENDENT = 4.76E-04
TOTAL BEFORE ACCOUNTING FOR DLPENDENCY BETWEEN TASKS =4.79E-04
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TABLE 4-1 (continued) f

O 1
.

Sheet 24 of 111 I
-

HCV9- ESTABLISH ALTERNATE VENTILATION AFTER PLANT TRIP,WITH E H0l)R DEL

INPUT ECH0: ,

TYPE OF COGNITIVE PROCESSING IS = RULE ,

EXPERIENCE LEVEL 0F OPERATING CREW IS = AVERAGE :

STRESS LEVEL IN CONTROL ROOM IS = POTENTIAL EMERGENCY j
QUALITY OF PLANT INTERFACE WITH OPERATORS IS = FAIR >

TYPE OF HUMAN ACTION TASK IS = RECOVER FAILED SYSTEM !
ADUITIONAL CREW AVAILABLE FOR DIAGNOSIS IS = SHIFT SUPERVISOR ,

ADDITIONAL PLANT FEEDBACK TO ALERT OPERATOR = YES i

TYPE OF DEPENDENCY BETWEEN TASKS IS = ZER0
'STATUS OF-TASK WHICH THIS ACTION DEPENDS ON IS = FAILED

THE MEDIAN ESTIMATE OF THE TIME TO DIAGNOSE IS = 0.250 HOURS
ESTIMATES OF TIME AVAILABLE ARE = VARIABLE i

(UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME) HOURS |
t

DISTRIBUTION FOR TIMES ALLOWED f

5.00 6.00 11.00 24.00 0.00 0.00 0.00 0.00- 0.00 0.00 {
!

PROBABILITIES FOR TIMES ALLOWED DISTRIBUTION !
4 0.10 0.40 0.30 0.20 0.00 0.00 0.00 0.00 0.00 0.00 |

l

O
4

DISTRIBUTION FOR TIMES TO RESPOND ONCE DIAGNOSED j
0.50 0.75 1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 ;

PROBABILITIES FOR TIME TO RESPOND DISTRIBUTION
0.20 0.60 0.20 0.00 0.00 0.00 0.00 0.00 0.00 0.00

INTERMEDIATE RESULTS: !
TIME ALLOWED TIME TO RESPOND ESTIMATED ERROR FREQUENCY PROBABILITY |

5.00E+00 5.00E-01 4.85E-04 2.00E-02
5.00E+00 7.50E-01 4.93E-04 6.00E-02 ,

5.00E+00 1.00E+00 5.08E-04 2.00E-02 |
6.00E+00 5.00E-01 4.77E-04 8.00E-02 1

6.00E+00 7.50E-01 4.78E-04 2.40E-01 |

i 6.00E+00 1.00E+00 4.79E-04 8.00E-02 |

| 1.10E+01 5.00E-01 4.76E-04 6.00E-02 |3 1.10E+01 7.50E-01 4.76E-04 1.80E-01
1.10E+01 1.00E+00 4.76E-04 6.00E-02 |

2.40E+01 5.00E-01 4.76E-04 4.00E-02 |2.40E+01 7.50E-01 4.76E 04 1.20E-01
2.40E+01 1.00E+00 4.76E-04 4.00E-02

RESULTS:

FAILURE FREQUENCY RANGE
'

LOWER B0UND= 4.79E-05
BEST ESTIMATE = 4.79E-04'

; UPPER B0UND= 4.79E-03
BEST ESTIMATE TIME DEPENDENT = 2.44E-06
BEST ESTIMATE TIME INDEPENDENT = 4.76E-04
TOTAL BEFORE ACCOUNTING FOR DEPENDENCY BETWEEN TASKS =4.79E-04
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TABLE 4-1 (continued)

O
Sheet 25 of 111

HDH1- TURN OFF DHR PUMP GIVEN DECAY HEAT CLOSED FAILS

INPUT ECH0:

TYPE OF COGNITIVE PROCESSING IS = SKILL
EXPERIENCE LEVEL OF OPERATING CREW IS = AVERAGE

STRESS LEVEL IN CONTROL ROOM IS = POTENTIAL EMERGENCY
QUALITY OF PLANT INTERFACE WITH OPERATORS IS = FAIR
TYPE OF HUMAN ACTION TASK IS = REC 0''ER FAILED SYSTEM
ADDITIONAL CREW AVAILABLE FOR DIAGNOSIS IS = SHIFT SUPERVISOR
ADDITIONAL PLANT FEEDBACX TO ALERT OPERATOR = YES
TYPE OF DEPENDENCY BETWEEN TASKS IS = ZER0
STATUS OF TASK WHICH THIS ACTION DEPENDS ON IS = FAILED
THE MEDIAN ESTIMATE OF THE TIME TO DIAGNOSE IS = 2.000 MINUTES
ESTIMATES OF TIME AVAILABLE ARE = POINT ESTIMATE
(UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME) MINUTES
BEST ESTIMATE OF THE TIME AVAILABLE FOR DIAGNOSIS IS = 20.000 MINUTES
(UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME)

RESULTS:

FAILURE FREQUENCY RANGE

||||LOWER BOUND = 4.76E-05
BEST ESTIMATE = 4.76E-04
UPPER B0UND= 4.76E-03

BEST ESTIMATE TIME DEPENDENT = NEGLIGIBLE
BEST ESTIMATE TIME INDEPENDENT = 4.76E-04
TOTAL BEFORE ACCOUNTING FOR DEPENDENCY BETWEEN TASKS =4.76E-04

0
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' TABLE 4-1 (continued)

('''' Sheet 26 of 111

HDT1- PREVENT BORON CONCENTRATION EFFECTS FOLLOWING LOCA

INPUT ECH0:

TYPE OF COGNITIVE PROCESSING IS = RULE

EXPERIENCE LEVEL 0F OPERATING CREW IS = AVERAGE

STRESS LEVEL IN CONTROL ROOM IS = OPTIMAL CONDITIONS

QUALITY OF PLANT INTERFACE WITH OPERATORS IS = FAIR
TYPE OF HUMAN ACTION TASK IS = PLANNED MANUAL ACTION
ADDITIONAL CREW AVAILABLE FOR DIAGNOSIS IS = FULL SUPPORT

ADDITIONAL PLANT FEEDBACK TO ALERT OPERATOR = NO

TYPE OF DEPENDENCY BETWEEN TASKS IS = ZERO

STATUS OF TASK WHICH THIS ACTION DEPENDS ON IS = FAILED
THE MEDIAN ESTIMATE OF THE TIME TO DIAGNOSE IS = 0.250 HOURS
ESTIMATES OF TIME AVAILABLE ARE = P0 INT ESTIMATE

(UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME) HOURS

SEST ESTIMATE OF THE TIME AVAILABLE FOR DIAGNOSIS IS = 24.000 HOURS
(UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME)

RESULTS:

FAILURE FREQUENCY RANGE
Ci LOWER BOUND = 3.33E-05
\- / BEST ESTIMATE = 3.33E-04

UPPER BOUND = 3.33E-03
BEST ESTIMATE TIME DEPENDENT = NEGLIGIBLE
BEST ESTIMATE TIME INDEPENDENT = 3.33E-04
TOTAL BEFORE ACCOUNTING FOR DEPENDENCY BETWEEN TASKS =3.33E-04

, - ~ .,

L
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TABLE 4-1 (continued)

O
Sheet 27 of 111

HEF1- REPLENISH 2-HOUR BOTTLES OR CONTROL EF-V30S, LOOP

INPUT ECH0:

TYPE OF COGNITIVE PROCESSING IS = RULE
EXPERIENCE LEVEL OF OPERATING CREW IS = AVERAGE
STRESS LEVEL IN CONTROL ROOM IS = POTENTIAL EMERGENCY
QUALITY OF PLANT INTERFACE WITH OPERATORS IS = FAIR
TYPE OF HUMAN ACTION TASK IS = REC 0VER FAILED SYSTEM
ADDITIONAL CREW AVAILABLE FOR DIAGNOSIS IS = FULL SUPPORT
ADDITIONAL PLANT FEEDBACK TO ALERT OPERATOR = YES

TYPE OF DEPENDENCY BETWEEN TASKS IS = LOW
TITLE OF TASK WHICH THIS ACTION DEPENDS ON IS = HAM 2

STATUS OF TASK WHICH THIS ACTION DEPENDS ON IS = FAILED
THE MEDIAN ESTIMATE OF THE TIME TO DIAGNOSE IS = 0.100 HOURS
ESTIMATES OF TIME AVAILABLE ARE = POINT ESTIMATE
(UNITS FOR TIME ARE TiiE SAME AS FOR THE MEDIAN TIME) HOURS

BEST ESTIMATE OF THE TIME AVAILABLE FOR DIAGNOSIS IS = 2.400 HOURS
(UNITS FOR T1;iE ARE THE SAME AS FOR THE MEDIAN TIME)

RESULTS:

FAILURE FREQUENCY RANGE
LOWER B0UND= 1.78E-02
BEST ESTIMATE = 5.05E-02
UPPER BOUND = 1.43E-01

BEST ESTIMATE TIME DEPENDENT = NEGLIGIBLE
BEST ESTIMATE TIME INDEPENDEUT = 4.76E-04
TOTAL BEFORE ACCOUNTING FOR DEPENDENCY BETWEEN TASKS =4.76E-04

0
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TABLE 4-1 (continued) :

*

Sheet 28 of 111 j
t

HEF2- MANUAL EFW FLOW CONTROL AUTO. CONTROL FAILS,FOR EF - ;

INPUT ECH0: |:
., s

T/PEOFCOGNITIVEPROCESSINGIS= SKILL I-

EXPERIENCE LEVEL OF OPERATING CREW IS = AVERAGE-
, STRESS LEVEL IN CONTROL ROOM IS = P0TENTIAL EMERGENCY ,

QUALITY OF PLANT INTERFACE WITH OPERATORS IS = FAIR
'

TYPE OF HUMAN ACTION TASK IS = BACKUP AUT0. ACTION j
ADDITIONAL CREW AVAILABLE FOR DIAGNOSIS IS = SHIFT SUPERVISOR |

ADDITIONAL PLANT FEEDBACK TO ALERT OPERATOR = YES I

TYPE OF DEPENDENCY BETWEEN TASKS IS = ZERO j4

STATUS OF TASK WHICH THIS ACTION DFPENDS ON IS = FAILED |
THE MEDIAN ESTIMATE OF THE TIME TO DIAGNOSE IS = 0.050 HOURS j
ESTIMATES OF TIME AVAILABLE ARE = POINT ESTIMATE !,

(UNITS-FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME) HOURS !

BEST ESTIMATE OF THE TIME AVAILABLE FOR DIAGNOSIS IS = 0.200 HOURS
'

,

(UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME) !

HESULTS-

FAILURE FREQUENCY RANGE !

O LOWER BOUND = 1.04E-03
|BEST ESTIMATE = 1.04E-02 -

UPPER BOUND = 1.04E-01 j
BEST ESTIMATE TIME DEPENDENT = 9.37E-03

|BEST ESTIMATE TIME INDEPENDENT = 1.00E-03 :

TOTAL BEFORE ACCOUNTING FOR DEPENDENCY BETWEEN TASKS =1.04E-02
,

i
'

! !

|
|

}

i

j.
i

'

I
I

i :

1
1

!
1

.
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TABLE 4-1 (continued)

O
Sheet 29 of 111

HEF3- REPLENISH 2 HOUR BOTTLES,SLB SEQUENCE

INPUT ECH0:

TYPE OF COGNITIVE PROCESSING IS = XNOWLEDGE
EXPERIENCE LEVEL OF OPERATING CREW IS = AVERAGE

STRESS LEVEL IN CONTROL ROOM IS = POTENTIAL EMERGENCY
QUALITY OF PLANT INTERFACE WITH OPERATORS IS = VERY P00R
TYPE OF HUMAN ACTION TASK IS = RECOVER FAILED SYSTEM
ADDITIONAL CREW AVAILABLE FOR DIAGNOSIS IS = FULL SUPPORT
ADDITIONAL PLANT FEEDBACK TO ALERT OPERATOR = YES

TYPE OF DEPENDENCY BETWEEN TASKS IS = ZER0
STATUS OF TASK WHICH THIS ACTION DEPENDS ON IS = FAILED
THE MEDIAN ESTIMATE OF THE TIME TO DIAGNOSE IS = 3.000 MINUTES
ESTIMATES OF TIME AVAILABLE ARE = P0 INT ESTIMATE
(UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME) MINUTES
BEST ESTIMATE OF THE TIME AVAILABLE FOR DIAGNOSIS IS = 15.000 MINUTES
(UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME)

RESULTS:

FAILURE FREQUENCY RANGE
LOWER BOUND = 5.06E-02
BEST ESTIMATE = 2.53E-01
UPPER BOUND = 1.00E+00

BEST ESTIMATE TIME DEPENDENT = 1.83E-01
BEST ESTIMATE TIME INDEPENDENT = 7.00E-02
TOTAL BEFORE ACCOUNTING FOR DEPENDENCY BETWEEN TASKS =2.53E-01

0
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TABLE 4-1 (continued)
,n

Sheet 30 of 111

HEF4- CONTROL EFW FLOW FOLLOWING LOSS OF ALL AC

INPUT ECH0:

TYPE OF COGNITIVE PROCESSING IS = RULE
EXPERIENCE LEVEL 0F OPERATING CREW IS = AVERAGE
STRESS LEVEL IN CONTROL ROOM IS = GRAVE

QUALITY OF PLANT INTERFACE WITH OPERATORS IS = FAIR
TYPE OF HUMAN ACTION TASK IS = PLANNED MANUAL ACTION
ADDITIONAL CREW AVAILABLE FOR DIAGNOSIS IS = FULL SUPPORT I

ADDITIONAL PLANT FEEDBACK TO ALERT OPERATOR = YES
TYPE OF DEPENDENCY BETWEEN TASKS IS = ZERO

STATUS OF TASK WHICH THIS ACTION DEPENDS ON IS = FAILED '

THE MEDIAN ESTIMATE OF THE TIME TO DIAGNOSE IS .= 0.100 HOURS
ESTIMATES OF TIME AVAILABLE ARE = POINT ESTIMATE ;

(UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME) HOURS
BEST ESTIMATE OF THE TIME AVAILABLE FOR DIAGNOSIS IS = 2.500 HOURS ,

(UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME)

RESULTS:

FAILURE FREQUENCY RANGE

fs) LOWER BOUND = 4.83E-06
L BEST ESTIMATE = 4.83E-05

UPPER BOUND = 4.83E-04 '

LEST ESTIMATE TIME DEPENDENT = NEGLIGIBLE
BEST ESTIMATE TIME INDEPENDENT = 4.76E-05
TOTAL BEFORE ACCOUNTING FOR DEPENDENCY BETWEEN TASKS =4.83E-05

O
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TABLE 4-1 (coni.inued)

Sheet 31 of 111

HEF5- MANUALLY INITIATE EFW, AUTO . INITIATION FAILS

INPUT ECH0:

TYPE OF COGNITIVE PROCESSING IS = RULE

EXPERIENCE LEVEL OF OPERATING CREW IS = AVERAGE

STRESS LEVEL IN CONTROL ROOM IS = POTENTIAL EMERGENCY

QUALITY OF PLANT INTERFACE WITH OPERATORS IS = FA'R

TYPE OF HUMAN ACTION TASK IS = BF.KUP AUTO. ACTION
ADDITIONAL CREW AVAILABLE FOR DIAGNOSIS IS = SHIFT SUPERVISOR

ADDITIONAL PLANT FEEDBACK TO ALERT OPERATOR = YES

TYPE OF DEPENDENCY BETWEEN TASKS IS = ZERO

STATUS OF TASK WHICH THIS ACTION DEPENDS ON IS = FAILED

THE MEDIAN ESTIMATE OF THE TIME TO DIAGNOSE IS = 2.000 MINUTES
ESTIMATES OF TIME AVAILABLE ARE = POINT ESTIMATE

(UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME) MINUTES

BEST ESTIMATE OF THE TIME AVAILABLE FOR DIAGNOSIS IS = 27.000 MINUTES
(UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME)

RESULTS:

FAILURE FREQUENCY RANGE
LOWER BOUND = 6.61E-04
BEST ESTIMATE = 6.61E-03
UPPER BOUND = 6.61E-02

BEST ESTIMATE TIME DEPENDENT = 5.61E-03
BEST ESTIMATE TIME INDEPENDENT = 1.00E-03
TOTAL BEFORE ACCOUNTING FOR DEPENDENCY BETWEEN TASKS =6.61E-03

i

|

|

|

1
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TABLE 4-1 (continued)
O
''

Sheet 32 of 111

HEF8- MANUAL EFW FLOW CONTROL,EF-V 30 FAILS,FOR EF+

INPUT ECH0:

TYPE OF C0GNITIVE PROCESSING IS = SKILL
EXPERIENCE LEVEL OF OPERATING CREW IS = AVERAGE
STRESS LEVEL IN CONTROL ROOM IS = P0TENTIAL EMERGENCY
QUALITY OF PLANT INTERFACE WITH OPERATORS IS = FAIR
TYPE OF HUMAN ACTION TASK IS = RECOVER FAILED SYSTEM
ADDITIONAL CREW AVAILABLE FOR DIAGNOSIS IS = SHIFT SUPERVISOR
ADDITIONAL PLANT FEEDBACK TO ALERT OPERATOR = YES
TYPE OF DEPENDENCY BETWEEN TASKS IS = ZER0 ,

STATUS OF TASK WHICH THIS ACTION DEPENDS ON IS = FAILED |
THE MEDIAN ESTIMATE OF THE TIME TO DIAGNOSE IS = 1.000 MINUTES
ESTIMATES OF TIME AVAILABLE ARE = POINT ESTIMATE !

(UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME) MINUTES i

BEST ESTIMATE OF THE TIME AVAILABLE FOR DIAGNOSIS IS = 5.000 MINUTES
(UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME) j

RESULTS:

FAILURE FREQUENCY RANGE |
/''h LOWER B0UND= 1.11E-03 i

\ -) BEST ESTIMATE = 1.11E-02
UPPER BOUND = 1.11E-01 t

BEST ESTIMATE TIME DEPENDENT = 1.10E-03
BEST ESTIMATE TIME INDEPENDENT = 1.00E-02
TOTAL BEFORE ACCOUNTING FOR DEPENDENCY BETWEEN TASKS =1.11E-02>

i

|

f
I

?

O
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TABLE 4-1 (continued)

O
Sheet 33 of 111

1

HEF9- REMOTE MANUA', EFW FLOW CONTROL,EF-V 30 FAILS,FOR EF+

INPUT ECH0:

TYPE OF COGNITIVE PROCESSING IS = SKILL
EXPERIENCE LEVEL 0F OPERATING CREW IS = AVERAGE

STRESS LEVEL IN CONTROL ROOM IS = POTENTIAL EMERGENCY
QUALITY OF PLANT INTERFACE WITH OPERATORS IS = FAIR
TYPE OF HUMAN ACTION TASK IS = REC 0VER FAILED SYSTEM
ADDITIONAL CREW AVAILABLE FOR DIAGNOSIS IS = SHIFT SUPERVISOR
ADDITIONAL PLANT FEEDBACK TO ALERT OPERATOR = YES
TYPE OF DEPENDENCY BETWEEN TASKS IS = ZERO

STATUS OF TASK WHICH THIS ACTION DEPENDS ON IS = FAILED
THE MEDIAN ESTIMATE OF THE TIME TO DIAGNOSE IS = 1.000 MINUTES
ESTIMATES OF TIME AVAILABLE ARE = POINT ESTIMATE
(UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME) MINUTES
BECT ESTIMATE OF THE TIME AVAILABLE FOR DIAGNOSIS IS = 14.000 MINUTES
(UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME)

RESULTS:

FAILURE FREQUENCY RANGE
LOWER BOUND = 4.76E-05
BEST ESTIMATE = 4.76E-04
UPPER BOUND = 4.76E-03

BEST ESTIMATE TIME DEPENDENT = NEGLIGIBLE
HFST ESTIMATE TIME INDEPENDENT = 4.76E-04
1 BEFORE ACCOUNTING FOR DEPENDENCY BETWEEN TASKS =4.76E-04

"

0
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TABLE 4-1 (continued)

Sheet 34 of 111
__ ,

HEF10- REMOTE ISOLATION OF NT DRAINING INTO HOTWELL

INPUT ECH0:

TYPE OF COGNITIVE PROCESSING IS = SKILL
EXPERIENCE LEVEL OF OPERATING CREW IS = AVERAGE

STRESS LEVEL IN CONTROL ROOM IS = P0TENTIAL EMERGENCY
QUALITY OF PLANT INTERFACE WITH OPERATORS IS = FAIR
TYPE OF HUMAt ACTION TASK IS = REC 0VER FAILED SYSTEM
ADDITIONAL CREW AVAILABLE FOR DIAGNOSIS IS = SHIFT SUPERVISOR
ADDITIONAL PLANT FEEDBACK TO ALERT OPERATOR = YES

TYPE OF DEPENDENCY BETWEEN TASKS r.S = ZER0
STATUS OF TASK WHICH THIS AC'i!0N DEPENDS ON IS = FAILED
TC MEDIAN ESTIMATE OF THE TIME TO DIAGNOSr. IS = 1.000 MINUTES
ESTIMATES OF TIME AVAILABLE ARE = POINT ESTIMATE
(UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME) MINUTES
BEST ESTIMATE OF THE TIME AVAILABLE FOR DIAGNOSIS IS = 55.000 MINUTES
(UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME)

RESULTS:

FAILURE FREQUENCY RANGE

h) LOWER BOUND = 4.76E-05
V BEST ESTIMATE = 4.76E-04 ,

UPPER BOUND = 4.76E-03
BEST ESTIMATE TIME DEPENDENT = NEGLIGIBLE
BEST ESTIMATE TIME INDEPENDENT = 4.76E-04
TOTAL BEFORE ACCOUNTING FOR DEPENDENCY BETWEEN TASKS =4.76E-04
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TABLE 4-1 (continued)

O
Sheet 35 of 111

HFW4- MANUALLY CONTROL OTSG LEVEL AFTER AUTO FAILS

INPUT ECH0:

TYPE OF COGNITIVE PROCESSING IS = SKILL
EXPERIENCE LEVEL OF OPERATING CREW IS = AVERAGE
STRESS LEVEL IN CONTROL ROOM IS = POTENTIAL EMERGENCY
QUALITY OF PLANT INTERFACE WITH OPERATORS IS = FAIR
TYPE OF HUMAN ACTION TASK IS = BACKUP AUTO. ACTION
ADDITIONAL CREW AVAILABLE FOR DIAGNOSIS IS = N0 ADDITIONAL
ADDITIONAL PLANT FEEDBACK TO ALERT OPERATOR = N0
TYPE OF DEPENDENCY BETWEEN TASKS IS = ZER0
STATUS OF TASK WHICH THIS ACTION DEPEN?S ON IS = FAILED
THE MEDIAN ESTIMATE OF THE TIME TO DIAGNOSE IS = 0.330 MINUTES
EST! MATES OF TIME AVAILABLE ARE = POINT ESTIMATE
(UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME) MINUTES
BEST ESTIMATE OF THE TIME AVAILABLE FOR DIAGNOSIS IS = 1.330 MINUTES
(UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME)

RESULTS:

FAILURE FREQUENCY RANGE
LOWER BOUND = 9.80E-04
BEST ESTIMATE = 9.80E-03
UPPER BOUND = 9.80E-02

BEST ESTIMATE TIME DEPENDENT = 8.80E-03
BEST ESTIMATE TIME INDEPENDENT = 1.00E-03
TOTAL BEFORE ACCOUNTING FOR DEPENDENCY BETWEEN TASKS =9.80E-03

0
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TABLE 4-1 (continued)
Oi
'''#

Sheet 36 of 111
_,

HFWS- MANUALLY CONTROL MAIN STEAM PRESSURE AFTER AUTO FAILS

INPUT ECH0:

TYPE OF COGNITIVE PROCESSING IS = SKILL
EXPERIENCE LEVEL OF OPERATING CREW IS = AVERAGE

STRESS LEVEL IN CONTROL ROOM IS = POTENTIAL EMERGENCY
QUALITY OF PLANT INTERFACE WITH OPERATORS IS = FAIR
TYPE OF HUMAN ACTION TASK IS = BACKUP AUTO. ACTION
ADUlTIONAL CREW AVAILABLE FOR DIAGNOSIS IS = SHIFT SUPERVISOR
ADDITIONAL PLANT FEEDBACK TO ALERT OPERATOR = YES
TYPE OF DEPENDENCY BETWEEN TASKS IS = ZER0
STATUS OF TASK WHICH THIS ACTION DEPENDS ON IS = FAILED
THE MEDIAN ESTIMAiE UF THE TIME TO DIAGNOSE IS = 2.000 MINUTES
ESTIMATES OF T' E AVAILABLE ARE = POINT ESTIMATE
(UNITS FOR llMt ARE THE SAME AS FOR THE MEDIAN TIME) MINUTES
BEST ESTIMATE OF THE TIME AVAILABLE FOR DIAGNOSIS IS = 19.000 MINUTES
(UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME)

RESULTS:
:

FAILURE FREQUENCY RANGE
) LOWER BOUND = 4.76E-06 ,

~> BEST ESTIMATE = 4.76E-05 f

UPPER BOUND = 4.76E-04
BEST ESTIMATE TIME DEPENDENT = NEGLIGIBLE
BEST ESTIMATE TIME INDEPENDENT = 4.76E-05
TOTAL BEFORE ACCOUNTING FOR DEPENDENCY BETWEEN TA5KS=4.76E-05

,

!

!

;

i
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TA3LE 4-1 (continued)

Sheet 37 og yy,
--

HGAl- CONSERVATIVE ESTIMATE OF OSP NONREC0VERY IN 6 liOURS |

P0 INT VALUE IS =1.00E-02

|
,

b

e

:
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|

|

|

|

|
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TABLE 4-1 (continued)

'

Sheet 38 of 111

hHAl- PULL DIVERS FROM PUMP HOUSE TO RECOVER DHRW PUMPS FROM MAINT.

INPUT ECH0:

TYPE OF COGNITIVE PROCESSING IS = SKILL
EXPERIENCE LEVEL OF OPERATING CREW IS = AVERAGE

STRESS LEVEL IN CONTROL ROOM IS = POTENTIAL EMERGENCY

QUALITY OF PLANT INTERFACE WITH OPERATORS IS = FAIR
TYPE OF HUMAN ACTION TASK IS = REC 0VER FAILED SYSTEM
ADDITIONAL CREW AVAILABLE FOR DIAGNOSIS IS = FULL SUPPORT
ADDITIONAL PLANT FEEDBACK TO ALERT OPERATOR = YES

TYPE OF DEPENDENCY BETWEEN TASKS IS = ZER0
STATUS OF TASK WHICH THIS ACTION DEPENDS ON IS = FAILED.

THE MEDIAN ESTIMATE OF THE TIME TO DIAGNOSE IS = 2.000 MINUTES
ESTIMATES OF TIME AVAILABLE ARE = POINT ESTIMATE
(UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME) MINUTES
BEST ESTIMATE OF THE TIME AVAILABLE FOR DIAGNOSIS IS = 20.000 MINUTES
(UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME)

RESULTS: >

FAILURE FREQUENCY RANGEO LOWER BOUND = 4.76E-05
V BEST ESTIMATE = 4.76E-04

UPPER BOUND = 4.76E-03
BEST ESTIMATE TIME DEPENDENT = NEGLIGIBLE
BEST ESTIMATE TIME INDEPENDENT = 4.76E-04
TOTAL BEFORE ACCOUNTING FOR DEPENDENCY BETWEEN TASKS =4.76E-04

|
1

i

I
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TABLE 4-1 (continuea)

O
Sheet 39 of 111

HHLIA- REMOTELY OPEN DROPLINE VALVE 5 GO ON DHR

INPUT ECH0:

TYPE OF COGNITIVE PROCESSING IS = SK!LL
EXPERIENCE LEVEL OF OPERATING CREW IS = AVERAGE
STRESS LEVEL IN CONTROL ROOM IS = OPTIMAL CONDITIONS
QUALITY OF PLANT INTERFACE WITH OPERATORS IS = FAIR
TYPE OF HUMAN ACTION TASK IS = PLANNED MANUAL ACTION
ADDITIONAL CREW AVAILABLE FOR DIAGNOSIS IS = SHIFT SUPERVISOR
ADDITIONAL PLANT FEE 0BACK TO ALERT OPERATOR = YES
TYPE OF DEPENDENCY BETWEEN TASKS IS = LOW
TITLE OF TASK WHICH THIS ACTION DEPENDS ON IS = HCD1
STATUS OF TASX WHICH THIS ACTION DEPENDS ON IS = SUCCEEDED
THE MEDIAN ESTIMATE OF THE TIME TO DIAGNOSE IS = 0.200 HOURS
ESTIMATES OF TIME AVAILABLE ARE = POINT ESTIMATE
(UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME) HOURS
BEST ESTIMATE OF THE TIME AVAILABLE FOR DIAGNOSIS IS = 8.000 HOURS
(UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME)

RFSULTS:

FAILURE FREQUENCY RANGE
LOWER 80UhD= 4.53E-06
BEST ESTIMATE = 4.53E-05
UPPER BOUND = 4.53E-04

BEST ESTIMATE TIME DEPENDENT = NEGLIGIBLE
BEST ESTIMATE TIliE INDEPENDENT = 4.76E-05
TOTAL BEFORE ACCOUNTING FOR DEPENDENCY BETWEEN TASKS =4.77E-05

0
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TABLE 4-1 (continued)

O
__

Sheet 40 of 111

HHL18- LOCALLY OPEN DROPLINE GIVEN 10 FAILED

INPUT ECH0:

TYPE OF C0GNITIVE PROCESSING IS = RULE
EXPERIENCE LEVEL 0F OPERATING CREW IS = AVERAGE
STRESS LEVEL IN CONTROL ROOM IS = OPTIMAL CONDITIONS
QUALITY OF PLANT INTERFACE WITH OPERATORS IS = FAIR
TYPE OF HUMAN ACTION TASK IS = RECOVER FAILED SYSTEM
ADDITIONAL CREW AVAILABLE FOR DIAGNOSIS IS = SHIFT SUPERVISOR
ADDITIONAL PLANT FEEDBACK TO ALERT OPERATOR = YES

TYPE OF DEPENDENCY BETWEEN TASKS IS = LOW
TITLE OF TASK WHICH THIS ACTION DEPENDS ON IS = HCD1 i

STATUS OF TASK WHICH THIS ACTION DEPENDS ON IS = SUCCEEDED
THE MEDIAN ESTIMATE OF THE TIME TO DIAGNOSE IS = 0.200 HOURS
ESTIMATES OF TIME AVAILABLE ARE = POINT ESTIMATE

| (UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME) HOURS
BEST ESTIMATE OF THE TIME AVAILABLE FOR DIAGNOSIS IS = 4.800 HOURS
(UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME) !

!
RESULTS:

O. FAILURE FREQUENCY RANGE !

LOWER BOUND = 4.53E-05
BEST ESTIMATF= 4.53E-04

|UPPER BOUND = 4.53E-03 ,

BEST ESTIMATE TIME DEPENDENT = NEGLIGIBLE
BEST ESTIMATE TIME INDEPENDENT = 4.76E-04 :

TOTAL BEFORE ACCOUNTING FOR DEPENDENCY BETWEEN TASKS =4.76E-04
,

i 3

6

i
t

b
U

i
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TABLE 4-1 (continted)

O
Sheet 41 of 111

HHP 1- RESTART B MAKEUP AFTER LOOP,0NE DG aHA OR HB FAILED

INPUT ECH0:

TYPE OF COGNITIVE PROCESSING IS = SKILL
EXPERIENCE LEVEL 0F OPERATING CREW IS = AVERAGE
STRESS LEVEL IN CONTROL ROOM IS = POTENTIAL EMERGENCY

QUALITY OF PLANT INTERFACE WITH OPERATORS IS = FAIR
TYPE OF HUMAN ACTION TASK IS = RECOVER FAILED SYSTEM
ADDITIONAL CREW AVAILABLE FOR DIAGriOSIS IS = SHIFT SUPERVISOR
ADDITIONAL PLANT FEEDBACK TO ALERT OPERATOR = YES

TYPE OF DEPEfiDENCY BETWEEN TASKS IS = ZER0
STATUS OF TASK WHICH THIS ACTION DEPENDS ON IS = FAILED
THE MEDIAN ESTIMATE OF 'iHE TIMF TO DIAGNOSE IS = 10.000 MINUTES
EST! MATES OF TIME AVAILABLE ARE = POINT ESTIMATE
(UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME) MINUTES -

BEST ESTIMATE OF THE TIME AVAILABLE FOR DIAGNOSIS IS =109.000 MINUTES
(UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME)

RESULTS:

FAILURE FREQUENCY RANGE gLOWER BOUND = 4.76E-05
BEST ESTIMATE = 4.76E-04
UPPER BOUND = 4.76E-03

BEST ESTIMATE TIME DEPENDENT = NEGLIGIBLE
BEST ESTIMATE TIME INDEPENDENT = 4.76E-04
TOTAL BEFORE ACCOUNTING FOR DEPENDENCY BETWEEN TASKS =4.76E-04

0
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iTABLE 41 (continued)

)
Sheet 42 of 11] ;

iHIC 1- MANUAL CONTROL OF MFW VALVES,1CS FAILED

INPUT ECH0:

TYPE OF COGNITIVE PROCESSING IS = SKILL
EXPERIENCE LEVEL OF OPERATING CREW IS = AVERAGE i

STRESS LEVEL IN CONTROL ROOM IS = OPTIMAL CONDITIONS
QUALITY OF PLANT INTERFACE WITH OPERATORS IS = FAIR
TYPE OF HUMAN ACTION TASK IS = BACKUP AUTO. ACTION
ADDITIONAL CREW AVAILABLE FOR DIAGNOSIS IS = SHIFT SUPERVISOR
ADDITIONAL PLANT FEEDBACK TO ALERT OPERATOR = NO

TYPE UF DEPENDENCY BETWEEN TASKS IS = ZERO

STATUS OF TASK WHICH THIS ACTION DEPENDS ON IS = FAILED
THE MEDIAN ESTIMATE OF THE TIME TO DIAGNOSE IS = 0.500 M!riUTES
ESTIMATES OF TIME AVAILABLE ARE = P0 INT ESTIMATE
(UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME) MINUTES
BEST ESTIMATE Of THE TIME AVAILABLE FOR DIAGNOSIS IS = 2.000 MINUTES
(UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME)

RESULTS:

FAILURE FREQUENCY RANGE

O LOWER B0UND= 1.85E-04
BEST ESTIMATE = 1.85E-03 1

UPPER BOUND = 1.8SE-02
BEST ESTIMATE TIME DEPENDENT = 8.48E-04
BEST ESTIMATE TIME INDEPEliDENT = 1.00E-03
TOTAL BEFORE ACCOUNTING FOR DEPENDENCY BETWEEN TASKS =1.85E-03 |

1

!

O
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TABLE 4-1 (continued)

Sheet 43 of 111

HIC 2- MANUAL TRIP 0F MFW PUMPS

INPUT ECH0:

TYPE OF COGNITIVE PROCESSING IS = SKILL
EXPERIENCE LEVEL OF OPERATING CREW IS = AVERAGE

STRESS LEVEL IN C0!iTROL ROOM IS = P0TENTIAL EMERGENCY

QUALITY OF PLANT INTERFACE WITH OPERATORS IS = FAIR
TYPE OF HUMAN ACTION TASK IS = BACKUP AUT0. ACTION
ADDITIONAL CREW AVAILABLE FOR DIAGNOSIS IS = NO ADDITIONAL
ADDITIONAL PLANT FEEDBACK TO ALERT OPERATOR = YES

TYPE OF DEPENDENCY BETWEEN TASKS IS = ZERG

STATUS OF TASK WHICH THIS ACTION DEPENDS ON I . FAILED
THE MEDIAN ESTIMATE OF THE TIME TO DIAGNOSE 1 0.500 MINUTES
ESTIMATES OF TIME AVAILABLE ARE = POINT ESTIMATE

(UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAh itME) MINUTES
BEST ESTIMATE OF THE TIME AVAILABLE FOR DIAGNOSIS IS = 1.500 MINUTES
(UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME)

RESULTS:

FAILURE FREQUENCY RANGE
LOWER BOUND = 1.38E-02
BEST ESTIMATE = 6.91E-02
UPPER BOUND = 3.4bE-01

BEST ESTIMATE TIME DEPENbENT= 6.81E-02
BEST EST! MATE TIME INDEPENDENT = 1.00E-03
TOTAL BEFORE ACCOUNTING FOR DEPENDENCY BETWEEN TASKS =6.91E-02

0
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TABLE 4-1 (continued) :

Sheet 44 of 111 *

iHIC 3- SET ADVS MANUAL LOADER T0 ZERO ,'IF NOT INITIALLY AT ZER0

INPUT ECH0:

TYPE OF C0GNITIVE PROCESSING IS = SKILL
' EXPERIENCE LEVEL 0F OPERATING CREW IS = AVERAGE .

'

STRESS LEVEL IN CONTROL ROOM IS'= POTENTIAL EMERGENCY

QUALITY OF PLANT INTERFACE WITH OPERATORS IS = FAIR '

TYPE OF HUMAN ACTION TASK IS = REC 0VER FAILE0 SYSTEM ~

ADDITIONAL CRE!l AVAILABLE F01 DIAGNOSIS IS = NO ADDITIONAL i

ADDI'TIONAL PLANT FEEDBACK TO ALERT OPERATOR = YES

TYPE OF DEPO 50ENCY BETWEEN TASKS IS = ZERO

STATUS OF TASK WHICH THIS ACTION DEPENDS ON IS = FAILED ,

THE MEDIAN ESTIMATE OF THE TIMd TO DIAGNOSE IS = 1.000 MINUTES -

ESTIMATES OF TIME AVAILABLE ARE = P0 INT ESTIMATE

(UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME) MINUTES |
.

"

BEST ESTIMATE OF THE TIME AVAILABLE FOR DIAGNOSIS IS = 4.500 MINUTES ,

(UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME)
'

.

RESULTS:

i

FAILURE FREQUENCY RANGE :

LOWER B0UND= 1.33E-03 i
BEST ESTIMATE = 1.33E-02 j

UPPER BOUND = 1.33E-01'
'

BEST ESTIMATE TIME DEPENDENT = 3 A7E-03 f
BEST ESTIMATE TIME INDEPENDENT =- 1.00E-02 !

TOTAL BEFORE ACCOUNTING FOR DEPENDENCY BETWEEN TASKS =1.33E-02

it

i

!
!

!

i

!

'
,

O.

!
,
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TABLE 4-1 (continued)

O
Sheet 45 of 111

HIC 4- MANUAL CONTROL OF TBV/ADV WHEN ATA FAILS

INPUT ECH0:

TYPE OF COGNITIVE PROCESSING IS = SKILL
EXPERIENCE LEVEL OF OPERATING CREW IS = AVERAGE

STRESS LEVEL IN CONTROL ROOM IS = POTENTIAL EMERGENCY

QUALITY OF PLANT INTERFACE WITH OPERATORS IS = FAIR
TYPE OF HUMAN ACTION TASK IS = REC 0VER FAILED SYSTEM
ADDITIONAL CREW AVAILABLE FOR DIAGNOSIS IS - NO ADDITIONAL
ADDITIONAL PLANT FEEDBACK TO ALERT OPERATOR = NO

TYPE OF DEPENDENCY BETWEEN TASKS IS = ZERO

STATUS OF TASK WHICH THIS ACTION DEPENDS ON IS = FAILED
THE MEDIAN ESTIMATE OF THE TIME TO DIAGNOSE IS = 1.000 MINUTES
ESTIMATES OF TIME AVAILABLE ARE = POINT ESTIMATE
(UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME) MINUTES
BEST ESTIMATE OF THE TIMt .4VAILABLE FOR DIAGNOSIS IS = 4.000 MINUTES
(UNITS FOR TIME ARE THE SAME As FOR THE MEDIAN TIME)

RESULTS:

FAILURE FREQUENCY RANGE
LOWER BOUND = 1.94E-03
BEST ESTIMATE = 1.94E-02
UPPER BOUND = 1.94E-01

BEST ESTIMATE TIME DEPENDENT = 9.37E-03
BEST ESTilATE TIME INDEPENDtNT = 1.00E-02
TOTAL BEFORE ACCOUNTING COR DEPENDENCY BETWEEN TASKS =1.94E-02

..

O
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TABLE 4-1 (continued)
,

'~'#
Sheet 46 of 111

HID1- IDENTIFY SGTR, CONDENSER AVAILABLE

INPUT ECH0:

TYPE OF COGNITIVE PROCESSING IS = SKILL
EXPERIENCE LEVEL OF OPERATING CREW IS = AVERAGE

STRESS LEVEL IN CONTROL ROOM IS = P0TENTIAL EMERGENCY

QUALITY OF PLANT INTERFACE WITH OPERATORS IS = FAIR
TYPE OF HUMAN ACTION TASK IS = PLANNED MANUAL ACTION
ADDITIONAL CREW AVAILABLE FOR DIAGNOSIS IS = SHIFT SUPERVISOR
ADDITIONAL PLANT FEEDBACK TO ALERT OPERATOR = YES

TYPE OF DEPENDENCY BETWEEN TASKS IS = ZERO

STATUS OF TASK WHICH THIS ACTION DEPEND. JN IS = FAILED
THE MEDIAN ESTIMATE OF THE TIME TO DIAGNOSE IS = 0.250 HOURS
ESTIMATES OF TIME AVAILABLE ARE = POINT ESTIMATE

(UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME) HOURS

BEST ESTIMATE OF THE TIME AVAILABLE FOR DIAGNOSIS IS = 4.500 HOURS
(UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME)

RESULTS:
I

FAILURE FREQUENCY RANGE,s
LOWER BOUND = 4.76E-06\J:

BEST ESTIMATE = 4.76E-05
UPPER BOUND = 4.76E-04

BEST ESTIMATE TIME DEPENDENT = NEGLIGIBLE
BEST ESTINATE TIME INDEPENDENT = 4.76E-05
TOTAL BEFORE ACCOUNTING FOR DEPENDENCY BETWEEN TASKS =4.76E-05

,,

L'
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TABLE 4-1 (continued)

Sheet 47 of 111

HID2- IDENTIFY SGTR,0FFSITE POWER LOST

INPUT ECH0:

TYPE OF COGNITIVE PROCESSING IS = RULE

EXPERIENCE LEVEL OF OPERATING CREW IS = AVERAGE
STRESS LEVEL IN CONTROL ROOM IS = POTENTIAL EMERGENCY

QUALITY OF PLANT INTERFACE WITH OPERATORS IS = FAIR
TYPE OF HUMAli ACTION TASK IS = PLANNED MANUAL ACTION
ADDITIONAL CREW AVAILABLE FOR DIAGNOSIS IS = SHIFT SUPERVISOR
ADDITIONAL PLANT FEEDBACK TO ALERT OPERATOR = YES

TYPE OF DEPENDENCY BETWEEN TASKS IS = ZERO

STATUS OF TASK WHICH THIS ACTION DEPENDS ON IS = FAILED
THE MEDIAN ESTIMATE OF THE TIME TO DIAGNOSE IS = 0.25 HOURS

COTIMATES OF TIME AVAILABLE ARE = POINT ESTIMATE
(UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME) HOURS
BEST ESTIMATE OF THE TIME AVAILABLE FOR DIAGNOSIS IS = 4.5 HOURS

(UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME)

RESULTS:

FAILURE FREQUENCY RANGE
LOWER BOUND = 5.67E-06
BEST ESTIMATE = 5.67E-05
UPPER BOUND = 5.67E-04

BEST ESilMATE TIME DEPENDENT = 9.04E-06
BEST ESTIMATE TIME INDEPENDENT - 4.76E-05
TOTAL BEFORE ACCOUNTING FOR DEPENDENCY BETWEEN TASKS =5.67E-05

0
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TABLE 4-1 (continued)

!(~)''
Sheet 48 of 111

HINJ1- START STANDBY MU PUMP FOR SEAL INJ.,N0 ESAS

INPUT ECH0:

TYPE OF COGNITIVE PROCESSING IS = SKILL
EXPERIENCE LEVEL OF OPERATING CREW IS = AVERAGE

STRESS LEVEL IN CONTROL ROOM IS = OPTIMAL CONDITIONS
QUALITY OF PLANT INTERFACE WITH OPERATORS IS = FAIR
TYPE OF HUMAN ACTION TASK IS = PLANNED MANUAL ACTION
ADDITIONAL CREW AVAILABLE FOR DIACNOSIS IS = SHIFT SUPERVISOR
ADDITIONAL PLANT FEEDBACK TO ALERT OPERATOR = YES
TYPE OF DEPENDENCY BETWEEN TASKS IS = ZER0
STATUS OF Tt.SK WHICH THIS ACTION DEPENDS ON IS = FAILED
THE MEDIAN ESTIMATE OF THE TIME TO DIAGNOSE IS = 0.050 HOURS
ESTIMATES OF TIME AVAILABLE ARE = POINT ESTIMATE
('JNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME) HOURS

BEST ESTIMATE OF THE TIME AVAILABLE FOR DIAGNOSIS IS = 2.000 HOURS
(UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME)

RESULTS:

FAILURE FREQUENCY RANGE,s

\' 'i
/ LOWER BOUND = 4.76E-06

BEST ESTIMATE = 4.76E-05
UPPER BOUND = 4.76E-04

BEST ESTIMATE TIME DEPENDENT = NEGLIGIBLE
BEST ESTIMATE TIME INDFPENDENT = 4.76E-05
TOTAL BEFORE ACCOUNTING FOR DEPENDENCY BETWEEN TASKS =4.76E-05

i

01
\~-)
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TABLE 4-1 (continued)
&

'
Sheet 49 of 111

HINJ2- CROSSCONNECT MU PUMP FOR SEAL INJ, A+B FAILED

INPUT ECH0:

TYPE OF COGNITIVE PROCESSING IS = RULE

EXPERIENCE LEVEL OF OPERATING CREW IS = AVERAGE

STRESS LEVEL IN CONTROL ROOM IS = P0TENTIAL EMERGENCY

QUALITY OF PLANT INTERFACE WITH OPERATORS IS = FAIR
TYPE OF HUMAN ACTION TASK IS = REC 0VER FAILED SYSTEM

ADDITIONAL CREW AVAILABLE FOR DIAGNOSIS IS = SHIFT SUPERVISOR

ADDITIONAL PLANT FEEDBACK TO ALERT OPERATOR = YES

TYPE OF DEPENDENCY BETWEEN TASKS IS = ZER0

STATUS OF TASK WHICH THIS ACTION DEPENDS ON IS = FAILED
THE MEDIAN ESTIMATE OF THE TIME TO DIAGNOSE IS = 0.033 HOURS
ESTIMATES OF TIME AVAILABLE ARE = POINT ESTIMATE

(UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME) HOURS

BEST ESTIMATE OF THE TIME AVAILABLE FOR DIAGNOSIS IS = 1.500 HOURS
(UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME)

RESULTS:

FAILURE FREQUENCY RANGE
LOWER BOUND = 4.76E-05
BEST ESTIMATE = 4.76E-04
UPPER BOUND = 4.76E-03

BEST ESTIMATE TIME DEPENDEhT= NEGLIGIBLE
BEST ESTIMATE TIME INDEPENDENT = 4.76E-04
TOTAL BEFORE ACCOUNTING FOR DEPENDENCY BETWEEN TASKS =4.76E-04

0
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TABLE 4-1 (continued)

Sheet 50 of 111

HINJ3- CROSSCONNECT MU PUMP C FOR SEAL INJ,ESAS PRESENT

INPUT ECH0:

TYPE OF COGNITIVE PROCESSING IS = RULE
EXPERIENCE LEVEL OF OPERATING CREW IS = AVERAGE

STRESS LEVEL IN CONTROL ROOM IS = P0TENTIAL EMERGENCY
QUALITY OF PLANT INTERFACE WITH OPERATORS IS = FAIR
TYPE OF HUMAN ACTION TASK IS = REC 0VER FAILED SYSTEM
ADDITIONAL CREW AVAILABLE FOR DIAGNOSIS IS = SHIFT SUPERVISOR
ADDITIONAL PLANT FEEDBACK TO ALERT OPERATOR = NO

TYPE OF DEPENDENCY BETWEEN TASKS IS = ZER0
STATUS OF TASK WHICH THIS ACTION DEPENDS ON IS = FAILED
THE MEDIAN ESTIMATE OF THE TIME TO DIAGNOSE IS = 0.100 HOURS
ESTIMATES OF TIME AVAILABLE ARE = P0 INT ESTIMATE
(UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME) HOURS
BEST ESTIMATE OF THE TIME AVAILABLE FOR DIAGNOSIS IS = 1.300 HOURS
(UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME)

RESULTS:

FAILURE FREQUENCY RANGE

O LOWER B0UND= 3.54E-04
BEST ESTIMATE = 3.54E-03
UPPER BOUND = 3.54E-02

BEST ESTIMATE TIME DEPENDENT = 2.10E-04
BEST ESTIMATE TIriE INDEPENDENT = 3.33E-03
TOTAL BEFORE ACCOUNTING FOR DEPENDENCY BETWEEN TASKS =3.54E-03

0
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TABLE 4-1 (continued)

O
Sheet 51 of 111

HINJ4- OPEN MU-V20 FOR SEAL INJ, LOSS OF AIR

INPUT ECH0:

TYPE OF COGNITIVE PROCESSING IS = KNOWLEDGE
EXPERIENCE LEVEL OF OPERATING CREW IS = AVERAGE

STRESS LEVEL IN CONTROL ROOM IS = P0TENTIAL EMERGENCY
QUALITY OF PLANT INTERFACE WITH OPERATORS IS = FAIR
TYPE OF HUMAN ACTION TASK IS = RECOVER FAILED SYSTEM
ADDITIONAL CREW AVAILABLE FOR DIAGNOSIS IS = SHIFT SUPERVISOR
ADDITIONAL PLANT FEEDBACK TO ALERT OPERATOR = YES

TYPE OF DEPENDENCY BETWEEN TASKS IS = LOW

TITLE OF TASK WHICH THIS ACTION DEPENDS ON IS = HAMI
STATUS OF TASK WHICH THIS ACTION DEPENDS ON IS = FAILED
THE MEDIAN ESTIMATE OF THE TIME TO DIAGNOSE IS = 0.250 HOURS
ESTIMATES OF TIME AVAILABLE ARE = POINT ESTIMATE

(UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME) HOURS
BEST ESTIMATE OF THE TIME AVAILABLE FOR DIAGNOSIS IS = 2.200 HOURS
(UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME)

RESULTS:

FAILURE FREQUENCY RANGE
LOWER BOUND = 3.74E-02
BEST ESTIMATE = 7.96E-02
UPPER BOUND = 1.70E-01

BEST ESTIMATE TIME DEPENDENT = 2.11E-02
BEST ESTIMATE TIME INDEPENDENT = 1.00E-02
TOTAL BEFORE ACCOUNTING FOR DEPENDENCY BETWEEN TASKS =3.11E-02

!

!
|

I
l
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TABLE 4-1 (continued)

Sheet 52 of 111

HLT1A- SWITCH FROM MU TANK TO BWST, NORMAL C00LDOWN FAILED |

INPUT ECH0: (

TYPE OF COGNITIVE PROCESSING IS = SKILL i

EXPERIENCE LEVEL OF OPERATING CREW IS = AVERAGE

STRESS LEVEL IN CONTROL ROOM IS = POTENTIAL EMERGENCY {
QUALITY OF PLANT INTERFACE WITH OPERATORS IS = FAIR ;

TYPE OF HUMAN ACTION TASK IS = PLANNED MANUAL ACTION
ADDITIONAL CREW AVAILABLE FOR DIAGNOSIS IS- = SHIFT SUPERVISOR
ADDITIONAL PLANT FEEDBACK TO ALERT OPERATOR = YES |
TYPE OF DEPENDENCY BETWEEN TASKS IS = ZERO i

STATUS OF TASK WHICH THIS ACTION DEPENDS ON IS = FAILED
THE MEDIAN ESTIMATE OF THE TIME TO DIAGNOSE IS = 5.000 MINUTES !

ESTIMATES OF TIME AVAILABLE ARE = POINT ESTIMATE !

(UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME) MINUTES
BEST ESTIMATE OF THE TIME AVAILABLE FOR DIAGNOSIS IS = 24.000 MINUTES *

(UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME) ;

i
RESULTS:

f
FAILURE FREQUENCY RANGE j

O LOWER B0UND= 2.71E-04 ;

BEST ESTIMATE = 2.71E-03 '

UPPER B0UND= 2.71E-02 |
BEST ESTIMATE TIME DEPENDENT = 1.71E-03 i

BEST ESTIMATE TIME INDEPENDENT = 1.00E-03 :
TOTAL BEFORE ACCOUNTING FOR DEPENDENCY BETWEEN TASKS =2.71E-03 :

;

i

i

,

L

|

|
i
.

|

|

O
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TABLE 4-1 (continued)

O
Sheet 53 of 111

HLTlB- LONGTERM MU TO BWST, NORMAL C00LDOWN FAILS

INPUT ECH0:

TYPE OF COGNITIVE PROCESSING IS = KNOWLEDGE
EXPERIENCE LEVEL 0F OPERATING CREW IS = AVERAGE
STRESS LEVEL IN CONTROL ROOM IS = P0TENTIAL EMERGENCY
QUALITY OF PLANT INTERFACE WITH OPERATORS IS = FAIR
TYPE OF HUMAN ACTION TASK IS = REC 0VER FAILED SYSTEM
ADDITIONAL CREW AVAILABLE FOR DIAGNOSIS IS = FULL SUPPORT
ADDITI0f1AL PLANT FEEDBACK TO ALERT OPERATOR = YES

TYPE OF DEPEf1DENCY BETWEEN TASKS IS = LOW
TITLE OF TASK WHICH THIS ACTION DEPENDS ON IS = HCD1
STATUS OF TASK WHICH THIS ACTION DEPENDS ON IS = FAILED
THE MEDIAN ESTIMATE OF THE TIME TO DIAGNOSE IS = 3.000 HOURS
ESTIMATES OF TIME AVAILABLE ARE = POINT ESTIMATE
(UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME) HOURS
BEST ESTIMATE OF THE TIME AVAILABLE FOR DIAGNOSIS IS = 57.000 HOURS
(UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME)

RESULTS:

FAILURE FREQUENCY RANGE
LOWER BOUND = 1.82E-02
BEST ESTIMATE = 5.12E-02
UPPER BOUND = 1.44E-01

BEST ESTIMATE TIME DEPENDENT = 5.56E-04
BEST ESTIMATE TIME INDEPENDENT = 7.15E-04
TOTAL BEFORE ACCOUNTING FOR DEPENDENCY BETWEEN TASKS =1.27E-03

|

|

@

4-100
0516G121186HAAR



. . _ - _ _ _ -_. . _ . - _ __ _ _. . ._ _

i

TABLE 4-1 (continued)

O
Sheet 54 of 111 i

HLT2- LONGTERM MU TO 8WST,SGTR.CD FAILS j
;

INPUT ECH0: ;

1

TYPE OF COGNITIVE PROCESSING IS = KNOWLEDGE -r
'

EXPERIENCE. LEVEL 0F OPERATING CREW IS = AVERAGE
STRESS LEVEL IN CONTROL ROOM IS = POTENTIAL EMERGENCY i
QUALITY OF PLANT INTERFACE WITH OPERATORS IS = FAIR ;

TYPE OF HUMAN ACTION TASK IS = REC 0VER FAILED SYSTEM i
ADDITIONAL CREW AVAILABLE FOR DIAGNOSIS IS = FULL SUPPORT i
ADDITIONAL PLANT FEEDBACK TO ALERT OPERATOR = N0 -

TYPE OF DEPENDENCY BETWEEN TASKS IS = LOW j
TITLE OF TASK WHICH THIS ACTION DEPENDS ON IS = HCD4
STATUS OF TASK WHICH THIS ACTION DEPENDS ON IS = FAILED
THE MEDIAN ESTIMATE OF THE TIME TO DIAGNOSE IS = 0.100 HOURS '

ESTIMATES OF TIME AVAILABLE ARE = POINT ESTIMATE
(UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME) HOURS .

BEST ESTIMATE OF THE TIME AVAILABLE FOR DIAGNOSIS IS = 5.000 HOURS i
(UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME) j

RESULTS: {

O FAILURE FREQUENCY RANGE
LOWER BOUND = 2.04E-02 ,

'

BEST ESTIMATE = 5.48E-02 ;

UPPER BOUND = 1.47E-01
BEST ESTIMATE TIME DEPENDENT = NEGLIGIBLE !
BEST ESTIMATE TIME INDEPENDENT = 5.00E-03 >

TOTAL BEFORE ACCOUNTING FOR DEPENDENCY BETWEEN TASKS =5.00E-03
'

i

!

!

!
!

!

'

:

O
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TABLE 4-1 (continued)

Sheet 55 of 111

HMR1- ESTABLISH MU PUMP RECIRC AFlER ESAS AND TH

INPUT ECH0:

TYPE OF COGNITIVE PROCESSING IS = KNOWLEDGE

EXPERIENCE LEVEL OF OPERATING CREW IS = AVERAGE

STRESS LEVEL IN CONTROL ROOM IS = OPTIMAL CONDITIONS
QUALITY OF PLANT INTERFACE WITH OPERATORS IS = P00R

TYPE OF HUMAN ACTION TASK IS = PLANNED MANUAL ACTION
ADDITIONAL CREW AVAILABLE FOR DIAGNOSIS IS = SHIFT SUPERVISOR
ADDITIONAL PLANT FEEDBACK TO ALERT OPERATOR = NO

TYPE OF DEPENDENCY BETWEEN TASKS IS = MEDIUM

TITLE OF TASK WHICH THIS ACTION DEPENDS ON IS = HTH2
STATUS OF TASK WHICH THIS ACTION DEPENDS ON IS = SUCCEEDED

THE MEDIAN ESTIMATE OF THE TIME TO DIAGNOSE IS = 1.000 MINUTES
ESTIMATES OF TIME AVAILABLE ARE = POINT ESTIMATE

(UNITS FOR TIME ARE THE SAME AS FOR THE MED:AN TIME) MINUTES
BEST ESTIMATE OF THE TIME AVAILABLE FOR DIAGNOSIS IS = 3.000 MINUTES
(UNITS FOR TIME ARE THE SAMF AS FOR THE MEDIAN TIME)

RESULTS:

FAILURE FREQUENCY RANGE
LOWER BCUND= 4.36E-02
BEST ESTIMATE = 2.18E-01
9PPER BOUND = 1.00E+00

BES~ ESTIMATE TIME DEPENDENT = 2.51E-01
BES1 ESTIMATE TIME INDEPENDENT = 3.00E-03
TOTAL BEFORE ACCOUNTING FOR DEPENDENCY BETWEEN TASKS =2.54E-01

i

l
i

|

O
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:

i

TABLE 4-1 (continued) :

Sheet 56 of 111 i

HNSI- ISOLATE A LEAKING NS HEAT EXCHANGER

i
INPUT ECH0:

TYPE OF C0GNITIVE PROCESSING IS = RULE ,

EXPERIENCE LEVEL OF OPERATING CREW IS = AVERAGE '

STRESS LEVEL IN CONTROL ROOM IS = OPTIMAL-CONDITIONS i

QUALITY OF PLANT INTERFACE WITH OPERATORS IS = FAIR !

TYPE OF HUMAN ACTION TASK IS = REC 0VER FAILED SYSTEM *

ADDITIONAL CREW AVAILABLE FOR DIAGNOSIS IS = SHIFT SUPERVISOR'

ADDITIONAL PLANT FEEDBACK TO ALERT OPERATOR = N0 i

TYPE OF DEPENDENCY BETWEEN TASKS IS = ZERO ;

STATUS OF TASK WHICH THIS ACTION DEPENDS ON IS = FAILED |
THE MEDIAN ESTIMATE OF THE TIME TO DIAGNOSE IS = 3.000 MINUTES
ESTIMATES OF TIME AVAILABLE ARE = POINT ESTIMATE :

(UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME) MINUTES i

BEST ESTIMATE OF THE TIME AVAILABLE FOR DIAGNOSIS IS = 15.000 MINUTES :

(UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME) :

!

RESULTS: |

FAILURE FREQUENCY RANGEh LOWER BOUND = 2.68E-03
BEST ESTIMATE = 2.68E-02 ;

'

UPPER BOUND = 2.68E-01
BEST ESTIMATE TIME DEPENDENT = 1.68E-02 ,

BEST ESTIMATE TIME INDEPENDENT = 1.00E-02 !
TOTAL BEFORE ACCOUNTING FOR DEPENDENCY BETWEEN TASPsS=2.68E-02

!

:

!
!
i

|
,

'

i

|
!

OO :
!
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TABLE 4-1 (continued)

O
Sheet 57 of 111

HNS2- START NSRW PUMP,GB FAILED PUMP NOT ESAS SELECTED

INPUT ECHO:

TYPE OF COGNITIVE PROCESSING IS = RULE
EXPERIENCE LEVEL OF OPERATING CREW IS = AVERAGE
STRESS LEVEL IN CONTROL ROOM IS = P0TENTIAL EMERGENCY
QUALITY OF PLANT IN' RFACE WITH OPERATORS IS = FAIR
TYPE OF HUMAN ACTION TASK IS = BACKUP AUT0. ACTION
ADDITIONAL CREW AVAILABLE FOR DIAGNOSIS IS = SHIFT SUPERVISOR
ADDITIONAL PLANT FEEDBACK TO ALER' OPERATOR = YES
TYPE OF DEPENDENCY BETWEEN TASKS IS = ZER0
STATUS OF TASK WHICH THIS ACTION DEPENDS ON IS = FAILED
THE MEDIAN ESTIMATE OF THE TIME TO DIAGNOSE IS = 0.200 HOURS
ESTIMATES OF TIMF AvAILABLE ARE = POINT ESTIMATE
(UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME) HOURS

BEST ESTIMATE OF THE TIME AVAILABLE FOR DIAGNOSIS IS = 2.000 HOURS
(UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME)

RESULTS:

FAILURE FREQUENCY RANGE
LOWER BOUND = 2.47E-04
BEST ESTIMATE = 2.47E-03
UPPER BOUND = 2.47E-02

BEST ESTIMATE TIME DEPENDENT = 1.47E-03
BEST ESTIMATE TIME INDEPENDENT = 1.00E-03
TOTAL BEFORE ACCOUNTING FOR DEPENDENCY BETWEEN TASKS =2.47E-03

|

l
1

l
l

9'
i
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TABLE 4-1 (continued)

(d Sheet 58 of 111

HNS3- START STANDBY AUX. BLDG. VENT. TRAIN, RUNNING TRAIN FAILED

POINT VALUE IS =1.00E-01

O

O
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TABLE 4-1 (continued)

Sheet 59 of 111

HNS4- START STANDBY AUX. BLDG. VENT. TRAIN,N0 ESAS PRESENT
,

POINT VALUE IS =1.00E-01

i

i

i

O
,

t

9

'

0516G121186HAAR
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;

i

TABLE 4-1 (continued)

O !

Sheet 60 of 111 !

HNSb- START STANDBY AUX. BLDG. VENT. TRAIN, FOR LOCV IE i

;

POINT VALUE IS =1.00E-01
I

i

:

i

i

t

;

$
;

O :
;

!

O
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TABLE 4-1 (continued)

O
Sheet 61 of 111

HNS6- ISOLATE LEAKING NSCCW HEAT EXCHANGER

INPUT ECH0:

TYPE OF COGNITIVE PROCESSING IS = RULE
EXPERIENCE LEVEL OF OPERATING CREW IS = AVERAGE

STRESS LEVEL IN CONTROL ROOM IS = OPTIMAL CONDITIONS
QUALITY OF PLANT INTERFACE WITH OPERATORS IS = FAIR
TYPE OF HUMAN ACTION TASK IS = REC 0VER FAILED SYSTEM
ADDITIONAL CREW AVAILABLE FOR DI AGNOSIS IS = SHIFT SUPERVISOR
ADDITIONAL PLANT FEEDBACK TO ALERT OPERATOR = NO
TYPE OF DEPENDENCY BETWEEN TASKS IS = ZER0
STATUS OF TASK WHICH THIS ACTION DEPENDS ON IS = FAILED
THE MEDIAN ESTIMATE OF THE TIME TO DIAGNOSE IS = 2.000 MINUTES
ESTIMATES OF TIME AVAILABLE ARE = VARIABLE

(UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME) MINUTES

DISTRIBUTION FOR TIMES ALLOWED
30.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

PROBABILITIES FOR TIMES ALLOWED DISTRIBUTION
1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

9DISTRIBUTION FOR TIMES TO RESPOND ONCE DIAGNOSED
5.00 10.00 20.00 25.00 30.00 0.00 0.00 0.00 0.00 0.00

PROBABILITIES FOR TIME TO RESPOND DISTRIBUTION
0.15 0.15 0.30 0.25 0.15 0.00 0.00 0.00 0.00 0.00

INTERMEDIATE RESULTS:
TIME ALLOWED TIME TO RESPOND ESTIMATED ERROR FREQUENCY PROBABILITY

3.00E+01 5.00E+00 3.36E-03 1.50E-01
3.00E+01 1.00E+01 3.57E-03 1.50E-01
3.00E+01 2.00E+01 2.68E-02 3.00E-01
3.00E+01 2.50E+01 1.80E-01 2.50E-01
3.00E+01 3.00E+01 1.00E+00 1.50E-01

RESULTS:

FAILURE FREQUENCY RANGE
LOWER B0UND= 4.08E-02
BEST ESTIMATE = 2.04E-01
UPPER BOUND = 1.00E+00

BEST ESTIMATE TIME DEPENDENT = 1.98E-01
BEST ESTIMATE TIME INDEPENDENT = 8.00E-03
TOTAL BEFORE ACCOUNTING FOR DEPENDENCY BETWEEN TASKS =2.04E-01

0
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TABLE 4-1 (continued)
|O

Sheet 62 of 111

HNS7A- POWER TO NSCCW PUMP LOST + CHECK VALVE FAILS
;

IINPUT ECH0:

TYPE OF C0GNITIVE PROCESSING IS = KNOWLEDGE
EXPERIENCE LEVEL OF OPERATING CREW IS = AVERAGE |
STRESS LEVEL IN CONTROL ROOM IS = P0TENTIAL EMERGENr,y

QUALITY OF PLANT INTERFACE WITH OPERATORS IS = P00R
TYPE OF HUMAN ACTION TASK IS = REC 0VER FAILED SYSTEM .

ADDITIONAL CREW AVAILABLE FOR DIAGNOSIS IS = SHIFT SUPERVISOR !

ADDITIONAL PLANT FEEDBACK TO ALERT OPERATOR = YES :

TYPE OF DEPENDENCY BETWEEN TASKS IS = ZERO !

STATUS OF TASK WHICH THIS ACTION DEPENDS ON IS = FAILED i
THE MEDIAN ESTIMATE OF THE TIME TO DIAGNOSE IS = 20.000 MINUTES (
ESTIMATES OF TIME AVAILABLE ARE = POINT ESTIMATE |
(UNITS FOR TIME-ARE THE SAME AS FOR THE MEDIAN TIME) MINUTES

,

BEST ESTIMATE OF THE TIME AVAILABLE FOR DIAGNOSIS IS e 50.000 MINUTES
(UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME) |

fRESULTS:

FAILURE FREQUENCY RANGE

O LOWER B0UND= 9.60E-02
BEST ESTIMATE = 4.80E-01 |-
UPPER BOUND = 1.00E+00

BEST ESTIMATE TIME DEPENDENT = 4.50E-01
BEST ESTIMATE TIME INDEPENDENT = 3.00E-02 !
TOTAL BEFORE ACCOUNTING FOR DEPENDENCY BETWEEN TASKS =4.80E-01 .J

|
t

I

!

l

!
!

!
!

!
.

|

O
|!
,
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TABLE 4-1 (continued)

Sheet 63 of 111

HNS78-NSCCW PUMP FAILS + CHECK VALVE FAILS TO RESEAT

INPUT ECHO:

TYPE OF COGNITIVE PROCESSING IS = KNOWLEDGE
EXPERIENCE LEVEL 0F OPERATING CREW IS = AVERAGE

STRESS LEVEL IN CONTROL ROOM IS = P0TENTIAL EMERGENCY

QUALITY OF PLANT INTERFACE WITH OPERATORS IS = POOR

TYPE OF HUMAN ACTION TASK IS = REC 0VER FAILED SYSTEM
ADDITIONAL CREW AVAILABLE FOR DIAGNOSIS IS = SHIFT SUPERVISOR
ADDITIONAL PLANT FEEDBACK TO ALERT OPERATOR = YES

TYPE OF DEPENDENCY BETWEEN TASKS IS = ZER0
STATUS OF TASK WHICH THIS ACTION DEPENDS ON IS = FAILED
THE MEDIAN ESTIMATE OF THE TIME TO DIAGNOSE IS = 20.000 MINUTES
ESTIMATES OF TIME AVAILABLE ARE = POINT ESTIMATE
(UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME) MINUTES
BEST ESTIMATE OF THE TIME AVAILABLE FOR DIAGNOSIS IS = 50.000 MINUTES
(UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME)

RESULTS:

FAILURE FREQUENCY RANGE
LOWER BOUND = 9.60E-02
BEST ESTIMATE = 4.80E-01
UPPER COUND= 1.00E+00

BEST ESTIMATE TIME DEPENDENT = 4.50E-01
BEST ESTIMATE TIME INDEPENDENT = 3.00E-02
TOTAL BEFORE ACCOUNTING FOR DEPENDENCY BETWEEN TASKS =4.80E-01

|

l

I
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TABLE 4-1 (contiaued)
*

O '-

Sheet 64 of 111
,

:
HNS8A-NSRW PUMP IDLE + CHECK ' VALVE FAILS TO RESEAT, POWER NOT AVAILABLE i

i
INPUT ECH0: !

;

TYPE OF COGNITIVE PROCESSING.IS = KNOWLEDGE i

EXPERIENCE LEVEL OF OPERATING CREW IS = AVERAGE .

STRESS LEVEL IN CONTROL ROOM IS = P0TENTIAL EMERGENCY j
QUALITY OF PLANT INTERFACE WITH OPERATORS IS = P00R ;

TYPE OF HUMAN ACTION TASK IS = REC 0VER FAILED SYSTEM
*

ADDITIONAL CREW AVAILABLE FOR DIAGNOSIS IS = SHIFT SUPERVISOR [,

ADDITIONAL PLANT FEEDBACK TO ALERT OPERATOR = YES !

TYPE OF DEPENDENCY BETWEEN TASKS IS = ZER0
'

STATUS OF TASK WHICH THIS ACTION DEPENDS.ON IS = FAILED
THE MEDIAN ESTIMATE OF THE TIME TO DIAGNOSE IS = 3.000 MINUTES
ESTIMATES OF TIME AVAILABLE ARE = POINT ESTIMATE ~!

(UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME) MINUTES i

BEST ESTIMATE OF THE TIME AVAILABLE FOR DIAGNOSIS IS = 30.000 MINUTES ;

(UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME) !
l

Rt.SULTS :

FAILURE FREQUENCY RANGE :

CD
'o"'" " ""o- '''-o2 i
BEST ESTIMATE = 5.80E-02 t

UPPER BOUND = 2.90E-01 :
BEST ESTIMATE TIME DEPENDENT = 2.80E-02 |
BEST ESTIMATE TIME INDEPENDENT = 3.00E-02 I
TOTAL BEFORE ACCOUNTING FOR DEPENDENCY BETWEEN TASKS =5.80E-02 f

s

i

!

!

1

!

|

O
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TABLE 4-1 (continued)

O
Sheet 65 of 111

HNS8B-NSRW PUMP IDLE + CHECK VALVE FAILS TO RESEAT,0SP AVAIL.

INPUT ECH0:

TYPE OF C0GNITIVE PROCESSING IS = KNOWLEDGE
EXPERIENCE LEVEL OF OPERATING CREW IS = AVERAGE

STRESS LEVEL IN CONTROL ROOM IS = P0TENTIAL EMERGENCY
QUALITY OF PLANT INTERFACE WITH OPERATORS IS = P0OR

TYPE OF HUMAN ACTION TASK IS = RFCOVFR Fall.Fn SYSTEM
ADDITIONAL CREW AVAILABLE FOR DIAGNOSIS IS = SHIFT SUPERVISOR
ADDITIONAL PLANT FEEDBACK TO ALERT OPERATOR = YES

TYPE OF DEPENDENCY BETWEEN TASKS IS = ZERO

STATUS OF TASK WHICH THIS ACTION DEPENDS ON IS = FAILED
THE MEDIAN FSTIMATE OF THE TIME TO DIAGNOSE IS = 3.000 MINUTES
ESTIMATES OF TIME AVAILABLE ARE = POINT ESTIMATE
(UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME) MINUTES
BEST ESTIMATE OF THE TIME AVAILABLE FOR DIAGNOSIS IS = 59.000 MINUTES
(UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME)

RESULTS:

FAILURE FREQUENCY RANGE
LOWER BOUND = 5.87E-04
BEST ESTIMATE = 5.87E-03
UPPER BOUND = 5.87E-02

BEST ESTIMATE TIME DEPENDENT = 1.58E-03
BEST ESTIMATE TIME INDEPENDENT = 4.29E-03
TOTAL BEFORE ACCOUNTING FOR DEPENDENCY BETWEEN TASKS =5.87E-03

9
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TABLE 4-1 (continued)
g
k.l

Sheet 66 of 111

HP01- MANUALLY OPEN PORV FOR HPI COOLING,ATA FAILED

INPUT ECH0:

TYPE OF COGNITIVE PROCESSING IS = SKILL
EXPERIENCE LEVEL OF OPERATING CREW IS = AVERAGE

STRESS LEVEL IN CONTROL ROOM IS = POTENTIAL EMERGENCY

QUALITY OF PLANT INTERFACE WITH OPERATORS IS = FAIR
TYPE OF HUMAN ACTION TASK IS = CAUSE EXTENDED OUTAGE
ADDITIONAL CREW AVAILABLE FOR DIAGNOSIS IS = SHIFT SUPERVISOR
ADDITIONAL PLANT FEEDBACK TO ALFRT OFERATOR = YES

TYPE OF DEPENDENCY BETWEEN TASKS IS = MEDIUM
TITLE OF TASK WHICH THIS ACTION DEPENDS ON IS = HBW1
STATUS OF TASK WHICH THIS ACTION DEPENDS ON IS = SUCCEEDED
THE MEDIAN ESTIMATE OF THE TIME TO DIAGNOSE IS = 3.000 MINUTES
ESTIMATES OF TIME AVAILABLE ARE = POINT ESTIMATE

(UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME) MINUTES
BEST ESTIMATE OF THE TIME AVAILABLE FOR DIAGNOSIS IS = 27.500 MINUTES
(UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME)

RESULTS:

/~'N FAILURE FREQUENCY RANGE
\~-) LOWER BOUND = 4.08E-05

BEST ESTIMATE = 4.08E-04
UPPER BOUND = 4,08E-03

BEST ESTIMATE TIME DEPENDENT = NEGLIGIBLE ;

BEST ESTIMATE TIME INDEPENDENT = 4.76E-04
TOTAL BEFORE ACCOUNTING FOR DEPENDENCY BETWEEN TASKS =4.76E-04

!

1

~ \ I

~> |
,
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TABLE 4-1 (continued)

Sheet 67 of 111

HRC1- CLOSE PORV BLOCK VALVE AFTER PORV FAILS

It!PUT ECH0:

TYPE OF COGNITIVE PROCESSING IS = SKILL
EXPERIENCE LEVEL OF OPERATING CREW IS = AVERAGE

STRESS LEVEL IN CONTROL ROOM IS = POTENTIAL EMERGENCY

QUALITY OF PLANT INTERFACE WITH OPERATORS IS = FAIR
TYPE OF HUMAN ACTION TASK IS = REC 0VER FAILED SYSTEM

ADDITIONAL CREW AVAILABLE FOR DIAGNOSIS IS = SHIFT SUPERVISOR

ADDITIONAL PLANT FEEDBACK TO ALERT OPERATOR = NO

TYPE OF DEPENDENCY BETWEEN TASKS IS = ZER0

STATUS OF TASK WHICH THIS ACTION DEPENDS ON IS = FAILED
THE MEDIAN ESTIMATE OF THE TIME TO DIAGNOSE IS = 2.000 MINUTES
ESTIMATES OF TIME AVAILABLE ARE = POINT ESTIMATE

(UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME) MINUTES

BEST ESTIMATE OF THE TIME AVAILABLE FOR DIAGNOSIS IS = 28.000 MINUTES
(UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME)

RESULTS:

FAILURE FREQUENCY RANGE
LOWER BOUND = 3.33E-04
BEST ESTIMATE = 3.33E-03
UPPER BOUND = 3.33E-02

BEST ESTIMATE TIME DEPENDENT = NEGLIGIBLE
BEST ESTIMATE TIME INDEPENDENT = 3.33E-03
TOTAL BEFORE ACCOUNTING FOR DEPENDENCY BETWEEN TASKS =3.33E-03

9
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TABLE 4-1 (continued)
.

O ;
Sheet 68 of 111 '

HRC2- THROTTLE HPI AFTER PORV. PASSES WATER

INPUT ECH0: [
!

TYPE OF C0GNITIVE PROCESSING IS = RULE ,

EXPERIENCE LEVEL 0F OPERATING CREW IS = AVERAGE f

STRESS LEVEL IN CONTROL ROOM IS = P0TENTIAL EMERGENCY
'

QUALITY OF PLANT INTERFACE WITH OPERATORS IS = GOOD i

TYPE OF HUMAN ACTION TASK IS = REC 0VER FAILED SYSTEM :

|I
ADDITIONAL CREW AVAILABLE FOR DIAGNOSIS IS = SHIFT SUPERVISOR
ADDITIONAL PLANT FEEDBACK TO ALERT OPERATOR = YES

TYPE OF DEPEtiDENCY BETWEEN TASKS IS = LOW |

TITLE OF TASK WHICH THIS ACTION DEPENDS ON IS = HTH1 i

STATUS OF TASK WHICH THIS ACTION DEPENDS ON IS = FAILED
THE MEDIAN ESTIMATE OF THE TIME TO DIAGNOSE IS = 0.050 HOURS .

ESTIMATES OF TIME AVAILABLE ARE = POINT ESTIMATE i

(UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME) HOURS I

BEST ESTIMATE OF THE TIME AVAILABLE FOR DIAGNOSIS IS = 4.750 HOURS I

(UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME) |

RESULTS: !

O FAILURE FREQUENCY RANGE ,

LOWER BOUND = 1.78E-02 |
BEST ESTIMATE = 5.05E-02
UPPER BOUND = 1.43E-01 1

BEST ESTIMATE TIME DEPENDENT = NEGLIGIBLE
BEST ESTIMATE TIME IllDEPENDENT = 4.76E-04 |

TOTAL BEFORE ACCOUNTING FOR DEPENDENCY BETWEEN TASKS =4.76E-04 {
!

!
;

1

!

O
,
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| TABLE 4-1 (continued) |

l ,

Sheet 69 of 111 :

HRE'.- RECOVER ELECTRIC POWER , LOSS OF ALL AC,EFW AVAIL

POINT VALUE IS =4.94E-05

i

i

|

!

$
|

i

G:
!
,

!

i

i
l'

!
'

i

|
i

i
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TABLE 4-1 (continued)

O 'Sheet 70 of 111

HRE2- RESTORE RW WITH FIRE SERVICE WATER OR ROTATE MU PUMPS

INPUT ECH0:
'

TYPE OF COGNITIVE PROCESSING IS = KNOWLEDGE
EXPERIENCE LEVEL 0F OPERATING CREW IS = AVERAGE !

STRESS LEVEL IN CONTROL ROOM IS = POTENTIAL EMERGENCY
QUALITY OF PLANT INTERFACE WITH OPERATORS IS = P0OR |

TYPE OF HUMAN ACTION TASK IS = REC 0VER FAILED SYSTEM |
ADDITIUNAL CREW AVAILABLE FOR DIAGNOSIS IS = FULL SUPPORT

'

ADDITIONAL PLANT FEEDBACK TO ALERT OPERATOR = N0 i

TYPE OF DEPENDENCY BETWEEN TASKS IS = LOW
'

TITLE OF TASK WHICH THIS ACTION DEPENDS ON IS = HRE6
STATUS OF TASK WHICH THIS ACTION DEPENDS ON IS = FAILED !

THE MEDIAN ESTIMATE OF THE TIME TO DIAGNOSE IS = 0.100 HOURS !

ESTIMATES OF TIME'AVAILABLE ARE = POINT ESTIMATE
(UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME) HOURS |

BEST ESTIMATE OF THE TIME AVAILABLE FOR DIAGNOSIS IS = 4.900 HOURS
(UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME)

RESULTS: ,

!

O FAILURE FREQUENCY RANGE !
LOWER BOUND = 2.65E-02
BEST ESTIMATE = 6.43E-02
UPPER BOUND = 1.56E-01 ,

BEST ESTIMATE TIME DEPENDENT = 1.03E-06 !

BEST ESTIMATE TIME INDEPENDENT = 1.50E-02
TOTAL BEFORE ACCOUNTING FOR DEPENDENCY BETWEEN TASKS =1.50E-02 |

;
,

!

:
|

|
|

.|

O i

|
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TABLE 4-1 (continued)

Sheet 71 of 111

HRE3- RECOVER ELECTRIC POWER, LOSS OF ALL AC,EFW FAILED

Polt4T VALUE IS =8.36E-04

9

0
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TABLE 4-1 (continued)

('''\
,

'
Sheet 72 of 111

HRE4- UNPLUG RW SREENS BEFORE TURBINE TRIP

'
INPUT ECH0:

TYPE OF COGNITIVE PROCESSING IS = KNOWLEDGE

EXPERIENCE LEVEL 0F OPERATING CREW IS = AVERAGE

STRESS LEVEL IN C0hTROL ROGi IS = POTENTIAL EMERGENCY

QUALITY OF PLANT INTERFACE WITH OPERATORS IS = POOR

TYPE OF HllMAN ACTION TASK IS = REC 0VER FAILED SYSTEM
'

ADDITIONAL CREW AVAILABLE FOR DIA^NOSIS IS = SHIFT SUPERVISOR

ADDITIONAL PLANT FEEDBACK TO ALERT OPERATOR = N0

TYPE OF 0EPENDENCY BETWEEN TASKS IS = ZER0

STATUS OF TASK WHICH THIS ACTION DEPENDS ON IS = FAILED
THE MEDIAN ESTIMATE OF THE T:ME TO DIAGNOSE IS = 0.050 HOURS
ESTIMATES OF TIME AVAILABLE ARE = VARIABLE

(UNITS FOR TIME ARE THE.SAME AS FOR THE MEDIAN TIME) HOURS

DISTRIBUTION FOR TIMES ALLOWED L

1.30 2.60 4.00 6.00 8.00 0.00 0.00 0.00 0.00 0.00

PROBABILITIES FOR TIMES ALLOWED DISTRIBUTION
0.01 0.04 0.25 0.55 0.15 0.00 0.00 0.00 0.00 0.00

, , _ .
i

g\~ / DISTRIBUTION FOR TIMES TO RESPOND ONCE DIAGNOSED
1.00 2.00 4.00 6.00 0.00 0.00 0.00 0.00 0.00 0.00

PROBABILITIES FOR TIME TO RESPOND DISTRIBUTION
0.25 0.45 0.25 0.05 0.00 0.00 0.00 0.00 0.00 0.00

|

|

|

|

(a~~\
i.
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TABLE 4-1 (continued)

Sheet 73 of 111

HRE4- UNPLUG RW SREENS BEFORE TURBINE TRIP (continued)

INTERMEDIATE RESULTS:
TIME ALLOWED TIME TO RESPOND ESTIMATED ERROR FREQUENCY PROBABILITY

1.30E+00 1.00E+00 1.40E-01 2.50E-03
1.30E+00 2.00E+00 1.00F+00 4.50E-03
1.30E+00 4.00E+00 1.00E+00 2.50E-03
1.30E+00 6.00E+00 1.00E+00 5.00E-04
2.60E+00 1.00E+00 3.01E-02 1.00E-02
2.60E+00 2.00E+00 4.49E-02 1.80E-02
2.60E+00 4.00E+00 1.00E+00 1.00E-02
2.60E+00 6.00E+00 1.00E+00 2.00E-03
4.00E+00 1.00E+00 3.00E-02 6.25E-02
4.00E+00 2.00E+00 3.00E-02 1.12E-01
4.00E+00 4.00E+00 1.00E+00 6.25E-02
4.00E+00 6.00E+00 1.00E+00 1.25E-02
6.00E+00 1.00E+00 3.00E-02 1.37E-01
6.00E+00 2.00E+00 3.00E-02 2.47E-01
6.00E+00 4.00E+00 3.00E-02 1.37E-01
6.00E+00 6.00E+00 1.00E+00 2.75E-02
8.00E+00 1.00E+00 3.00E-02 3.75E-02
8.00E+00 2.00E+00 3.00E-02 6.75E-02
8.00E+00 4.00E+00 3.00E-02 3.75E-02
8.00E+00 6.00E+00 3.00E-02 7.50E-03

RESULTS:

FAILURE FREQUENCY RANGE
LOWER BOUND = 2.98E-02
BEST ESTIMATE = 1.49E-01
UPPER BOUND = 7.44E-01

BEST ESTIMATE TIME DEPENDENT = 1.23E-01
BEST ESTIMATE TIME INDEPENDENT = 3.00E-02
TOTAL BEFORE ACCOUNTING FOR DEPENDENCY BETWEEN TASKS =1.49E-01

0
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TABLE 4-1 (continued)
,

O
Sheet 74 of 111 ;

.

!
HRES- LOOP W/0NSITE POWER AVAILABLE, REC 0VER OSP FOR SGTR

I

POINT VALUE IS =3,94E-02
i
!

i

i

!

,

.!

r

.

!
:

I

i

!
I

|
,

O ,

i
,

|

1

-|

O
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TABLE 4-1 (continued)

O
Sheet 75 of 111

HRE6A- UNPLUG RW SREENS BEFORE SEAL FAILURE,EFW AVAILABLE

INPUT ECH0:

TYPE OF COGNITIVE PROCESSING IS = KNOWLEDGE
EXPERIENCE LEVEL OF OPERATING CREW IS = AVERAGE

STRESS LEVEL IN CONTROL ROOM IS = P0TENTIAL EMERGENCY

QUALITY OF PLANT INTERFACE WITH OPERATORS IS = FAIR
TYPE OF HUMAN ACTION TASK IS = REC 0VER FAILED SYSTEM
ADDITIONAL CREW AVAILABLE FOR DIAGNOSIS IS = FULL SUPPORT
ADDITIONAL PLANT FEEDBACK TO ALERT OPERATOR = YES

TYPE OF DEPENDENCY BETWEEN TASKS IS = ZER0
STATUS OF TASK WHICH THIS ACTION DEPENDS ON IS = FAILED
THE MEDIAN ESTIMATE OF THE TIME TO DIAGNOSE IS = 0.050 HOURS
ESTIMATES OF TIME AVAILABLE ARE = VARIABLE

(UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME) HOURS

DISTRIBUTION FOR TIMES ALLOWED
7.30 8.60 10.00 12.00 14.00 0.00 0.00 0.00 0.00 0.00

PROBABILITIES FOR TIMES ALLOWED DISTRIBUTION
0.01 0.04 0.25 0.55 0.15 0.00 0.00 0.00 0.00 0.00

DISTRIBUTION FOR TIMES TO RESPOND ONCE DIAGNOSED
1.00 2.00 4.00 6.00 0.00 0.00 0.00 0.00 0.00 0.00

PROBABILITIES FOR TIME TO RESPOND DISTRIBUTION
0.25 0.45 0.25 0.05 0.00 0.00 0.00 0.00 0.00 0.00

O
|
|
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TABLE 4-1 (continued)

.

Sheet 76 of 111'

,

HRE6A- UNPLUG RW SREENS BEFORE SEAL FAILURE,EFW AVAILABLE (cortinued) !

'

INTERMEDIATE RESULTS:
TIME ALLOWED TIME TO RESPOND ESTIMATED ERROR FREQUENCY PROBABILITY

7.30E+00 1.00E+00 7.15E-04 2.50E-03
7.30E+00 2.00E+00 7.15E-04 4.50E-03

'

7.30E+00 4.00E+00 7.15E-04 2.50E-03
7.30E+00 '6.00E+00 7.74E-04 -5.00E-04
8.60E+00 1.00E+00 7.15E-04 1.00E-02
8.60E+00 2.00E+00 7.15E-04 1.80E-02
8.60E+00 4.00E+00 7.15E-04 1.00E-02
8.60E+00 6.00E+00 7.15E-04 2.00E-03
1.00E+01 1.00E+00 7.15E-04 6.25E-02
1.00E+01 2.00E+00 7.15E-04 1.12E-01

' 1.00E+01 4.00E+00 7.15E-04 6.25E-02
1.00E+01 6.00E+00 7.15E-04 1.25E-02
1.20E+01 1.00E+00 7.15E-04 1.37E-01 :

1.20E+01 2.00E+00 7.15E-04 2.47E-01
1.20E+01 4.00E+00 7.15E-04 1.37E-01>

1.20E+01 6.00E+00 7.15E-04 2.75E-02i

1.40E+01 1.00E+00 7.15E-04 3.75E-02 '

O 1.40E+01 2.00E+00 7.15E-04 6.75E-02
1.40E+01 4.00E+00 7.15E-04 3.75E-02
1.40E+01 6.00E+00 7.15E-04 7.50E-03

RESULTS:

FAILURE FREQUENCY RANGE
LOWER BOUND = 7.15E-05
BEST ESTIMATE = 7.15E-04
UPPER BOUND = 7.15E-03

BEST ESTIMATE TIME DEPENDENT = NEGLIGIBLE
BEST ESTIMATE TIME INDEPENDENT = 7.15E-04
TOTAL BEFORE ACCOUNTING FOR DEPENDENCY BETWEEN TASKS =7.15E-04

1

4

f

d

|

|

:
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TABLE 4-1 (continued)

e
Sheet 77 of 111

HRE6B- UNPLUG RW SREENS BEFORE CORE DAMAGE,EFW FAILED

INPUT ECH0:

TYPE OF COGNITIVE PROCESSING IS = KNOWLEDGE
EXPERIENCE LEVEL OF OPERATING CREW IS = AVERAGE
STRESS LEVEL IN CONTROL ROOM IS = P0TENTIAL EMERGENCY
QUALITY OF PLANT INTERFACE WITH OPERATORS IS = FAIR
TYPE OF HUMAN ACTION TASK IS = REC 0VER FAILED SYSTEM
ADDITIONAL CREW AVAILABLE FOR DIAGNOSIS IS = SHIFT SUPERVISOR
ADDITIONAL PLANT FEEDBACK TO ALERT OPERATOR = YES

TYPE OF DEPENDENCY BETWEEN TASKS IS = ZER0
STATUS OF TASK WHICH THIS ACTION DEPENDS ON IS = FAILED
THE MEDIAN ESTIMATE OF THE TIME TO DIAGNOSE IS = 0.050 HOURS
ESTIMATES OF TIME AVAILABLE ARE = VARIABLE
(UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME) HOURS

DISTRIBUTION FOR TIMES ALLOWE0
2.30 3.60 5.00 7.00 9.00 0.00 0.00 0.00 0.00 0.00

PROBABILITIES FOR TIMES ALLOWE0 DISTRIBUTION
0.01 0.04 0.25 0.55 0.15 0.00 0.00 0.00 0.00 0.00

DISTRIBUTION FOR TIMES TO RESPOND ONCE DIAGNOSED
1.00 2.00 4.00 6.00 0.00 0.00 0.00 0.00 0.00 0.00

PROBABILITIES FOR TIME TO RESPOND DISTRIBUTION
0.25 0.45 0.25 0.05 0.00 0.00 0.00 0.00 0.00 0.00

1

!

!

e|
!
1

1

4-124
0516G121186HAAR



- - _-- . - - - . - . . - . . - - _ . . _ . - . _ - . _ _ _ _

:
'I

!

.

TABLE 4-1 (continued)

|i Sheet 78 of 111
!
'

HRE68- UNPLUG RW SREENS BEFORE CORE DAMAGE,EFW FAILED (continued)

INTERMEDIATE RESULTS: |

TIME ALLOWED TIME TO RESPOND ESTIMATED ERROR FREQUENCY: PROBABILITY- [-

t

2.30E+00 1.00E+00 1.49E-03 2.50E-03 i

2.30E+00 2.00E+00 7.63E-02 4.50E-03 ;

2.30E+00 4.00E+00 1.00E+00 2.50E-03 !

2.30E+00 6.00E+00 1.00E+00 5.00E-04 :|
3.60E+00 1.00E+00 1.00E-02 1.00E-02 i

3.60E+00 2.00E+00 1.00E-02 1.80E-02 i
3.60E+00 4.00E+00 1.00E+00 1.00E-02 -j
3.60E+00 6.00E+00 1.00E+00 2.00E-03 -

5.00E+00 1.00E+00 1.00E-02 6.2SE-02 ;

5.00E+00 2.00E+00 1.00E-02 1.12E-01
5.00E+00 4.00E+00 1.04E-02 6.25E-02 ;

5.00E+00 6.00E+00 1.00E+00 1.25E-02 J

7.00E+00 1.00E+00 1.00E-02 1.37E-01 )+

7.00E+00 2.00E+00 1.00E-02 2.47E-01 !
7.00E+00 4.00E+00 1.00E-02 1.37E-01 |
7.00E+00 6.00E+00 1.04E-02 2.75E-02 -i
9.00E+00 1.00E+00 1.00E-02 3.75E-02 i

O 9.00E+00 2.00E+00 1.00E-02 6.75E-02
9.00E+00 4.00E+00 1.00E-02 3.75E-02
9.00E+00 6.00E+00 1.00E-02 7.50E-03 :

RESULTS: !

!

. FAILURE FREQUENCY RANGE I
] LOWER B0UND= 7.51E-03
~

BEST ESTIMATE = 3.75E-02
UPPER B0UND= 1.88E-01 !

DEST ESTIMATE TIME DEPENDENT = 2.78E-02 |
BEST ESTIMATE TIME INDEPENDENT = 9.98E-03 ;

TOTAL BEFORE ACCOUNTING FOR DEPENDENCY BETWEEN TASKS =3.75E-02 J
!

!

!,

L||
'

|o
!
:
t-

$

j
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TABLE 4-1 (continued)

O
Sheet 79 of 111

HRE6C- UNPLUG RW SCREENS BEFORE LOSS OF AC OR SEAL FAILURE,CV FAILED

INPUT ECH0:

TYPE OF COGNITIVE PROCESSING IS = KNOWLEDGE
EXPERIENCE LEVEL OF OPERATING CREW IS = AVERAGE

STRESS LEVEL IN CONTROL ROOM IS = P0TENTIAL EMERGENCY

QUALITY OF PLANT INTERFACE WITH OPERATORS IS = FAIR
TYPE OF HUMAN ACTION TASK IS = RECOVER FAILED SYSTEM
ADDITIONAL CREW AVAILABLE FOR DIAGNOSIS IS = FULL SUPPORT
ADDITIONAL PLANT FEEDBACK TO ALERT OPERATOR = YES

TYPE OF DEPENDENCY BETWEEN TASKS IS = LOW

TITLE OF TASK WHICH THIS ACTION DEPENDS ON IS = HCV4

STATUS OF TASK WHICH THIS ACTION DEPENDS ON IS = FAILED
THE MEDIAN ESTIMATE OF THE TIME TO DIAGNOSE IS = 0.050 HOURS
ESTIMATES OF TIME AVAILABLE ARE = VARIABLE

(UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME) HOURS

DISTRIBUTION FOR TIMES ALLOWED
.

6.30 7.30 7.60 8.60 9.00 10.00 11.00 12.00 13.00 14.00

PROBABILITIES FOR TIMES ALLOWED DISTRIBUTION

|| |0.00 0.00 0.00 0.02 0.02 0.11 0.08 0.22 0.14 0.41

DISTRIBUTION FOR TIMES TO RESPOND ONCE DIAGNOSED
1.00 2.00 4.00 6.00 0.00 0.00 0.00 0.00 0.00 0.00

PROBABILITIES FOR TIME TO RESPOND DISTRIBUTION
U.25 0.45 0.25 0.05 0.00 0.00 0.00 0.00 0.00 0.00

l

!

l

i

1

9!
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TABLE 4-1 (continued)

O !
Sheet 80 of 111 '

HRE6C- UNPLUG RW SCREENS BEFORE LOSS OF AC~0R SEAL FAILURE,CV FAILED (continued) [
f

INTERMEDIATE RESULTS: ;

TIME ALLOWED TIME TO RESPOND ESTIMATED ERROR FREQUENCY. PROBABILITY ;

i

6.30E+00 1.00E+00 7.15E-04 2.50E-04 -;
6.30E+00 2.00E+00 7.15E-04 4.50E-04 !

6.30E+00 4.00E+00 7.15E-04 2.50E-04
6.30E+00 6.00E+00 7.63E-02 5.00E-05 |
7.30E+00 1.00E+00 1.00E-02. 1.00E-03 ;

7.30E+00 2.00E+00 1.00E-02 1.80E-03 i

7.30E+00 4.00E+00 1.00E-02 1.00E-03 !
7.30E+00 6.00E+00 1.01E-02 P.00E-04 |
7.60E+00 1.00E+00 1.00E-02 1.00E-03 t

7.60E+00 2.00E+00 1.00E-02 1.80E-03 !

7.60E+00 4.00E+00 1.00E-02 1.00E-03 |
7.60E+00 6.00E+00 1.00E-02 2.00E-04 i

8.60E+00 1.00E+00 1.00E-02 4.00E-03 |
8.60E+00 2.00E+00 1.00E-02 7.20E-03 i
8.60E+00 4.00E+00 1.00E-02 4.00E-03 i
8.60E+00 6.00E+00 1.00E-02 8.00E-04
9.00E+00 1.00E+00 1.00E-02 6.25E-03 !

O 9.00E+00 2.00E+00 1.00E-02 1.12E-02 |
9.00E+00 4.00E+00 1.00E-02 6.25E-03 !

9.00E+00 6.00E+00 1.00E-02 1.25E-03 |
1.00E+01 1.00E+00 1.00E-02 2.63E-02 ;

1.00E+01 2.00E+00 1.00E-02 4.72E-02 !
1.00E+01 4.00E+00 1.00E-02 2.63E-02 i
1.00E+01 6.00E+00 1.00E-02 5.7.5E-03 t

1.10E+01 1.00E+00 1.00E-02 1.88E-02 !
1.10E+01 2.00E+00 1.00E-02 3.37E-02 {
1.10E+01 4.00E+00 1.00E-02 1.88E-02 4

1.10E+01 6.00E+00 1.00E-02 3.75E-03 !
1.20E+01 1.00E+00 1.00E-02 5.50E-02
1.20E+01 2.00E+00 1.00E-02 9.90E-02

'

1.20E+01 4.00E+00 1.00E-02 5.50E-02 |

1.20E+01 6.00E+00 1.00E-02 1.10E-02 i

1.30E+01 1.00E+00 1.00E-02 3.50E-0P_ |
1.30E+01 2.00E+00 1.00E-02 6.30E-02 j

1.30E+01 4.00E+00 1.00E-02 3.50E-02 |
1.30E+01 6.00E+00 1.00E-02 7.00E-03 i
1.40E+01 1.00E+00 1.00E-02 1.03E-01 .|
1.40E+01 2.00E+00 1.00E-02 1.84E-01 i

1.40E+01 4.00E+00 1.00E-02 1.03E-01 1

1.40E+01 6.00E+0C 1.00E-02 2.05E-02 |
:

i

O !
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TABLE 4-1 (continued)

O
Sheet 81 of 111

HRE6C- UNPLUG RW SCREENS BEFORE LOSS OF AC OR SEAL FAILURE,CV FAILED (continued)

RESULTS:

FAILURE FREQUENCY RANGE
LOWER B0UND= 2.34E-02
BEST ESTIMATE = 5.95E-02
UPPER B0UND= 1.51E-01

BEST ESTIMATE TIME DEPENDENT = 3.33E-06
BEST ESTIMATE TIME INDEPENDENT = 9.99E-03
TOTAL BEFORE ACCOUNTING FOR DEPENDENCY BETWEEN TASKS =9.99E-03

_

O

O
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TABLE 4-1 (continued)

Sheet 82 of 111

HRE7- RECOVER ELECTRIC POWER, LOOP &1 DG FAILED,EFW SUCCESS !
!

!

POINT VALUE IS =5.01E-02 1

,

!

!

!

!

,

O |
;

I

|
,

O
,
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TABLE 4-1 (continued)

O
Sheet 83 of 111

HRE8- REC 0VER ELECTRIC POWER, LOOP 81DG FAILED,EFW FAILED

POINT VALUE IS =.382

,

O

O
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!TABLE.4-1 (continued)

Sheet 84 of 111

HRE9- ALIGN FIRE H0SE TO THE RIVER WATER SIDE OF DCCW HEAT EXCHANGERS
'
,

INPUT ECH0:
|!

TYPE OF C0GNITIVE PROCESSING IS = KNOWLEDGE !
"

EXPERIENCE LEVEL OF OPERATING CREW IS = AVERAGE i

STRESS LEVEL IN CONTROL ROOM IS = P0TENTIAL EMERGENCY i

QUALITY OF PLANT INTERFACE WITH OPERATORS IS = FAIR. ;

TYPE OF HUMAN ACTION TASK IS = REC 0VER FAILED SYSTEM-
ADDITIONAL CREW AVAILABLE FOR DIAGNOSIS IS =. FULL SUPPORT
ADDITIONAL PLANT FEEDBACK TO ALERT OPERATOR = YES |

TYPE OF DEPENDENCY BETWEEN TASKS IS = ZER0 |
STATUS OF TASK WHICH THIS ACTION DEPENDS ON IS = FAILED |
THE MEDIAN ESTIMATE OF THE TIME TO DIAGNOSE IS = 0.050 HOURS ;

ESTIMATES OF TIME AVAILABLE ARE a POINT ESTIMATE ,

(UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME) HOURS |

BEST ESTIMATE OF THE TIME AVAILABLE FOR DIAGNOSIS IS = 6.000 HOURS I

(UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME) |
:

RESULTS: ;

!

FAILURE FREQUENCY RANGE f
LOWER BOUND = 7.15E-05 j
BEST ESTIMATE = 7.15E-04 j
UPPER B0UND= 7.15E-03 ;

BEST ESTIMATE TIME DEPENDENT = NEGLIGIBLE i

BEST ESTIMATE TIME INDEPENDENT = 7.15E-04 ,

TOTAL BEFORE ACCOUNTING FOR DEPENDENCY BETWEEN TASKS =7.15E-04 |
1

!

,!

!

'.
:.

I
i

!

!
|
t

i
i
|

i
i

O
|
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lABLE 4-1 (continued)

O
Sheet 85 of 111

HRE11-INITIATE REPAIR OF DHR/DHCW PUMPS GIVEN ESAS

INPUT ECH0:

TYPE OF COGrilTIVE PROCESSING IS = SKILL
EXPERIENCE LEVEL OF OPERATING CREW IS = AVERAGE

STRESS LEVEL IN C0fiTROL ROOM IS = POTENTIAL EMERGENCY
QUALITY OF PLANT INTERFACE WITH OPERATORS IS = GOOD
TYPE OF HUMAN ACTI0ft TASK IS = RECOVER FAILED SYSTEM
ADDITIONAL CREW AVAILABLE FOR DIAGNOSIS IS = FULL SUPPORT
ADDITI0fiAL PLANT FEEDBACK TO ALERT OPERATOR = YES

TYPE OF DEPENDENCY BETWEEf4 TASKS IS = ZERO

STATUS OF TASK WHICH THIS ACTION DEPENDS ON IS = FAILED
THE MEDIAN ESTIMATE OF THE TIME TO DIAGNOSE IS = 0.250 HOURS
ESTIMATES OF TIME AVAILABLE ARE = P0lf1T ESTIMATE
(UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAft TIME) HOURS
BEST ESTIMATE OF THE TIME AVAILABLE FOR DIAGNOSIS IS = 3.000 HOURS
(UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME)

RESULTS:

FAILURE FREQUENCY RANGE
LOWER BOUND = 4.76E-05
BEST ESTIMATE = 4.76E-04
UPPER BOUND = 4.76E-03

BEST ESTIMATE TIME DEPENDENT = NEGLIGIBLE
BEST ESTIMATE TIME If1DEPEl4 DENT = 4.76E-04
TOTAL BEFORE ACCOUNTING FOR DEPENDENCY BETWEEN TASKS =4.76E-04

0
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TABLE 4-1 (continued) j

O |
Sheet 86 of 111 !

t

HRE12A-LOCALLY START DH PUMPS GIVEN DC FAILS,6 HOURS f
INPUT ECH0: !

'

TYPE OF COGNITIVE PROCESSING IS = KNOWLEDGE !
EXPERIEf;CE LEVEL 0F OPERATING CREW IS = AVERAGE {

STRESS LEVEL IN CONTROL ROOM IS = OPTIMAL CONDITIONS [
QUALITY OF PLANT INTERFACE WITH OPERATORS IS = FAIR :

TYPE OF HUMAN ACTION TASK IS = RECOVER FAILED SYSTEM i,

ADDITIONAL CREW AVAILABLE FOR DIAGNOSIS IS = FULL SUPPORT
'

ADDITIONAL PLANT FEEDBACK TO ALERT OPERATOR = YES I

TYPE OF DEPENDENCY BETWEEN TASKS IS = MEDIUM i

TITLE OF TASK WHICH THIS ACTION DEPENDS ON IS = HCD1
STATUS OF TASK WHICH THIS ACTION DEPENDS ON IS = SUCCEEDED
THE. MEDIAN ESTIMATE OF THE TIME TO DIAGNOSE IS =. 0.250 HOURS
ESTIMATES OF TIME AVAILABLE ARE = POINT ESTIMATE
(UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME) HOURS

BEST ESTIMATE OF THE TIME AVAILABLE FOR DIAGNOSIS IS = 5.000 HOURS (
(UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME) t

*

'
RESULTS:

t

O FAILURE FREQUENCY RANGE !
LOWER BOUND = 6.70E-05 -i
BEST ESTIMATE = 6.70E-04 i

UPPER B0UND= 6.70E-03 i

BEST ESTIMATE TIME DEPENDENT = 6.69E-05
BEST ESTIMATE TIME INDEPENDENT = 7.15E-04 I

TOTAL BEFORE ACCOUNTING FOR DEPENDENCY BETWEEN TASKS =7.82E-04 !

|
1 (

;

B

'
!

i

t
,

"

; I

|

i1

; O !
< i

1
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TABLE 4-1 (continued)

O
Sheet 87 of 111

HRE128-LOCALLY START DH PUMPS GIVEN DC FAILS,12 HOURS

INPUT ECH0:

TYPE OF COGNITIVE PROCESSING IS = KNOWLEDGE
EXPERIENCE LEVEL OF OPERATING CREW IS = AVERAGE

STRESS LEVEL IN CONTROL ROOM IS = OPTIMAL CONDITIONS
QUALITY OF PLANT INTERFACE WITH OPERATORS IS = FAIR
TYPE OF HUMAN ACTION TASK IS = REC 0VER FAILED SYSTEM
ADDITIONAL CREW AVAILABLE FOR DIAGNOSIS IS = FULL SUPPORT
ADDITIONAL PLANT FEEDBACK TO ALERT OPERATOR = YES
TYPE OF DEPENDENCY BETWEEN TASKS IS = MEDIUM
TITLE OF TASK WHICH THIS ACTION DEPENDS ON IS = HCD1

STATUS OF TASK WHICH THIS ACTION DEPENDS ON IS = SUCCEEDED
THE MEDIAN ESTIMATE OF THE TIME TO DIAGNOSE IS = 0.250 HOURS
ESTIMATES OF TIME AVAILABLE ARE = POINT ESTIMATE
(UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIMZ) HOURS

BEST ESTIMATE OF THE TIME AVAILABLE FOR DIAGNOSIS IS = 11.000 HOURS
(UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME)

RESULTS:

FAILURE FRE0VENCY RANGE
LOWER BOUND = 6.13E-05
BEST ESTIMATE = 6.13E-04
UPPER B0UND= 6.13E-03

BEST ESTIMATE TIME DEPENDENT = NEGLIGIBLE
BEST ESTIMATE TIME INDEPENDENT = 7.15E-04
TOTAL BEFORE ACCOUNTING FOR DEPENDENCY BETWEEN TASKS =7.15E-04

|
i

e
:
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TABLE 4-1 (continued)
b

Sheet 88 of 111

HRE12C-LOCALLY START DH PUMPS GIVEN DC FAILS,24 HOURS

INPUT ECH0:

TYPE OF COGNITIVE PROCESSING IS = KNOWLEDGE i

EXPERIENCE LEVEL OF OPERATING CREW IS = AVERAGE
STRESS LEVEL IN CONTROL R0Gi IS = OPTIMAL CONDITIONS
QUALITY OF PLANT INTERFACE WITH OPERATORS IS = FAIR
TYPE OF HUMAN ACTION TASK IS = RECOVER FAILED SYSTEM
ADDITIONAL CREW AVAILABLE FOR DIAGNOSIS IS = FULL SUPPORT i
ADDITIONAL PLANT FEEDBACK TO ALERT OPERATOR = YES !

TYPE OF DEPENDENCY BETWEEN TASKS IS = MEDIUM
TITLE OF TASK WHICH THIS ACTION DEPENDS ON IS = HCD1
STATUS OF TASK WHICH THIS ACTION DEPENDS ON IS = SUCCEEDED
THE MEDIAN ESTIMATE OF THE TIME TO DIAGNOSE IS = 0.250 HOURS
ESTIMATES OF TIME AVAILABLE ARE = P0 INT ESTIMATE
(UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME) HOURS
BEST ESTIMATE OF THE TIME AVAILABLE FOR DIAGNOSIS IS = 23.000 HOURS
(UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME)

RESULTS:
|

(} FAILURE FREQUENCY RANGE
LOWER BOUND = 6.13E-05
BEST ESTIMATE = 6.13E-04
UPPER B0UND= 6.13E-03 '

BEST ESTIMATE TIME DEPENDENT = NEGLIGIBLE <

BEST ESTIMATE TIME INDEPENDENT = 7.15E-04 '

TOTAL BEFORE ACCOUNTING FOR DEPENDENCY BETWEEN TASKS =7.15E-04 L

<

O
,

l

'
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TABLE d-1 (continued)

O'
Sheet 89 of 111

HR113A-NON-REPAIR OF DHR/DCCW PUf1PS Ifl 6 HOURS IF FAILED TO START

POINT VALUE IS =4.00E-01

9-

O'
.
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TABLE 4-1 (continued) |
'

Sheet 90 of 111- ,
.

,

HRE138-NON-REPAIR OF DHR/DCCW PUMPS IN 12 HOURS IF FAILED TO START
i

POINT VALUE IS =2.80E-01 |
,
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TARLE 4-1 (continued)

OSheet 91 of 111

HRE13C-NON-REPAIR OF DHR/DCCW PUMPS IN 24 HOURS IF FAILED TO START

POINT VALUE IS =2.80E-01

O

9
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TABLE 4-1 (continued)

@ |
Sheet 92 of 111

HRE14A-NON-RECOVERY FROM MAINTENANCE DHR/DCCW PUMPS IN 6 HOURS |
i

POINT VALUE IS =3.60E-01
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TABLE 4-1 (continued)

O
Sheet 93 of 111

HRE14B-NON-REC 0VERY FROM MAINTENANCE DHR/DCCW PUMPS IN 12 HOURS

POINT VALUE IS =1.40E-01

9
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O
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TABLE 4-1 (continued)

Sheet 94 of 111 :

HRE14C-NON-REC 0VERY FROM MAINTENANCE DHR/DCCW PUMPS IN 24 HOURS

I

POINT VALUE IS =2.00E-02 ,
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TABLE 4-1 (continued)

O
Sheet 95 of 111

HRT7- MANUAL REACTOR TRIP W/ SCRAM BUTTON

INPUT ECH0:

TYPE OF COGNITIVE PROCESSING TS = SKILL
EXPERIENCE LEiEL 0F OPERATING CREW IS = AVERAGE

STRESS LEVEL IN CONTROL ROOM IS = POTENTIAL EffEuGENCY
QUALITY OF PLANT INTERFACE WITH OPERATORS IS = GOOD

TYPE OF HUMAN ACTION TASK IS = BACKUP AUTO. ACTION
ADDITIONAL CREW AVAILABLE FOR DIAGNOSIS IS = NO ADDITIONAL
ADDITIONAL PLANT FEE 0BACK TO ALERT OPERATOR = YES

TYPE OF DEPENDENCY BETWEEN TASKS IS = ZERO

STATUS OF TASK WHICH THIS ACTION DEPENDS ON IS = FAILED
THE MEDIAN ESTIMATE OF THE TIME TO DIAGNOSE IS = 0.100 MINUTES
ESTIMATES OF TIME AVAILABLE ARE = POINT ESTIMATE
(UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME) MINUTES
BEST ESTIMATE OF THE TIME AVAILABLE FOR DIAGNOSIS IS = 0.300 MINUTES
(UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME)

RESULTS:

FAILURE FREQUENCY RANGE
LOWER B0UND= 5.80E-04
BEST ESTIMATE = 5.80E-03
UPPER BOUND = 5.80E-02

BEST ESTIMATE TIME DEPENDENT = 4.80E-03
BEST ESTIMATE TIME INDEPENDENT = 1.00E-03
TOTAL BEFORE ACCOUNTING FOR DEPENDENCY BETWEEN TASKS =5.80E-03

0
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TABLE 4-1 (continued)

Sheet 96 of 111

HRT8- INTERRUPT POWER TO CRD , AUTO TRIP FAILS

INPUT ECH0:

TYPE OF COGNITIVE PROCESSING IS = SKILL
EXPERIENCE LEVEL OF OPERATING CREW IS = AVERAGE

STRESS LEVEL IN CONTROL ROOM IS = POTENTIAL r.ME V F.NCY
QUALITY OF PLANT INTERFACE WITH OPERATORS IS = GOOD

TYPE OF HUMAN ACTION TASK IS = BACKUP AUTO. ACTION
ADDITIONAL CREW AVAILABLE FOR DIAGNOSIS IS = NO ADDITIONAL
ADDITIONAL PLANT FEEDBACK TO ALERT OPERATOR = YES

TYPE OF DEPENDENCY BETWEEN TASKS IS = LOW
TITLE OF TASK WHICH THIS ACTION DEPENDS ON IS = HRT7
STATUS OF TASK WHICH THIS ACTION DEPENDS ON IS = FAILED .

THE MEDIAN ESTIMATE OF THE TIME TO DIAGNOSE IS = 0.100 MINUTES !

ESTIMATES OF TIME AVAILABLE ARE = POINT ESTIMATE

(UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME). MINUTES
BEST ESTIMATE OF THE TIME AVAILABLE FOR DIAGNOSIS IS = 0.200 MINUTES
(UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME)

RESULTS:

O FAILURE FREQUENCY RANGEd LOWER BOUND = 8.03E-02
BEST ESTIt1 ATE = 1.32E-01
UPPER BOUND = 2.17E-01

BEST ESTIMATE TIME DEPENDENT = 8.52E-02
BEST ESTIMATE TIME INDEPENDENT = 1.00E-03
TOTAL BEFORE ACCOUNTING FOR DEPENDENCY BETWEEN TASKS =8.62E-02

O
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TABLE 4-1 (continued)

Sheet 97 of 111

HRV1 - ISOLATE ItFW FOLLOWING STUCK OPEN MSSV IN 30 MINUTES

INPUT ECH0:

TYPE OF COGNITIVE PROCESSlhG IS = RULE

EXPERIENCE LEVEL OF OPERATING CREW IS = AVERAGE

STRESS LEVEL IN CONTROL ROOM IS = P0TENTIAL EMERGENCY

QUAL.!TY OF PLANT INTERFACE WITH OPERATORS IS = FAIR
TYPE OF HUMAN ACTION 1ASK is - BACKUP AUT0. ACTION
ADDITIONAL CREW AVAILABLE FOR DIAGNOSIS IS = SHIFT SUPERVISOR

ADDITIONAL PLANT FEEDBACK TO ALERT OPERATOR = NO

TYPE OF DEPENDENCY BETWEEN TASKS IS = ZERO

STATUS OF TASK WHICH THIS ACTION DEPENDS ON IS = FAILED
THE MEDIAN ESTIMATE OF THE TIME TO DIAGNOSE IS = 2.000 MINUTES
ESTIMATES OF TIME AVAILABLE ARE u POINT ESTIMATE

(UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME) MINUTES

BEST ESTIMATE OF THE TIME AVAILABLE FOR DIAGNOSIS IS = 14.000 MINUTES
(UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME)

RESULTS:

FAILURE FREQUENCY RANGE
LOWER BOUND = 1.21E-03
BEST ESTIMATE = 1.21E-02
UPPER BOUND = 1.21E-01

BEST ESTIMATE TIME DEPENDENT = 1.11E-02
BEST ESTIMATE TIME INDEPENDENT = 1.00E-03
TOTAL BEFORE ACCOUNTING FOR DEPENDENCY BETWEEN TASKS =1.21E-02

0
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TABLE 4-1 (continued)

(
Sheet 98 or 13) ,

HSIl- ISOLATE MAIN STEAM LINES , DOWNSTREAM STEAM LINE BREAK
,

INPUT ECH0:

TYPE OF C0GNITIVE PROCESSING IS = RULE
EXPERIENCE LEVEL 0F OPERATING CREW IS = AVERAGE
STRESS LEVEL IN CONTROL ROOM IS = POTENTIAL EMERGENCY
QUALITY OF PLANT INTERFACE WITH OPERATORS IS = FAIR
TYPE OF HUMAN ACTION TASK IS = PLANNED MANUAL ACTION ,

ADDITIONAL CREW AVAILABLE FOR DIAGNOSIS IS = SHIFT SUPERVISOR !

ADDITIONAL PLANT FEEDBACK TO ALERT OPERATOR = YES
TYPE OF DEPENDENCY BETWEEN TASKS IS = ZERO I

STATUS OF TASK WHICH THIS .^CTION DEPENDS ON IS = FAILED
THE MEDIAN ESTIMATE OF THE TIME TO DIAGNOSE IS = 3.000 MINUTES
ESTIMATES OF TIME AVAILABLE ARE = POINT ESTIMATE
(UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME) MINUTES
BEST ESTIMATE OF THE TIME AVAILABLE FOR DIAGNOSIS IS = 15.000 MINUTES !

(UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME)

RESULTS:
i

FAILURE FREQUENCY RANGEO LOWER B')UND= 9.21E-03V BEST ESTIMATE = 4.60E-02
'

*

UPPER B0UND= 2.30E-01
BEST ESTIMATE TIME DEPENDENT = 4.50E-02 i

BEST ESTIMATE TIME INDEPENDENT = 1.00E-03 !
TOTAL BEFORE ACC0VHTING FOR DEPENDENCY BETWEEN TASKS =4.60E-02

,

l

|
!

I

I

O
!
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TABLE 4-1 (continued)

O
Sheet 99 of 111

HS!2- SHUT MSIVS + STOP EFW TO FAILED SG,UrSTREAM BREAKS

INPUT ECH0:

TYPE OF COGNITIVE PROCESSING IS = RULE
EXPERIENCE LEVEL OF OPERATING CREW IS = AVERAGE
STRESS LEVEL IN CONTROL ROOM IS = POTENTIAL EMERGENCY
OVALITY OF PLANT INTERFACE WITH OPERATORS IS = FAIR
TYPE OF HUMAN ACTION TASK IS = PLANNED MANUAL ACTION
ADDITIONAL CREW AVAILABLE FOR DIAGNOSIS IS = SHIFT SUPERVISOR
ADDITIONAL PLANT FEEDBACK TO ALERT OPERATOR = YES

TYPE OF DEPENDENCY BETWEEN TASKS IS = ZERO

STATUS OF TA.'X WHICH THIS ACTION DEPENDS ON IS = FAILED
THE MEDIAN iSIIMATE OF THE TIME TO DIAGNOSE IS = 3.000 MINUTES
ESTIMATES OF TIME AVAILABLE ARE = POINT ESTIMATE
(UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME) MINUTES
BES1 ESTIMATE OF THE TIME AVAILABLE FOR DIAGNOSIS IS = 14.500 MINUTES
(UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME)

RESULTS:

FAILURE FREQUENCY RANGE
LOWER BOUND = 1,04E-02

BEST ESTIMATE = 5.18E-02
UPPER BOUiiD= 2.59E-01

BEST ESTIHATE TIME DEPENDENT' 5.08E-02
BEST ESTIMATE TIME INDEPENDENT = 1.00E-03
TOTAL BEFORE ACCOUNTING FOR DEPENDENCY BETWEEN TASK 5=5.18E-02

|

|

till i

|
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3. TMI-1 SPECIFIC HUMAN PERFORMANCE INFORMATION ,

7

U
This section describes in general terms, the conduct of operations at
TMI-1; particularly, the relationship of available, qualified manpower to
man plant control stations in the event of an emergency. This background

,

information is presented separately so that it need not be repeated ini i

the documentation for each human action evaluated.

3.1 CONTROL ROOM CREW AND SUPPORT PERSONNEL
,

3.1.1 NORMAL SHIFT MANNING

Table 3-1 compares the shift manning requirements found in the plant
technical specifications with the requirements of Administrative
Procedure 1029 (Revision 18). The shift manning requirements listed in
Administrative Procedure 1029 are more stringent than the plant technical !

specifications. Since GPUN has committed itself to the requirements of
Administrative Procedure 1029 as part of its restart requirements for the

_

state of Pennsylvania, the shift manning requirements outlined in that
procedure are assumed to be applicable to the PRA shift manning mocel .
This assumption is still somewhat conservative because the current shift
duty roster indicates that each of the six operating crews is assigned ,

the manpower indicated in the third column of Table 3-1. By comparison,
one can see that the actual duty roster assignments are intended to

,

[
ensure that the minimum requirements of Administrative Procedure 1029 are

/N either met or exceeded. An extra control room operator trainee and an"

Q extra auxiliary operator trainee are permanently assigned to each of the . .%
six crews. A minimum of one senior reactor operator and ~one reactor
operator are required to be in the control room whenever tht: reactor
coolant system temperature is greater than 200*F.

Normally, one control room operator is assigned to the primary side of
the plant, one to tne remainder of the plant, and a third CR0 would be '

assigned to switching and tagging. All three would be reactor operator
quali fied . |

r

The five auxiliary operators would each be assigned specific areas of
responsibility. Two auxiliary operators would be assigned responsibility
for the primary side of the plant and radwaste systems, including

'

equipment mostly located in the containment, the auxiliary building, and
the fuel handling building. They are titled the primary auxiliary .
operator and the primary reading auxiliary operator. Two other auxiliary
operators are assigned responsibility for the secondary plant, including
equipment located in the control, turbine, and intermediate buildings. .

One is titled the secondary auxiliary operator, and the other is called
the secondary reading auxiliary operator. These two auxiliary operators |
are also qualified to operate equipment in the outbuildings. The fifth J

auxiliary operator is assigned primary responsibility for the
outbuildings; i.e., the circulating water and river water pump houses.
If a sixth auxiliary operator is available for duty, he is used as a
floater.

.

3-1
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Normally, one auxiliary operator is assigned to the outbuildings (e.g.,
river water pumphouse), two auxiliary operators are assigned to primary
systems and support systems, and two other auxiliary operators are
assigned to the secondary and turbine plant systems. As a result of
these assignments, there should be two auxiliary operators in the
auxiliary and fuel handling buildings and two in the turbine and
intermediate buildings at all times.

Not all of the personnel listed in Table 3-1 are always present in the
control room. Because of the minimum requirements noted, either the
shift supervisor or the shift foreman may be outside the control room.
One of the reactor operator licensed control room operators may also be
outside the control room although on duty at the start of an accident.
For the purposes of the PRA, one SR0 and one reactor operator are always
assumed to be initially present in the control room. A second control
room operator, who may not be reactor operator qualified, is also to be

! assumed present. The shift technical advisor, second SRO, and second
reactor operator are assumed to arrive at the control room in less than
5 minutes after an abnormal event; e.g., plant trip.

The shift supervisor's office is directly adjacent to the control room.
From his desk, he can look into the control room and view almost the
entire area (i.e., most of the panels) through a window located behind
the shift foreman's desk in the control room. An intercom connects the
control room to his of fice.

The shift technical advisor, although not required to be, is almost
always present in the control room. His role, however, is limited to one
of independently reviewing the status of the plant (i.e., acting as an
overseer), interpreting plant indications, and offering guidance to the
operating crew.

Trainees are only permitted to manipulate controls or take log readings
if under the direct supervision of a qualified operator. Except in
extreme emergencies or if necessary to prevent personnel injury or
equipment damage, the auxiliary operators 'nerate plant systems and
equipment only on the direct orders of the shift supervisor, shift
foreman, or the control room operator or ty at the panel. The
authority to order or affect a plant shut iown or to take the appropriate
actions necessary to protect the health and safety of the public is also
the responsibility of the shift supervisor, the shift foreman, and the
CR0 on duty at the panel.

The normal crew on duty also make up a five-man fire brigade, which is
onsite. The SR0 and CR0, who are required to De in the control room at
all times, may not also be assigned to the fire brigade.

3.1.2 EMERGENCY RESPONSE SUPPORT PERS0t1NEL

Other TMI personnel than those listed in Table 3-1 are available for
emergencies should these occur during normal working hours. The
personnel are available from the control room crew in training or tne

O
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relief crew. The auxiliary operators, control room operators, shift
foremen, STAS, and the shif t supervisors from these crews are instructed

(m\ to report to the operations support center, the control ' room, or the fire
d brigade, depending on their positions (Reference 3-1). During the day,

the operations manager and the operations engineer, who are both SR0
licensed, are also onsite.

It is possible that an event could happen when the training crew is at
Lynchburg, Virginia, for simulator training or during the night when
neither the training crew nor the relief crew are onsite. Often, plant
upsets occur in the middle of the night. Consequently, the PRA human
factors evaluation conservatively assumes no additional credit for the
presence of these additional crews.

During any time of the day or night, the THI-1 shift supervisor's
designee may initiate a callout for emergency situations
(Reference 3-2). Personnel assigned.to the initial response emergency
organization duty roster and the emergency support organization duty
roster would respond to the callout by first telephoning the shift
supervisor's office, then by reporting to their preassigned statiuns.
Each individual is provided a beeper during their duty week to ensure <

that the individual can be notified to respond in time. Persons on the '

initial response emergency organization duty rester must report within
1 hour for onsite assignments. Personnel assigned to the Emergency
support organization duty roster must also report to their assigned
stations within 1 hour (usually to the emergency operations facility).
Certain personnel on the emergency support organization duty roster are
allowed up to 4 hours after callout. Notification to activate the

y emergency operations facility and to call out additional _ support is
expected to occur nearly simultaneously with the declaration of a site or
general emergency. Even before initiating a formal callout in accordance
with procedures, the control room crew is likely to initiate a partial
callout of a few key personnel in the first few minutes following a
significant plant disturbance. No credit is anumed for this additional
early action, however, since it is not covered in the written
procedures. Within 1 hour of the callout, the following offsite
locations are assumed to be staffed and ready to assist the normal |
control room crew |

1

1. Emergency Operations Facility (Commerce Park, Harrisburg, )
Pennsylvania ) |

2. Annex to the E0F (Crawford Station, Middletown, Pennsylvania)
.

|

3. Parsippany Technical Functions Center (Room 3087 Cherry Hill |
Building, Parsippany, New Jersey)

.,

4. Recovery Technical Support Center (Unit 2) (Room 201/203 Unit 2
Administration Building)

5. Media Center (Crawford Station, Middletown, Pennsylvania)

In addition, within 1 hour of the callout support, personnel will have
arrived at the Unit 1 onsite technical support center, the operations

3-3
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support center, and, in some limited cases, at the control room to assist
the normal shift crew. The emergency director (normally the operations
manager or the operations and maintenance director) will report to the;

control room within 1 hour to take charge. He does so by first being'

briefed about the status of the plant, then announcing aloud that he is
assuming the responsibility of emergency director. The shift supervisor
on duty at the time of the initiator then reports to the emergency
director. If the accident were to occur during normal working hours, the
onsite support personnel would likely be available much sooner than
1 hour after call out, probably within just a few minutes.

The EOF, the onsite technical support center, and the Parsippany
technical support center are each equipped with plant computer alarm
indications and instrument readings. Plant engineering supplies
analytical support from the onsite technical support center located two
floors below the control room in the control tower. Engineering in
Parsippany also provides analytical support from the Parsippany technical
support center. Tne staff at the emergency operations facility also
provide analytical support although its primary function is to interface
with the state government and to provide recommendations about the
appropriateness and timing of evacuations. Since the EOF is farther than
10 miles from the site, this support center would remain manned even if a
full evacuation were ordered. All necessary onsite personnel (i.e.,
including those at the onsite technical support center and the operations
support center) would also remain onsite after an evacuation is called.
Personnel assigned to the onsite operations support center would not
provide additional analytical support since the center is not equipped
with access to the plant computer. Instead, their actions would be
directed by the responsible personnel in the control room. The onsite
operations support center staff who would collect in the health physics
area of the control tower on Elevation 306' would provide additional
skilled manpower to implement recovery actions, as directed from the
control room.

Thus, within 1 hour of a callout, the human factors evaluation performed
here assumes that each of the three emergency response facilities
equipped with access to plant computer output would be staffed and ready
to assist the control room crew in their diagnosis and to suggest
corrective actions. Also, within 1 hour of the callout, the human
factors evaluation assumes that sufficient skilled manpower would be
available onsite, in parallel, to attempt to accomplish virtually any
recovery actions identified. The timing of initiation of the callout is
considered separately for each human action evaluated.

3.2 TMI UNIT 1 PROCEDURES

Guidance for the proper use and organization of written procedures at THI
Unit 1 is provided in D2ference 3-3. The types of written procedures
available are listed below:

e Operating Procedures
e Abnormal Transient Operational Guidelines
e Abnormal Procedures
e Emergency Procedures

3-4
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e Alarm Response Procedures
,.D

(d e Maintenance Procedures
e Surveillance Procedures
e Fueling and Refueling Procedures
e Chemistry Procedures
e Security Procedures
e Radiological Controls Procedures
e Special Temporary Procedures -

In the event of a plant disturbance or emergency, the AT0Gs abnormal
procedures, emergency procedures, and alarm response procedures are
available at the center console in the control room for the operating
crew's use. Generally, one or two men, depending on the emergency, would
carry out the manual actions, while another person (generally, the shift
foreman or the other CRO) would read the appropriate procedure aloud to
check the man's performance at the console of the specified manual
actions and followup actions.

Figure 3-1 illustrates the relationship between the written procedures
likely to be used by the control room crew. When an alarm comes in, it
is prioritized by color. A red alarm indicates the conoitions requiring
a plant trip. The operating crew is directed to AT0G Procedure 1210-1,
"reactor / turbine trip." A blue alarm indicates the conditions requiring '

engineered safeguards actuation. If both a blue and a red alarm come in,

the crew is also directed to AT0G Procedure 1210-1. If a blue alarm
comes in without a red alarm, this would indicate an inadvertent
actuation of engineered safeguards. In either case, the operating crew

v would first go to abnormal transient Procedure 1210-1. If the alarm is
neither red nor blue, the operators are instead directed to the alarm
response procedures. These procedures are generally just a single page
although, for some alarms, they may contain many pages. The alarm
response procedures indicate the steps the operators may need to take in
response to the alarms. For some alarms, they may just document the
potential causes of a trouble indication. Some alarms are merely
indicating normal or expected conditions for which no action is
required. Alarms resulting from instrument malfunctions may be bypassed
if there is an increased monitoring frequency of the operating parameters
associate <i with the alarn and an out-of-service sticker is placed on the
alarm window (Reference 3-3). Table 3-2 provides a sample page from the
index of alarm response procedures.

Abnormal transient Procedure 1210-1 is symptom-oriented. It may direct
the operators to refer to the other abnormal transient procedures for
further actions. An index of the abnormal transient procedures is
provided in Table 3-3. The abnormal transient procedures may direct the
operators to the abnormal procedures, emergency procedures, or, once -

conditions have stabilized, to normal operating procedures.

The abnormal procedures and emergency procedures are more specifically
event-oriented. The indexes of these procedures are provided in
Tables 3-4 and 3-5. The abnormal procedures generally address problems
related to a single system, while emergency procedures are intended more
to address plantwide impacts.

3-5
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Normal operating procedures are entered from any of the previously
mentioned procedures after the impacted plant or specific system has been
stabilized. The normal operating procedures are essentially of two

| types; major plant evolution procedures (e.g., plant heatup to 525 F and
RCS natural circulation cooling) and system operating procedurn. These
procedures can be categorized as goal-oriented.

In the event that there are no procedures to cover a specific emergency
situation, plant personnel are directed to take whatever action is
necessary to protect the health and safety of the general public and site
personnel (Reference 3-3). In addition, special temporary procedures may
be prepared and implemented in response to a particular situation during
the course of the event. For the purposes of the PRA model, however,
such special temporary procedures are not credited with the same
completeness and careful review as those procedures in place beforehand.
Of course, for routinely performed actions that are frequently repeated
and for which procedures do exist, the operators are not required to have
the procedure available or signed off.

Fueling and refueling, chemistry, security, and radiological controls
procedures are noc discussed in this report since they have little
bearing on the risk assessment caf plant power operations, at least
insofar as the operator actions iden".ified for evaluation in this

report. Maintenance and surveillance procedures can determine the
likelihood of correction and detection of previous equipment failures and
system misalignments or miscalibrations. From the steps in these
procedures, one can also speculat a about the most likely errors that may
occur as a result of performing the required surveillance or maintenance
actions.

Administrative Procedure 1002 (Reference 3-4) is important for the
consideration of routine human actions (i .e., those performed prior to an
accident initiator) because it describes the tagging and switching
procedures followed at TMI Unit 1. Table 20-15 of the NRC handbook
(Reference 3-5, pages 1 to 5) qualitatively describes four levels of
tagging or switching systems. The NRC handbook suggests that human error
rates for routine errors of omission be scaled up or down to reflect the
quality of the switching and tagging system implemented. A brief summary
of the tagging and Mitching system at TMI-Unit 1 is provided below and
compared to the qualitative levels of the handbook.

At TMI Unit 1, an extensive and formal tagging and switching procedure
has been implemented. The pi zess of applying for and installing tags,
issuing and implementing switching orders, and restoring equipment to
service is controlled by the completion of written request forms and

,

signoffs. Only trained personnel on an authorized list are permitted to '

even request switching and tagging actions. Only one device requiring a !
tag is listed per line in the application. Applications for apparatus to |
be taken out of service must be approved by the department foreman of the '

person making the request, then submitted to the shift foreman who i
verifies the application for accuracy and compliance with plant technical |

specifications.
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The approved application is then presented to the CR0 assigned tos

switching and tagging. The CR0 responsibility for switching and tagging
is rotated daily. The responsible CR0 assigns a control number to the'

application, which then becomes a clearance controlling document for all
parties affected by the tagging. In this way, duplicate requests to ,

manipulate the same equipmenc are combined, and. switching orders are only
'

granted when all parties grant clearance. The responsible CR0 then
prepares a switching order that documents the control number, date, time,
and order of switching and prepares the required tags. Listed on each
tag are the date and time placed, the control number, the name and number
of _ the device, and the position into which the device is to be placed.
The actual position and tagging is performed by a person designated by
the duty shift supervisor or shift foreman, then is verified by the ,

individual who requested the tagging. The completed switching order is
then returned to the responsible CRO, compared with the original, then
destroyed. When all parties have completed their work, another switching
and tagging order is prepared to return the system to service and the i
tags are removed. Again, the shift foreman _ verifies that the equipment '

is ready for service and gives his approval to the responsible CR0 to <

issue a switching order. When the switching order is completed, the ;

shift foreman signs the original application indicating that the
equipment is approved for operation.

|When the work is associated with ESAS-actuated systems or the. emergency
feedwater system, an independent review of the switching order is !
required when restoring the system to service. After restoration,
applicable testing must be performed to demonstrate equipment
operability. The systems covered by this independent verification >

,

requirement are listed in Table 3-6; i .e., enclosure 9 of AP1002. At the
end of each shift, both ESAS and EFW readiness check lists and log sheets
are reviewed by both oncoming and off-going operators (Reference 3-1).
The independent verification requirement is an important consideration in ' i

the assessment of a system misalignment error and so is explicitly
modeled when appropriate. Either remote light indications or visual i

sighting may be used to verify the position of switches and breakers
covered by this requirement for independent verification. Remote

,

'

indications may also be used for verification of valve :asitions. For
manual valves, position verification is established by pnysically turning
the valve in the closed direction (Reference 3-1).

!

Relative to the qualitative switching and tagging system levels defined (
in the NRC handbook (Reference 3-5), the system at TMI Unit 1 is judged ;
to be level 2. The system has elements of a level 1 or excellent system I

because tags are uniquely identified by a separate line in' the tagging !
application and a record is kept of each tag issued. However,' the system '

also has some elements of a level 2 system. The duties of the tagging -

controller are frequently rotated among the operators, and no estimate of
the expected time of return of the tag is made at the time it is issued.
Therefore, the extra recovery factor for errors of omission or selection,
which is associated with a level 1 system, are not credited. The nominal |
human error probabilities associated with a level 2 system are instead
used in this evaluation.

O
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3.3 OPERATOR STATIONS

The control room crew and support personnel were described in
Section 3.1. The control room is located at Elevation 355' of the
control room tower. The 1ayout of the control room is shown in
Figure 3-2. The control room "operator at the controls" must remain in
the hatched area shown in the "igure (Reference 3-2). The upright
panels begin at the lef t with ptnel lef t and extend around to the right
ending with panel right. Page phones are located adjacent to the console
left, console center, and console right sections. All controls located
in the control room are easily accessible to the operators. A brief
description of the layout of controls in the control room is now provided.

The plant computer CRTs and printouts are located at the computer panel
in the center of the control room. Controls for the primary system
equipment are located mostly at console center and console right.
Controls indications and alarms for the control rod drives and reactor
trip, pressurizer, makeup, reactor coolant pumps, decay heat removal,
emergency feedwater, reactor building spray, engineered safeguards power
and actuation signals, reactor building emergency cooling, intermediate
closed cooling water, turbine bypass valves, atmospheric dump valves,
main feedwater, and the integrated control system are all found on these
consol es . Console left has the controls for the main generator, main
turbine (including turbine trip), secondary services closed and river
water, and main feedwater pump start and trip. The back panels have the
remaining controls for the secondary plant. Panel lef t has the controls
for the instrument and service air systems and the reactor building purge
system. Panel left front has the controls and indications for the
circulating water system and the feedwater and condensate valves. Panel
center left has indications for the main turbine. Panel center has
indicating lights for the power supplies of the ICS/NNI systems. Large
digital readouts are also displayed for key system parameters; i .e.,
saturation margin, primary system temperature (Thot nd Tcold) "d
pressure, and steam generator pressure. These displays can be read
easily from the computer panel side of console center. Panel center
right has additional indications and valve controls for engineered
safeguards equipment. Panel right front has the radiation monitors and
alarms for all the buildings. Panel right has the controls for the
non-1E electrical buses downstream of the auxiliary transformers.
Controls for breakers upstream of the auxiliary transformers are located
on the substation panel, which is on the left side of the control room.

The liquid waste disposal system panel, located near the right entrance
to the control room, controls the reactor coolant drain tank, the bleed
tanks, and the boric acid pumps.

There are three exits from the control room; one on either side of the
shift superintendents' of fice at the bottom of Figure 3-2 and one behind
panel right front.

In the event the control room must be abandoned, the operators are
instructed to first ensure reactor trip and turbine trip, trip the main
feedwater pumps, start emergency feedwater, and initiate emergency
boration (Reference 3-6). These and other cooldown actions can also be

1
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accomplished outside the control room from a number of different local
/D stations (Reference 3-6); i .e., generally from the switchgear supplying
-

,

U power to the equipment. The remote shutdown panel is in the control
building, a floor below the control room; i.e., Elevation 322'. The
remote shutdown panel allows the operator to control the atmospheric dump
valves and the emergency feedwater flow control valves. Control for this-
equipment is transferred from the control room to the remote shutdown
panel from outside the control room.

A number of the human actions defined in Section 1 require that the '

operators manipulate controls or equipment located outside the control
room even if the control room is habitable. -Dynamic human actions may be
limited by the time required to reach theso remote locations. Table 3-7
summarizes pertinent information about local control stations outside the
control room where operators may have to go to perform some of the
dynamic human actions included in the model. The relevant human actions,
the equipment manipulated, the location of the control station, and some
additional comments are provided for each of the dynamic human actions
that require operator actions outside the control room. The comments in
Table 3-7 indicate the likely members of the shift crew who would respond-
and whether radiation areas must.be entered to accomplish the action. In
estimating the amount of time it would take for an operator to reach the
local station, it was recognized that auxiliary operators may already be

'

in the area or at least in a nearby building. The times indicated for
response should therefore not be interpreted as simple estimates of the
transit times between the control room and the local stations. All other

q dynamic human actions included in the model can be performed remotely
. from the control room.

With regard to human action HNS6, any one of a number of heat exchanger
loads may be the one leaking and require isolation. For the cooling
loads located within the reactor building, some indications of a leak are
provided outside the reactor building. In the intermediate building,
flow indications are provided that allow one to determine whether the
reactor building fan coolers are leaking. It would normally take ,

2 to 3 hours to enter the reactor building. However, in an emergency, it
is expected that it could be entered in about 1 hour to isolate
particular loads.

3.4 OPERATOR RESPONSE TIME LINES

This section presents the development of TMI-1 plant-specific, operator
time lines for two important accident sequences. The intent is to
illustrate the number of personnel available to carry out the actions
required and to thereby demonstrate the adequacy of the existing number
of personnel. -

Figure 3-3 shows the operator time line for a general transient like one
that would be initiated by a reactor or turbine trip. This particular
accident sequence does not require an excessive number of personnel to
perform the actions called for by procedure. The time line is not shown
to scale in the figure but does illustrate the relative order of the

ha
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actions. One reactor operator would be responsible for ensuring that
both the reactor and the turbine trip. The operator is instructed to hit
both the reactor trip and turbine trip buttons anytime the
reactor / turbine trip procedure (i .e.,1210-1) is entered. These actions
take only a few seconds. The reactor trip button is located on console
center, and the turbine trip button is located on console left.

This same reactor operator would then also start the second makeup pump
to maintain pressurizer level . The controls for makeup pump 1A (assume
makeup pump 18 is already running) are located on console center.
Similary, the controls for the decay heat closed and river water pumps,
which must be started to provide cooling for makeup pump 1A, are also
located on console center. Starting the second makeup pump and these
support systems also only takes a few seconds.

The first reactor operator then also announces the reactor trip on the
page system. Altogether, these actions would probably only take about
1 minute.

In parallel with the first reactor operator's actions, the auxiliary
operators would also' initiate posttrip actions. Each auxiliary operator
carries with him a card with initial instructions about his
responsibilities following a normal plant trip, a loss of offsite power,
a loss of instrument air, and when the control room must be evacuated.
For a normal plant trip, the secondary readings auxiliary operator would
establish eighth-stage feedwater heating. This action would be performed
locally at the north end of the fourth floor of the turbine building.
This action is estimated to take about 45 minutes.

Lanwhile the secondary auxiliary operator is instructed to initiate the
auxiliary boiler. The manual valves and controls needed to accomplish
this action are located in the boiler area at the north end of the
turbine building on the first floor. This action is estimated to require
about 45 minutes.

The primary readinas auxiliary operator would report to the north end of
the second floor of the turbine building to adjust the lube oil
temperature. He would then proceed to the east wall of the same floor to
remove five of the six powdex vessels from service. Together, these
actions are only estimated to take about 15 minutes.

Af ter 6 to 8 minutes, the second reactor operator would initiate reactor
cooldown. Normally, he would accomplish this by opening the turbine
bypass valves from the control room. If the circulating water pumps are
not available or the main condensor is for some other reason not
available, he would instead initiate cooldown using the atmospheric dump
valves. In either case, he would control the rate of RCS
depressurization by opening the pressurizer spray valve. He would also
turn off all pressurizer heaters. It is estimated that, within
10 minutes of a plant trip sample, the actions to initiate cooldown would
be completed.

G
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As can be seen in Figure 3-3, two of the auxiliary operators and the
Q third reactor operator have no specific requirements for action and would
C/ be available to respond to any additional equipment failures. After only

the first minute, the.first reactor operator would also be available.
This time line illustrates that the demands on the operating crew's time
following a simple plant trip are minimal, so ample personnel would be
available to respond to any abnormal conditions.

Figure 3-4 provides the operator response time line for a very severe
personnel-demanding accident sequence; i.e., loss of offsite power with
failure of diesel generator 18. Total loss of all AC power is evaluated

,separately, as described in Section 4.3. For this accident sequence, it
is expected that the shift foreman and the secondary readings auxiliary
operator would report to the failed diesel and locally attempt recovery.
A reactor operator would attempt diesel generator recovery from the
control room. If recovery is not successful, it.is judged that these !

three persons would not be released to perform other actions for about i
1 hour. The recovery of the diesel would be assigned the highest i

priority until additional help arrives as a result of declaring an
unusual event-or an alert. A second reactor operator would meanwhile
carry cut the initially required actions in the plant trip procedure;
i.e., 1210-1. He would also verify the automatic starting and loading of
standby equipment-when diesel 1A restores power. If train A of equipment <

is not automatically restarted, he would take action to manually initiate
the equipment necessary to ensure nuclear services closed cooling,
intermediate closed cooling, RCP seal injection, and RCS makeup are
functional. This same reactor operator later then would initiate natural

O circulation cooldown and follow the progression of plant cooldown from
545 F to 200 F.

,

Only if an engineered safeguard activation signal occurred would the
instrument air compressors be locked out. The third reactor operator
would then be responsible for ensuring that compressed air was restored
within 20 minutes of diesel generator 1A restarting. However, the
coincident occurrence of a loss of offsite power and an ESAS signal is i

very unlikely.

The third reactor operator would be responsible for first injecting |
4,814 gallons of boric acid (12,250 ppm boron) into the makeup tank, then
into the RCS. This ensures that core shutdown margin is maintained
during the cooldown. The third reactor operator should be able to
complete the required boric acid makeup within the first hour. *

Afterward, he would be available to help ensure continued control
building ventilation. Recall that, with train B of vital electric power

,

unavailable, instrument buses powered from train B may be lost after i
train 8 batteries supplying DC power are depleted. Control building room |
dampers would then fail closed. The third reactor operator would be
available to help establish alternate ventilation after the first hour.

,

Any one of the three reactor operators would be available to establish I

long-term decay heat removal following natural circulation cooldown at !
about 8 hours.

p The secondary auxiliary operator would report to the intermediate
v building to take manual control of the EFW flow control valves (EF-V30s)

if necessary. His instructions are to remain there throughout the

1
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event. The primary readings auxiliary operator would report to the
turbine-driven EFW pump (EF-P-1) to ensure proper operation and, if
necessary, control the atmospheric dump valves (MS-V4A and MS-V4B) that
are located in the same area. If both diesels are available, the

blackout Procedure 1202-2 instructs the operators to load the pressurizer
heaters onto a diesel. The secondary auxiliary operator would probably
perform this action. Since this sequence includes failure of one diesel,
this action is not required in this evaluation.

Another auxiliary operator would be assigned to rotate the main turbine
by hand. This action would require his full attention for several
hours. One other auxiliary operator would provide assistance in
attempting to restore offsite p0wer at the substation. If these efforts
are unsuccessful, it is expected that he would be tied up pursuing this
recovery action for at least the first hour. After the first hour, he
would likely become available for other duties, as additional personnel
report to assist in recovering offsite power.

The loss of offsite power sequence with diesel 1B also failed is one of
the most limiting accident sequences insofar as demands on operations
personnel are concerned. The above discussion indicates that the normal
crew manning is sufficient to perform all the required actions. The
shift supervisor and shift technical advisor would remain uncommitted and
therefore available for continued accident equence diagnosis and
strategy. After the first hour, two of the reactor operators would be
free for other duties. During the first half-hour, one reactor operator
is uncommitted, and, during the second half-hour, an auxiliary operator
is uncommitted. These observations indicate that if additional equipment
failures were to occur, the operating crew should not be manpower-limited
in attempting to respond. For example, if the 2-hour air bottles needed
replacing, ample manpower is available with the normal crew manning to
complete this action in time. Since this is true for such a
manpower-demanding sequence, it is assumed to also be true for other
accident sequences that are less demanding. In addition, for this

limiting sequence, an alert would be declared that would bring additional
personnel onsite within 1 hour. For other sequences with high demands on
the number of personnel required, it is also very likely that an alert or
site emergency would be declared. This would add substantially to the
number of personnel available after the first hour.

3.5 TMI UNIT 1 PRELIMINARY TABLES FOR THE CONFUSION MATRIX

The procedure followed for developing a confusion matrix is described in
Section 2.3.3. The first three preliminary tables prepared specifically
for TMI Unit 1 are presented in this section as Tables 3-8, 3-9,
and 3-10. In addition to the list of initiating events quantified in
this study, three other accident sequences were included in the
evaluation; inadvertent HPI, main steam line break in the reactor

building, and ATWS. These events were added because of the initially
perceived potential to confuse one of these events with the initiators
that were quantified in detail .

9
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iTable 3-8 presents the expected plant response tollowing each of the

ph initiators evaluated in this study. The plant indications listed along
the top axis of the table are those that the operator normally keys on to'
help him diagnose the event and select the appropriate procedure. The
groups of alarms are identified in the footnotes for the table. -

Table 3-9 summarizes the entry conditions for each procedure in terms of
the same plant indications considered in Table 3-8. Not all procedures ;

are evaluated. However, all 10 abnormal transient procedures in effect ;

in April 1986, and a variety of other procedures judged to cover the
initiators under consideration, were evaluated. By comparing the
expected plant response in Table 3-8 with the procedure entry conditions !
in Table 3-9, one can judge which procedures the operator is most likely
to consider applicable.

Table 3-10 then indicates the intended procedures to be entered and in
what sequence they are expected to be followed for each initiator. If

the entry conditions for some other procedure are met for a given
initiator, or nearly met, such situations are then examined carefully to
determine if there is some potential for misdiagnosis. Where the
potential for misdiagnosis is judged to be significant, this is recorded ;
in the confusion matrix described in Section 4.2.2. Also, the different
plant responses in Table 3-8 for each initiator can be compared directly
to see if they are similar enough to be confused. It is important,

thowever, that the incorrectly selected procedure be identified so that >

any potential impact of this action can be noted and included in the -

model.

O Table 3-11 was prepared to help identify the potential impacts of a given
misdiagnosis. The actions called for in each procedure are identified in :
terms of the top events defined in the plant model. The "X" entries '

indicate those top event functions that the procedure instructs the
,

operator to perform or to verify have been accomplished automatically. ;

The "0" entries identify the actions called for in the procedure that are
the opposite of, or that at least partially defeat, the functions
represented by the corresponding top event in the plant model. When a :potential for misdiagnosis is identified, the actions identified in the
correct procedure, as summarized in this table, can be compared with ,

those in the inadvertently selected procedure to determine what actions [the operator might then omit or wrongly perform. If there is no
significant impact, an "N" for negligible impact is entered in the
confusion matrix. If a significant impact is identified, an "R" is
entered to indicate that a rediagnosis is required. The specific impacts !
of each entry in the confusion matrix is discussed more fully in :

Section 4.2.2, where the confusion matrix is presented. '

Table 3-12 documents the cross-references between the key procedures that
were evaluated for potential misdiagnosis. It is readily apparent that
there are many cross-references between the AT0G procedures; i.e., the

.

1210 series of procedures. Also, some of the other procedures instruct
the operators to refer back to Procedure 1210-1 which puts them back into
the abnormal procedure series. In considering the sequence of procedures
followed for each initiator, particular attention should be given to
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those indications which lead the operators to select a procedure not
normally transferred to from the original procedure selected.

O3.6 TMI STATION PLANT-SPECIFIC DATA

This section reviews the available experience base at TMI station with
regards to past human action performance. The source of information
relied on for this qualitative review is Nuclear Power Experience
(Reference 3-7) through September 1983. No attempt was made to extract
quantitative human error rates from this source because of the potential
for lack of completeness in the number of identified errors and because
of the difficulty in determining the number of successful actions. Also,
improvements in plant procedures since the TMI-2 accident in March 1979
is expected to lower the occurrence rate of such errors. Instead, this
review was undertaken to identify the types of human errors that may
occur. Since quantitative insights were not to be determined and Units 1
and 2 designs are similar in many ways, the experience of both units is
included in the review although the operating crews for each unit are now
completely separate.

Table 3-13 lists several errors that have occurred at the TMI units,
resulting from sucn routine actions as equipment restoration following
test or maintenance activities. Table 3-13 list 16 such errors,
identifying the date reported, the unit and system affected, the type of
routine action durir.g which the error occurred, the number of trains
affected, and some descriptive connents. The detection or recovery times
are not always clearly identified in the referenced source, but some
judgments can be made to estimate these time durations. Of those events
reported, a large proportion of them involves actions in restoring
systena following maintenance. A large proportion of such errors
involves only one train of a redundant system. A key exception to this
was the inadvertent valving out of all three trains of EFW on Unit 2,
which played a role in the March 1979 accident at TMI-2. Several of the
misalignment errors reported were discovered before the system was
declared operable or prior to completion of the rise to power of the
plant.

Figure 3-5 illustrates the distribution of detection or recovery times
for such misalignment errors as those identified in Table 3-13. Often,
such errors are detected by system operability tests performed prior to
returning the system to service. Many of those errors that go initially
undetected are then discovered within a day or two. Typical errors
detected in the first day or two are mispositioned controls or errors
that leave tell-tale signs (e.g., disassembled equipment or leaks) that
may be visually discovered. Finally, errors that are only discovered at
times later than a couple of days after they occur, but on or before the
next system functional test, appear to be those that leave equipment
functionally unavailable but that have either no visual indications that
it is unavailable or that it is only locally positioned equipment (e.g.,
mispositioned manual valves) whose status attracts little attention.

These observations were considered in assigning the expected durations
for each misalignment error included in the plant model (note the human
actions classified as routine in Table 1-1).

3-14
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Tabli 3-14 summarizes problems discovered at 1MI Units 1 and 2 involving
plant instrumentation. These events are reviewed here because such,

[V) problems may mislead or confuse the operators and thereby contribute to a
subsequent human error. Table 3-14 identifies the date of the reported
problem, the unit affected, the system and instrument type involved, the
number of instrument trains affected, the type of problem encountered,
the detection or recovery time if availab.'e, and a brief description of

,

the problem.

The instrument problems reported affect a variety of plant indications,
but especially radiation monitors and level indications. Reported
problems involving multiple indications or trains mostly involve level
indications. Two problems involving redundant level indications, both of
which occurred at Unit 2 after the accident, were probably caused by
extreme environmental conditions, which are not present on Unit 1. The i'last problem listed in Table 3-14 occurred at Unit 1 and also involves a
problem with level indications affecting multiple trains. This last
event, which affected multiple trains, is believed adequately accounted '

for by the treatment adopted in this study of common cause failures of
standby pumps. '

In Table 3-14, the types of instrument problems are classified into four
,

categories: not restored correct?y, misleading indications, equipment
failures, and environmental design. Of the 27 instrument problems listed -

in Table 3-14, 8 are said tn involve human errors in restoring the
instruments to service following test or maintenance activities. There |
were 14 problems involving instrument equipment failures of either the '

@ equipment itself or its power supplies, and there were 16 problams in
V which the instrumentation gave misleading results, and 5 problems that

were caused by an abnormal environment for wh ch the instrumentation was '

not designed. Each of these general causes of instrument problems would -

have to be investigated to thoroughly evaluate the impact of instrument
problems on the operators' response. This detailed level of i

instrumentation review was not performed in the current study since the
models for quantifying human errors ara not currently sufficient to
reflect such distinctions explicitly. However, the number and similarity -

of plant indications were considered qualitatively in judging the !
potential for misdiagnosis for each initiator.

'

Table 3-15 summarizes problems involving calibration of instrumentation
at TMI Units 1 and 2. Calibration errors are explicitly modeled in the
systems analyses for both RPS and ESAS. A multiple channel
miscalibration of one parameter of the input to the RPS at Unit 1
occurred in its early years of operation. Whether a particular
miscalibration is sufficiently in error to be called a system failure in

ithe event a system demand occurred before it was detected must be
determined on a sequence-specific basis. The miscalibration that was
reported did, however, affect only one parameter, and multiple parameters t

should be present to initiate a reactor trip. The second and third |
miscalibration problems listed in Table 3-15 resulted from failures of !
common equipment, not as a result of human errors. The last problem

,

listed resulted from an error in restoring the system following a |calibration activity. |

O ;

i
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The experience base is limited with regard to dynamic human actions.
Table 3-16 summarizes a number of observations about the response of
plant personnel to previous sequences at TMI Units 1 and 2. Included in
the listed observations are successes (i.e., items 2 and 10) as well as
problems that may have arisen. With the exception of item 1, which is
not a concern to plant safety, all the problems involving dynamic human
actions occurred at Unit 2. The recovery or detection times listed in
the table provide some indication of when correct actions may be taken in
real life situations. However, it should be repeated that the experience
base for dynamic human actions at Unit 1, as reported in Reference 3-7,
is extremely limited. The observations listed could not be used
quantitatively in the assignment of error rates.
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TABLE 3-1. SHIFT MANNING REQUIREMENTS
,

O |
'

.

Plant Administrative f

Technical Procedure 1029
. |

Specifications Requirements Actual' Duty Roster as of '

Personnel Requirements (plant > 200 F Early 1986 i

(Table 6.2-1, RCS !

when > 200'F) temperature) {

!
Senior Reactor One Two (shift Two .(shift supervisor, !

Operators supervisor, shift foreman, both SRO .j
shift foreman) licensed) ;

,

Control Room Three. Three (two Four (three reactor !
Operators are reactor operators, reactor operator i

operator licensed, plus one trainee) (
qualified) i

Auxiliary Two Five Seven (six auxiliary '

Operators operators - A, one
auxiliary operator - C) |

,

Shift Technical One One One i

Advisor (STA) |
'O
|

f
I

i

;

;

,

1

1

0

0497GUS3086HAAR 3-17

|
_- . -, . . _.- - - --. - .,- . .. .. . - . . _,- ._.- - _ _ _ - . . ._- ,_,, - ,. .,, ,,

. -,1



TABLE 3-2. EXCERPT FROM PROCEDURES INDEX REPORT FOR TMI UNIT 1
RECORD TYPE: 049-25 ALARM RESPONSE PROCEDURES

P o edure Revision Effdate Title

PLB-6-6 000002 830118 Panel left Annunciator B; Reactor Building
Ventiltion Fan IC

PLB-6-7 000001 850402 Panel left Annunciator B; Amertap Trouble

PLB-6-8 000001 850402 Panel left Annunciator B; River Rake or

Screens Trouble

PLB-6-9 000001 850402 Panel left Annunciator B; Reactor Building
Purge Supply Fan, Low Flow

PLB-6-10 000003 850402 Panel Left Annunciator B; Reactor Building
Purge Exhaust Fan, High Flow

PLB-7-1 000002 850402 Panel Lef t Annunciator B; Auxiliary
Building Filter 1 Manual Deluge

PLB-7-2 ')00002 850402 Panel Left Annunciator B; Auxiliary
Building Filter 2A and 2D Manual Deluge

PLB-7-3 000303 850402 Panel Lef t Annunciator B; Circulating Water
Pump House Sprinkler

PLB-7-4 000002 840829 Panel Lef t Annunciator B (PLB); EFP Room "A"
Sump Level High

PLB-7-5 000001 830420 Panel Left Annunciator B; IB Building Spray
Pump Compartment

PLB-7-6 000001 850402 Panel Left Annunciator B; Turbine Plant

Chemical Feed Troule

PLB-7-7 000001 821228 Panel Left Annunciator B (PLG); River
Chlorinator Trouble

PLB-7-8 000002 850402 Panel Left Annunciator B; Circulating Water
Chlorinator Trouble

PLB-7-9 000001 821228 Panel lef t Annunciator B (PLB); Reactor
Building Purge Supply Duct, High
Temperature

G
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TABLE 3-3. PROCEDURES INDEX REPORT FOR TMI UNIT 1 !

RECORD TYPE: 049-36 ABNORMAL TRANSIENT PROCEDURES
'

O i

>

r d e
. Revision Effdate Titlegu be

|
1210-1 000010 851223 Reactor / Turbine Trip !

I
1210-2 000007 850410 Loss of 25 F Subcooled Margin

1210-3 000006 850308 Excessive Cooling !

1210-4 000006 850308 Lack of Primary to Secondary Heat Transfer

1210-5 000006 850308 OTSG Tube Leak / Rupture |
\

1210-6 000005 850308 Small Break LOCA Cooldown |
1210-7 000006 850308 Large Break LOCA Cooldown !

:

1210-8 000006 850314 RCS Superheated I

!
1210-9 000006 850314 HPI Cooling - Recovery from Solid |

Operations ;O ;

1210-10 000007 850816 Abnormal Transients Rules, Guides, and [
Graphs !

!

:
!
!

|

-|
|

.

t

;

,

i

|
;

!

O i

I

!
|
,
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TABLE 3-4 PROCEDURES INDEX REPORT FOR TMI UNIT 1
ABNORMAL PROCEDURES

O

r Revision Effdate TitleNumber

1203-1 000011 850128 Load Rejection

1203-5 000008 850410 High Cation Conductivity in the Condensate
and/or Feedwater System

1203-7 000017 850820 Hand Calculations for Quadrant Power Tilt
and Core Power Imbalance

1203-10 000006 850314 Unanticipated Criticality

1203-15 000009 831222 Loss of Reactor Coolant Makeup

1203-16 000018 850604 Reactor Coolant Pump and Motor Malfunction

1203-19 000006 831222 River Water System Failure (DR/SR)

1203-20 000007 850107 Nuclear Services Closed Cooling System
Failure

1203-21 000005 831222 SSCC System Failure

1203-24 000019 831222 Steam Leak

1203-28 000010 850820 Post-Accident H2 Purge
'

1203-34 000007 851230 Control Building Ventilation System

1203-40 000014 850128 Loose Parts Monitor System

1203-41 000005 850226 Low System (Grid) Voltage

1203-42 000004 850226 Inadvertent Closure of a Main Steam
Isolation Valve

1203-43 000002 830211 Transfer Canal Seal Plate Gasket Failure

1203-44 000007 860402 Hazardous Releases

,
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TABLE 3-5. PROCEDURES INDEX REPORT FOR TMI UNIT 1
EMERGENCY PROCEDURES

Sheet 1 of 2
dure Revision Effdate Titleu ber

1202-2 000015 850305 Station Blackout

1202-2A 000013 850226 Station Blackout With Loss of Both Diesel
Generators

1202-08 000026 850815 CRD Equipment Failures - CRD Malfunction
Action

1202-9A 000011 850619 Loss of "A" DC Distribution System

1202-9B 000009 850619 Loss of "B" DC Distribution System

1202-11 000012 '850606 High Activity in Reactor Coolant

1202-12 000024 851113 Excessive Radiation Levels

1202-13 000011 850305 Plant Response to Penetration of the
Protected Area

1202-14 000021 850927 Loss of Reactor Coolant Flow, Reactor
Coolant Pump Trip

1202-17 000006 831222 Loss of Intermediate Cooling System

1202-26 000010 831222 Loss of Feed to One Steam Generator

1202-29 000028 860106 Pressurizer System Failure

1202-30 000015 851209 Earthquake

1202-31 000024 850926 Fire

1202-32 000015 851114 Flood

1202-35 000012 850808 Loss of Decay Heat Removal System

1202-36 000011 841012 Loss of Instrument Air
0

1202-37 000025 850924 Cooldown from Outside the Control Room

1202-38 000014 850305 Nuclear Services River Water Failure

1202-40 000006 850628 Total Loss of ICS/NNI Power

O i

j
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TABLE 3-5 (continued)

Sheet 2 of 2
d" Revision Effdate Titlei er

1202-41 000007 850830 Total or Partial Loss of ICS/Niil Hand Power

1202-42 000007 850830 Total or Partial Loss of ICS/NNI Auto Power

1202-43 000000 851030 Total or Partial Loss of ICS/NNI HEX, HEY,
or Auxiliary Power

O

9
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TABLE 3-6 EMERGENCY FEEDWATER AND ESAS SYSTEMS AND COMP 0NENTS
/~% (Requiring Two Independently Developed and Executed Switching Orders)
U

|

f

1. Reactor Building Spray (engineered safeguards) System ;

2. Containment Isolation Valves and components, as described in OP 1101-3
Containment Integrity and. Access Limits

,

3. Low Pressure Injection (decay heat) System ,

'

4 Emergency Diesels

' 5. Engineered Safeguards Power Supplies

6 Engineered Safeguards Actuation Circuitry

7. Emergency Feed Water System

8. High Pressure Injection (makeup) System

9. Reactor Building Emergency Cooling System

10. Nuclear Service Closed System

11. Nuclear Service River System

12. Decay Heat Closed System

13. Decay Heat River System

14 Core Flood System

15. Reactor Building Cooling System

O
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TABLE 3-7. SUMMARY OF LOCAL STATIONS FOR DYNAMIC HUMAN ACTIONS

O
Sheet 1 of 5

Equipment Location Commentsc n

HAM 1 Instrument Air Intermediate (Drawing 1E-156-02-001, C003D F -7)
Dryer Bypass Building No Radiation; Secondary Auxilia y

Elevation 281' Operator Responds within 5 Minutes

HCD2 Atmospheric Intermediate (Drawing 1E-156-02-001, COORD D-7)
Dump Valves Building No Radiation; Secondary Readings
MS-V4A, MS-V4B Elevation 281' Auxiliary Operator Responds within

5 Minutes after Being Notified by
Control Room Operator

Decay Heat Auxiliary (Drawing 1E-154-02-002, C0ORD F-6)
Removal Building Primary Auxiliary Operator Responds
Injection Valves Elevation 281' within 15 Minutes after Being
DH-V4A, DH-V4B Notified by Control Room Operator;

Radiation and Contamination
Possible

HCVS Control Building Control Building (Drawing 1E-155-02-002)
Ventilation Elevation 322' Secondary Auxiliary Operator
Damper Elevation 338'6" Responds within 15 Minutes ;

No Radiation or Contamination

HCV4 Standby Control Turbine Building (Drawing 1E-151-02-001, C0ORD B-4)
HCV8 Building Elevation 305' Initial Equipment Location
HCV9 Ventilation

Control Building (Drawing 1E-155-02-002)
Elevation 322' Location for Ventilation Use
and |

Elevation 33E,'6"

i
'Auxiliary Operator plus Others

(shift foreman or maintenance
people) Should Be Capable of
Starting Ventilation within
30 Minutes; No Raaiation

1

0
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TAotE 3-7 (continued) .
:

;

O t

Sheet 2 of 5 |
!

Human
Action Equipment Location Comments

!
HEF1 2-Hour Air Diesel Building (Drawing 1E-157-02-001, COURD D-5)
HEF4 Elevation 305' No Radiation; Response Time ,

5 Minutes by Secondary Readings ;

Auxiliary Operator
t

EF-V30A, EF-V306 Intermediate (Drawing 1E-156-02-001, C0ORD F-7)
Building No Radiation; Response Time -

,'

Elevation 281' 5 Minutes by Secondary Auxiliary ;
Operator

i

HEF2 EF-V30A, EF-V308 Intermediate (Drawing 1E-156-02-001, COORD F-7) {Building Response Time 5 Minutes by i
Elevation 281' Secondary Auxiliary Operator; "

||
No Radiation

t

HEF3 2-Hour Air Diesel Building (Drawing 1E-157-02-001, COORD D-5) [
Elevation 305' Response Time 5 Minutes by :

Secondary Readings Auxiliary iOperator; No Radiation '

!

HHL1B DH-V1, DH-V2 Reactor Building (Drawing 1E-153-02-001, COORD D-4) [

,

Elevation 281' Anticontamination Clothing Required '

due to Contamination; Air Filter :may Also Be Required; Takes 2 to
3 Hours from Time Notified for i
Primary Auxiliary Operator To Open '

Valves i

DH-V3 Auxiliary (Drawing 1E-154-02-002, COORD E-6)
.Building Anticontamination Clothing ;

Elevation 281' Possibly Needed; Not Highly
Contaminated Area; Time to !

Respond -- 0.5 to 1 Hour by Primary
Readings Auxiliary Operator !

,

|

:

i
t

o |
!
!

~
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TABLE 3-7 (continued)

O
Sheet 3 of 5

Equipment Location CommentsA n

HINJ2 MU-V76A, MU-V76B Auxiliary (Drawing 1E-154-02-002, C00RD F-5)
HINJ3 Building Primary Auxiliary Operator Responds

Elevation 281' in 20 to 30 Minutes; High Radiation
Area; Anticontamination Clothing
Required

HINJ4 MU-V20 Auxiliary (Drawing 1E-154-02-003, COORD E-6)
Building Primary Auxiliary Operator Responds
Elevation 305' within 10 to 15 Minutes; Area

Normally Contaminated Requiring
Anticontamination Clothing

HLT18 BWST Outside (Drawing 1E-154-02-003, COORD B-8)
HLT2 Borated Water No Radiation; Emergency Response

Storage Tank Personnel Fills Tank by Truck or
Hose, whichever More Readily
Available

HNS1 Nuclear Services Auxiliary Drawing 1E-154-02-001, COORD B-7
Heat Exchanger Building No Radiation; Easy Access; Primary

Elevation 271' Auxiliary Operator Should Respond
NS-C-1A, within 10 to 15 Minutes
NS-C-1B,
NS-C-1C,
NS-C-1D

HNS6 Nuclear Services Auxiliary (Drawing 1E-154-02-002, COORD D-4
Heat Exchanger Building and D-5 and
Loads Drawing 1E-154-02-002, COORD E-5)

Evaporator Coolers; Makeup Pump 1B
Cooler; Radiation and
Contamination; Primary Auxiliary
Operator

Control Building (Drawing 1E-155-02-001, C0ORD C-6)
Secondary Auxiliary Operator; Air
Conditioning Chillers Coolers; No
Radiation

0
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TABLE 3-7 (continued)

O '

Sheet 4 of 5 f

Equipment Location ComentsAc on

Fuel Handling (Drawing 1E-154-02-002, C00RD F-5
Building and Drawing 1E-154-02-003,

COORD F-5) Spent Fuel Coolers; Seal !

Return Coolers; Slight |
Contamination and Radiation; !
Primary Auxiliary Operator

;

Reactor Building (Drawing 1E-153-02-003, C00RD D-5 !

and F-5-RCPS and ,

Drawing 1E-153-02-001, i
C00RD D-6, E-6, and F-6)
RCP Motors; Fan Motor Coolers;
Primary Auxiliary Operator ,

Requires Anticontamination Clothing; :

Fans !

;

Intermediate (Drawing 1E-156-02-002, C0ORD F-7)
'

Building Area Coolers; No Radiation; Second j
Auxiliary Operator; Flow :

Indication for Reactor Building Air |N Coolers
.

!
HNS7A NS-P-1A, Auxiliary (Drawing IE-154-02-003, C0ORD D-7) i

HNS78 NS-P-1B, Building No Radiation er Contamination; i
NS-P-1C Elevation 305' Primary Auxiliary Operator Responds [

within 15 Minutes

HNS8A Pump Discharge River Water Pump (Drawing IE-168-02-002, C00RD E-4,
Valves House- F-4. and G-4) ,

NR-V-1A Outbuilding Auxiliary Operator i
NR-V-1B Would Locally Close Valves within

i

NR-V-1C 20 Minutes; No Radiation !
l

HRE2 Screens Intake Screen (Drawing 1E-168-02-002, C0ORD E-6,
HRE4 SR-5-3A and Pump House F-6, and G-6)

SR-5-38 Elevation 308' Outbuilding Auxiliary Operator |
,

] SR-5-3C Starts Trying To Wash Screens
Within 20 Minutes; No Radiation

O4
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TABLE 3-7 (continued)

O
_

Sheet 5 of 5

Equipment Location Commentson

HTC1 MS-V13A Intermediate (Drawing 1E-156-02-001, C00RD D-7 )
HTC2 MS-V138 Building Secondary Operator Responds within

Elevation 281' 10 Minutes; No Radiation

HTH3 MU-V16A Auxiliary (Drawing IE-154-02-003, COORD E-7)
MU-V:6B Building Primary Auxiliary Operator

Elevation 305' Would Respond within 5 Minutes;
Antic 9ntamination Clothing Required

HVB1 Inverters Control Building (Drawing 1E-155-02-002, COORD F-6
lE, 18, or ID Elevation 322' and G-6)

Secondary Auxiliary Operator
Responds within 15 Minutes; No
Radiation or Contamination

O

,

|

.!

|

!

l

O
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|ICS MALFUNCTION (ATA LOSS)(11) ON ON D D U D D U U U D

fLOSS OF RIVER WATER

|LOSS OF MAIN FEEDI1 23 ON ON U D U U U D U U 0% U

LOSS OF OFFSITE POWER ON ON U D U U U 0% U U U 0% U 0% X U ON |
STEAM GENERATOR TUBE

|ON ON D U D U D D U U D U
RUPTUR E(13)

|REACTOR TRIP ON ON U D U X D D U D U

TURBINE TRIPl143 ON ON U D U D D D U D U

LOSS OF CONTAINMENT
BUILDING VENTil ATIONI16)

EXCESSIVE FEEDWATERl16) ON ON D D U D D U D U D |
LOSS OF DC TRAIN A(173 ON ON U D U D D D U X D U U ON |
V-SEQUENCE (18) ON ON D D U D D D U D D U |

|LOSS OF INSTRUMENT AIRI19) ON ON U- D D D 0% U U X D D

LARGG LOCA ON ON D 0% D U D 0% 0% D D U D D U |
MEDIUM LOCA ON ON D 0% D U D 0% 0% D D U D D U |

|SMALL LOCA(20) ON ON O D U D U D D U D

|
VERY SM ALL LDCA D U D D

|
TURBINE BUILDING SLB ON ON D 0% D D D D U 0% D U

INTERMEDIATE BUILDING SLB ON ON D 0% 0 D D D U 0% D U |
TOXIC CHEMICAL SELE ASE I

STATION BLACKOUTI21I ON ON U 0% U U U 0% U U U 0% U 0% 0% 0% ON 01

FIRE AT IP OR IS ON D

SEISMIC DC LOSS (22) ON ON U D U D D D U X D U U ON

NSCCW F ALLURE

INADVERTENT HPal23) U U D U D U

MSLB IN REACTOR BUILDING (24) ON ON D 0% D U D 0 D U 0% D U

ATWS(251 ON U D U U U D U U 0% U j

'SEE SHEET 2 OF 2 FOR FOOTNOTES. LEGEND: |
1

ON - INITIATION OF A SYSTEM OR ALARM X - INDICATION M AY GO UPSC
OFF - INDICATP " s3 LOST DEPENDING ON THE SPEClU - INDICAT% GOES UPSCALE 1/2 - THE F EEDWATER CONTRCD - INDICATION GOES DOWNSCALE THE MIDPOSITION
0% - INDICATION OF 0% OF MEASURED PARAMFTER I

\.
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1, toss of 'A' DC Of stefbetten Alares

e A-2 7 Battery Charger 7/C/T Tremble
e A.17 Battery 1 A Ground
e D-2 5 Battery Discharging
e C.f.! 4.tv Sus Trouble
e C.I.2 7 tV Bus Trevble
e C-3 2 480V tus Trouble *

e A.3 7 A/C/t Inverter Systee Trouble
,e A-4 2 Centrol Building Eattery Charger A Damper Trouble Fire-5eote

.

2. Less of Intermedf ate C1esed Coolf ne System (1!4217) Alares

e IC Pump 01scharee Pressure Low Alare
e IC Systea Flow Lew Alare
e IC System CAD Coeltag Flow Low Altre
e IC 5erge Tank Nigh/ tow Altre
e IC Surge fant Nigh/Lew Altre-Salley Ceeputer
e IC Scree fant Nigh/ tov Alare
e IC Cooler Outlet Temperature Nigh Alare '

e C1D Stater Temperatore Wie Altre
e IC Reacter Coelant Pues Coeling Outlet Teeperature Nigh Alers *

5

3. Less of Instrument Af r (1202 361 Ala res

e lastrument Air Low Pressure Alares .

Tertine Sulldf ag.

Aus111ary 8v11 ding. ,
'

Service Air Low Pressure.

e Law Pressere on 1 A/5A Pressere Indicators !
1/

\ 4 Emelear Service Rfver Water Systee Failure (1202 38) Alems I

e Screen %vse Peep Water Lubricatten Delta Pressere Lew Altre
w Rfver Water Pop Strainer Delta Pressure Nigh Alare
e leuclear Servlee Meat tachanger Outlet TeePerature Nigh Altre
e IC Cooler Outlet Temperature Wi h Alare

t
e Less of Pressere in tSRW (71.!17) '

e Increastag IC Cutlet Temperature (IC6.TI) ,

l. ICS Power Failure (It02 40) Alares

e All ICS/NWI Mand / Automatic Stations Fall to Midscale ,

o All ICS/WWI Mand / Automatic Stations *nd/Astoestic Lf ghts Go Of f i
e ATA Power Lost Alare
e ICS System Power Transfer Alare
o toss of ICS/hMI Feed Alare i

'e ICS/Nul Subfeed Lf ghts en Panet PCL Deenergine

6. River Water Systee Failure (12031g) (04/54) Alarms

e Rf ver Water Pump Strainer 01ffereetta) Pressure Hf h Alarat
e 440V tagineered Safeguards Motor Drerload Alare
e 440V tagtneered Safeguards 4ter Trf p Altre
e 400f %ter Overleed Alers
e 4001 Motor Trip Alare

7. Less of Weelear Services Closed Coolf ne System (1703 20) A1eres

e helear Services Svree Tank Pressere Low Alare
e helear Services Coellne Pump Discharge Pressure Law Alare
e hetear Services Serg+ fant Low-level Alare
e hclear Services het fachampr Ostlet Temperature Hf gh Altre
e Ceepenents Cooled by EECW M1th IeWerature Alarms

,

f
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Sheet 2 of 2

8. At tf ahtine Off. After a blackest event, the only Ifghts en la the plant will be the circuits supplied free batterfes.
g. Secondary Servfees Closed Coolf ne System failure (1703 21) Alares

e l'ICCW pump Of scharge pressere Low Alare
e SSCCW Serge Tank Level Nigh/ Low Alare
e Components Cooled by $5CQf Nigh Teeperatere Alarms

10. Less of Decay %at hemoval Syltam (1202 3$) A1ams

e lacreasing RC$ Temperatere whee en 04
e Secay Meat Removal IA/B Flow Law Alare ,

a becay Meat Out Decay Meat teneval Cooler A/B Temperature Hf gh Alare
e presserf rer Level Nteh/ Low Alare
e 441 (astneered sereseards meter Trip Alare
e lacreasing ACS P are
o becay Meat Remova iystes Valve Closed or partfally Closed

11. ICS Malfenction. Sene ICS falleres can result in telp, while others may cause a reactor trfp due to systes perturbations. resultlag in ever er
esser-coollag transients. This f attf ator is evaluated for loss of f astrument bus ATA which leads te en overcooling.

12. Less of Main Feedwater, fuergency feee.ater start is inttf ated by the heat sink protection systee. The effects en mateve tank level and
meneep riev are etiased estil after reacter trfp.

13. Steam Generator Tube evetsee. It is assumed the rupture is f sufffctent magnittde to cause a reactor telp.

14 Torbtne trip. A turbine trfp occorring above tot power automatically causes a reactor trfp.

Il. Less of Centeel Buf1df at tentilatten. ladicated by heating and ventilation panel alarms and increstf ag control building temperatures. The
teltfator coastsered here wools not result in a high radiation alors er an air-f atake alare.

16. Escessf ee Feedwater. A reacter trip occurs due to tf gh power er low RC3 pressure.

17. Less of DC fraf 4 A. [F.p.1 starts due to 85V.13A falling open. Let no (FV flow vf11 ' e present. Diesel tenerator A will start but not load.e
vacuum in sne main condenser may be lost due te vacuum pump suctfon valve closure. This could lead to main feedvater system fallare.

10. V.5eevence. There are numerous radiation montter alares and indications along with cubicle leak detector and avattf ary building temp level
Insicasler.s that will alert the operator to the LOCA in the building. However, there is ne procedure dealing with this specific problee.

Ig. Less of Instroent Af r. EF.p.1 will start when af r pressure is lost at MS.V 13A er MS.Y.135. causf ag them to fatt open.
20. Sas11 (CC A. RCS pressere stays hf gh long enough that the core flood tanks are met needed for coelf ag and the operator f selates thee durf ag thecooleswn.

21. $tatten llectost. Less of offstte power, and both sastte diesel generators fall.

!!. Setsste DC test. All CC power trains are assumed lost, but ef tel AC power is still available.

23. taedvertent NPl. A spurious 1,600-psf g t$A3 signal inttf ates Npl. helther a LOCA nor an excessive cocidown is in progress.

24 N1LI f a teactee luf1df ne. This safe stese Ifne break results in increastng reactor building pressure. '

fl. .Aht1 A plant trfp conditten #teurs, but the control rods do not go in. The plast trip is assumed caused by a loss of matn feed.ater.
i

TI ,

APERTURE -

CARD
:

Also Available On |
Aperture Card |
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12101 R EACTOR/ TURBINE ON ON U (X) (U) (D) X X (D) X (0%) dTRIP i

1210-2 LOSS OF SCM D D U

1210 3 EXCES$1VE COOLING (13) (D) (D)

12104 LACK OF PSHX(14) 0% U
s

|12145 SGTR D U U

12104 SM ALL BRE AK LOCA 0% U U X D DCOOLOOWN

12017 LARGE BRE AK LOCA U D
COO L DOWN

1210-8 RCS SUPERHE ATED U

1210-9 HPI COOLING U U 0% (X) U 0% 0%.

|1210-10 ATOG RULES (151 U 0% 0%

|1202 2 LOSS OF OFFSITE (0%1 X U

|1202-2A BLACKOUT 0% 0% 0%

1202 9A LOSS OF "A" DC ON

|1202 17 LOSS OF ICCW ON

|1202-26 PARTl AL LOFW U D D

1202 29 PRESSURIZE R iD D U X X 0%
|SYSTEM F All

|1202-30 E ARTHOUAKE

|1202 31 FIRE ON

|
1202 35 LOSS OF DHR U U

#
1202 36 LOSS OF INSTRUMENT

|AIR (0%)

1202-37 COOLDOWN OUTSIDE ONCONTROL ROOM

1202 38 NSRW F All

1~9240 lCS POWER F All . |
120319 RIVER WATER SYSTEM

F All

1203-20 NSCCS F All

1203 21 SSCCS Fall
|

1203-24 ST E AM LE AK U D U D D D |
1203 34 CONTAINMENT BUILDING '

VENTIL ATION FAIL (16) (U) W
|

1102 11 COOLDOWN ON

110216 N ATUR AL CIRCULATION U U 0%COOLDOWN

'SEE SHEET 2 OF 2 FOR FOOTNOTES, LEGEND:

ON - INITIATION OF A SYSTEk OR ALARM X - INDICATION M AY GO UPSCAP
OFF - INDICATION IS LOST BUT WILL DEVI ATE FROM T
U - INDICATION GOES UPSCALI () - THIS INDICATION ALONE TE* v D - INDICATION GOES DOWNSC ALE TO ENTER THE REFERENCE =
0% - INDICATION OF 0% OF ME .SURED PARAMETER
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1. The ySuptog of alarms are as defined in the footnotes for Table 3-4.
,

t. If 0758 level is gescale and cannot be restored due to excessive coelfsg thee this
indicattee alone. la Precedure 1110-3, would tell the operater te enter the MPI coollag
Procedure 1210-9.

3. Less of 'A' DC Otstributton Alares

e A-t ? Battery Charger A/C/C Trouble
e A 1*7 Battery 1A Ground
e 0-2 5 Battery Discharging
e C-2 2 44v tus fredle
e C-1 2 74V Ses Treable
e C 3-2 440V Des Trouble
e A-3-7 A/C/t Inverter Systee Trouble
e A-4-2 Car. trol Du11 ding 84ttery Charger A Deeper fredle, Fire-$ mete

4 Less of latermediate Closed Cooline Systes (1702-17) Altres

e IC Passe Otscheree Pressure low Alare
e IC systen Flow (ow Alare
e IC Systee CR0 Coeltag Flow Low Alare
e IC Systee CR0 Cooling Outlet Temperature Mf gh Alare.

e IC serge Tant Nigh/Lew Alare
e IC Serge Tant Hf gh/ Low Alars-Salley Computer
e IC Scree Tant NighAow Alare
e IC Coefer Outlet Teeperature High Alare

,

e CtO $ tater Temperature Migh Alare
e IC Reacter Coelant Pump Cooling Outlet Temperature Nigh Alare

5. Less of Instruerat Af r (1202-36) Alares

e lastrument Air low Pressure Alares

i Turbine Sv11 dine=

\ Aust1tary SetIdlag= ,

Service Air low Pressure=

e les Pressure se IA/$A Pressure Indicators

4. Guetear servfee #fver Water systee Fa11ere (It0? 34) Aleres

e Screen Meuse Puup Water tubrication Delta Pressure tem Alere
e tiver Water Pump Strainer Delte Pressure High Altre
e nuclear Service Meat [achanger Outlet Temperature Nigh Alare

test of Presser,t Tempeesture Migh AltreIC Cooler tbtlee
ink $eWIPI fli)e

e Increasing IC (ktlet Temperature (IC6 TI)

? IC$ Power Fattore (1702-401 Alares
,

e All IC1/uul Man #Atomatic $tatf ees Estl to Midscale
e All ICS/Eul ManWAutoestic $tattens Hand /Ateestic tights Ge Of f
e ATA Power test Alare
e Its Systee Power Transfer Alare

less of ICS/uul Feed Ala.re
e

ICS/mui $* feed tignts o Panei ett Dee.orginee

P

i

I

i
!

:

\

t

" "
0514G061986HAAR
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8. Elver Water Systes Fattvg (1703-1g) (ba/5R1 Alares

e River Water Pvap Strainer D1ffertetta) Pressure Nf gh Alaru I
e 400t Engineered Safeguards Motor Overload Alars
e 480f tagineered Safeguards Motor Trfp Altre
e 400f Motor Overload Alare i
e 4WY Meter Trip Alare

9. Less of %ctear Servlees Closed Coellne System (1?O3-20) A1ams

e unclear Services sur9e Tank Pressure tov Alaru +

e buclear Services Coeltag Pump Discharge Pressure tow Alara
e nuclear Services surge Tant Low Level Alare

Cogene. Services Meat hchanger Cutiet fesperature Nigh Altre
bucleare

ts Cooled by k5CCW Nigh Temperature Alarese

10. Ac tiehttne off. After a blackout event, the caly ifphts en la the plaat util be ne
c1rteits septued from batteries.

11. Needsry Services Closed Coellne Systee Fa11ere (It03-?1) Atacde
,

e SEQi Pvap Of scharge Prusure tow Altre
e $3CCW Serge tank Level M1gh/ Low Alers

.e Ceapenents feeled by $$CCW Nigh Temperature Alares
'12. toss of Decay Wat eemovat System (120'-351 Alares

e lacreasing hCs Temperature when on DMit *

e tocay Heat temoval IA/S Flow (ow Alare
e Decay hat Out Decay Heat temoval Cooler A/S Temperature M gh Alare
e Presserf ter tevel High/Lew Alare
e 4-4T tagineered Safeguards Motor frfp Alaru
o leereatf ag RCS Pressure
e becay %et temoval Systee Valve Closed er Partfally Closed

13. Cacessive primary to secondary heat transfer is def fned ass ]
. ors ,,essvreto.e, o.. %, ie

cs r ld u.er us. %,.a' APERTURE ;e ee

tut of grinary to secondary heat transfer is defined as OfSG pressure hfgher that merest for14.
a /g p n,the BCS cold * tsLL

15. The status of primary to suendary beat transfer rues.f tfen is deterufned by tensideration
ofs

ots terei an
rercelei, Co.d Preiiere Centrei

e
mued e orso pre Ah Available OnaCs te

ere.tvraiacsifrc.lati.sivree Aperture Careia

is, rue eetry conditions f.c Pruedure tros-34 (centrei suiiding ventiiatte. fativrei.a.re e.iythue t ins eratoterin,tr.ct n.etrei ro r to aug. ne siste. to ruirc.iatte.prece.e.o.re to instevet we operator in ruevering the siste.eu ne e,to preve t c.o s .inaatsfr the c . ether f ndications wovid t
to protus a,or to e .t.e.r this

erat
ainst r neatopi.

.

!

i
i

i.

,

>

TABLE 3-9 (continued) j
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TABLE 3-10. ORDER OF PROCEDURES FOLLOWED FOR EACH INITIATOR

, ,

2 I

O I 3
~e

-2> 3 5y .e s

I g }
*5"- *

PROCEDURESI 33 3 % 7 g g j }2 *
3J w; s

8 08 *< *r< s , m
j ,g =. e. , -z - , , ,, , y3 Y O w s. 4 v O =_ y Gyz y rg ,

* *3 U Z < <

s o 8 i s *g
g ;

,, ,

d.s *a ,1 3 *4 5 }; g
. '

2 W I f ri ff
-

8 O

"'
5gi i=

< 33 O OC E *3 s - * *O .# w O o 3 .fa
O 3 O so o 3 u # * w -> s asE $* * E

-it 2 5 5
g

$ 5 .d *5 I $ $5 38 5
.

II 5 8* *2" S @
" #"

. . s < uu 1 9 z. , a :. 65 8 ,48- O
8 .83 -

-- O - < g 3" A < s
' s s . . o, o o""

$
i 2P *.

" '
?- 1 : R it 7. 4 8 ; A 4 R : : 4 : ?*a.N.T.AT NG EvEN rsm b 6 6 5 6 $

-
- 6 6 n n n n n n n n ew n n es n n es A 6. e.

-
: : : : -: a

-
: : R a e a a a E R R a a a. a a. a. a a a e 2

. - - - - - - - - - . - - - - - - - . . . - - .

eC5 MAL F trNCTION I AT A E 0551 9 2 3

E Os$ OF RtVER WATER 3 9 2 4

LOSS Of MA8N F E E D 9

L OSS OF OF F 58 TE POWE R I 3 2 5 4

SI E AM GE NLR A10M TUBE , y
Mt sert t psef

RE ACTOR TRAP 1 j 2

i
TUR8tNE TRIP 1 2

8 055 OF CONI AINMt NI y
181898 D8NG b 5 NT $6 A T e('b4

(.A)
E E *CE 55tVE f f EDWATE R 1 2

Cs)
f4 LOSS OF DC TR AsN A 5 2 3

V5EOUENCE 9 2 3

LO55 OF 6NSTRUMENT AIR 2 1

L ARGE 1OC A 9 2 3

ut DeuM L OC A 1 2 3

SMALL E OCA 1 2 3

vtR v 5 MALL LOCA 1 3 3

TUR84NE SUBL D*NG 5L S 5 2

ENTE RME Dt ATE suaLOeNG SL e 1 2

TOmsc CHf MICAL RE LE ASE

ST Af TON eL ACm ouf 1 2

F 4RE A T SP OH t$ 1

SE e5MsC OC L053 1 2 3 4

NGCCW F AttURE 1

GNAOvERTE NT HPI

M5L S IN RE ACTOR OUBLDSNG 1 2

ATWS 1

NOTE S;

1. THE NUMBER 3 8N THE TAet t rOENTsF Y THE EltPECTED ORDER IN WHICH THE
PROCE Duset 5 SHOUL D SE eMPL E ME NTE D FOR E ACH tNs TB ATOR

2 RE W AMa S ON T HE #NsisA sOR$ ARE PF OveDE D sN Thi 9 OOTNOTE $ TO T ABLE 3 8
3 RLMAHR5 ON THE. PHOCEDURES ARE PROVIDS D IN THE FOOINOIES TO TABLE 3 0
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TABLE 4-1 (continued)

''
Sheet 100 of 111

HSR1- SWITCHOVER TO SUMP F0LLOWING LARGE LOCA

INPUT ECH0:

TYPE OF COGNITIVE PROCESSING IS = RULE
EXPERIENCE LEVEL OF OPERATING CREW IS = AVERAGE

STRESS LEVEL IN CONTROL ROOM IS = GRAVE

QUALITY OF PLANT INTERFACE WITH OPERATORS IS = FAIR
TYPE OF HUMAN ACTION TASK IS = PLANNED MANUAL ACTION
ADDITIONAL CREW AVAILABLE FOR DIAGNOSIS IS = SHIFT SUPERVISOR
ADDITIONAL PLANT FEEDBACK TO ALERT OPERATOR = YES
TYPE OF DEPENDENCY BETWEEN TASKS IS = ZERO

STATUS OF TASK WHICH THIS ACTION DEPENDS ON IS = FAILED
THE MEDIAN ESTIMATE OF THE TIME TO DIAGNOSE IS = 5.000 MINUTES
ESTIMATES OF TIME AVAILABLE ARE = POINT ESTIMATE
(UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME) MINUTES
BEST ESTIMATE OF THE TIME AVAILABLE FOR DIAGNOSIS IS = 36.000 MINUTES
(UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME)

RESULTS:

FAILURE FREQUENCY RANGE

('') LOWER BOUND = 1.78E-03
'- / BEST ESTIMATE = 1.78E-02

UPPER BOUND = 1.78E-01
BFST ESTIMATE TIME DEPENDENT = 1.68E-02
BEST ESTIMATE TIME INDEPENDENT = 1.00E-03
TOTAL BEFORE ACCOUNTING FOR DEPENDENCY BETWEEN TASKS =1.78E-02

:

,

O

4-147
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TABLE 4-1 (continued)

O
Sheet 101 of 111

HSR2- RECIRCULATION SWITCH 0VER FOLLOWING SMALL LOCA

INPUT ECHO:

TYPE OF COGNITIVE PROCESSING IS = RULE
EXPERIENCE LEVEL OF OPERATING CREW IS = AVERAGE

STRESS LEVEL IN CONTROL ROOM IS = POTENTIAL EMERGENCY
OUALITY OF PLANT INTERFACE WITH OPERATORS IS = FAIR
TYPE OF HUMAN ACTION TASK IS e PLANNED MANUAL ACTION
ADDITIONAL CREW AVAILABLE FOR DIAGNOSIS IS = SHIFT SUPERVISOR
ADDITIONAL PLANT FEEDBACK TO ALERT OPERATOR = YES
TYPE OF DEPENDENCY BETWEEN TASKS IS = ZERO
STATUS OF TASK WHICH THIS ACTION DEPENDS ON IS = FAILED
THE MEDIAN ESTIMATE OF THE TIME TO DIAGNOSE IS = 0.200 HOURS
ESTIMATES OF TIME AVAILABLE ARE = POINT ESTIMATE
(UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME) HOURS
BEST ESTIMATE OF THE TIME AVAILABLE FOR DIAGNOSIS IS = 12.000 HOURS
(UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME)

RESULTS:

FAILURE FREQUENCY RANGE
LOWER BOUND = 4.76E-06
BEST ESTIMATE = 4.76E-05
UPPER B0UND= 4.76E-04

BEST ESTIMATE TIME DEPENDENT = NEGLIGIBLE
BEST ESTIMATE TIME INDEPENDENT = 4.76E-05
TOTAL BEFORE ACCOUNTING FOR DEPENDENCY BETWEEN TASKS =4.76E-05

9

4-148
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TABLE 4-1 (continued)

O '

Sheet 102 of 111 !
.

i

HSR3- SWITCH 0VER TO SUMP FOLLOWING MEDIUM LOCA ;

INPUT ECH0: !

i4

TYPE OF COGNITIVE PROCESSING IS = RULE i

EXPERIENCE LEVEL 0F OPERATING CREW IS = AVERAGE i

STRESS LEVEL IN CONTROL ROOM 15 = GRAVE !

QUALITY OF PLANT INTERFACE WITH OPERATORS IS = FAIR !

TYPE OF HUMAN ACTION TASK IS = PLANNED MANUAL ACTION }
ADDITIONAL CREW AVAILABLE FOR DIAGNOSIS IS = SHIFT SUPERVISOR ?

ADDITIONAL PLANT FEEDBACK TO ALERT OPERATOR = YES i
*

TYPE OF DEPENDENCY BETWEEN TASKS IS = ZER0
STATUS OF TASK WHICH THIS ACTION DEPENDS ON IS = FAILED

,

THE MEDIAN ESTIMATE OF THE TIME TO DIAGNOSE IS = 5.000 MINUTES |
ESTIMATES OF TIME AVAILABLE ARE = POINT ESTIMATE :

'

(UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME) MINUTES ,
,

BEST ESTIMATE OF THE TIME AVAILABLE FOR DIAGNOSIS IS = 55.000 MINUTES :

(UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME) !

i
RESULTS: i

i FAILURE FREQUENCY RANGE f

O LOWER BOUND = 2.71E-04 i
BEST ES11 MATE = 2.71E-03

'

UPPER BOUND = 2.71E-02
BEST ESTIMATE TIME DEPENDENT = 1.71E-03
BEST ESTIMATE TIME INDEPENDENT = 1.00E-03 i
TOTAL BEFORE ACCOUNTING FOR DEPENDENCY BETWEEN TASKS =2.71E-03 !

t
t

| |

!
!

|

!4
'

I

|

|

! !
!

|
1

>

? I
'
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TABLE 4-1 (continued)

O
Sheet 103 of 11_1

HSVl- CLOSE SUMP DRAIN VALVES, AUTO FAILS

INPUT ECH0:

TYPE OF COGNITIVE PROCESSING IS = SKILL
EXPERIENCE LEVEL OF OPERATING CREW IS = AVERAGE

STRESS LEVEL IN CONTROL ROOM IS = POTENTIAL EMERGENCY
QUALITY OF PLANT INTERFACE WITH OPERATORS IS = FAIR
TYPE OF HUMAN ACTION TASK IS = BACKUP AUTO ACTION
ADDITIONAL CREW AVAILABLE FOR DIAGNOSIS IS = SHIFT SUPERVISOR
ADDITIONAL PLANT FEEDBACK TO ALERT OPERATOR = YES
TYPE OF DEPEliDENCY BETWEEN TASKS IS = ZER0
STATUS OF TASK WHICH THIS ACTION DEPENDS ON IS = FAILED
THE MEDIAN ESTIMATE OF THE TIME TO DIAGNOSE IS = 2.000 MINUTES
ESTIMATES OF TIME AVAILABLE ARE = P0 INT ESTIMATE
(UNITS FOR TIME ARE THE SAME AS FOR THE |lEDIAN TIME) MINUTES
BEST ESTIMATE OF THE TIME AVAILABLE FOR DIAGNOSIS IS = 9.500 MINUTES
(UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME)

RESULTS:

FAILURE FREQUENCY RANGE
LOWER BOUND = 2.91E-04
BEST ESTIMATE = 2.91E-03
UPPER BOUND = 2.91E-02

BEST ESTIMATE TIME DEPENDENT = 1.91E-03
BEST ESTIMATE TIME INDEPENDENT = 1.00E-03
TOTAL BEFORE ACCOUNTING FOR DEPENDEf4CY BETWEEN TASKS =2.91E-03

9
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TABLE 4-1 (continued) !

O
Sheet 104 of 111

HTB1A-INITIATE TURBINE C0OLING,SGTR OR VSB,CD SUCCESS

INPUT ECH0:

TYPE OF COGNITIVE PROCESSING IS = KNOWLEDGE
EXPERIENCE LEVEL OF OPERATING CREW IS = AVERAGE
STRESS LEVEL IN CONTROL ROOM IS = OPTIMAL CONDITIONS
QUALITY OF PLANT INTERFACE WITH OPERATORS IS = FAIR
TYPE OF HUMAN ACTION TASK IS = CAUSE EXTENDED OUTAGE
ADDITIONAL CREW AVAILABLE FOR DIAGNOSIS IS = FULL SUPPORT -

ADDITIONAL PLANT FEEDBACK TO ALERT OPERATOR a YES
'

TYPE OF DEPENDENCY BETWEEN TASKS IS = MEDIUM '

TITLE OF TASK WHICH THIS ACTION DEPENDS ON IS = HCD4 ;

STATUS OF TASK WHICH THIS ACTION DEPENDS ON IS = SUCCEEDED
'

THE MEDIAN ESTIMATE OF THE TIME TO DIAGNOSE IS = 1.000 HOURS
ESTIMATES OF TIME AVAILABLE ARE = POINT ESTIMATE
(UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME) HOURS ;

BEST ESTIMATE OF THE TIME AVAILABLE FOR DIAGNOSIS IS = 6.000 HOURS-

(UNITS FOR TIME ARE THE SNiE AS FOR THE MEDIAN TIME) [

RESULTS:

f~')' FAILURE FREQUENCY RANGE
s- LOWER BOUND = 7.37E-03

BEST ESTIMATE = 3.69E-02
UPPER BOUND = 1.84E-01

BEST ESTIMATE TIME DEPENDENT = 3.30E-02 :
'

BEST ESTIMATE TIME INDEPENDENT = 1.00E-02
TOTAL BEFORE ACCOUNTING FOR DEPENDENCY BETWEEN TASKS =4.30E-02

i

!

|

,

I

O
4-151
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TABLE 4-1 (continued)

Sheet 105 of 111

HTB18-INIT! ATE TURBINE COOLING,SGTR OR VSB,CD FAILURE

INPUT ECHO:

TYPE OF COGNITIVE PROCESSING JS = KNOWLEDGE

EXPERIENCE LEVEL OF OPERATING CREW IS = AVERAGE

STRESS LEVEL IN CONTROL ROOM IS = POTENTIAL EMERGENCY

QUALITY OF PLANT INTERFACE WITH OPERATORS IS = FAIR
TYPE OF HUMAN ACTION TASK IS = CAUSE EXTENDED OUTAGE

ADDITIONAL CREW AVAILABLE FOR DIAGNOSIS IS = FULL SUPPORT

ADDITIONAL PLANT FFE0BACK TO ALERT OPERATOR = YES

TYPE OF DEPENDENCY ur. TWEEN TASKS IS = MEDIUM

TITLE OF TASK WHICH l'ilS ACTION DEPENDS ON 19 = HCD4

STATUS OF TASK WHICH IHIS ACTION DEPENDS ON IS = FAILED
THE MEDIAN ESTIMATE OF THE TIME TO DIAGh0SE IS = 1.000 HOURS
ESTIMATES OF TIME AVAILABLE ARE = P0 INT ESTIMATE

(UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME) HOURS

BEST ESTIMATE OF THE TIME AVAILABLE FOR DIAGi|0 SIS IS = 10.500 HOURS
(UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME)

RESULTS:

FAILURE FREQUENCY RANGE
LOWER BOUND = S.07E-02
BEST ESTIMATE = 1.61E-01
UPPER BOUND = 5.11E-01

BEST ESTIMATE TIME DEPENDENT = 1.10E-02
BEST ESTIMATE TIME INDEPENDENT = 1.0CE-02
TOTAL BEFORE ACCOUNTING FOR DEPENCENCY BETWEEN TASXS=2.10E-02

0
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TABLE 4-1 (continued)

O
Sheet 106 of 111

HTCl- LOCALLY ISOLATE SG FOLLOWING SGTR
'

INPUT ECH0:

TYPE OF COGNITIVE PROCESSING IS = RULE
EXPERIENCE LEVEL 0F OPERATING CREW IS = AVERAGE
STRESS LEVEL IN CONTROL ROOM IS = POTENTIAL EMERGENCY
QUALITY 0F PLANT INTERFACE WITH OPERATORS IS = FAIR
TYPE OF HUMAN ACTION TASK IS = PLANNED MANUAL ACTION
ADDITIONAL CREW AVAILABLE FOR DIAGNOSIS IS = SHIFT SUPERVISOR
ADDITIONAL PLANT FEEDBACK TO ALERT OPERATOR = YES
TYPE OF DEPENDENCY BETWEEN TASKS IS = MEDIUM ;

TITLE OF TASK WHICH THIS ACTION DEPENDS ON IS = HID1 !

STATUS OF TASK WHICH THIS ACTION DEPENDS ON IS = SUCCEEDED

THE MEDIAN ESTIMATE OF THE TIME TO DIAGNOSE IS = 0.100 HOURS
LSTIMATES OF TIME AVAILABLE ARE = POINT ESTIMATE '

(UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME) HOURS
BEST ESTIMATE OF THE TIME AVAILABLE FOR DIAGNOSIS IS = 4.700 HOURS
(UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME) |

RESULTS:

O'' FAILURE FREQUENCY RANGE
LOWER BOUND = 4.09E-06
BEST ESTIMATE = 4.09E-05
UPPER BOUND = 4.09E-04

BEST ESTIMATE TIME DEPENDENT = NEGLIGIBLE
BEST ESTIMATE TIME INDEPENDENT = 4.76E-05 '

TOTAL BEFORE ACCOUNTING FOR DEPENDENCY BETWEEN TASKS =4.77E-05

O)<
1

'%
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TABLE 4-1 (continued)

Sheet 107 of 111

HTC2- CLOSE TD EFW SUPPLY VALVES,MF+ FAILED

INPUT ECH0:

TYPE OF C0GNITIVE PROCESSING IS = SKILL
EXPERIENCE LEVEL OF OPERATING CREW IS = AVERAGE

STRESS LEVEL IN CONTROL ROOM IS = POTENTIAL EMERGENCY

QUALITY OF PLANT INTERFACE WITH OPERATORS IS = FAIR
TYPE OF HUMAN ACTION TASK IS = RECOVER FAILED SYSTEM
ADDITIONAL CREW AVAILABLE FOR DIAGNOSIS IS = SHIFT SUPERVISOR

ADDITIONAL PLANT FEEDBACK TO ALERT OPERATOR = YES

TYPE OF DEPENDENCY BETWEEN TASKS IS = ZERO

STATUS OF TASK WHICH THIS ACTION DEPENDS ON IS = FAILED
THE MEDIAN ESTIMATE OF THE TIME TO DIAGNOSE IS = 0.100 HOURS
ESTIMATES OF TIME AVAILABLE ARE = POINT ESTIMATE

(UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME) HOURS

BEST ESTIMATE OF THE TIME AVAILABLE FOR DIAGNOSIS IS = 4.700 HOURS
(UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME)

RESULTS:

FAILURE FREQUENCY RANGE
LOWER BOUND = 4.76E-05
BEST ESTIMATE = 4.76E-04
UPPER BOUND = 4.76E-03

BEST ESTIMATE TIME DEPENDENT = NEGLIGIBLE
BEST ESTIMATE TIME INDEPENDENT = 4.76E-04
TOTAL BEFORE ACCOUNTING FOR DEPENDENCY BETFEEN TASKS =4.76E-04

|

|

|
|

O'
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TABLE 4-1-(continued) !

O !
Sheet 108 of 111

HTH1- THROTTLE HPI USING MUV 217, NO ESAS
i.

INPUT ECH0: |

TYPE OF'C0GNITIVE PROCESSING IS = SKILL !
EXPERIENCE LEVEL 0F OPERATING CREW IS = AVERAGE |

. STRESS LEVEL IN CONTROL ROOM IS = OPTIMAL CONDITIONS '

QUALITY OF PLANT INTERFACE WITH OPERATORS IS = FAIR |
TYPE OF HUMAN ACTION TASK IS = PLANNED MANUAL ACTION
ADDITIONAL CREW AVAILABLE FOR DIAGNOSIS IS = SHIFT SUPERVISOR :

ADDITIONAL PLANT FEEDBACK TO ALERT OPERATOR = -YES I
'

TYPE 0F DEPENDENCY BETWEEN TASKS IS = LOW i
TITLE OF TASK WHICH THIS ACTION DEPENDS ON IS = N0NAME !

STATUS OF TASK WHICH THIS ACTION DEPENDS ON IS' = SUCCEEDED |
THE MEDIAN ESTIMATE OF THE TIME TO DIAGNOSE IS = 3.000 MINUTES {
ESTIMATES OF TIME AVAILABLE ARE = -POINT ESTIMATE

|
(UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME) MINUTES ;

BEST ESTIMATE OF 'HE TIME AVAILABLE FOR DIAGNOSIS IS = 17.000 MINUTES !

(UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME) |
| RESULTS: I

l

FAILURE FREQUENCY RANGE
LOWER BOUND = 5.10E-06 i

BEST ESTIMATE = 5.10E-05 !
UPPER BUUND= b.10E-04

|
BEST ESTIMATE TIME DEPENDENT = 5.95E-06 i
BEST ESTIMATE TIME INDEPENDENT = 4.76E-05 !

TOTAL BEFORE ACCOUNTING FOR DEPENDENCY BETWEEN TASKS =5.36E-05 i
!

l
; !

!
i
'

,

!

i
I

!
'

!
:<

< j

!O t

t
;

'

i
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TABLE 4-1 (continued)

9
Sheet 109 of 111

HTH2- THROTTLE HPI USING MUV-16S AFTER ESAS

INPUT ECH0:

TYPE OF C0GNITIVE PROCESSING IS = RULE
EXPERIENCE LEVEL OF OPERATING CREW IS = AVERAGE
STRESS LEVEL IN CONTROL ROOM IS = POTENTIAL EMERGENCY
QUALITY OF PLANT INTERFACE WITH OPERATORS IS = GOOD
TYPE OF HUMAN ACTION TASK IS = PLANNED MANUAL ACTION
ADDITIONAL CREW AVAILABLE FOR DIAGNOSIS IS = SHIFT SUPERVISOR
ADDITIONAL PLANT FEEDBACK TO ALERT OPERATOR = YES
TYPE OF DEPEliDENCY BETWEEN TASKS IS = ZER0
STATUS OF TASK WilICH THIS ACTION DEPENDS ON IS = FAILED
THE MEDIAN ESTIMATE OF THE TIME TO DIAGNOSE IS = 3.000 MIfiUTES
ESTIMATES OF TIME AVAILABLE ARE = POINT ESTIMATE
(UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME) MINUTES
BEST ESTIMATE OF THE TIME AVAILABLE FOR DIAGNOSIS IS = 14.000 MIfiUTES
(UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME)

RESULTS:

FAILURE FREQUENCY RANGE
LOWER BOUND- j.4SE-03
BEST ESTIMATE = 1.45E-02
UPPER BOUND = 1.45E-01

BEST ESTIMATE TIME DEPENDENT = 1.35E-02
BEST ESTIMATE TIME INDEPENDENT = 1.00E-03
TOTAL BEFORE ACCOUNTING FOR DEPENDEhCY BETWEEN TASKS =1.45E-02

-,

|
1

!

;

|
1

I
!

|

|

9;
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TABLE 4-1 (continued)
~

(d
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HTH3- THROTTLE HPI AFTER ESAS AND GA FAILS

INPUT ECH0:

TYPE OF COGNITIVE PROCESSING IS = RULE
EXPERIENCE LEVEL OF OPERATING CREW IS = AVERAGE
STRESS LEVEL IN CONTROL ROOM IS = POTENTIAL EMERGENCY
QUALITY OF PLANT INTERFACE WITH OPERATORS IS = GOOD

TYPE OF HVHAN ACTION TASK IS = RECOVER FAILED SYSTEM
ADDITIONAL CREW AVAILABLE FOR DIAGNOSIS IS = SHIFT SUPERVISOR
ADDITIONAL PLANT FEEDBACK TO ALERT OPERATOR = NO
TYPE OF DEPENDENCY BETWEEN TASKS IS = ZER0
STATUS OF TASK WHICH THIS ACTION DEPENDS ON IS = FAILED
THE MEDIAN ESTIMATE OF THE TIME TO DIAGNOSE IS = 3.000 MINUTES
ESTIMATES OF TIME AVAILABLE ARE = POINT ESTIMATE
(UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME) MINUTES
BEST ESTIMATE OF THE TIME AVAILABLE FOR DIAGNOSIS IS = 8.000 MINUTES
(UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME) -

RESULTS:

FAILURE FREQUENCY RANGE

O' LOWER B0UND= 2.30E-02
BEST ESTIMATE = 1.15E-01
UPPER BOUND = 5.74E-01

BEST ESTIMATE TIME DEPENDENT = 1.05E-01
BEST ESTIMATE TIME INDEPENDENT = 1.00E-02
TOTAL BEFORE ACCOUNTING FOR DEPENDENCY BETWEEN TASKS =1.15E-01

>

L

O
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TABLE 4-1 (continued)

O
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HVB1- TRANSFER INSTRUMENT BUS TO INVERTER lE

INPUT ECH0:

TYPE OF COGNITIVE PROCESSING IS = RULE

EXPERIENCE LEVEL OF OPERATING CREW IS = AVERAGE

STRESS LEVEL IN CONTROL ROOM IS = OPTIMAL CONDITIONS
QUALITY OF PLANT INTERFACE WITH OPERATORS IS = FAIR
TYPE OF HUMAN ACTION TASK IS = RECOVER FAILED SYSTEM
ADDITIONAL CREW AVAILABLE FOR DIAGNOSIS IS = SHIFT SUPERVISOR
ADDITIONAL PLANT FEEDBACK TO ALERT OPERATOR = YES

TYPE OF DEPENDENCY BETWEEN TASKS IS = ZERO
STATUS OF TASK WHICH THIS ACTION DEPENDS ON IS = FAILED
THE MEDIAN ESTIMATE OF THE TIME TO DIAGNOSE IS = 0.100 HOURS
ESTIMATES OF TIME AVAILABLE ARE = VARIABLE

(UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME) HOURS

DISTRIBUTION FOR TIMES ALLOWED
b.00 6.00 11.00 24.00 0.00 0.00 0.00 0.00 0.00 0.00

PROBABILITIES FOR TIMES ALLOWED DISTRIBUTION
0.10 0.40 0.30 0.20 0.00 0.00 0.00 0.00 0.00 0.00

DISTRIBUTION FOR TIMES TO RESPOND ONCE DIAGNOSED
1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

PROBABILITIES FOR TIME TO RESPOND DISTRIBUTION
1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

INTERMEDIATE RESULTS:
TIME ALLOWED TIME TO RESPOND ESTIMATED ERROR FREQUENCY PROBABILITY

b.00E+00 1.00E+00 4.76E-04 1.00E-01
6.00E+00 1.00E+00 4.76E-04 4.00E-01
1.10E+01 1.00E+00 4.76E-04 3.00E-01
2.40E+01 1.00E+00 4.76E-04 2.00E-01

RESULTS:

FAILURE FREQUENCY RANGE
LOWER BOUND = 4.76E-05
BEST ESTIMATE = 4.76E-04
UPPER BOUND = 4.76E-03

BEST ESTIMATE TIME DEPENDENT = NEGLIGIBLE
BEST ESTIMATE TIME INDEPENDENT = 4.76E-04
TOTAL BEFORE ACCOUNTING FOR DEPENDENCY BETWEEN TASKS =4.76E-04

9
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TABLE 4-2, ACCIDENT SCENARIOS WITH DEPENDENT DYNAMIC.

n HUMAN ACTIONS N00ELED

()
Sheet 1 of 2

Scenario Description Human Actions involved

1. Loss of River Water due to HRE4 (fails) + HRE6A
Screen Plugging HRE4 (fails) + HRE6B

HRE4 (fails) + HRE6C
HRE6A (fails) + HRE2
HRE6 (fails) + HCF1
HRE6 (succeeds) + HBW3

2. Reactor Trip Failure HRT7 (fails) - HRT8

3. HPI Cooling Required HBW1 (succeeds) + HPD1
(loss of secondary cooling)

4. Throttle HPI

a. After Manual Initiation Open MU-V217 (succeeds) - HTH1
HTH1 (fails) + HRC2

b. After ESAS Initiation HTH2 (succeeds) + HMR1
HTH3 (succeeds) + HMR1(g HTH2 (fails) + HRC24

%)
5. Reactor Building Purge in HCA2(fails) + HCSS

Progress

6. Loss of Instrument Air HAM 1 (fails) + HINJ4

7. Cooldown and Depressuri-
zation of RCS

a. Without Steam Generator HCD1 (fails) + HLT1B
Tube Rupture HCD1 (succeeds) + HHLIA

HCD1 (succeeds) + HHLIB .

HCD2 (fails) + HLT1B |
b. Following Steam Generator HID1 (succeeds) + HTCl

Tube Rupture HCD4 (succeeds) -* HHLl?
HID1 (succeeds) + HCD3
HID1 (succeeds) + HCD4
HID2 succeeds) + HCub
HCD4 fails) + HLT2

8. Loss of Offsite Power with HAM 2 (f ails) + HINJ4
Both Vital Buses Available HAM 2 (fails) + HEF1

HCD1 (success) + HCD2 in !-

u ;

I
i
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TABLE 4-2 (continued)

Sheet 2 of 2
Scenario Description Human Actions involved

9. Loss of Offsite Power with HCD1 (succeeds) + HHLIB
One Vital Bus Failed HCD1 (succeeds) + HCO2

HAM 2 (f ails ) -* HEF1
HAM 2 (fails) + HitiJ4

10. Loss of All AC

a. With EFW Success HEF4 (succeeds) + HREl

b. With EFW Failed HEF4 (fails) + HRE3

11. Failure of fiormal DHR
Cooling

3. With Cooldown to DHR HCD4 (succeeds) + HT81A
Entry Successful

b. With Failure of Cooldown HCD4 (fails) + HTBlB
to UHR Entry

c. Like (a), but One DC Train HC01 (success) + HRE12A
Fails and 12 Hours
Available

d. Like (a), but Une DC Train HCD1 (success) + HRE128
Fails and 12 Hours
Available

e. Like (a), but One DC Train HCD1 (success) -* HRE12C
Fails and 24 Hours
Available

1

|

|

O

~
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TABLE 4-4. DISPOSITION OF POTENTIAL SLIPS /NONVTABLE OPERATOR ACTIONS

Sheet 1 of 3
,

"
Slips / Nonviable Action" CorrentsDescriptionsidentifier

HBW1 Throttle HP! when mistakenly This event actually occurred during
believing that primary to the TMI-2 accident. Since that time,
secondary heat transfer has the procedures have been revised to

i.e.,porate new HP! throttling criteria;incorbeen restored.
AP-1210-14, rule 1.3. Now, the

operator is not to throttle HP! unless
25'F subcooling margin exists and
pressurizer level is more than
0 inches. Despite the espected low
frequency of a repeat of this error,
for historical reasons, this event is
quantified in the model.

HCF1 Continue to attempt recovery To reestablish industrial cooling
of river water and not try would require violation of the
to establish containment containment boundary. A low
cooling with industrial dependence on the failure to
coolers recover river water is assumed

to account for the possible
fixation on that action. This
possibility is considered in
quantifying the nonresponse
error frequency for HCFl.

HFW4 Manipulate the valves on the He may grab the controls for MFW
wrong steam generator while valves rather than the startup
trying to manually control flow control valves. These valves
feedwater flow, given a stuck would be ineffective because the
open steam generator relief block valves (FW-V-5)are closed.
valve. Operator would soon notice the reduced

level in the wrong steam generator
and recognize his error. Since he
would likely then take the correct
action, this potential slip is
not quantified.

HICI Manipulate the wrong valves As discu.:ed for HFW4, he may
when trying to control f eed- rab the main feedwater valves
water flow following loss of FW-V-17), but they would be
the integrated control system neffective at controlling feed.
af ter a plant trip. Both steam generators would be

affected. Operator would notice
level increasing even if he
focused on only one steam
generator initially. This potential
slip is not qu9ntified. Adequate
time to realize the mistake and
manipulate the correct valves
is assumed.

O
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TABLE 4-4 (continued) j

sheet 2 of 3

"
Ac on Comments

t nsidentifier '

;- - .

H101/HID2 !solate the wrong steam Operator would recognize feedwater i
generator following a tube level continuing to rise on the j
rupture event. other steam generator. Assume ;

operator would reestablish feed- |,

water to the intact steam generator i
rather than proceeding to HP! [

cooling. This action is therefore |
not quantified, i

I
i HINJ1 Start makeup pop A without An off-normal lineup may have pump C [

suction from makeup tank, aligned to the makeup tank. Operator r

may then start pump A, which is the
normal response. Only a small
fraction of time would the system
be aligned for suction to pump C. !

Assume the product of the frequency
;

of the off-normal alignment and the ;

error frequency for starting !' pump A anyway is small relative )
to the pump failure to start frequency. j

|
HIW2 Operator restores RCP seal Makeup pumps A and 5 have failed. >

; cooling too fast using the Potential for incorrectly ;

makeup pump C, thereby establishing cooling is modeled i,

O shocking the seals and as another way of failing HINJ2 i

causing them to fail. Although the timing of the seal
failure is much quicker for this
error, the long-term effect is the

,

!

sare as a nonresponse; f.e. RCP t

seal failure.

HRT8 When attempting to interrupt Similar switches interrupt power !power to the reactor trip to only nonvital heating and ;

.
breakers, operator selects the ventilation buses; i.e., not

|
] wrong pistol grip switches, needed for main feedwater. This :

nonvital action is not quantified I
because it hat no adverse impact !

and the correct action could stillI
-

be taken subsequently, j
|

HS12 In attempting to isolate a Switches to operate the EFW valves |
, main steam break upstream of are relatively close together in ;

the MSIVs the operator the control room. Dy isolating the !
4

j isolates the wrong steam intact steam generator, there maj 1

! generator. not be enough pressure in the failed !
steam generator to allow the turbine. f

driven EFW pump to operate. This I
! action would not fail the EFW !

pump, but would prevent its operation.
However,this error is not quantified
because the operator would discover
the error, isolate the correct steama

generator, then reestablish feed
to the intact steam generator and
then reinitiate the turbine-driven

'

EFW pump. The cosaoination of these
human errors is believed small
relative to the other pump failure,

modes and is therefore neglected,;

i
.]
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TABLE 4-4 (continued)

Sheet 3 of 3

'E' * ' "
on Coments

identifier

HSRI Misposition the DHR pump The BWST suction valves close
suction valves when attempting faster than the sump valves open.
to switch over to recircula- The DHR pumps should survive
tion following a LOCA. even with minimal flow. For large
Operator may attempt to close LOCAs ,therefore,this action h45
the BWST suction valves and no impact because these pumps are
open the containment sump 50 rugged.
valves at the same time. The for smaller LOCAs, the

BWST suction valves have a amount of flow through the sump
faster strr' 'L . valves should be suffia.ient to

protect the makeup and spray pumps.
This nonviable action was therefore
not quantified separately from the
nonresponse probability (HSRI)

HTC) Operator isolates the wrong See the cocinents indicated
steam generator following a above for the nonviable action
tube rupture by isolating under HS!2.
the wrong supply valve to
the EFW turbine-driven pump.

O

O
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TABLE 4-5. FORCED LINE OUTAGE DURATION DATA |
230-kV LINES AND 500-kV LINES (1979-1933)

:
!

.

Fraction of Events Fraction of Events - |
Outage' Duration '(including momentary (excludingmomentary ;

(hours) outages of duration outages of duration j

less than 5 minutes) -less than 5' minutes) 'j
!

O to 0.25 .78 .24 !
0.25 to 0.00 .03 .09 {O 0.50'to 0.75 .01 .05 |
0.75 to 1.0 03 .09 !

1.0 to 1.5 .01 .05 |
i1.5 to 2.0 .03 .09 i,

2.0 to 4.0 .08 .24

4.0 to 8.0 .01 .05

8.0 to 16.0 .01 .05 !
|

16.0 to 24.0 .01 .05 j

> 24.0 0 0 i-

!

.!
!

!
!

|

|
'

i

i

()
,

!
!
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TABLE 4-6. TIME WINDOW BASED ON PLANT
THERMAL HYDRAULICS

Time * at which Time * to Core Uncovery (hours)
EFW Is Lost

(hours)~ With Seal Leak Without Seal Leak

0 1 1

2 3.7 3.7

4 6.0 6.0

6 7.7 6.2

8 9.1 10.4

10 9.1 10.4

12 9.1 10.4

* Times are time after loss of all AC power.
|

|

|

9
i
;

1
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TABLE 4-7. TMI DHR'AND DHCCW PUMP REC 0VERY !
!

-!
PART 1: . FAILURE' EVENT DATA -

,

.

!
i

Plant Failure Maintenance !

Name Events Events .;

TMI 3 44

i

Pilgrim 1 !
--

t,

Farley 6 .i--

Beznau 12 --

!

Oconee 3 |--

|

O |

PART 2: CATEGORIZED EVENT' DATA f
:
'

Probability that' Probability that jFailure MaintenanceDuration Repair Repair ;Events EventsCannot be Made Cannot be Made .

:

0 to 6 Hours 15 0.40 28 0.36
t

6 to 12 Hours 3 0.28 10 0.14 |

12 to 24 Hours 0 0.28 5 0.02 |

> 24 Hours 7 1 !-- --

.- \

Total Events 25 44 -l-- --

|

C 1

,

1
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_ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

RECOVER CONTROL RECOVERYLOSS OF ROTATE MANU %LLY REALIGNDEFORE EFW BUILDING BEFORE CORE ENORIVER MAKEUP START INDUSTRIALPLANT SUCCESS VENTILATION DAMAGE OR LOSS STATEWATER PUMPS HPt COOLERSTRIP SUCCESS OF ALL AC

- _ _ _ _ _ _ _ _ _ - . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ SUCCESS:

INITIATING HRE4
EVENT - - - - - - - - - - - - - - - - SUCCESS

HRE2
_ _ _ _ _ SUCCESS

HBW3
MELT

HCFI
_ MELT

7 HRE6A /HRE4

$
----- MELT

HCFI
MELT

_ _ _ _ __ SUCCESS_-___

HOW3
MELT

HCFI
MELT

HRE6C/HRE4
- _ _ - - < - _ - - _ MELT

HCFI
MELT

____________ _ _ _ _ _ _ SUCCESS
HOW3

MELT

HCFl
MELT

HRE68/HRE4
MELT-____

HCFI
MELT

CIGURE 4-1. REC 0VERY SEQUENCES FOR LOSS OF RIVER WATER
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APPENDIX A-

DYNAMIC HUMAN ACTIONS PROGRAM

A FORTRAN computer program (Table A-1) was written to perform the
calculations described in Sections 2. 3.2, 2. 3.5, and 2. 3.6. This
program uses the judgments documented in the dynamic human actions
questionnaire to compute the best estimate and an uncertainty range
for nonresponse error frequencies. Both time-dependent and
time-independent error contributions are determined.

In Table A-2, the input variables required for this program are
defined, and the values they may take on are identified and their
meanings described.

The completed human action questionnaires are provided in Appendix B.

,-
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TABLE A-1. CHARACTER *21 TITLE, COGNIT, EXPER, STRESS, INTER, SWITCH, TYPES, CREW

9
Sheet 1 of 6

CHARACTER *21 TITLE, COGNIT, EXPER, STRESS, INTER, SWITCH, TYPET CREW
1, F E ED .D E P E R , ST ATU S ,V AR T , RN AME , UN I TS

CHARACTER *6 DPTASK
CHARACTER *2 POIN2
DIMENSION POIN2(200)

DIMENSION RESULT (200),RNAME(200)

DIMENSION TITLE (7),COGNIT($)NPUTFILE,0UTPUTFILE,EXPER (3 ) , STRE SS (4 ) ,1 NTER (5 ) , SWI TCH (2 )
C TO RUN TYPE: R H HUMAN I

1,TY P ET ( 5 ) ,CR EW ( 3 ) , FE E D ( 2 ) , DE P EN ( 5 ) , STA TU S ( 2 ) , VAR T ( 2 )
DIMENSION TASKT(5),R1(3),R2(2),R3(3), UNITS (2)

DIMENSION TAL(10)0,TAL(10)5, RESP (10)(PTRESP(10)
P T

N A'4ELIST/DAT1/NC0 K1,K2,K NTDEP,TA LOW,THED,NTASK,NR1,NR2
1 .NDEP,NPREV,NPOINT POINT,NUNITS,DPTASK

NAMELIST/ TABLE /NTAL NTRESP,TAL,PTAl TRESP,PTRES?
DATA UNITS /' MINUT S ' HOURS g/
D ATA T ASKT/1.E-3,3. E -2, l .' E-2,1. E-3,1.E-2/
DATA R1/1.. 333,.5/
OATA R2/1..143/
DATA R3/1.0,3.0,7.0/
DATA COGNIT/ SKILL',' RULE',' KNOWLEDGE'/

DATA EXPER/' EXPERT',' AVERAGE'[' MINIMUM '/DATA STRESS /' GRAVE',' POTENTIA EMERGENCY ' , 'OP TIMAL CONDITIONS ',
l ' LOW VIGILANCE '/

DATA INTER /' EXCELLENT',' GOOD'g 'ARI ABLE '/FAI R ' , 'P00R ' , 'VE RY P00R '/
DATA SWITCH /' POINT ESTIMATE' ION',' DETRACT FROH ES',' RECOVER FAILED

V

DATA TYPET/' BACKUP AUTO. ACT

2 SYSTEM'kTENDED OUTAGE'/' PLANNED MANUAL ACTION',l'CAUSE E
DATA CREW /'NO ADDITIONAL',' SHIFT SUPERVISOR',' FULL SUPPORT'/
DATA FEED /'N0', 'YES'/
DATA DEPEN /'ZER0' ' LOW',' MEDIUM' 'HIGH','COWLETE'/
DATA STATUS /'SUCCdEDED',' FAILED'I
DATA VART/'YES','N0'/
N =1

READ (5 1WRITE ($,*02)NACT)NACT
102 FORMAT (!3)
70 CONTINUE

WRITE (6 420)
420 FORMAT (lH1)

READ (5100 FORMAT,100) TITLE(IH1,7A10)
WRITE (6 101 ) TITLE

101FORMATl/,1X,7A10,/)
NPOINT=0
P0lNT=0.0
NUNITS=2
READ (5,DA T1 )

C NPOINT=1 IF HUMN ERROR RATE IS READ VIA INPUT
C POINT IS THE VALUE OF THE HUMAN ERROR RATE IF READ THRU INPUT
C NUNITS= 1 IF TIME IS READ IN MINUTES,=2 IF READ IN HOURS,
C DEFAULT UNITS IS HOURS

IF(NPOINT.EO.0)GO TO 440 |
WRITE (6,441 ) POINT '

441 FORMAT (N}= POINT / 10X ' POINT VALUE IS = ',1PE8.2)RESULT (
RNAME(N)= TITLE (1 )
POIN2(N)='**'
N = N +1

GO TO 70
440 CONTINUE

WRITE (6 421)
421 FORMAT ($X,' INPUT ECHO:')

WRITE (6,400) COGNIT(NCOG)

400 FORMAT (/ SX} ' TYPE OF COGNITIVE PROCESSING IS = ',21X, A21)WRITE (6,d0l EXPER(K1)

|

A-2 I
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TABLEA-1(Continued)

O Sheet 2 of 6 [
401 FORMT(5X,' EXPERIENCE LEVEL OF OPERATING CREW IS =',15X,A21) i

WRITE (6,402) STRESS (K2)
402 FORMAT (5X ' STRESS LEVEL IN CONTROL ROOM IS = ',20X,A21)

WRITE (6,40$) INTER (K3) ;

403 FORMAT (5X ' QUALITY OF PLAN 7 WTERFACE WITH OPERATORS IS =',8X,A21)
WRITE (6.465) TYPET(NTASK)

405 FORMAT (5X ' TYPE OF HUMAN ACTION TASK IS =',24X,A21) *

WRITE (6.406) CREW (NRI)
406 FORMAT (5% 'ADDITIOMAL CREW AVAILABLE FOR DIAGNOSIS IS =',10X,A21)

'

WRITE (6,467) *EED(NR2)
407 FORMAT (5X 'AD0!TIONAL PLANT FEEDBACK TO ALERT OPERATOR =',9X, A21)

WRITE (6.408) DEPEN (NDEP)
408 FORMAT (5X ' TYPE Or DEPENDENCY BETWEEN TASKS IS =',17X, A21) t

IF(NDEP.NE.1) WRITE (6,601)DPTASK [
601 FORMAT (5X,' TITLE OF TASK WHICH THIS ACTION DEPENDS ON IS = ' .

1,6X,A6) ;

WRITE (6 409) STATUS (NPREV)
409 FORMAT (5X,' STATUS OF TASK WHICH THIS ACTION DEPENDS ON IS ='

1,6X,A21)
NTDEPP=NTDEP+1
WRITE (6 415)TMED, UNITS (NUNITS)

415 FORMAT ( X,'THE MEDIAN ESTIMATE OF THE TIME TO DIAGNOSE IS =' .

6 SWITCH (NTDEPP), UNITS (NUNITS)
404 FORMAT (5X,'ESTIt%TES OF TIME AVAILABLE ARE =',2?X A21

1 /,5X '(UNITS FOR TIME ARE THE SA'4E AS FOR THE MEb!AN TIME)',2X,
-

!

1A21 )
I F ( NTD EPP. E Q.1 ) WR I TE (6,414 ) TALL OW, UN I TS ( NUN I TS )

,

414 FORMAT (5X,'BEST ESTIMATE OF THE TIME AVAILABLE FOR DIAGNOSIS IS =' ?

2E)7.3 A21,/,5X,'(UNITS FOR TINE APE THE SAME AS FOR THE MEDIAN TIM
IF i

',/

C TIME DEPENDENT PART CALCULATED FIRST !

C NCOG GIVES THE TYPE OF COGNITIVE PROCES$!NG *

C 1= SKILL,2= RULE 3= KNOWLEDGE
GO 10 (10,20,30),NCOG

10 C1=.7
C2=.407 :
C 3 =1. 2 i

GO TO 40
20 C1=.6 '

C2=.601
C3=.9
GO TO 40 i

30 C1=.5
C2=.791
C3=.8

40 C0HTINUE
C RK1= OPERATOR EXPERIENCE (EXPERT (1), AVERAGE (2), MINIMUM (3))
C

RK2= STRESS LEVEL (GRAVE (1)IY(EXCELLENT (1),G00b(O EMERG(3), LOW ACTIVITY (1)POTENTIAL EMERG(?) N
C RK3= PLANT INTERFACE QUALI 2), FAIR (3),P00R(4),
C EXTREMELY P00R(5))
C
C K1= OPERATOR EXPERIENCE LEVEL

GO T0 (11,21,31),K1
11 RK1= .22

GO TO 41-

21 RK1 =0.0
GO TO 41

31 RK1=.44
41 CONTINUE '

C
C K2= STRESS LEVEL

C0 T0 (12.22.32,42),K2

0495G061386HAAR
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TABLE A-1 (continued)

Sheet 3 of 6

12 RK2=.44
GO TO 52

22 RK2=.28
GO TO 52

32 RK2=0.0
GO TO 52

42 RK2=.28
52 C0FTINUE

C

C K3= PLANT INTERFACE
GO T0 (13,23,33,43,53),K3

13 RK3= .22
GO TO 63

23 RK3=0.0
GO TO 63

33 RK3=.44
GO TO 63

43 RK3=.78
GO TO 63

53 RK3=.92
63 CONTINUE

C NTDEP= SWITCH TO DETERMINE IF VARI ABLE ESTIMATES OF THE
C TIME AVAILABLE FOR DIAGNOSIS MUST BE INPUT BECAUSE
C THE ALLOWABLE TIME FOR RECOVERY OR THE ESTIMATED
C TIME FOR PERFORMING THE ACTION ARE UNCERTAIN
C NTDEP=0(VA"!! ABLE ESTIMATES NOT USED)
C NTDEP=1(VARIABLE ESTIMATES USED)

NTAL=1
NTRESP=1

!!a:k $
C TOT AL =0.
CFT =0.
CFINUa0.

C UMBER OF POINTS I:: TIME ALLOWED DISTRIBUTION
C NTRESP= NUMBER OF FO!NTS IN TIME TO RESPOND DISTRIBUTION
C TAL= TIMES IN TIME ALLOWED DISTRIBUTION
C PTAL= PROBABILITIES IN i!ME ALLOWED DISTRIBUTION
C TRESP= TIMES IN TIME TO RESPOND DISTRIBUTION
C PTRESP= PROBABILITIES IN TIPE TO RESPOND DISTRIBUTION

IF(NTDEPP.EQ.2) WRITE (6,410)TAL
410 FORMAT (/,15X,'0ISTRIBUTION FOR TIMES ALLOWED',/,10F7.2,/)

IF(NTDEPP.EQ.2) WRITE (6,411)PTAL
411 FORMAT (15X,' PROBABILITIES FOR TIMES ALLOWED DISTRIBUTION',/,

1 10F7.2,/)
I F( NTDE PP. EQ. 2 ) WRI TE (6,412 ) TRE SP

412 FORMAT (15X,' DISTRIBUTION FOR TIMES TO RESPOND ONCE DIAGNOSED',/,
110F7.2 /)

I F ( NTD $PP. E Q. 2 ) WRI TE (6,413 ) P TRE SP
413 FORMAT (15X,' PROBABILITIES FOR TIME TO RESPOND DISTRIBUTION',

1 /,10F7.2,/)
71 CONTINUE

00 72 !=1,NTAL
Du 72 J=1 NTRESP
IF(NTDEP.EQ.0)GOTO73
TF(I.E0.1. AND.J.EQ.1) WRITE (6,418)

418 FORMT(/,3X,'INTERMEDI ATE RESULTS;'/,4X,' TIME ALLOWED TIME TO R
1ESPOND ESTIMATED ERROR FREQUENCY PROBASILITY',/)
TALLOW = TAL(!)-TRESP(J)
IF ( TALLOW .L E. O. ) TALLOW = 0.
PROB = PTAL(I)*PTRESP(J)

73 CONTINUE

A-4
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!C
C TALLOW = ALLOWABLE DIAGNOSIS, RESPONSE TIME FROM TIME OF INDICATIONS !
C THED= MEDIAN EST! MATE OF ACTUAL DIAGNOSIS TIME MEASURED FROM INDICATIONS |
C TO COWLETION OF DIAGNOSIS t

RNUM= T ALLOW / THE D/ (1. +R KI )/ ( 1. + R K2 ) / (1.+ R K 3 )- C1 ;
IF(RNUM.LE.O.0) RNUM=1.E-6 :
FT= EXP(-(RNUM/C2)**C3) :

C FT= TIME DEPENDENT ERROR PROBA8ILITY t

C

C TIME INDEPENDENT CALCULATION [
C NTASK= TYPE OF DYNAMIC HUMAN ACTION :
C 1= BACKUP TO AUTO. ACTION !

C 2= DETRACT FROM AN ESAS RESPONSE i
C 3= RECOVER A FAILED SYSYTEM '

C 4= PLANNED PMNUAL ACTION
'

C 5= ACTION WILL LEAD TO AN EXTENDED OUTAGE
C NR1= ADDITIONAL CREW INPUT ( 1=NONE 2= SHIFT SUP. ARRIVES, 3= ONSITE :

NR2= ADDITIONAL PLANT FEEDBACK ()1=NONE,2-YES;MUST ALSO HAVE
EMERG SUPPORT TEN 4 ARRIVESC ,

C

C SUFFICIENT TIME AVAILABLE)
IF(NCOG.E O.3. AND. NR1.EQ. 2)NR1 =1
I F(NCOG. NE.3. AND.NR1. EQ.3 ) NR1 =2 ,

C

C NR3= TIME-INDEPENDENT 7AILURE PENALTY FOR POOR OR VERY POOR t
. C PLANT INTERFACE i''

NR3=1
IF(K3.EQ.4) NR3=2 !

IF(K3 EO.5) NR3=3 I

F I ND= TAS KT ( NTASK ) *R3 ( NR3 ) *R1 ( NR1 ) *R2 ( NR2 ) *

O IF(FT.GE. FIND)NR1=1 -

IF(FT.GE.FINDINR2=1 .

FI ND= T ASK T( NTASK ) *R 1 ( NR1 ) * R2 (N R2 ) * R3 ( N R 3 )
C

C ACCOUNT FOR DEPENDENCE BETWEEN OTHER TASKS
C NDEP= TYPE OF DEPENDENCE BETWEiN TASKS (1=ZERO,2= LOW,3=ME01UM,

,

C 4=HIGH,5=C0f9LETE) t

SUM =FT+ FIND !

IF(SUM.G E.1.0) SUM =1.0 t

C NPREV= DID PREVIOUS TASK SUCCEED OR FAIL (1= SUCCEED,2= FAIL)
C USE NPREY = FAIL IF ZERO DEPENDENCE MODELED f

IF(NPREY.EO.1)SUH=1.-SUM |

Ggg5 25,35,45,55)NDEPj
GO TO 65 !

25 TOTAL =(1.+19.* SUM)/20.
GO TO 65

35 TOTAL = (1.+6.* SUM)/7. i
Go TO 65 '

45 TOTAL = (1.+ SUM)/2.
Go TO 65

55 TOTAL =1.0
,

65 CONTINUE i

C CHANGE SUCCESS PROBABILITY TO FAILURE PROBABILITY IF PREV!OUS TASK ,

C WAS SUCCESSFUL I

IF(NPREY.EO.1) TOTAL =1.-TOTAL j
CTOTAL=CTOTAL+ TOTAL *P't0B '

IF(NTDEP.NE.0) WRITE (6,417) TAL(!) TRESP(J),5UM, PROB *

417 FORMAT ( 4X IPE8.2.8X,1PE8.2,11X,1PE8.2.21X,1PE8.2) *

CSUM=CSUM+5UM* PROB

I F ( NPR EV. E O.1 ) CS UM= C S UM-SUM *P R OB+ (1. - SUh) *P R OB
CFT=CFT+FT* PROB
CFIND=CFIND+ FIND * PROB ,

72 CONTINUE -

,
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TABLE A-1 (continued)
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C
C COMPLETION OF LOOP ON VARIABLE TIME AVAILABLE FOR DIAGNOSIS
C

C

C BEGIN CALCULATION OF UPPER AND LOWER BOUND ESTIMATES
C

RF=10.
IF(CSUM.GT. 03)RF=5.
IF(NDEP.NE.1.AND.NP'.EY.EQ.2) GO TO 200
CTOTH=CTOTAL*RF
IF(CTOTH.GE.1.0) CTOTH =1.0
CTOTL=CTOTAL/RF
GO TO 203

200 CONTINUE
!F(NDEP.NE.5) GO TO 201
CTOTH=1.0
C TOTL =1.0
GO TO 203

201 CONTINUE
NDEP=NDEP+1

IF(NPREY.EQ.1)NDEP=NDEP-2
C USER LOWER DEPENDENCY FOR UPPER BOUND IF PREVIOUS TASK WAS SUCCESSFULL

PROB =1.0
C TOTH =0.
DO 82 I 1,NTAL
00 82 J =1,NTRESP
IF(NTDEP.EQ.0) GO TO 81
TALLOW = TAL(I)-TRESP(J)
IF( T ALLOW .L E. O. )TAL LOW = 0.
PROB = PTAL(I)*PTRESP(J)

81 CONTINUE

C TALLOW = ALLOWABLE DIAGNOSIS, RESPONSE TIME FROM TIME OF INDICATIONS
C TMED= MEDIAN ESTIMATE OF ACTUAL DIAGNOSIS TIME PIASURED FROM INDICATIONS
C TO COMPLETION OF DIAGNOSIS

R NUM= T ALLOW /TME D/ (1. + R K1 ) / (1.+R K2 )/ (1. +R K 3)- C1
IF(RNUM.LE.0. ) RNUM=1.E,5
FT= EXP(-(RNUM/C2)**C3)

C FT= TIME DEPENDENT ERROR PROBABILITY
C

C TIME INDEPENDENT CALCULATION
C NTASK= TYPE OF DYNAMIC HUMAN ACTION
C 1= BACKUP TO AUTO. ACTION
C 2= DETRACT FROM AN ESAS RESPONSE
C 3= RECOVER A FAILED SYSYTEM
C 4= PLANNED fMNUAL ACTION
C 5= ACTION WILL LEAD TO AN EXTENDED OUTAGE
C NR1= ADDITIONAL CREW INPUT ( 1=NONE,2= SHIFT SUP. ARRIVES, 3= ONSITE
C EMERG SUPPORT TEAM ARRIVES)
C NR2= ADDITIONAL PLANT FEEDBACK (1=NONE,2=YES;MUST ALSO HAVE
C SUFFICIENT TIME AVAILABLE)

IF ( NC0G.EQ.3. AND.NRI .EQ.2) NR1 =1
I F( NCOG. NE .3. A ND.NR1. E Q. 3 ) NR1 =2

C

C NR3= TIME-INDEPENDENT FAILURE PENALTY FOR POOR OR VERY POOR
C PLANT INTERFACE

NR3=1
IF(K3.EQ.4) NR3=2
IF(K3.EO.5) NR3=3
F I ND= TASKT ( NTASK ) *R3 ( NR3 ) *R2 ( NR2 ) *R1 ( NRI )
IF(FT.GE. FIND)NR1=1
IF(FT.GE. FIND)NR2=1
F I ND = T ASK T ( N T AS K ) * R1 ( N R1 ) * R2 ( N R 2 ) * R3 ( N RO )

C

C ACCOUNT FOR DEPENDENCE BETWEEN OTHER TASKS

A-6
0495G061386HAAR

___



. ._ _ - _.. _. .. .__ .

_ __ _ _ _ _ _ _ _ _ _.

.

r

TABLE'A-1(continued). _f
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1

Sheet 6 of 6 .

!

C NDEP= TYPE OF DEPENDENCE BETWEEN TASKS (1=ZERO,2= LOW,3= MEDIUM, !
C 4=HIGH,5= COMPLETE) i

SUM =FT+ FIND F

IF(SUM.GE.1.0) SUM =1.0 !
C WREV= DID PREVIOUS TASK SUCCEED OR FAIL (1= SUCCEED,2= FAIL) i
C USE NPDEV = FAIL !F ZERO DEPENDENCE MODELED :>-

IF(NPREY.EQ.*. JUM=1.-SUM I
GO T0 (86,87,88,89,90)NDEP t

86 TOTAL *3UM- |
GO TO 8b i

87 TOT AL = (1.+19. * SUM)/20.
GO TO 85

,
4

i
88 TOTAL = (1.+6.* SUM)/7. '

GO TO 85 I,

89 TOTAL = (1 + SUM)/2. i
GO TO B5 !

90 TOTAL =1.0 t

85 CONTINUE i
IF(TOTAL.GE.1.0) TOTAL =1.0 *

C ' CHANGE SUCCESS PROBABILITY TO FAILURE PROBABILITY IF PREVIOUS TASK !

C WAS SUCCESSFUL I
IF(NPREY.EQ.1) TOTAL =1.-TOTAL i
CTOTH=CTOTH+ TOTAL * PROB ' ;

82 CONTINUE j
C TOTL=(CTOTAL**2)/CTOTH t

C ,

C C0!PLET!0N OF LOOP ON VARIABLE TIME AVAILABLE FOR DIAGNOSIS !
C i

203 CONTINUE I

J WRITE (6 422) |422 FORMT($X,'RESULTS:')O ;

IF(CFT.LE. 000001) WRITE (6,600)CTOTL CT0TAL,CTOTH CFIND.CSUN i
IF(CFT.GT. 000001) WRITE (6,104)CTOTL CTOTAL CTOTH,CFT CFIND.CSUM i

104 FORMT(/,10X,' FAILURE FREQUENCY RANUE',/,15X,' LOWER BOUND = ', |
i 61PE8.2

1 /,13X,'BEST EST! MATE = ',1PE8.2,/,13X,'' UPPER BOUND = ',1PE8.2, .

/10X,'BEST ESTIMATE TIME DEPENDENT =2
31PE8.2,/,10X,'BEST ESTIMATE TIME INDEPENDENT = ',1PE8.2,/ 'l,

t

4 ,10X ' TOTAL BEFORE ACCOUNTING FOR DEPENDENCY BETWEEN TASKS =' !5,1 PEE.2,/) t
600 FORMT(/,10X,' FAILURE FREQUENCY RANGE',/,13X,' LOWER BOUND = ', j

61PE8.2, i
1 / 13X,'BEST ESTIMATE = ' 1PE8.2,/,13X,' UPPER BOUND = ',1PE8.2, !
2 /,,10X,'BEST EST! MATE T!$E DEPENDENT = NEGLIGIBLE' ,

[

4 ,10X, g 'OTAL BEFORE ACCOUNTING FOR DEPENDENCY BETWEEN TASKS =' |3 /,10X BEST ESTIMATE TIME INDEPENDENT = ',1PE8.2,/
i

T| i

RESULT (N|/)
S 1PE8.2

'

=CTOTAL:

RNAME(N)= TITLE (1)
~j!N2(N)=' '

N = N +1 ,

IF(N.LE.NACT)GOTO 70 i
2

WRITE (6 432)

1,
432 FORMT(IH1,10X,' SUMMARY OF BEST ESTIMATE RESULTS',/) |

;
00 431 J=1 NACT

i
WRI TE (6.43b) RNAME (J ) , RESULT (J ) ,PO I N2 (J )

*

i
430 FORMAT (10X, A6,5X,1PE8.2.A2) j
431 CONTINUE ;

451 FOR'1AT(IOX,}** INDICATES THAT POINT VALUES WERE READ AS INPUT')WRITE (6 451 !

|
STOP *

END !

!
'

O !
'

!.

|1

1 !
; A-7
'

0495G061386HAAR
1

_ _ _ _ _ _ . _ _ . _ _ _ _ _ _ . . _ . _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . . _ _ _ _ . _ _ __ ._ _ __



. _. _. - - ._

-TABLE A-1 (continued).
'

O- Sheet 6 of 6

C NDEP= TYPE OF DEPENDENCE BETWEEN TASKS (1=ZERO,2= LOW,3= MEDIUM,
C 4=HIGH,5= COMPLETE)

SUM =FT+ FIND
IF(SUM.GE.1.0) SUM =1.0 t

C NPREV= DID PREVIOUS TASK SUCCEED OR FAIL (1= SUCCEED,2= FAIL) '

C USE NPREY = FAIL IF ZERO DEPENDENCE MODELED f

IF(NPREY.EO.1) SUM =1.-SUM
GO T0 (86,87,88,89,90)NDEP

86 TOTAL = SUN
GO TO 85

87 TOTAL = (1.+19. * SUM)/20.
GO TO 85

88 TOTAL = (1.+6.* SUM)/7.
GO TO 85

89 TOTAL = (1.+ SUM)/2.
GO TO 85

90 TOTAL =1.0
85 CONTINUE

IF(TOTAL.GE.1.0) TOTAL =1.0
C CHANGE SUCCESS PROBABILITY TO FA* LURE PROBABILITY IF PREVIOUS TASK
C WAS SUCCESSFUL

IF(NPREY.EQ.1) TOTAL =1.-TOTAL
CTOTH=CTOTH+ TOTAL * PROB

82 CONTINUE
CTOTL=(CTOTAL**2)/CTOTH

C

C C0ffLET10N OF LOOP ON VARIABLE TIME AVAILABLE FOR DIAGNOSIS
C

203 CONTINUE
WRITE (6 422)

422 FORMT($X,'RESULTS:')O IF(CFT.LE. 000001) WRITE (6.600)CTOTL,CTOTAL.CTOTH,CFIND,CSUM*

IF(CFT.GT. 000001) WRITE (6,104)CT0TL CTOTAL CT074,CFT,CFIND.CSUM
104 FORMT(/,10X,' FAILURE .'REQUENCY RANdE',/,15X,'L0 DER BOUND = ',

61PE8.2
1 /,13I(, 'BEST ESTIMATE = ',1PE8.2./,13X, ' UPPER BOUND = ',1PE8.2,
2 / 10X,'BEST ESTIMATE TIME DEPENDENT = ',
31PE8.2,/,10X,'BEST ESTIMATE TIME INDEPENDENT = ',1PE8.2,/

'O L BEFOR.'. ACCOUNTING FOR DEPENDENCY BETWEEN TASKS =',

600 FORMAT (/,10X,' FAILURE FREQUENCY RANGE',/,13X,' LOWER BOUND = ',
61PE8.2,
1 / 13X,'BEST ESTIMATE = ' 1PE8.2,/ 13X,' UPPER BOUND = ',1PE8.2,
2 /,,10X,'BEST ESTIMATE TIME DEPEND $NT= NEGLIGIBLE' ,

3 /,10X, TOTAL BEFORE ACCOUNTING FOR DEPENDENCY BETWEEN TASKS =''BEST ESTIMATE TIME INDEPENDENT = ',1PE8.2,/
4 .10X,

RESULT (d./)
5 1P E8.2

=CTOTAL
RNAME(N,= TITLE (1)
POIN2(N)=' '

N= N +1

IF(N.LE.NACT)GOTO 70
WRITE (6 432)

432 F0", MAT (IH1,10X,' SUMMARY OF BEST ESTIMATE RESULTS',/)
DO 431 J=1 NACT
W RI T E (6,43b ) R NAME (J ) , RE S ULT (J ) ,P O I N2 (J )

l 430 FORMAT (10X, A6,5X,1PE8.2. A2)
431 CONTINUE

451 FOR'iAT(IOX,}** INDICATES THAT F0!NT VALUES WERE READ AS INPUT')
WRITE (6 451

STOP
END

4 _.

,

)
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TABLE A-2. DYNAMIC HUMAN ERROR CALCULATION INPUT VARIABLES

O
_

The number of dynamic human errors to be calculated is first read as input
variable NACT. The variable is read according to (13) format.

For each dynamic error to be calculated the following input is provided.

Title:
A title record is input for each action. It is read according to
(7A10) format.

NAMELIST DAT1:
_

*NCOG = Type of cognitive processing (skill = 1, rule = 2 knowledge = 3)

*K1 = Crew experience level (expert = 1, average = 2 minimum = 3)

*K2 = Stress level (grave = 1. potential emergency = 2, optimal conditions
= 3, low vigilance = 4)

*K3 = Plant interface (excellent = 1 good = 2, fair = 3, poor = 4
very poor = 5)

*NTDEP = Estimates of times allowed and times to respond (variable =1,
point values = 0)

* TALLOW = Time available for diagnosis

*TNED = Best estimate of time to complete diagnosis ( same units as for
TALLOW

*NTASK = Type of task (Backup Auto. Action = 1 Detract from ES = 2
Recover Failed System = 3. Planned Manual Action = 4,
Cause Extended Outage = 5)

*NRI = Feedback from additional crew (none = 1,Shif t Supervisor Arrives = 2.
Full Support from Offsite Team = 3)

* HR2 = Feedback from additional plant indications (no =1, yes =2)

*NDEP = Dependency between tasks (zero = 1, low = 2, medium = 3, high = 4,
complete = 5)

*NPREV = Statut of task dependent on (succeeded = 1, failed = 2)

*DPTASK = identifier for task dependent on. ( Format is (A6))

*NUNITS = Time units for TALLOW and TMED (minutes = 1, hours = 2)

*NPOINT = Type of quantification ( full dynamic error calculation = 0,
echo point value read as input = 1, default = 0)

*NTAL = Number of points in variable time allowed distribution.

*NTRESP = Number of points in variable time to respond distribution

*TAL = Times in variable times allowed distribution (supply 10 times)

*PTAL = Frequencies for variable time allowed (supply 10 frequencies )

*TRESP = Times in variable time to respond distribution ( supply 10 times)

*PTRESP = Frequencies for variabie time to respond ( supply 10 times)

0
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TABLE 2-7. 0YNAMIC HUMAN ACTIONS QUESTIONNAIRE

Human Action Identifier: MA MI Sheet 1 of 11
,

A. Description of Human Action
,

t

1. Objective (task to be performed and failure criteria): j

Operator fails to bypass the instrument air dryer
transfer valve in the event it sticks between dryers

,

restricting flow to both flow paths. It takes
about 10 minutes for the air pressure to drop to
low levels. After loss of air pressure, reserve-

bottles on the seal injection and intermediate
, ,

cooling air-operated valves maintain their position
for about another 10 mi utes. The bypass must be
established before thes valves fail closed. |

.. / -
(

2. List split fractions that include this human action.

!
Arn/F ; A rn -t

Apr & ' W - i (!P ),

\-

I

r

i

3. Situation (initiating events and plant conditions, support system #

states): collect into separate scenario groups for evaluation.
!Emphasize factors affecting response time and stress level.

Mu. etel- fM [ |
c ^ /O-/$

Y A goauak sm.4M'
~f"jb A pJ * '

-

!
'

,

pp wap
su w w~ '

,, o / M MMO ae -
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TABLE 2-7 (continued)

Human Action Identifier: ///fM Sheet 2 of 11-

l

B. Cognitin Processing Type:

k Is the operator familiar with the action? (yes, no)[3) c/4f
'

/

@ If yes, by what means? (proc dur,es, training, frequent
performance) OAe M' *

%y
@ Does this action contradict operator training, rules of thumb, or

intuition? (yes, no) #

Is this action included in simulatot tra i,ng ? (yes, no) /rf o
NMic e io ions': [eck

Skill-Based

Routine action, procedure not required.

Routine action, procedure required, but personnel well
'

trained in procedure.

g Action not routine, but unambiguous and well understood by
operators who are well trained.

Action is listed in procedures for turbine trip or reactor.
trip.

Rule-Based (procedures)

Routine action, but procedure required; operators not well.

trained, or procedure does not cover.
-

g,0. g Not routine, action unambiguous ar.d well understood, but not
well practiced. -

c Ao. . )( Action described in emergency procedures, but not for
turbine trip or plant trip.

Knowledged-Based !,

Not routine, action ambiguous.

Not routine, procedure does not cover.

Not routine, procedure not well understood.

Decision to act based on a rule-of-thumb, but not in
emergency procedures.

,

,
,

Decide on one. What type of behavior is required? O
-{U s e-l o gic-t re e-( f rom- HC R- r ep o rt ;- F i g u re - B -3 } - i f - h e l p f u l rJ

i

7 |

B-4 % i
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TABLE 2-7 (continued)

Human Action Identifier: MA/MI Sheet 3 of 11

C. Operator / Plant Interface (items on which operdtors will key to base
judgment)

Q1 Instruments and readings that trigger action (identify procedure j
number and stg) if applicable): * ' 'g 3 ju .

3-M% Qq9teo"UQ V.

,*& W a y *,

@ Alarms (name,1& & audible, visual):&b all
location,

ZW M N * h7 A
,io a - Que "

" #-

fm CwYW , tH 5 M n '- Q^^ A
,

i

'

,3 ricA c r' ') A LAMI " C P
p 1 MMP .;

'

h Is'pcoordination between operators required? (yes, no) /jo I

th Is there cor'?boration among indications? (very good, some, none) fAw ea.
.

e4 rd 4 d M' e~<A- d.M ? ' g o o c/~ .
63

most k" plicable description of plantCheckow
Is .

nterface* '

Er'
% Excellent. Same as below, but with advanced operati.e aids to |!

help in accident situations.-

,

|
'

L_j Good. Displays carefully integrated with SPDS to help operator.

Q Fair. Displays human engineered, but require operator to '

integrate information.

.\
-

Q Poor. Displays available, but not human engineered.

\ i Extremely Poor. Displays needed to alert operator are not
directly visible to operators.

@

O
1

.

|
0394G01.1386 |

'
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TABLE 2-7 (continued)

Numan Action Identifier: MAM i Sheet 4 of 11

D. Stress Level

Is the control room team expected to have a high work load?
(yes,no) A/o

2. Why is this action needed? (backup to an automatic action,-

required manual action, recovery of failed system, defeat ESAS
response) accose,w

h Will this action co.'+aminate a portion of the plant r otherwise
result in an extended plant shutdown? (yes,no) 10

h Are there any system failures that complicate this action? (none,
one, multiple) /UN

@ Is this action the onposite to the response required in another
'iprocedure or to general training? (yes,no) //)O

What are the expected work conditions for the crew?

Vigilance Problem. Unexpected transient with no precursors.

Optimal Condition / Normal. Crew carrying out small load
adjustments.

.

g High Workload / Potential Emergency. Mild stress, partway through
accident with high work load or equivalent.

,

-

. , .

Grave Emergency. High stress, emergency with operator feeling
,

threatened. ;

|.

Assess stress level for each scenario group. J

Scenario Group Stress. Level Coments

d A. IhI 90 < 4.',4 C +. cr ey1
' J

B. j

C.

j D.

0394G011386 B-6 ,

1
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TABLE 2-7 (continued) :

() Human Action Identifier: //sk/Ajb Sheet 5 of 11 ;

I
E. Experience level of Operating Team ;

(specific team memoer who would perform the action) i

.

Expert. Well Trained. Licensed with more than 5 years .

experience.-

i
!

jh(, Average Knowledge, Training. Licensed with more than 6 months
experience.

Novice, Minimum Training. Licensed with less than 6 months
experience.-

i-

f
!

i

!

:

I |

i
-

:

'

i

.

'
i

e

4

4

.
d e

0394G011386 ''

B-7
-

,

- - . . . . - . . - - , , . . - - . - , , . - - - , - . . , , , , , , _ . - _ _ , . _ , . , , , _ , - . , ...-,,n,, -,.. _ , , , - - , , ,,- __,.,,,,,nn__n,_



i,.I
|

TABLE 2-7 (conti.nued)

Human Action Identifier: MAMI Sheet 6 of 11

F. Response Time Available

N. What is the timing of the first indications for the operator
action? . h me to idre. (in time since initiating event)

h When may the operator first act?

W (A "li-4 f y din time from initiating event).

kirfiib 5
h/h & Y.b. w| -) wY
y w/ & ' *

it e o . y .ir % u .r t a % t o O I ~ a - T e ,
h When is the last time allowed for the operator to take action and

be successful?

Heasured as median time since initiating event Amu

or as time since first indications a n ~R wt r/
4 Estimate the median time to carry out the action, once decided to" pursue. ~3 - V m A> t4 re s

Estimate the median time available for the operator to decide to
perform the correct action. Measure the time available from when
he wauld first turn his attention to the indications until the
last time available. Jn-y = /4 m a mky

.

4

0
'

0394G011386 B-8
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TABl.E 2-7 (continued)

Human Action Identifier: MN/A I _ Sheet 7 of 11

G. Recovery from Earlier Misdizgnosis

1. What significant new indications are there to tell the operator
that an earlier diagnosis was in error?

g, /, fj #M ht$r ftd% T cA h A * W W p 4 M * f [
'

- Lo us a .~ y"- vpgM L7 &,/ W"g[
D af $ A -g-

2. Does the a tional ack occur prior to the allowed
time for successful action? When? V.A s. i

Q& h .'$g -- 8 y -'

,

d '

i
.

!

3. Is the time available for the correct action sufficient to allow !
newly arriving crew members to participate in the decision? !

!

O (i.e. Is the error rate essentially time independent?) (yes,no)
v'e r

< -

4. During the time available for diagnosis, what new crew members .
will be able to address the problem? Ce.g., None, Shift
Technical Advisor (S,TA), Remote Emergency Response Team] ,

:s s, w G Lff F e '^ '

q a . g o b ] @tional credit be gi e & = = ' W #f@6&
e Should ad/i n bec use of additional plant !

feedback? (yes, no) VW - M 4/
e w t: & f a. M {A r

ath/
Should additional credit he given because of newly rrivingcrew/4M[J

e

, members? (yes,no) X L_
ye.c Qals e. cnve eV,. e> leu af.+4n1 {,

n % rey <ta> y snute,

i

!-

O
0394G01.1386 B-9
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TABLE 2-7 (continued)

Human Action Identifier: NO /4i Sheet 8 of 11

H. Dependence with Other Human Actions in Same Scenario

1. Have other errors of human actions occurred in this scenario?
00

2. How much influence do previous hugan errors have on this action?
(significant,same,none) WA

3. Are other actions being performed serially or in parallel?
(Attach operator tire line if necessary to describe.)

no

S
.

3 A.Gu.thee <~ou uswuer nunEnnit-Ts es uf o".T m' I"f
a ctio~s ?

Must a specific de nce with another human action be accounted
for?

No
_

-

<l

|
Scenario Group (Yes/No) Coments '

A. |

B.

*

C.

D.

O
.

0394G011386 B-10

-



___

.../

TABLE 2-7 (continued) i

|

Human Action Identifier: MAMI Sheet 9 of 11
;

!. Potential for Confusion in Diagnosis, leading to Unsuccessful Response

1. Are there proc res available to instruct operator to perform
the action? yes no) Identify by number //tw BW8# -

,

2. If no procedures apply, is the operator trained to perform the
'

specific action? (yes, no) e>/A
,

,

3. Which i a ge may] tyeg {hgact ?

wwu s s41/4 -Do each of these initiat(hg_ events result in tt' e plant physical4.
conditions nece to enter the procedure encompassing this
human action? es no) If no, identify by initiator

'

.

5. Which'other procedures have entry conditions similar to the
procedure encom ssing this human action? Identify by number
^> o m

6. Do the indications describing the entry conditions for other
procedures differ from the correct procedures o by parameters
not normally keyed on by the operator? (yes, o IfO yes, identify .

7. Is the stress 1 t the time of selecting the proper
procedure hig optimal, or very low?

,

8. Is the operator trained to expe the actual situation to be of
extremely low frequency? (yes,no

.

94 Is the potential for an incorrect diagnosis leading to an '

operator-induced failure high, medium or very low?
.

i

9. What is the likelihood of the operator initially entering the
wrong procedure? (likely,somewha likely, q[nlikelf

.Identify by number (~ |

10. If the incorrect procedure is entered, does it direct the
operator to: *

l' I Not do any related action?
1

I I Perform an action that makes things worse? Identi fy .

I

C Perform the correct action anyway?
|.

11. What top events are likely impacted in some way that makes
recovery more complicated prior to the successful
rediagnosis? % e.

0394G011386 ,
-
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TABLE 2-7 (continued)

Human Action Identifier: NNMI Sheet 10 of 11

J. Potential for Selection of Nnnviable Action (assuming a correct
diagnosis)

1. Are proc available to instruct the operator to perform the
action? no)

2. Is discretion given to the control room team to the proper
option among several to be selected? (yes ,

3. Are any of the options no ble for any one of the scenario
groups identified? (yes Identify:

4 Is more than one option pursued in parallel? (yes.h
5. If no specific procedures apply, are there pther plausible

options that are nonviable? (yes,no) AV4 Identify:
' O

y e ZLL- f w M el 6-^ A Mgg Wh.b &E yw_
6. If a nonviable solution is selected, are suffi nt cues and time

available to later pursue a viable option? yes no)
Identify cues:

.

7. Is the plant / operator interface such that a potential exists for
the erator to slip when implementing the correct action?
(yes Explain: .

.

8. Is the potential for selection of a nonviable option high,
medium, low, or very low? e -> M ,, y [ s v

h:<

'

0394G011386
B-12
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TABLE 2-7 (continued) ,

!

Human Action Identifier: N A Mi Sheet 11 of 11,

K. Sumnary Sheet

From B. What' type of behavior is required? Tule i

t

From C. Description of plant interface? Im W L

From D. Expected stress level for each scenario group? !
-

t

Group A fah d. mf O'" *'j e- "r * " ', M ;

Group B f
Group C .

'

Group D !
*Group E
!

From E. Experience level of operating team Av w e_ j
d

''et:<, n .s:t
From F. Time availab,le to perform correct actforw /6 wa. wT v i

t% f frN.,oTe a 64e+c sig **/* / + 1.e ,

From G. Additional credit to rediagnosis due to plant feedback? *

'/c Arriving crew members? v6 rA. /4 An o s,y 4 ;
/

'

:

From H. Need to account for dependence with other actions for each
.iscenario group? A/o

Group A
t

Group B !
Group C

:
Group D

,

Group E
|

From !. Potential for incorrect diagnosis leading to failure? % sie ,1, f

From J. Potential for selection of nonviable option? vm, ,/ w,

[m ~ Ia % f l' ,rei ,y
6

|
- ,

I
:

I'

!

.i l

i
'

>

;

O !
~

!, ,

> >

0394G011386
'
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t

f

,

t

I

L

>
F

|

k

!

f

I

i

|

|
,

O

,

j

!

:|

|

|

|

O
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TABLE 2-7. DYNAMIC HUMAN ACTIONS QUESTIONNAIRE

- Human Action Identifier: HAMA Sheet 1 of 11 I

A. Description of Human Action *

1. Objective (task to be performed and failure criteria):

Operator fails to manually reload the instrument I
air compressors following a loss of offsite power.
One train of vital electric power is also assumed |

Failed.
__ . _ . _ _ _ _ _ _ _ _ _ _ _ _ _ . . _ .

!

2. List split fractions that include this human action.

Arag ; A t,-| (or)

!

!

.

i

!

3. Situation (initiating events and plant conditions, support systen !
states): collect into separate scenario groups for evaluation. ;
Emphasize factors affecting response time and stress level. i

9 Q, m b G A e t G 8 c |0 w a

.

b. o k Z E h ) V & f h ' ff/-

p f ssa w x a w 2.
e- v A' is's J/A Vs e- \

'

> & d 44 'r @ 7 &
'

.

O ew_ ,;
.

0394G011386
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TABLE 2-7 (continued) g
Human Action Identifier: M4M $ Sheet 2 of 11

|

B. Cognitive Processing Type:

k Is the operator familiar with the action? (t,4o r) ' 3
inafo;.lse se verg fw. iterD If yes, by what means? (procedures, training, frequent * .

performance) 9, in asn roit. rxnihr e e A I C s'*** 'P''#''}'
@ Does this action co tradict operator training, rules of thumb, or

intuition? (yes,no

Is this action included in simulator training? $ no)
ek those kuew4y are fuse. NW reAud .: 4,ggy), ou r ee/ g/
go,o(re e &

plic'able descriptions of actions: 4 wehae
Skill-Based

| | Routine action, procedure not required.

U Routine action, procedure required, but personnel well !

trained in procedure.

O ,'Q Action not routine, but unambiguous ind well understood by
operators who are well trained.

Action is listed in procedures for turbine trip or reictor.
trip.

Rule-Based (procedures)

O Routine action, but procedure required; operators not well i
.

trained, or procedure does not cover. :j

R Not routine, action unambiguous and well understood, but not
well practiced. -

~@ Action described in emergenc/.Lo'l Ay procedures, but not for
turbine trip or plant trip.

Knowledged-Based

C Not routine, action ambiguous.

C Not routine, procedure does not cover.

Not routine, procedure not well understood.

Decision to act based on a rule-of-thumb, but not in
emergency procedures.

Decide on one. What type of behavior 's reguired? " u

. B-16
,

0394G011386
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TABl.E 2-7 fcontinued)

Human Action Identifier:J 3.4' ' - Sheet 3 of 11

C. Operator / Plant Interfa q t: ( e ' . which operators will key to base
judgment)

i
i

Instruments and readings that trigger action (identify procedure I

number and s ) if applicable): I

im. x .s ay S rn r'm (S 'ack * *T |,

|CCACA S *] |

,

9,um p,,i gru sM A.* * N 0 ! L M * *-

1a. Arc est y '7*% ''"" ~ S"Nl
:

yzs
@ Alarms (name, location, audible, visual): |

/ m s'ou s r,<.u. m e o T p th pr<s tu A.L &* I
|"

Au.or 6 L 4. , visu AL j
'

i

!
:h From where will action first be attempted? (control room, other -

speci,fy) d.R..

() Is'$ rdination between operators required? (yes.h

h Is there corroboration among indications? Qygood)some,none) !

O
pplica$le descr p %on of plant inteffa'ce: % 4 , _ ;!peck mo b

.

. m ,_ , _ m _..

, .

C ti
,

n Excellent. Same as below, but with ady:nced operator aids to
help in accident situations. ,|

-

,

'

C Good. Displays carefully integrated with SPDS to help operator.
'

Q Fair. Displays human engineered, but require operator to
integrate information.

-
.

O Poor. Displays available, but not human engineered.

g i Extremely Poor. Displays needed to alert operator are not
directly visible to operators.

3

'

0394G01.1386
'

.

B-17
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TABLE 2-7 (continued)

Human Action Identifier: M A M '3- Sheet 4 of 11
'

D. Stress level

I the control room team expected to have a high work load?
yes no)

,

2. Why is this action needed? (backup to an automatic action,
required manual action,(recovernor failed system, defest ESAS
response) -

h Will this action contaminate a portion of the
lant or otherwise ,dp *result in an extended plant shutdown? (yes,n Eq6

Are there any system failures that complicate this action? (none,
@ multiple) _ g ep % d3 M M o,etet FAAC*%

h Is this action the opposite to the respe required in another
procedure or to general training? (yes,

What are the expected work conditions for the crew?
,

;f ;

[ Vigilance Problem. Unexpected transient with no precursors. '

O-
R Optimal Condition / Normal. Crew carrying out small load

adjustments.
.

@ High Workload / Potential Emergency. Hild stress, partway through
accident with high work load or equivalent. I

,q

R Grave Emergency. High stress, emergency with operator feeling
,

threatened. |,

Assess stress level ,for e3ch scenario group.

Scenario Group Stress. Level Coments

S A. h r+ts' M 12 O fstoh|ty'I']< ""

8. I Y' H ' ' MI'O oMem

c.

p D.

G
'

0394G011386 -
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TABLE 2-7 (continued) |

Human Action Identifier: WAM1 Sheet 5 of 11

i

E. Experience Level of Operating Team |(spectric team memoer wno would perform the action) j

I

R Expert, Well Traine Licensed with more than 5 years !experience. ;
.

|
i

@ Average Knowledge, Training. Licensed with more than 6 months !
experience.

;

i

i
'R Novice, Minimum Training. Licensed with less than 6 months j

experience. !-

!
i

,
.

i

.;

iO
i

.

I

|
,

|

|
'

.

a

.

1

l

t

O.

-

.

0394G011386 8-19 .
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TABLE 2-7 (con 2inued)

Human Action Identifier: HAM A Sheet 6 of 11

F. Resoonse Time Available

k. What is the timing of the first indications for the operator
action? 2o s,conos (in time since initiating event)

r& When may the , operator first act? (in time from initiating event).

5 m o r> +r a

,

g

(. When is the last time allowed for the operator to take action and
be successful?

Measured as median time since initiating event
or as time since first indications 30 A1)uuMJ

4 Estimate the median time to carry out the action, once decided to
"

pursue, h /awy o

Estimate the median time available for the operator to decide to
perform the correct action. Measure the time available from when
he would first turn his attentior) to the indications until the
last time available. -/o w ,aurar l i w. y

scmeu Time M^ eta deTErr, w Ts*E To mdwo
I'Gua r "Dirretunets gm mm yT+tra nemse ge:T o.n etze

|} 'A ' O.G , (n d < o p.o n 5& I-3 ~ .
'

g ' f3 ' O c Sn/ Leo Rom. 54 e/4 |

.
,

O
.

'

0394G011386
B-20
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TABLE 2-7 (continued)

.

Human Action Identifier: HAMA Sheet ? of 11O
G. Recovery from Earlier Misdiagnosis f

1. What significant new indications are there to tell the operator i
that an earlier diagnosis was in error? ;-

Ne cou/././ k d d 'N' h&
m p f . Yl b
& Gf Y Yf o .,A$ .,,4.t c

2. Does the additional plant feedback occur prior to the allowed
time for s'':cessful action? When? </.e4,

gnte I
-

/.

3. Is the time available for the correct action sufficient to allow ,

newly arriving crew members to participate in the decision '

(i.e., Is the error rate essentially time independent?) es no)
9 9 !4. During the time available for diagnosis, what new crew members ,

will be able to address the proble.n? [e.g.,None, Shift
TechnicalAdvisorjSTA),'.. Emergency Response Team)

%.&* '$ $oa 4%. ko"c h' 6*
,

'ssit MEs -

eA Should additional credit be given because of cdditional plant :

feedback? (yes,@ |

es Should additional credit be given because of newly arriving crew
.memberc? @ no)

SFe p. J ~ uc 4~ Sd.[A oyw A w.
sggy svyr y iac, ,,,

n m N r- - , a w ee c w n u oa n m
6 N* fe' .

i .

O.

'

0394G011385-

.
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TABLE 2-7 (continued)

Human Action Identifier: NAM'1 Sheet 8 of 11 ;

!

H. Dependence with Other Human Actions in Same Scenario

1. Have other errors of human actions occurred in this scenario?
22

2. How much influence do previous human errors have on this action?
(significant, same, none)

3. Are other actions being performed serially or in parallel?
(Attach operator time line if necessary to describe.)

g<e.vay of MAxeaf puesf ~ yi9stAllet.
b wuey or orPs tr< pw w
ge < . a <<y a e C.is v
(2a.c od t J b f (A /Lt 0 f)Il1 A L A0 *#s ro PP.!~f b c s% o r 's A t J ,d CAA hr KLPLAL'* Sf ',

39 Are. there cap pe rscoet an,dabb k o e 4 u cese g W as|
yes/no)

Must a specific dependence with another hum action be accounted
for? pf,

Scenario Group (Yes/No) Coments

A.
.

B.
-

.

C. ' *

D.

|

j

O
*

l.

0394G011386 B-22
|
,

- - - - - . - - - - n. ,



_ . -

.>.

TABLE 2-7 (continued)

Human Action Identifier: 14 AM 1 Sheet 9 of 11

I. Potential for Confusion in Diagnosis, leading to Unsuccessful Response

1. Are there proc res available to instruct operator to perform
the action? no) Identify by number 19.02- A .

2. If no procedures apply, is the operator trained to perform the
specific action? (yes,no) g

3. Which initiating events may lead to a need for this action?
|J. o % of ' O FF S ITt. Poto eA |

4. Do each of these initiating events result in the plant phy31 cal
conditions neces to enter the procedure encompassing this
human action? yes no) If no, identify by initiator

'

.

5. Which other procedures have entry conditions similar to the
procedure encomp gsing this human action? Identify by number
12 o v A A_ ,

'

6. Do the indications describing the entry conditions for other
procedures differ from the correct procedures o by parameters !

,

not normally keyed on by the operator? (yes,no' If jyes, identify, , . j

7. Is the stress lev at the time of selecting the proper
iprocedure high, mil optimal, o. very low? !

|

8. Is the operator trained to exJect the actual situation to be of
extremely low frequency? Qyes no)

Sa. Is the potential for an incorrect diag leading to an "

operator-induced failure high, medium, or very low?
. i

9. What is the likelihood of the operator initially entering the
, wrong procedure? (likely,somewhat likely,unlikely)

Identify by number un t_i ke L V ,
/

10. If the incorrect procedure is ' entered, does it direct the '

operator to: '

M Not do any related action?

L J Perfore an action that makes things worse? Identi fy

y Perform the correct action anyway? -

11. What top events are likely impacted in some w'; that makes.

recovery more complicated prior to the successful
!rediagnosis?
|0394G011386-

8-23
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TABLE 2-7 (continued)

Human Action Identifier: M AM A Sheet 10 of 11

J. Potential for Selection of Nonviable Action (assuming a correct
diagnosis)

1. Are proce s available to instruct the operator to perform the
action? no)

2. Is discretion given to the control room tea to the proper
option among several to be selected? (yes,n

3. Are any of the options nonviable for any one of the anario
groups identified? (yes,@ Identify:

i

|

|

4. Is more than one option pursued in parallel? (ye s ,

5. If no specific procedures apply, are there other plausible |

options that are nonviable? (yes, no) g Identify:

9||
IC % acG Weri. 4h prem4vr$ly ueAd N n sMll i,c. wgusJL? j

53.

N * ' W dt * S w w y su o r hr oa Li n ya;r
6. If a nonviable solution is selected, are suff.icient cues and time

available to later pursue a viable option? yes no)
Identify cues:

|--om AIN p ets u A.c A /A rtem t

.

7. Is the plant / operator interface such that a potential exists for
the operator to slip when implementing the correct actior,?
(yes/no) Explain: .

yr s - He ead A"Y''

& y a v.
8. Is the potential for selection of a nonviable option high,

medium, low, o(very lo@

.
'

0394G011386
B-24
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TABLE 2-7 (continued)

i
Human Action Identifier: W Un ? Sheet 11 of 11

l

K. Sumnary Sheet

From B. What type of behavior is required? Ru 6
l

'

From C. Description of plant interface? Fo /r '

:

From D. Expected stress level for each scenario group? '

Group A Me e4.~4 werj % cy , %'Id
M roup BG " ..

Group C
Group D
Groep E i

From E. Experience level of operating team Av4. s c ,

'''/ au-
From F. Time available to perform correct a d.a li %,b N |

'le:f- fr*'' ~7 c q E -e To 'Ditok ve 3 4. c4 !
From G. Additionalcredittorediagnosisd6etoplantf^eedbacb t

x/, Arriving crew members? Suh T7.e,y'..t w
.

From H. Need to account for dependence with other actions for each !
scenario group?

lb6Group A ;

gGroup B N.
Group C
Group D -

Group E
;

vo
Potential for incorrect diagnosis leading to failure? , /vFrom 1. mv .

!

From J. Potential for selection of nonviable option? t/.,,,,, /4 ;. |
:

re: ff

h SCs*gs.c' o ';, * ' r s, CO L OT ko I OI *' We
|

.

f /m . s %./ A %,,
.

O
.

0394G011386
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TABLE 2-7. 0YNAMIC HUMAN ACTIONS QUESTIONNAIRE !
i

Human Action Identifier: H8WI Sheet 1 of 11 s.0 2
!

A. Descriptfor. of Human Action
;

1. Objective (task to be performed and failure criteria): |
lOperator fails to start the HPI pumps and t'o
{open the MU-V14s (used in BW-2).
,

. . .

!

k att esel a4 !%r fo p uneit w e u ewby !n

i

.

,

.

2. List split fractions that include this human action. '

6'46] IE W ' A.

!

:
;

O '

1

|-

1.

i

!

l
% I

3. Situation (initiating events and plant conditions, support system'

states): collect into separate scenario groups for evaluation.
Emphasize factors affecting response time and stress level.

HPZ coouh ~ | " * e" h * "''
''

f "' ''

+ j . t- e( ^- % a /5 / r /,, /f'dl 4 [d#'"''''.

,t .,,n i b . . . . ,- i , < p. . n , e -: * e C " " '" ' '' ~f
~j c,,i, , L h.c < . , . . . ,J ., :u a_

.'

'." '7 3 ' %ewn a
4, .eur .u. . , . .:.k e .u n', c (fos n ., p ~ .y , d > ' ~ ~' .,

,, u .c n:/ c. > n e * * ' :, <~ f =>',, .'. f ,jr 4. 'n d
,

O !
.

0394G011386
B-27
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TABLE 2-7 (continued)

Human Action Identifier: 1-)8b>1 Sheet 2 of 11 1

B. Cognitive processing Type:

k Is the operator familiar with tha action? Q_h d ' 3 |

~1:ufash'ar Se ver (W.Ite r
D If yes, by what means? (procedures,traint frequent

performance)*

@ Does this action contradict operator training, rules of thumb, or
intuition? (yes @ |

Is this action ir.cluded in simulator training? @ no) |

ek those hveef are %ese ac% reo,eAA .: k;4),,Qo.o$re Vi n n<.V
plic ble descriptions of actions: / |

'

,

Skill-Based

,

R Routine action, procedure not required. {
'

l | Routine action, procedure required, but personnel well
trained in procedure.

| | Action not routine, but unambiguous and well understood by
operators who are well trained.

h Ac n is listed in procedures for turbine trip or reactor,
ro

'

Rule-Rased (procedures)

R Routine action, but procedure required; operators not well.,

trained, or procedure does not cover. -

W Not routine, action unambiguous and well understood, but not
well practiced. -

@ Action described in emergency procedures, but not for
turbine trip or plant trip.

,

Knowledged-Based
,

R Not routine, action ambiguous.

M Not routine, procedure does not cover.

Not routine, procedure not well understood.

| R Decision to act based on a rule-of-thumb, but not in
emergency procedur es.

( D
Decide on one. What type of behavior is required,? , * \* 9M4

.

B-280394G011386
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| TABLE 2-7 (continued)

Human Action Identifier: _ M 6 l.J 1 Sheet 3 of 11
!

C. Operator / plant Interface (items on which operators will key to base i

juogment)

Q1 Instruments and readings that trigger action (identify procedure
,

number and sto if applicable): 19.2 0<l ST</*2 6
Pn.t.n. | vtL M 96".

Sa u,1.s m s for % 25,b.
!

la. Are disp a[ Ar% "M *l

@ Alarms (name, location, audible, visual): '
.

Pa.e sswt.1Lw ( ow t eu a Aww - C A - A"h &> ""~

.

.

:) From where will action first be attempted? h i h other -speci fy) __

@ Is#c rdination between operators required? (yes

th Is there corroboration among indications? (very good, h one)
_

C eck mobpplicabuide1ption of plant inhrina.hthee0h,M 4o sycNI,vewhb5 * kc. 'u M k.g
le descr o

.

C Excellent. Same as below, but with advanced operator aids to
help in accident situations.-

. , -

O Good. Displays carefully integrated with SPOS to help operator.

g Fair. Displays human engineered, but require operator to
integrate information.

-.

O Poor. Displays available, but not human engineered.

g i Extremely Poor. Displays needed to alert operator are not
directly visible to operators..,

*

|

|

, :

0394G01.1386 B-29
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TABLE 2-7 (continued)

Human Action Identifier: W ($w l. Sheet 4 of 11

D. Stress Level

e c ntrol room team expected to have a high work load?

2. Why is this ion needed? (backup to an automatic action,
required manua action, recovery of failed system, defeat ESAS
response)

.

.

|h Will this action contaminate a portion ofAhe
lant or otherwise @ ,spw i ;result in an extended plant shutdown? (yes, no L

n cw,% hat c . >;ia.~,oc ,

Q) Are ther any system failures that complicate this action? (none, |ya - Jone, .ultipi ) c ,, . ., 3
-

.

@ Is this action the opposite to the response required in another
procedure or to general training? (yes,@

_ ,

|
'What are the expected work conditions for the crew?

R Vigilance Problem. Unexpected transient with no precursors.

| | Optimal Condition / Normal. Crew carrying out small load j
adjustments. ,j

.

y High Workload / Potential Emergency. Mild stress, partway through
accident with high work load or equivalent.'

-

,,,

Grave Emergency. High stress, emergency with operator feeling
' threatened.

.

Assess stress level .for each scenario group.

Scenario Group Stress. Level Coments

d A. i
'

!

B.

C.

D' '

/

0394G011386 B-30- -
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TABLE 2-7 (continued) |

O !

Human Action Identifier:_ H8W1 Sheet 5 of 11

i

E. Experience level of Operating Team |
(specific team memoer who would perform the action)

[ Expert. Well Traine ' Licensed with more than S years !
experience. ;-

!

@ Average Knowledge, Training. Licensed with more than 6 months
experience.

i

,
O Novice, Minimum Training. Licensed with less than 6 months

experience. <

!

- i

|

i

O !

4

e

;
.

,

,

e

e

4

O
,

B-3k'
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TABLE 2-7 (continued)

Human Action Identifier: H 6 tJI Sheet 6 of 11

F. Resoonse Time Available
t

What is the timing of the first indications for the operator.

action? R elev7m (in time since initiating event)

h When may the operator first act? (in time from initiating event)
9. minurn (h weshGlyg p w n .'r e,- Ic-oI)
| T at+r ( be% c!cedL, nrw wilnr he mboM )

|,

- @ When is the last time allowed for the operator to take action and
be successful?

-

Heasured as median time since initiating event s o w /u . w th u7:
or as time since first indications 79 4 f#O '

',. Estimate the median time to carry out the action, once decided to4
pursue. b ,'mv (

Estimate the median time available for the operator to decide to
perform the correct action. Measure the time available from when
he would first turn his attention to the indications until the
last time available. 42 N i e ref

Y
|

-.

5e m ** Ti*c 6v^etd derr 6 eerre T * E To f'''"**-
hSAJ r "OLFFEL&HCES %M (ornenv. CF TeME Ta W9:66 e6T (duSE3:VW

0 /l 43 r? I ) mk | g. '
.

1
*

.

9
1

\ .
'

0394G011386 B-32
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TABLE 2-7 (continued)

Human Action Identifier:_ H8921 Sheet 7 of 11 ;

G. Recovery from Earlier Misdiagnosis !
!

1. What significant new indications are there to tell the operator L

that an earlier diagnosis was in error?
{

Sa\avacinbt, a, a d. shA ~ W 95 * @ 02n * '$ |Wnn
-

r.aw ;a u.%<. w
-

. ;
l

2. Does the additional plant feedback occur prior to the allowed
time for successful action? When? </.c T

g ,pk.;oA
~

71 c . 4,a l>4 m A
-

g

. ,

3. Is the time available for the correct action sufficient to allow
newly arriving crew members to participate in the decision?
(i.e.. Is the error rate essentially time independent?) no)

:.-

,

4. During the time available for diagnosis, what new crew members !will be able to add blem? [e.g., None Shift '

Technical Advisor ST / Emergency Response Team)

% , 9 M p'i,& woAa ih. 1b"% h d*d"d ''pr Rc5?Gro*F 6" " */#.

ssTE MEP tecs > ~)oo*f on 7 apw .ut i n ea u r L a w a q t e.r.
eA Should additional credit be given because of additional plant

feedback? @ o)
ee, Should add al credit be given because of newly arriving crew

. members? o)
.

%'a

.

t

0394G011386 B-33
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TABLE 2-7 (continued)

Human Action Identifier: N BL/I Sheet 8 of 11
'

H. Dependence with Other Human Actions in Same Scenario

1. Have other errors of human actions occurred in this scenario?
A)o |

|

|
I

2. How much influence do previous human errors have on this action?
(significant,same,none) M8

-

.

3. Are other actions being performed serially or in parallel?
(Attach operator time line if necessary to describe.)
S uthcLy - ope m y htVV3/? m. w4 L/ h n/s/c/p

9
|

3a. Are -here ea pe esowed. ava'dabb 4 a e4 weug Wad
Must a specific dependence with another human action be accounted
for?

,

no.

Scenario Group (Yes/No) Coments

A.
.

B.
-

.

C. * *

.

D.

!

|

I

I
;

O
'

|
.

0394G011386
B-34
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TABLE 2-7 (continued)

Human Action Identifier: M BW.i Sheet 9 of 11

I. Potential for Confusion in Diagnosis, Leading to Unsuccessful Response

1. Are there procedures available to instruct operator to perform
the action? @ no) , Identify by number /9 /O-/ 5 F 2.f,

aa tiro-4 sty 152. If no procedures apply, is the operator trained to perform the
specific action? (yes, no) N

-

3. Which initiating events may ead to a need for this action?
,

Gucessin. coa |9 , qwom Gm Gg.enk , LacA
4. Do each of these initiating events result in the plant physical

conditions neces to enter the procedure encompassing this
human action? no) If no, identify by initiator

'

.

''
5. Which other procedures have entry conditions similar to the

' /.e.d. P-5 H. 7,mr * procedure encomp gsing this human action? Identify by number-

.- S ~te m.R Lo A cmW 11to-;u. /2.10 ,9, /;;2.fo- fo , typ s ~), ja.t o -8*c
'>S ' gJ LocA cwoowf

-- R e s % dmo 6. Do the indications describing the entry conditions for other
-

procedures differ from the correct procedures by parameters
not normally keyed on by the operator? (yes, If
yes, identify ser .

7. Is the stress le t the time of selecting the proper
.

procedure high, cptimal, o. very low?

8. Is the operator trainid to expect the actual situation to be of
extremely low frequency? (yes,@)

.

Ba. Is the potential for an incorrect diagn is leading to an '
,

operator-induced failure high, medium, low or very low?

9. What is the likelihood of the operator initially entering the
wrong procedure? (likely,somewhat likely,QJnlikey
Identify by number

_,

10. If the incorrect proredure is entered, does it direct the *

operator to: '

h Not do any related action?

I | Perform an action th&t makes things worse? Identi fy

y Perform the correct action anyway? -

11. What top events are likely impacted in some way that makes
recovery more complicated prior to the successful
rediagnosis? i

0394G011385-
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TABLE 2-7 (continued) |

Human Action Identifier: 14 8k/l Sheet 10 of 11

!J. Potential for Selection of Nonviable Action (assur.ing a correct
diagnosis) :

1. Are procedures available to instruct the operator to perform the
action? g no) . ,,,,, ,

2. Is discretion given to the control room team as to the proper '

option among several to be selected? (yes @ . j
l

3. Are any of the options nonviable for any one of the scenario
groups identified? (yes, no) N Identify:

A ,

-

- |

4. Is more than one option pursued in parallel? (yes.h -.

5. If no specific procedures apply, are there other plausible
options that are nonviable? (yes, no) g , Identify:

53. TC % & were. 4au premdvNI vaAd % NG sM(f hc. swassLk?
P' \

6. If a nonviable solution is selected, are sufficient cues and time
-

available to later pursue a viable option? (yes,no)
Identify cues:

A) A

.

7. Is the plant / operator interface such that a potential exists for l

the operator to slip when implementing the correct action?
{(yes/fo Explain: .

'

Gooo /_n e elt|ug , s egn ari siO o r Comf3 o nur r
'

gD
|

Is the8.
medium,@ potential for selection of a nonviable option high,or very low? .

'
t |

'

0394G011386 B-36
|
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TABLE 2-7 (continued) |
t

Human Action Identifier: W8W.f. Sheet 11 of 11
I

K. Sumnary Sheet r

!

From B. What type of behavior is required? BIT '

From C. Dev aiption of plant interface? Fa :>
.

From D. Expected stress level for each scenario group? :

Group A (? Mesi.al A o goecy |
Group B -

,

Group C |
Group D :
Group E |

From E. Experience level of operating team Au~, c, |
~

From F. Time available to perform correct h"[ti$n 3''1 '' ' Y M.I
8 n + C:1>rh de a 4 % hau psis 3 a ._. 1,

From G. Additional credit to rediagnosis due to plant feedback? I

Arriving crew members? 54.h k-. O+
_ 3

From H. fleed to account for dependence with other actions for each I
scenario group?

Group A No '

Group B
Group C
Group D
Group E

From I. Potential for incorrect diagnosis leading to failure? Vc.,, /,,o.

From J. Potential for selection of nonviable option? Yu. /n ,. ,

Ac % bc * " f" he ' "y'
.

j*

'

. '

I
.

.

0394G011386
B-37
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TABLE 2-7. DYNAMIC HUMAN ACTIONS QUESTIONNAIRE ,

Human Action Identifier: H6Lc $ * Sheet 1 of 11 ;

fA. Description of Human Action

1. Objective (task to be performed and failure crit,eria): .#,u u - . . . w f e,. ,

|
Like HBW1, but after recovery f r o m,s-t a t-i o n -b l a c k o u t

feedwater available.(used in.

with:do emergency
BW-4)d?"

__.

,

.

, ,
.

;
,

|

|

i

2. List split fractions that include this human action. |

13v-[.3
'

swc;

|

.

,

. 3.' Situation (initiating events and plant conditions,, support system
states): collect into separate scenario groups foi evaluation. i
Emphasize factors affecting response time and stratss level.

|

0 p_ nw YY
pw;&u & dW-

M ud'NfM pdAn/M "M
n.

P'
em A & A

O
I

0394G011386
8-39
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TABLE 2-7 (continued)

Human Action Identifier: M 6LJ Sheet 2 of 11
,

i

B. Cognitive Processing Type:

k Is the operator familiar with the action? 0.4o s-) ' G
|J:e_felb c fa .ite,.D If yes, by what neans? (procedures,traini frequent

performance)

% Does this action contradict operator training, rules of thumb, or
intuition? (yes,@ ;

Is this action included in simulator training? Gye no)
Ho.aSee are 4 Lese k% reAW .: 4d4),ckthosehveuA

.p n dy'
pli ble descriptions of actions: '

/
- ,

Skill-Based
i

R Routine action, procedure not required.
,

i

U Routine action, procedure required, but personnel well !trained in procedure. '

U Action not routine, but unambiguous and well understood by
operators who are well trained.

O
M Action is listed in procedures for turbine trip or reactor.
v trip.

Rule-Based (procedures)
.

- U Routine action, but procedure required; operators not well.

trained, or procedure does not cover. *
,

R Hot routine, action enambiguous and well understood, but not
.

well practiced. -

'N Action described in emergency procedures, but not for
turbine trip or plant trip.

Knowledged-Based
,

Not routine, action ambiguous.

L_I Not routine, procedure does not cover.

I'~l Not routine, procedure not well understood.

R Decision to act based on a rule-of-thumb, but not in
gemergency procedures.

.

Decide on one. Wha) type of behavior is required,7 , 9 R / M C..l e
..

0394G011386 B-40

.
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TABLE 2-7 (continued)

Human Action Identifier: M6WI Sheet 3 of 11

C. Operator / Plant Interface (items on which operators will key to base
.

!judgment)
|

Instruments and readings that trigger action (identify procedure
number and sto) if applicable): 12.10 -1 ST<r 2.6 |Pgessagitet. Ee~</ of ao".-

isu a .x -,g ha u .u v 4 \

la. Are M5P VIS " '

:

@ Alarms (name, location, audible, visual):
,

Q~_ y. k A.~e/ L - C, fL~ W &'

i.

-

i
,

1
1

th From where will action first be attempted? Qntrolroom)other- !
~

specify)

@ IsN rdination between operators required? (yes,@ .mn
V i) Is there corroboration among indications? (very good,@ none)

gekmob'applicabuideele descr ption o7chplant in err _spiQd b syckwb5 ke, is Lk
3 o

ace.
-

.

O Excellent. Same as below, but with advanced operator aids to
help in accident situations.-

,

.

Good. Displays carefully integrated with SPOS to help operator.

g Fair. Displays human engineered, but require operator to
'

integrate information.,

.

O Poor. Displays available, but not human engineered.

g i Extremely Poor. Displays needed to alert operator are not
directly visible to operators.,

O
I

.

0394G01.1386
'
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TABLE 2-7 (continued)

h/U
Human Action Identifier: W8Wh . Sheet 4 of 11

D. Stress Level

Is the control room team expected to have a high work load?
@ no) _ _ ,

2. Why is this action needed? (backup to an automatic action,.

requireddria6ii@ action, recovery of failed system, defeat ESAS '

response)
,,

h Will this action contaminate a portion of the lant or otherwise |qn if p ,result in an extended plant shutdown? (yes g i

'

h Are there any system failures that complicate this action? (none,
,

one, @ultippQ) yA, p 7 4 j g
h Is this action the opposite to the response required in another o M

, procedure or to general training? (yes,@

What are the expected work conditions for the crew?
,

[ Vigilance Problem. Unexpected transient with no precursors.

| | Optimal Condition / Normal. Crew carrying out small load
adjustments.

'

. .

g High Workload / Potential Emergency. Hild stress, partway through.

accident with high work load or equivalent. .

,,;

R Grave Emergency. High stress, emergency with operator feeling' threatened.
|

Assess stress level .for each scenario group.
1

Scenario Group Stress. Level Coments

d A.
!

B. i

;

C. ,

i

/ 0'

|'
,

0394G011386 B-42'
.
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TABLE 2-7 (continued) !

i

Human Action Identifier: b4@GJ3 ' Sheet 5 of 11 !O !
!

E. Experience Level of Operating Team j
(specific team memoer who would perform the action)

.

!

i
[-[] Expert, Well Traine ' Licensed with more than 5 years j

- experience.
j
i
t

[55] Average Knowledge, Training. Licensed with more than 6 months
-{experience.

i

;

i

(__j Novice, Minimum Training. Licensed with less than 6 months ;
experience.-

;
-

!
.

4

.

e

$

6

9

G

G

O
I -

'

0394G011386
' '
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TABLE 2-7 (continued) !
!

4 |
Human Action Identifier: H6WI Sheet 6 of 11

F. Resoonse Time Available

'h. What is the timing of the first indications for the operator
action? _2 m,b (in time since initiating event)

b2, When may the operator first act? (in time from initiating event)
Ac u p o w <. ( 's ResvoAc0 + 2. h/
-Air - .c p - , : , ' ~ w L . ., ? : ';*

. .

,

[ Wher. IJ the it.st time L!lond f:P thz cpe,Lter te icke Ettly, e;C
be successful?-

Measured as median time since initiating event 30M . M ,
, or as time since first indications 6b

',. Estimate the median time to carry out the action, once decided to4

pursue. W% h .t ,1 M
V '

Estimate the median time available for the operator to decide to
iperform the correct action. Measure the time available from when '

he would first turn his attention to the indications until the
last time available. 70-2-h 7 0. o-. e. o r

.

e

Sc m esh Tibe 6v^utd der E.sy,mrirr Time To ?chNE
Gewg DirreseccS styr caxm, orwtTa wemso gay cousew m-

W( I EO~L l'ag m*,,gs,
.

|

|

9I
,

e
'

0394G011386
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TABLE 2-7 (continued)
!

Human Action Identifier: H6W8 Sheet 7 of 11

;

G. Recovery from Earlier Misdiagnosis

1. What significant new indications are there to tell the operator
ithat an earlier diagnosis was in error?

A~ L 9.s m ;
- -

*

;
i

,

t

<

2. Does the additional plant feedback occur prior to the allowed :

time for successful action? When? Vro ;

'

fa $ c d-mp , yN- ar~

:.
qw.m..

t.

|

3. Is the time available for the correct action sufficient to allow i
newly arriving crew members to participate in the decision?
(i.e., Is the error rate essentially time independent?) @ no)

,

-

:
,.

4 During the time available for diagnosis, what new crew members ,
will be able to addr s th roblem? [e.g.,None, Shift -

Technical Advisor T , .S/ Emergency Response Team)
3 1

g, g g p a w 4 b bhoa. be dedwd '.-

:

numer Res t c,a.o F WA
.

,

stTE MEF gcA > '7 0 0*( o y g, ,Me

eA Should additi nal credit be given because of additional plant
feedback? e no)

'

es Should additional credit be given because of newly arriving crew -

members? @ no) !.

i

s

.

O
I

'

0394G011386 -
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TABLE 2-7 (continued)

v
Human Action Identifier: M/36)1' Sheet 8 of 11

H. Deoendence with Other Human Actions in Same Scenario

1. Have other errors of human actions occurred in this scenario?
YU O tri f Yf'

u's s ucc < u b Uj Ver vedggk1 sw ey

An-(-r o F (s l <> , ~~' *r' 42 ' " ' '# #,e

hy tu derey w 7 + 0. $,iles <*cos, duel ne7
Vearr % e po<. cy

2. How much influence do previous a errors have on this action?
(significant,same,none) %

.

.

3. Are other actions being perfomed serially or in parallel?
(Attach operator time line if necessary to describe.)

%%AU P' ' y | E*^ " , M p &
5 M ,QFW w

rueu g n asiJa. Are -here ea perso n a d h'ob 4 G o

Must a specific dependence with another human action be accounted
forl

.
f gpowa,au%se%<ro d ne.c/cw r.$

-
.

Scenario Group (Yes/No) Coments

A.
.

B.
.

C. * *

.

D.

O
1

.

0394G011386
B-46

.
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TABLE 2-7 (continued)
!
'%

Human Action Identifier: M 6d3 Sheet 9 of 11

I. Potential for Confusion in Diagnosis, leading to Unsuccessful Response
i

1. Are there proced_. as available to instruct operator to perform
the action? @ no) , Identify by number 121o-l Sr.d 4*g ;|,

,

2. If no procedures apply, is the operator trair.ed to perform the* specific action? (yes, no) gg
3. Which initiating events may lead to a need for this action?

ExcessW t cm cf 7yr<mlie /3 m x , Loc 4
'

.|
4 Do each of these initiating events result in the plant physical

conditions necessary to enter the procedure encompassing this
human action? no) If no, identify by initiator I

I

5. Which other procedures have er.try conditions similar to the {procedure encomp gsing this human action? Identify by number
|

_l%IO - % 4; fo, '7, T ,
|

.

6. Do the indications describing the entry conditions for other !procedures differ from the correct procedures on1 by parameters ;
not normally keyed on by the operator? (yes, If |yes, identify .

7. Is the stress level at the time of selecting the proper |

procedure high @ optimal, o. very low? i
,

,

8. Is trie operator trained to expect the actual situation to be of
.

i
extremely low frequency? Qe no) |

Ba. Is the potential for an incorrect diagno is leading to an.
'

operator-induced failure high, medium o or very low?

9. What is the likelihood of the operator initially entering the
wrong procedure? (likely,somewhat 1ikely,Qnlikelf)
Identify by number

10. If the incorrect procedure is entered, does it direct the '

operator to: *

C Not do any related action?

Perform an action that makes things worse? Identi fy

y Perform the correct action anyway? .

O 11. What top events are likely impacted in some way that makes
recovery more complicated prior to the successful
rediagnosis? '

0394G011386
-
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TABLE 2-7 (continued)

O~
Human Action Identifier: 14 8M 3. Sheet 10 of 11

J. Potential for Selection of Nonviable Action (assuming a correct
HTagnosis)

1. Are orocedures available to instruct the operator to perform the
action? @ , no) , _ . . .

2. Is discretion given to the control room team as to tha proper
option among several to be selected? (yes ,@

,

.

3. Are any of the options nonviable for any one of the set -ario
groups identified? (yes,no) Identify: ''

/U A

.

.

4. Is more than one option pursued in parallel? (yes@ -.

5. If no specific procedures apply, are there other plausible
options that are nonviable?

(yes, no) V 79., Identify:
1

5a. If %e. n were. 4aW pred$lq u.aAd h ab slui k swuuCJd
Yas (A>e ic 7xi+o ptia b LW

6. If a nonviable solution is selected, are sufficient cues and time #
available to later pursue a viable option? (yes,no) /* W
Identify cues:--

g
.

.

7. Is the plant / operator interface such that a potential exists for
the operator to slip when implementing the. correct action?
(yes@) Explain: .

f'U , S 'f& Cf m,W, .

Is the8.
medium,@ potential for selection of a nonviable option high,or very low? g

,

*

0394G011386 8-48
.
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TABLE 2-7 (continued)
!

Human Action Identifier: W (3d Sheet 11 of 11 !

:

K. Summary Sheet
:

From B. What type of behavior is required? bIP
_

'

From C. Description of plant interface? Fo -r

From D. Expected stress level for each scenario group?

Group A @<&J . F,- og e-cy ;
Group B
Group C

}
Group D |
Group E !

,
~

From E. Experience level of operating team A~c |
. d,o n: J /

, , ,

from F. Time available to perform correct, action T-71 mm = M m'w.
1?r:' e: % ,o 1 o . %- k~ dio n-ne e ..<.

From G. Additionc1 credit to rediagnosis'due to plant feedback? !
7, r Arriving crew members? Jh.* H E n. |_ _

. .

From H. Need to account for dependence with other actions for each !
scenario group?

Group A Ma
Group B
Group C |
Group D !
Group E j

From I. Potential for incorrect diagnosis leading to failure? 14rv im-

From J. Potential for selection of nonviable option? d* , b "

%,.. .> .,

' f?,, h. SLA /H *<-r,f

.

.

,

'

0394G011386
B 49
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TABLE 2-7. DYNAMIC HUMAN ACTIONS QUESTIONNAIRE

set.o# S8eet 1 of 11 ,c.3O ae an ^ction reent4rier:

A. Description of Human Action

1. Objective (task to be performed and failure criteria): [gc[ yj ygg w,gt,,
Like HDW1, but after recovery f r om s4at4-on-b la c k o u t ,

"*
(used in DW- ). Emergency feedwater is available.

2. List split fractions that include this human action. |

EWS' GW- j-

|

0 I
.

,

i3. Situation (initiating events and plant conditions, support system !
,

states;: collect into separate scenario groups for evaluation. |

Emphasize factors affecting response time and stress level.

f y u c|
A A4g wd4' -

,

andu n w.4 P
r m A..m/,y(. rad -

a~ -
_

G R.) o o nic s -- c, %., ig uminie

:

O
,

0394G011386
B-51
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TABLE 2-7 (continued)

Human Action Identifier: N(3WN Sheet 2 of 11

B. Cognitive Processing Type:

k Is the operator familiar with the action? Q_4o r) * 3 |
, ): uf a r.Wa r se ver (w.ite r

D If yes, by what means? (procedures, train n_ frequent
performance)-

@ Does this action contradict operator training, rules of thumb, or
intuition? (yes,@

Is this action included in simulator training? Qyes no)
Ho.o{teek those hveu4 are Wse ac+Je ream .: 4,44), md

plic'able descriptions of actions: ( g |

'

Skill-Based
;

I | Routine action, procedure not required.
.

| | Routine action, procedure required, but personnel well
|trained in procedure.

R Action not routine, but unambiguous and well understood by
operators who are well trained.

,

#N '

n is listed in procedures for turbine trip or reactor.

Rule-Based (procedures)

| | Routine action, but procedure required; operators not well.

trained, or procedure does not cover.-

.

R Not routine, action unambiguous and well understood, but not
well practiced. -

' Q Action described in emergency procedures, but not for
turbine trip or plant trip. l

i

Knowledged-Based !,

O Not routine, action ambiguous.

C Not routine, procedure does not cover.

| | Not routine, procedure not well understood.

j,_j Decisien to act based on a rule-of-thumb, but not in
emergency procedures. .

r \g ;~

Decide on one. What type of behav_io.r is re_qu. ire.d.? . 4NO ~

|

.

j 0394G011386 B-52
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TABLE 2-7 (continued)

Human Action Identifier:_ Mf5LO N Sheet 3 of 11
i
i

C. Operator / plant Interface (items on which operators will key to base
judgment)

Instruments and readings that trigger action (identify procedure i

number and sto) if applicable): /2/o-f S7efe 2./. :

PKeskuhe Leus d 3 o''.

l d' ''5la. Arc dI5P ay
*

-

h Alarms (name, location, audible, visual):
;, ,

Tke st 4.<.) ze <. w u u e.t. Ac.Anm e(z.- Au 03 6L t ,. yiS u ^ '
i.

:
.

l
|

;h From where will a: tion first be attempted? @ ntrol D other - jspeci fy)
,

@ Is# rdination between operators required? (yes,@
,,

ih Is there correboration among indications? (very good h none)

h. 6 spe4h'u quidee cik k gehlexuWM h syMwy+fg
CYeck most applicable description of plant inteffa~ce: o

O Excellent. Same as below, but with advanced operator aids to,

help in accident situations.,

.:
O Good. Displays carefully integrated with SPDS to help operator.

g Fair. Displays human engineered, but require operator to '

integrate information.
-

.

O Poor. Displays available, but not human engineered.

.g i Extremely Poor. Displays needed to alert operator are not
directly visible to operators..

O
I

0394G011386 B-53
'
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TABLE 2-7 (continued)

Human Action Identifier: Mf%) Sheet 4 of 11

D. Stress level ,

e e ntrol room team expected to have a high work load?

2. Why is this action needed? (backup to an automatic action,.

required dnanual) action, recovery of failed system, defeat ESAS
response)

. , ,

h Will this action contaminate a portion of the
lant or otherwise ,d p ,'

i

result in an extended plant shutdown? (yes no sp%
Are there any system failures that complicate this action? (none,
one.dhultiplj) Fa,..a,cc or e a, pent To s m ett-

@ Is this' action the opposite to the response required in another |
procedure or to general training? (yes ,@ ;

.

What are the expected work conditions for the crew?
i

|,

[ Vigilance Problem. Unexpected transient with no precursors. |

| | Optimal Condition / Normal. Crew carrying out small load !.

adjustments. '

*

.

M High Workload / Potential Emergency. Mild stress, partway through
,

accident with high work load or equivalent.,

*/

R Grave Emergency. High stress, emergency with operator feeling,
threatened.

|
*

Assess stress level for each scenario group. |

Scenario Group Stress. Level Coments

d A.
!

B.

C. |

e|s o.

,

,

0394G011386 B-54*
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TABLE 2-7 (continued) |

Human Action Identifier: 54 @bb3 G Sheet 5 of 11
i

E. Experience Level of Operating Team
|(specific team memoer wno would perform the action) ;

[[[] Expert, Well Traine ' Licensed with more than 5 years
!experience.. '
,

t

i
[55] Average Knowledge, Training. Licensed with more than 6 months {experience.

|
,

[[[] Novice, Minimum Training. Licensed with less than 6 months .

experience. I,
- -

<

|
i

-

.

|

(::) i

!
!-

!

- i

!
.

!
. .

!

i

I

e

.

,

.

0394G011386 B.55
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TABLE 2-7 (continued)

Human Action Identifier: M 6uJ Sheet 6 of 11
.

F. Response Time Available

k. What is the timing of the first indications for the operator
action? _J M Mt (in time since initiating event)

h When may the operator first act? (in time from initiating event).

%= - ^ ^=., w ,., ': ' .p.-, h a-7 ^' -

, . , . , ,

. .r n ... i - t , '. _1 L ,,m_.

h When is the last time allowed for the operator to take action and
be successful?

,

Heasured as median time since initiating event 6 /os4:
or as time since first indications /, 4 u % ,

'

4. Estimate the median time to carry out the action, once decided to
'' pursue. 1mee,

Estimate the median time available for the operator to decide to
perform the correct action. Measure the time available from when !
he would first turn his attention to the indications until the '

last time available. I h,6 ul+r |
-

,

l

.

'

Sc o m' Time 6#etd derr Emmmrc Time To f m
Gua r %rreseccs gm cyeg, ort, men uweso ge;r cousmser

plj h,v.v; I** S & ef *y

.

9

9
'

*
.

0394G011386
,

|
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TABLE 2-7 (continued)

Human Action Identifier:- H /.3M - Sheet 7 of 11
.

G. , Recovery from Earlier Hisdiagnosis

1. What significant new indications are there to tell the operator
that an earlier diagnosis was in erroc?
S .h M 'b

2. Does the additional plant feedback occur prior to the allowed
time for successful action? When? Ves

~

b}Prt. s e b cutt m e.ose i

'

.

3. Is the time available for the correct action sufficient to allow
newly arriving crew members to participate in the decision?
(i.e. Is the error rate essentially time independent?) @ no)
..:..

.

4. During the time available for diagnosis, what new crew members
will be able to a th oblem? [e.g., None, Shift
Technical Advisor Qergency Mesponse leay]

Ma. M M p M wodo '*" h N d* * # 'guaer s.c.s y (o;to *F W"-

,

5tTE PW R.C 5 * ~)eo 'F on 1 g M %_y ,',p

Should additional credit be given because of additional planteA

feedback? @ no)
es Should addit al credit be given because of newly arriving crew

. members? no)

,

~

O
,

0394G011386 B -5'7
-

.

,

. - - --- - -. -. -



- .

TABLE 2-7 (continued)

M 8WI7Human Action Identifier: Sheet 8of11g

H. Dependence with Other Human Actions in Same Scenario

1. Have other errors of human actions occurred in this scenario?

knw h L e mness N(M* rivo un1w r ecevee
:'-!!)y ; y ,"f.,'(

,

''
;, :, %.=. c

, y, -<

2. How much influence do previous human errors have on this action?
(significant,same,none) AM

.

.

3. Are other actions being performed serially or in parallel?
(Attach operator time line if necessary to describe.)
su'.vp- nu-v R/7 en wa v /G A/4/c/p.

O'
3a. Are Oere od% Pe rsowelava'dabb e ca e4 uceug AI |

Must a specific dependence with another human action be accounted
for?

_ yes p.eeas ry o r M .: v.ve wTn
'

.

Scenario Group - (Yes/No) Coments -

0
A. Ysy low dcor ti(M e oh Mfd'W

y.m', w e.1c y rev ery L R&Dg,
8

0

C. ;
'

i
D. |

|

|
1

1

0394G011386
B-58
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TABLE 2-7 (continued) j

3

Human Action Identifier: H /3W b Sheet 9 of 11

|

I. Potential for Confusion in Diagnosis, leading to Unsuccessful Resoonse
i

1. Are there proc s available to instruct operator to perfop
the action? no) , Identify by number /2 /O -I .

,

2. If no procedures apply, is the o erator trained to perform the
specific action? (yes, no) y |

*

3. Which initiating eyents may lead to a need for this action? |
Gy.c.esr Avt cpuNy j S r<Aes &< BkeAtt ,1 oc.A '

4. Do each of these initiating events result in the plant physical
conditions necessarv to enter the procedure encompassing this
human action? es no) If no, identify by initiator

'

. .

5. Which other procedures have entry conditions similar to the
procedure encomp Rsing this human action? Identify by number j

I9.t O ,~ c9-> '/%7, Y-

6. Do the indications describi$1g the entry conditions for other
procedures differ from the correct procedures only by parameters
not normally keyed on by the operator? (yes,no) If
yes, identify /t)O'

.

7. Is the stress le t the time of selecting the proper
,

procedure high mild optimal, o nry low?
,

,,

8. Is the operator trainid to expect the actual situation to be of
extremely low frequency? g,nol

B a.Is the potential for an incorrect dia leading to an- '-

operater-induced failure high, medium, or very low?

9. What is the likelihood of the operator initially entering the
wrong procedure? (likely, somewhat,likely, @
Identify by number

_,

10. If the incorrect procedure is entered, does it direct the '

operator to: '

N Not do any related action?

I'"~l Perform an action that makes things worse? Identify

Q Perform the co; rect action anyway? -

11. What top events are likely impacted in some way that makes
recovery more, complicated prior to the successful
rediagnosis?

0394G011386-
-
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TABLE 2-7 (continued)

Human Action Identifier: H80)'d. Sheet 10 of 11

J. Potential for Selection of Nonviable Action (assuming a correct
diagnosis)

1. Are procedures available to instruct the operator to perform the
action? @,no) , ,, ,

*

2. Is discretion given to the control room team to the proper
option among several to be selected? (yes no .

3. Are any of the options nonviable for any one of the scenario
groups identified? (yes,no) Identify:

NA
_

4. Is more than one option pursued in parallel? (yes. h , ,_ _.
'

5. If no specific procedures apply, are there other plausible
options that are nonviable? (yes,no) y4 Identi fy:

O :;

5>.

If h n were h predv$lq[ueAd -b && sKtt 1,c. swauL1?yg1 aif M p L yNo

6. If a nonviable solution is selected, are sufficient cues
available to later pursue a viable option? (yes,no)
Identify cues:.

A.) A

,

.

7. Is the plant / operator interface such that a potential exists for
the operator to slip when implementing the correct action?

,

(yes@ Explain:
0 00 - (ngeuN), 3 efn !!M7 j ,4

W> $4 a(S v
;

8. Is the pot ntial for selection of a nonviable option his.i,
,

medium, o , or very low? '
.

,

'

0394G011386
B-60
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TABLE 2-7 (continued)

Human Action Identifier: WdW Sheet 11 of 11

K. Summary Sheet

From B. What type of behavior is required? kule
From C. Description of plant interface.?.. 6.r

-

From D. Expected stress level for each scenario group?

Group A Poh"OeJ #''"7"'Y
Group B
Group C
Group D
Group E

~

From E. Experience level of operating team N/ *
c/ rap ~osif '#I'/ -I''''. . G j#,,'#

From F. Time available to perform correct Ac-tf6n '

. Bes+ E: %.s cf 4;,, r h J h a ,,,,e ca..<~r
From G. Additional credit'to rediagnosiedue to plant fiedback?

%3 Arriving crew members? S.r 4 E .. 7,. ,,., u, 7mg

From H. Need to account for dependence with other actions for each
scenario group?

J""* */ MGroup A #4 %, l~ d? " h v5
Group E
Group C
Group D
Group E
"

From I. Potential for incorrect diagnosis leading to failure? !A .I;v-

From J. Potential for selection of nonviable option? Yhr b'

h e cem. bSe d : ,/c.,,

.

O
~

,

.

0394G01.1386
'
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TABLE 2-7. DYNAMIC HUMAN ACTIONS QUESTIONNAIRE

Human Action Identifier: H CS I Sheet 1 of 11
.

A. Description of Human Action

1. Objective (task to be performed and failure criteria):

r e t u r n u s i n g,M -wi d, )(MH*V7t ,

Operator fails to isolate seal a
4

push-button in the control room for
containment isolation purposes, given that the 30-psig i

reactor building pressure actuation system fails.
A severe core damage sequence is assumed in progress. |

The action must be completed before the containment :

failure pressure is reached. ;

I

,

2. List split fractions that include this human action. :
-

zes
c.% ; c. 3 - l :

t36 j (2-l(pE f

O !
.

I
!

t

3. Situation (initiating events and plant conditions, support system !
states): collect into separate scenario groups for evaluation. '

Emphasize factors affecting response time and stress level.

9.espo4w b coM be SbM + 10 mi- .3 k$ h ve L *(j.

c4 rest lt.ve( ;-

;

I

.,-

9 W Q, Y $$ Lh f(a Y \$ \ ;

1
- .

1

I
i

o i

1

0394G011386 8 63
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TABLE 2-7 (continued)

sh
:

'Human Action Identifier: M C.S / Sheet 2 of 11
!

B. Cognitive Processing Type:

k Is the operator familiar with the action? Q_4o g-) * 2.-
b ufa4.Uae e wer ( .ir,r

,

@ If yes, by what means? trainin , frequent I

performance)
,

@ Does this action radict operator training, rules of thumb, or
intuition? (yes no

Is this action included in simulator training? h no' j6.04 2 ufm
ck those hve S are uese Whic reAud : hM4)-

:

plic'able descriptions of actions: () |

Skill-Based
.

I I Routine action, procedure not required.

| | Routine action, procedure required, but personnel well
trained in procedure.

R Action not routine, but unambiguous and well understood by hoperators who are well trained.
1

@ Action is listed in procedures for turbine trip or reactor,
trip. gio g g p,9

'

Rule-Based (procedures)

R Routine action, but procedure required; operators not well.

trained, or procedure does not cover. .

.

L_j Not routine, action unambiguous and well understood, but not
well practiced. -

C Action described in emergency procedures, but not for
|turbine trip or plant trip.
I

Knowledged-Based
,

l

U Not routine, action ambiguous.

C Not routine, procedure does not cover.

Not routine, procedure not well understood. |

U Decision to act based on a rule-of-thumb, but not in g
emergency procedures. W-

Decide on one. What type of behavior is required? , S CI |

| B-64 i
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TABLE 2-7 (continued)
i

Human Action Identifier: M C.3 i Sheet 3 of 11
!

C. Operator / Plant Interface (items on which operators will key to base
;judgment) '

1 Instruments and readings that trigger action (identify procedure
number and sto) if applicable):

,

12.\o -1 sM R13 pessarc. 230 P1,

l a. A rc DIS P " ?I ' "' '

|

h Alarms (name, location, audible, visual):
i

3 g to E n fress ?o * AF
,

.

i

h From where will action first be attempted? control ro , other -
speci fy)

|

@ Is'Yo rdination between operators required? (yes
,m

h Is there corroboration among indications? yg me, none)
]

6 5ba'kc.'u $le description of plant inte) face:s pi k h syc h w yidee Lk h6*

g oeck mo pplica
j

O Excellent. Same as below, but with advanced eparator aids to ,|-

help in accident situations. j

.j
-

'

C Good. Displays carefully integrated with SPDS to help operator.

@ Fair. Displays human engineered, but require operator to
'

integrate information...

.

-,.
,

O Poor. Displays available, but not human engineered.

g i Extremely Poor. Displays needed to alert operator are not .
directly visible to operators..

,

O

0394G01.1386 B-65
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TABLE 2-7 (continued)

Human Action Identifier: WC3| Sheet 4 of 11

D. Stress Level

e c ntrol room team expected to have a high work load?

. 2. Why is this action needed? q an automatic action,
required manual action, recovery of failed system, defeat ESAS
response)

,,,

h Will this action contaminate a portion of the
ntorotherwise, dye,result in an extended plant shutdown? (yes 'o gyn

there any system failures that complicate this action? (none,
one multiple)

h Is this action the opposite to the respen _ required in another
procedure or to general training? (yes o)

What are the expected work conditions for the crew?

[ Vigilance Problem. Unexpected transient with no precursors.

Optimal Condition /N^rmal. Crew carrying out small load
,

adjustments.
*

.

High Workload / Potential Emergency. Mild stress, partway through
accident with high work load or equivalent.-

,,.

@ threatened. Grave Emergency. High stress, emergency with operator feeling,
.

.

Assess stress level .for each scenario group.

Scenario Grouc & ess. Level Coments

d A.
!

B.

C.

h/ D.

B-66
0394G01.1386
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TABLE 2-7 (continued) |

() Human Action Identifier: b4C 3' ) Sheet 5 of 11 i

i
;

E. Experience level of Operating Team !

(specific team memoer wno would perform the action)
|
!

!

[[[] Expert, Well Traine ^ Licensed with more than 5 years i
experience.-

!

[E[] Average Knowledge, Training. Licensed with more than 6 months
experience.

i,

[[[] Novice, Minimum Training. Licensed with less than 6 months iexperience.-
;

|
:

I
i

|
|

I

|

,

b

i

i.
'

.
.

,

.

.

t

4

i

O
;
'

.

.

0394G011386 B-67
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TABLE 2-7 (continued)

Human Action Identifier: HC3 | Sheet 6 of 11
.

F. Resoonse Time Available

O. What is the timing' of the first indications for the operator
action? ~ to m ,44 & (in time since initiating event)

h When may the operator first act? (in time from initiating event).

10 vw'd

;

(. When is the last time allowed for the operator to take t.ction and
be successful?

Measured as median time since initiating event
or as time since first indications ,0. r a.ru.

4. Estimate the median time to carry out the action, once decided to
'' pursue. 30 secondo

Estimate the median time available for the operator to decide to
perform the correct action. Measure the time available from when
he would first turn his attention to the indications until the
last time available.

.

$b |%

Gea r "Dirrewcc3 stw ce,x es u, OFT.utn wemsa gay causer m
M %, 7 %.4 , Of'*k ['

.

,

j1 -

,

1

;

|

9'
t

|
-

'

0394G011386 B-68 |
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TABLE 2-7 (continued) l

Human Action Identifier:- H CS ) Sheet 7 of 11

G. Recovery from Earlier Misdiagnosis

1. What significant new indications are there to tell the operator i

that an earlier diagnosis was in error?
,

M.

|

2. Does the additional plant feedback occur prior to the allowed |

time for successful action? When? xJA |
1,

I
.

3. Is the time available for the correct action sufficient to allow
newly arriving crew members to participate in the decision?
(i.e., Is the error rate essentially time independent?) (yes,QO .:

4. During the time available for diagnosis, what new crew members .
will be able to ad ss t blem? [e.g.,None, Shift :

Technical Advisor , :S/ * 3 Emergency Response Team) - |

ya, g a p*a woh -S. itwi% be dedwd 'a !

6 "**' |p.-r.

5sTt PREV la'slare.f aub &
'-

eA Should additiona edit be given because of additional plant
feedback? (yes i

es Should additdona credit be given because of newly arriving crew
{'ye , no

. members?{(!.

,

.

O
'

0394G011386
-
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TABLE 2-7 (continued)

Human Action Identifier: N C3 I Sheet 8 of 11 '

|

H. Dependence with Other Human Actions in Same Scenario

1. Have other errors-of human actions occurred in this scenario?

NO
.

2. How much influence do previous human errors have on this action?
(significant,same,none) OA

\

3. Are other actions being perform serially or in parallel?
(Attach operator time line if nec describe.)

,

Ja. Are. Oere 8" pe eso=*el. an'd ak 4 e4 m ess y M MI
so)

Must a specific dependence with another uman action be accounted
for? g,,

.- .
Scenario Group -(Yes/No) Coments

A.
.

B.
*

.

C. * ~

.

D.

|

I

i

-

.

0394G011386 B-70
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TABLE 2-7 (continued)

Human Action Identifier: HC3I Sheet 9 of 11
,

1

I. Potential for Confusion in Diagnosis, Leading to Unsuccessful Response |
1. Are there proc res available to instruct operator to perform ithe action? es no) , ,... Identify by number 12to-|

|.

2. If no procedures apply, is the operator trained to perform the
' specific action? (yes,no) ;

3. Which initiating events may lead to a need for this action?
L L. , ML , YS

|

'

4. Do each of these iniiiating events result in the plant physical
conditions neces to enter the procedure encompassing this
human action? e , no) If no, identify by initiator

'

.
1

1
5. Which other procedures have entry conditions similar to the I

procedure encomp gsing this human action? Identify by number |nos , I

|'

6. Do the indications describing the entry conditions for other |procedures differ from the correct proc.edures only by parameters :

Os not normally keyed on by the operator? (yes, no) If I
yes, identify WA .

7. Is the stress lev at the time of selecting the proper
procedure mild optimal, o. nry low? i

,
_

8. Is the operator trainid to t the actual situation to be of
extremely low frequency? no)

.

Ba. Is the potential for an incorrect diagnosis leading to an '

operator-induced failure high, medium, low, oftTe~'y lo33

9. What is the likelihood of the operator initially antering the
wrong procedure? (likely,somewhat.likely ~unlikel
Identify by number -|,

10. If the incorrect procedure is entered, does it direct the '

operator to: g *

h Not do any related action?

I | Perform an action that makes things worse? Identi fy

C Perform the correct action anyway?O
-

11. What top events are likely impacted in some way that makes
recovery more complicated prior to the successful
rediagnosis? .

0394G011386 8 71
-
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TABLE 2-7 (continued)
I

Human Action Identifier: M C3) Sheet 10 of 11

J. Potential for Selection of Nonviable Action (assuming a correct
diagnosis)

1. Are proced available to instruct the operator to perform the !
action? e no) , _ ,

2. Is discretion given to the control room tea to the proper
option among several to be selected? (ye , no ,

3. Are any of the options nonviable for any one of the scenario
groups identified? (yes, no) p g Identify: i

.

4. Is more than one option pursued in parallel? (yes.h , . ...

5. If no specific procedures apply, are there other plausible
options that are nonviable? (yes, no)fj ,.. , Identify: |g

53. IC %e.n were h predu$ly uxAd & ab sMll L,c. sweuff i

6. If a nonviable solution is selected, are sufficient cues and time
;

available to later pursue a viable option? (yes, no)
|Identify cues:'

_

i

.

7. Is the plant / operator interface such that a potential exists for
perator to slip when implementing the correct action?

(yesno) Explain: g. g gg, f/4 ,
|bM b Ob^L /Va J g & prienj

- .
I

f" h Y$0+ nsa V-dA~lm &#6,
!

8. Is the potentia election of a nonviable option high,
medium, low)er ery low

P

'

0394G011386 B-72
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TABLE 2-7 (continued) :

Human Action Identifier: W C'3 f Sheet 11 of 11

fK. Sumnary Sheet

From B. What type of behavior is required? s/</ O !

From C. Description of plant interface? G ,r

From D. Expected stress level for each scenario group? !
;

Group A b#
-

Group 8
Group C
Group D !

Group E

From E. Experience level of operating team Avue a js
,

From F. Time available to perform correct action n-# : 9.T % i
9est er ,,a u 5 44 eu n et n'o n -ato i ,,. ;. |

From G. Additional credit to rediagnosis Tue to T W fbedFack? ;
A/3 Arriving crew members? r/.cf4 ruo + ,4r ~

i
v r

From H. Need to account for dependence with other actions for each !

scenario group?
[O Group A blo !

Group B
Group C

,

Group D ^

Group E ,

From I. Potential for incorrect diagnosis leading to failure? ver, /~ }
;

From J. Potential for selection of nonviable option? Lov
m , y p .. 4 mmyv.%,

- f.e sp. s e rir, j
l

1

*

|
|

*

|

I

!
!

O '

9

'
'

0394G011386
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TABLE 2-7. OYNAMIC HUMAN ACTIONS QUESTIONNAIRE
'

Human Action Identifier: HCA2 sheet i of it

A. Description of Human Action

1. Objective (task to be performed and failure criteria):

Operator fails to manually actuate the reactor
bu11 ding \4-psig containment isolation signal, ,

given that the reactor building is unisolated, !

. .... . ., . .

i
!

|
t

';

~

f

2. List split fractions that include this human action..

.

|
c A S, cret

'

o |.

I
.

|

|
,

,

3. Situation (initiating events and plant conditions, support system.

states): collect into separate scenario groups for evaluation. I

i

Emphasize factors affecting response time and stress level. i

. Pu 7 a pro p er gn.'ch 4

. .to cA n s us A S-B
6 c we w s 4 res e hk Mesr w/ sk.<4 .h '4, [Q*

-

4 % ,J e. L ,b,4 4 u a e ks, & ,Lt u.

a w . . , . ,- a .
|

O;

4 ,

;

'

0394G011386
B-75
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TABLE 2-7 (continued)

Human Action Identifier: W A 7__ Sheet 2 of 11

B. Cognitive Processing Type *

k Is the operator familiar with the action? O,4o g-) * 4
1 wafa4. liar se ver . uterD If yes, by what means? QprocedureG4fatning$)(frequent.*

performance)

D Does this action e adict operator training, rules of thumb, or
intuition? (yes no)

? h no)Is this action included in simulato i i

ek those lved be:. 4tox Nhi s res,r tra n ngud a. .{d4); w aLOw Q
ppli ble descriptions of actions:

.

Skill-Based

Routine action, procedure not required.
.

U Routine action, procedure required, but personnel well
trained in procedure.

ni5i Action not routine, but unambiguous and well understood by
operators who are well trained.

| | Action is listed in procedures for turbine trip or reactor.
trip.

~

Rule-Based (procedures)
.

R Routine action, but procedure required; operators not well.
'

trained, or procedure does not cover.
.

.

I vl Not routine, action unambiguous and well understood, but not
well practiced. -

C Action described in emergency procedures, but not for
turbine trip or plant trip.

Knowledged-Based
,

Not routine, action ambiguous.

[ Not routine, procedure does not cover.

Not routine, procedure not well understood.

Decision to act based on a rule-of-thumb, but not in
emergency procedures. ,

n
Decide on one. What type of behavior is reguired,7 , b"y T

'

,

0394G011386 B-76
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TABLE 2-7 (continued)

( Human Action Identifier: RCAL. Sheet 3 of 11

:
C. Operator / Plant Interface (items on which operators will key to base !

, judgment) i

1 Instruments and readings that trigger action (identify procedure
number and stop,1f,aglicabig): )

if 9) d E5 C8 *M

la. A re M5 P "? N "'I '' '

!

h Alarms (name, location, audible, vi,sual):
Es Ae d M ed r w Pt 1,V

3 j
- ~

i
!

ih From where will action first be attempted? Qtrol roo3 other -
speci fy)

@ Is' rdination between operators required? 'yes.h
,

ih Is there corroboration among indications 1K,.Lvery good some, none) !

ck mo t applica$le descr ption of plant inte face:khsychyh65 Me. b id ee k h spig
-

,

n Excellent. Same as below, but with advanced operator aids to |
help in accident situations. l

-
.

,

Good. Displays carefully integrated with SPOS to help operator.
'

@ Fair. Displays human engineered, but require operator to
integrate information.

'

..

O Poor. Displays available, but not human engineered.
1

t-~1 Extremely Poor. Displays needed to alert operator are not .
directly visible to operators..

'

!

I

.

!

0394G01.1386
*
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TABLE 2-7 (continued)

Human Action Identifier: M C A "2.- Sheet 4 of 11

D. Stress Level

e c ntrol room team expected to have a high work load?

2. Why is this action needed? QtnrckuDo an automatic action,-

required manual action, recovery or failed system, defeat ESAS-

response)

h Will this action contaminate a portion of the
ant or otherwise ,d p ,result in an extended plant shutdown? (yes,no gqig

hA there any system failures that complicate +51s action? (none,
multiple)-

@ Is this~ action the opposite to the respo required in another
,

procedure cr to general training? (yes no

What are the expected work conditions foi the crew?
~>

O Vigilance Problem. Unexpected transient with no precursors.
|

R Optimal Condition / Normal. Crew carrying'out small load
adjustments.

9.

i

, High Workload / Potential Emergency. Hild stress, partway through
accident with high work load or equivalent. .

|

@ threatened.
,

Grave Emergency. High stress, emergency with operator feeling !,

j,

l

Asse'ss stress level for each scenario group.

Scenario Group Stress. Level Coments

5 A. |
'
.

i

B.
|

C.
,

1

/ D. g
i

|

0394G011386 8N'
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TABLE 2-7 (continued)

() Human Action Identifier: b4 (if\ 61. Sheet 5 of 11

)
E. Experience level of Operating Team |

(specific team memoer who woulo perform the action) l

i | Expert, Well Traine Licensed with more than 5 years
experience.

[E[] Average Knowledge, Training. Licensed with more than 6 months )
experience. I

l

[[[] Novice, Minimum Training. Licensed with less than 6 months
- experience.

1
-

)

.

1
.

.

4

&

O

.

t

9

([$)
'

l
'

0394G011386
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TABLE 2-7 (continued)

Human Action I<fentifier: M C A ~2 - Sheet 6 of 11

F. Response Time Available

(b. What is the timing of the first indications for the operator
action? _.lo w W (in time since initiating event)

r
.h When may the operator first act? (in time from initiating event)

'

6 2 wiA

,

(. When is the last time allowed for the operator to take action and.

be successful?
g o w,. . 1r.

Measured as median time since initiating event
- or as time since first indications i n n, a er

4. Estimate the median time to carry out the action, once decided to
# pursue. O,s -3,5 %,1

Estimate the median time availe for the operator to decide to
perform the correct action. Meas 2re the time available from when
he would first turn his att:n'. ion to the indications until the
last time available. 1 sa ,~i n

.
-

Scop Time M^#td 7er f.mm*7e Time To mer-
Gaoar 7irret.s9cES stw caxm v T.r4t ra w e w.so ge;r co.nerv t

L,l | /(%q 2. G witJ ~? a M
7

.

9

9
t

'

0394G011386 B-80
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TABLE 2-7 (continued) :

Human Action Ideatifier: HCh2 Sheet 7 of 11
,

G. Recovery from Earlier Misdiagnosis

1. What significant new indications are there to tell the operator ;
that an earlier diagnosis was in error? -

n 4 A ' e s W w 4 e.R ( ~ O |
g es sm ia pm ;-

c#7 6 lead
. ( c a g e e s a .1er at w j

n a l, 4 a A g El h F.H ,bl y |
2. Does the additional plant feedback occur prior to ,the allowed !

time for successful action? When? tiu 5 lo miA ;

O !. .

i

:
i

p

3. Is the time available for the correct action sufficient to allow ,

newly arriving crew membars to participate in the decision? |

(i.e., Is the error rate essentially time independent?) (yes,
;

. . .

4. During the time available for diagnosis, what new crew members !
will be able to ad t blem? [e.g., None. Shift j

Technical Adviso (STA .S/$ Emergency Response Team)
'

,' a weh & ltom% h d*d"d \%, y uAg pi .
t

4eg 6E9EEAt <|0 % . ;
'

stTE PREn c pd -

eA Should addi1 1 credit be given because of additional plant
feedback?( no)

es Should additional credit be given because of newly arriving crew

O @i
,(yes,. members?

,

sgg|so s''fr e'f ,o

O

0394G01.1386 B-81 -
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TABLE 2-7 (continued)

Human Action Identifier: MGA1 Sheet 8 of 11
ci,| 6'd

H. Dependence with Other Human Actions-1'n Same Scenario -

of human ac|tions occurred in this scenario?1.

Have other errors [Elwe/iEihik veM'M ES qQ-

d M i, prsiW.

2. How much influence do previous h:Iman errors .. ave on this action?
(significant, @ none) _

.

3. Are other actions being performed serially o in p
(Attach operator time line if necessary to descr T.) J

O

memj d^sila. Are. +here Mp pe nood whak k o o

Hust a specific depender.ce with another human action be accounted
for? g),,

. .

Scenario Grouo (Yes/No) Coments

v+ f.<at h q F3 n n '
a r. ri. ,^* 'Y'
Uc/''l|"'?% t, of . c r e

B. 4-4 q ~Y % '' " %n- "-

Ig u ,9 n e ds d Lt= *
.

C.
.

.' y,,, ,, a .,., f :t , p
D.

|

!

.

0394G011386 8-82
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TABLE 2-7 (continued) |
!

Human Action Identifier: M t". A t Sheet 9 of 11

1. Potential for Confusion in Diagnosis, leading to Unsuccessful Resoonse

1. Are there proce res available to instruct operator to perform
the action? es no)_ Identify by number ATP 12.W \ .

2. If no procedures a is the operator trained to perform the
* specific action? no)

3. Which initiating events may lead to a need for this action?
;

6
I

4. Do each of these initiating events result in the plant physical |
conditions necessary to enter the procedure encompassing this I
human action? (yes,no) If no, identify by initiator !

~ ' WA '

.

5. Which other procedures have entry conditions similar to the
procedure encompAs, sing this human action? Identify by number

,

w ,

6. Do the indications describing the entry conditions for other
procedures differ from the correct procedures only by parameters
not normally keyed on by the operator? (yes,no) IfO yes, identify NA . 1

7. Is the str ss level at the time of selecting the proper
procedur mild, optimal, o. very low?

8. Is the operator trained to expec the actual situation to be of
extremely low frequency? (yes, o

i

'

Ba. Is the potential for an incorrect diagnosis leading to an '

operator-induced failure higCedium] low, or very low?

9. What is the likelihood of the operator initially entering the
wrong procedure? (likely,somewhat likelyCunlikelyj)
Identify by number

,

10. If the incorrecc procedure is entered, does it direct the '

operator to: '

N Not do any related action?
|

| | Perform an action that makes things worse? Identi fy
|

@ Perform the correct action anyway? -
,

11. What top events are likely impacted in some way that makes
recovery more' complicated prior to the successful
rediagnosis?

0394G011386
B-83-
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TABLE 2-7 (continued)

Human Action Identifier: HCA2- Sheet 10 of 11

'

J. Potential for Selection of Nonviable Action (assuming a correct
diagnosis)

1. Are proced Eus available to instruct the operator to perform the
a; tion? @e no)

,

2. Is discretion given to the control room ta to the proper
option among several to be selected? (yes, .

3. Are any of the options nonviable for any one of the scenario
groups identified? (yes, no) r/ A Identi fy:

.

.

4. Is more than one option pursued in parallel? (yes, no) kJh .
.

5. If no specific procedures apply, are there other plausible
options that are nonviable? (yes, no) N A , , Identify *

I

''

b. IC % 4 werd 43W goalg uo42 % ab sE|1 L,c. swastEJL?
f-

6. If a nonviable solution is selected, are sufd ent cues and timef
-

available to later pursue a viable option? ( e , no)
Identify cues:

9.aL't.W abu '

l

.

7. Is the plant / operator interface such that a potential exists for
.the o ator to slip when implementing the correct action? |(yes Explain:
|

.

,

|
'

|
.

8. Is the potential for selection of a nonviable option high, ;

medium, low, qg[very los7) gg;.

I

'

0394G0ll386 B-84
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TABLE 2-7 (continued) ;

;

Human Action Identifier: WcA*2 Sheet 11 of 11

K. Summary Sheet |

From B. What type of behavior is required? Ou f 4

From C. Description of plant interface? Fa , ,

From D. Expected stress level for each scenario group? f
Group A G w < C "J'aay '

Group B
Group C
Group D !
Group E :

;

A /o- -From E. Experience level of operating *eam t-

*

ri e*o ck etif TA Aid <r jFrom F. Tirhe available to perform correct actten to - 3 ::==
thst nin .4 , q % g 4a d y n oH L .n.m mr .. t

- From G. Additional credit to rediagnosis due to plant feedback?
E- Arriving crew members? fArf6 A s, M |

From H. Need to account for dependence with other actions for each
scenario group?

Group A Ab
Group B ;

Group C
Group D
Group E i

i

From I. Potential for incorrect diagnosis leading to failure? Vr. , /,. .., |

-

From J. Potential for selection of nonviable option? [4 4 , /,..., |

Cc.tk an:'o . J 4 . Sh
.

9

U
i

.

0394G01.1386 B-85
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TABLE 2-7. 0YNAMIC HUMAN ACTIONS QUESTIONNAIRE I

is

Human Action Identifier: H6 D.1 Sheet 1 of 11
!

A. Description of Human Action I

,

1. Objective (task to be performed and failure criteria):
l iOperator fails to initiate coodown and depressurization ,

if the ADVs and pressurizer spray are available. !
'

'

Also includes the manual action to open the low
pressure injection valves.lD &V-4,A,B). A s H 4 #rfj
(used in CD-1,CD-1(OP)) w 2

!

!

2. List split fractions that include this human action. f

C 04 C D -| |
c pg C D-1 (6P)

- I.

O !
!

*

!
:

i
!

|, '

3. Situation (initiating events and plant conditions, support system
states): collect into separate scenario groups for evaluation.
Emphasize factors affecting response time and stress level. !

i

.

' e

e

O

0394G011386 B-87
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TABLE 2-7 (continued)

91
Human Action Identifier: NC.O.1 Sheet 2 of 11,

B. Cognitive Processing Type:
1

k Is the operator familiar with the action? (l_40 5") '
|t mfa Jiliar 5 very (w.trer

'

D If ves, b what means? Qrocedures,traintn_p
Qormance

@
Does this action htradict operator training, rules of thumb, orintuition? (yes.

i

Is this action included in simulator training? b no) |
%a -Qw & cO U \ck those hve % are bese achia reAuA :.y;4 'plic'able descriptions of actions: T

Skill-Based !

| | Routine action, procedure not required.

@ trained in procedure. Routine action, procedure required, but personnel well,

'

1 | Action not routine, but unambiguous and well understood by hoperators who are well trained.

U Action is listed in procedures for turbine trip or reactor,
trip.

Rule-Based (procedures)

| | Routine action, but procedure required; operators not well.

trained, or procedure does not cover.
.

| | l.ot routine, action unambiguous and well understood, but not
well practiced. -

C Action described in emergency procedures, but not for '

turbine trip or plant trip.
,

Knowledged-Based

| | Not routine, action ambiguous.

[ Not routine, procedure does not cover. *

R Not routine, procedure not well understood.

| | Decision to act based on a rule-of-thumb, but not in
emergency procedures. .

,

Decide on one. What type of behavior is reguire,d? , $4/M-
| B-88

0394G011386
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TABLE 2-7 (continued)

Human Action Identifier:_MCOI Sheet 3 of 11
!

C. Operator / Plant interface (items on which operators will key to base ;

Judgment)

Instruments and readings that trigger action (identify procedure
number and sta) if applicable):
1 M o-1 sn un |.

1a. Are M5P ? 'N " ~bIS
-

n>A ;

h Alarms (name, location, audible, visual): !

h
'

!
<

:h From where will action first be attempted? fontrolroom)other-
specify) ;

<o

@ Is $ ordination between operators required? (yes.h ,,

ih Is there corroboration among indications? (very good, some, none) |
MA

geck mobpplicabuide1ption$oIch% mtMM h sy<N,w65 * h *u Mk
o

C le descr plant interface:

O Excellent. Same as below, but with advanced operator aids to
help in accident situations.-

*

,A

O Good. Displays carefully integrated with SPDS to help operator.,

(,) y Fair. Displays human engineered, but require operator to
integrate information.

.

-
.

O Poor. Displays available, but not human engineered.

1 i Extremely Poor. Displays needed to alert operator are not
directly visible to operators..

.

O
'

0394G01.1386
'
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TABLE 2-7 (continued)
|

Human Action Identifier: Wc o.1 Sheet 4 of 11

D. Stress Level

Is the control room team expected to have a high work load?
(yes @ _.

2. Why is this action needed? (backup to an automatic action,.

required (isaWaT) action, recovery of failed system, defeat ESAS
response) ~

..

h Will this action contaminate a portion of the
ant or otherwise ,d p ,result in an extended plant shutdown? (yes, gg%

Are there an system failures that complicate this action? (none, -

one, brd wuL p Antws 949 de
@ Is this~ action the opposite to the respons required in another ggeprocedure or to general training? (yes,n

What are the expected work conditions for the crew?

R Vigilance Problem. Unexpected transient with no precursors. 1

g Optimal Condition / Normal. Crew carrying out small load
adjustments.

I I High Workload / Potential Emergency. Hild stress, partway through )accident with high work load or equivalent.
.,.

R Grave Emergency. High stress, emergency with operator feeling
.,

threatened. l

.

Assess stress level.for each scenario group.

Scenario Group Stress. Level Coments

d A.
!

B. *

C.

, D.

|

|

0394G011386 B-9 -
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TABLE 2-7 (continued) |

i

O r

Human Action Identifier:_ W d O j_ Sheet 5 of 11
.

|
E. Exoerience level of Operating Team i

(specific team memoer wno woulo perform the action) !
;

I

U Expert Well Traine ' Licensed with more than 5 years j
experience. i-

l

!

@ Average Knowledge, Training. Licensed with more than 6 months |experierce.
\

y Novice, Minimum TraiM ng. Licensed with less than 6 months
experience.-

!

|
,

%

,
.

e

9

0

8

O
-

.

0394G0113g5 8-91
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| TABLE 2-7 (continued)
|

Human Action Identifier: MG.D.i Sheet 6 of 11

F. Response Time Available

N. What is the timing of, the first indications for the operator
action? To m/~ures (in time since initiating event)

(2 When may the oper%
R-T &Ar H

ator first act? (in time from initiating event)-

Y G m i urts i

,

f When is the last time allowed for the operator to take action and
be successful?

MeasuredasmediantimesinceinitiatingeventI ./oud 5 y
or as time since first indications ,g

4. Estimate the median time to carry out the action, once decided to P
pursue. O, 5 L.a s /L b''

3Y
M

Estimate the median time available for the operator to decide to
>1perform the correct action. Measure the time available from when

he would first turn his attention tg the indications until the
last time available. Y 4.urs

s .g s=y -|

|scismui T.-c e^me 2er we ,w t To e m i

s- n ,,,-s ,- n ,_ w ,_ - a n. _
q 5Lv5 o,1.5 L 'J . ,.; b c

. .

4

!.
,

9
:

'

0394G011386 B-92
|
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TABLE 2-7 (continued) !

Human Action Identifier: H o p.4 Sheet 7 of 11 ,

G. Recovery from Earlier Misdiagnosis |
;

1. What significant new indications are there to tell the operator
,

that an earlier diagnosis was in error? |

A M , ge.mm McAJ- M a., MM(L%T Ma cA !

- 8G Gmky /w u lc4.% (2 W4e

Ira.A~ & < n eask e %
%( a,v w iri : frq l., puu m . y n f.gn jn %us uj

'a Af.%,,
- w s

r0 / M %- i
,

2. Does the additional plant feedback occur prior to the allowed
time for successful action? When? W .J;

|
- .1 ~,1. 5 L,o uM

'

.

;

i
1

3. Is the time available for the correct action sufficient to allow I

newly arriving crew members to participate in the decision
(i.e., is the error rate essentially time independent?) es no)

.:.

4. During the time available for diagnosis, what new crew members
will be able to address the oroblem? [e.g., None Shift ;-

Technical Advisor @i A), .s/GEmergency Response Team]- O
%, 9 M p'dwoe & Moo.% be decked '. M.

(l))] m&" ' "--er.

stTE MEb -

eA Should addit _ al credit be given because of additional plant i
feedback? yes no)

J

og Should additi credit be given because of newly arriving crew
. members? o) I, .

l-
I

'

.

sgro sfr c7 mm

.

o

O
'

0394G011386
-

-
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TABLE 2-7 (continued)

Human Action Identifier: NCOl Sheet 8 of 11

H. Dependence with Other Human Actions in Same Scenario |

1. Have other errors of human actions occurred in this scenario?
/U 0

i

|

|
4

|

2. How much influence do previous human errors have on this action? .

|
(significant,same,none)b |

/O
|

|

|

I

|

3. Are other actions being performed serially or in parallel?
(Attach operator time line if necessary to describe.)

& g h/M d'/007- F- i
. '

2% "wM,
2 4 #A M !

3a. Are here cap persooet. avid Ab b o e4 uccu q 6 f
Must a specific dependence with another human action be accounted
for?

Mo
Scenario Group (Yes/No) Coments

A.
-

B.

'l*

C.
.

D.

.

O
.

0394G011386 B-94
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TABLE 2-7 (continued)

Human Action Identifier: 11C_ D1 Sheet 9 of 11

!

I. P,otential for Confusion in Diagnosis, leading to Unsuccessful Response

1. Are there proc res available to instruct operator to perform 4

'

the action? yes no) , Identify by number //o2-f/ .,
,

1

2. If no procedures apply, is the operator trained to perform the )
| specific action? (yes, no) 4 A

3. Which initiating event may lead to a need for this action? |

|& '
*

4. Do each of these initiating events result in the plant physical
conditions necessary to enter the procedure encompassing this

sw(Aye ,@ds a My by initiatorA A s c.

human action? If no identif
- >

m & f.
5. Which other procedures have entry conditions similar to the l

'

procedure encompAs, sing this human action? Identify by number
.h e )

'

6. Co the indications describing the entry conditions for other j
procedures differ from the correct procedures only by parameters j
nnt normally keyed on by the operator? (yes,no) If

,

yes, identify x.) 4 !.

7. Is the stress level at the time of selecting the proper
procedure high, mild, or very low?

8. Is the operator trainJd to expe t the actual situation to be of
extremely low frequency? (yes n

Ba. Is the potential for an incorrect diagnosis leading to an '

operator-induced failure high, medium, low, org lowy

9. What is the likelihood of the operator initially entering the
wrong procedure? (likely, somewhat .likely,Qni,1,kel.D i.

Identify by number - _ ,
'

10. If the incorrect procedure is entered, does it direct the
'

operator to: |

Q Not do any related action? |

'

U Perform an action that makes things worse? Identi fy -

i

Perform the correct action anyway? -

0 11. What top events are likely impacted in some way that makes
recovery more complicated prior to the successful
rediagnosis? .

0394G011,386
|,

B-95
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TABLE 2-7 (continued)

Human Action Identifier: Mc. DI Sheet 10 of 11

J. Potential for Selection of Nonviable Action (assuming a correct
diagnosis)

1. Are procedu s available to instruct the operator to perform the
action? yes no)

, _ . . . ,

2. Is discretion given to the control room team as to the proper
option among several to be selected? (yes @ .

,

3. Are any of the options nonviable for any one of the scenario
groups identified? (yes no Identify:

4. Is more than one option pursued in parallel? (yes, h _ .

5. If no specific procedures apply, are there other plausible
options that are nonviable? (yes,no) Identify:, , ,

NA

53. If % n werd 4aW prem4vr$lq u.eAd & AG sGI be. wucufJd
PQ M ( L q& A T/3 v i dd

,

k ed M"able solution is selected, are su& "d tim)e6. If a non fficient cues an
available to later pursue a viable option? (yes,no)
Identify cues:-

OA
!

. .

7. Is the plant / operator interface such that a potential exists for
the operator to slip when implementing the correct action?
(yesfn]) Explain: .

TM J a M J

JA jW, tt S ~ N -

,

.

8. Is the potential for selection of a nonviable option high,
medium, low, or g h

0394G0ll386 Bh6
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:

l
i

TABLE 2-7 (continued)

Human Action Identifier: W C D.f. Sheet 11 of 11 |

!
K. Summary Sheet

From B. What type of behavior is required? Th . // f
L

From'C. Description of plant interface? G!- '

From D. Expected stress level for each scenario group? |

Group A hhel
Group B ;

Group C ;

Group D
Group E i

;

From E. Experience level of operating team A v<*/ " e !
s .e.w j

From F. Time available to perform correct action v 4 .m r i
Re:1eh ka Tr er na. o h e' r . - >;e o.n nomy i

From G. Additional credit to rediagnosis due to pla'rit feedb'ack?
t

%, Arriving crew members? ! L t e- E . . , /, - ;
- s

From H. Need to account for dependence with other actions for each !

scenario group? |

Group A A/a |
Group B !
Group C !

Group D f

Group E

From I. Potential for incorrect diagnosis leading to failure? N'". /* f
;

. t

From J. Potential for selection of nonviable option? M , /.r. , I
7

,

fp.m < a ( av s s.vt0 s uf e'Co *

;

i.

i.

4

I

O
.

0394G011386 B-9f
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TABLE 2-7. DYNAMIC HUMAN ACTIONS QUESTIONNAIRE i

:

iHuman Action Identifier: HEDR Sheet i or it
!

A. Description of Human Action
|

1. Objective (task to be performed and failure criteria): !
Operator fails to perform a slow cooldown and |
depressurization given that he originally decided
to attempt the cooldown but the usual equipment f
(RCPs, spray valve, or ADVs) were not available. '

This action may include local control of the ADVs j

if they originally fail to respond, or locally !

opening the DH-V-4A,B valves if they fail. I
(used in CD-1,CD-1(OP)) |

|
i

i

2. List f.) lit fractions that include this human action.
( DA d D .1

c.cc G D .i (o P.) ~

O |
:.

I
'

,

3.- Situation (initiating events and plant conditions, support system :states): collect into separate scenario groups for evaluation. L

Emphasize factors affecting response time and stress level.
j

2'T m&tedeNW
(z c.P 's , ) A$ll '

- W.
.

'
.

O
0394G01138L
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TABLE 2-7 (continued)

Human Action Identifier: M C_ O 9-- Sheet 2 of 11

B. Cognitive processing Type:

k Is the operator familiar with the action? Q J o 5-) ' 3
t a.h d liar Sever b . iter

@ If yes, by what means? Qroceduref,qraini frequent
performance)

D Does this action contradict operator training, rules of thumb, or
intuition? (yes, Co

Is this action included in simulator training?ars %ese kWs reMA ,.y; he , no) AWY%.oQre V2'

ekthosehoplic ble descriptions of actions: ,3 / /

Skill-Based

| | Routine action, procedure not required.

| | Routine action, procedure required, but personnel well
trained in procedure.

Action not routine, but unambiguous and well understood by
operators who are well trained.

Q Action is listed in procedures for turbine trip or reactor,
trip. ,t,.., , n y 1.s'v

Rule-Based (procedures)

| | Routine action, but procedure required; operators not well,

trained, or procedure does not cover.

["7 Not routine, action unambiguous and well understood, but not
well practiced. -

L ,J Action described in emergency procedures, but not for -

turbine trip or plant trip.
,

Knowledged-Based
,

f''l Not routine, action ambiguous.

L._J Not routine, procedure does not cover.
.

O Not routine, procedure not well understood.

| [ Decision to act based on a rule-of-thumb, but not in
h,emergency procedures. '

Decide on one. What type of behavior is required? 98/dd
|

-

.

0394G011386 B-100
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TABLE 2-7 (continued)
.

Human Action Identifier: M d i> d - Sheet 3 of 11

C. Operator / Plant Interface (items on which operators will key to base
juogment)

1 Instruments a.nd readings that trigger action (identify procedure
!number and stb) if applicable):

J A,lo .25@ye Tnja }
S.f6 iY 5 & o f f $ h 'a Y Urac % |RTb (.

b W q stale pnun an l+ 4 |
la, Y 8'sp p5 r ^5M~ b

h *f /'*15 dh'% e [{ D -
M'#

ac,.:] ml,..

p y,de76 h M*qf&
.> Ahv.r hir r

h Alarms (name, location, audible, visual):
,

4w

A.)CA)O tte,w,O <,, & p n n ~ .
,

:h From where will action fJr.st be attem ted? (control roor, ther
spect ) M af ABu /c j g iu

@ Is' $ ordination between operators required? @ no)_

i)M (very $ od h noneIs there corrobora ion among indicat bi ns?
qAkq>= h ben % &,.e @ /.-~ 4.f., ene

% 6 smhu said sF u k F46_ % sy< @ w %1CYeck most applicable description of plant intefface: o
.

O Excellent. Same as below, but with advanced operator aids to
help in accident situations.-

.

O Good. Displays carefully integrated with SPDS to help operator.

O Fair. Displays human engineered, but require operator to "

[ integrate information. -

.
.

.

O Poor. Displays available, but not human engineered. !

.g i Extremely Poor. Displays needed to alert operator are not
.

1

directly visible to operators. '

.,

'

. ,

O
~

0394G011386
-
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TABLE 2-7 (continued)

Haman Action Identifier: W C 6 9- Sheet 4 of 11

D. Stress level

th trol room team expected to have a high work load?

2. Why is thi ion needed?-(backup to an automatic action,
required manual action, recovery of f ailed system, defeat ESAS
response)- (

h Will this action contaminate a portion of th
ant or otherwise ,d p ,result in an extended plant shutdown? (yes spiG

Are th ny system failures that complicate this action? (none,
(one, ) A0vra 1xcn%I Du vYA,8 ,, Rc Pi, pww r m qq

Ic,. ,n< g e6 r1

h Is this action the opposite to the respons required in another
procedure or to general training? (yes no

What are the expected work conditions for the crew?
~;

R Vigilance Problem. Unexpected transient with no precursors. h
y Optimal Condition / Normal. Crew carrying out small load

adjustments.
. i,

'

| | High Workload / Potential Emergency. Mild stress, partway through I
accident with high work load or equivalent.

.,.

| | Grave Emergency. High stress, emergency with operator feeling
,

threatened. ,

*
.

Assess stress level .for each scenario group.

Scenario Group Stress. Level Coments

d A.
!

,

B. *

C.

g/ D.

B-Id2
0394G01.1386
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TABLE 2-7 (continued)

Human Action Identifier: HcO9- Sheet 5 of 11

E. Experience Level of Operating Team
(specific team memoer wno would perform the action)

|
,

I | Expert, Well Traine ' Licensed with more than 5 years !
experience.

i
-

|

@ Average Knowledge Training. Licensed with more than 6 months |experience. 1

[ Novice, Minimum Training. Licensed with less than 6 months )
experience.-

,

l

l
l

|

O
i

'

.

,

.

$

e

4

e *

6

9

9

|
I

O
'

|o3,4eo113ee e.103
-
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TABLE 2-7 (continued)

Human Action Identifier:_ Mc C 9-- Sheet 6 of 11
.

F. Resoonse Time Available
;

N. What is the timing of the first indications for the operator
action? _ ~5 0 h (in time since initiatin event)WR & RWhenmaytheoperatogrfirstact?(-

@ (in time fr m initiating event)
$ kouf ;

;

i

$. When is the last time allowed for the operator to take action and
"

be successfuli

Measured as median time since initiating event 3 2. udf
or as time since first indications

_

4. Estimate the median time to carry out the action, once decided to" pursue. flouxf
.

|Estimate t!.e median time available for the operator to decide to '

perform t'le correct action. Measure the time available from when
he would first turn his attentip ;o the indications until the ,

last time available. C b f ou4

/2 4 -05= 6. 5
s -. r.- r- wr m n- % r-
Gea r "Dirresmexs ge: r cy x.w , crwtra wemse gar co.2 sew e

'

IA hooj l $ n W 'l 's b e:.of

* * .

|

,

'

.

O
.

'

0394G011386
!,B-104
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| TABLE 2-7 (continued) )

O' Human Action Identifier: H d 09- Sheet 7 of 11

i

G. Recovery from Earlier Misdiagnosis

1. What significant new indications are there to tell the operator
that an earlier diagnosis was in error? |

'
DQ. p

Nd
W[pu r,' na tuTIGa l ~ ~ - - -- - " <l ''~% A *'''"4'n !|- .;, en o:Wg na Pred whl Jf*ste f wrj w . y , le s (

~ RCS I *<%41 e c< ItsM% M i4on) |t

2. Does the additional plant feedback occur prior to the allowed '

time for successful action? When? c/w

.1 - 1. s M /-

3. Is the time availasle for the correct action sufficient to allow
newly arriving crew members to participate in the decision
(i.e., Is the error rate essentially time independent?) es,no)

- :.

4. During the time available for diagnosis, what new crew members
will be able to address the problem? [e.g.,Nene, Shift
Technical AdvisorgsIA), is/S), Emergency Response Team]' ggfaA>:|

,

dwoe ik M"% N d*42. M g
'

Mdf4site PCEb
eA Should addit I credit be given because of additional plant |

feedback? no) l

es Should addi al credit be given because of newly arriving crew |
,

members? no).

,

f

.

e

O
~

0394G01,1386 B-105-
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TABl.E 2-7 (continued'

Human Action Identifier: MdOA Sheet 8 of 11

H. Dependence with Other Human Actions in Same Scenario

1. Have other errors of human actions occurred in this scenario?

kh , Y op M, Ln m bd,dp owtunpfp,,ciecicle d |v pr k ca cb% d

2. How much influence do previous human errors have on this action?
ggnificatSsame,nona)

NA'

3. Are other actions being performed scrially or in parallel?
(Attach operator time line if necessary to describe.)

TG k W &Y
afk f& y&.

mess anj Wasi3a. Are Oere 6d% Pe rsowel.3o'dak k o
o

Must a specific dependence with another human action be accounted
for?

,

Scenario Group (Yes/No) Coments

;-a ..a
Hijh clyenc %7 ru,A. J cho chaq Ilcbt

J.7w.vw.Yaf;.d
s . > c, ,

g,,
k ,,rt e ,,74evinwns .;

,
-

,

C. -,

!
'

D. .

!

'

.

O|
.

0394G011386 B-106
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TABLE 24 (continued)

Human Action Identifier: }4 C O 4 Sheet 9 of 11 f
;

I. Potential for Confusit,.1 in Diagnosis, leading to Unsuccessful Resoonse
;

1. Are there proc res available to instruct operator to perform :
the action? yes no) , Identify by number f fp p - R ,

2. If no procedures apply, is the operator trained to perform the
specific action? (yes, no) gg~

3. Which initiating events may lead to a need for this action?

a7 a-Jg ;-

4. Do each of these in tiating events result n the plant physical
conditions necess y to enter the procedure encompassing this !
human action? no) If no, identify by initiator

'

.

5. Which other procedures have entry conditions similar to the
procedure encomppgsing this human action? Identify by number |

|
M e

'

6. Do the indications describing the entry conditions for other
procedures differ from the correct procedures only by parameters i

not normally keyed on by the operator? (yes,no) If
|yes, identify A/ A
:

7. Is the stress level at the time of selecting the proper '

procedure high, mild,(F_ptimaR o. very low?

8. Is the operator trainid to expect the actual situation to be of !
cxtremely low frequency? (yes,@ {

6 8.Is the potential for an incorrect diagnosis leading to an '
,

operator-induced failure high, medium,@ or cry low?

9. What is the likelihood of the operator initially entering the !,

wrong procedure? (likely,so?.awhat.likely,(unlik.13)1 i

Identify by number I
'

10. If the incorrect procedure is entered, does it direct the
operator to:

'

N Not do any related action?
.

/V4 Perform an action that makes things worse? Identi fy
#

Parform the correct action anyway? -

11. What top events are likely impacted in some way that makes
recovery more complicated prior to the successful *

rediagnosis?
0394G011386 B-107
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TABLE 2-7 (continued)

Sheet 10 of 11 @'Human Action Identifier: McO9-

J. Potential for Selection of Nonviable Action (assuming a correct
diagnosis)

1. Are procedures available to instruct the operator to perform the
action? @ no) ,,, ,

2. Is discretion given to the control room team as to the proper
option among several to be Lelected? (yes@ .,

3. Are any of the options nonviable for any one of the scenario
groups identified? (yes @ Identi fy:

4. Is more than one option pursued in parallel? (yes.h . . .

5. If no specific procedures apply, are there other plausible
options that are nonviable? (yes, no) Identify:, . ,

AJA

53. TC % ask laeri % prwdur' sly v>AA k nG sMu t,c. sucsssDT
,V*'

.

6. If a nonviable solution is selected, are sufficient cues and time
available to later pursue a viable option? (yes, no)
Identify cues:

M
|

-.

7. Is the plant / operator interface such that a potential exists for
the operator to slip when implementing the correct action?

,

(yes@ Explain: '

"LW ,h *

&G & 64 M a J pW -

-A-
8. Is the potential for selection of a nonviabla optisn Ngh,

medium, low, orQery lowy g
'

*

0394G011386 B-l08
.

_ _ _ _ _ _ _ _



. - -

,

TABLE 2-7 (continued) ;

i

Human Action Identifier: WCO9. Sheet 11 of 11
,

K. Sumnary Sheet

From B. What type of behavior is required? sk'//
,

F om C. Description of plant interface? f% n i

From D. Expected stress level for each scenario group?

Group A 9 0+b d
,

'

Group B ''

Group C ;

Group D ;
Group E ;

.

From E. Experience level of operating team Au, ~ ,
's ..o ws

From F. Time available to perform correct ,actto~n~ t, r A w e

%t estMe .1 t> L o. r, e% , ~r e is r $. a .1 cAu m,
. ;

From G. Additional credit to rediagnosis due to plant feedback? !

sfd We ___ Arriving crew memberst n . n .e e, s.: . s :

From H. Need to account for dependence with other actions for each i

scenario group?
|

Group A S I'e> NU L c yh kre tul MW ''( HC D )1

Group B -

Group C
Group D !
Group E j

;

From I. Potential for incorrect diagnosis leading to failure? Yrky [9tv ;

.

From J. Potential for selection of nonviable option? Ve loto

I
i

I.

Yk e c iop.ye' * U* 'y(?* s

.

e

O
.

0394G01.1386 B-109
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TABLE 2-7. 0YNAMIC HUMAN ACTIONS QUESTIONNAIRE !

Human Action Identifier: W6D3 Sheet 1 of 11

A. Description of Human Action !

1. Objective (task to be performed and failure criteria):

Operator fails'to" take action to cooldown and
~~

'
:

Idepressurize by using ADVs and pressurizer spray
and opens the DH-V4s for DHR cooling when vital
bus ATA is not available, Operator must use the |

backup manual loader Cused for CD-2\(AA)3. A [
steam gereerator tube rupture sequence is i

assumed to have occurred. !
-

-

;-
.

i

2. List split fracticas that include this human action. i

I-

00'2 |cD )
!

f

i
-

i

!

!

!

3. Situation (initiating events and plant conditions, support system !states): collect into separate scenario groups for evaluation. i

Emphasize factors affecting response time and stress level.
;

$W N , |W Y'f '

14At>V.6ufyn,aa).f,aA. J./>e &, ~
,

.

O

e

0394G011386 B-111
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TABLE 2-7 (continued)

Human Action Identifier: MO.C 3 Sheet 2 of 11

B. Cognitive Processing Type:

k Is the operator familiar with the action? (l.4o y) * 3
1:uAEar sever 3 b .0,e

@ If yes, by what means? / procedures, trainiruf, frequent
performance)'

@ Does this action contradict operator training, rules of thumb, or
intuition? (yes @

Is this action included in simulator training? @no)MyW o (ce are 4use acW reba .: b;.3 #ekthosehveuA
9

pli ble descriptions of actions: v'
Skill-Based

| | Routine action, procedure not required.

U Routine action, procedure required, but personnel well
trained in procedure.

, 3 Action not routine, but unambiguous and well understood by
oporators who are well trained.

| | Action is listed in procedures for turbint trip or reactor
trip.

Rule-Based (procedures)
.

R Routine action, but procedore required; operators not well.

trained, or proceduro does not cover.
'

Not routine, action unambiguous and well understood, but not
;well practiced.
|

-

l

, U Action described in emergency procedures, but not for ~|turbine trip or plant trip. I

Knowledoed-Ba sed
.

[ Not routins, action ambiguous.

O Not routine, procedure does not cover.
, !.

Not routine, procedure not well understood.

lU Decision to act based on a rule-of-thumb, but not in js

giemergency procedures.
,

Decide on one. What type of behavior is required? MM
1

0394G011386 B-112 '
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TABLE 2-7 (continued)

Human Action Identifier: R C.0 3 Sheet 3 of 11 |

C. Operator / Plant Interface (items on which operators will key to base
judgment)

Instruments and readings that trigger action (identify procedure '

number and stDD if applicable): g l o - y G Cv7ft') |

/Up ,' d .AA dCM''

.

, u. g,e e,p1,s:c 9 <,, u . M sar^- !
% H10f, Hf0T

lh Alarms (name, location, audible, visual):

S . u H 1 o .t. , H z o o-
,

;h From where will action first be attempted? dcontrol rod other -
speci fy)

p @ Is#ch rdination between operators required? (yes.h
'd

,.,

i) Is there corroboration among indications? (very good,@one)
'

ptiono7plantintefface:h%w Ca,a by46,wp3. & W applica$le descri. L kWu une o o
eck mo

C Excellent. Same as below, but with advanced operator aids to
help in accident situations.-

,

-

C Good. Displays carefully integrated with SPDS to help operator.

Q Fair. Displays human engineered, but require operator to
'

integrate information. ,

-.
,

O Poor. Displays available, but not human engineered.

g i Extremely Poor. Displays needed to alert operator are not . |

directly visible to operators..,
.

.

.

i

1

0
0394G011386

-
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TABLE 2-7 (continued)

Human Action Identifier: W CO'3 Sheet 4 of 11

D. Stress Level

Is the control room team expected to have a high work load?
@ no) __.

2. Why is this action needed? (backuo to an automatic action,.

required &anualAction, recovery of failed system, defeat ESAS
response)

,.

@ Will this action contaminate a portion of th ant or otherwise
result in an extended plant shutdown? (yes, app
Are there any system failures that complicate t is action 1 '(none,
one, fultip1b) o k anenup ea. ADv 't |a.'f, ff.

@ .s this action the opposite to the response required in another
~ '

procedure or to general training? (yes, @
|

What are the expected work conditions for the crew?

[ Vigilance Problem. Unexpected transient with no precursors.

| | Optimal Condition / Normal. Crew carrying out small load
.

adjustments.

% High Workload / Potential Emergency. Hild stress, partway through
accident with high work load or equivalent.-

.

.,.

R Grave Emergency. High stress, emergency with operator feeling,
threatened.

,

.

Asse'ss stress level for each scenario group.

Scenario Group Stress Level Coments

d A.
!

.

B. *

C.

gj D. '

0394G011386 B-114-
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TABLE 2-7 (continued) !

:

O |

Human Action Identifier:_ H C O'3 Sheet 5 of 11
,

!
E. Experience Level of Operating Team ;

(specific team memoer wno would perform the action) )
!
!

Expert, Well Traine ' Licensed with more than 5 years !experience.
|

-

!
!

@ Average Knowledge, Training. Licensed with more than 6 months !
experience.

;

)

O Novice, Minimum Training. Licensed with less than 6 months :
experience. {

-

l
:

|
!

!

O |
,

;-

!

1

.

!

e

e

9

m

O
-

.

0394G011306 B-115 - '
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TABLE 2-7 (continued)

Human Action Identifier: M CO3 Sheet 6of11h
.

F. Resoonse Time Available

k. What is the timing of the first indications for the operator
action? QM (in time since initiating event)

f2, When may the operator first act? (in time from initiating event)
/S M

|

h When is the last time allowed for the operator to take action and
be successful?

Measured as median time since initiating event f (.urs
or as time since first indications

',. Estimate the median, time to carry out the action, once decided to4 ;

pursue. SoM
1

Estimate the median time available for the operator to decide to
perform the correct action. Measure the time available from when
he would first turn his attention to the indications until the ;

last time available. 3 _. W / ova
l

.

Scmewun T.mc NA e td derr f.sy,mm Time To feuwd
Ge> r %rretosccs em en, e s, cr w tra wemso ge;r cousau r

.NkTM1f ,s br),

. -

4

|

*
.

i

e
i

|.
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TABLE 2-7 (continued)

Human Action Identifier: McO3 Sheet 7 of 11

!
G. Recovery from Earlier Misdiagnosis

|
1. What significant new indications are there to tell the operator '

that an earlier dia i

SG A L ad& gnosis was in error?A JQ} n
skdfa&%Q j

,

P-Ch d /%-6 -J2 c, a; af-
!

I

2. Does the additional plant feedback occur prior to the allowed !time for successful action? When? h

& Jj e, h )$ ?

/0 M s
i

3. Is the time available for the correct action sufficient to allow |newly arriving crew members to participate in the decision? '

q (i.e., Is the error rate essentially time independent?) no) jV :. '.
.

4. During the time available for diagnosis, what new crew members
will be able to address the orablem? [e.g., None, Shift |

Technical AdvisordSTA), is/$7 Emergency Response Teap |

*g wo A S. foltoa. k decurto ~* |g, g g p
e -r - /2 M 5 ///, **

:,

SITE F N /2.NV9.S~ N/~/// *

,

Should additional credit be given because of additional plant i
eA

feedback? @ no)
es Should addi al credit be given because of newly arriving crew

, members? no)
,

.

% a

|

.

e

O.

'

0394G01.1386 B-l17
-

*

-

. .

-. y - - - , - _ . - _ , _ , ,,--_,____,__,r.- . _ - _ . , .,.,._y_-_-,,,,-_,._,_--- - ,.- - -.,, m _ . . , . , ,_



i

1
.

TABLE 2-7 (continued)

Human Action Identifier: MCO3 Sheet 8 of 11

H. Dependence with Other Human Actions in Same Scenario

1. Have other errors of human actions occurred in this scenario? >

f?nin ' y HZ D 1

2. How much influence do previous humen errors have on this action?
.

gnificangsame,none)
'

3. Are other actions being performed serially or in parallel?
(Attach operator time line if necessary to describe.)

.;

G!
m e u g W asi3a. Are Orre odi Persood we' dam o o

Must a specific dependence with another human action be accounted

for? y # 7 0 .1-

.

Scenario Group (Yes/No) Coments - -

A. j

I.

B. '!
'

.

C. '

.

D.

'

.

O
.

0394G011386 B-118

.



,2,

TABLE 2-7 (continued) :

:

Human Action Identifier: MCO3 Sheet 9 of 11
,

I. Potential for Confusion in Diagnosis. Leading to Unsuccessful Resconse :

1. Are there procedures available to instruct operator to perform
the action? @ no) , Identify by number A fo -f . |

2. If no procedures apply, is the operator trained to perform the .

specific action? (yes, no) g*

3. Which initiating enn:s may lead to a need for this action?
SGTR ,SBCocA

4. Do each of these initiating events result in the plant physical ]conditions necessary enter the procedure encompassing this '

human action? (yes no If no, identify by initiator i

ScLotA |
'

.

|

5. Which other procedures have entry conditions similar to the {
procedure encompAs, sin this human action? Identify by number '

ELb 7 }
6. Do the indications scribing the entry conditions for other

,

procedures differ from the correct procedures only by parameters '

not normally keyed on by the operator? (yes @ If !O yes, identify '

.

7. Is the stress level at the time of selecting the proper i
,

procedure highgptimal, o nry low?
,,

.

8. is the operator traine'd to ect the actual situation to be of |
extremely low frequency? no) i

|*

08, jg the potential for an jngorrect djag leading to an '

operator-induced failure high, medium, or very low?

9. What is the likelihood of the operator initially entering the
wrong procedure? (likely,somewhat likely,Qnlikelyyy .

Identify by number ,

'

10. If the incorrect procedure is entered, does it direct the
operator to:

*

'

C Not do any related action?
i

1.

y Perform an action that makes things worse?. Identify

@ Perform the correct sction anyway? -

11. What top events are likely impacted in some way that makes
recovery more complicated prior to the successful l
rediagnosis? !

0394G011386-
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TABLE 2-7 (continued)

Human Action Identifier: 14cO3 Sheet 10 of 11

J. Potential for Selection of Nonviable Action (assuming a correct
diagnosis)

1. Are proced available to instruct the operator to perform the '

action? e no) . . , , ,

2. Is discretion given to the control room team as to the prnper t

option among several to be selected? (yes@ .,

3. Are any of the options nonviable for any one of the scenario
groups identified? (yes p Identify:

I

!

4. Is more than one option pursued in parallel? (ye s . - . .

5. If no specific procedures apply, are there other plausible ;

options that are nonviable? (yes,no) Identify:. . . ,

&b

Sa. If k n werd 4aW pre ve44 % AG sK|l k swurfJL?

6. If a nonviable solution is selected, are sufficient cues and time
available to later pursue a viable option? (yes,no)
Identify cues:

Nb

. .,

7. Is the plant /cperator interface such that a potential exists for
the operator to slip when implementing the correct action?
(yes@ Explain: ,

&A u J .A s l 9 A p '~'|.

&.& b~ ddw & gm '

&M.
8. Is the potential for selection of a nonviable option high, '

medium, low, ort {ery lowj) g'

0394G011386 B k20
'
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TABLE 2-7 (continued)-

Human Action Identifier: 14C83 Sheet 11 of 11 [

i

:
K. Sumary Sheet

;

From B. What type of behavior is required? d/O |
!

From C. Description of plant interface? Fo t r :

!From D. Expected stress level for each scenario group?

Group A wk
Group B

|Group C !
Group D '

Group E !

From E. Experience level of operating team Avow
c). e. spu ( |From F. Timeavailabletoperformcorrectacti_on 3 s- l. -f |

G n b rh kc M r[ %;, e r 6n'-or .tf hws
'

From G. Additional credit to rediagnosis due to ~'plTnt f6edback? ;
W Arriving crew members? IL. A n.a .< m-

r -

From H. Need to account for dependence with other actions for each |

scenario group? {

Group A VM d ''"" ''7''' d'*" * "''"1
i

Group B !
,

Group C
,

Group D !

Group E

From I. Potential for incorrect diagnosis leading to failure? l- ~ |
Wp % en., e ut )
oc% o ,wiy ,

,

From J. Potential for selection of nonviable option? w, ./u.
]

< ) m e s , s o n n f a <*t s'as. '

.

4

9

e

O
'

e

'

0394G011386 B-121
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TABLE 2-7. DYNAMIC HUMAN ACTIONS QUESTIONNAIRE

,. ,

t] Human Action Identifier: H6DF sheet 1 or }}

A. Description of Human Action ,

1. Objective (task to be performed and failura criteria):

!Like HCD1 except for steam generator tube rupture
events. The decision to initiate cooldown and depressurization
must be accomplished in time to allow it to be
accomplished within 12 hours of the tube rupture.
(used in C D-2,6-Z ;;27 ) _

2. List split fractions that include this human action.

C D * d'c :t

M

o ,

V
.

,

3. Situation (initiating events and plant conditions, support system
states): collect into separate scenario groups for evaluation.
Emphasize factors affecting response time and stress level.

.L<L. HCD.t- & & W f A+ A Aw W & h '"' -

A.s 4 & M a m
,

-rg S 6 y6v b ~ A tVL W '

.

O
0394G011386
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TABLE 2-7 (continued)

Human Action Identifier: N dCY Sheet 2 of 11

B. Cognitive Processing Type:

Is the operator familiar with the action? (ljo g-) * Y
t mfad lse se very fa, .trerD If yes, by what means? (@rocedures, traininS, frequent

-

perforraance)

% Does this action contradict operator training, rules of thumb, or
intuition? (yes @

Is this action included in simulator training? h no)
ka .Qreek those husuf ars bese ku rehud , .{rgh -3** (, Q M '

plic ble descriptions of actions:

Skill-Based

| | Routine action, procedure not required.
|

Routine action, procedure required, but personnel well
trained in procedure.

U Action not routine, but unambiguous and well understood by
operators who are well trained.

O Action is listed in procedures for turbine trip or reactor,
trip.

Rule-Based (procedures)
i

'

R Routine action, but procedure required; operators not well
*

I

.

trained, or procedure does not cover. .!'
I I Not routine, action unambiguous and well understood, but not

well practiced. -

C Action described in emergency procedures, but not for -

turbine trip or plant trip.
,

Knowledged-Based
,

R Hot routine, action ambiguous.

C Not routine, procedure does not cover.
.

Not routine, procedure not well understood.

O Decision to act based on a rule-of-thumb, but not in
emergency procedures.

,

Decide on one. What type of behavior is reguire,d_? MSb
.

0394G011386 B-124
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TABLE 2-7 (continued)

Human Action Identifier: M C O'/ Sheet 3 of 11

C. Operator / Plant Interface (items on which operators will key to base
judgment)

1 Instruments and readings that trigger action (identify procedure
number and stop if applicable):

- * d MM A d 56 T4"

M

1a, Are Msp ay Are% "'''" * h UUl

NZ o 2.

@ Alarms (name, location, audible, visual):

% H.t 0 1 / 2 D L
'

:) From where will action first be attempted? [trolroo[otier-
speci fy)

@ Is'Yo rdination between operators required? (yesh
. . ,

i) Is there corroboration among indications? (very goed h , none)

. % 3 I a'pplicabuta e A 43 Eplant interface:h/Asr<usaa h syn,wpe%u
eck mo le descr ption o

T~~"IExcellent. Same as below, but with advanced operator aids to
help in accident situations.-

,

.

'

O Good. Displays carefully integrated with SPDS to help operator.
'

y Fair. Displays human engineered, but require operator to
integrate information.

.

-

.
,

O Poor. Displays available, but not human engineered.

g i Extremely Poor. Displays needed to alert operator are not
directly visible to operators..,

.
o

O
'

*

0394G011386 .''
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TABLE 2-7 (continued)

Human Action Identifier: MCOY Sheet 4 of 11

D. Stress level

Is the control room team expected to have a high work load?
@ no) ,,

2. Why is this action needed? (backuotoanautomaticaction,
required'manuaD action, recovery of failed system, defeat ESAS
response)

,,

h Will this action contaminate a portion of the lant or otherwise
, spnif p ,result in an extended plant shutdown? (yes n

h Are there any system failures that emplicate this ? ne
one,qUl tiplgy yA A

h Is this action the opposite to the response required in another
procedure or to general training? (yes, @

What are the expected work conditions for the crew?

O Vigilance Problem. Unexpected transient with no precursors. h
I I Optimal Condition / Normal. Crew carrying out small load ,

adjustments.
*

.

g High Workload / Potential Emergency. Hild stress, partway through
accident with high work load or equivalent.-

.,

R Grave Emergency. High stress, emergency with operator feeling' threatened.
. .

Assess stress level for each scenario group.

Seerario Grouc Stress. Level Coments j

d A.
! .

'

B. -
'

C.

, D. '

0394G011386 B-126
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TABLE 2-7 (continued) |

|
\- Human Action Identifier: 54CJ)4/ Sheet 5 of 11 |

,

E. Exoerience level of Operating Team )
,

(specific team memoer wno would perform the action)

L__j Expert, Well Traine ' Licensed with more than 5 years
experience.

[5[] Average Knowledge, Training. Licensed with more than 6 months
experience.

)

I
1[~] Novice, Minimum Training. Licensed with less than 6 months '

experience.-

|

|
|

O
.

O

S

9

e

+

$
D

'

|

f

'

0394G011386 B-127 . ,
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TABLE 2-7 (continued)

Human Action Identifier: MCOY Sheet 6 of 11

F. Resoonse Time Available

N. What is the timing of the first indications for the operator
action? Oh (in time since initiating event)

r
2 When may the operator first act? (in time from initiating event)2f

/S h

h When is the last time allowed for the operator to take action and
be successful?

Measured as median time since initiating event Y$ouA8
or as time since first indications

4. Estimate the median time to carry out the action, once decided to
''

pursue. C. g h

Estimate the median time available for the operator to decide to
perfom the correct action. Measure the time available from when
he would first turn his attention to the indications ur.til the
last time available. 3. Ys deu 4 s

.

4

Sm asu* T.*c M^dtd gerr Enemarc T8mE To Two
Ge4>r oirretects em cyxens, er w t n w emso c;e:r co.isew r

..

e

.

' e
'

0394G011386 B-128
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TABLE 2-7 (continued) ,

Human Action Identifier: HCOV Sheet 7 of 11 ;

G. Recovery from Earlier Misdiagnosis |
;

1. What significant new indications are there to tell the operator .

'that an earlier diagnosis was in error?
3G IawM M w%M !

'

dSd J- Md .
.

Pt'4- 4 A- G- Mj 2 ') ,

,

2. Does the additional plant feedback occur prior to the allowed
time for successful action? When? m

' /b p'

4 < a un-
i

I
3. Is the time available for the correct action sufficient to allow

'

newly arriving crew members to participate in the decisio j
(i.e., Is the error rate essentially time independent?) ye , no)

...
;

4. During the time available for diagnosis, what new crew members i

will be able to adicass the problem? [e.g. None. Shift
Technical Advisorq5TA), is/sAergency Response Te.a32

g, g g p,a w Ja -N. Moui;$ eb dec4" N i*

er 4 A '9- Er // / 6" "
,

,

ssit Pnzs RM-A c y|-f))
.

'

-

eA Should addit I credit be given because of additional plant
feedback? no)

es Should addi al credit be given because of newly arriving crew
,

. members? no)
.

%

,

.

e

O
0394G011386 B-129
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TABLE 2-7 (continued)
lGiHuman Action Identifier: N(19Y Sheet 8 of 11

H. Dependence with Other Human Actions in Same Scenario

1. Have other errors of human actions occurred in this scenario?
PN y WSOAf

:

2. How much influence do previous human errors have on this action?
( same,none)

3. Are other actions being performed serially or in parallel?
(Attach operator time line if necessary to describe.)

'

S
3a. Are Oere sa pe rsouet. an'd Ab e or e 4 uceu g W asi

es nd
Hust a specific dependence with another hum action be accounted

NZO $ :accert*

Scenario Group (Yes/ho) Coments

A. E*J DI *" % ;^ ' ' " '"

.

B. '

*
.

C. ' '

.

D.
;

'

.

i

I

L
i

| 0394G011386 B-130
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TABLE 2-7 (continued) !

O Human Action Identifier: W.B Y Sheet 9 of 11 <V |
,

I. Potential for Confusion in Diagnosis, Leading to Unsuccessful Response f

:

1. Are there proceh res available to instruct operator to perform i

the action? Oye , no) , Identify by number ELlo - 7 |,
,

2. If no procedures apply, is the operator trained to perform the
specific action? (yes, no) g g'

3. Which initiating events may lead to a need for this action? '

S G-7AC.,; S 6 4.oeA
7

4. Do each of these initiating events result in the plant physical !
conditions necessary t enter the procedure encompassing this j
human action? (yes,n If no, identify by initiator !

S f3 loc A |
'

.

!

5. Which other procedures have entry conditions similar to the |

hu &an action? Identify by number,
iprocedure encomp gsin thi m

&, \
,

2 3.10 ~ 6
M'"

6. Do the indications describing the entry nditions for other ,

procedures differ from the correct procedures o ly by parameters i

not normally keyed on by the operator? (yes,no If |
yes, identify .

'

7. Is the strer: % c ' z.t the time of selecting the proper ,

procedure n15". tiiTo optimal, o very low? *

,

8. Is the operator trainid to expec the actual situation to be of !
extremely low frequency? (yes,no

.

Ba. Is the potential for an incorrect diagn leading to an 'l
operator-induced failure high, medium, low, r very low? '

9. What is the likelihood of the operator initi ering the
wrong procedure? (likely,somewhat.likely, .!,

Identify by number j
-

,

'

10. If the incorrect procedure is entered, does it direct the
operator to: *

C Not do any related action?
'

U Perform an action that makes things worse? Identify -

Perform the correct action anyway? .

11. What top events are likely impacted in some way that makes
recovery more complicated prior to the successful
rediagnosis? .

0394G011386
~

-
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TABLE 2-7 (continued) |

Human Action Identifier: MCOY Sheet 10 of 11

J. Potential for Selection of Honviable Action (assuming a correct
diagnosis)

1. Are proce s available to instruct the operator to perform the
action? no) . . . ,

2. Is discretion given to the control room team as to the proper
option amorg several to be selected? (yes .

3. Are any of the options nonviable for any one of the scenario
groups identified? (yes @ Identi fy:

4. Is more than one option pursued in parallel? (y e s h , . .,

5. If no specific procedures apply, are there other plausible
options that are nonviable? (yes, no) Identify:, . . ,

NA

52. If h acG Were hW predur'ilyue44 % A G sGIt,c.swauki?
/W .

6. If a nonviable solution is selected, are sufficient cues and time
available to later pursue a viable option? (yes,no)
Identify cues:-

NA
.

. .

7. Is the plant / operator interface such that a potential exists for
the o re: r to slip when implementing the correct action?
(yes no U,'sain: .

T MN Y, h,

M M1 A/ '.'

WM fnv6 .

8. Is the potentia for selection of a nonviable option high,
medium, low, or g .

0394G011386 B-152
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TABLE 2-7 (continued)
:

Human Action Identifier: WCDY Sheet 11 of 11

K. Sumnary Sneet

From B. What type of behavior is required? 5 E' .' //

From C. Description of plant interface? f%.-

From O. Expected stress level for each scenario group?

Group A "'M
Group B
Group C
Group D
Group E

From E. Experience level of operating team Av* n, ,.

i ).,,s.>., <

From F. Time available to, perform correct action 7. 7 4. ~/ .

I?.,t rA;..;teav h* < b d w u.o:e c.t v wr |
From G. Additional credit to rediagnosis due tota 7it feedback? '

Arriving crew members? c4 . A- r. .~ . y. % |

From H. Need to account for dependence with other actions for each
-;

scenario group?p
LJ Group A % , v oc\.%~, c% s . Ie, e c <>. s ac es3 f t+1b I' ;Group B

Group C
Group D
Group E |

From I. Potential for incorrect diagno>is leading to failure? 6~ ;

b* br % c.,st '

e ,te m or f m.7 ) ;

From J. Potential for selection of nonviable option? te, . . /. .

Plo n e<( ;-a, nun' ! e %
.

. .
,

,

,

>

e

!'

.

!

i )
! I

I
'

O
. .

!.

0394G0ll386 !
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TABLE 2-7. OYNAMIC HUMAN ACTIONS QUESTIONNAIRE I

|

Human Action Identifier: HC DI Sheet 1 of 11

A. Descriotion of Human Action

1. Objective (task to be parformed and failure criteria):

Operator fails to initiate cooldown and depressuriza-
tion using pressurizer vents and the PORV following
a steam generator tube rupture and a loss of offsite
power which precludes pressurizer spray,

1

2. List split fractions that include this human action.

cs; C D-2. (O h

O
.

.

I

,

3. Situation (initiating ev2nts and plant conditions, support system
states): collect into separate ccenario groups for evaiuation. j

Emphasize factors affecting response time and stress level. |

%
Ab r-. .

,.

'

1

.

O
0394G011386 B-135
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TABLE 2-7 (continued)

Human Action Identifier: NCDI Sheet 2 of 11
'

B. Cognitive Processing Type:

k Is the operator familiar with the action? QJo r) * $
b um(W Mar Se ver 4..ite rD If yes, by what means? Qrocedures,trainn frequent

performance)
*

% Does this action contradict operator training, rules of thumb, or
intuition? (yes @

Is this action included in simulator training? h, no)
aan Ge yurW

ek those hve4 are avse kws reAe4.: s:n.),plic'able descriptions af actions: /
Skill-Based

R Routine action, procedure not required.

| | Routine action, procedure required, but personnel well
trained in procedure.

O"

g _g Action not routine, but unambiguous and well understood by
/

. operators who are well trained.

U Action is listed in procedures for turbine trip or reactor.
trip.

'

Rule-Based (procedures)

R Routine action, but procedure requirect; operators 'ot well.

trained, or procedure does not cover.
.

R Not routine, action unambiguous and well understood, but not
well practiced. -

'IS'l Action described in emergency procedures, but not for '

turbine trip or plant trip. mot ibp L3 ; Wu4
Knowledged-Basej

,

R Not routine, action ambiguous.

[,j Not routine, procedure does not cover. '

U Not routine, procedure not well understood.

| | Decision to act based on a rule-of-thumb, but not in
emergency procedures. g

Decide on one. What type of behavior is required? , bI T

B-136
0394G011386
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TABl.E 2-7 (continued) !

Human Action Identifier:_ M C.D I Sheet 3 of 11

C. Operator / Plant Interface (items on which operators will key to base i

judgment) |

Q1 Instruments and readings that trigger action (identify procedure
number and sto# if applicable :

% & d> & m odrs $ (QA '

y,

MZ ?f 'th DAl d "5la,AreMspay '

\

@ Alarms (name, location, audible, visual):
,

S- Mr O i, NZO 2-,

!

i
i

:h from where will action first be attempted? yontrol M other -
speci, fy) :

'oP
@ Is# coordination between operators required? (yes,(E) !

. . ,

!) Is there corroboration among indications? (very goo ,none)

% % 5Puh u suum q M v=h% spiM h spMg3C?reck most applicable description of plant interface:

M Excellent. Same as below, but with advanced operator aids to
help in accident situations.-

:
'

O Good. Displays carefully integrated with SPDS to help operator. :

@ Fair. Displays human engineered, but require operator to
'

integrate information. j,

1
-

-.

O Poor Displays available, but not human engineered.

y Extremely Poor. Displays needed to alert operator are not i

idirectly visible to operators. j,

I
,

|
1

I
!q

(/
'

0394G011386
'
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( TASLE 2-7 (continued)
'

|

Human Action identifier: WQOf Sheet 4 of 11

0. Stress Level l
|

Is the control room t2am expected to have a high work load? I

@ no) I

__,

- 2. Why is this action needed? (backup to an automatic action,
requiredci5aliuaDaction, recovery of failed system, defeat ESAS
response) - |,,

@ Hill this tction contaminate a portion of the plant o. otherwise % ,4 |
|

n Ip" + ' 6t( f m & ) c @mr ult in an extended plant shutdown no) sp% i l
rt.c.OT

Q.) Are ther)e any system faiTures that complicate this action?q(none,p l

**** //M m. fw Cata. o S$c/c aP-en
h Is this action the opposite to the response required in another WE
~~lh. & M,eral training? g no) g ggprocadure or to gen

re c.P 's w 't g- .
Aw tL. / d n Port-6 M'

What are the expected r conditions for the crew? iuo. g. c//eco
b |A..:

R Vigilance Problem. Unexpected transient with no precursors.

R Optimal Condition / Normal. Crew carrying out small load
adjustments.

.

p High Workload / Potential Emergency. Hild stress, partway throughaccident with high work load or equivalent.
.,.

U Grave Emergency. High stress, emergency with operator feeling
,

threatened. .

.

Assess stress level ,for each scenario group.

Scenario Grouo Stress. Level Coments

d A.
!

'

B. -

C.

D./

0394G0113M B-138 *
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TABLE 2-7(continued) |
!

Humar. Action Identifier:_ WCOf Sheet 5 of 11
.

E. Experience Level of Operating Team
|

(specific team memoer wno would perform the action) '

I
;s

L J Expert, Well Traine Licensed with more than 5 years
|experience.

!
i

@ Average Knowledge, Training. Licen ad with more than 6 months |experience.
;

i
i

C Novice, Minimum Training. Licensed with less than 6 months j
- experience.

,

I
i
:

I
i

|

|

O I
|-

i

*

i

o

e

S

$

O
-

.

0394G011386 -
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TABLE 2-7 (continued)
I

Human Action Identifier: M CD[ Sheet 6 of 11

F. Response Time Available |
.

k. What is the timing of the first irdications for the operator Iaction? L .... r - (in time since initiating event)

(2 When may the operato,r first act? (in time from initiating event)j

Q 5mM
l

(. When is the last time allowed for the operator to take action and
be successful?

Heasured as median time since initiating event deu d5
or as time since first indications

, , . Estimate the median pime to carry our ' action, once decided to4
pursue. o,5 houxs

Estimate the medit, time available for the operator to decide to
3perform the correct action. Measure the time available from when I

he would first turn his attention to the indications until the
last time available. 3, 94 kw e s

!

$C D4 Eplat TmE, hVALA At d ~dCT E,rrsm ATE, TifwE To FETLR2o,

Gou r "DirrewcES stw run ew. CFTit^t Ta Wmsu Be;T cocsenv w

4!. v . .25 L u, .s ks!. |

. .

.

4

O
'

0394G011386 8-1 0
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TABLE 2-7 (continued)

Human Action Identifier: HdDI Sheet 7 of 11
,

G. Recovery from Earlier Misdiagnosis

1. What significant new indications are there to tell the operator i
that an earlier diagnosis was in error? .

SG.O Y 5WY
\au -9 ly

gm & ens-uy &
ENfI), akf,rmd+4'bk4w'4'*ryw***

2. Does the additional plant feedback occur prior to the allowed 1

time for successful action? When? (,N,.o

'

(- |b W

g fA. S e r A.

3. Is the time available for the correct action sufficient to allow
newly arriving crew members to participate in the decision?
(i.e., Is the error rate essentially time independent?) h,no)

& - :-

4. During the time availaole for diagnosis, what new crew members
I

will be able to address the problem? [e.g., None Shift !

Technical Advisor @TA), iS/S , Emergency Response s esfj |
*

g, g g p,a. w o A -h. folt o u. be declared '. j*

er e.m-c.>r A4 s ~~-
|.

site eM:b /R/M -d -A.T ///-[8. |-

eA Should additional credit be given because of additional plant
feedback? @ no)

es Should addi al credit be given because of newly arriving crew
. members? no) .

.

4

g

.
.

o

O
'

0394G011386
-
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TABLE 2-7 (continued)

Human Action Identifier: NODI Sheet 8 of 11

H. Dependence with Other Human Actions in Same Scenario

1. Have other errors of human actions occurred in this scenario?

/ Y$$ L

2. How much infinence do previous human errors have on this action?
Qgnificangsame,none)

|

3. Are other actions being performed serially or in parallel? ,

(Attach operator time line if necessary to describe.)
,

S&' j
l

Ja. Arc here ca pe rsooet an' daw,4 car o4 uceu g ac6s!
yei / no)

Must a specific dependence with another hum n action be accounted
for? gp.

4
Scenario Group (Yes/No) Coments |

\

!

A. 1/q 9,., 5 ,,,, , p 8 ,, a ,,, ,,g p:n
|

B. '|
.\

.

C. ' '

D.

'

.

9
0394G011386 B-142
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TABLE 2-7 (continuec)

Human Action Identifier: M (' O[ Sheet 9 of 11

I. Potential for Confusion in Diagno is, Leading to Unsuccessful Response

1. Are there proce res available to instruct operator to perform
the action? ye no) , Identify by number 3210- T 8 t'(2 3.5 |

i.

If ne procedures apply, is the operator trained to pe(rform the )
ss7K ) i

2.
specific action? (yes, no) g

-

;

3. Which initiating events may lead to a need for this action? j
S 6 f.- O CA , $ G TA

4. Do each of these initiating events result in the plant physical

conditions necessary@to enter the procedure encompassing this
S,8 L O C 19(yes

If no, identify by initiatorhuman action?
'

.

5. Which other procedures have entry conditions similar to the
procedure encomp gsing this human action? Identify by number

&" & & &1%!O- 4 s.+4
escribingthee/ryconditionsforothern,...n w i .

6. Do the indications nt
procedures differ from the correct procedures only by parameters
not normally keyed on by the operator? (yes, o IfO yes, identify .

7. Is the stress level at the time of selecting the proper
procedure high,@ optimal, c. very low?

8. Is the operator trainid to expect the actual situation to be of
extremely low frequency? (yes ,@

|
.

1

B a.Is the potential for an incorrect diag s leading to an '!
operator-induced failure high, medium, or very low?

9. What is the likelihood of the operator initially _ entering the
wrong procedure? (likely,somewhat likely, 1 ) *

Identify by number -_,

10. If the incorrect procedure is entered, does it direct the '

operator to:

M Not do any related action?
'

R Perform an action that makes things worse? Identi fy

y Perform the correct action anyway?

11. What top events are likely impacted in some way that makes
recovery more complicated prior to the successful
rediagnosis?

0394G011386
B-143
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TABLE 2-7 (continued)

Human Action Identifier: MOD Sheet 10 of 11

J. potential for Selection of Nonviable Action (assuming a correct
diagnosis)

1. Are proced avail.3ble to instruct the operater to perform the
action? no) , . . ,

2. Is discretion given to the control room team as to the proper
option among several to be selected? (yes, @ .

,

3,
Are any of the options no@nviable for any one of the scenariogroups identified? (yes, Identify:

4. Is more than one option pursued in paral'iel? (yes h , . .

5. If no specific procedures apply, are there other plausible
options that are nonviable? (yes,no) Identify:. . . ,

&A
5a. IC & ac46 werd predurIlg ue44 h AE sKil l,c. swnufl?

6. If a nonviable solution is selected, are sufficient cues and time
available to later pursue a viable option? (yes,no) ;

Identify cues:
;

k
|

. .|
7. Is the plant / operator interface such that a potcatial exists for

the operator to slip when implementing the correct action?
@ /no> Exp1ain: .

$ fMm & .ac5 d m Y
$ & & c/ w d m |

'

-
'

.

A & @ ~M.4L w Q JA e>&8.
medium,@giential for selection of a nonviable opt on high,
Is the o

ior very low?

.
;'

0394G011386 8 144
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TABLE 2-7 (continued) :
i

Human Action Identifier: WCOI Sheet 11 mf 11
!
!

K. Summary Sheet j
Rw ff -

From B. What type of behavior is required? F - ''' -- - !
/ i

From C. Description of plant interface? F,e t -
t

From D. Expected stress level for each scenario group?
|

Group A 'd d
|

~

Group B i

Group C |

Group D j
Group E j

From E. Experience level of operating team Lu~ee f
/.', u ,z . , t ;

. J F 4 "*/ |From F. Time available to perform correct.aciton
!!c+ c:6 t., je <> . ; ,, a ~ a .,n ns e . W I, ..>.t t.

From G. Additional credit to rediagnosis due to planTfeTdback? i
4. Arriving crew members? F ,. . 7m, s . , 7 eo ,, '

,

From H. Need to account for dependence with other actions for each
scenario group?

Group A 'ht, 4,'p 4 d'/144' t r + J""W ' M bl |
Group B !

Group C |
Group D i
Group E '

i

From I. Potential for incorrect diagnosis leading to failure? V r. s / , .., !
i
I

From J. Potential for selection of nonviable option? pfrY,. L e , . ;

I

- , < , e u + L , > ,-> ua, , : e v |
v < a . . ;, , . v, . . .. ,e. ,

~ . U i,. . . . ' . >>',v |
'-

-

. aa .
d a cP's - (2-wvi)

'

\?.a .,'a J.A .y $p< e

.

.

O
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TABLE 2-7. DYNAMIC HUMAN ACTIONS QUESTIONNAIRE

'

Human Action Identifier: HR M Sheet 1 of 11O
A. Description of Human Action j

1. Objective (task to be performed and failure criteria):

Operator fails to establish Reactor Duilding
cooling after loss of river water using the
industrial coolers

|

|

2. List split fractions that include this human action.

GC ', C F - >

O
.

,

3. Situation (initiating events and plant conditions, support system
states): collect into separate scenario groups for evaluation.
Emphasize factors affecting response time and stress level.

Le M o r d. O F 4 hof,

v ~md 4, % | Jo % ,. ~ q ,, ge p n < g
lv'% b.a r la e .dm

_ pre v ery .~j k

.

O
0394G011386
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TABLE 2-7 (continued)

Human Action Identifier: MRW Sheet 2 of 11

B. Cognitive processing Type:

k Is the operator familiar with the action? (l_4o r) ' /

1:ofad.lia r 5=verg(w.ucr
@ If yes, by what means? (procedures, training, frequent

performance) eo

b Does this action contradict operator training, rules of thumb, or
intuition? @ no)
Is this action included in simulato,r training? (yes,h
H o.a %

arc %ese achia teJMd ; %;dw)1
- '

eck these hvedpli ble descriptions of actions:

Sk il'l-Ba sed

U Routine action, procedure not required.

| | Routine action, procedure required, but personnel well
trained in procedure.

| | Action not routine, but unambiguous and well understood by
operators who are well trained.

| | Action is listed in procedures for turbine trip or reactor.
trip.

! Rule-Based (procedures)

R Routine action, but procedure required; operators not well.

trained, or procedure does not cover.
-

| | Not routine, action unambiguous and well understood, but not !well practiced. -

[ Action described in emergency procedures, but not for
turbine trip or plant trip.

l
'

Knowledged-Based
.

R Not routine, action ambiguous.

M Not routine, procedure does not cover.

U Not routine, procedure not well understood. '

R Decision to act based on a rule-of-thumb, but not in
emergency procedures. -

;

Decide on one. What type of behavior is re_qu. ire.d? . M^)0 M e ac
.

.

0394G011385 B-148
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TABLE 2-7 (continued)

Human Action Identifier: _ M N'l Sheet 3 of 11

C. Operator / Plant Interface (items on which operators will key to base
judgment) -

Q1 Instruments and readings that trigger action (identify procedure
number and stok if applicable):

H f R:6.a a. 9.

M R8 y es ,

.

dla. Arc dh IBy 'N * i
*

P
'

|
|

h Alarms (name, location, audible, visual)fU2 # YY
: 'l

R6as Q & m A
gs M.f p, an cL-ud4f- &

'

|
!

:h From where will action first be attempted? room)other-speci fy)

@ Is#c$ rdination between operators requiredi (yes h
,,

if, Is there corroboration among indications? (very good, h none)
'

i

C ack mob'applicbaidm r{sk %le description of plant interf a&sk& % spiWW$1 mac 4 mgs%s dk, 'u
ce: ;g

O Excellent. Same as below, but with advanced operator aids to
help in accident situations.-

.

.1
|Good. Displays carefully integrated with SPDS to help operator. I

"

i t Fair. Displays human engineered, but require operator to
integrate information.

-
.

Q Poor. Displays available, but not human engineered.

\ j Extremely Poor. Displays needed to alert operator are not
directly visible to operators..

O
~

0394G011386
*
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TABLE 2-7 (continued)

Human Action Identifier: 44g hC FI Sheet 4 of 11

D. Stress Level

(1} g no)ntrol room team expected to have a high work load?
Is the co

, :

o , .

2. Why is this action needed? (backup to an automatic _ action,.

required manual action, recovery of failed systemfdefeaVESAS
response)

,,,

h Will this action contaminate a portion of the
lant or otherwise ,% , jresult in an extended plant shutdown? (yes , sp% i

h Are t any system failures that complicate this action? (none, I
one, ultip g (g M Q $ pf |Is this a % ,. A W M , Q At M- l

O5 ction the opposite to the response required in another |
procedure or to general training? yes no) |

g dM'
'

What are the expected work conditions for the crew? M M
;

If N
R Vigilance Problem. Unexpected transient with no precursors.

| | Optimal Condition / Normal. Crew carrying out small load ,

adjustments.
~

.

i

| | High Workload / Potential Emergency. Hild stress, partway through
accident with high work load or equivalent.

. ,

Q Grave Emergency. High stress, emergency with operator feeling,

threatened.

Assess stress level .for each scenario group.

Scenario Group Stress. Level Coments

d A.
!

B.

C.

D. g/

'

0394G01138; B-15O-
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TABLE 2-7 (continued)

Human Action Identifier:_ M Sheet 5 of 11

i

E. Experience Level of Operating Team I

(specific team memoer wno would perform the action)
,

1

|

| | Expert, Well Traine ' Licensed with more than 5 years
experience. ;

-

|
[j[] Average Knowledge, Training. Licensed with more than d months j

experience. 1,

!

1

[[[] Novice, Minimum Training. Licensed with less than 6 months
experience.-

O
O

L

.

.

O

e

D

-

.

0394G011386
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TABLE 2-7 (continued)

Human Action Identifier: HRfIN Sheet 6of11h,

F. Resoonse Time Available

(b. What is the timing of the s'irst indications for the operator
action? __ c2. hoe s (in time since initiating event)a

h When may the operator first act? (in time from initiating event)
'

2. 5 Low na,

(. When is the last time allowed for the operator to take action and
be successful?

Measured as median tima since initiating event S kowa.s
or as time since first indications

4. Estimate the median time to carry out the action, once decided to
''

cursue. o.n be s g f,4 g \_

J
Estimate the median time available for the operator to decide to
perform the correct action. Measure the time available from when
he would first turn his attention to the indications until the
last time available. O, s Loua s

t

$( D4 N% TtNE. hAMd 3C3T h*meyc TibE To TETARTA
Gusp Trretances etw com. era , orv|r4tn swes'u gest cousnw o-

| [,,y :', Q o wf 0, NM J

\-

|

|

.

'

0394G011386
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TABLE 2-7 (continued)

Human Action Identifier: HRM k b Sheet 7 of 11
kJ ,

,

G. Recovery from Earlier Misdiagnosis !

i

1. What significant new indications are there to tell the operator j
that an earlier diagnosis was in error?

,

ceh0_m h k i O. d *

,

i

!

2. Does the additional plant feedback occur prior to the allowed 1

time for successful action? When? VW

Wb '
'

3. Is the time available for the correct action sufficient to allow
newly arriving crew members to participate in the decision?
(i.e., It the error rate essentially time independent?) @,

-.:. g".

4. During the time available for diagnosis, what new crew members
will be able to add t oblem? [e.a.. Nane. Shift
Technical Advisor ST iS/v (mergencyResponseTeag

b( y2, y M p'i.* wo.44 nou $ e dechreo -er > y*%A JGt , GM A
site enEb 5 MN 44 -

eA Should additional credit be given because of additional plant
feedback? @ no)

og Should addit nal credit be given because of newly arriving crew'
, members? ye no)

.

%'e

|

.

O
~

-

0394G01.1386 .
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TABLE 2-7 (continued)

Human Action Identifier: MM Sheet 8 of 11

l
H. Dependence with Other Human Actions in Same Scenario

|
l

1. Have other errors of human actions occurred in this scenario? !

& H (L R L
|

|
1
1

2. How much influence d inus human errors have on this action?
(significant,same, ne ;

i

|
.

3. Are other actions being performed serially or in paralle
(Attach operator time lina if necessary to descri .

'

uc853% * ,Ja. Arc -hete cap pc rsoud. Mad 6k k G ^do

Must a specific dependence with another human action be accounted
for?

*

pa ht)
,

Scenario Group (Yes/No) Coments
echain e

A. pj m% knJwr m k nla:4
v(gg'c-z(ki)ksecocr<;'""

B- - ,s .. n i.a ,v u g..y; .

,

C. * *

l

D. !

|
i

1

O|
l.

'
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; TABLE 2-7 (continued)

/ Human Action Identifier: 14RD Uc FI Sheet 9 of 11
i

l

I. Potential for Confusion in Diagnosis, Leading to Unsuccessful Resoonse

| 1. Are there procedures allable to instruct operator to perform
the action? (yes,no Identify by number

1, . , . , .

If no procedures apply @. is the operator trained to perform the
| 2.

specific action? (yes
||

3. Which initiating events may lead to a need for this action? |)--- % w&
I4. Do each of these i itiating events result in the plant physical j

conditions necessary to enter the procedure encompassing this
|human actiof? (yes,no) If no, identify by initiator |

A2R l
'

.

!5. Which other procedures have entry conditions similar to the .
i

procedure encompJts, sing this human action? Identify by number |

!W % |e
'

6. Do the indications describing the entry conditions for other
prc.:edures differ from the correct procedures only by parameters
not normally keyed on by the operator? (yes,no) If
yes., identify e) A

,

'
.

7. Is the st evel at the time of selecting the proper
procedu high mild, optimat, o, very low? -)

! 8. Is the operator traini'd to e et the actual situation to be of !
extremely low frequency? o)

Ba. Is the potential for an incorrect nosis leading to an 'I
operator-induced failure high medium, low, or very low? |

9. What is the likelihood of the operator initially entering the
wrong procedure? (likely, somewhat likely, unlikely)
Identify by number aj n

_,

10. If the incorrect procedure is entered, does it direct the '

operator to: *

M Not do any related action?

| | Perform an action that makes things worse? Identi fy

[ Perform the correct action anyway? -

11. What top events are likely impacted in some way that makes
recovery more complicated prior to the successful
rediagnosis? CF

0394G011386
'
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TABLE 2-7 (continued)
|

| Human Action Identifier: g/443 HcR Sheet 10 of 11

|

J. Potential for Selection of Nonviable Action (assuming a correct |diagnosis)
j

l1. Are procedures able to instruct the operator to perform the -

action? (yes,
, _ _ _ , ,

2. Is discretion given to the control room am as to the proper
option among several to be selected? yes no) .

3. Are any of the options nonviable for any one of the scenario {
groups identified? @ no) Identify

Ib W ] ]h d
.

'

fetnAng
4. Is more than one option pursued in parallel? h no) ..

5. If no specific procedures appi re there other plausible
options that are nonviable? ye no) Identify:, . . ,

d Ad A h|
53. XC % & weri As u prs & vrii usAA k nG sMt| \,c. swaaldLT

W
, -

\

6. If a nonviable solutiun is selected, are sufficie cues and time
'

available to later pursue a viable option? (yes,no
Identify cues:-

.

7. Is the plant / operator interface such that a potential exists for
the operator to slip d: hen implementing the correct action?
(yes@ Explain: .

.

8. Is the potential for selection of a nonviable option high,_

g low, or very low?

l*
'

0394G011386
B-156
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TABLE 2-7 (continued) !
:

Human Action Identifier: @CO/ Sheet 11 of 11
.

!

K. Summary Sheet
,

From B. What type of behavior is required? II,.4..d y p
From C. Description of plant interface? Porr

From D. Expected stress level for each scenario group? -

,

Group A ($Pa^^8
Group B

!
Group C i

Group D >

Group E i
.

From E. Experience level of operating team Ai% .m |

Timeavailabletoperformcorrect'ac-eto/,/6#/wtA. o.n n - >
From F.

Bu t or%s te ,y b h - f.~ en- not e p.I! s w :

From G. Additional credit to rediagnosi's due tT plant feedback? !
t /_ y Arriving crew members? n,// T nf,> P ;

,,

From H. Need to account for dependence with other actions for each f

scenario group?
{

Group A fc hM N#" ""' I'W "' ' ' ' ' "I 1
|j

Group B f

Group C |
Group D ;

8

Group E ;
;

From I. Potential for incorrect diagnosis leading to failure? N /vw |

From J. Potential for selection of nonviable option? #" #i'' b ''W' ''I
h's'' d n oI~: 7?rk Ib .Y,<Y%3) T .- 1 Epr vorpnue h iss'"1 F "

*
'*. .. . ~ /.;)% er%I::L

!
!

1
-

0
0394G01.1386 B-157
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TABLE 2-7. DYNAMIC HUMAN ACTIONS QUESTIONNAIRE

"Human Action Identifier: H EICT Sheet 1 of 11

A. Description of Human Action

1 Objective (task to be performed and failure criteria):

Operator fails to manually regulate RDEC water
pressure. given failure of RR-V6. The accident '

sequence evaluated is assumed to result in core
damage and a continually rising containment
pressure. Ten minutes is assumed available for
action before the pumps would fail.

.-

-

2. List split fractions that include this human action.
.

cfA cJ ~ I
j

O-

.

F

3. Situation (initiating events and plant conditions, support system-

states): collect into separate scenario groups for evaluation.
Emphasize factors affecting response time and stress level.

HPI2,h w h,,. .,,,4

4" R s r f c. 6 ac.hM
Loop d4k | JM falted

- .

co,< s f kas . u.v<r< d
,

N% 24h\h %% M. p9 ad"' ~ * A^^, ,

% s1 J l M cu'&t V W Mf^^*

a p 4 a : p v>t a h u G M
O '

t

0394G011386
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TABLE 2-7 (continued) |

Human Action Identifier: RR:d Sheet 2 of 11 i< \

B. Cognitive Processing Type:
!

k Is the operator familiar with the action? QJo gr) ~ \ l

b ofad. liar severg fas.k rD If yes, by what means? (proceduresGrainin3, frequent
performance)

@ Does this action radict operator training, rules of thumb, or
intuition? (yes, ;

Is this action included in simulato training? h , no)

_

ck those hveah are 4kese achic rea,rSo fm
esd .: 4rA;y); ,plic'able descriptions of actions:

!
1

Skill-Based

.
i I Routine action, procedure not required.

| | Routine action, procedure required, but personnel well
trained in procedure.

| | Action not routine, but unambiguous and well understood by
operators who are well trained.

| | Action is listed in procedures for turbine trip or reactor
trip.

'

Rule-Based (procedures)

| | Routine action, but procedure required; operators not well, .

trained, or procedure does not cover.

R Not routine, action unambiguous and well understood, but not
well practiced. j

. C Action described in emergency procedures, but not for
turbine trip or plant trip.

1

Knowledged-Based
.

Not routina, action ambiguous.

M Not routine, procedure does not cover.

C Not routine, procedure not well understood.

| | Decision to act based on a rule-of-thumb, but not in
gemergency procedures.

Decide on one. What type of behavior is reguired,7 Y^ d - I'

1
0394G011386 B-160
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TABLE 2-7 (continued)

HCFL
Human Action Identifier: M12'R_1 Sheet 3 of 11

C. Operator / Plant Interface (items on which operators will key to base
judgment)

'

1 Instruments and readings that trigger action (identify procedure
number and sts) if applicable):

hovL.

la. Are Msp1&p 1 ^5h b

h Alarms (name, location, audible, visual):
wm

'

;) From where will action first be attempted? rolrhother-speci fy)

@ Is#c rdination between operators required? (yes. h
,

ih is there corroboration anong indications? (very good, some,

C eck mob' ke,'u buide M kpplicaledescrption$oUplantinte,M b ychyg%6 hl u

.

O Excellent. Same as below, but with advanced operator aids to
help in accident situations.-

.
.

Good. Displays carefully integrated with SPDS to help operator.
'

y Fair. Displays human engineered, but require operator to
integrate information.

-
.

O Poor. Displays available, but not human engineered.

g Extremely Poor. Displays needed to alert operator are not .
directly visible to operators.

O
'

,

'
'

0394G01.1386 .
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TABLE 2-7 (continued)

Human Action Identifier: M R CI Sheet 4 of 11

0. Stress Level

e e ntrol room team expected to have a high work load?

2. Why is this action needed? (backuo to an automatic action,-

required manual action *(recoven opfailed system, defeat ESAS
respcnsc,

h Will this action contaminate a portion of the plant or otherwise
result in an extended plant shutdown? (yes @ Eq%dp-

h Are there any system failures that complicate this action? (none,
}multipit)

h{Is this acti.1 the opposite to the respons
; -

req, ired in another
p acedure or to generr.1 training? (yes

.

What are the expected work conditions for the crew?

| | Vigilance Problem. Unexpected tran'ient with no precursors.

E{OptimalCondition/ Normal. Crew carrying ot.t small load
adjustments.

.

L_J High Workload /Petential Emergency. Mild stress, partway through
accident with high work load or equivalent.-

-

.,,

@ threatened. Grave Emergency. High stress, emergency with operator feelinr,

.

Assest stress level ,for each scenario group, )
l
'

Scenario j gg, Stress. Level Coments

$. A.
!

B.

C.
l

DJ

.

1
1

0394G011^y/ B-162 I
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TABLE 2-7 (continued)

Human Action Ioentifier: M-R$C) Sheet 5 of 11

E. Exoerience Level of Operating Team
(specific team memoer who would perf orm the action)

R Expert, Well Traine Licensed with more than 5 years
experience.

@ Average Knowledge, Training. Licensed with more than 6 months
experience.

j

[ Novice, Minimum Training. Licensed with less than 6 months
experience..

.

O
|

0

\-
.

.

.

6

O
'

,

'

0394G011386 B-163
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TABLE 2-7 (continued)

wtFS $Human Action Identifier: }4 di Sheet 6 of 11
.

F. Resoonte Time Available

k. What is the timing of the first indications for the operator
action? we * dea'w% (in time since initiating event)
4 efit pvi m .

'"

i

g& When may thb o[ikperator first act? (in time from initiating event)
|Q w/wiZo

h When is the last time allowed for the operator to take action and-

be successful?

Heasured as median time since initiating event 10 m,*4
'

or as time since first indications

',. Estimate the median time to carry out the action, once decided to4
*pursue. <1%4

O'Estimate the median time available for the operator to decide to
perform the correct acticn. Measure the time available from wnen '

he would first tu.~o his attention to the indications until the
last time availaole. \B m, *w.kr., i

I
'

Scm au* Time ( v^#td ac r Esr, m Tee. To ftTm.er-

G u>r oirretoacES ge: r co e x or w tis n ewsu ge:T cousew e

b d'7 ch ( ')go, } { sg' . ! " L.y

-

~

1
|

|

|

|

Gl
.

1
*

.
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TABLE 2-7 (continued)

Human Action Identifier:_,LM Sheet 7 of 11

G. Recovery from Earlier Misdiagnosis

1. What significant new indications are there to tell the operator
that an earlier diagnosis was in error?

b.ev4. -
.

2. Does the additional plant feedback occur prior to the allowed
time for successful action? When? NA

- .

.

3. Is the time available for the correct action sufficient to allow
newly arriving crew members to participate in the decision?
(i.e., Is the error rate essentially time independent?) es,no)

4. During the time available for diagnosis, what ne' crew membersa

will be able to blem? [e.g., None Shift
Technical Adviso STA Emergency Response Team)

4 a . M M p 'i d w o A e t l'*"'% N d*d*#**
et.n r. .

site enEb -

eA Should additiona redit be given because of additiona', piant
feedback? (yes,

es Should ad edit be ;,iven because of newly arriving crew
. members? no

'
Lp, .

$.hh '

,

sggyo 6yY 6'*
g enao

_

. - . _

d

O
'

,
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TABLE 2-7 (continued)

Human Action Identifier: N TL d Sheet 8 of 11

H. Dependence with Other Human Actions in Same Scenario

1. Have other errors of human actions occurred in this scenario?
W

2. How much influence do previous human errors have on this action?
(significant, same, none) N Pt

.

3. Are other actions being performed serially o paral
(Attach operator time line if necessary to descrioe.)

O
S 4IJa. Arc. Yhere cap pe rsooel mhak k w e53%o

Must a specific dependence with another human action be accounted
for?

, ,

Scenario Groue (Yes/No) Coments

A. N' 3

8.
.

-

C. * *

D.

O
,

'
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TABLE 2-7 (continued) |
McF1

Human Action Identifier: M-M Sheet 9 of 11

!

I. Potential for Confusion in Otagnosis, Leading to Unsuccessful Resoonse !
!

1. Are there procedur vailable to instruct operator to perform |
the action? (yes no Identify by number . ,

;

2. If no procedures a is the operator trained to perform the |specific action? yes no)
|

'

3. Which initiating events may lead to a need for th<s action?
I

4. Do each cf these initiating events result in the plant physical |

conditions nec o enter the procedure encompassing this !
human action? ye o) If no, identify by initiator |

!
'

5. Which other procedures have entry conditions similar to the i

procedure encomp gsing this human action? Identify by number i

:-

,

'

6. Do the indications describing the entry conditions for other I

procedures differ from the correct procedures 11y by parameters
1

not normally keyed on by the operr. tor? (ye no If !
yas, identify .

|

7. Is the s vel at the time of selecting the proper
.

proced e hi h ild, optimal, o. very low?
.

8. Is the operator trained ect the actual situation to b6 of I
extremely low frequency (yes no)

B a,Is the potential for an -r et diagnosis leading _to an
-

'

operator-induced fail e hi medium, low, or very lowh
-

le
9. What is the likelihood of the operator initia11v Mtering the

wrong procedure? (likely, someshat likelyC6i'ikt.lyf.

Identify by number i _,

10. If the incorrect procedure is entered, does it direct the '

operator t.o: *

$ Not do any related action?

U Perform an action that makes things worse? Identify

U Perfer.n the correct action anyway? -

11. What top events are likely impacted in some way that makes
recovery more, complicated prior to the successful
rediagnosis?

0394G011386-

B-167
.

h

,
-- w - - - - - - - - + , - , , - - - - - - - - - .,v --,-,-----r,,---,,---.,----,w,--,,-,--,,,,e,, e- rn,--,,--,-----e--,.-e,,



_. __ _ _______- _

.

TABLE 2-7 (continued)

Human Action Identifier: H $2. [ Sheet 10 of 11
'

J. Potential for Select!on of Nonviable Action (assuming a correct
diagnosis)

1. Are proce able to instruct the operator to erform the
kt*^M ***' <

action?
~

va n 6.a a s %"f **M,+h ** ' I " *t Y kI c o frer ny p m% f*.J s : t e.t h g/m ,
2. Is discretion given to the control room team to the proper

option among several to be selected? (ye n

3. Are a1y of the options nony le for any one of the scenario
groups identified? (yes ' Identi fy:

-

.

4. Is more than one option pursued in parallel? (yes @

5. If no specific procedures app y, a era other plausible
options that are nonviablei yes o

.
Identify:

Sh. IC % n were 4aw pre 4413 u-Aa -fk aG sh'It bc. swasrLJ?

If a nonviable soluti[on is selected, are sufficie !6. es and time '

. available to later pursue a viable option? (yes
Identify cues:-

.

7. Is the plant / operator interface such that a potential exists for
the tor to slip when implementing the correct action?
(ye Explain: W4 L -n _ _ l ec.& ti d e ,*

i. . .

I

8. Is the potential ele tion of a nonviable option high, i

medium, low, o ery low? gi
.

,

1

*
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TABLE 2-7 (continued) !

( Human Action Identifier: M.E-W NCf L Sheet 11 of 11 f
:
;

K. Sumnary Sheet

Fiom B. What type of behavior is required? Me. . . , l a h . o i

V i

From C. Description of plant interface? F% , . l , Po+ !
7

From D. Expected stress level for each scenario group?
'

Group A C' M Ag-
Group B ;
Group C ,

Group D |
Group E i

From E. Experience level of operating team A," w~

|
-

1

From F. Time available to perform correct action' 9e m 4,. !
H ,, +- er6:.n 1 < i ".,4 <> k / x n . o n.,,a |.

From G. Additional credit to rediagnosis'due to plant feedback? |
1- Arriving crew members? JI . f 4 n. ,, c i .'<. . }e

, !

From H. ''eed to account for dependence with other actions for each !
scenario group?

'
Group A V>
Group B
Group C

,

Group D i

Group E |

From I. Potential for incorrect diagnosis leading to failure? I'e. , /,w.

From J. Potential for selection of nonviable option? ve,.'~

?>, u a, Ta;.t a 5' r %p ;

.

.
,

0394G011386
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TABLE 2-7. 0YNAMIC HUMAN ACTIONS Ql)ESTIONiiAIRE

!

Human Action Identifier: M c.s 4 5' Sheet 1 of 11
(

A. Description of Human Action I
!

1. Objective (task to be performed and failure criteria): is !

F ': d 0 3 4 0 Y OF I 'i d 3Pi.1ATOR FAILING TO LCTJATE I, f ;

C ) ,T4!'d E'4T SPkgy sy37:A. THi 30n A0TJATION 'IG64L
f

i

-)e rj i )C ;'J a 3 5 0 4 J 51 4 C0'lTAINMINT )J13E V s IN
;pa H i; 3 AT Til T : v. i )F T'4E ACCIDINT AO I T/'J O T

Sfb3iheirlTLY : 3 0 L $. T D . \ C3tg onnWE S i l)!'l C E IS | !

.; ; ; u >.10 T ') uVi J C C J R 'i: 0.
!
i

,

'

,

2. List split fractions that include this human action.
'

cSC c: 't

ctF c: 3 Q':-)

c3 H c: " |

3 ;

(. I c V Q X-) |i
,

6
;

!
;

I

i
-

3. Situation (initiating events and plant conditions, support system !,

states): collect into separate scenario groups for evaluation. !Emphasize factors affecting response time and stress level. I

e S,*r % 3o*d E.8 how de 3 ""
,

g vatva b k y - M L 0 4 (
,

' 0;9 reqw h pdk. J.,u w k k._ !
,ofu h skbEB.spgb *. .* P' ,qt a,4 ML R.R a4. on du7_ . |

.
.

|

h w 4.- , |.. y ; cca cwn: s ,. 3.>ey u ~.: +3 27 ~ l
|

|

O |
,
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TABLE 2-7 (continued)

Human Action Identifier: NCS D Sheet 2 of 11
4

B. Cognitive Pror.essing Type:

k Is the operator familiar with the action? QJo r) ' 7
\ mfa d. tin e sc ver (w.uer$ If yes, by what means? Grocedureshraini frequent

performance)

@ Does this action c radict operator training, rules of th amb, or
intuition? (yes, o)

Is this action included in simulator training? hno)
un %

eck those hvu are Aw. m rem.: 4aa amiplic ble descriptions of actions: 3 1
-

Skill-Based

| | Routine action, procedure not required.
.

1

| | Routine action, procedure required, but personnel well
trained in procedure.

I I Action not routine, but unambiguous and well understood by
operators who are well trained. I

I I Action is listed in procedures for turbine trip or eactor
trip.

I

I

Rule-Based (procedures)
!

I | Routine action, but procedure required; operators not well'
,

trained, or procedure does not cover.
.

I I Not routine, acticn unambiguous and well understood, but not
well practiced. -

~U Action described in emergency procedures, but not for I

turbine trip or plant trip.
,

Knowledged-Based
,

I | Not routine, action ambiguous. !

@ Not routine, procedure does not cuyer.
|

| | Not routine, procedure not weli understood.

R Decision to act based on a rule-of-thumb, but not in
emergency procedures.

Y- i m 'lDecide on one. What type of behavior is required,7
4

0394G011386 B-172
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TABLE 2-7 (continued)
'

i

Human Action Identifier: M C.S k. I Sheet 3 of 11
4

C. Operator / plant Interface (items on which operators will key to base
judgment)

;.

Instruments and readings that trigger action (identify procedure !
number andg*o) if applica e)% "A 4 E6 6

!.

la. Are M5P"? ' h '''I

@ Alarms (name, location, audible, visual): !,
%L. vdh e 0 6 - hAk ,4 va rd
vavik E5 M 12.T iM't'd $%~ '

3
-

j

>
.

:) From where will action first be attempted? trolrochother-speci fy)
,

@ Is rdination between operators required? (yes @ j,

th Is there corroboration among indications? (very good.hnone)

% 6 3ru% u utaee qA 1,. t=h(veg se 4a h sp;CCwe~Ja
C7reck most applica le description;of plant inte, face: 1
O Excellent. Same as below, but with advanced operator aids to

ihelp in accident situations.- j.

,

'i
,

Good. Displays carefully integrated with SPDS to help operator. !
!

y Fair. Displays human engineered, but require operator to ;
'

integrate information. <

\*
.

@ Poor. Displays available, but not human engineered.

.g i Extremely Poor. Displays needed to alert operator are not
directly visible to operators. '.

!

:

|

, :

0394G011386
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TABLE 2-7 (continued)

Human Action Identifier: W CS D3 Sheet 4 of 11
L

D. Stress Level

e ntrol room team expected to have a high work load?

m
2. Why is this action needed? ((backuo to an automatic action,.

required manual action, recovery of ' failed system, defeat ESAS
response) 6 , af v3 % M dow wM M e. recekb

h Will this action contaminate a portion of tha
ant or otherwise ,dy,::,result in an extended plant shutdown? (yes, o) s pi r,;..

_ h there any system failures th,at complicate this action? (none,
one, multiple) vatuo [a||q h cbse m e.T netaM f 4* E5PS

h Is this action the opposite to the respon required in another
procedure or to general training? (yes,no.

What are the expected work conditions for the crew?

| I Vigilance Problem. Unexpected transient with no precursors.

| | Optimal Condition / Normal. Crew carrying out small load
adjustments.

.

I I High Workload / Potential Emergency. Hild stress, partway through.

accident with high work load or equivalent.-

.,.

@ Grave Emergency. High stress, emergency with operator feeling,
threatened.

.

Assess stress level .for each scenario group.

Scenario Group Stress. Level Coments

d A.
:

B.

C.

j D. '

I

0394G011386 B-174
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TABLE 2-7 (continued)

Human Action Identifier:_ b4(_ S 425 Sheet 5 of 11
>

E. Experience Level of Operating Team
(specific team memoer who would perform the action)

'

f- l Expert, Well Traine Licensed with more than 5 years
experience.-

.

[[5] Average Knowledge, Training. Licensed with more than 6 months
experience.

[-] Novice, Minimum Training. Licensed with less than 6 months
experience.- -

.

O
.

.

..

;

I

.

.

.

.

b

i

()
,

B-lh5
'
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TABLE 2-7 (continued)

Human Action Identifier: MCSN,5 Sheet 6 of 11
%

F. Resoonse Time Available

N. What is the timing of the first indications for the operator
action?g Cia % a..t. __ (in time since initiating event)

Cr
'2. When may the operatoi' first act? (in time from initiating event) '

,

L10 mid

-

(. When is the last time allowed for the operator to take action and.

be successful?
'

Heasured as median time since initiating event lo....;

or as time since first indications _' . ..'..
-

4. Estimate the median time to carry out the action, once decided to
# pursue. I w *...ta.

Estimate the median tiw available for the operator to decide to '

perform the correct action. Measure the time available from when
he would first turn his attention to the indications until the
last time available. a sa,<Ser

.

~

Sc es sau* Time 6eetd acer Err e Tif"To7th5wd
Gs4> r "DirreumexS gen ce,xes o , cf T.s t ta u w eso gest co. seTem

(Kly I jp, A A + tb*I U IA

*

,

!,-

O
,

'
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TABLE 2-7 (continued) i

Human Action Identifier:- H C.S L Sheet 7 of 11

G. Recovery from Earlier Misdiagnosis

1. What significant new indications are there to tell the operator
that an earlier diagnosis was in error? 'AMll bd;d4cwi.b

.

N A- (&& gro M t
hk sc.R m,k. u d t.vw 4. w d d V d y *n

y
''

nn w:ak~.

.

2. Does the additional plant feedback occur prior to the allowed
time for successful action? When? NA

:
~

,

I
:

!
'

3. Is the time available for the correct action sufficient to allow I
newly arriving crew members to participate in the decision?
(i 9., Is the error rate essentially time independent?) (yes,h

.

!

U :
'

4. During the time available for diagnosis, what new crew members
will be able to a ss t blem? (e.g.,Ncne, Shift
Technical Adviso ST

'

Emergeacy Response Team)
b dec k ed 'i4 a . M vAM p'id wo.dA 1h. l''".3 e

GmJGAt.7)O w d,pp 'y'
snt ec.cn 2.-CkkA I

'

'
eA Should addit dit be given because of additional plant

feedback? no)
,

o g, Should ad al credit be given because of newly arriving crew .

, members? (yes no) ,

i

Sfy|ff'* 6''? %" or ao

|

.

I

'

0394G011386 .
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TABLE 2-7 (continued)

Human Action Identifier: N CS 4 b Sheet 8 of 11

H. Dependence with Other Human Actions in Same Scenario

1. Have other errors of human actions occurred in this scenario?
% "%

y3,cpsynbr: [rs$cd 4r 4o % % p u IL

2. How much influence do previous _ human errors have on this action?
(significant,same,none) SJ fA ''

y ,,; l. ms.

t

.

3. Are other actions being performed serially or(in parallel?)
(Attach operator time line if necessary to descrioe.)

9
*8533^j^^N^5!3a. Arc. Oere cap pe rsonnel. m'$lak k o

. Must a specific dependence with another human action be accounted
f0Pi

fa*i e h % r w IE 1*>I VN 8dals*m eerr %l.
,

,

Scenario Group (Yes/No) Coments

klS ht C. :- ) i

k js.s Ie'l e (" * *. *_ r- h' ' ' *!*

,y,

B.
\

C.
'

3.

9
.

e
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TABLE 2-7 (continued)

.) . >

Human Action Identifier: 14 C.S M Sheet 9 of 11 !O
I. Potential for Confusion in Diagnosis, Leading to Unsuccessful Response |

1. Are there procedur vailable to instruct operator to perform
the action? (yes, Identify by number

|.

2. If no procedures a , is the operator trained to perform the t

specific action? es no)
-

t

3. Which initiating events may lead to a need for this action? fLoef%

4. Do each of these initiating events result in the plant physical !
conditionr. nec to enter the procedure encompassing this j

human action? no) If no, identify by initiator ;
'

|
.

S. Which other procedures have entry conditions similar to the |
procedure encompA(sing this human action? Identify by number !

Sle',- |-
.

,
'

'

6. Do the indications describing the entry conditions for other
procedures differ from the correct procedures 4 by parameters
not normally keyed on by the operator? (yes, o If !
yes, identify .

7. Is the stress . level at tha *ime of selecting the proper i

procedure ] hi mil ov v6ry low?
7

8. Is the operator trained to hec he actual situation to be of
extremely low frequency? (yes,no j

8 8.Is the potential for an incorrect dia leading to an-

operator-induced failure high, medium ow or very low? ;

,

;

9. What is the likelihood of the operator initially entering the j

wrong procedure? (likely, somewhat likely71inlikely)
Identify by number ,_,

10. If the incorrect procedure is entered, does it direct the '

operator to: -

[ Not do any related action?

U Perform an action that rakes things worse? Identify

@ Perform the correct action anyway?-J[reh hc*M "f

O 11. What top events are likely impacted in some way that mames
recovery more complicated prior to the successful '

rediagnosis? '
0394G011386-
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TABLE 2-7(continued)

Human Action Identifier: M c_S [ Sheet 10 of 11
(

J. Potential for Selection of Nonviable Action (assuming a correct
diagnosis)

1. Are procedures Ax311able to instruct the operator to perform the
action? (yes,Qno ,

2. Is discretion given to the control roo. am as to the proper
option aniong several to be selected? yes nc) .

3. Are any of the options non ble for any one of the scenario
groups identified? (yes, o Identi fy:

.

4. Is more than one option pursued in parallel? no) .

5. If no specific procedures apply, ar there other plausible ioptions that are nonviable? (yes,no Identify *..

Sa. If k acG Were hW Hur'ily ueAd * Ab sGI L,c. swauL1?
!

6. If a nonviable solution is selected, are sufficient cues and time
available to later pursue a viable option? (yes,Q)* Identify cues:

.

7. Is the plant / operator interface such that a potential exists for :

the o rator to slip when implementin the correct action? , |(ye o Explain: e,4 6 x We M q hW l A ,
|

*

,

1

8. Is the potential for selection of a nonviable option high,
medium, low, or ~g g'

,

'
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TABLE 2-7 (continued)

O- I

Human Action Identifier: W (.S 4 C Sheet 11 of 11 !

I
K. Summary Sheet !

6

From B. What type of behavior is required? U.d-a,4^ 2 f_

From C. Description of plant interface? Fw
From D. Expected stress level for each scenario group?

!Group A G e E- rej rs ey
Group B '

Group C ;

Group D ,

Group E ;
.

!From E. Experience level of operating team Ava4 e
p. m .i. i

From F. Time available to perform cor 'ect act%n]/o 't -I'- 7 M w~fef
/2.qt t/ ,;,,<r7 e y 7t a c> 6 3.' y + ea # 1 % u - ., i~f*

From G. Additional creoit to rediagnosis due to plant feedback?
.

.A / , Arriving crew members? t t. /* I
{w.fer

From H. Need to account for dependence with other actions for each !

O scenario group? !
y,):. . .., j

Group A Wr ,Afr4,3 4JIuw /, ito /4e (> v ,* * /* A c ) Mc42._ i
Group B |
Group C :

'

Group D |
Group E !

;

'

From I. Potential for incorrect diagnosis leading to failure? V<>;.,/,,..,
s

From J. Potential for selection of noiaiable option? V+, /ow

1... , u. ~,,_ !
_ # , ,e 'A m tz, *= A j s' .' t'T,.,.* .'' ' '- -

,

.

..

,

B-181'
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TABLE 2-7. DYNAMIC HUMAN ACTIONS QUESTIONNAIRE

Human Action Identifier: HO/ ( Sheet 1 of 11

A. Description of Human Action

1. Objective (task to be performed and failure criteria):

Operator fails to realign the system to the normal
*

(once-thru) alignment in the event that the
recirculation damper (AH-D-36) fails to open
following an ESAS actuation or in the event
chilled water is lost so that outside air is
needed to limit the circulating air temperature.

2. List split fractions that include this human action.
Ort

(v A - C V~l

(v 6 ' cV-l(5IU
eg_ , cv.t (GU
vv, u-t GD)

n-, (5w u ).- oc ,

-

3. Situation (initiating events and plant conditions, support system
states): collect into separate scenario groups for evaluation.
Emphasize factors affecting response time and stress level.
Es AcWE lacu C G V o ~ rec # c-

'

p

a & ~M W " ''' n. , u. . .

;,p sq (,.n wA.16 -@ -

g g qu.u-o-u6 AA t,

.

g p , c g 4 ~ . A o @l" < A ( W =uM$
b

~'' 4 e
'

!

pa J s+s+2A & c
0394G011386
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TABLE 2-7 (continued) h
.

Human Action Identifier: MCy| Sheet 2 of 11

B. Cognitive Processing Type:

k Is the operator familiar with the action? 0.4o r) ' 3
l ada r.:. liar 5r vreg fa ut,,D If yes, by what means? QroceduM trainingQrequeng

Qerformance)

% Does this action adict operator training, rules of thumb, or
intuition? (yes o)

Is this action included in simulato training? h , no)
ck those hve4 are nese. &hio reo,ryou .(e.

c4 c. 4g4)| pum 7 q%
plicable descriptions of actions: d Q

Bill-Based
[ [ Routine action, procedure not required.

| Routine action, procedure required, but personnel well i

trained in procedure.

I I Action not routine, but unambiguous and we41 understood by
operators who are well trained.

I I Action is listed in procedures for turbine trip or reactor
trip.

Rule-Based (procedures)

R Routine action, but procedure required; operators not well.

trained, or procedure does not cover.
,i

Q Not routine, action unambiguous and well understood, but not
well practiced. -

|
,

Action described in emergency procedures, but not for |x

turbine trip or plant trip. I

Knowledged-Based
.

R Not routine, action ambiguous.

C Not routine, procedure does not cover.
)

R Not routine, procedure not well understood.

U Decision to act based on a rule-of-thumb, but not in 9 {'emergency procedures.

Decide on one. What type of behavior is r guired? c
B-184 --
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TABLE 2-7 (continued)
I

!
Human Action Identifier:O . M Cy) Sheet 3 of 11 |

'

C. Operator / Plant Interface (items on which operators will key to base '

judgment)

1 Instruments and readings that trigger action (identify procedure

number and stfp if applicable - @ u Pc R 34 H, v' pdJ9 pos,M s&'ab$~ dy ;
,

c,

c v fin acA u Utv faA : i

IS d "'la. Ace d!5P V ' *

t

@ Alarms (name location, audible, visual):
.

'
,

H f V pd %) A i va"k j

;

!

:h From where will action first be attempted? h trol room} other - !
speci fy)

{o i

$ Is Yoordination between operators required? (yes,@ !
O 3 is 18ere correberatsee amen, ineicatiees? cver, eee. e neee) !

pplica$le descrl.L bptionofplantinte7 face:spiM h sjni -

3 axoMw. % Na'h b
*

idee
eck mo

O Excellent. Same as below, but with advan:ed operator aids to
|help in accident situations.-

'

l

L'

L _| Good. Displays carefully integrated with SPDS to help operator. I
e t

^ Q Fair. Displays human engineered, but require operator to i...
integrate information. '

1

Q Poor. Displays available, but not human engineered. j

y Extremely Poor. Displays needed to alert operator are not |directly visible to operators.
i

L

O
'

'

0394G011386 -
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TABLE 2-7 (continued) g
Human Action Identifier: M CV| Sheet 4 of 11

D. Stress Level

e c ntrol room team expected to have a high work load?

2. Why is this action needed? (backup to an automatic action,
required manual actionf recovery Af failed system, defeat ESAS
response) ~ '

h Will this action contaminate a portion of the plant or otherwise ,d p *result in an extended pla..t shutdown? no) PommA EqCD po M k &|rboreta & % o M be bil% cn &w;s e n o .
W Are there any system failures that co licate this action? (none,

one Q 1tiple D

h Is this action the opposite to the nse required in another
no),p

engcQ be twa d, eneral trainingad Adcp
procedure or to g e

kaix<(roh refu,k CE.{3 %g(3p%v4f tg.u
'

What are the expected work conditions for the crew?

| | Vigilance Problem. Unexpected transient with no precursors.

R Optimal Condition / Normal. Crew carrying out small load
adjustments.

.

@ High Workload / Potential Emergency. Hild stress, partway through
accident with high work load or equivalent.

,

Grave Emergency. High stress, emergency with operator feeling,
threatened.

Asse'ss ttress level.for each scenario group.

Scenario Group Stress Level Coments

S A. - fakWC kca.%e,
*J

B.

C. |

j D.

!
t

'I

0394G011386 ,
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TABLE 2-7 (continued)

Human Action Identifier: HGV | Sheet 5 of 11

E. Experience level of Operating Team
(specific team memoer who w7uld perform the action)

:

R Expert, Well Traine Licensed with more than 5 years
experience.-

3-

@ Average Knowledge Training. Licensed with more than 6 months
experience.

U Novice, Minimum Training. Licensed with less than 6 months
experience.-

3 ;

su:

M:

-in;

;U?

m2
or

rou
.t .

.

e

M.

.

6

.

|

O
.

.

0394G011386
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TABLE 2-7 (continued)

Human Action Identifier:_ HC.V 1 Sheet 6'of 11

F. Resoonse Time Available
'

Sh. What is the timing & 4t hof the first indications for the operator
action? ini461v5v (in time since initiating event)

r& When may the op.ke 41 S '2
; erator first act? (in time from initiating event)

30 h 40 m A
|

|

(. When is the last time allowed for the operator to take action andi

'

A. h C8 V s % j[J de fdo be_ dcAev ns g
| Measured as median time since initiating event

or as time since first indications en ,- c
,

4. Estimate the median time to carry out t'.e action, once dec'ded to
' pursue. E m , r.'atL,

Estimate the median time available for the operator to decide to
perform the correct action. Measure the time available from when
he would first turn his attention to the indications until the
last time available. 6 k bb-udA b cg/s M

3

sm ou. T- rma w cm m T.- a r -
bsM r % FFcLEn(ES BETT 'or F. EEV . OF T.fAE T3 M6+3C16 G6T (Osif f1N W

f ly g.y 30 M wb; I"" " dV-

.nn
.

I

O
-

03,400113ee
e.1e,

_
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TABLE 2-7 (continued)

Human Action Identifier: HCV( Sheet 7 of 11

O i
G. Recovery from Earli.y Misdiagnosis

1

!

1. What significant new indications are there to tell the operator j
that an earlier diagnosis was in error?

'Ok'[[',hhlhepab.o ebrerved iw.h*c$k (f AS V"' ''
|i

92h " , g bq \aW- d[3 skads% -be il-

W o6,o., t ri.,a.4r
- i,,,p l.'-}imt ~E. e.{ars i a f n s '/* [I<l* * 'y- a . n,. t+ ,, . h o I*h)
- wwa e.,, a . n n y asrej'

- Aru +o ,p e..fu,-e ', n m i w
2. Does t'he additional plant feedback occur prior to the allowed

acc.% TO %,4time for successful action? When? use -

0 '

!

!
3. Is the time available for the correct action sufficient to allow |

newly arriving crew members to participate in the decision? I

(i.e., Is the error rate essentially time independent?) @.no)

4. During the time available for diagnosis, what new crew members
will be able to th oblem? [e.g., None Shift
Technical Adviso (STA), s/s Emergency Response Team] ;

dedwd '.g , g a p*,a woa bitw.%be 6" E**t-w -r i. M -|stTE enEb
eA Should addit I credit be given because of additional plant !

feedback? es no) |
es Should addi l credit be given because of newly arriving crew

. members? yes no)

.

9Sg(A*to Bufr m ,g
,

t f.e: /ef I 1,o. L{ 7er / ,;- ,,' A{nt A , $.~ : 1
,

/ n, .-

,: d ;, ,. f.',% e{!*r * s |y 7 0 !N .Tt.:.
*.,#

1 '
.|' -r-,,,,~,.,r.,, -., . , .

, f ,, . . . . , - . .,

.

0394G011386 -
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TABLE 2-7 (continued)
|

Human Action Identifier: N C \/ } Sheet 8 of 11

H. Dependence with Other Human Actions in Same Scenario

1. Have other errors of human actions occurred in this scenario?

NO

2. How much influence d tous human errors have on this action?
(significant,same one

3. Are other actions being performed serially or in parallel?
(Attach operator time line if necessary to describe.)

para & t - E5 W o , E T ruoq , c 6 V vc<.o t<g

ja. Arc. -bere eauf pe rsonel Ma'dak 4 e4 me53% &N^5!
o)

Must a specific dependence with another uman action be accounted
for?

Scenario Group (Yes/No) Coments

A. N.

B.
'

.

C. .'
~

D.

O
-

.

0394G011386 B-190
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TABLE 2-7 (continued) |

Human Action Identifier: M cv 1 Sheet 9 of 11
i

O !
I. Potential for Confusion in Diagnosis. Leading to Unsuccessful Response '

|
1. Are there procedur vailable to instruct operator to perform |

the action? (yes Identify by number '
.

2. If no procedures apply is the operator trained to perform the
ispecific action? (yes*

3. Which initiating events,may le&d to a need for this action? :
N scc _fah , rJ R Wh, to r A , 54e' ik @ b 9A . |

|

4. Do each of these initiating events result in the plant physical j

conditions necessar to entor the procedure encompassing this j
human action? *es no) If no, identify by initiator

*
|
|

S. Which other procedures have entry conditions similar to the
procedure encompA(sing this human action? Identify by number
W' e

,

6. Do the indications describing the entry conditions for other
procedures differ from the correct procedures only by parameters
not normally keyed on by the operator? (yes,no) If
yes, identify .

7. Is the stress 1 t the time of selecting the proper !

procedure high optimal, c. very low?
|

8. Is the operator trained to act the actual situation to be of |
extremely low frequency? es no)

.

B a.Is the potential for an incorrect dia leading to an *

operator-induced failure high, medium or very low?

9. What is the likelihood of the operator initial _1y ant ing the
wrong procedure? (likely,semeshat likely likel
Identify by number _,

10. If the incorrect procedure is entered, does it direct the '

operator to: *

U Not do any related action?

PA I I Perform an action that makes things worse? Identi fy

U Perform the correct action anyway? -

l
11. What top events are likely impacted in some way that makes |

O' recovery more complicated prior to the successful
{rediagnosis?
!_

0394G011386-

'
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TABLE 2-7 (continued)

O
Human Action Identifier: McVI Sheet 10 of 11

J. Potential for Selection of Nonviable Action (assuming a correct
diagnosis)

1. Are proced es available to instruct the operator to perform the
action? es no) uru& sis ktw of*O grecuk

2. Is discretion given to the control roo as to the proper
option among several to be selected? no)

3. Are any of the optio enviable for any one of the scenario
groups identified? ye no) Identify: '

;[ kq a|&crs n49|% edsb cS' 00 cv0''i W} " tL-

4. Is more than one option pursued in parallel? (yes,Q

5. If no specific procedures apply, are there other plausible
options that are nonviable? (yes, no) Identify:

r/6

Sn. TC % acG sere 4Mn prswdurity vaAA % h G sMU k wnuldti

6. If a nonviable solution is selected, are suf nt cues and time
available to later pursue a viable option? e no)
Identify cues:

(| a d'.g 3I N [i U'' M r~ EM- A'I

.

7. Is the plant / operator interface such that a potential exists for
the operator to slip when implementing the correct action?
(yes/no) Explain: -

ho
.

,

8. Is the potentia ection of a nonviable option high,
medium, low, or very ?

B-I92'
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. TABLE 2-7 (continued)
i

Human Action Identifier: MCVI Sheet 11 of 11

I

K. Summary Sheet !
i

From B. What type of behavior is required? Mfu o 'f
From C. Description of plant interface? h fort-

!
From O. Expected stress level for each scenario group? |

,

Group A foisild 6ng. '

;

Group B !
Group C !

Group D |
Group E i

i

From E. Experience level of operating team hv v c !
s.e;..o f i

2.- ? do-f ,6nhs%d |-
From F. Time available to perform correctmet4cri

" 3 $ *~2C&6turt y7*Le 'To D 4 + " s. * n .;. q rsi

From G. Additional credit to rediagn5 sis due to plant feedback? !

Vr - , Arriving crew members? r/1 A lb.e,o.e + |
a

!

F rom H. Need to account for dependence with other actions for each {; scenario group? <

Group A Ab
Group B |
Group C

|
Group D j
Group E ;

|From I. Potential for incorrect diagnosis leading to failure? I '' *
|

From J. Potential for selection of nonviable option? W ., / m M
!
i

.y (m es,8 10 4. ~), r e d a .% ek1er % .

m.,; , 4 p 4., .r . v e-
-

.s : g.o |ntu ~ 0.t Lw;
pf.9 * .I

% ,, e ,1,I le nt DIY v 4 0 ' '-~ .-

7. Q c,, = S . , b . , " > 2 ^'

i Pu s es . l -ff., = . I , ,4, . * ,, . 2

f, e c o - To dee .)-rfe ,.a o

: O
.

,

i 0394G011386
t
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+

|

|

O|>

|

l
1

>

a

!

I

|
;

!
1
I

O1
|

|
<

|

I
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TABLE 2-7. DYNAMIC HUMAN ACTIONS QUESTIONNAIRE
|

Human Action Identifier: H C\/ ? _ Sheet i of 11

A. Dascription of yuman Action
_

1. Objective (task to be performed and failure criteria): ,

e

Operator fails to start a standby train of fans or
chilled water in the event that the operating ,

train fails. Offsite power is assumed available.

6

;

,

!

,

n

a

.

2. List split fractions that include this human action. |
r C:1 ,te% i

|

'
(.V P , L0cV

(V A i (V-1

4VD j c V-1 (N'd {

O i

!
t
,

-
t

3. Situation (initiating events and plant conditions, support system !
states): collect into separate scenario groups for evaluation. '

Emphasize factors affecting response time and stress level.

C7ffSH~C foWR AURxA6LL

Gyafemeer meau w%h A spm ihus.
:-

}
!

|
.

,

'

O
0394G011386
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TABLE 2-7 (continued)

OHuman Action Identifier: NCVA Sheet 2 of 11

B. Cognitive Processing Type:

k Is the operator familiar with the action? (l 4o g-) ' k
n adad.h'ar se wrw b.mer

@ _If ves. hv what means? Qrocedures, training', fre h
QerformanQ

D Does this 6.lon contradict operator training, rules of thumb, or
intuition? (yes. g
Is this action included in siwlator training? (yes,h)

ek those hveud% are 4uv khic redesd .: frMa)? (eveer 2 //#
Wa Q ,

plichble descriptions of actions: / /

Skill-Based

@ Routine action, procedure not required.

| | Routine action, procedure required, but personnel well !
trained in procedure.

I

| | Action not routine, but unambiguous and well understood by g |'operators who are well trained.

R Action is listed in procedures for turbine trip or reactor
trip.

Rule-Based (procedures)
!

R Routine action, but procedure required; operators not well
|

.

trained, or procedure does not cover.
.

| | Not routine, action unambiguous and well understood, but not
well practiced. -

g Action described in emergency procedures, but not for
turbine trip or plant trip.

Knowledged-Based

U Not routine, action aribiguous.

O Not routine, procedure does not cover.

Not routine, procr. dure not well understood.

R Decision to act based on a rule-of-thumb, but not in
emergency procedures. ;

j

Decide on one. What type of behavior is require,d? b

0394G011386 B-196

.
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TABLE 2-7 (continued)

Human Action Identifier:_ M 6V @ Sheet 3 of 11 i

C. Operator / Plant Interface (items on which operators will key to base
judgment)

Instruments and readings that trigger action (identify procedure
,

number and stg if applicable):
Gdia.u,e}tufo tOAT&t pam,pt, fad S Ace hMAM"- SQ,($ preg.

p;-r n e cjsv FLota .gr s4 he4A ~&eM.

l a. A rc d!5 P a y N%* Dl

h Alarms (name, location, audible, visual):
e x - no rait rtty Acnxm

|foint e , Vi$ WA L'

!

:) Fr re will action first be attempted? ( other -

!) Is'# rdination between operators required? (yes.h

'h Is there corroboration among indications? (very good, h none) !.

. ~,

h. b 5peide,'u quiace q L k.g p<,lant intenace;< b a l 6 s # Q w i lo r s i C.L vev @ dCreek most applicable description of p
|

M Excellent. Same as below, but with advanced operator aids to
help in accident situations.-

,

Good. Displays carefully integrated with SPDS to help operator.
,

i

$ Fair. Displays human engineered, but require operator to |
integrate information. 1

.

O Poor. Displays available, but not human engineered.

.g i Extremely Poor. Displays needed to alert oparator are not
directly visible to operators.

O
'

0394G01.1386
'

B-197
,

__



_. -.

'
,

e

TABLE 2-7 (continued)
'

,

Human Action Identifier: MdV A Sheet 4 of 11

0. Stress Level

Is the control room team expected to have a high work load?
(yes, @ ,

'

2. Why is this action needed? (backup to an automatic action,
required manual action,(recover 9of failed system, defeat ESAS
response) ' ~

i

h Will this action contaminate a portion of the
lant or otherwise dp -result in an extended plant shutdown? (yes no Eq%

Are there any system failures that complicate this action? (none,
one, multiple) g

@ Is this action the opposite to the respons required in another
procedure or to general training? (yes,no

What are the expected work conditions for the crew?

% Vigilance Problem. Unexpected transient with no precursors.

| | Optimal Condition / Normal. Crew carrying out small load
,

adjustments.
.

R High Workload / Potential Emergency. Mild stress, partway through
accident with high work load or eqMivalent.-

.p.

I
I | Grave Emergency. High stress, emergency with operator feeling !,

threatened.

Assess stress level for each scenario group.

Scenario Group Stress. Level Coments
. : \

S A. V': c. '. .Mn | v6 .* q ( I . . % .'n . o <! !
~

c
v s i

B.

C.

, D.

l
'

B-198
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TABLE 2-7 (continued);

()
Human Ac' tion Identifier: v4(? V EE- Sheet 5 of 11

l

|E. Experience Level of Operating Team >
(specific team memoer who would perform the action) |

-
:

f- l Expert, Well Traine Licensed with more than 5 years
experience

,
,

I

[j[] Average Knowledge Training. Licensed with more than 6 months )
experience. ;

I

(__j Novice. Minimum Training. Licensed with less than 6 months !
- experience. . - ,

i
1

!-

i

!

|

(
i

I
i

|

1

I

l
-

-

8

I

;

.

4

'

B-159-
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TABLE 2-7 (con 2irued)

Human Action Identifier: M cV 9 - Sheet 6 of 11

f. Response Time Available

O. What is the timing p/A rcf the first indications for the operator
action? I m e <4 (in time since initiating event)

h When may the operator first act? (in time from initiating event)
$ m A>t.< Tr

.

-

(. When is the last time allowed for the operator to take action and
be successful? ( L *p u/4 ,

f. 'L '| l. yu:
Measured as median time since initiating event TGD bv c fgd srd/,

or as time since first indications
._

4. Estimate the median, time to carry out the action, ortce decided to
pursue. 9 - j,v ar.e 5

'

EstMate the median time available for the operator to decide to
perf orm the correct action. Measure the time availa51e from when
he would first turn his attention te the indicatiops until the
last time available. r8 o lov ce3v .ev A uerna

P2V kour.f n 4 cica '

Sc m enLA* Tisc AVAutd dc:T f.rr,mM Tam E '(o FCT N f-
Gr.t.s r Oirretmets ge:x en,n er e , y T, tat ta ww.s ge:r ca.netv > -

(1) r 2.y f%. ,1 -

.

|

|

|

9
.

'

0394G011386
B-200
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TABLE 2-7 (continued)

Human Action Identifier:. H6V'A Sheet 7 of 11.

0 -

G. Recovery from Earlier Misdiagnosis |

1. What significant new indications are there to tell the operator |
that an earlier diagnosis was in error? !

H<. e.om o TKf b % T4'LT th < WM.uG Trt.A/$) O f FANI. |

|
|

|
f

!

2.. Does the additional plant feedback occur prior to the allowed !
time for successful action? When? VC !

t
' 4-) W (R o w T e y .< M r \AL M Amtr es & '

,

!

i

3. Is the time available for the correct action sufficient to allow |
newly arriving crew members to participate in the decision? <

(i.e., is the error rate essentially time independent?) @ no)

4. During the time available for diagnosis, what new crew members
will be able to address the problem? [e.g., None. Shift
Technical Advisor (STA), s, Emergency Response Team) 9 g f1j

g , g a p*,a.w.a3.h k u. be aechred '.
**mer

site enzb -

eA Should additional credit be given because of additional plant
feedback? @ no)

e6 Should add al credit be given because of newly arriving crew
, members? (ye . no)

B'# * @#SgA*-to, g g ap ,o

t i. .1

-r

'O '

0394G01.1386
-

-
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TABLE 2-7 (continued)

Human Action Identifier: M Ct/S Sheet 8 of 11

H. Dependence with Other Human Actions in Same Scenario

1. Have other errors of human actions occurred in this scenario?
NO

2.. How much influence do previous human errors have on this action?
(significant,same,none) MM

3. Are other actions being performed serially or in parallel?
(Attach operator time line if necessary to describe.)

N T>
i

O
3a. Arc. 4kere ewouf pc rsoa. net. anhabb 42 ony o4 uceseq AM^55

09/ndMust a specific dependence with another human action be accounted
for?

/O b

Scenario Group (Yes/No) Coments '

A. (j ,
~

B.
9.

C. - -
,

.

ID.

|

9
.

0394G011386
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TABLE 2-7 (continued)

Human Action Identifier: M CV9. Sheet 9 of 11

1. Potential for Confusion in Diagnosis. Leading to Unst ccessful Resoonse

1. Are there procedures available to instruct operator to perform
the action? @ no) Identify by number //09-/9 .

2. If no procedures apoly, is the operator trained to perform the
specific action? yes no)'

3. Which initiating events may lead to a need for this action?
/ a s s o,s' c.ure e S t.h Vwr, den v~ oN A f

4. Do each of these initiating events result in the plant physical
conditions necessary to enter the procedure encompassing this
human action? g no) If no, identify by initiator

,

.

5. Which other procedures have entry conditions similar to the
Drocedure encomp gsing this human action? Identify by number

A)O---

6. Do the indications describing the entry conditions for other
procedures differ from the correct procedures only by parameters
not normally keyed on by the operator? (yes,no) If
yes, identify /t> A .

7. Is the stress level at the time of selecting the proper
,

precedure high, mild, Qgt,im,aJ) Qery low? .; - |
i
< >

8. Is the operator trained to expect the actual situation to be of
extremely low frequency? (yes.g |

08. Is the potential for an incorrect diagnosis leadine to an f
'

operator-induced failure high, medium, low, or{eg ,

;

9. What is the likelihood of the operator initially entering the
, wrong procedure? (likely, somewhat likely,Qnlikelyg |Identify by number

,

:

10. If the incorrect procedure is entered, does it direct the |
*

operator to: '

C Not do any related action?

Perform an action that makes things worse? Identify I
.

'

C Perform the corecct action anyway? -

~ |
11. What top events are likely impacted in some way that makes '

,

recovery more complicated prior to the successful,

'

rediagnos1s? cv,G4.Gd M rm powex igr*, G A,0 0
0394GO11,386
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B-203.

_

,n- .- .. - . , , , , , _ , . . . . . , . . - . , , , . ~ - , . . - . - - , , , ..,,n ..,-,n,



. . . .

TABLE 2-7 (continued)

Human Action Identifier: M c V 2-- Sheet 10 of 11

J. _ Potential for Selection of Nonviable Action (assuming a correct
diagnosis)

1. Are procedures available to instruct the operator to perform the
action? @ no)

2. Is discretion given to the control room tea s to ;he proper
option among several to be selected? (yes, )

3. Are any of the options nonviable for any one of the scenario
groups identified? (yes,@ Identify:

4. Is more than one option pursued in parallel? (yes

5. If no specific procedures apply, are there other plausible
options that are nonviable? (yes identify:

53. IC %e. ac41 were 4h prem4v$l) veAA & AG sKLt k swaufJd
fsa

6. If a nonviable solution is selected, are suffi ent cues and time
available to later pursue a viable option? es,no) |Identify cues: e

;,

e e rrst rt o o m WterfAAru /9 /T /i/ |

Ay 7;;,,,,mru n n o "' N *gggpa u w < '

p,,,,,,
.

7. Is the plant / operator interface such that a potential exists for
the operator to slip when implementing the correct action?
(yes @ Explain: .

g)b 1

usxy WAA"* |*

co nwu /w e

8, Is the potential for_sa ection of a nonviable option high, gmedium, low, o very low

I

B-2D4
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TABLE 2-7 (continued) !

Human Action Identifier: WCVW Sheet 11 of 11
r

,

.

X. Summary Sheet

From B, What type of behavior is required? SI'i// -

i

From C. Description of plant interface? Gl,. !

From D. Expected stress level for each scenario group? I

Group A MS '" b^ * N I

Group B
Group C,

Group D '

Group E
|

From E. Expericnce level of operating team bura%e !

From F. Time available to perform correct action 2-v. k %. I
Eni Es4;- M* Y ''i.,. '' J.'er m ' .~ o .: 1>.<. a * . 1

From G. Additional credit to rediagnosis due to plant fTedback? ;

Ve Arriving crew nembers? Il. L # 4.>. w he- |
,

| From H. Need to account for dependence with other actions for each
1 scenario group?

Group A \ l>
Group B

,

Group C
Group D
Group E *

From 1. Potential for incorrect diagnosis leading to failure? VW v /s *
;

j From J. Potential for selection of nonviable option? %.., /, v {
i

i
e .

'.o . , r r. .. , A.. .
. e ;n ;

Fr ., .4.ht., * i o ,
'

n .. .; . , r , ... . f 4 ,.., {T ,;. et e

. ; - - . . .., 3 ;f ' ; |, w.w.4
!

^
. . . .

C , ., m y 't. 3 (r, ,ti. y lb
'

:-
'l

f. <iam'j ,% '. . :. .},.U .I *7-
l 3 y

I '
'

! . ... ., 7 n | |x ,s ya., ,,
I
i

|

|!O |
.

,
'

0394G011386 |
'

|
I

B-205
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TABLE 2-7. DYNAMIC HUMAN ACTIONS QUESTIONNAIRE

Human Action Identifier: HG/Y Sheet 1 of 11O '

V
A. Description of Human Action

,

1. Objective (task to be performed and failure criteria):

Similar to HCV8 except that no ESAS signal i s j
present. Operators fail to establish alternative
cooling for the control building given an initial i
loss of ventilation. Used for the LOCV initiating
event. ~|

.

.

;

!

'

2. List split fractions that incl;de this human action. !
Fwo j

cvf; LOCV |
;

|

-

I

- j
t

3. Situation (initiating events and plant conditions, support system I

states): collect into separate scenario groups for evaluation.

EmphasizefactorsaffectingresponsetimeandStessIvel.b
>

j_.o s s o f CSV,MowwY b''!

d A .- !
B

;

'

.

;h
.

!

!

l
1

,

O ;.

!

0394G011386
i
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TABLE 2-7 (continued) g
Human Action Identifier: MCVY Sheet 2 of 11

B. Cognitive Processing Type:

k Is the operator familiar with the action? fj,4o r) A-*

, b ubdiliar 5s very (w.uerD If yes, by what means? Qrocedurej training, frequent
performance)

'

D Does this action contradict operator training, rules of thumb, or '
intuition? (yes,@

Is this action included in simulator training? (yes.Gnl
Hoa$re .eyenY 2 Ye4A5ek those hve4 are 4W khia reiud ,. fria) t

plic'able descriptions of actions: ' /

Skill-Based

| | Routine action, procedure not required.

R Routine action, procedure required, but personnel well
trained in procedure.

| | Action not routine, but unambiguous an:1 well understood by
operators who are well trained.

| | Action is listed in precedures for turbine trip or reactor
trip.

'

Rule-Based (procedures)

Routine action, but procedure required; operators not well,

trained, or procedure does not cover. -

% weli practiced.Not routine, action unambiguous and well understood, but not-

N Action described in emergency procedures, but not for
turbine + rip or plant trip.

Knowledged-Based
,

R Not routine, action ambiguous.

L_j Not routine, procedure does not cover.

R Not routine, procedure not well understood.

| | Decision to act based on a rule-of-thumb, but not in
emergency procedures.

Decide on one. What type of behavior is required? f* C ###4 <-
'

~ * *

B-208*

0394G011386
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TABLE 2-7 (continued) i
. .

;

Human Action Identifier: M(VY Sheet 3 of 11
'

O
C. Onerator/ Plant Interface (items on which operators will key to base ,'juogment) '

:

]1 Instruments and readings that trigger action (identify procedure :

number and stg) if applicable):/w/MT/04 T AA>s ofl', GkIt L 'U *"'"**fr AE3 74 /ETf
.

;

la, Are dbplop fre% mh. @M i

(
,

@ Alarms (name, location, audible, visual): .

en,v Fw(oror Tit if- '* * o ' 's' */ v 's "# ' " C' # ' \
'

c y ) a .> Lea t'/ '

,

|
-

i

1
,

h From where will action first be attempt d? (control room, other -
speci fy) L uu.y gr co,yr. Ib/7 |

or /t.cor m s

') Is#c$ ordination between operators required? h no) Secue<. e bM*f/,
Ta open po o M. ;

$ Is there corroboration among indications? (Qry gog some, none)

Mee ika'kc.'u $le descr ption of plant in{ terme:h mMl msMuCP brpiC1,vev y.b
eck mo pplica -

. >
C Excellent. Same as below, but with advanced operator aids to ;help in accident situations.-

,

'!.

C Good. Displays carefully integrated with SPDS to help operator.'

Q Fair. Displays human engineered, but require operator to
'

integrate information.

,

O Poor. Displays available, but not human engineered. |

y Extremely Poor. Displays needed to alert operator are not . |directly visible to operators. '

:

!

I;

i I

O It

0394G011386 i
'

'l' *

B-209 i
'
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TABLE 2-7 (continued) e
Human Action Identifier: MON Sheet 4 of 11

0. Stress Level

e ntrol room team expected to have a high work load? |

2. Why is this action needed? (backup to an automatic action,
required manual action,Ceccoveryyf failed system, defeat ESAS
response)

,

h Will this action contaminate a portion o @f the plant or otherwise ,fLF *result in an extended plant shutdown? ( no) Eoldie i
n C"o pon uvy' a Ause. /Me4 O or A rm no st+d h '
M/ Are there any system failures that complicate this action? @

one, multiple)

@ Is this action the opposite to the response required in another
procedure or to general training? (yes,@

What are the expected work conditions for the crew?

ii

[ Vigilance Problem. Unexpected transient with no precursors.

| | Optimal Condition / Normal. Crew carrying out small load
adjustments.

.

Q High Workload / Potential Emergency. Hild stress, partway through
accident with high work load or equivalent. !-

,

'

Grave Emergency. High stress, emergency with operator feeling '

' threatened.
.

|

|Assess stress level .for each scenario group. !

Scenario Group Stress Level Coment s

$ A.

B.

C.

O!O.,

1
B-210 ,

0394G011386 !
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TABLE 2-7 (continued) )
:

Human Action Identifier: Md4 Sheet 5 of 11

E. Experience level of Operating Team j
(specific team memoer wno wo;1c perform the action) t

i

i

O Expert, Well Traine Licensed with more than 5 years
experience. -

-

,

!

@ Average Knowledge, Training. Licensed with more than 6 months !experience.
i

% i
,

[ Novice, Minimum Training. Licensed with less than 6 months iexperience.-
-

t

i

!'

l

!
:

!
s

1

!-

!

O |
. .,

i
,

;

!
'

-|

i

!
i-

!
;

'

|

|

I..

I

!

|
|

1

'l

(
i

O !
\

-
.

0394G011386 l
'

:
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TABLE 2-7 (continued)

Human Action Identifier: HC/Y Sheet 6 of 11

| F. Resoonse Time Available

S. What is the timing of the first indications for the operator
t.ction ? > Ly u /~u r er annart (in time since initiating event)M F5sT.

-rh opw rsa. pt.t <s ra M*c*Y V ^> om b W.o riw r,-

'2. When may the operator first act? (in time from initiating event)
\ 15mhay1

(. When is the last time allowed for the operator to take action and
be successful? c/% ett-s- ,

Measured as median time since initiating event
or as time since first indications

4 Estimate the median time to carry out the action, once decided to
pursue. 1 Ao u.('

Estimate the median time available for the operator to decide to
perfom the correct action. Measure the time available from when
he would first turn his attention to the indications until the
last time available. L'...//-(f W, ' W M L.~.' - . tW 4 ' ) '22 M A*"#

Scm.sa T *c NWtd derT tir,m TemE To TEhNbs

Gst,s r "Dirres.cntes gm cyngg. ory, tar n p e+>cso gav o.a tt:e

{ 1'[ g y ., - If J- e 4 */ / i?.. '
_

*:
,

.

e

e

O
'

0394G0113SS B-212
_



~ . _ _ _ _ _ _ _ _ _ _ -

'
.

TABLE 2-7 (continued) !

!

b
. HoVY Sheet 7 of 11 !p Human Action Identifier:

G. Recovery from Earlier Misdiagnosis !

1. What significant new indications are thue to tell the operator
that an earlier diagnosis was in error?

% . - + 9 . a .c. A n n c
r

I
|

|

2. Does the additional plant feedback occur prior to the allowed *

time for successful action? When? VE! - P/t t'oA h4 '/"'A
^

F~oi Ac- nkes ole vu op/ < h e is V AT" of- '

i
i
!

.

!

3. Is the time available for the correct action sufficient to allow j
newly arriving crew members to participate in the decision? !

(i.e., is the error rate essentially time independent?) h no) !

O
4 During the time available for diagnosis, what new crew members !,

will be able to address the problem? (e.g.,None, Shift
Technical Advisor (STA), , Emergency Response Team) - * S$ f S 6g~j

ih , 9 M p'..A woda et bit.u.% be dechto '.
mr ou h pani surut . GUdt-1

-

R h'? N y*A Y
y pm nmntwir&T waLJ l'heIy

'

.

eA Should additional credit be given because of additional plant i

feedback? @ no,
r

es Should additional credit be given be' ae of newly arriving crew;

. members? Q no)
Sv F s. A:w t>.\yp

\

S g aso 6'fBo a r ny

u ,,

I

|.

O i
'

: 0394G01,1386
-

.
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TABLE 2-7 (continued)

Human Action Identifier: MOVk Sheet 8 of 11

H. Dependence with Other Human Actions in Same Scenario

1. Have other errors of human actions occurred in this scenario?
A>o

2. How much influence d evious human errors have on this action?
N '.aificant, same, on

3. Are other actions being i. ''med serially or in parallel?
(Attach operator time lite 't le c e s'.u ay to describe.)

su O

O
m eu ang AM-si3a. Arc. 4kere eef pe rsonal ava'd6A b o o

Must a specific dependence with another human action be accounted
for?

,

Scenario Group (Yes/No) Coments

A. Mo
.

B.
-

.

C. '

.'
D.

O
.

0394G011386 B-214

.
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l TABLE 2-7 (continued)
,

I

Human Action Identifier: MCt/Y Sheet 9 of 11
1

I. Potential for Confusion in Diagnosis, leading to Unsuccessful Response j
1. Are there procedures available to instruct operator to perform

M|

.

the action? @ no) Identify by number to lo c. w a /

2. If no procedures apply, is the operator trained to perform the
specific action? (yes,no) A>A

3. Which initiating events may lead 'a a need for this action?
}_.o s sg G 6 V

4. Do each of thes' initiating events result in the plant physical,

conditions neces to enter the procedure encompassing this
human action? {y' et no) If no, identify by initiator

'

.

5. Which other procedures have entry condit.ons similar to the
procedure encomp gsing this human action? Identify by number
Ahe ,

'

6. Do the indications describing the entry conditions for other
procedures differ from the correct procedures only by parameters

>O not normally keyed on by the operator? (yes,no) Ifyes, identify A)/Q .

7. Is the str evel at the time of selecting the proper
procedure mild, optimal, o very low?

8. Is the operator trained to e ect the actual situation to be of
extremely low frequency? e no)

.

Ba. Is the potential for an incorrect diagno s leading.to an. <

c;nrator-induced f ailure high, medium, ow, or very low? '

%-'

9. What is the likelihood of the operator initially entering the
wrong procedure? (likely,somewhat likely,Qnlikely)
Identify by number

_ ,

10. If the incorrect procedure is entered, does it direct the '

operator to:

M Not do any related action?

/d U Perform an action that makes things worse? Identi fy

U Perform the correct action anyway? -

11. What top events are likely impacted in some way that makes
recovery more complicated prior to the successful
red 1agnosis? G R, & tS VITAL Puseb O P, PA, Gd0394G011386 b-m '

-

..
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TABLE 2-7 (continued)
,

Human Action Identifier: MOVY Sheet 10 of 11

J. Potential for Selection of Nonviable Action (assumir.g a correct
diagnosis)

1. Are procedures available to instruct the operator to perform the
action? @ no)

2. Is discretion given to the control room team as to the proper
option among several to be selected? (yes,@ ,

3, Are any of the options nonviable for any one of the scenario
;

groups identified? (yes,@ Identify:
;

,

4. Is more than one option pursued in parallel? (yes h /4. ##/
Ac. cow5. If no specific proc?dures apply, are there other plausible egg ogpoptions that are nonviable? (yes Identify:

53. If h ac6 Were 43W prem4vr:] u.o.JA & An sMU L,c. swouCJt?
'

|/k3
6. If a nonviable solution is selected, are sufficient cues and time

available to later pursue a viable option? es no)Identify cues:

.

7. Is the plant / operator interface such that a potential exists for ithe o rator to slip when implementing the correct action?
(yes Expla n: .

.

8. Is the potentiel for selection of a nonviable option high,
medium, low, or(ery loWp

'

0394G011386
B-216
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TABLE 2-7 (continued) ;

Human Action Identifier: WGVY Sheet 11 of 11

K. Summary Sheet !
|
'

From B. What type of behavior is required? /2.. f .* ,

,

From C. Description of plant interface? P4 /r [
:

From D. Expected stress level for each scenario group?

Group A I''''^ ^ '' I'' T 6* V i
Group B >

Group C .

Group 0 ;

Group E !

From E. Experience level of operating team /- W< e

From F. Time available to perform correct action 2 't k - rt.
Gd i:laop. ~

^i % u si, 15 at e;~' .+o
From G. Additional credit to rediagnosis~due to plant feedback? ,!

b Arriving crew members? .fl. 14 f. m .v. h -

From H. Need to account for dependence with other actions for eachO scenario group?
,

O l
!2 3Group A

Group B
Group C

,

Group D '

Group E

vntFrom I. Potential for incorrect diagnosis leading to failure? /c ,
;

!

From J. Potential for selection of nonviable option? v4 o, 6w

K4,. 4 To (s i ?.. ~ ' "in.

, o f ,, .' '.f ,'$ y " .% 'y '' 'O Y I' A !| * ' #"S* I * ) ) )

T , ,. , , , ,'. r!..w c e' ! , 7; ; i . . ' .t.

, ., ; L $ , , b . ; ' '') -

,

'
e t, g r , ,

** ,I 3e }f$,* *

fetuny- | c,S)e ( rI%r 4
s

0394G011386 B-217
_
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TABLE 2-7. DYNAMIC HUMAN ACTIONS QUESTIONNAIRE

O i,

'

Human Action Identifier: H CV 5' Sheet 1 of 11
i

A. Description of Human Action

1. Objective (task to be performed and failure criteria): x
x

,

Failure of operator to manually open a single control ;

building ventilation damper, which transferred ,

closed, prior to overheating of equipment in the ,

affected room. All support systems are assumed
available. A plant trip is assumed to have occurred

. -

!

!

!

!2. List split fractions that include this human action.
@ ,

;

(v A ; (V -l !

cv6 ; cv-' lod !

cv ( j c V-((67 )r >

evD . c'/-8 (4 ) |
) cv-l(0F,6/.#) ;-

g;
cv f iIW ;

3. Situation (initiating events and plant conditions, support system :

states): collect into separate scenario groups for evaluation.
Emphasize factors affecting response time and stress level. |

bdtr Mg kv. occurre d. ;s ,

All s'frdT * #f^^^
g4 u+a w.w.s w .-_-

'

Fh 'alw cr* b
e 3h 3 },Q

O

0394G011386 B-219
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TABLE 2-7 (continued)

Human Action Identifier: M CVf Sheet 2 of 11

B. Cognitive Processing Type:

k Is the operator familiar with the action? (1,4o y) ' 3
1:ufas.Uar 5: very (w.u

@ If yes, by what means? gprocedures) training, equent
C performancii) f

D Does this action contradict operator training, rules of thumb, or
intuition? (yes,@

_

Is this action included in simulator training? (yes, @ '
ha Qck those hveuh% ars %ese' ku rend a fr;4vT vevu d<ewnf

,

' '

plic'able descriptions of actions: v v

Skill-Based
|

| | Routine action, procedure not required.

| | Routine action, procedure required, but personnel well
|trained in procedure.

| | Action not routine, but unambiguous and well understood by i
operators who are well trained.

I I Action is listed in procedures for turbine trip or reactor.
trip. '

,

I

|Rule-Based (procedures)

R Routine action, but procedure required; operators not well.

trained, or procedure does not cover.
.

@ A routine, action unambiguous and well understood, but not
well practiced. -

'M Action described in emergency procedures, but not for |turbine trip or plant trip.
,

Knowledged-Based
_

R Not routint action ambiguous.

O Not routine, procedure does not cover.

U Not routine, procedure not well understood.

U Decision to act based on a rule-of-thumb, but not in !
emergency procedures. .

Decide on one. What type of behavior is reguire,d? U * " ' " ' ' ''

! 0394G011386
B-220,

'
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TABLE 2-7 (cont!nued).

O Human Action Identifier: M O/ 5 Sheet 3 of 11V
C. Operator / Plant Interface (items on which operators will key to base

judgment)

Instruments and readings that trigger action (identify procedure

a c|Ab fo$sv h ac* der * I" f~ " #'''~ I" '%*|le',*h
~

.

oysensW AO Mves' c& hw a . om p M. '

[%ce d;spia Ire % n50 6 b " M(13.
g p,,M m,,,gs

'

do ,, p 'r % 4 % cda> m; QH'A I A , l'Y * *O * h' )L

h Alarms (name, location, audible, visual):
tu % sk nbiru2 a w hia\
,13 9 clo s ol > r--

;

!
!

!

:h From where will action first be attempted?
loc A. M &#/,LJt J3qm [ahd (control room, other -

:
speci fy)

@ Is Yo' ordination between operators required? (yes,h !

O
ih Is there corroboration among indications? (very good,@ none)

gek mo t applicgutde lA b emahbe] face:spik,M b sycNb5 he, 'u
3le descr ption 9f plant inte

M Excellent. Same as below, but with advanced operator aids to
help in accident situations.-

.

I

U Good. Displays carefully integrated with SPDS to help operator.
|m

8 \ @../ integrate information. Displays human engineered, but require operator to
Fair.-

-
.

Poor. Displays available, but not human engineered.

g i Extremely Poor. Displays needed to alert operator are not
directly visible to operators.

O
~

0394G011386
'
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TABLE 2-7 (continued) g
Human Action Identifier: WCVf Sheet 4 of 11

D. Stress Level

th trol room team expected to have a high work load?

2. Why is this action needed? (backup to an automatic action, !
required manual action,r ecover ] failed system, defeat ESAS ;
response)

j

h Will this action contaminate a portion of th lant or otherwise
qn d p . )

result in an extended plant shutdown? (yes g

h Are there any system failures that complicate this action?
one, multiple) 1

@ Is this action the opposite to the respo _ required in another (procedure or to general training? (ye , no ;

|

1

What are the expected work conditions for the crew?

eu
@ Vigilance Problem. Unexpected transient with no precursors. '

I I Optimal Condition / Normal. Crew carrying out small load |
adjustments.

I
R High Workload / Potential Emergency. Mild stress, partway through

accident with high work load or equivalent.
,,.

R Grave Emergency. High stress, emergency with operator feeling'
threater.cd.

Assess stress level.for each scenario group.

Scenario Group Stress. Level Coments

S A. R I

B.

C.

D.,

B-222
0394G011386 -
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TABLE 2-7 (continued)

() Human Action Identifier:_ v4 c y K- Sheet 5 of 11

4

E. Experience Level of Operating Team
(specific team memoer wno would perform the action) j

.

,

;

t

| | Expert, Well Traine Licensed with more than 5 years !experience.-

;
i

!

[j{] Average Knowledge, Training. Licensed with more than 6 months fexperience.
,

)
[[ ] Novice, Minimum Training. Licensed with less than 6 months 'l

experience. I-

|

|
|

|
.

1

1
!
t

I

e

e

4

0

0

()
,

e

0394G011386 -
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TABLE 2-7 (continued)
,

O
Human Action Identifier: McVT Sheet 6 of 11

1F. Response Time Available j

N. What is the timing of the first indications for the operator
action? b 6 d>kerrn,LA 6 (in time since initiating event)

,

\C 64 sW |e
1. When may the operatof first act? (in time from initiating event)

g - K) m d if w id w W

|
,

%

(. When is the last time allowed for the operator to take action and
be successful? I

do 6 deler>>r'2d b.4 C Bv' s% . ,

Measured as median time since initiating event [# # #~
i

or as time since first indications |
l

4. Estimate the median time to carry out the action, once decided to |' 'pursue. 15 % uaL,

O
Estimate the median time available for the operator to decide to
perform the corract action. Measure the time available from when

he would first turn his attention to the indications until the
last time available. see csv sak |

( s n. .. : - n ~L.tm) : 9Z 0 h ou vr.-r;~ a.tn
1

Sc cs esus Tim e bv^ 4 t'I d m b ri m eT c Tame To TETdwt-,
|

G aa n % r F a _sa x E S gm (ungsv, CFTet4ET3 M W B GE;T Q usETNA-.
'

f '2 '/ hf* (5 8 7'Ch ' !i an 'n si ff |,

. -
|

0

0

B-224
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TABLE 2-7 (contintid)

Human Action Identifier: HCVE Sheet 7 of 11

G. Recovery from Earlier Misdiagnosis

1. What significant new indications are there to tell the operator
that an earlier diagnosis was in error?

('(4eger6 W alarm Ae#x roe-

2. Does the additional plant feedback occur prior to the allowed
time for successful action? When? seg rev sk-

3. Is the time available for the correct action sufficient to allow
newly arriving crew members to participate in the decision?~e , no)(i.e., Is the error rate essentially time independent?)

O '

4. During the time available for diagnosis, what new crew members
- will oe able to ad t blem? [e.g., None, Shift

Technical Adviso ST Emergency Response Team] '

\t a a , he decieres '.y, y y p',s waas -%. ,

GE9 ERAT.,y

pg pup bon regus .

eA Should addit I credit be given because of additional plant
feedback? es W

R
eB Should addi l credit be given because of newly arriving crew

members? es o)

S g eto B(av ea m gp ,g

-

, ,

!

O
~

0394G01.1386 -
'
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TABLE 2-7 (continued) |

|
l

Human Action Identifier: N (,l/[ Sheet 8 of 11 |

H. Dependence with Other Human Actions in Same Scenario

1. Have other errors of human actions occurred in this scenario?
14tr

'2. How much influence do previous human errors have on this action?
(significant,same,none) VA

3. Are other actions being performed serially or in parallel?
(Attach operator time line if necessary to describe.)

Lgo - reco Sw n+cdm k f

3a. Are. here ea$ pe rsouet addobb b W e4 meug ae6d
es no)

Must a specific dependence with another hum n action be accounted
for?

Scenario Group (Yes/No) Coments,

'

A. '

B.
-

.

C. * *

D.

O
.

0394G011386
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.
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TABLE 2-7 (continued)

Human Action Identifier: McV6 Sheet 9 of 11

|
I. Potential for Confusion in Diagnosis, Leading to Unsuccessful Resoonse f

1. Are there procedur flable to instruct operator to perform
the action? (yes no) Identify by number

|
.

2. If no procedures a , is the operator trained to perform the
specific action? ye , no)

,

!3. W)ich inigiating events may lead to a need for this action? -

L63 /EB / , &TA'
;

4. Do each of these initiating events result in the plant physical
P

conditions necessar to enter the procedure encompassing this
human action? es no) If no, identify by initiator

'

.

5. Which other procedures have entry conditions similar to the
procedure encompAs, sing this human action? Identify by number
AP (Lo3- 34 ,

'

6. Do the indications describtng the entry conditions for other ,

procedures differ from the correct procedures only by parameters
not normally keyed on by the operator? (yes,no) If
yes, identify _.

7. Is the stress level at the time of selectin the proper
procedure high, mild, optimal, c. very low?

,

8. Is the operator trained to et the actual situation to be of I

extremely low frequency? ye no) ,

Ba Is the potential for an incorrect diagnosis leyiing to an "

operator-induced failure high, medium, low, o(ery low?]

9. What is the likelihood of the operator initially entering the
wrong procedure? 1 ely somewhat likely, unlikely)co,,, dy
Identify by numbe ,,ipno3.sqt g p h uk,oe Sauur

,

W h .l.~:;' hr, L e N E
Iftheinc(orrRtp~r~ocedure~is~ enter'ed,doesitdirectthe

,

.

10. '

operator to: '

"

| I Not do any related action?

| | Perform an action that makes things worse? Identi fy

@ Perform the correct action anyway? -

11. What top events are likely impacted in some way that makes
recovery more complicated prior to the successful
rediagnosis? .<

.

0394G011386
-

B-227
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| TABLE 2-7 (continued)
|

Human Action Identifier: M C V 5' Sheet 10 of 11
|

l

J. Potential for Selection of Nonviable Action (assuming a correct
diagnosis)

11. Are procedures ilable to instruct the operator to perform the !

action? (yes, '

,

AP 1103-w ad bA does ud *id' ' "' ##
.s discretion given to the control ro)om team as to the properF2.

" $M*h oph
** "

*

p
3. Are any of the options non ble for any one of the scenario

|groups identified? (yes, Identi fy:

i

4. Is more than one option pursued in parallel? (yes, '

i
5. If no specific procedures apply, ere other plausible

options that are non/iable? (yes 'n
,

Identify: 1

0
If h acG 'werd 4aW predvAly ve4d & A.G sKil Lc. wcuCJI53.

6. If a nonviable solution is selected, are sufficient cues and time
available to later pursue a viable option? (yes, no) gIdentify cues:

.

.

7. Is the plant / operator interface such that a potential exists for
the operator to slip when implementing the correct action?
(yes/no) Explain: .

*
.

8. Is the potential for selection of a nonviable option high,
medium, low, or very low? g

9
.

'

0394G011386
B-228
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TABLE 2-7 (continued) !
i

Human Action Identifier: WeVf Sheet 11 of 11

,

X. Summary Sheet

From B. What type of behavior is required? Edwl* o a
O '

From C. Description of plant interface? h t ,r,-

From D. Expected stress level for each scenario group?

Group A !/(C W N4*I

Group B ,

Group C
Group D :
Group E

:

From E. Experience level of operating team A '-'. . e ;

From F. Time available to perform correct action ? ESev> i
,

e i s - ,1. .c ef |A o %.3 :7,;f c.-h t e m ' ,.. c ,,
~

From G. Additional credit to rediagnosis due to plant feedback? |
DV f /, Arriving crew members? ~:.. I t a . .3 . ;.

From H. Need to account for dependence with other actions for each ,

scenario group? |

Group A M ii

Group B !
'

Group C
Group D ,

Group E
i

From I. Potential for incorrect diagnosis leading to failure?

From J. Potential for selection of nonviable option? v ,, , /..,

i

'

9
*

a f .e, ys , m * !3 ,.

|. o * * $." T $ b o f.s , . ,,,,,,,v -

,

'

nc vu ,.i 2 v .?:

e-
' t r~ n; ". L,, 's II. ; ; Y. ;

.

( ' "j* [ I 8
*

P eo

It nY' t'' bf $ .nc'e n ta r u

O
.

0394G011386
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TABl.E 2-7. DYNAMIC HUMAN ACTIONS QUESTIONNAIRE ||

. Human Action Identifier: HCV(o Sheet 1 of 11

A. Description of Human Action
,'

1. Objective (task to be performed and failure criteria):

Operator fails to restart the control building i
ventilation fans and chilled water train i ;

following a less of offsite power. A failure of one
,

train of engineered safeguards power is also '

assumed lost -

1
.

1

2. 1.ist split fractions that include this human action.
pty '

i

cv13 ; < V-| (Or)) {
tv c i e v-t (G) !
uF i c v-l (cTC) |

U,6 i tv-I(or',61,uf)
|

3. Situation (initiating events and plant conditions, support system }states): collect into separate scenario groups for evaluation. |

Emphasize factors affecting response time and stress level.
i

LOO P ,ML e4 + m/~ d did d suff''A f " f M U 'N Nl

, c gy % a thlled & e}Yo
.

O Gg

O
0394G011386

B-231
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TABLE 2-7 (continued) g
Human Action Identifier: 14 C V(o Sheet 2 of 11

B. Cognitive Processing Type:

k Is the operator familiar with the action? (t,4o r) ' 3
im{as.tiar se very b.ner

@ If yes, by what means? (procedures, training,Qrequent)
(performanc})

D Does this action tradict operator training, rules of thumb, or
intuition? (yes,

Is this action included in simulator training? hno)
uw %.

ck those hura are sux ww rewa m:a)>
wAplibble descriptions of actions: i

Skill-Based

I h Routine action, procedure not required.
k

I | Routine action, procedure required, but personnel wellf
trained in procedure.

Og Action not routine, but unambiguous and well understood by
operators who are well trained.

| | Action is listed in procedures for turbine trip or reactor
trip.

Rule-Based (procedures)

| | Routine action, but procedure required; operators not well.

trained, or procedure does not cover.
.

W Not routine, action unambiguous and well understood, but not
well practiced. -

' @ Action described in emergency procedures, but not for î

turbine trip or plant trip.
,

Knowledoed-Base'
,

,

I | Not rouc.1e, action ambiguous.

C Not routine, procedure does not cover.

I""l Not routine, procedure not well understood.

U Decision to act based on a rule-of-thumb, but not in
emergency procedures.

Decide on one. What type of t,ehavior is required? ,_ b'j
-

B-232
0394G011386
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TABLE 2-7 (continued)
!

Human Action Identifier: MCN6, Sheet 3 of 11 |O
,

;

C. Operator / Plant Interface (items on which operators will key to base j
juogment) |

Q1 Instruments and readings that trigger action (identify procedure
number and st ifapplicable):

3ero p cBv fb ***
g p sto 2.- 2. Step 10

'

la. Arc Msplay d''rp *M * P
|

@ Alarms (name, location, audible, visual): |
mag vedtAM abrs e H IV pud. ' {. ,woh e h,i

i.

. (ow

:h From where will action first be attempted? knt.olroom)other-
specify) (oedL at ch,y

h Is#ch rdination between operators required? (yes.h

'h Is there corroboration among indications? [ y.gooM some, none),

C eck mo b applica$nde e i k bb5 h is <h lve spik A
stew 3(}ledescrptionofplantinte) face: |

3

C Excellent. Same as below, but with advanced operator aids to I
help in accident situations.-

,

O Good. Displays carefully integra !d with SPDS to help operator.
'

Q Fair. Displays human engineered, but require operator to
integrate information.

-
.

U Poor. Displays available, but not human engineered.

g i Extremely poor. Displays needed to alert operator are not
directly visible to operators. *

O
.

0394G01.1386
~
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bbl.g 2-7 (continued) g
Human Action Identifier: W Cv fo Sheet 4 of 11

_

D. Stress Level

1 Is the control room team expected to have a high work load?
@ ,no)

2. Why is this action needed? (backup to an automatic action,
require manual action Yrecover p f failed system, defeat ESAS
response q

h Will this action contaminate a portion of the
lant or otherwise ,dp ,result in an extended plant shutdown? (yes no qqwo

h Are there any) system failures that com;oicate this action?(none,
one{ multiple

-

@ Is this action the opposite to the resp equired in another ;

procedure or to general training? (yes
J
1

What are the expected work conditions for the crew?

R Vigilance Problem. Unexpected transient with no precursors.
|
1

|

| | Optimal Condition / Normal. Crew carrying out small load
adjustments.

1

@ High Workload / Potential Emergency. Mild stress, partway through |
accident with high work load or equivalent. '

.,.

| | Grave Emergency. High stress, emergency with operator feeling' threatened.
.

l.

Assess stress level.for each scenario group.

Scenario Group Stress. Level Coments ,

5 A.

B.

C.

, D. |

B-234
0394G011386 ,
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TABLE 2-7 (enntinued)

Human Action Identifier: M CV lo Sheet 5 of 11
.

.

E. Experience Level of Operating Team
(specific team memoer wno would perform the action) -

,

!

| | Expert, Well Traine Licensed with more than 5 years
experience.

@ Average Knowledge, Training. Licensed with more than 6 months ;

experience.

!

O Novice, Minimum Training. Licensed with less than 6 months
experience.-

!

I

!

!

O
,

i
l

I

'

I

|

i

$e

1
F

O

e

O
-

.

0394G011386 -
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TABLE 2-7 (continued) i
I

h

Human Action Identifier: M r V /o Sheet 6 of 11 i

F. Resoonse Time Available
,;

i

4. What is the timing of the first indications for the operator
action? _ ,' m w A S (in time since initiating event) '

r
f. When may the operator first act? (in time from initiating event)

,

|

|C-2.0 si d
.

1

1
,

S. When is the last time allowed for the operator to take action and !"
be successful? dV 5% dONE*^N52y ..u ,. g--g

Measured as median time since initiating event
or as time since first indications

i4. Estimate the median time to carry out the action, once decided to
' pursue. i s m .4n., p. , 43 fg .,

*

if ek|lle,- wu rum ali%I U h$w ef W d ea d be.sh 4 J k 30 "I" 4
Estimate the median time available for the operator to decide to
perform the correct action. Measure the time available from when
he would first turn his attention to the indications until the '

last time available. r , P! - " '' b e.

:

$( DJ @ Tim 8E bVAMSd ~f C;T h m M TIME 10 TETARTA,

Gear %rretecxs gm ce,x tsw , yT.st ra wwo gay caus ew- ;

y h l, | Y l '{ l[~ S ") *J . l k.h <- 1.<f
,

;, m h owJ j
i

|

.

0

0
.

'

0394G011386
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TABLE 2-7 (continued)
,

Human Action Identifier: McV fo Sheet 7 of 11
1

G. Recovery from Earlier Misdiagnosis

1. What significant new indications are there to tell the operator
that an earlier diagnosis was in error?

W
-

!

I
i

2. Does the additional plant feedback occur prior to the allowed I
time for successful action? When? pA

.

!

:

3. Is the time available for the correct action sufficient to allow
newly arriving crew members to participate in the decision? )

pJ (i.e., Is the error rate essentially time independent?) h no) '

1.

4. During the time available for diagnosis, what new crew members
will be able to a ,

oblem? [e.g., None Shift
Technical Advisor STA) 6|s Emergency Response Team]

t( 2 , 9 M p*,a u;o.46 b "% b d"I^*d ''
mum:r wM 6" "

site ensk -
.

eA Should addi l' credit be given because of additional plant
feedback? ~,

,

e6 Should add al credit be given because of newly arriving crew
. members? yes no)

.

_ u s. :..

.

O I

0394G01.1386
'

*
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TABLE 2-7 (continued)

Human Action Identifier: MCV6 Sheet 8 of 11

H. Dependence with Other Human Actions in Same Scenario

1. Have other errors of human actions c'. curred in this scenario?

w

2. How much influence do previous human errors have on this act' ion?
(significant,same,none) v4

3. Are other actions being performed serially or in parallel?
(Attach operator time line if necessary to describe.)

j@ &%%h *g
Ja. Arc. here od"f Pe troueA. 38'd^k M G * #" 9 * ^' .

Hust a specific dependence w!th another human action be accounted .

for? g
'

,

Scenario Group (Yes/No) Coments
i

A. ;
.

B.
.

C. *1
'

1

D.

e
.

'

0394G011386
B-238
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TABLE 2-7 (continued)

!I

Human Action Identifier: M G t/lo Sheet 9 of 11 |O i
I. Potential for Confusion in Diagnosis, leading to Unsuccessful Response |

t

1. Are there procedures available to instruct operator to perform -;

the action? @ no) Identify by number EP 110:-2. .

|
2. If no procedures apply, is the operator trained to perform the I

specific action? (yes, no) pg '

3. Which initiating events may lead to a need for this action?
wop J+L G A / fs

~

4. Do each of these initiating events result in the plant physical !

conditions necessar to enter the procedure encompassing this '

human action? e no) If no, identify by initiator
'

i

!

5. Which other procedures have entry conditions similar to the '

procedure encompAs, sing this human action? Identify by number )
AP tzoL 34 {,

l'

6. Do the indications describing the entry conditions for other
Jprocedures differ from the correct procedures by parameters ;

not normally keyed on by the operator? (yes,no If '

yes, identify .

7. Is the stress le the time of selecting the proper
procedure high, il optimal, c. ary low?

8. Is the operator trained to ect the actual situation to be of
extremely low frequency? ,no)

.

08. Is the potential for an incorrect diagnosis leadino to an '

operator-induced failure high, medium, low, oQery lop

9. What is the likelihood of the operator initially entering the
wrong procedure? (likely, somewhat likely@kelD,

Identiff by number
,

tuo-1 JJeds k not-t dirsds -b vedd proh ,

10. If the incorrect procedure is entered, does it direct the,

operator to:
'

M Not do any related action? '

v4 R Perform an action that makes things worse? Identi fy

L_J herformthecorrectactionanyway? .

O 11. What top events are likely impacted in some way that makes
recovery more complicated prior to the successful
rediagnosis? .

0394G011386-
-
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TABLE 2-7 (continued)

Human Action Identifier: M cv (o Sheet 10 of 11

J. Potential for Selection of Nonviable Action (assuming a correct
diagnosis)

1. Are proc available to instruct the operator to perform the
action? no)

2. Is discretion given to the control ro as to the proper
option among several to be selected? o)

3. Are any of the options n le for any one of the scenario
groups identified? (yes Identify:

i

4 is more than one option pursued in parallel? (yes h
5. If no specific procedures apply, are there other plausible ioptions that are nonviable? (yes,no) Identify.

fdA )
t

O|Sa. If h ac6 inere h prem4v$ly veAA & ab sKll L,c. secuLl'.
PoledM eMsb nat pr%bw sla vA4dafdn c h o * loa 1 d dsek ,

6. If a nonviable solution is selected, are sufficient cues and time I
available to later pursue a viable option? (yes, no) gIdentify cues:

.

7. Is tF lant/ operator interface such that a potential exists for
the 0-
(yeshotor to slip when implementing the correct action?Explain:-

.

-

|8. Is the potential e-selection of a nonviable option high,
medium, low, or ery 1

O
.

*

0394G011386
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TABLE 2-7 (continued) !
;

!
Human Action Identifier: W ev 4, Sheet 11 of 11 )I' '

( !

K. Summary Sheet

From B. What type of behavior is required? b '' b
From C. Description of plant interface? 60 !,

r

From D. Expected stress level for each scenario group? i

Group A M ,,3 ,( r,n e ,j .
Group B >

Group C i

Group D (
Group E t

) |
From E. Experience level of operating team ' " . ' '- -

;
;

!From F. Time available to perform correct action >
- *- , . . ,

G,,i ;: n A r .-r '. C , s. ''i Dis , i, . ; c. o s m uju
From G. Additional credit to rediagnosis due tr, plant feedback?

e
3 /.. Arriving crew members? ' + - .a . :. r - j..

From H. Need to account for dependence with other actions for each !

scenario group?
|

Group A Yb
Group B i
Group C !
Group D
Group E

From I. Potential for incorrect diagnosis leading to failure? 'h. ., /, w i

i

I

From J. Potential for selection of nonviable option? Iar
(* > . , . . ,, . .. e. . : ;.e.i s'.

*. %,n:3. ia- . ,

s . .. c ,I . , r. o , .<,. ed ., . -
.

, ,, , ,,. 0 /,1 * /. e , 1 ;.. , - . T.; / v '.~ /
.

. ~
.,

i ' .. .,,:<<
. - .r;;;,g : ...

.

"" ' .' : 5, , (, , fi. , 2 Y ..
.

,

[' % .'b Yy ~ .I, . it , .3,,.L

%( #7ev eQ y, 'g,

.

.

0394G011386
~

!
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TABLE 2-7. DYNAM.'t HUMAN ACTIONS QUESTIONNAIRE

Human Action Identifier: H C V~7 sheet i of 11

A. Description of Human Action

'

1. Objective (task to be performed and failure criteria):
,

\

Operator fails to align the control building
ventilation system to the recirculation mode
when no ESAS signal is present. One of AH-D-5,37
or 39 is assumed to have transferred closed.
It is assumed that the event occurs during the
time of year when the system is primarily on
outside air.

2. List split fractions that include this human action.
g.c.3

'0(V(vf 3

OV
.

,

3. Situation (initiating events and plant conditions, support system
states): collect into separate scenario groups for evaluation.
Emphasize factors affecting response time and stress level.

. Loss d CB V ss % IN% A Wb V *f" N"
, s y a a s k & 4.k e~ us , h a s 4 % m % qs en& da.~+u t sw,n cor<ek ok u wu ,.

c3a y w

4
9

G

O
0394G011386
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TABLE 2-7 (continued) g
Human Action Identifier: M CV ~/ Sheet 2 of 11

B. Cognitive Processing Type:

h Is the operator familiar with the action? O,4o y) ' I

i n dad Mar se verg fa,. uterD If yes, by what means? (procedures, training, frequent
performance) p

@ Does this action c radict operator training, rules of thumb, or
intuition? (yes,no

Is this action included in simulator training? (yesh
ek those huruth iste 4 Lese ku rehead .: frL*w)|
Ho.u k _ ad wr:balt I

7plicable descriptions of actions: *

Skill-Based
!

| | Routine action, procedure not required.

| | Routine action, precedure required, but personnel well
/ trained in procedure.

Action not routine, but unambiguous and well understood by |y operators who are well trained.

| | Action is listed in procedures for turbine trip or reactor
trip.

Rule-Based (procedures)

| | Routine action, but procedure required; operators not well.

trained, or procedure does not cover. ~

.

A Not routine, action unambiguous and well understood, but not
well practiced. -

M Action described in emergency procedures, but not for
turbine trip or plant trip.

i
'Knowledged-Based

,

l I Not routine, action ambigueus. |

C Not routine, procedure does not cover.
1

R Not routine, procedure not well understood.
i

R Decision to act based on a rule-of-thumb, but not in
emergenc) procedures. Jyg

'

r

Decide on one. What type of behavior is reguired? 1

B-244
0394G011386

.
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TABLE 2-7 (continued) F

Human Action Identifier: M&/7 Sheet 3 of 11

C. Ooerator/ Plant Interface (items on which operators will key to base
judgment)

Instruments and readings that trigger action (identify procedure i

number and s if applicable):
[lawruo {:n C8 or ,H|V fANA
prosart G what bu q,

d ''' ^ 5S '' '1a. Are display

() Alarms (name, location,frt na m & p:n M
audible, visual): i

,

p fin K ,

t

!

,

:h From where will action first be attempted? { control room,)other - .

speci fy) ;

') Is rdination between operators required? (yes.h

h Is there corroboration among indications? (very good h none)/

. % sba'kc. u buum L k.3 mutve)f ace:sr<n k ,ut ,ve p M-
-

eck mo pplica le descr ption of plant inte h5e

M Excellent. Same as below, but with advanced operator aids to !

help in accident situations.-
,

L,j Good. Displays carefully integrated with SPDS to help operator.

Q Fair. Displays human engineered, but require operator to
integrate information.

-
i

I

O Poor. Displays available, but not human engineered.

g Extremely Poor. Disclays needed to alert operator are not ,,

directly visible to operators. g g yQ clay gn"<It'^-

A ed . Tap W f**ff'd 40
LA sw,.ht. x m o r,

ab kM h"# #^ 77 #* 37'
s

G
.

0394G011386
-
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TABLE 2-7 (continued)

O
Human Action Identifier: WCV'7 Sheet 4 of 11

0. Stress Level

ntrol room team expected to have a high work load?

2. Why is this action neededL (backup to an automatic action,
required manual actionrrecovery>f failed system, defeat ESAS
response) ~ ~

h Will this action contaminate a portion of the
lant or otherwise ,d p ,result in an extended plant shutdown? (yes, o spn

Are there any system failures that complicate this action? none
one, multiple)

@ Is this action the opposite to the response required in another
procedure or to general training? (yes @

What are the expected work conditions for the crewt

li
<

!^ l Vigilance Problem. Unexpected transient with no precursors.

-

Q Optimal Condition / Normal. Crew carrying out small loadC adjustments.
.

R High Workload / Potential Emergency. Hild stress, partway through
accident with high work load or equivalent. ,-

o

R Grave Emergency. High stress, emergency with operator feeling i

1

'

threatened. |

h
<

Assess stress level for each scenario group.

Scenario Group Stress. Level Coments
1

5 A. ,yI
|

'

B.

C.

J D'

;

0394G011386 B-246
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TABLE 2-7 (continued)
i

Human Action Identifier: WCV7 Sheet 5 of 11
i

iE. Experience Level of Operating Team
t

(specific team memoer who would perform the action) i

I

R Expert, Well Traine Licensed with more than 5 years
experience.

1,
I

@ Average Knowledge, Training. Licensed with more than 6 months |experience. i

O Novice, Minimum Training. Licensed with less than 6 months
experience.-

j
!

|

[

[

O !
;

.

3

i
;

*

.

4

.

*
|
1

1

i

4

O -.

-

o3,4so113ee -

e.,,,
e

4.
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.
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TABLE 2-7 (continued)

O
Human Action Identifier: Mc v7 Sheet 6 of 11

F. Resoonse Time Available
3

4. What is the timing of the first indications for the operator
action? |O w,i A (in time since initiating event)

k When may the operator first act? (in time from initiating event)
|Q %su k

-

3. When is the last time allowed for the operator to take action and'

be successful? g y gem,a4 cgy ,
,

Heasured as median time since initiating event r # "" #
or as time since first indications

4. Estimate the median time to carry out the action, once decided to
' pursue. 15 m,45L3

O
Estimate the median time available for the operator to decide to
perform the correct action. Measure the time available from when
he would first turn his attention to the indications until the
last time available.

CW sbtlo ke. Jeh,4A bg l
/1 ay) < t/. r o t .v,. ..

-

-?>.

Sc EN W* Tims. MA48d derr Err,mm Time lo fcTttwr-'

6 SoJ P 7 LF FerL Et3CE S BETT ror 3. gu , OF T.M t. T3 Meruc5 6 G6T (oiluTN e

- T IV i n. i 7 7 I5- s .;.&r

,

!

I

.

!

|

O
1

0394G011385 B-248.
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TABLE 2-7 (continued)

Human Action Identifier: H C V '7 Sheet 7 of 11

G. Recovery from Earlier Misdiagnosis (
1. What significant new indications are there to tell the operator [

that an earlier diagnosis was in error?
doors hH'G * J t N A.. ("C

.

l dQ<w ptof t gas.sd % <wfo

,

i

2. Does the additional plant feedback occur prior to the allowed i
time for successful action? When? u_u - 4 4.:. 30 m, Q '

o
;

i
(

|
,

'

3. Is the time available for the correct action sufficient to allow
newly arriving crew members to participate in the decision?
(i.e., Is the error rate essentially time independent?) o) |

O !
4. During the time available for diagnosis, what new crew members i

will be able to ad t blem? [e.g.,None, Shift |

Technical Advisor STA 5 /S Emergency Response Team) ~|

g, g a p's wo,aa 6. b u.q e declued '.b '

GW EFAt. '

pT

5lTT. PREb hoet. 5 del 44Lk *

eA Should addit al credit be given because of additional plant
,

feedback? e , no) '

es Should add al credit be given because of newly arriving crew
. members? es no) i

imseg;ra ser a-
s

.

- '..I

-

i
!

O
'

0394G011386 -

B-249.
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TABLE 2-7 (continued)

Human Action Identifier: M C\/ ~/ Sheet 8 of 11

H. Dependence with Other Human Actions in Same Scenario

1. Have other errors of human actions occurred in this scenario?

w

2. How much influence do previous human errors have on this action?
(significant,same,none) oA

3. Are other actions being performed serially or in parallel?
(Attach operator time line if necessary to describe.)

as-

G
uceuaq A6&si3a. Arc. 4 tere etop pe rsoud avidabb k o o

Must a specific dependence with another human action be accounted
for?

%'

,

Scenario Group (Yes/No) Coments |
|

A.
.

B.
,

.
'

'

C.

D.

O
.

0394G011386

B-250 l
1

l



__ _ __ __ ___. _ _ _ _ _ _ _ _

-
;.

TABLE 2-7 (continued)

Human Action Identifier: MCV7 Sheet 9 of 11

!. Potential for Confusion in Diagnosis, leading to Unsu:cessful Response
l

1. Are there procedur available to instruct operator to perform
the action? (yes, Identify by number _ .

2. If no procedures apply he operator trained to perform the
specific action? (yes'

3. Which init.iating events may lead to a need for this action?
t. cop w4k G1/crs')

4. Do each of these initiating events result in the plant physical
conditions necess to enter the procedure encompassing this
human action? yep,no) If no, identify by initiator

nu k ppSwb M $ 94Ldy .QLn'

rw
3

5. Which other procedures have entry conditions similar to the
procedure encompAs, sing this human action? Identify by number

rJ A ,

'

6. Do the indications describing the entry conditions for other I
procedures differ from the correct procedures only by parameterss

not normally keyed on by the operator? (yes,no) If

yes, identify _ A/A .

7. Is the stress level at the time of selectin
procedure high, mild, optimal, o.Ciery lo@g the proper

8. Is the operator trained to ect the actual situation to be of
extremely low frequency? 'ye , no)

Ba. Is the potential for an incorrect diagnosis leading to an '

operator-induced failure high, medium, low, os(very lowJ

9. What is the likelihood of the operator initially entering the |

likely(unlikely) |
wrong proceoure? (likely, somewhat u

Identify by number _ _,

10. If the incorrect procedure is entered, does it direct the '

operator to: '

'

Not do any related action?

| I Perform an action that makes things worse? Identi fyW
4|'%,le

. Perforn the correct action anyway?

11. What top events are likely impacted in some way that makes
recovery more complicated prior to the successful
rediagnosis?

0394G011386 B-251
-.
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TABLE 2-7 (continued)

Sheet 10of11h
Human Action Identifier: M(V7

J. potential for Selection of Nonviable Action (assuming a correct
diagnosis)

1. Are procedures a 11able to instruct the operator to perform the
action? iyes

2. Is discretion giv2n to the control roo am as to the proper
option among several to be selected? no)

3. Are any of the option nyiable for any one of the scenario
groups identiff,ed? no) Identify:

w ofus b haa M dlludy +r s u,(M 4. i q

cred gobkw M is e 55 'M Pd d boer fa%

4. Is more than one option pursued in parallel? (yesh
5. If no specific procedures appl re there other plausible

options that are nonviable? es y no)
,

Identify:
.se e 3 sloc#t

53. XC % acG 'wece 4M prsm4vriI usAA k nG sM\t k wauUi
Y~LC.

6. If a nonviable solution is selected, are suffi tent cues and time
available to later pursue a viable option? ye no)
Identify cues:

ab% rw.>a. uMualed, vee.u ei pssenh<k , b Joe
wat rebi 40 wcw,dl

.

7. Is the plant / operator interface such that a potential exists for
the op,e ator to slip when implementing the correct action?
(yesho) Explain: .

cdls am aQ% marked w% F9^
'

,

8. Is the potential for selection of a nonviable option high,
W low, or very low? '

| 0-

.
'

0394G011386
I B-252
|

m.
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TABLE 2-7 (continued)

Human' Action Identifier: Wcv I Sheet 11 of 11

K. Summary Sheet

From B. What type of behavior is required? S .I d h d -c f g
From C. Description of plant interface? fvkru.1f [ fro-

From D. Expected stress level for each scenario group?

Group A l/lylu e f.r4< ,,,
Group B
Group C
Group D
Group E

From E. Experience level of operating team /vW
erform correct action 2 '< /c ,w / *From F. Time available to p?si,.Gost fs%t, .y Cs l u ;. w , m , a s ,, , , z A s,n,e r

From G. Additional credit to rediagnosis due to plant feedback?
We Arriving crew members? II.f< /= ,.. o +

From H. Need to account for dependence with other actions for each
scenario group?

Group A N$
Group B
Group C
Group D
Group E

From I. Potential for incorrect diagnosis leading to failure? W.., /<u

From J. Potential for selection of nonviable option? v<M /,9

-V
, T' ', , 1 [, , dv s m, Ac .h-p

f, gg Q ,'{oT y % l. cs a'' s'S */
,

A ( (sw a ( S t.' '| **w s s ** * ? *'T, , , , c

"r., ,* o f * f , , b. j ll. y 1 Y.,,

'

9s el.,of, .fy, = . I , . Y, ig*Lr

May y M.'l sef /j, f 2/m

O
.

'

0394G01.1386

- B-253
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TABl.E 2-7. DYNAMIC HUMAN ACTIONS QUESTIONNAIRE

Human Action Identifier:- HCVT Sheet 1 of 11

- !
A. Description of Human Action

|
1. Objective (task to be performed and failure criteria): ;

;

Operator fails to establish alternative control !
building ventilation using portable fans ( or

i
hallway fans) and elephant trunks to direct the
flow. Ventilation is assumed lost initially. !

,

An ESAS signal is assumed present. Two to eight
hours are assumed available to establish the i

,

alternate ventilation.
_ _ _ _ _ _

i

!
.

2. List split fractions that include this human action. (op ;

cvA ; N -/
|

cv6 ; (v-(@in |
c VC i C/-|((E)
fYD} t v-I (17.')
tvC i. e v-i (R) ;

(vf; c> f (or.ovac) |

C%) cv I (or.o A ,4C |
|

3. Situation (initiating events and plant conditions, support system I

states): collect into separate scenario groups for evaluation. ,

Emphasize factors affecting response time and stress level. !

Q.,6 V (moQANS O(* RA 413 L L
-

,

RT, es 4 s sfonsP"5^^" l
.

4

0
0394G011386 .
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TABLE 2-7 (continued) g
Human Action Identifier: M C.V 7 Sheet 2 of 11

B. Cognitive Processing Type:
.

h Is the operator familiar with the action? O,4o g-) ' k
b uf a d.h'a r r ver fu.ite r ~

D If yes, by what means? ((rocedures trainin frequent
performance)

D Does this action contradict operator training, rules of thumb, or
intuition? (yes @

ek those kve*4% are 4kese whic res,ud .: 4,g4 ?(yes h,y J

Is this action included in simulator training?
go o (ce Qtplicable descriptions of actions: 3 /

Skill-Based

| | Routine action, procedure not required.

| | Routine action, procedure required, but personnel well
trained in procedure. -

1 I Action not routine, but unambiguous and well understood by
operators who are well trained.

I I Action is listed in procedures for turbine trip or reactor
trip.

Rule-Based (procedures)
'

R Routine action, but procedure required;, operators not well.

trained, or procedure does not cover.
.

@ Not routine, action unambiguous and well understood, but not
well practiced. -

i
-

U Action described in emergency procedures, but not for
turbine trip or plant trip.

Knowledged-Based
,

R Not routine, action ambiguous. :

.

\L_j Not routine, procedure does not cover.

R Not routine, procedure not well understood.
4

Decision to act based on a rule-of-thumb, but not in
emergency procedures.

Decide on one. What type of behavior is requir" bW
,

B-256
0394G011386 !
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TABLE 2-7 (continued)
,

Human Action Identifier: McV7 Sheet 3 of 11

|C. Operator / Plant Interface (items on which operators will key to base '

juogment) '

1 Instruments and readings that trigger action (identify procedure

number and stg(> if applicable):QLow 2LfLb ,^>o FA A> S M^'^''U}c. rs V

5P y N*h '" ;13 Arc dI l *

,

@ Alams (name, location, audible, visual): |
'/T79 pwT oit 'T(L if A L A tt * '

'

ecu Lou flo@ A L A rlim 5

4 i

:} From where will action first be attempted? (control room, other .. fspecify) Loco cc s/
;

t) Is'To rdination between operators required? (yes.h

h Is there corroboration among indications? Some,none)

. b 5Ia'b,'u butdee M k3 mm W 6 ses N M b y4 N,m3 h
*

eck mos pplica le descr ption of plant interrace:

C Excellent. Same as below, but with advanced operator aids to ;

help in accident situations. '-

...;

|
'

Good. Otsplays carefully integrated with SPDS to help operator.

p Fair. Displays human engineered, but require operator to
integrate information. 1

,

|
-

O Poor. Displays available, but not human engineered.

y Extremely Poor. Displays needed to alert operator are not
directly visible to operators. -

|

O
.

0394G011386
-

B-257
'
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TABLE 2-7 (continued)

Human Action Identifier: WCt/[ Sheet 4 of 11

D. Stress Level

Is the control room team expected to have a high work load?
@ no)

2. Why is this action needed? (backup to an automatic action,
required manual action,(recoverylof failed system, defeat ESAS
response)

h Will this action contaminate a portion of he plant or otherwise
result in an extended plant shutdown? es no) e im if p"',,

n Poss a see. s PaeA o o t" A o&ILo w - cia riuh W "'t #

M / Are there any system failures that complicate this action? on
one, multiple)

@ Is this action the opposite to the respons required in another
procedure or to general training? (yes,no

What are the expected work conditions for the crew?

R Vigilance Problem. Unexpected transient with no precursors.

| | Optimal Condition / Normal. Crew carrying out small load
adjustments.

.

p High Workload / Potential Emergency. Mild stress, partway through
accident with high work load or equivalent.-

..

| | Grave Emercency. High stress, emergency with operator feeling' threatened.

Assess stress level.for each scenario group.

Scenario Group Stress. Level Coments
,

5 A. ody/

B.

C.
'

, D.

0394G011386 B-2'58 .
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TABLE 2-7 (continued) {
i

Human Action Identifier: Met /fr Sheet 5 of 11

!E. Exoerience Level of Operating Team
!(specific team member who would perform the action) !
i

!
Expert. Well Traine Licensed with more than 5 years !

. experience.
.;,

!

@ Average Knowledge, Training. Licensed with more than 6 months I,experience.
,

!

i

| C Novice, Minimum Training. Licensed with less than 6 months !
experience. i

!
;

I

!

|
|

.

o |
,

!.

i
'

i.

i ;
'

;

i

(
'

.i

;
i

. .
4

.

!
. ,

,

.,

!

1
i

!O
'

.

,

0394G011386
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TABLE 2-7 (centinued)

Human Action Identifier:_ McvT Sheet 6 of 11

F. Resoonse Time Available
,i

T. What is the timing of the first indications for the operator
action? _ re.e.o la r e_,. (in time since initiating event)

r
4. Whr.n may the operato,r first act? (in time frem initiating event).

3o yfaures

.

3. When is the last time allowed for the operator to take action and
yfsiaf Tt1 D (A A.I h 614 o 0 4 COV "" Y

'

Heasuredasmediant{mesinceini..latingevent
or as time since first indications

4. Estimate the median title to carry out the action, once decided to
' pursue. 3o- wuMJ

9
Estimate the median time available for the operator to decide to
perform the correct action. Measure the time available from when
he would first turn his attention to the indications until the
last time available. i.5 M Aouri

4.y - 21.s

4

$ |h
Gas > r %rret.mecs em cun cts, sv.pt is wemsa car o.3se m -

,

p 1y ,5 s.,%; s.; ' ;) - . '. . n " .y-

.

.

O

0394G011386 B-260
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TABLE 2-7 (continued)

Human Action Identifier: HcV7 Sheet 7 of 11/%
U

G. Recovery from Earlier Misdiagnosis

1. What significant new indications are there to tell the operator
that an earlier diagnosis was in error?

^Som (, 'T.e y " A * "

.

2. Does the additional plant feedback occur prior to the allowed
time for successful action? When? Ve_,5

No it-Q A C A t h ) A c. g q srps'n 5 5 fAo bdCL|
'

W8T4tc % - 6 6 4.t.

3. Is the time available for the correct action sufficient to allow
newly arriving crew members to participate in the decisioC
(i.e., Is the error rate essentially time independent?) yes no)

4. During the time available for diagnosis, what new crew members
will be able to address the problem? [e.g., None, Shift
Technical Advisor (STA), , Emergency Response Team) S S Th @j

'( a . M M p'd woda.'b bl'*"' be dechred '. f
gr _ th a TA A L L| GEt1@t--

5iTE PnEb
eA Should additional credit be given because of additional plant

feedback? @ no)
eB Should additional credit be given because of newly arriving crew

. members? @ no) ;r6 .y .co m em6c c.o w l o p,gect
TR < t h. A 7rav r> s'o To O' !~t~en enr /5 3att
Tdan % +- o o*y/4 4( *f em 4 e Af

SgAmo Buft6> g

~

I
.

a
'

0394G011386
'

.
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TABLE 2-7 (continued) g
| Human Action Identifier: N C.V S Sheet 8 of 11
|
|

H. Dependence with Other Human Actions in Same Scenario
i
'

1. Have other errors of human actions occurred in this scenario?
^> o

2. How much influence do previous human errors have on this action?
(significant,same,none) A>ou t-

3. Are other actions being performed serially or in parallel?
(Attach operator time line if necessary to describe.)

A w t. o l> < (4 r Tl*ff#it.t wa try s a. en a k eOTkw
geps ~ o r'Hf o u rt.a. n s . n p l.ost or e g d.

utes3 9 k N ^s!Ja. Are erre etop personel avidabb b ca o

Must a specific dependence with another human action be accounted
for?

A.> o-

Scenario Group (Yes/No) Coments

A. idt ' N 1

B.
1.

C. '|*

.

D.

|

|

9|

B-262
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TABLE 2-7 (continued)

Human Action Identifier: M6Vf Sheet 9 of 11

I. Potential for Confusion in Diagnosis, leading to Unsuccessful Resoonse |

1. Are there proce ures available to instruct operator to perform .
tN action? es no) Identify by number To be w A IJT8M

2. If no procedures apply, is the operator trained to perform the !
' specific action? (yes,no) A) A

3. Which initiating events may lead to a need for this actien?
C.Gd 9Ad e

,

4. Do each of these initiating events result in the plant physical '

conditions necessar to enter the procedure encompassing this
human action? yes no) If no, identify by initiator

'

.

5. Which other procedures have entry conditions similar to the
procedure encomp gsing this human action? Identify by number |A7 0. o < - ,

6. Do the indications describing the entry conditions for other
procedures differ from the correct procedures only by parameters L

not normally keyed on by the operator? (yes,no) If ;W yes, identify A> n . :
;

7. Is the stress level at the time of selecting the proper
procedure high@ optimal, o. very low? |

'

8. Is the operator trained to ex ect the actual situation to be of [extremely low frequency? es no)
,

I'

Ba Is the potential for an incorrect diagnosis leading to an 'I
operate.-induced failure high, medium, low, or very low?

YLfboW
9. What is the likelihood of the operator initially entering the !

-

wrong procedure? (likely,somewhat likely, Onlike M |

Identify by number 1
,

10. If the incorrect rocedure is entered, does it direct the
operator to:

C Not do any related action?

Perform an action that makes things worse? Identify

C Perform the correct action anyway? -

11. What top events are likely impacted in some way that makes
recovery more complicated prior to the successful
red 1agnosis? GA .68 Vira G BJith A N

0394G011386
- '

B-263"
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TABLE 2-7 (continued)

Human Action Identifier: HOW Sheet 10 of 11

J. Potential for Selection of Nonviable Action (assuming a correct
diagnosis)

1. Are procedur available to instruct the operator to perform the
action? es no)

2. Is discretion given to the control room team as to the proper
option among several to be selected? (yes,@

3. Are any of the options non table for any one of the scenario
groups identified? (yes,no Identify:

i

4. Is more than one option pursued in parallel? (yes ,

5. If no specific procedures apply, are there other plausible
options that are nonviable? (yes, no) gg Identify: '

53. TC % ac G Were W A hl usAA -k nG sh*\t \,c. sw<ulli

6. If a nonviable solution is selected, are sufficient cues nd time
available to later pursue a viable option? (yes,no) jtj .Identify cues: /

,

!

.

7. Is the plant / operator interface such that a potential exists for
the operator to slip when implementing the correct action?
(yes/no) Explain:

A)O
'

.

8. Is the potential for selection of a nonviable option high,
medium, low, or very low? g g

0394G011386 B-264'
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TABLE 2-7 (continued)

Human Action Identifier: % 1/' V,k Sheet 11 of 11

i

K. Summary Sheet
'

;

From B. What type of behavior is required? I"I'* !

From C. Description of plant interface? F4 :, |
|

Fron D. Expected stress level for each scenario group?
|

Group A f/ < hI i~'' *y * ' Y
Group B
Group C |
Group 0 i
Group E |

|

From E. Experience level of operating team A/-c. . v i

From F. f me available to perform correct action "**' ' ed-- 7'i I'*/ t'

'

G< :+ : :4 e;f e !.y 1 J. .c T o h a;, . <.te , s ,,, ,; ,, , ,.s
From G. Additional credit to rediagnosis due to plant feedback? i

%. Arriving crew members? n.t> f. . , , . v ,
t

?<

From H. Need to account for dependence with other actions for each !
scenario group? :

O !

Group A \/e !

Group B j
Group C i

Group 0
Group E

From I. Potential for incorrect diagnosis leading to failure? Ve.../, w |

IFrom J. Potential for selection of nonviable option? V'<io /< v

' 1, 44,-(, s .ir 4 |,,

[1; ..; 4,',9: .t 3 , G, .L %f *>> p ,'r J,.7r,/o b/.-

n . ; ., , h e ls . .i a.e ( ) , :'' '' W ''* -

r * . ;, , , , . S.,G p lL , L )' |
'

, t;|, j ,, '' .|,V, *I' '

|s

I
-

$ nwa T....*ae< J., ,r. y j
i

O :

i
'

0394G011386 |
|
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TABLE 2-7. DYNAMIC HUMAN ACTIONS QUESTIONNAIRE
.

t

Human Action Identifier: McV9 Sheet 1 of 11

A. Description of Human Action

1. Objective (task to be performed and failure criteria):

Similar to HCV8 except that ventilation is lost only'
after an initial period of 2 hours. During the first '

2 hours. DC power supplies the vital instrument buses
which hold the room dampers open even though
engineered safeguards electric power train D is
assumed failed. An ESAS signal is assumed present.

|
t

2. List split fractions that include this human action.

(/F (v-l (OMr. ),

i
|

.

,

,

3. Situation (initiating events and plant conditions, support system
states): collect into separate scenario groups for evaluation.
Emphasize factors affecting response time and stress level.

( ,

h verrers 6+D En4 u rer 2.ka ms
!

en" Ung TG s.~o e sad floo< obempw ro p c to sto.

cs43 s 7,v e. P a es <"7
1

.
.

l
i

|
|
|

V

0394G011386 .
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TABLE 2-7 (continued) h
Human Action Identifier: NOV7 Sheet 2 of 11

B. Cognitive processing Ty g:

k Is the operator familiar with the action? (l,4 r) ' k
b ufa d.lbr Se ver b.u te rD If yes, by what means? [procedurej, g , frequentperformance) '

@ Does this action contradict operator training, rules of thumb, or
intuition? (yes,

ew . 4g4 ' hIs this action included in simulato training? (yes.
ck those ku,4 are 4use acw ren,rgw 4 2 yx s

plicable descriptions of actions: 3 /

Skill-Based

R Routine action, procedure not required.

I I Routine action, procedure required, but personnel well
trained in procedure.

| I Action not routine, but unambiguous and well understood by
operators who are well trained.

I I Action is listed in procedures for turbine trip or reactor
trip.

Rule-Based (procedures)

I | Routine action, but procedure required; operators not well,

trained, or procedure does not cover.
.

Not routine, action unambiguous and well understood, but not
well practiced. -

| I Action described in emergency procedures, but not for
turbine trip or plant trip.

Knowledoed-Based
,

| | Not routine, action ambiguous.

M Not routine, procedure does not cover. '

R Not routine, procedure not well understood. |

| | Decision to act based on a rule-of-thumb, but not in
emergency procedures.

Decide on one. What type of behavior is required? _ Wb
,

B-268
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TABLE 2-7 (continued)

Human Action Identifier:_MdV9 Sheet 3 of 11

C. Operator / plant Interface (items on which operators will key to base
judgment)

Q1 Instruments and readings that trigger action (identify procedure
number and stg) if applicable):

erw risa 2:Rmo, no FAM A"N".

2 a. A rc 65r1 9 5 C'*dS"5* '' h
h Alarms (name, location, audible, visual):

pa emorea. ,,-a s'y maans
_

C 13V Lo w Fl*" M""*$

:h From where will action first be attempted? (control room, other -
speci fy) lotA < W

() Is#ch rdination between operators required? (yes.h

) Is there corroboration among indications? y some,none)

eck mo N ~applica$le descrl. m . - w , ,. s a ,, s , m~, u .- a.

ption of plant intTri.u.

O Excellent. Same as below, but with advanced operator aids to
help in accident situations.-

,
,

Good. Displays carefully integrated with SPDS to help operator.

@ Fair. Displays human engineered, but require operator to
'

integrate information.

O Poor. Displays available, but not human engineered.

y Extremely Poor. Displays needed to alert operator are not .
directly visible to operators.

O
.

'

0394G01.1386
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TABLE 2-7 (continued)

O
Human Action Identifier: 11 C t/ 9 Sheet 4 of 11

0. Stress Level

Is the control room team expected to have a high work load?
@ no)

2. Why is this action needed? (backup to an automatic action,
required m_anual action,fecoverp of failed system, defeat ESAS
response)

h Will this action contaminate a portion
e plant or otherwise ,d p *no)result in an extended plant shutdown? Eqb;+.,

Po s s t r1L e Ss* stead O F' A lQO ut,. 0.*A T/0 N
Are there any system failures that complicate this action? h
one, multiple)

h Is this action the opposite te the response required in another
procedure or to general training? (yas@

What are the expected work conditions for the crew?

O Vigilance Problem. Unexpected transient with no precursors.

R Optimal Condition / Normal. Crew carrying out small load
adjustments.

-

,

p High Workload / Potential Emergency. Hild stress, partway throughaccident with high work load or equivalent.-

.,.

R Grave Emergency. High stress, emergency with operator feeling
,

threatened.

Assess stress level.for each scenario group.

Scenario Group Stress. Level Coments -

$ A.
^

r

B.

C.

D.,
,

B-270
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TABLE 2-7 (continued) ,

O !

,

Human Action Identifier: N(1,l/9 Sheet 5 of 11
,

!
E. Experience level of Operating Team

!
(specific team memoer wno would perform the action)

i

,

I I Expert Well Traine Licensed with more than 5 years !
experience. j-

i

i
l@ Average Knowledge, Training. Licensed with more than 6 months
{experience.
'

[ Novice, Minimum Training. Licensed with less than 6 months
experience. !

I

1

O !
!

|
,

- (
1

.

.

t

0
-

.

0394G011386 B-271 ' '
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TABLE 2-7 (continued)

Human Action Identifier: H CL/ 9 Sheet 6 of 11

F. Resoonse Time Available

(f). What is the timing /o reof the first indications for the operatoraction? L eed (in time since initiating event)
r '

2 When may the operator first act? (in time from initiating event)
W "3 6

'

!

(. When is the last time allowed for the operator to take action and

e OdV TWfost Fr kow s
Measured as median t me since initiating event

or as time since first indications
_

'. Estimate the median time to carry out the action, once decided to4

pursue. S o m/w ru
I

9Estimate the median time available for the operator to decide to
perform the correct action. Measure the time available from when
he would first turn his attention tp the indications until the
last time available. he TG o v^>

*
y,s - 2:t.r

Sc oismus T ms NAota g e T try, m Time to ressses

hs4J r 7tFFELE74CES gm (or n as .. CF T.ME T3 L A6+K/t u GE;T (dels FT:v >--

g tf I f 4 W'.4 / .1 m i . , gi c

*

,

1

|

|

9
.

0394G011386
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TABLE 2-7 (continued)

Human Action Identifier: McVf Sheet 7 of 11

G. Recovery from Earlier Misdiagnosis
1

1. What significant new indications are there to tell the operator I
that an earlier diagnosis was in error?

A#
Koom ko|b T4M #/

!

2. Does the additional plant feedback occur prior to the allowed
time for successful action? When? 9'd.s

ufon Renc|/n ALAT& S crPosEs
T4bMbl,V UthIh WC bkN

3. Is the tice available for the correct action sufficient to allow I

newly arriving crew members to participate in the decision?
(i.e., Is the error rate essentially time independent?) no)

4. During the time available for diagnosis, what new crew members
will be able to address the problem? [e.g., None. Shift
Technical Advisor (STA), - EmergencyResponseTeam)gb77g#pbe dedwd '.g , g g p*gwo a 6. (ottoa. j

, ta Au v CrwesAt
ssTE MEh -

or, Should addit al credit be given because of. additional plant
feedback? no)

es Should addi nal credit be given because of newly arrivin crew
.mem ers? yes,no) gMb

se~ vr ~r 6
f,.tr, /

.

O I

0394G01.1386 B-2h3
-
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TABLE 2-7 (continued)
|

Human Action Identifier: NC\/7 Sheet 8 of 11

H. Dependence with Other Human Actions in Same Scenario

1. Have other errors of human actions occurred in this scenario?
A76

2. How much influence do previous human errors have on this action?
(significant,same,none) /Uo A> C

3. Are other actions being performed serially or in parallel?
(Attach operator time line if necessary to describe.)
W juut Wh COA

w gew. e%- -

Ja. Arc. here esp persouet whabb 4 o e4 uceug acGsf

Must a specific dependence with another human action be accounted
for?

Scenario Group (Yes/No) Coments

A. - O
B.

-

.

C. .'
D.

.

i

'

O
.

0394G011386
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TABLE 2-7 (continued)
!

- Human Action Identifier: Mel/9 Sheet 9 of 11

1. Potential for Confusion in Diagnosis, leading to Unsuccessful Response
,

1. Are there procedures available to instruct operator to perform !*

g no) Identify by number 15 Uc u)/U7.WS ;the action?

2. If no procedures apply, is the operator trained to perform the
specific action? (yes,no) g

~

3. Which initiating events may lead to a need for this action? '

c/W & :
4. Do each of these in iating events result in the plant physical !

conditions neces r to enter the procedure encompassing this
jhuman action? e , no) If no, identify by initiator

'

.

5. Which other procedures have entry conditions similar to the
procedure encomp gsing this human action? Identify by number
A)a MC '

,

6. Do the indications describing the entry conditions for other
!

procedures differ from the correct procedures only by parameters !

not normally keyed on y the operator? (yes,no) If <

p yes, identify .

/ i

7. Is the stress 1 the time of selecting the proper !

procedure high, optimal, o, very low?

8. Is the operator trained to x ect the actual situation to be of I

extremely low frequency? ye no)
.

Ba. Is the potential for an incorrect diagnosis leadin '!
operator-induced failure high, medium, low, or ry lo

|

|

9. What is the likelihood of the operator initia ntering the-

wrong procedure? (likely, so.newhat likely, unlikel )
Identify by number _,

10. If the incorrect procedure is entered, does it direct the '

operator to: g
h Not do any related action? *

| | Perform an action that makes things worse? Identi fy

| | Perform the correct action anyway?

O' 11. What top events are likely impacted in some way that makes
recovery more complicated prior to the successful
rediagnosis? CA GS . WTAL f303g3, g;rA?

0394G011386 '
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. TABLE 2-7 (continued)

e'| Human Action Identifier: Het/ f Sheet 10 of 11 '

:

J. Potential for Selection of Nonviable Action (assuming a correct
.

diagnosis)

1. Are proce available to instruct the operator to perform the
action? no)

2. Is discretion given to the control room team as to the proper
option among several to be selected? (yes @ |

3. Are any of the options nonviable for any one of the scenario
igroups identified? (yes no Identi fy: !

|
,

i

|

|

l
4. Is more than one option pursued in parallel? (yes

5. If no specific procedures apply, are there other plausible
!options that are nonviable? (yes,no) Identi fy:

I

53. If h n were 4aW predur$lq ueAd & A.G sM(i k. swasEd?
NA

!
6. If a nonviable solution is se ected, are sufficient cues an time !

available to later pursue a viable option? (yes,no)
Identify cues:

.

7. Is the plant / operator interface such that a potential exists for
the operator to slip when implementing the correct action?
(yes/no) Explain: -

,

.

8. Is the potential for selection of a nonviable option high,
h j!medium, low, or very low?

"
'

0394G011386 B-276
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TABLE 2-7 (continued) f
:

i
Human Action Identifier: W / v''l Sheet 11 of 11

P

,

K. Summary Sheet '

From B. What type of behavior is required? fi. I c
From C. Description of plant interface? Fa t

i
From D. Expected stress level for each scenario group? 1

Group A id A >l % e ec cy i"
Group B ,

Group C
Group D
Group E

From E. Experience level of operating team Me ac e
From F. Time available to perform correct action 2 le+/<.6'm at~e ol/<,',

I? e: * C .' ' '. . ' e ' ' ^ ~ums. ~ s.' n ig n i e,rg , ~ af"
-

.. c .. ,

From G. Additional credit to rediagnosis due to plant feedback? t hf. ;

D- Arriving crew members? Het* T-.,,-,v> - |

|
'

From H. Need to account for dependence with other actions for each j
scenario group? '

Group A d.o i_

Group B
,

Group C
Group D
Group E :

From I. Potential for incorrect diagnosis leading to failure? Vt , Iv ..e '

From J. Pot: itial for selection of nonviable option? h,Ie-

0 ' :,, e '

? , 4.'r ,,(c. -. . .~,

f. i, c , . j,.y, ,1 ,0,
'

a 1 Mn to I up s*' 0 i;I ~ < f , ' T ., I o
,

.'., . L ' ': -To_ ,, ,. t. !i:p., y
' ' ' 'i

,

*"*
[, 6. If..,, ., ,

.

j.Y 5 y'I(h , , ,, g, * , , I* *.
j

a1 <c gs; y /Y'r 2 ! Sp $o g,

.

e

0394G01;386
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TABLE 2-8. DYNAMIC HUMAN ACTIONS QUESTIONNAIRE ,

Sheet 1 of 13 |
|

Human Action identifier: MOgl ;

'
A. Description of Human Action ;

,

1. Objective (task to be performed and' failure criteria):

Op & A& DM y ,

J ~ preco ./ - Es//s a.edzb4 |
*'

AO .Y.
/

!

;

\-
,

2. List split fractions that include this human action.

.

,

O i
l

!,

"

3. Situation (initiating events and plant conditions, support
system states, dependence on prior errors): collect into
separate scenario groups for evaluation. Emphasize factors
affecting response time and stress level.

SJM/OCA p dC4.)

N *~5 |-

.

.

|

0495G061286HAAR
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TABLE 2-8 (continued) '

MMI Sheet 2 of 13

i B. Cognitive Processing Type:
~

1. Is the operator familiar with the action? (yes,no)
| Rank on scale of 1 to 5, with 3 being average and 5 most
I familiar.
1 . .

2. If yes, by what means? (procedures,(traing frequent
performance, or walk-throughs)
Give procedure number if applicable .

3. Does this action contradict operator training, rules of thumb,
or intuition? (yes,no) AJ o

4. Is this action included in simalator training? @,
no)

5. How frequently are these actions reviewed by the
operators? 2.945

Check descriptions that apply to this action:

Skill-Based

(.
,

N Routine action, procedure not required.

I I Routine action, procedure required, but personnel well
trained in procedure.

I I Action not routine but unambiguous and well understood by
operators who are well trained.

I I Action is listed in procedures for turbine trip or reactor
trip. (1210-1),

Rule-Based (procedures)
,

i

l I Routine action, but procedure required; operators not well
trained, or procedure does not cover.

| | Not routine, action unambiguous and well understood, but
not well practiced.

| { Action described in emergency procedures, but not for
turbine trip or plant trip. (Identify by number) .

.l

OI
U495G061286HAAR
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TABLE 2-8 (continued)

//8MI Sheet 3 of 13

Knowledae-Based

| I Not routine, action ambiguous. -

<

| | Not routine, procedure does not cover.

| | Not routine, procedure not well understood.

I I Decision to act based on a rule-of-thumb, but not in
emergency procedures.

Decide on one. What type of behavior is required? s t i l.c

-

.

o

O
0495G061286HAAR
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TABLE 2-8 (continued)

M[M.I Sheet 4 of 13

C. Operator / Plant Interface (items on which operators will key to base
judgment) -

.-

1. Instruments and readings that trigger action (identify procedure
number and step if applicable): sodu,~c h

Are displays directly visible? yo

, q) 4"-- S YO I.,
2. Alarms (name, location, audible, visual): p ./ 3 p#cc Tamp /0 A * .

n1 ~ n u~. e, n, z e w a
Y ''
e

Will there be many other alarms to distract the operator? py /
(Describe.)

3. From where will action first be attempted? Montrol rooW
other--specify)~

4 Is special coordination between operators required? (yes,
b

5. Is there corroboration among indications? (i.e., Different
parameters confirm the need for action.) (Very goop some, none)

6. How specific is the guidance for action? (component numbers,
.#timing) rh M m/ &d- 71 M d

-4. fJ2 A 'a-( 0 // A.* '

Check most appl ca le descrfption of plant interface.

I I Excellent. Same as below, but with advanced operator aids to
"

help in accident situations.

I I Good. Displays carefully integrated with SPDS to help
operator.

y Fair. Displays human-engineered, but require operator to
integrate information.

I I Poor. Displays available, but not human-engineered.

I | Extremely Poor. Displays needed to alert operator are not
directly visible to operators.

<.

O

| 0495G061286HAAR B-282
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TABLE 2-8 (continued)

//8M Sheet 5 of 13
.

D. Stress Level j
,

1. Is the control room team expected to have a high workToad?
(yes,no) WS

2. Why is this action needed? ( to an automatic action, -

planned action, ;7e.co.rc4'of failed system, ESAS '

response) /
,

:
'

3. Will this action contaminate a portion of the plant or otherwise
result in an extended plant shutdown? (yes,no) Ah
(Explain if yes.)

'

4.
Are there any system failures that complicate this action? * */f c )(none,one,qmUltip% /F Tk e o-k<.+ T M Ja f4 P- L

w b e, T V / ")Wy co cem g h ( w a a- e

(yes @ quired in another /Recoott j5. Is this action the o, w i to the esponse reppos
* * * I" '~ procedure or to general training?

,,L i 4 -es i

What are the expected work conditions for the crew? O N c" * j

I
| | Vigilance Problem. Unexpected transient with no precursors.

O R Optimal Condition / Normal. Crew carrying out small load
adjustments.

3 High Workload / Potential Emergency. Hild stress, partway
through accident with high work load or equivalent.

I I Grave Emergency. High stress, emergency with operator feeling
threatened.

"
Assess stress level for each scenario group.

A.

B.

C.

D.

.

O

B-283
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TABLE 2-8 (continued) |

M8N Sheet 6 of 13

E. Experience Level of Operating Team'
(specific team member who would perform the action)

_

| | Expert, well trained. Licensed with more than 5 year's
experience.

@ Average knowledge, training. Licensed with more than 6 months
experience.

I | Novice, minimum training. Licensed with less than 6 months
experience.

-

(
9

.

o

O
049bG061286HAAR

B-284



1
'

.

;

TABLE 2-8 (continued)
,

M Sheet 7 of 13

F. Response Time Available '

l. what is the timing of the first indications for the operator
action? (in time since initiating event) p-Y 7 h ,., M

O-t- , se m , M4)
2. When may the operator first act? (in time from initiating F

event) I

J neu. D fU #$w A b

(W f7 m / ,| ~%'M & *|um)4n

!

3. When is the last time allowed for the operator to take action
and be successful?

;

&
Measured as median time since initiating event, co M ,

or as time since first indications ?
-

,

t

4 Estimate the medi time to carry out the action, once decided |

to pursue.
,

_

,m.;

Estimate the median time available for the operator to decide to
perform the correct action. Measure the time available from '

when he would first turn his attention to the indications until r

the last time a,d11able.
.

,

Assess timing for each scenario group.
,

Time Time to Time toScenario Allowed Available Diagnose Perform Best *

Group Best Conservative Best Estimate Conservative !
. >

A.
|
'

B.

C. i
|

0.

! ,Q f. I.< t/cw rf h. 3,'19 u (s 43 a - n. - n t. )> >

*% ! ( b d C. e l |C N ('S /.|ths) s ,+ , 6* y Y f4) h gg fysf wt.*)
.

O

0495G061286HAAR
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TABLE 2-8 (continued)

M[MI Sheet 8 of 13

G. Recovery from Earlier Misdiagnosis

1. What significant new indications are there to tell th[ operator
that an earlier diagnosis was in error?

& D.J- 3 o} /Qo*f A OWQU ,Y
& $ J f f p eL W L d W .

2. Does the additional plant feedback occur prior to the allowed
time for successful action? When? /Oc

3. Is the time available for the correct action sufficient to allcw
newly arriving crew members to participate in the decision?
(i.e.. Is the error rate essentially time independent?)~ (yes,no)

4 During the time available for diagnosis, what new crew members
will be able to address the problem? [e.g.,none, shift
teche; cal advisor (STA), remote emergency response team)

_

At what point would the following events be declared?

e Alert (onsite response team called) - s o p pe l ca /<-
e Site Area Emergency (offsite response team callea> v% een nquQg
e General Emergency (potential evacuation) 9

5. Should additional credit be given because of additional plant
feedback? (yes,no)

-

6. Should additional credit be given because of newly arriving crew
members? (yes,no)

1

*i
|
!

O
0495G061286HAAR
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TABLE 2-8 (continued) *

A
/h8I Sheet 9 of 13

H. Dependence with Other Human Actions in Same Scenario
.

1. Have other errors of human actions occurred in this scenario?
#

2. How much influence do previous human errors have on this action?
(significant, same, none)

&&
,

3. Are other actions being performed serially or in parallel?
(Attach operator time line if necessary to describe.)

f

O
4. Are there enough personnel available to carry out the necessary

actions? ,Vh

5. Must a specific dependence with another human action be
" accounted for? gggg

Scenario Group Yes/No Coments

A.

B.

C. I

D. !

.

O

0495G061886HAAR B-287
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TABLE 2-8 (continued)

//8//j Sheet 10 of 13
O

-

1. Potential for Confusion in Diagnosis Leading to Unsuccessful Response

1. Are there procedures available to instruct operator to erform a
the action? O , no) Identify by number W. BC D

2 If no procedures apply, is the o er tor trained to perform the
specific action? (yes,no)

.

3. Which initiating events ay lead to a need for,tp15 action?
9' PS/) m b bw[eac ocA n sLG events result in the plant physical dMx b . (Ltk /

D h of these initiati4
conditions necessary to enter the procedure encompassing this M
human action? @ no) If no, identify by initiator ##CCO

|$.
5. Which other procedures have entry conditions similar to the

procedure encompassing this human aci. ion? Identify by number
D f? .

6. Do the indications describing the entry conditions for other
procedures differ from the correc.t procedures only by
parameters not no ally keyed on by the operator?

(
(yes,no) A) If yes, identify .

7. Is the stress le at the time of selecting the proper g
procedure high 1 optimal, or very low? w

8. Is the operator trained to expect the actual situation to be of
extremely low frequency? @ no)

15 the potential for an incorrect diagn eading to an
operator-induced failure high, medium ow r very low?

.

9. What is the likelihood of the operator initially entci' 9 the
wrong procedure? (likely, somewhat likely, niikel
Identify by number .

10. If the incorrect procedure is entered, does it direct the
operator to:

| | Not do any related action?

R Perform an action that makes things worse? Identify
.

'

g Perform the correct action anyway?

O
0495G061286HAAR
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TABLE 2-8 (continued)

Q N O' N J sheet 11 of 13

11. What top events are likely impacted in some way that makes
recovery more complicated prior to the successful

~rediagnosis? OH, L P Sg so
,

,

M

O

.

o

O
04950061286HAAR
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TABLE 2-8 (continued)

[[h Sheet 12 of 13

J. Potential for Selection of Nonviable Action (assuming a correct
diagnosis) |

-

l

1. Are procedures available to instruct the operator to perform the I
action? (yes,no) ,VAJ

2. Is discretion given to the control room team as to the proper
option among several to be selected? (yes @

3. Are any of the options nonviable for any one of the scenario
groups identified? (yes ,@ Identify: )

|
-

4. Is more than one option pursued in parallel? (yesh
,

f 5. If no specific procedures apply, are there other plausible
( options that are nonviable? (yes,no) Identi fy

N /4
If the correct action were taken prematurely, would the action
still be successful? p 2_5

6. If a nonviable solution is selected, are sufficient cues and
time available to later pursue a viable option? ),

(yes, no) Ves
Identify cues: 1

?
, 1 m.

7. Is the plant / operator interface such that a potential exists for
the operator to slip (i.e., manipulate the wrong controls) when
implementing the correct action? (yes@ Explain:

w & J M W n rA J .
.

8. Is the potential for selection of a nonviable option high,
medium, low, or

1

0495G061386HAAR B-290
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TABLE 2-8 (continued) |

A !

td Sheet 13 of 13 1

Human Action Identifier:
!

K. Summary Sheet ~

.-

From B. What type of behavior is required? S'#/6 C j

From C. Description of plant interface? [4 / -d
1

From D. Expected stress level for each scenario group?

Group A /A9W Qub& $TE C bl {M tAfl^)c/ \d
Group B V {

' '

Group C
|Group D
|Group E
,

From E. Experience level of operating team Mvf f' ;.

From F. Time available to perform correct action doma-
.

Best estimate of time to diagnose 9~, {.

''
From G. Additional credit for rediagnosis due to plant feedback?

% Arriving crew members? W:'
O-

,

From H. Need to account for dependence with other actions for each
|scenario group? |

,, 4 # 21Group A '' oto .
Group B

|Group C
|

Group D ;

From I. Potential for incorrect diagnosis leading to failure? |- z~ :

From J. Potential for selection of nonviable option? Vl#7 *V

Type of human action

| | Backup to an automatic action

| | Detract from an ESAS response
.

@ Recovery of a failed system via realignment

| | Planned manual action
.

I I Action may lead to an extended outage; e.g., due to
contamination.O

U495G061286HAAR
B-291
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. TABLE 2-7. DYNAMIC HUMAN ACTIONS QUESTIONNAIRE ,

,

!
i( Human Action Identifier:_ H bT | Sheet 1 of 11

!

A. Description of Human Action
|
I1. Objective (task to be performed and failure criteria): i

Operator fails to take action to prevent boron I

(
concentration effects, following a LOCA when '

,

the plant is in recirculation from the containment
i

sump. 1
4

!

i

!
1

1

|
.

2. List split fractions that include this human action.
;

\
MA) BT-| i

|
l

1

O
-

!
i
|

l~

3. Situation (initiating events and plant conditions, support system istates): collect into separate scenario groups for evaluation.
IEmphasize factors affecting response time and stress level. '

Copes b M b*.
,

. . Lo ca Edk M *'S #^ M "'
,

*
9

0
0394G011386
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TABLE 2-7 (continued)

Human Action Identifier: N IW | Sheet 2 of 11
'

B. Cognitive Processing Type:

k Is the operator familiar with the action? (tje r) ' ) !

D If yes, by what means? a r quent, ,

perfomance)
,

@ Does this action adict operator training, rules of thumb, or
intuition? (yes, o

Is this action included in simulato,r training? h, no)2 e !go.o Q
are bese ac+Ju renesd 4. b;y)ekthosehve.( iplic ble descriptions of actions:

(J |

Skill-Based

| | Routine action, procedure not required.

| | Routine action, procedure required, but personnel well
trained in procedure.

Action not routine, but unambiguous and well understood by
operators who are well trained.

| I Action is listed in procedures for turbine trip or reactor,
trip.

Rule-Based (procedures)

R Routine action, but procedure required; operators not well.

trained, or precedure does not cover. .

.

R Not routine, action unambiguous and well understood, but not
well practiced. -

'@ Action described in emergency procedures, but not for
turbine trip or plant trip.

,

4

9

Knowledged-Based
,

R Not routine, action anbiguous. -

C Not routine, procedure does not cover.

| | Not routine, procedure not well understood.

U Decision to act based on a rule-of-thumb, but not in
emergency procedures. g

Decide on one. What type of behavior is reguired? , C

.

0394G011386 B-294
_
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TABLE 2-7 (continued)

Human Action Identifier: M DT 1 Sheet 3 of 11

C. Operator / Plant Interface (items on which operators will key to base
judgment)

]1 Instruments and readings that trigger action (identify procedure
number and sto) if applicable):

axw ...

5PN *b "5 bAla. Are.dI
Nh

'

([ Alarms (name, location, audible, visual):

Ilh
.

;h om re will action first bu attempted? other -

@ Is#c rdination between operators required?
,,

h Is there corroboration among indications? (very good, some, none)

eck moNa'pplicabutae A b6 %h u %se< Mhsy4iaw,W'

y
le descr ption of plant inte

. Nb
M Excellent. Same as below, but with advanced operator aids to

help in accident situations.-

,

*
.

O Good. Displays carefully integrated with SPOS to help operator.

@ Fair. Displays human engineered, but require operator to
.

integrate information.
'

-
.

1

O Poor. Displays available, but not human engineered.

g i Extremely Poor. Displays needed to alert operator are not *

directly visible to operators.,

.

0394G011386
-
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TABLE 2-7 (continued)

O1
Human Action Identifier: WOTI Sheet 4 of 11 i

D. Stress Level

th rol room team expected to have a high work load?

!

2. Why is this_ action needed? (backuo to an automatic action, |

require ,anuaGaction, recovery c7 failed system, defeat ESAS
response

.

@ Will this action contaminate a portion of the !

lant or otherwise ,d p , ,result in an extended plant shutdown? (yes no sp%

h Are there any system failures that complicate this action? h
one, multiple)

,

@ Is this action the opposite to the resp quired in another
procedure or to general training? (yes ;

i

I
What are the expected work conditions for the crew?

'

O Vigilance Problem. Unexpected transient with no precursors. ,

@ Optimal Condition / Normal. Crew carrying out small load
adjustments.

*

.

!

I I High Workload / Potential Emergency. Mild stress, partway through
accident with high work load or equivalent. , ;|

-

|

U Grave Emergency. High stress, emergency with operator feeling,
threatened. i,

|

Assess stress level,for each scenario group.

Scenario Group Stress. Level Coments
,

d A.
!

B.

C.

g/ D.

0394G01.1386 B-296-
.
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TABLE 2-7 (continued)

O a# actio 18 #tir4er: wori s8eet s er 11
|
,

E. Experience Level of Operating Team j
(specific team member wno woulo perform the action) -

O Expert, Well Traine ' Licensed with more than 5 years
|experience.
|

.

!

@ Average Knowledge, Training. Licensed with more than 6 months iexperience.
;

,

O Novice, Minimum Training. Licensed with less than 6 months
{experience.-

;

|

!
:

i
4

0
.

.

'

t

!
- ;

!

!.

!
;.

:
<

.l
o

e

O
1*

. ,

0394G011386 i-
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TABLE 2-7 (continued)

Human Action Identifier: M DT l Sheet 6 of 11

F. Response Time Available .

N. What is the timing of the first indications for the operator
action? e'M % (in time since initiating event)

2, When may the operator first act? (in time from initiating event),

L

h When is the last time allowed for the operator to take action and
be successful? ppenowy

Measured as median time since initiating event L u i W k+ N
or as time since first indications

4',. Estimate the median time to carry out the action, once decided to
pursue. b m'i,.oE

Estimate the median time available for the operator to decide to
perform the correct action. Measure the time available from when
he would first turn his attention to the indications until the
last time available. 24 M o M A

,

.

Sc m ase Time 6v^#td dest Gr,me,TE T@E To TEMW
Gaur %rret@CES gm ce,ev, CFT,Mtis MWosu GE;T (.31sc:V A-

'

)%CN l5 | (t Sh >=

.

O

O

O
'

0394G011386 8-298
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TABLE 2-7 (continued)

Human Action Identifier: HDTl Sheet 7 of 11

i

G. Recovery from Earlier Misdiagnosis ;

i

1. What significant new indications are there to tell the operator !
that an earlier diagnosis was in error? |

Nh |
!

-

!

!
>

l

2. Does the additional plant feedback occur p\rior to the allowed i
time for successful action? When? N/ |,

. \,~

l
'

,

;

!

1

3. Is the time available for the correct action sufficient to allow I

newly arriving crew members to participate in the decision?
(i.e., Is the error rate essentially time independent?) h no)

...

4. During the time available for diagnosis, what new crew members , I

will be able to address the problem? [e.g.,None, Shift '

Technical Advisor (STA), S/$ Emergen:y Response Team] 8 M .'3

4 a . M M p'i d w o e e t bl' * " . be dechred i |
Guss At_g .7

@* * LOCA ,

eA Should addii.iona ,ccedit be given because of, additional plant !

(yes g)'M jfeedback?

og Should addi al credit be giver, because of newly arriving crew !
. members? es no)

|,

.

km
S&*$"'o B77 g gA,g

.

!

!
'
;.

:
-

i

; O :
i

.i

0394G011,386 B-29a
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TABLE 2-7 (continued)

Human Action Identifier: M D7- / Sheet 8 of 11

H. Dependence with Other Human Actions in Same Scenario

1. Have other errors of human actions occurred in this scenario?

k

2. How much influence do previous human errors have on this action?
(significant,same,none) IJh

3. Are other actions being performed serially or n paralle)
(Attach operator time line if necessary to desc eV

O
3a , Arc -the re 8""f P''56"*l 8'*d & M '^ * '#" D ## '

Must a specific dependence with another human action be accounted
for? JJp 4,

Scenario Group (Yes/No) Coments

A.
.

B.
.

C. *

D.

O
.

'

0394G011386 B-300
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TABLE 2-7 (continued)

Human Action Identifier:E T) Sheet 9 of 11

1. Potential for Confusion in Diagnosis, leading to Unsuccessful Resoonse

1. Are there procedures available to instruct operator to perform
the action? @ no) , Identify by number (2io 7 q..,

,

If no procedures apply, is the operator trained to p(erform)b sot VM I2. the'

specific action? (yes,no)yA
3. Which initiating events may lead to a need for this action?

VL M % Lt.,i

4. Do each of these initiating events result in the plant physical
conditions neces to enter the procedura encompassing this
human action? e no) If no, identify by initiator

'

-.

5. Which other procedures have entry conditions similar to the
procedure encompgsing this human action? Identify by number
|UO -(p') \M 'l

,

'

G. Do the indications describing the entry conditions for other
procedures differ from the correct procedures only by parameters
not normally keyed on by the operator?e (yes, no) If
yes, identify A/A .

7. Is the stress level at ime of selecting the proper
procedure high, mild, ptim , o. very low?

8. Is the operator trainid to t the actual situation to be of
extremely low frequency? ye no)

.

Ba. Is the potential for an incorrect diagnosis le un <

operator-induced failure high, medium, low, o ry 1

9. What is the likelihood of the operator initi 47 Entering the
wrong procedure? (likely,somewhat.likely likel,

Identify by number
_,

10. If the incorrect procedure is entered, does it direct the '

operator to: ,

M Not do any related action?

| | Perform an action that makes things worse? Identi fy

| | Perform the correct action anyway? -

11. What top events are likely impacted in some way that makes
recovery more complicated prior to the successful
rediagnosis? M

0394G011386*

'
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TABLE 2-7 (continued)

Human Action Identifier: MDTl Sheet 10of11h

J. Potential for Selection of Nonviable Action (assuming a correct
diagnosis)

1. Are procedures available to instruct the operator to perform the
action? g no) , __,,

2. Is discretion given to the control ro as to the proper
option among several to be selected? no) .,

3. Are any of the options no 'a for any one of the scenario
groups identified? (yes Identify:

4. Is more than one option pursued in parallel? (yes -, ..

5. If no specific procedures apply, are there other plausible
options that are nonviable? (yes,no) Nf , Identify:

O
53. If h n werd 4 alm pm4vEly uxAd % ab sMll bc. swaufM

)M -& ktwCSukub/wnf |Wabrg'
6. If a nonviable solution is selected, are sufficient cues and time

available to later pursue a viable option? (yes,no)
Identify cues: g

I

l

1.

i

7. Is the plant / operator interface such that a potential exists for
the operator to slip when implementing the correct action?
(yesg Explain: -

,

(.

|
|

|

8. Is the potential ,or4 el ion of a nonviable option high, j
medium, low, o ery low .

|

|-

'

0394G011386 I
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TABLE 2-7 (continued)
,

!

( |iuman Action Identifier: WDT / Sheet 11 of 11

K. Summary Sheet

From B. What type of behavior is required? 9 a [c- f

from C. Description of plant interface? L,r !

Prom D. Expected stress level for each scenario group?

Group A ep >Ji
,

Group B :
Group C [
Group D t

Group E

From E. Experience level of operating team A um . .
f

From F. Time a,ailable to perform correct actions 2 V 4,,,,,r
Rest nk . a.1 e . % e h c'r'*p hu c. t c kw/.

'

From G. Additional credit' to rediagnosis due t'ola'nt feedback?~

A /, Arriving crew members? Fw U I e ~ # i

er
From H. Need to secount for dependence with other actions for each i

scenario group?

Group A E i
Group 8 i
Group C |
Group D !
Group E i

,

From I. Potential for incorrect diagnosis leading to failure? h,., /,,y
i

I

From J. Potential for selection of nonviable option? Vn v low ;

fit.wA~uW od%

4

.

O
.

'

0394GL11386
'
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TABLE 2-7. DYNAMIC HUMAN ACTIONS QUESTIONNAIRE

I

Human Action Identifier: HEFd Sheet 1 of 11 ff

!
A. Description of Human Action

i

1. Objective (task to be performed and failure criteria): !
,

Operator fails to replenish the 2-hour backup
air supply after a loss of offsite power
in which the instrument air compressors were ;

not successfully loaded on
to a diesel generator in time , or to send ,

an auxiliary operator to open the EF-V30s.
_

t

i

|
r

2. List split fractions that include this human action. |

GFW EF-| (OMm. balbe)
EF 9 - GF ~j { Of. A n )
f FE ' I1F -1 ( of. A m. o+/0 0 i

Fr-| ( cp, Arn .pfyg )

i

:,
,

3. Situation (initiating events and plant conditions, support system !states): collect into separate scenario groups for evaluation.-

Emphasize factors affecting response time and stress level. ,

!

1m , & W w bN'

& >24cg
U

6/
w A zc~&dM /,;:e6L_.., A qw.A L d m ,

p. m c n a ~ n.o. m A A A.

wu n A # ' '

. w .., c , a ,.,1 ,t. g w . .s i. .; s. 6 .v

//M.(.:> ( o b.nd "A yr. ic

O
I

0394G011386
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TABLE 2-7 (continued)

O
Human Action Idtatifier: MGFI Sheet 2 of 11

B. Cognitive Processing Type:

k Is the operator familiar with the action? 0.4o r) ' 3
,1: wida r.:.tia r se ve3r fa uterD If yes, by what means? (grocedures, training frequent

performance)

@ Does this action contradict operator training, rules of thumb, or
intuition? (yes @
Is this action included in simulato training? (yes,

ck those hve4 are bese & hic rea,rW ..4rg4 )? @S </pgWo.o.{re
plic'able descriptions of actions: _

-

/

Skill-Based

| | Routine action, procedure not required.-

| | Routine action, trocedure required, but personnel well
trained in proct..ure.

U Action not routine, but unambiguous and well understood by hoperators who are well trained.

Action is listed in procedures for turbine trip or reactor.
trip.

.

Rule-Based (procedures)
.

-

Routine action, but procedure required; operators not well.

trained, or procedure does not cover. .;

y Not routine, action unambiguous and well understood, but not '

well practiced. -

i

, C Action described in emergency procedures, but not for
turbine trip or plant trip.

Knowledged-Based
,

C Not routine, action ambiguous.

O Not routine, procedure does not cover.

C Not routine, procedure not well understood.
. Decision to act based on a rule-of-thumb, but not in g-

| emergency procedures, .

|

Decide on one. What type of behavior is re_ quired? OL t
|

'

B-306
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TABl.E 2-7 (continued) ;

Human Action Identifier:__M E F l Sheet 3 of 11

C. Operator / Plant Interface (items on which operators will key to base
judgment)

1 Instruments and readings that trigger action (identify procedure
numb

J/o(, b'r and sto) if applicable): 6 4/d '

!

( f uJ 4 Y.4. b & b Y S f
Gm'

A pu_,,,_y _fon*j p ,

l d "5la. Are M5P ay ' * GN '' "
f ;

@ Alarms (namelocation, audible, visuale cm.M M): ,

C
7 !

CRJ SA cbl etWA '.

;n u u 3
-

,,

i

'

:) From where will action first be atta pted?w M(control room, other -s peci fy ) Zacd.L d er'- V- S a 's e. {n v

@ IsYo' ordination between operators required? (yes, @
,

,,

ih Is there corroboration among indications? (very good, h none)

applica$ledescr1ikk.;ofplantini.erface:vochKm sMaQ>A bsycN,vewgbgeckmo k<., b ideha
ption -

;

;

I~~"I Excellent. Same as below, but with advanced operator aids to
!

help in accident situations. |
-

:i
*

'

\
.

*

Good. Displays carefully integrated with SPDS to help operator.-
t,

g Fair. Displays human engineered, but require operator to '

;incegrate information.
. -

L_j Poor. Displays available, but not human engineered.
%

\ i Extremely Poor. Displays needed to alert operator are not .
directly visible to operators..

O
'

0394G01.1386
'

'
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TABLE 2-7 (continued)

Human Action Identifier: W 6 FJ Sheet 4 of 11

D. Stress level

Is the control room team expected to have a high work load? I

(yes,@ , _ .

2. Why is thi etion needed? (backup to an automatic action,.

require manua action, recovery of failed system, defeat ESAS
response)

~

..

h Will this action contaminate a portion of the
lant or otherwise ,f p ,result in an extended plant shutdown? (yes, no spiG i

h Are there any system failures that complicate this action? one,
one, multiple).

@ Is this action the opposite to the respons required in another
procedure or to general training? (yes,n

.

What are the expected work conditions for the crew?

[ Vigilance Problem. Unexpected transient with no precursors.

m
8 Optimal Condition / Normal. Crew carrying out small load

ad,justments.-

-

.

.I

W High Workload / Potential Emergency. Hild stress, partway through
accident with high work load or equivalent.- -

'' L co p '' '

I | Grave Emergency. High stress, emergency with operator feeling,
threatened. .

.

Assess stress level for each scenario group.
.

Scenario Group Stress. Level Coments

d A. "A !
I

B.

C.

/ D*

1 .

| 0394G011386 B-308
'
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TABLE 2-7 (continued)
:

() Human Action Identifier: b4 Ei f?1 Sheet 5 of 11
I

i

E. Experience Level of Operating Team !

(specific team member wno would perform the action) |
:

!

[[[] Expert. Well Traine ' Licensed with more than 5 years ;
experience. i

-

t
.

[E[] Average Knowledge. Training. Licensed with more than 6 months
'

experience. I

[[[] Novice, Minimum Training. Licensed with less than 6 months |experience. ;..

i
:
!

!.

!

i
;

!

,

.

.!
-

.

l.

!

.

4

O
,

e

j .
'

0394G011386 B-309
*
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TABLE 2-7 (continued)

Human Action Identifier: M E F'.I Sheet 6of11g

F. Response Time Available

N. What is the timino of the first indications for the operator
action? _. 2 6 (in time since initiating ev.ent)m _

% *

.. .
-(

f, When may the operator first &ct?W(in time from initiating event)A- 4. S'M
s aw + 4 asa AA -

(, When is the last time allowed for the operator to take action and
be successful?.

Measured as median time since initiating event S. qkowrt s
or as time since first indications /

.

4. Estimate the median time to carry out the action, once decided to
'' fri >Pursue. m.

Estimate the median time available for the operator to decide to hperform the correct action. Measure the time available from when
he would first turn his attention to the indications until the
last time available.

.

e

SC D4 pO4 Tiet. MAMid *dCT km ATC TiWE TO TETLitRF'

OF T[ME T3 M(r+8Clu GET (O uT ETN M-b84JP ""JiFFr W-MS Em (ce n nv ,

p y'& 2t 5 twia"r*1 $nok

& EM Aj A b"^' #''d /M
i
)-

|

1

|

e
;.

.

'

0394G011386
,

'

B-310
,
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TABLE 2-7 (continued) :

Human Action Identifier: H EFl Sheet 7 of 11 !

G. Recovery from Earlier Misdiagnosis

1. What significant new indications are there to tell the operator
that an earlier dia nosis was in er r?
& YS /

A , ., ,

'

& i, u, <.as ,.,n hu g 2 n unc ~, ..

2. Does the additional plant feedback occur prior to the allowed
time for successful action? When? m

'b& bO~

g ,

_ yp A QM ~ ~4
3. me available for the correct action sufficient to allow |newly arriving crew members to participate in the decision? ;

(i.e., Is the error rate essentially time independent?) @no)
~

Q ..:.
|

4. During the time available for diagnosis, what new crew members . i
will be able to addr th oblem? f e .o. . NoqtuShi f t

~

.

Technical Advisor TA) .S/ ; 3 Emergency Response Teajir) 7

%, 9 M p*i* woJo .u.% be
dechred '. j

p r w!iidh "#-
. ,

site enz w - '
,

eA Should additi al credit be given because of additional plant
feedback? yes no)

eB Should addi al credit be given because of newly arriving crew
members? no).

.

%

60MT 6)aaSgno ,
.

.

O
'

0394"011386
'

.

'

B-311
,
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TABLE 2-7(continued)

Human Action Identifier: ME F.f Sheet 8 of 11

H. Dependence with Other Human Actions in Same Scenario

1. Have other errors of human actions occurred in this scenario?

" 'l+S , Q M ey L} ed b >- e % a s %p rws
6 # ., 'ep Gf(b

2. How much influence do previous human errors have on this action?
(significant,same,none) #

%y (ww b e cc~a e c h f f w T-

7 er r.% wy,.0d esph d ad ^ 'chv:(f % t 1-,c

.

3. Are other actions being performed serially or in parallel?
(Attach operator time line if necessary to describe.)

f b h m .k er~ @ (L y d c6 ) f >> m (b
p c/ b b $ We a das,/.ht-<YsJe$ f1,sb/w

e

Are 'he re odi P''5''"'1 "w^^ ^
.

. . ,

# "##" D* "'3a.
las)

Must a specific dependence with another h n action be accounted
for?

YY AA*|
'

-

Scenario Group (Ye /No) _Cornents

/*ft'A ' Art * ~ ' A ''' ' " |A. '|n 50V) d
'

\<r m- z
B. '

*

.

C. '

.'
D. .

i

G
'

.

o
'

0394G011386 B-312
-
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TABLE 2-7 (continued)

O Human Action Identifier: MEFI Sheet 9 of 11

I. Potential for Confusion in Diagnosis, Leading to Unsuccessful Response

1. Are there proc ures available to instruct operator to perform v t

the action? ye no) , Identify by number Ark - NoVN
..

,

v t. //0 G-6 !
2. If no procedures apply, is the operator trained to perform the !

specific action? (yes, no) g 4 |
'

3. Which initiating events may ead ,to a need for this action? !
LocP w/o dasur s W ?

ort n o'ot.,- MLL6 sh k IO |4.p~Do each of these initiating events result in the plant physical
.

conditions necessar to enter the procedure encompassing this t

human action? yes no) If no, identify by initiator-

,

*
i

5. Which other procedurts have entry conditions similar to the
procedure encomp gsing this human action? Identify by number-

!,

6. Do the indications describing the entry conditions for other I
'

procedures differ from the correct proceduresp($}
by parameters !O not normally keyed on by the operator? (yes. 11,

yes, identify . ;

7. Is the stress lev t the time of selecting the proper '

procedure hig mil ptimal, or,very low?
|

'

Is the operator train 'd to exp@ect the actual situation to be of
.

8.
extremely low frequency? (yes !,

Bs. Is the potential for an incorrect diagnosis leading to an 'j
operator-induced failure high, medium,@ or very low? q

|
9. What is the likelihood of the operator initiaUy entering the |

, wrong procedure? (likely,somewhat likely,(nlikely) |

Identify by number
,

*

10. If the incorrect procedure is entered, does it direct the
'

operator to:
* '

C Not do any related action?

gA Perform an action that makes things worse? Identify

O Perform the correct action anyway?'

.

$\. What top events are likely impacted in some way that makes
recovery more complicated prior to the successful
rediagnosis? Ef * ..G r-

0394G011386*

B-313
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TABLE 2-7 (continued)

Human Action Identifier: M E F.i Sheet 10 of 11

J. Potential for Selection of Nonviable Action (assuming a correct
diagnosis)

1. Are procedures available to instruct the operator to perform the
action? @ , no) , , _ ,

2. Is discretion given to the control room te,:a as to the proper
option among several to be selected? (yes,@ .,

2. Are any of the options nonviable for any one of the scenario
groups identified? (yes @ Identify:

_

-

4. Is more than one option pursued in parallel? no) ..

5. If nr specific procedures apply, are there other plausit,le
optic.ns that are nonviable? (yes @ Identify:, , ,

O
Sa. If % n were 4 alm vElg pAA -k an sMI Lc. swaufJd .

6. If a nonviable solution is selected, are sufficient cues and time
available to later pursue a viable option? (yes,no)
Identify ches:-

.

.

7. Is the plant / operator interface such that a potential exists for
the operator to slip when implementing the correct action?
(yes@ Explain: .

~

.

8. Is the potential for selection of a nonviable option high,
medium, low, orgery low)

,

*

0394G011386 g, g
.
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TABLE 2-7 (continued)
~!

'

;

Human Action Identifier: W6FI Sheet 11 of 11 I

i

K. Summary Sheet !

From B. What type of behavior is required? 8" bF

From C. Description of plant interface? F., c '- !
_

From D. Expected stress level for each scenario group? |
.

Group A PN' rid Emap. |
Group B
Group C i
Grcup D i

Group E
!

n
-

{From E. Experience level of operating team mim
.

uo,, o 'i i

From F. Time available to perform correct st4ctr 2 4 4 e" - S W. 7 V 4avi
c

(k.t1 erla.,nte e; s. ,% +, ><'< w .tv s .1 t.r. l

From G. Additional credit to rediagnosis"due to plant feedback? !.

'/e c Arriving crew members? SI 4 6.7 ,1 s w |

From H. Need to account for dependence with other actions for each
scenario group? i

$"^2 ' Y ''
'$ Y'W S''f' f 11 AW

Group A 46 |+'''n' trio'r 't.
Group B h reeste|,le'rf a& (n n yjist; :y h v' - ,

uGroup C ,

Group D I

Group E |

From I. Potential for incorrect diagnosis leading to failure? ! .s

Frem J. Potential for selection of nonviable option? t/er , l >'s (
!,

|2 e ces e, Goda ! fy'h>, j

I

.

1

l *
.

O
.

0394G011386

B-315,
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TABLE 2-7. DYNAMIC HUMAN ACTIONS QUESTIONNAIRE

Human Action Identifier:- HEF 1 Sheet t of 11 g,c -
--

A. Description of Human Action

1. Objective (task to be performed and failure criteria):

Operator fails to properly control EFW flow
locally after a loss of automatic control.
System actuation was previously successful.

.

2. Litt split fractions that include this human action.
.

er n s F-t ( of. sm.DA h2 )
GFD WF-| (or, A M

Q MC e r-- t (op. w .<>A/sc)
CF9 Cf~r(or,An.vn/ve)
N CF-|(e4,6,n)

.

,
'

3. Situation (initiating events and plant conditions, support system
states): collect into separate scenario groups for evaluation.
Emphasize factors affecting response time and stress level.

(<T,' L oo P Ln & G S f'*'##

.

O

O '

t

0394G011386 B-317
'
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TABLE 2-7 (continued)

Human Action Identifier: Nff1 Sheet 2 of 11

B. Cognitive Processing Type:

k Is the operator familiar with the action? Q.4o g-) ' b
b uM.ib ce v (w.it ,

D If yes, by what means? Qrocedures, train frequent
performance)'

@ Does this action contradict operator training, rules of thumb, or
intuition? (yes @

are 4 Lese k+Ja reve4,: 4ra;) h
Is this action included in simulato,r training? (yes.
%.u k veal a t/A. S

,
ck those plic ble descriptions of actions: '/

Skill-3ased

, I I Routine action, procedure not required.

| I Routine action, procedure required, but personnel well
trained in procedure.

Action not routine, but unambiguous and well understood by goperators who are well trained.

R Action is listed in procedures for turbine trip or reactor.
trip.

'

Rui gBased (procedures)

[ trained, or procedure does not cover.kodine action, but procedure required; operators not well
. ,

.

R Not routine, action unambiguous and well understood, but not
well practiced. -

' C Action described in emergency procedures, but not for
turbine trip or plant trip.

Knowledged-Based
,

,

Not routine, action ambiguous.

[ Not routine, procedure does not cover.

R Not routine, procedure not well understood.

C Decision to act based on a rule-of-thumb, but not in g,,

emergency procedures. .

Decide on one. What type of behavior is required,7 N/ d
'

0394G011386 B-318 '
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TABLE 2-7 (continued)

Human Action Identifier: M6fA Sheet 3 of 11

.

C. Operator / Plant Interface (items on which operators will key to base ;
'

judgment)
{

]1 Instruments and readings that trigger action (identify procedure ;number and stop if applicable): !

Or Ddec:riddMr.os ecuuTA ol A * * * YW G & kaf i.

pcTunNO
,

4 F4) WW
h Alarms (name, location, audible, visual): L

/ a - (.'s U d" 0 756.
,

.

:h Fr re w on f tempted? (control room, other -

@ Is#ch rdination between operators required? /*

if Is there corroboration among indications? (very good, @ nond

ge s tua.p, m , k @ brycig,veyy*J
s 3

gek mo t applicagle descr}ib kj mhlveAa5 ke, b ide steu
ption plant inte ace:

-

M Excellent. Same as below, but with advanced operator aids to
help in accident situations.- -

,

. .

'

Good. Displays carefully integrated with SPDS to help operator.
'

@ Fair. Displays human engineered, but require operator to
integrate information. ;

.

'
'

(.
.

Poor. Displays available, but not human engineered. ;
,

T-~l Extremely Poor. Displays needed to alert operator are not . '

directly visible to operators. |.

|
..

;

i

o ;.

.

-

0394G01.1386 B-319
-

|
-
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TABLE 2-7 (continued)

Hur.an Action Identifier: WG/2 Sheet 4of11g

D. Stress Level

e ntrol room team expected to have a high work load?

2. Why is this action needed? @ to an automatic action,-

required manual action, recovery of failed system, defeat ESAS
response)

..

@ Will this action contaminate a portion of the lant or otherwise
qw if p ,result in an extended plant shutdown? (yes no g

h Are there a ystem failures that complicate thir action? (none,
**** 1buxe. o F ,C4+7 ** k v& 4$s

.

@ Is this action the opposite to the resp equired in another
procedure or to general training? (yes

.

What are the expected work conditions for the crew?

ii

O Vigilance Problem. Unexpected transient with no precursors.

R Optimal Condition / Normal. Crew carrying out small load
adjustments.

*
.

$ High Workload / Potential Emergency. Mild stress, partway through
, accident with high work load or equivalent.-

.,

Grave Emergency. High stress, emergency with operator feeling'
threatened. |

,

-

Asse'ss stress level,for each scenario group.

Scenario GrouD Stress. Level Coments '|

d A. I

!

B.

C. |

, D.

G
~

,

'

0394G011386
-

-

'
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TABLE 2-7 (continued)

( Human Action Identifier: b44E/#d- Sheet 5 of 11

E. Experience Level of Operating Team
(specific team memoer who would perform the action)

Expert, Well Traine ' Licensed with more than 5 years
experience.

[E[] Average Knowledge, Training. Licensed with more than 6 months
experience.

[[[] Novice, Minimum Training. Licensed with less than 6 months
experience.-

.

.

O
.

4

*e

4

e

e

0

e

4

6

0
.

e
'

0394G011386 B-321
e ..

e



1

TABLE 2-7 (continued)

Human Action Identifier: M d#~A Sheet 6oflig
F. Response Time Available

N. What is the timing of the first indications for the operator
action? 2 3 MA (in time since initiating event)

h When may the operator first act?
no-r Jo-ism W%(in time from initiating event)

.

&

c ko ->s -16 "'A'* W "'

, i

h When is the last time allowed for the operator to take action and '

be successful?.

Heasured as median time since initiating event E l-. ..w.
or as time since first indications 46 ma4x-d

-

Estimate the median time to carry out the action, once dere. .i +g,.
c

4. cided to
" pursue. /s m D

Estimate the median time available for the operator to decide to
perform the correct action. Measure the time available from when
he would first turn his attention to the indications until the
last time available, p a - p '3 M

.

S

Sce488u' T+ c M^ u aK acrr Err, w Time To f(nned
Gs4>r "o Wret e cES stn ce,3 nv. cr wt n M6*cs u BET to*a mv "

k hl. ] m$ . IS

.

.

+

e:'

'
.

'

0394G011386
B-322
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TABLE 2-7 (continued)

Human Action Identifier: HEF1 Sheet 7 of 11

G. Recovery from Earlier Misdiagnosis

1. What significant new indications are there to tell the operator
that an earlier diagnosis was in error?

SPOS al w & ( P-S A J.r d
/ ' gCS p ' kalwoo'a. M a
og acs 4 an .

2. Does the additional plant feedback occur prior to the allowed
time for successful action? When?

W'
-

W /Q-/5&.
.

3. Is the time available for the correct action sufficient to allow
newly arriving crew members to participate in the decision
(i.e., is the error rate essentially time independent?) yes no)

- :.

4. During the time available for diagnosis, what new crew members
will be able to ad t blem? (e.g.,None, Shift
Technical Adviso (STA , Emergency Response Team]

3

b h re d '.
%.pavAM pbtwoA &navr& Gwf* gc s fm% e dec

.

&G "
.

-

site PREb -

eA Should addit I credit be given because of additional plant
feedback? no)

es Should additional credit be given because of newly arriving crew
. members? no)

,

,

.

O
'

'

0394G011386'

-

B-323 '
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TABLE 2-7 (continued)

Human Action Identi.'ier: MFA- Sheet 8 of 11

H. Dependence with Other Human Actions in Same Scenario

1. Have other errors of human actions occurred in this scenario?

/t)b; fowb/, il e ab, up ny..,, so e .acaneo f /Gu.au

2. How much influence do revious human errors have on this action?
(significant,same, on )

Ap.w r- -m e ,
.

.

3. Are other actions being performed serially or in parallel?
(Attach operator time line if necessary to describe.)

hm; OOPs

Ja. Are here odi Personalwahoh e m o4 nueug W~si
ye /ne)

Must a specific dependence with another hum n action be accounted
for?

'' ns

Scenario Group (Yes/No) Corrents

A.
.

B.
*

.
' *

C. *

.

D. -

G
,

.

0394G011386 B-324
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TABLE 2-7 (continued) !

!

Human Action Identifier: M #fA Sheet 9 of 11

I. Potential for Confusion in Diagnosis, Leading to Unsuccessful Resoonse

1. Are there procedures available to instruct operator to perform i

the action?
no ) ' r'. - - k-d,/3/0 ~/0

Identify by number //04- d. .
'

;/1
If no pr/b-yoceduresappy,1/theoperatortiainedtoperformthe

*

2.
specific action? (yes, no) g ;

'

3.
Which initiating events may lead to a need for this action W QJ oo P,F0cass - 'p t 7:> ower A gpu) yleu y

V.ib/ P m />GFO YLess etM i

4. Do each of these i itiating events result in the plant physical !
conditions necessary to enter the procedure encompassing this
human action? @ no) If no, identify by initiator i

,

*
.

5. Which other procedures have entry conditions similar to the
;

procedure encomp g sing this human action? Identity by number ;

'?n'/ kf" ,
,

6. Do the indications describing the entry conditions for other !
procedures differ from the correct procedures only by parameters
not normally keyed on by the operator? (yes,@ If

q yes, identify .

7. Is the stress level t the time of selecting the proper
.

procedure high Id optimal, or very low?

8. Is the operator traine'd to expect the actual situation to be of '

extremely low frequency? Qe no)
.

Ba. Is the potential for an incorrect diagnoLs leading to an 4i'

operator-induced failure high, mediumCow or very low? '

a ,

9. What is the likelihood of the operator init ring the i

. wrong procedure? (likely,somewhatlikely, like !
Identify by number _ _ ' , .

10. If the incorrect procedure is entered, does it direct the
operator to: *

.

C Not do any related action? '

pj U Perform an action that makes things worse? Identify

C Perform the correct action anyway? |
.

11. What top events are likely impacted in some way that makes
'

t

recovery more complicated prior to the successful '

rediagnosis? . .

0394GO1,1,386
-

- -

B-325.
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TABLE 2-7 (continued)

Human Action Identifier: M G #!L Sheet 10oflig
J. Potential for Selection of Nonvialle Action (assuming a correct

diagnosis)

1. Are procedures available to instruct the operator to perform the
action? @ no) . . . . ,

2. Is discretion given to the control room team as to the proper
option among several to be selected? @ no) .,

3. Are any of the options nonvlable for any one of the scenario
groups identified? (yes. Ono Identify:

*

6

1

. 4. Is more than one option pursued in parallel? (yes. h 3 g
5. If no specific procedures apply, are there other plausible /* .options that are nonviable? (yes,no) Identify: j, . . ,

/t) A '

9

53. If % acG 'were 4aW predur'ily uxAd % An sK|l k swauu.
f

6. If a nonviable solution is selected, are su.*ficient cues and time
available to later pursue a viable option? (yes,no)
Identify cues:

;

i

|

|
7. Is the plant / operator interface such that a potential exists for

the operator to slip when implementing the correct action?

Ab ~/ . - 0 'c w ,1 W

} fo W Y*| p.

8. Is the potential for selection of a nonviable option high,
medium, low, or

# 1

1
'

.

'

0394G011386 )
B-326,
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TABLE 2-7 (continued)

O
Human Action Identifier: Mf8IL Sheet 11 of 11

K. Summary Sheet

From B. What type of behavior is required? Sle N

From C. Description of plant interface? Fo.s

From D. Expected stress level for each scenario group?

Group A Fo64M Rgra cy
Group B
Group C
Group D
Grcup E-

From E. Experience level of operating team A% ,
e , .n -osa 't

- From F. Time available to perform correct acticn 04-3 = 0.7 A>r

Additional credit ~g %c T Du'~,nos e = .o y son-sfle.rF e.r + %d c r.
to rediagnosis d'ue to plant feedback?From G.

4. , Arriving crew members? 3 L4 4s
.

From H. Need to account for dependence with other actions for each
i

scenario group?
|

Group A / /A
Group B
Group C

'

Group D
Group E

.

From 1. Potential for incorrect diagnosis leading to failure? V~/ %

From J. Potential for selection of nonviable option? A / ~,

flac.k uy a w fJ. a.v%.] ;,.,

. .

9

O
'

,

e

B-327
0394G011386

. _ - - . . - - - - - . . - . - - _ _ . - - - _ . _ -



I

!

O|
,

.

.

9'
,

l

|

|

0

B-328

- -- - -__- - _____ __. _ * - ' " " " ''-eTww wy ,, , __ TN'N-'e'e*e- ,,.g. , , , _



1-

'

TABLE 2-7. DYNAMIC HUMAN ACTIONS QUESTIONNAIRE |

|
|

Human Action Identifier: HE F s Sh t i of 11 :

A. Description of Human Action

1. Objective (task to be performed and failure' criteria): ;

Operator restores instrument air by changing air |

bottles in the 2-hour backup air system (used in
the steam line break tree for a break in the ;
intermediate building).

.- j

i

:
;

;

|

2. List split fractions that include this human action.

EFG' E F'l (S E. 09.hk ) i

'

EF'3- eng ( se. oP. m. on/os) |

EFK-
O '

gg (sc.of, Am, s/G6 ) i
;

v
-

.

F

i

!

,

i3. Situation (initiating events and plant conditions, support system.

states): collect into separate scenario groups. for evaluation. i
Emphasize factors affecting response time and stress level. |

$ ,W$
g MM MA eA A,J \

'

\
- 2% nmM/ M^ ~' 1

'

-
.

O
i

.

0398G011335
B-329
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TABLE 2-7 (continued)

O
Human Actior. Identifier: MEN Sheet 2 of 11

B. Cognitive Processing Type:

k Is the operator familiar with the action? O_4o r) ' Y'

, \ = uiar:,Uar Sc vers (sy.nerD If yes, by what means? [ procedure M raining,(frequenp
Qerfo @ q

% Does this action con radict operator training, rules of thumb, or
intuition? (yes, o

Is this action included in simulator training? (yes,
%a Q 4Mr.ck those hveu% are %ese kW reAcad : M4 'plic'able descriptions of actions: 3 /,

Skill-Based

. y Routine action, procedure not required.

I I Routine action, procedure required, but personnel well
trained in procedure.

Iv i Action not routine, but unambiguous and well understood by
operators who are well trained.

| | Action is listed in procedures for turbine trip or reactor
trip.

Rule-Based (procedures)

| | Routine action, but procedure required; operators not well.

trained, or procedure does not cover.
.

| | Not routine, action unambiguous and well understood, but not
well practiced. -

~| | Action described in emergency procedures, but not for
turbine trip or plant trip.

Knowledged-Based
,

'

I | Not routine, action ambiguous.

C Not routine, procedure does not cover.

L_J Not routine, procedure not well understood.

| | Decision to act based on a rule-of-thumb, but not in
emergency procedures.

, 1.p ad; k |

Decide on one. What type of behavior is re_ quired,7 CFNC
,
'

0394G011386 B-330
|
|

-



r-

.

TABLE 2-7 (continued)

Human Action Identifier: M6N Sheet 3 of 11

C. Operator / Plant Iriterface (items on which operators will key to base
judgment) ,

Instruments and readings that trigger action (identify procedure

(p h-$0 f- $ E m f N E ^' ~ j0

L '1.A SP 35 i
~

Y cw|Y f :'

h Alams (name, location, audible, visual):
;

/f; X A m . '

.

.

,

.

:

:h From where will action first be attempted? (@ trol 7 other -~

speci, ) -r4_ % 4 J ti, CA

@ Is' $ ordi between operators required? (yes.h ,
,,

) Is there corroboration among indications? (very good @) none)

ism |% %g eM Lvk'u $le descr ption of plant int) face:s m' h , & % sydCE,ves. "O.%
eck mo ppli:a

C
'

C Excellent. Same as below, but with advanced operator aids to
help in accident situations.-

,

'

[_J Good. Displays carefully integrated with SPDS to help operator.
*

I t Fair. Displays human engineered, but require operator to |
integrate information.

|

.

O Poor. Displays available, but not human engineered.
.

E Extremely Poor. Displays needed to alert operator are not
directly visible to operators.

!

,

|
'

O
t

|
|

0394G011386 B-331
'
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TABLE 2-7 (continued),

e
,

'
.

Human Action Identifier: Wd F~) Sheet 4 of 11

D. Stress Level

Is the control room team expected to have a high work load?

@ no) ,

2. Why is this action needed? Ihackup to an automatic action,-

required manual action,(recovery)of failed system, defeat ESAS
response)_

..

h Will this action contaminate a portion of the
ant or otherwise ,d p , <

j
result in an extended plant shutdown? (yes no %E9

lAre there any system failures tha complicate this action? (none,
one,{ultipip) ph M ,_

@ Is this action the opposite to the t-espo equired in another
procedure or to general training? (yes ,

.

What are the expected work conditions for the crew?

If

[ Vigilance Problem. Unexpected transient with no precursors.

R Optimal Condition / Normal. Crew carrying out small load
adjustments.

p High Workload / Potential Emergency. Mild stress, partway throughaccident with high work load or equivalent..
-

,,,

L _j Grave Emergency. High stress, emergency with operator feeling
,

threatened.

Assess stress level for each scenario group.

Scenario Group Stress. Level Coments ;

5 A.
! !

B. i

C.

j D.

9'
t

0394G01.1386
* '

B-332
_
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TABLE 2-7 (continued)

Human Action Identifier: Mdd Sheet 5 of 11

E. Experience Level of Operating Team
(specific team memoer wno would perform the action)

R Expert, Well Traine ' Licensed with more than 5 years
experience.-

@ Average Knowledge, Training. Licensed with more than 6 months
experience.

O Novice, Minimum Training. Licensed with less than 6 months
experience.-

.

6

0
.

O

O

\-

|

|-

.

O
-,

.

0394G011386

B-333*
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TABLE 2-7 (continued)

Human Action Identifier: H 4F3 Sheet 6 of 11

F. Response Tine Available '

. |

9. What is the timing of the first indications for the operator ~

action? > 2 kou d (in time since initiating event)
r
2 When may the operator first act? (in time from initiating event).

c;& >2 f & S A A -

!

;

-

. {. When is the last time allowed for the operator to take action and
be successful?

Measured as median time since initiating event 2 b + 3 0M '
or as time since first indications 3e +a eA .,-

4. Estimate the median time to carry out the action, once decided to" pursue. R/AM
IT hukJe

Estimate the median time available for the operator to decide to |perform the correct action. Measure the time available from when
i

he would first turn his attention to the indications until the i

last time available. 6vM ;m, 6-- %- -C
,

3 0 - f s- nw a / ;c

. .

$C & W TIME. hAMLE 3C5T bjmq TlYME TO F N A.
h40# "O 6FFERENCES BM fct M ERV . F TeME TO MWC5(5 BEST (ousET:VW |

'"''( l *h A 3 s..,, :, . o7

.

S

I

O
t

| 0394G011386
'

B-334
I
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TABLE 2-7 (continued)

|
Human A'.cion Identifier: H 6F) Sheet 7 of 11

OV
G. Recovery from Earlier Misdiagnosis

1. What significant new indications are there to tell the operator ;

that an earlier diagnosis was in error? I

.A x b & U A"y.
,

.u ur-v-y F afk, cru er@
% - (y M r .c & & ' !

2. Does the additional plant feedback occur prior to the allowed
time for successful action? When? fzX > l

'

fY a.<l , h b o rS 6 '' " W
_

|
'

3. Is the time available for the i.orrect action sufficient to allow |
#newly arriving crew members to participate in the decision _?q |(i.e., Is the error rate essentially time independent?) (yes,'no

j& ~ ,;dem
,

'

. ..

4 During the time available for diagnosis, what new crew memb
will be able to address the problem? [e.g., Q Shift !

Technical Advisor (STA), is/S Emergency Response Team) |3

42. M M p'idwoe 'N bh*"h be derJwd 'i :

wr- ems ub GU A |

5tTE AREb - !
eA Should additional credit be given because of additional plant

feedback? @ no)
eB Should addit _iona redit be given because of newly arriving crew

.meatbers ? (yes,no ,

.

%

l

I
1

.

4

''
0394G011386-

-

'

B-335
-



|
j

1

TABLE 2-7 (continued)
|

91Human Action Identifier:_N6#3 Sheet 8 of 11

H. Dependence with Other Human Actions in Same Scenario

1. Have other errors of human actions occurred in this scenario?
A.2 6

1

l
i2. How much influence do previous human errors have on this action?

(significant,same,none)
NA |

.

3. Are othe.' actions being performed serially or in parallel?
(Attach operator time line if necessary to describe.)
5' - r&& C
ggdA/- /[ #A

E messy e -3a. Arc -bere es pe rsoud an,dak e ^do

Must a specific dependence with another human action be accounted
for?

A>b-
-

Scenario Group (Yes/No) Coments

A.

B.
-

.

C.
'

'

.

D.

G'

,

*

.

0394G011336 B-336
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TABLE 2-7 (continued)

Human Action Identifier: M#F3 Sheet 9 of 11

I. Potential for Confusion in Diagnosis, leading to Unsuccessful Response

1. Are there procedure vailable to instruct operator to perform |the action? (yes no Identify by number ., ,

2. If no procedures a is the operator trained to perform the
' specific action? ye no)

;

,

l3. Which initiating events may lead to a need for this action? i

h A 1.
4. Do each of these initiating events result in the plant physical

conditions necessary to enter the procedure encompassing this
human action? no) If no, identify by initiator

,

.

5. Which other procedure.s have entry conditions similar to the
procedure encomp gsing this human act:en? Identify by number jl',L& 3 $ ,L 2~dw ~i &.,

'

6. Do the indications descr bing the entry co?ditions for other
procedures differ from the correct procedure only by parameters
not normally keyed on by the operator? (yes If
yes, identify

O
. |

|
i7. Is the stress leyelAt the e of selecting the p:1per

procedure high,' mild, t or very low?

8. Is the operator trainid to ex ect the actual situation to be of
extremely low frequency? yes no)

. Ba. Is the potential for an ine.orrect diaonosis leading to_an '

operator-induced failura hich,G.edium) low, orgy low?
,e

9. What is the likelihood of the operator initially entering the
wrong procedure? (likely, somewhat~ likely,tunlikeID)
Identify by number

.

-

,

10. If the incorrect procedure is entered, does it direct the '

operator to: *

h Not do any related action?

Perform an action that makes things worse? Identify

C Perform the correct action anyway? i.

O What top events are likely impacted in some way that makes11.
recovery more complicated prior to the successful
rediagnosis? . .

0394G011386-

,

B-337 !
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TABLE 2-7 (continued)

Human Action Identifier: H6#3 Sheet 10 of 11

J. Potential for Selection of Nonviable Action (assuming a correct
diagnosis)

1. Are procedures ailable to instruct the operator to per orm the

M w f, !action? (yes / j
N'2. Is discretion given to the control room team as to the proper ## 'option among several to be selected? @ no) .,

3. L e any of the options nonviable for any one of the scenario I

groups identified? (yes g Identify:

1

~

!

kN4. Is more than one option pursued in parallel? o) -[ g.
~

85. If no specific procedures apply, ar here other plausible foptions that are nonviable? (yes Identify: ,;, . ,

G:
%. TC % & were 4su d ursl usAA % hG sM\\ \,c swauW'

6. If a nonviable solution is selected, are sufficient cues and time
available to later pursue a viable option? (yes,no)

,
Identify cues:

,

.

.

7. Is the plant / operator interface such that a potential exists for
the operator to slip when implementing the correct action?

w h )?O A ~

um su
I

8. Is the potential for selection of a nonviable option high,
medium, low, or very low? -

NM
,

.

0394G011386
'

B-338
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TABLE 2-7 (continued)
,

Human Action Identifier: W 683 Sheet 11 of 11

K. Sumnary Sheet !

From B. What type of behavior is required? Mb E*os L Jo e f
From C. Description of plant interface? Cyte, L R.w- ;v

From D. Expected stress level for each scenario group?

P b'I'' ol O' " #) * *TGroup A e
Group B

|

,

Group C
iGroup D :

Group E j

From E. Experience level of operating team /Iwsa !e,

e .w oyf is

From F. Time available to perform correct . action / r , .: ,
'

R n1 F % etr ., T.,, e s., y.s& v , ,, ,1,n .,, ,,. .; k.; , . |i
_

From G. Additional cre,dit to rediagnosis due to plant feedback?,

Or Arriving crew members? % uaaRT
,

From H. Need to account for dependence with other actions for each {scenario group?
|

Group A A ')

Group B
Group C
Group D
Group E

From I. Potential for incorrect diagnosis leading to failure? E, /~
.

From J. Potential for selection of nonviable option? N. r , ,,

0 w.v Mbri j;re,n

. ' wr -:. . .
,

_

O
'

.
'

0394GO1.1386

B-339
.
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TABLE 2-7. DYNAMIC HUMAN ACTIONS QUESTIONNAIRE

Human Action Identifier: HE Fl/ Sheet i of 11

A. Description of Human Action

1. Objective (task to be performed and failure criteria):

Similar to HEF1 except for the case when all
engineered safeguards electric power is lost.
Operator fails to replenist, the 2-hour backup
air supply or to send an auxiliary operator to
open the EF-V30s.

( u .w+ p 6 w *v q u e l c<.,1c k o t % 7 84,rewye< e r/ )

e

2. List split fractions that include this human action.

61 W

O
.

3. Situation (initiating events and plant conditions, support system
states): collect into separate scenario groups for evaluation.
Emphasize factors affecting response time and stress level.

AO W $Y, LW & 0 6&Ms

Losr.snaJss)pu es powe, c .

-

.

.

e 8

'

.

t

O
0394G011386 .

B-341,
,
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TABLE 2-7 (continued)

O-

Human Action Identifier: MCF9 Sheet 2 of 11

B. Cognitive Processing Type:

k Is the operator familiar with the action? (l_4o f) ' d
1:wh4tiar 5:vegr bute r

@ If yes, by what means? (rocedure M raining

@ Does this action contradict operator training, rules of thumb, or
intuition? (yes,3

ek those hvew(4 are 4kese khks reslud 4 4g4)?(yes, @ //A'I
Is this action included in simulator training?
Ho.o.fre A

plic'able dascriptions of actions: /

Skill-Based

[] Routine action, procedure not required.

| | Routine action, procedure required, but personnel well
trained in procedure.

R Action not routine, but unambiguous and well understood by g
cperators who are well trained.

| | Action is listed in procedures for turbine trip or reactor.
trip.

'

Rule-Based (procedures)
.

R Routine action, but procedure required; o'perators not well.

trained, or procedure does not cover. -

.

x Not routine, action unambiguous and well understood. but not
well practiced. -

'

' C Action described in emergency procedures, but not for
turbine trip or plant trip.

Knowledged-Based
.

.

U Not routine, action ambiguous.

U Not routine, procedure does not cover. '

-

R Not routine, procedure not well understood.

U Decision to act based on a rule-of-thumb, but not in
emergency procedures. -

Decide on one. What type of behavior is reguired? y-

B-342
0394G011386
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TABLE 2-7 (continued)

Human Action Identifier: M6FI Sheet 3 of 11

C. Ooerator/ Plant Interface (items on which operators will key to base
judgment)

Q1 Instruments and readings that trigger action (identify procedure
numoer and sto) if applicable): -
J/oG-6 T w4,o.6p%6LEF'U3o A #d e*

'

&J.cran .

1a. Are NN G dS * * '- @ "I Ug1qQ |

,

|

@ Alarms (name, location, audible, visual): |

G F O d M d & ,&
cpu a M a.c w g

'

Ch W )

h From where will action first be attempted? (control room, other -
speci fy) M

u y

@ Idbordination between operators required? (yes,h
,,

ih Is there corroboration among indications? (verygood.h.none)

M bsynkw%.b kc,'u auidee M k hg oeck mo applicable descr ption o plant in6ci ..w. ,

M Excellent. Same as below, but with advanced operater aids to
help in accident situations.-

,

:

O Good. Displays carefully integrated with SPDS to help operator.
'

3 Fair. Displays human engineered, but require operator to
integrate information. -

-
.

O Poor. Displays available, but not human engineered.

n Extremely Poor. Displays needed to alert operator are not
. directly visible to operators.

-

.,

'

O
~

0394G011386
*

-
,
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TABLE 2-7 (continued)

Human Action Identifier: WC## Sheet 4 of 11

D. Stress level

1 Is the control room team expected to have a high work load?
(yes @

. , .

2. Why is this action needed? (backup to an automatic action,
required @T LJaT) action, recovery of failed system, defeat ESAS
response) -

..

h Will this action contaminate a portion of the
nt or otherwise ,d p <result in an extended plant shutdown? (yes no Eq%

h Are there any system failures that complicate this action? h,
one, multiple) ~

h Is this action the opposite to the respons required in another
procedure or to general training? (yes no

What are the expected work coaditions for the crew?

R Vigilance Problem. Unexpected transient with no precursors.

R Optimal Condition / Normal. Crew carrying out small load
adjustments. -

Hild stress, partway through
[G@ High Weekload/ Potential Emergency. accident with high work load or equivalent.

.,
,

1

R Grave Emergency. High stress, emergency with operator feeling |
,

threatened. ;

.

Assess stress level,for each scenario group.
.

Scenario Group Stress. Lev-1 Coments

d A.
! .

B. .

|

C.
,

Oj D.

8-34'4
,
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TABLE 2-7 (continued)

() Human Action Identifier: v4 ([/"f# Sheet 5 of 11
I
;

E. Experience Level of Operating Team i
(specific team memoer who would perform the action) |

,

I

I I Expert, Well Traine ' Licensed with more than 5 years !
experience. (

|

!

[jj] Average Knowledge, Training. Licensed with more than 6 months !
experience.

|

!
,

[[[] Novice, Minimum Training. Licensed with less than 6 months |
- experience. |

i

!

!

!
;

!
*

.

i-

*
e

e

.

O
e

0394G011386
' ' '

B-345
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TABLE 2-7 (continued)

Human Action Identifier: MMk Sheet 6 of 11

F. Response Time Available

N. What is the tiping of the first indications for the operator
action? _ fh (in time since initiating event)

-

/@ When may the operator first act? (in time from initiating event)

# 4 f# on w& A A* O' W SY$
5' V L 45 A' &W

h When is the last time allowed for the operator to take action and
be successful?

Measured as median time since initiating event D S~ 6 MI
or as time since first indications

4',. Estimate the median time to carry out the action, once decided to
pursue. g,L

Estimate the median time available for the operator to decide to
perform the correct action. Measure the time available from when
he would first turn his attention to the indications until the i

last time available. |

I

|

!

$C D4 W4 Tgraf. fVAMtd ~fcrr [,sysm ATC TIME TO YNA
b AoJ F 7tFFCt434CE.S 13EgT conggg, CF Te M E. T3 D46+3CS u G6T (OOT ETN h"

& f& Q,T L $W 5& F

Q MW ,f.G0 M M
,,

l

.

G

S

& $* ( b% f * des s $ $s {f %*b ffb t') '

U h o , ;, L ii t t, ,qzq |r o. r

|

'

0394G011386 8-346
_
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TABLE 2-7 (continued)

Human Action Identifier: H fff Sheet 7 of 11

G. Recovery from Earlier Misdiagnosis
'

1. What significant new indications are there to tell the operator
that an earlier diagnosis was in error?

'

g ~ p ~'
' '~ zat

7 cr>rt ,

2. Does the additional plant feedback occur prior to the allowed
time for successful action? When? sf-

7 J <a A
'

e
# ~ W '' W 4L~&& wf ~/ L
3 time available for the correct action sufficient to allow

newly arriving crew members to participate in the decision?
(i.e., Is the error rate essentially time independent?) no),

:-

4. During tFa time available for diagnosis, what new crew members .
will be able to addre th roblem? [e.g.,None,Shyt
Technical Advisor gmergencyResponseTeam],

g , g a p*,d w o,44 6 . (olt w . be dechred *.
Gma At-, -- ._

pm/C S W '%wr/ .

.m Should additi i credit be given because of additional plant
feedback? no)

og Should addi al credit be given because of newly arriving crew
members? no). ,

.

%

$

e

a

0
'

0394G01.1386
-

-

*
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TABLE 2-7 (continued)

Human Action Identifier: NCII Sheet 8 of 11
l

H. Dependence with Other Human Actions in Same Scenario

1. Have other errors of human actions occurred in this scenario?
N

!

2. How much influence do previous human errors have on this action?
(significant,same,none) mM

.

3. Are other actions being perfomed serielly or in parallel?
(Attach operator time line if necessary to describe.)

" {GF U ~</ d Y %$
pc rsook ava M as5E o 9r3re

,

ye /no)
Must a specific dependence with another hum n action be accounted
for? g,,

*

.

Scenario Group (Yes/No) Coments *

A.
. .

B.
*

.

C.
*

'

.

D.

.

I

O'
*

.

0394G011386 6-348
. -
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TABLE 2-7 (continued) |

Human Action Identifier: H Cf k Sheet 9 of 11
(

I. Potential for Confusion in Diagnosis, Leading to Unsuccessful Resoonse

1. Are there procedures available to instruct operator to perform -

the action? @ no) , Identify by number AA. NW- S.
,

LM<~ // o6 - 6
2. If no procedures apply, is the operator trained to perform the

(yesspecific action? ^)A,no)
-

3. Wr}ich initiating events ma ead to a need for this action?
r oo t', o,<su qw ,c M

w sur 4 h4cd ./~14
4. Do each of these initiating events result in the plant physical |

conditions necessary to enter the procedure encompassing this
human action? g no) If no, identify by initiator

,

5. Which other procedures have entry conditions similar to the
procedure encompAqsing this human action? Identify by number j

;'

'
'

6. Do the indications describing the entry conditions for other
procedures differ from the correct procedures only by parameters

,

not normally keyed on by the operator? (yes no If
'

yes, identify .

7. Is the stre ira n the time of selecting the proper
,

procedure higi, ra '.0, optimal, o. very low?

8. Is the operator train ='d to e et the actual situation to be of
extremely low frequency? no)

.

08. Is the potential for an incorrect dia leading to an '

operator-induced failure high, mediu 1 r very low?

9. What is the likelihood of the operator initi - ering the
, wrong procedure? (likely,somewhat.likely i

.

Identify by number ',-

10. If the incorrect procedure is entered, does it direct the *

operator to: *

M Not do any related action?
O R Perform an action that makes things worse? Identify '

-

[ Perform the correct action anyway? -

0 11. What top events are likely impacted in some way that makes
recovery more complicated prior to the successful
redfagnosis? .

0394GO1,1,386
-

B-349
,
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| TABLE 2-7 (continued)
i

Human Action Identifier: 14E/k Sheet 10 of 11

J. Potential for Selection of Nonviable Action (assuming a correct
diagnosis)

I1. Are proce s available to instruct the operator to perform the
action? (ye , no)

, , . , . ,

2. Is discretion given to the control room team as to the proper
option among several to be selected? (yes .,

3. Are any of the options nonviable for any one of the scenario
group 3 identified? (yes g Identify:

Is more than one option pursued in parallel? h no) ..4.

5. If no specific procedures apply, arejtlere other plausible |

options that are nonviable? (yes, Qo Identify:, , . ,

9.

Sa. If h n werd 4aW prem4v$ly ueAd % ab sMLi L,c. swasrM
#

6. If a nonviable solution is selected, are sufficient cues and time l

available to later pursue a viable option? (yes,no)
- Identify cues:

'

. .

7. Is the plant / operator interface such that a potential exists for
the oLerator to slip when implementing the correct action?
(yesOno Explain: .

.

.

8. Is the potential cuelection of a nonviable option high,
medium, low, or very lo'w?

O
'

0394G011386 B-350
_
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TABLE 2-7 (continued)

Human Action Identifier: W 6FY Sheet 11 of 11._

X. Summary Sheet

From B. What type of behavice is required? Ru [w -

From C. Description of plant interface? Fo />

From D. Expected stress level for each scenario group?

Group A 6>Wv f
Group B
Group C
Group D
Group E

From E. Experience level of operating team M'en','.e
cucm-voFrom F. Time available to perform correct aetf6n t. f A n .

G<> f n++ . fe eg Mu+ k oc i~, ~ e n ._ g _a : s nu..

From G. Additional credit to rediagnosi/due to pTint feedback?
%s Arriving crew members? si.t+ u >,. .t E R r,

From H. Need to account for dependence with other actions for each
scenario group?

Group A A/>
Group B
Group C
Group D
Group E

From I. Potential for incorrect diagnosis leading to failure? h.,6..,

From J. Potential for selection of nonviable option? b'e. , [vo.v

, ,. e < t v.,. n ( ori:h
*

.

0

$

O
.

'

0394G011386 B-351
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TABLE 2-7. OYNAMIC HUMAN ACTIONS QUESTIONNAIRE

O
Human Action Identifier: HEFg Sheet 1 of 11

A. Description of Human Action *

1. Objective (task to be performed and failure criteria):

Operator fails to manually actuate emergency
feedwater given that automatic actuation fails.
The allowed time for action is 30 minutes.-

. 2. List split fractions that include this human action.

O p Jl ;-u:1
N

.

3. Situation (initiating events and plant conditions, support system
states): collect into separate scenario groups for evaluation.
Emphasize factors affecting response time and stress level.

ja g7??FG) n /ECP} af , 9'% /l /5 * S O I''I"*

6%A M L A
_

vM gn P .a.

.

S

O .

,

B 353
0394G011586

- - - - - .. . _ . - - _ - - _ - _ - _



a -

TABLE 2-7 (continued)

O
Human Av. tion Identifier: N 6k Sheet 2 of 11

B. Cognitive Processing Type:

k Is the operator familiar with the action? OAo r) ' Y
h ufa d.tiar Sc very Sw.uerD If yes, by what means? Q5cedures, trajiiTny frequent

perfomance)

@- Does this action contradict operator training, rules of thumb, or
intuition? (yes,(p
Is this action included in simulator training? ho)

ck those hve4 are 4 Lese ac% reAe4,: y;,);,ha$re D ggu/
plic'able descriptions of actions: / /

-

Skill-Based

1 I Routine action, procedure not required.-

| | Routine action, procedure required, but personnel well
trained in procedure.

R Action not routine, but unambiguous and well understood by hoperators who are well trained.

| | Action is listed in procedures fer turbine trip or reactor
trip.

'

Rule-Based (precedures)
.

U Routine action, but procedure required; operators not well-

.

trained, or procedure does not cover.
.

Not routine, action unambiguous and well understood, but not
well practiced. -

% Action described in emergency procedures, but not for
turbine trip or plant trip.

Knowledged-Based
,

| | Not routine, action ambiguous. !

U Not routine, procedure does not cover.

Not routine, procedure not well understood.
;

R Decision to act based on a rule-of-thumb, but not in -

emergency procedures.

Decide on one. Wha't type of behavior is required,7 , MT
'

B-354.
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TABLE 2-7 (continued)

Human Action Identifier:_ MMI Sheet 3 of 11

l
C. Operator / plant Interface (items on which operators will key to base I

judgment)

1
Instruments and readings that trigger action (identify p/_mrocedurenumber and sto if applicable): / N RCf F
dow fri IS /CM r ~

1 ou Fh) &qy % SG &
I d ""l a. Are 8'5 P T '' *

@ Alarms (name, location, audible, visual):

TCCP Q> d&.

7x r u g a y a f dj'

Y% yu,
s6 cc, p{aA+-

h From where will action first be attempted? @o 01 ro d other -
s peci, fy)

@ Is'Yo rdination between operators required? (yes.h
,,

i) Is there corroboration among indications? some,none)

.b 4kc. 'u id e M k hM mumm b yNeoeck moE applica$le descrlption of plant interface:3

C Excellent. Same as below, but with advanced operator aids to,

:help in accident situations. '

,

;
l
.

Good. Di plays carefully integrated with SPDS to help operator.

Fair. Displays human engineered, but require operator to
'

integrate infornation.,

-.
,

O Poor. Displays available, but not human engineered.
.

Q Extremely Poor. Displays needed to alert operator are not ,

directly visible to operators.,

.

9

O
,

"

0394G01.1386 B-355 .
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TABLE 2-7 (continued)

Human Action Identifier: W E. Sheet 4 of 11

D. Stress Level

Is the control room team expected to have a high work load?

@ no) , _ .

2. Why is this action needed? o an automatic action,-

required manual action, recovery of failed system, defeat ESAS
response)

,,

h Will this action contaminate a portion of th lant or otherwise
result in an extended plant shutdown? (yes E q % if f.
Are ther system failures that complicate this action? (none,

u( W' - Affs.sb.Ys1 | 5 f f&*"''*

h Is this action the opposite
o the resp @onse required in another(yesprocedure or to general training?

'

,

What are the expected work conditions for the crew?

If

C Vigilance Problem. Unexpected transient with no precursors.
,

'

h
g Optimal Condition / Normal. Crew carrying out small load .

adjustments.
<

,

@ High Workload / Potential Emergency. Hild stress, partway through
accident with high work load or equivalent.-

.

,

Grave Emergency. 'High stress, emergency with operator feeling'
titreatened.

.

Assess stress level for each scenario group. i

Scenario Group Stress. Level Coments

5 A.
I

B.
,

C.

's D.

O
-

.

0394G011386
-

'

B-356
_

.-, - -- - - - - ,



._ . _

.. .

TABLE 2-7 (continued)

O Human Action Identifier: MG/~I Sheet 5 of 11

E. Experience Level of Operating Team
(specific team memoer who would perform the action)

O Expert, Well Traine ' Licensed with more than 5 years
experience.-

@ Average Knowledge, Training. Licensed with more than 6 months
experience.

O Novice, Minimum Training. Licensed with less than 6 months
experience.-

-

.

O
.

0

* |

|

9

9

|.
.

.

*|,

. ,

O I
;.

i

)0394G011386 B-357 -
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TABLE 2-7 (continued) I

Human Action Identifier: M cF[ Sheet 6 of 11 '

F. Response Time Available

k. What is the timing of the first indications for the operator
action? /-a h (in time since initia*.ing event)

h When may the operator first act? (in time from initiating event).

9'5 Y

3'. When is the last time allowed for the operator to take action and
"

- be successful?

Measured as median time since initiating event 3C/72u u d
or as time since first indications

.

4. Estimate the median time to carry out the action, once decided to
pursue. _j M''

Estimate the median time available for the operator to decide to h
perform the correct action. Neasure the time available from when
he would first turn his attention to thp indications until the
last time available. 129 M'

.

S w esu* Time M^utd derr Dr,w,Tt- Timt To tenea+

Ge4>r Dirretences gtw cyxeu, vv.stn wwosa c:a,- co.no:e

p-4 2%. I''A
.

.

.

i

e'
-

.

'

0394G011386
B-358
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TABLE 2-7 (continued) |

Human Action Identifier: HCFI Sheet 7 of 11
i
!

G. Recovery from Earlier Misdiagnosis
|

1. What significant new indications are there to tell the operator i
that in earlier diagnosis was in error? '

/w / &' $.ac } } ) "

sep-4cs k h @ ds" ~ 'kJj ?,
n

ss.A

scy .A w & '

y
2. Does the additional plant feedback occur prior to the allowed

time for successful action? When? vw ,

O a M u $$ S(, & & @'L Y *'

i

!

3. Is the time available for the correct action sufficient to allow |newly arriving crew members to participate in the decision? !

(i.e.. Is the error rate essentially time independent?) h no) j

|
.:.

4 During the time available for diagnosis, what new crew members
will be able to addres'; t oblem? [e.g., None Shift
Technical Advisor :S/ , Emergency Response Team) '

,

%, y uAg pi,awoAa h. Jtw.% be decked '. |
*

parsc,2okCS & . W#*

|
.

sat om > peo *F M & T/C , j
,

-

eA Should additi i credit be given because of additional plant
feedback? e no) !

|

es Should addi nal credit be given because of newly arriving crew i

, members? e , no)
-

1

1
'

. .
'

'

sggn~ Syr St"
-

m,
.

i

O
,

'

0394G011386 B-359-
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TABLE 2-7 (continued)

Human Action Identifier: ElGE/#3I Sheet 8 of 11

H. Dependence with Other Human Actions in Same Scenario

1. Have other errors of human actions occurred in this scenario?
&

.

2. How much influence do previous human errors have on this action?
(significant,same,none)

.

3. Are other actions being performed serially or in parallel?
(Attach operator time line if necessary to describe.)

Mo

Ja. Are here od% Persooel anhabb k or o 4 m e u g e -sf
/no)

Hust a specific dependence with another h action be accounted
for?

Scenario Group (Yes/No) Comments

A.
.

B.
*

.

C. '

.'
D.

.

h
1

.

0394G011386
8-360
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TABLE 2-7 (continued)
'

Human Action Identifier: M M5' Sheet 9 of 11

I. Potential for Confusion in Diagnosis, Leading to Unsuccessful Resoonse j

Are there procedures available to instruct operator to p/o-Em |1. erfo
the action? @ no) , Identify by number /2 .

,

2. If no procedures apply, is the operator trained to perform the
specific action? (yes,no) gg j

3. Which initiating events may lead to a need for this 3,ction? )Loss 171FU L.ocs' t.o o r
,

}ZCf SLGAO'

4. Do each of t ese initiating events result in the plant physical
conditions necessary to enter the procedure encomoissing this j
human action? @ no) ~ If no, Identify by initiator 1

,

'
.

5. Which other procedures have entry conditions similar to the l
procedure encompAs, sing this human action? Identify by number |

_
AJb % i,

6. Dotheindicationsdescribingtheentryconditionsforother j
procedures differ from the correct procedures only by parameters

1

not normally keyed on by the operator? (yes,no) If |
yes, identify M |.

7. Is the stress level,at the time of selecting the proper
, ,

procedure high[ mild,'@timaD o. very low? '

u.- y .

8. Is the operator trainid to expect the actual situation to be of
extremely low frequency? (yes,@

. Sa. Is the potential for an incorrect diagnosis leading to an '

operator-induced f ailure high, medium, low, r very low?
,

9. What is the likelihood of the operator initially antering the
wrong procedure? (likely, somewhat ,likely Qnlikel3
Identify by number -

,

10. If the incorrect procedure is entered, does it direct the '

operator to

N Not do any related action?

| | Perform an action that makes things worse? Identify

U Perform the correct action anyway? -

O 11. What top events are likely impacted in some way that makes
recovery more complicated prior to the successful
rediagnosis?i

0394G011386-
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TABLE 2-7 (continued)

Human Action Identifier: 14 df 5 Sheet 10 of 11

J. Potential for Selection of Nonviable Action (assuming a correct
diagnosis)

1. Are procedures available to instruct the operator to perform the
action? @ no) , , , , ,

2. Is discretion given to the control room team s to the proper
option among several to be selected? (yes no .

,

3. Are any of the options nonviable for any one of the scenario
groups identified? (yes,no) Identify:

NA
.

.

4. Is more than one option pursued in parallel? (yes,@ ..

5. If no specific procedures apply, are there other plausible
options that are nonviable? (yes, no) Identify:,,,

nn O
53. If k n werd 4aW predv$l) veAd & w.G sM|i L,c. swcculd?

d6
6. If a nonviable solution is selected, are sufficient cues and time

available to later pursue a viable option? (yes,no)
Identify cues:-

k

.

7. Is the plant / operator interface such that a potential exists for
the operator to slip when implementing the correct action?
(yes/no) Explain: 't-

/O b - N W "

A m am.

8. Is the potential for selection of a nonviable option high,
medium, low, or @

t

I
'

0394G011386 B-362
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TABLE 2-7 (continued)

Human Action Identifier: W6f 2 F Sheet 11 of 11
i

|

K. Summary Sheet

From B. What type of behavior is required? b I-o

From C. Description of plant interface? fe !r
From D. Expected stress level for each scenario group?

Group A D 'd ''' d 4 'PJ N r
Group B
Group C
Group D I

Group E |
~

I

From E. Experience level of operating team 1, o . - s. !

3 0 - / - t ~4. I-#1 * > 7 +! * |
.I :a ** W ')

From F. Time available to perform correct ' action |

%nteri.serr .g 14 e n p-. h>.m ct < a 9 ., e t a ~ 2. ~ ~j |
-

-

From G. Additional credit to rediagnosis due to plant feedback? 1

W. Arriving crew members? st (~ A m . !..

From H. Need to account for dependence with other actions for each
scenario group?

M3Group A ,

Group B i

Group C |
Group D
Group E

IFrom I. Potential for incorrect diagnosis leading to failure? /n., /,,,-

From J. Potential for selection of nonviable option? %v . , / ,,

i

(1t '(Le jy* O , 0 0 ' s -h'

y

|

.

9

O
,

.

0394G0ll386
'
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TABLE 2-7. DYNAMIC HUMAN ACTIONS QUESTIONNAIRE i

i

Human Action Identifier: HEf8 Sheet 1 of 11

:
A. Description of Human Action i

i1. Objective (task to be performed and failure criteria):
|

-e m i quwmemm N MmACAc.mc !gg
,

- @pM__ Foe.- DE5C NWOU- f

$ <+w Lf, hy'peny Y' **l < <O" I " ''' '*
^

nU iwe y L rr'v-2 o 1 y, f,",
ag,,, - a a- . J, s/ ((, es,nw n t.]< d 4 e 6t* do un, . % <rMn ;, n n, !4yo

<eclwt .:., 3 fp ve t i:r 1 ,
i

2. List split fractions that include this human action. !
:

Efh G Ftt I

I

O
,

;

;

i
%

3. Situation (initiating events and plant conditions, support system '

states): collect into separate scenario groups for evaluation. '

Emphasize factors affecting response time and stress level.

2m M' ' ' '

s e - v- sa % 0.d y
p L i daG M '

- g

W A. .

O
0394G011386

8-365
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TABLE 2-7 (continuec

Human Action Identifier: MEF2 Sheet 2 of 11

B. Cognitive Processing Type:

k Is the operator familiar with the action? 0.4o r) ' h
nafa d. liar se ve (a .trer

(D If yes, by what mean17 oceaures, traini frequent
performance)

D Does this action contradict operator training, rules of thumb, or
intuition? (yes,@ [

ek those hoedare 4Kese &W reAud ,: 4,A*,)! @j e,/fp r
Is this action included in simulator training? (yes,
6,o(ce

plic ble descriptions of act'ons: /'
i

Skill-Based

U Routine ection, procedure not required.

R Routine action, procedure required, but personnel well
trained in procedure.

@ Action not routine, but unambiguous and well understood by '

operators who are well trained.

I I Action is listed in procedures for turbine trip or reactor
trip.

Rule-Based (procedures)
'

O Routine action, but procedure required; operators not well.

trained, or proctdure does not cover. .-

R Hot routine, action unambiguous and well understood, but not
well practiced. -

. C Action described in emergency procedures, but ont for
iturbine trip or plant trip.
;

Knowledged-Based
,

L_J Not routine, action ambiguous. *

U Not routine, procedure does not cover. I

C Not routine, procedure not well understood.

Decision to act based on a rule-of-thumb, but not in h|emergency procedures. .

Decide on one. What type of behavior is reguired? 90 6
,

0394G011386 B-366
-
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TABLE 2-7 (continued)

Human Action Identifier:_ M E ff Sheet 3 of 11(7
V

C. Operator / Plant Interface (items on which operators will key to base
judgment)

Instruments and readings that trigger action (identify p:ocedure
if ap licable gg g

so - m . +dS """' W Y&) % k pr X [f W
LW

41a. Are Ariy e "-

a,

SG U ,Y"*

h Alarms (n ocation, audible, visual):

oTscrAg M
,

:} From where will action first be attempted? (contro room, other -
specify) fe /As d M a/4 /2 p' #'

oP cf I c Cco M r&'
m

t)e.Is# coordination betweUeoper tors required? e , no) ..u ors > n-u Ac4,-

h is there corroboration among indications? (very good.g n,one)

h b sec4ke.,'u quide qikkr= WM spik#%<Qw3(}Wg
CYeck most applica11e description of plant intefface:

n Excellent. Same as below, but with advanced operator aids to
help in accident situations.-

,

O Good. Display: carefully integrated with SPDS to help operator.

Q Fair. Displays human eagineered, but require operator to '

integrate information.
.

O Poor. Displays available, but not human engineered.

g i Extremely Poor. Displays needed to alert operator are not
directly visible to operators. -

.
*

0394G011386

'

B-367
.,



.

1

|
-

TABLE 2-7 (continued)

Human Action Identifier: WEff Sheet 4 of 11

D. Stress Level

Is the control room team expected to have a high work load?
@ no)

2. Why is this action needed? (backup to an automatic action,-

required manual action,Crecoverhof failed system, defeat ESAS
response)

@ Will this action contaminate a portion of the plant or otherwise
result in an extended plant shutdown? (yes,@ spic if p .
Are there any system failures that complicate this action? (none,
one, 6 )

h Is this action the opposita to the response required in another
procedure or to general training? (yes,@

What are the expected work conditions for the crew?
.;

R Vigilance Problem. Unexpected transient with no precursors.

I | Optimal Condition / Normal. Crew carrying out small load
adjustments.

'

-

M High Workload / Potential Emergency. Hild stress, partway through ;

accident with high work load or equivalent.-

.,.

l
R Grave Emergency. High stress, emergency with operitor feeling 1'

threatened. '

Asse'ss stress level for each scenario group.

Scenario Grouo Stress. Level Coments

5 A.
.

B.

C.

D.,

'

0394G011386 B-368*
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TABLE 2-7 (continued) |

Human Action Identifier:_ b4E ff 6f Sheet 5 of 11

E. Experience level of Operating Team
(specific team memoer who would perform the action)

[[[] Expert Well Traine Licensed with more than 5 years
experience.-

[E[]AverageKnowledge, Training. Licensed with more than 6 months
experience.

L__J Novice, Minimum Training. Licensed with less than 6 months
experience.-

,

,

,

O
.

I*

|-

|

|
.

|

\

|

.

.

O
-

.
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TABLE 2-7 (continued) l
j

Human Action Identifier: HEF8 Sheet 6of11h

F. Resoonse Ti.-e Available

($?. What is the timing of the first indications for the operator
action? E41 (in time since initiating event)

r2, When may the operator first act? (in time from initiating event).

.]O M

(. When is the last time allowed for the operator to take action and
be successful?

Measured as median time since initiating event 80
or as time since first indications ir 4

4. Estimate the median time to carry out the action, once decided to
' pursue. /S m A -M _

Estimate the median time available for the operator to decide to
perform the correct action. Measure the time available from when
he would first turn his attention to the indications until the
last time available. 5M

.

24-/0 V> $
|

-

Sc ca w* T.*c M^dt d TeT Emwir Time To feo
Gar.,J r "DirretecES gm cuneng, cf T,st n wemso ggy ca.2s ETv e

20 % I%+ 1) %

.

O
'

0394G011386
!
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TABLE 2-7 (continued) |

Human Action Identifier: HEFF Sheet 7 of 11

G. Recovery from Earlier Misdiagnosis
1

1. What significant new indications are there to tell the operator I

that an earlier diagnosis was in error?

SfDJ de
Excus & c fy AC3 &N'

"~'m A A L tL oJ |
.

2. Does the additional plant feedback occur prior to the allowed
,

time for successful action? When? h 1

|5~/b f*-& j'

_

|

3. Is the time available for the correct actin sufficient to allow I

newly arriving crew members to participate in the decisio ?
(i.e., Is the error rate essentially time independent?) yes no)

O
4. During the time available for diagnosis, what new crew members

will be able to adhan the problem? [e.g., None Shift
Technical AdvisorQSTA), 'S/p, Emergency Response Team]

,

dechred '.N a. M M p'id woAA -tk WL'".% be
GEeJG At.- '

gy
,

site enzb -

eA Should additional credit be given because of additional plant
feedback? @ no)

e t, Should additional credit be given because of newly arriving crew
. members? D no)

1
,

Sgnmo Bufr Nf g
,

! .

,

!,

|

'

0394G011386-
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TABLE 2-7 (continued)

Human Action Identifier: WEF8 Sheet 8ofti$
H. Dependence with Other Human Actions in Same Scenario

1. Have other errors of human actions occurred in this scenario?
Mb

2. How much influence do previous human errors have on this action?
(significant,same,none) -

3. Are other actions being performed serially or in parallel?
(Attach operator time line if necessary to describe.)

-/ & s m .x

" bf k W? [4J.
Ja. Arc. here eno$ personnel uadok k m o 4 ucecs q A N ^s!

ye /no)
Must a specific dependence with another human action be accounted
for?

'

46 ,

Scenario Group (Yes/No) Coments

A.
.

B.
-

.

C. ' *

D.

!

O.
-

.

0394G011386
8-372

..
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TABLE 2-7 (continued)

Human Action Identifier: MEFf Sheet 9 of 11
,

I. Potential for Confusion in Diagnosis. Leading to U.^. successful Resoonse

1. Are there pro dures available to instruct operator to perform
the action? ,no) Identify by number //04-d ,/2/0*3

2. If no procedures apply, is the operator trained to perform the
specific action? (yes, no) M

3. Which initiating eve ts ay lead to a need for this action?
40 %' O WW.

4. Do each of these initiating events result in the plant physical
conditions necesstry to enter the procedure encompassing this
human action? Des no) If no, identify by initiator

'

.

5. Which other procedures have entry conditions similar to the
procedure encompAgsing this human action? Identify by number
h10=3 ,

'

6. Do the indications describing the entry conditions for other
. procedures differ from the correct procedures only by parameters

not normally keyed on by the operator? (yes,@ If
yes, identify .

7. Is the stress le t the time of selecting the proper
,

procedure high mild, ptimal, or very low?

8. Is the operator trained to expect the actual situation to be of
extremely low frequency? (yes,@

Sa. Is the potential for an incorrect dia leading to an '

operator-induced f ailure high, medium or very low?

9. What is the likelihood of the operator initi ^^ ring the6

wrong procedure? (likely, somewhat likely, unlikel
Identify by number

_ _ ,

10. If the incorrect procedure is entered, does it direct the '

operator to: '

M Not do any related action?

j Perform an action that makes things worse? Identi fy

'

U Perform the correct action anyway? .

11. What top events are likely impacted in some way that makes
recovery more complicated prior to the successful
rediagnosis? G F t ~7~C

0394G011386
B-3[3

-

'

~
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TABLE 2-7 (continued)

Hue 9n Action Identifier: HErf Sheet 10 of 11

J. p_ otential for Selection of Nonviable Action (astuming a correct
diagnosis)

1. Are proced es aveilable to instruct the operator to perform the
action? yes ao)j

2. Is discretion givan to the control room team as to the proper
option among several to be selected? (yes

3. Are any of the options nony able for any one of the scenario
groups identified? (yes n Identify:

4. Is more than one option pursued in parallel? (yes,@
5. If no specific procedures apply, are there other plausible

options that are nonviable? (yes,no) Identify:
a e

53. IC k ack* were 4% peWu$l) ueAd % A d sh'll k sectrL.II
?

6. If a nonviable solution is selected, are sufficient cues and time
available to later pursue a viable option? (yes,no)
Identify cues:-

M

.

7. Is the plant / operator interface nu h that a pt,tential exists for
the operator to slip when implementing the correct action?
(yes@ Explain:

!

. Y M* 3 0 Ms > a..m . Y |

-f ObAri$$ 6Hr & bW" S

S mamY \
8. Is the potential fora election of a nunviable option high, '

W" h, iow,u92iD 5? gv.

0394GG
g,374

,_g_, ~ n e- ~ * -
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TABLE 2-7 (continued)

Human Action Identifier: WEFg sneet 11 of 11O
K. Summary Sheet

From B. What type of behavior is required? J k/1/

From C. Description of plant interface? A.>

From D. Expected stress level for each scenario group?

Group A M.' lot,

; Group B
Group C
Group D
Group E

From E. Experience level of operating team Av< c
', r . ,. .

From F. Timeavailabletoperformcorrectaef$,n fa+. ;

Post es h %s e .y *x r. + <r.* j n t.e __ o ~ ., .
_

'

.

From G. Additional credit to rediagnosis due to plant feedback?__
L. Arriving crew members? I L 4 I w ,. h

From H. Need to account for dependence with other actions for each
scenario group?

Group A %
Group B
Group C
Group D
Group E

i

:

From I. Potential for incorrect diagnosis leading to failure? 4,, /.2.,,

From J. Potential for selection of nonviable option? N, /ow

Tetc T r+i ij ~

n',,, . ,, 0 f . .! /.'**n. /

.

. .

'

O
.

4

0394G011386

B-375
-
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TABLE 2-7. OfNAMIC HUMAN ACTIONS QUESTIONNAIRE

..

N Human Action Identifier: HE F'l Sheet 1 or 11_

A. Description of Human Action

1. Objective (task to be performed and failure criteria):

S ET. D A N"" ," M" ARANC*

@ % h M -- A P D CIC E-L W O b - g |7
'!' *

~~ ya '' '**A-Of an.ts A dj in,pu;r,e,1, c'~% i E' W '
,

w e q if p cr.'v-$o3 U f >. A k 's ~ ''A '"' d)' "" & h'
,

l, a..cm i, rj a.,2 4 e k avu.~., . n ' a<L;,., p.. ,

n kf .4, 3r |p A t Sf1.e

2. List split fractions that include this human action.

Eff, G Ftt

i

-

.

,
!

3. Situation (initiating events and plant conditions, support system
states): collect into separate scenario groups for evaluation.
Emphasize factors affecting response time and stress level.

,

2- 4 a- - .

' E F - V- So % ky y

[pr%g Ad Mk%'

,

kJ. -

.
.
.

-
.

g

O
,

0394G011336

B-377 -
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TABl.E 2-7 (continued)

.an Action Identifier: MEF 9 sheet 2 of 11
.

B. Cognitive Processino Type:

k Is the operator familiar with the action? Q,4o r) *
~<, a,, s. ,e n .u ,.

@ If yes, by what means? rocecures, traini frequent
performance)-

@ Does this action contradict operator training, rules of thumb, or
intuition? (yes,@

Is this action included in simulato,r training? (yes.h

eckthosehvewdare 4use &&Je rewa . 413 y)?4 o,o Q j </p r**

pli ble descriptions of actions: /'

Skill-Based

| | Routine action, procedure not required.

I | Routine action, procedure required, but personnel well
trained in procedure.

g Action not routine, but unambiguous and well understood by h
operators who are well trained.

R Action is listed in procedures for turbine trip or reactor,
trip.

.

Rule-Based (procedures)
.

R Routine action, but procedure required; operators not well.

trained, or procedure does not cover. -

.

'

| | Not routine, action unambiguous and well understood, but not
well practiced. -

.I I Action described in emergency procedures, but not for
turbine trip or plant trip.

,

Knowledged-Based
,

'
'

L_J Hot routine, action ambiguous.

L_J Not routine, procedure does not cover. |

:

I I Not routine, procedure not well understood. |

b R Decision to act based on a rule-of-thumb, but not in
emergency procedures. w.

Decide on one. What type of behavior is required? , 9F 6
B-378*

,

0394G011386
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TABl.E 2-7 (continued)

Human Action Identifier: M E F1,9 Sheet 3 of 11
,
,

V C. Ooerator/Flant Interface (items on which operators will key to base
juogment)

Instruments and readings that trigger action (identify procedure

f '*'''"'jke.ACd gfu b a d

AO & b . % """WY@'")1 a.. Ace. Usel y L '*
& ;t

>
-

e-c7T5G U WY > -9' "'
,

~'

h Alarms (n & .
(fLJ

ame, location, audible, visual):

oTs c- Ag M

:) From where will action first be attempted? (contro room, other -
specify) L _s ) $ , & M & df p' & J'

d*' ct I cam * '

() mis #co, ordination betwee
"'

oper tors required? e , no) Cco
oM c.acC.J;) Is there corroboration among indications? (very@ good.g none) 4

'

ope.,1

M5 Mk w<Wveeck moba'kc.*u buidee1ption of plant inte)f ace:spik # bn.cWh egy W
*4. gpplica le descr

.

M Excellent. Same as below, but with advancect operator aids to
help in accident situations.-

,

.;

U Good. ' Displays carefully integrated with SPDS te help operator.

g Fair. Otsplays human engineered, but require operator to '

integrate infermation.
*

.

U Poor. Displays available, but not human engineered.

\ l Extremely Poor. Displays needed to alert operator are not .
directly visible to operators.

-

.

e ~

.
'

0394G011386
.

.

.

8-379 .
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TABLE 2-7 (continued)(
.

Sheet 4 of 11
Human Action Identifier: W E f __7

D. Stress Level

Is the control room team expected to have a high work load?

@ no)
(backuo to an automatic action,Why is this action needed?2.

required manual action 6ecover3of f ailed system, defeat _ ESAS
-

response)

h Will this action contaminate a portion of the plant or otherwiseeqim if p ,result in an extended plant shutdown? (yes ,@
.

h Are there any system failures that complicate thit action? (none.
j

|
on e ,6 tipID)

h Is this action the opposite to the response Mquired in another
procedure or to general training? (yes,@

What are the expected work conditions for the crew?
{

O Vigilance Problem. Unexpected transient with no precursors.
.

R Optimal Condition / Normal. Crew carrying out small load .

adjustments."
*

.

d Mila stress, partway through
g High Workload / Potential Emergency.accident with high work load or equivalent..

R Grave Emergency. High stress, emergency with oper'a' tor feeling
threatened.

,'

.

2
Assess stress level for each scenario group."

Coments
:J Scenario Grouo_ Stress. Level

7
.! d A.

'

i;
.

B.
,

( C.'

O
+ o.,

!

l B -3' O
"

-

' 039'G011385
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TABLE 2-7 (continued)
m

||hf Human Action Identifier:- va s F ' S sheet 5 of 11

E. Exoerience level of Ooerating Team
(specific team memoer wno woulo perform the action)

f- l Expert Well Traine Licensed with rore than 5 years
experience.-

[Es] Average Knowledge, Training. Licensed with more than 6 ronths
experience.

I I Novice, Minimum Training. Licensed with less than 6 months
experience.-

!

1-

'

'1
.

-

G

4

|
'

.

i

e

4

4

%

e

e

*
.

0394G011385 g.381
" '

-

-,



.

.

TABLE 2-7 (continued)

(
Human Action Identifier:_ PEF 9 Sheet 6 of 11 -

F. Resoonse Time Available
,A
T. What is the timing of the first indications for the operator

action? fm*A (in time since initiating event)

0. When may the operator first act? (in time from initiating event)1.

Jo M

3) When is the last time allowed for the operator to take action and
'

be successful?

Heasured as median time since initiating event 86
or as time since first indications tr-A.

4 Estimate the median time to carry out the action, once decided to
'' pursue. /

(
_ , Mut

G
Estimate the median time available for the operator to decide to
perform the correct action. Measure' the time available from < hen
he would first turn his attention to the indications until the
last time available. IV udv2

.

30 -1 ~T ' l Y 'ST */*

3cwre T. m c N Aa t *I p 6,mm Tame To fered
G sas r ~Jirr w x E S gm ce,ntrs CF Tak t T3 M W u GFT (*"F'"

20 % /%.
I ms,e, .

.

i-

I

l
.,

|
'

.
i
|
I

L G|-
B-352'

0394G011386
i

l
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TABt.E 2-7 (continued)

^
Human Action Identi fier: H EF"'9 Sheet 7 of 11

G. Recovery from Earlier Hisdiagnosis '

l. What significant new indications are there to tell the operator
that an earlier diagnosis was in error?

SfD3 <AQ '

y5's FCC 5 We ;"dExce/ h 'e

*~' m - A>A L $ J
2. Does the additional plant feedback occur prior to the allowed

time for successful action? When? //A
|5~/b gQ-

'

t.
3. Is the time available for the correct action sufficient totallow

newly arriving crew members to participate in the de .isio '
(i.e., Is the error rate essentially time independent?) yes no)

4. During the time available for diagnosis, what new crew members
will be able to ad ha n the oroblem? [e.g., None Shift i

Technical AdvisorQSTA), 'S/p,Emc. gency Response Team]
y2, M At p'id uaoJo ih. bjlo ai be dechred '. '

6 &J EE^*--er,

stTE PREB - -

eA Should additional credit be given because of additional plant
feedback? @ no)

es Should additional credit be given because of newly arriving crew
. members? Q no)

.

%

$

.

4

_

'

0394G01.1386
-

.

'
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TABLE 2-7 (continued)

( c: t

_ lEF'9 sheet 8 of n -|.Human Action Identifier:

H. Dependence with Other Human Actions in Same Scenario

1. Have other errors of human actions occurred in this scenario?
Mb

'

.

2. How much influence do previous human errors have on this action?
(significant,same,none) mm

:

3. Are other actions being performed serially or in parallel?
(Attach operator time line if necessary to describe.)

9 Mm ,-

? '- b kW [4J. ,

* 853 % AM, ^5 I3a, Are, here ca peesouel uido k k G o

i Must a specific dependence with another human action be accounted
j for?
i M6 |

,

,

Scenario GrouD (Yes/No) Coments -
.

A.
.

B.
.

C. '

|
'

0. i

l

i i

:
-

i
-

B-3840394G011386
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TABLE 2-7 (continued)
m

Q(~f Human Action Identifier: M EF_ 9 Sheet 9 of 11

I. Potential for Confusion in Diagnosis. Leading to Unsuccessful Resoonse

1. Are there procedures available to instruct operator to perfom
the action? Q , no) Identify by number //of -f ,/2/d-

2. If no procedures apply, is the operator trained to perfom the
specific action? (yes, no) M-

3. Which initiatir ' vents ^ ay lead to a need for this action?

M* fM8 . WWo '

4. Do each of these initiating events result in the plant physical
conditions necess.ar to enter the procedure encompassing this
human action? es no) If no, identify by initiator

'

.

5. Which other procedures have entry conditions similar to the
,

procedure encomp gsing this human action? Identify by number '

h/O O ,

'

6. Do the indications describing the entry conditions for other
procedures differ from the correct procedures only by parameters
not nomally keyed on by the operator? (yes,@ If
yes, identify .

7. Is the stress lev 1 t the time of selet. ting the proper
,procedure high mild, ptimal, or very low? -

8. Is the operator trained to expect the actual situation to be of
extremely low frequency? (yes,@

Ba. Is the potential for an incorrect diagn s leading to an '

operator-induced failure high, medium low or very low?

9. What is the likelihood of the operator initi ' *t3 ring the
wrong procedure? (likely,somewhat likely, unlikei )
Identify by number

10. If the incorrect procecure is entered, does it direct the '

operator to: -

| | Not do any related action?

j | | Perform an action that makes things worse? Identi fy

| | Perfom the correct action anyway? -

11. What top events are likely impacted in some way that makes
recovery more complicated prior to the successful
rediagnosis? GF+ .7C

0394G011386 B-385'
- -

- -

.
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TABLE 2-7 (continued)

Human Action Identifier: WEF 9 Sheet 10 of 11 '

J. _ Potential for Selection of Nonviable Action (assuming a correct
diagnosis)

1. Are procedu es available to instruct the operator to perform the
action? yes no)

2. Is discretion given to the control room team as to the proper
option among several to be selected? (yes

3. Are any of the options nonv able for any one of the scenario
groups identified? (yes n Identi fy:

.

4. Is more than one option pursued in parallel? (yes,@

( 5. If no specific procedures apply, are there other plausible
options that are nonviable? (yes,no) Identify.

A)4 --

53. XC % acG ' user +. 4% praduril uxAd ~% h G sMtf \>c. wasL.15
/U .

6. If a nonviable solution is selected, are sufficient cues and time
available to later pursue a viable option? (yes,no)
Identify cues:-

4

Cd

-

.

7. Is the plant / operator interface such that a potential exists for
.

I

the operator to slip when implementing the correct Lction? j.

(yes @ Explain: .

. TL Ef*-U-30 & a ) / & h '~La yp4 m e,L AWud( 8. Is the potential for4 election of a nonviable option high,
medium, low, or

B-386
0394G011386
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TABLE 2-7 (continued) !

|
A Human Action Identifier: WE F -9 sneet 11 of it |
[[

K. Summary Sheet

From B. What type of behavior is required? Jk'll

From C. Description of plant interface? A .,

From D. Expected stress level for each scenario group?

Group A M /ld
Group 8
Group C
Group D
Group E

From E. Experience level of operating team /w<-> ;

Time available to perform correct NEN /9 J-+ .
~

From F.
East. cst; y re ,j p g p p cQoj uur om.

From G. Additional credit to rediagnosis due to plant feedback?
_

;

Dr Arriving crew members? Sit /r Iro w v g
From H. Need to account for dependence with other actions for each

,
scenario group?

~'( Group A %(G Group 8
Group C
Group D
Group E

From I.
Potential for incorrect diagnosis leading to failure? 6A,,f,, ,__

| From J. Potential for selection of nonviable option? b, ow
/

%Ic).,(-e .

feevey $M |tel F k$

,

O

1

= '

.

' '

0394G011.386

'

B-387 .
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d'
I 'j gy, 9-V-V 60 0

~ Q' f
/0 fA i TABLE 2-8. DYNAMIC HUMAN ACTIONS QUESTIONNAIRE

'

On j.
Sheet 1 of 13

Human Action Identifier: #6710 '

<

A. Description of Human Action

1. Objective ' task to be performed and failure criteria):

7.A gm pf W c.o-V-t3 6 Go"f~

.f u m p 3 {. e & e n n a cl
W ~,ylt? & n A co-v7 8 ' 3) g"

rf a M'LJ y1 &4 ps :

bY Vm% p /t/P J2/o-/6 &m f jaa||
*e y-c f-A g gg cgug e.-

2. List split fractions that include this human action. l

21EF- f M W A ot A U M

4 de"be Nm A Ma edMs
|

I
1

l

3. Situation (initiating events and plant conditions, support
system states, dependence on prior errors): collect into
separate scenario groups for esaluation. Emphasize factors
affecting response time and stress level.
L~ ?? M /GL, / w % . om KT om/

cro AA 1

u| qas.rtsco-U-7 |t'

S

O

B-389

U495G061286HAAR
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TABLE 2-8 (continued) g
Sheet 2 of 13

8. Cognitive Processing Type:

1. Is the operator familiar with the action? (yes,no) 7/45
Rank on scale of 1 to 5, with 3 being average and 5 mds't
familiar. G

2. If yes, by what means? (procedures, training, frequent
performance, or walk-throughs) Sc_ < oas.e s T-1' E PN .Give procedure number if applicable ac_4a.e pft_o u va M S 7

3. Does this action contradict operator training, rules of thumb,
or intuition? (yes,no) oo

4 Is this action included in simulator training? (yes,
no) 745

5. How frequently are these actions reviewed by the
operators? a y a_ s __

t
Check descriptions that apply to this action:

Skill-Based

(- G
| | Routine action, procedure not required.

| | Routine action, procedure required, but personnel well
trained in procedure.

% operators who are well trained. Action not routine but unambiguous and well understood by

I | Action is listed in procedures for turbine trip or reactor
trip.(1210-1) '

Rule-Based (procedures)

| | Routine action, but procedure required; operators not well
trained, or procedure does not cover.-

| | Not routine, action unamb.guous and well understood, but
not well oracticed.

N Action described in emergency procedures, but not for
turbine trip or plant trip. (Identify by number) T-1- F M 'Yy

ffz/'/-/ Wn - W.

O

B-390
0495G061286HAAR

. _ _ _ _ _ _ _ - _ _ .
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4

TABLE 2-8 (continued)

O Sheet 3 of 13

Knowledge-Based

| I Not routine, action ambiguous. -

<

| | Not routine,. procedure does not cover.

| | Not routine, procedure not well understood.

| | Decision to act based on a rule-of-thumb, but not in
emergency procedures.

Decide on one. What type of behavior is required?
, S kE(.(-

-

.

,

,

&

P

i

O

O '

0495G061286HAAR B-391
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TABLE 2-8 (continued)

Sheet 4 of 13

C. Operator / Plant Interface (items on which operators will key to base
judgment)

,.

1. Instruments and readings that trigger action (identify procedure
number and step if applicable):

Are displays directly visible?_ /2 3

2. Alarms (name, location, audible, visual): e
3 t- Y s - 2. -Y c.s T- p 4 4 v = <- n u 4 m (// 5

@) (b

Will there be many other alarins to distract the operator?
(Describe.), yes so ef , rw p %,

-

&M ~ m , .A1-.r.. HJ~
3. From where will action first be attempted? (control room,

other--speci fy) eW h

4. Is special coordination between operators required? (yes,
no) A3 o

5. Is there corroboration among indications? (i.e., Different
parameters confirm the need for action.) fve,ry g@ some, none)e

6. Hcw specific is the guidance for action? (component numbers,
timing) ve.v sna'c/c

Check most applicable description of plant interface:

| [ Excellent. Same as below, but with advanced operator aids to
help in accident situations.

| | Good. Displays carefully integrated with SPDS to help
operator. I

% Fair. Displays human-engineered, but require operator to
integrate information.

I I Poor. Displays available, but not human-engineered.

| | Extremely Poor. Displays needed to alert operator are not
directly visible to operators.

*I
1

O

B-392
l
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TABLE 2-8 (continued)

~

Sheet 5 of 13

D. Stress Level
_

l. Is th ntrol room team expected to have a high workfoad?
(yes n

2. Wny is this action needed? ( to an automatic action,
planned action, f&<..weoof failed system, ESAS )response) / j

i

3. Will this action contaminate a portion of the plant er Atherwise
result in an extended plant shutdown? (yes,no) A.) U
(Explain if yes.)

4 Are there any system failures that complicate this action?
/

#h",((none, one,-multiple) vAe.ve. Thiu u oh A loss og/ 5

5. Is this action the opposite to the response required in another
procedure or to general training? (yes, no) /U o

What are the expected work conditions for the crew?

I | Vigilance Problem. Unexpected transient with no precursors.

I | Optimal Condition / Normal . Crew carrying out small load
adjustments.

p<1 High Workload / Potential Emergency. Mild stress, partway
through accident with high work load or equivalent.

| | Grave Emergency. High stress, emergency with operator feeling
threatened.

Assess stress level for each scenario group.

A.

B.

C.

D.

.

O
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TABLE 2-8 (continued)

Sheet 6 of 13 I
!E. Experience Level of Operating Team
!(specific team member who would perform the action)
!_

U Expert, well trained. Licensed with more than 5 ye'ars
experience.

'

;

Average knowledge, training. Licensed with more than 6 months 1

experience.
|

I | Novice, minimum training. Licensed with less than 6 months
experience.

f
.

,

I

i

;

1

B-394
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TABLE 2-8 (continued)
DO |

Sheet 7 of 13 |

F. Response Time Available
1

1 What is the timing of the first indications for the olierator
action? (in time since initiating event) fM ' {

2. When may the operator first ct?
&(in time from nitiat ng

*
< caw $ C W hievent) 50

T m,e (to f 3
-

z-v j
c. , r

7"a { LS.n -
,

fu.>v(-
'Lo s-7,s a

3. When is the last time allowed for the operator to take action
and be successful?

SW
Neasured as median time since initiating event, GEP M

or as time since first indications ?

4 Estimate the median time to carry out the action, once decided
.

to pursue. '5 o u2 Ms

Estimate the median time available for the operator to decide to
perform the correct action. Measure the time available from
when he would first turn his attention to the indications until )the last time available. '

Assess timing for each scenario group.

Time Time to Time toScenario Allowed
Group Best Available Diagnose Perform Best

Conservative Best Estimate Conservative

A.

B.

C.

D.

.

O
|

B-395,

il
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TABLE 2-8 (continued)

Sheet 8 of 13

G. Recovery from Earlier Misdiagnosis

1. What significant new indications are there to tell the-operator
that an earlier diagnosis was in error?

6csr z.s . c . Du e A un w _ MF 1-1f

2. Does the additional plant feedback occur prior to the allowed
time for successful action? When?
ya>

3. Is the time available for the correct action sufficient to allow
newly arriving crew members to participate in the decision?

@(i.e., is the error rate essentially time independent?)no)

4. During the time available for diagnosis, what new crew members
will be able to address the problem? [e.g.,none, shift

[ technical advisor (STA), remote emergency response team] S777 f S

At what point would the following events be declared?

e Alert (onsite response team called)
Site Area Emergency (offsite response team callede

e General Emergency (potential evacuation)

5. Should additional credit be given because of additional plant
feedback? (yes,no) /#4

/

6. Sho?ld additional credit be given because of newly arriving crew
members? (yes, no) , ,Va-J

9

e

0

0495G061286HAAR
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TABLE 2-8-(continued)O
Sheet 9 of 13

H. Dependence with Otner Human Actions in Same Scenario

1. Have other errors of human actions occurred in this soenario?
GPU FL * * , s c- u u r v >

,

2. How much influence do previous human errors have on this action?
(significant, same, none)

;

W |

- |

|
|

3. Are other actions being performed serially or in parallel?
,

(Attach operator time line if necessary to describe.) i

5 N 9 Y
4 Are there enough personnel available to carry out the necessary

actions? e/ F

5. Must a specific dependence with another human action be
accounted for?

A) *

Scenario Group Yes/No Cocnents
'

A.

B.

C.

D.

.

O

B-397
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TABLE 2-8 (continued)

O
Sheet 10 of 13

1. Potential for Confusion in Diagnosis Leading to Unsuccessful Response

1 Are there procedures available to instruct operator to"perform
Uht ~ { .7' D gthe action? @ no) Identify by number

t% 3. * $
2 If no procedures apply, is the operator trained to perform the

specific action? (yes,no) A) A
3. Which initiating events may lead to a need for this actior-?

Z ~ .4 F A
4 Do each of these initiating events result in the plant phy;ical

conditions necessary to enter the procedure-encompassing this
human action? (yes,no) VW If no, identify by initiator

5. Which other procedures have entry conditions similar to the
procedure encompassing this human action? Identify by number
mm .

6. Do the indications describing the entry conditions for other
procedures differ from the correct procedures only by
parameters not normally keyed on by the operator?

( (yes,no) oo if yes, identify .

7. Is the stress level at the time of selecting the proper
procedure high, Q optimal, or very low?

8. Is the operator trained to expect he actual situation to be of
extremely low frequency? (yes

Is the potential for an incorrect dia leading to an
operator-induced failure high, medium or very low?

9. What is the likelihood of the operator init IJy-entering tne
wrong procedure? (likely, somewhat likel , unlhely)
Identify by nurrber

.

10. If the incorrect procedure is entered, does it direct the
operator to:

| | Not do any related action?

I I Perform an action that makes things worse? Identi fy
.

I I Perform the correct action anyway? .

O

B-398
0495G061286HAAR
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TABLE 2-8 (continued)
O

Sheet 11 of 13

11. What top events are likely impacted in some way that makes
recovery more complicated prior to the successful -

rediagnosis? Ce- -

0 |

|

,

6

O

B-399
,

U495G061286HAAR
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TABLE 2-8 (continued) g
Sheet IF of 13

J. Potential for Selection of Nonviable Action (assuming a correct
diagnosis) -

<

1. Are procedu s available to instruct the operator to perform the
action? g es no)

2. Is discretion given to the control room team as to the proper ,

option among several to be selected? (yes,noh b ri_5 -f

3. Are any of the options nonviable for any one of the scenario
groups identified? (ye @ Identify:

4. Is more than one option pursued in parallel? (yes,

5. If no specific procedures apply, are there other plausible
(' options that are nonviable? (yes, no) Identify

If the correct action were taken prematurely, would the action
still be successful? L/ a J

6. If a nonviable solution is selected, are sufficient cues and
ti.e available to later pursue a viable option?

e no)

''"'$ e p ./ M y h*A
C|" 6l A Y

7. Is the plant / operator interface such that a potential exists for
the operator to slip (i.e., nianipulate_'the wrong controls) when
implementingthecorrectaction?(yes{oh Explain:

.

8. Is the niential for s ,ction of a nonviable option high, ,

medium or tery low?

B-400
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TABLE 2-8 (continued)
O

Sheet 13 of 13

Human Action Identifier;_ M6[.IO
K. Summary Sheet -

From B. What type of behavior is required? $ #- b'
From C. Description of plant interface? FA / A
From D. Expected stress level for each scenario group?

Group A /8c4 c>.4%ou
Group B
-iroup C
Group D
Group E

From E. Experience level of operating team /Jvex40 ' .

v
From F. Time available to perform correct action). F LM .

Best estimate of time to diagnose so m, A - .

From G. Additional credit for rediagnosis due to plant feedback?_W Arriving crew members? yc5,

,

From H. Need to account for dependence with other actions for each
scenario group?

Group A A)0
Group B
Group C
Group D

From I. Potential for incorrect diagnosis leading to failure? low
-

- From J. Potential for selection of nonviable option? dou
Type of human action

| I Backup to an automatic action

| | Detract from an ESAS response

N Recovery of a failed system via realignment

| | Planned manual action
.

I I Action may lead to an extended outage; e.g., due to
contamination.

0495G061286HAAR B 01
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TABLE 2-7. 0YNAMIC HUMAN ACTIONS QUESTIONNAIRE

Human Action Identifier: HFtJV Sheet 1 of 11

A. Description of Human Action

1. Objective (task to be performed and failure criteria):
.

Operator fails to manually control OTSG 1evel
after automatic control has failed. Lug

G H. m ( h he ytan 7co- i~/~n., tier,i,,<r-( s ad, + + 4
fe d w fer . fo be HcMv/ ho*fs>.

i
i

:

2. List split fractions that include this human action.
;uFG fM I

'

) #A F-1

CM F-i' {-T

A
V

.

,

3. Situation (initiating events and plant conditions, support system
states): collect into separate scenario groups for evaluation.
Emphasize factors affecting response time and stress level.

Sy s tems (nhML/?arwn A ric. Co urrtoc
Pew e,- 10 .Ze s~ e ,.,yj(,/, -

,

d

ALJ's. - n p TA- n
-

A p saasc*) ~~M y sJ A,
M,

0394G011386
B-403
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TABLE 2-7 (continued)

Human Action Identifier: M ?~M Y Sheet 2 of 11

B. Cognitive processing Type:

k Is the operator familiar with the action? 0.4o r) ' Y
i ofad tiar 9 ver (u.uer@ If yes, by what means? (procedures {rainin frequent

performance)

% Does this action c tradict operator training, rules of thumb, or
intuition? (yes no

%a Q ed are %ese kkia reiewM .frim,h no)Is this action included in simulator training?
C w tc.1eck those plic ble descriptions of actions: 3

Skill-Based

y Routine action, procedure not required.
I I Routine action, procedure required, but personnel well

trained in procedure.

| | Action not routine, but unambiguous and well understood by
operators who are well trained.

| | Action is listed in procedures for turbine trip or reactor.
trip.

Rule-Based (procedures)

| | Routine action, but procedure required; operators not well.

trained, or procedure does not cover.
.

| | Not routine, action unambiguous and well understood, but not
well practiced. -

~ [ Action described in emergency procedures, but not for
turbine trip or plant trip.

,

Knowledged-Based
,

| | Not routine, action ambiguous.

| | Not routine, procedure does not cover.

| | Not routine, procedure not well understood.

| | Decision to act based on a rule-of-thumb, but not in

hemergency procedures,

Decide on one. What type of behavior is require,d? S klLG

0394G011386 B-404
..
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TABLE 2-7 (continued)

Human Action Identifier: M F U '/ Sheet 3 of 11

i

C. Operator / Plant Interface (items on which operators will key to base
judgment)

|

]1 Instruments and readings that trigger action (identify procedure !
number and stop if applicable):

Sxn.d-f, /*d als">, rA~<A,y & \H.A o
orsc,4're%"5 hl d'la. Are Msp ay

h Alarms (name, location, audible, visual):

SM .

.

I

;) From where will action first be attempted? (ontrolrochother-
speci fy)

'

h Is rdination between operators required? (yes
,,

ih Is there corroboration among indications? (very good, none)

kb wh6 spile descr ption of plant interrace.@M b sjuN,wMhh% 6 5 b applicabuide e i 3
-

oCYeck mo

M Excellent. Same as below, but with advanced operator aids to
help in accident situations.-

,

.

Good. Displays carefully integrated with SPDS to help operator.
"

Fair. Displays human engineered, but require operator to
integrate information.,

-
.

R Poor. Displays available, but not human engineered.

t i Extremely Poor. Displays needed to alert operator are not !-

directly visible to operators.,

'

i

i

O
.

'

0391G01.1386
*

,
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TABLE 2-7 (continued)

Human Action Identifier: W FtJ Y Sheet 4 of 11

0. Stress Level _

Is the control room team expected to have a high work load?
(yes @ _,

2. Why is this action needed? (Eackuptoanautomaticaction.3
required manual action,(recoveryDf'failH~systeh7 defeat ESAS~ -

response) ,

p..

@ Will this action contaminate a portion of the _ plant or otherwise ,f p ,result in an extended plant shutdown? (yes, go spw i
Are there any system failures that om licate this act on? (none,

@ multiple) y , 9. u . c,M/ J f g*

@ Is this action the opposite to the esponse required in A*m
procedure or to general training? (yes,no) @

d-W
What are the expected work conditions for the crew?

If
I | Vigilance Problem. Unexpected transient with no precursors. h
| | Optimal Condition / Normal. Crew carrying out small load

adjustments.
WW

| | High Workload / Potential Emergency. Mild stress, partway through
accident with high work load or equivalent.

,

I I Grave Emergency. High stress, emergency with operator feeling' threatened.
,

Assess stress level _for each scenario group.

Scenario Group Stress. Level Coments )

S A. }Q A,) ort. nr1 A L ]
' ( up l . ., , , , ! ,A/

B 6 yjj ) r :; ... .
'

.. .

,

c. ' . ' :- ? ,o:.

/ '

0394G011386 B-406 *
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TABLE 2-7 (continued)

Human Action Identifier: H F'uJ Y Sheet 5 of 11

|

E. Experience Level of Operating Team
(spect fic team memoer wno would perform the action)

U Expert, Well Traine ^ Licensed with more than 5 years
experience.-

@ Average Knowledge, Training. Licensed with more than 6 months
experience.

U Novice, Minimum Training. Licensed with less than 6 months
experience.-

O
.

6

4

-

0

-

O
0394G011386

B-407
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TABLE 2-7 (continued) i

Human Action Identifier: MFUY Sheet 6 of li

F. Response Time Available

N. What is the timing of the first indications for the operator
action? _ so m. (in time since initiating event)

b2. When may the operator first act? (in time from initiating event)
L/O m .

$. When is the last time allowed for the operator to take action and"
be successful?

'.ieasured as median time since initiating event ,
or as time since first indications 90,uc ,

',. Estimate the median time to carry out the action, once decided to4
pursue. /0 m.

Estimate the median time available for the operator to decide to
perform the correct action. Measure the time available from when
he would first turn his attention to the indications until the
last time available. S o .u_c .

Se c9 su* Time N^dtd den Emum Time To rouw
Gs.o;r Dines-oc.ES ntw con env. F T.t^t ta meso ge;r co.3m.v A-

,

0g g% ?/ce . 7 o pc , IMc(.
%

nA

.

I

j

O
1

.
*

0394G011386 8-408 !
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TABLE 2-7 (continued)

Human Action Identifier: HFWV Sheet 7 of 11p)%.

G. Recovery from Earlier Misdiagnosis

1. What significant ntw indications are there to tell the operator
that an earlier dia.1nonis was in error?

w $.& h"/m
.

,

_

1

1

2. Does the additional pl nt feedback occur prior to the allowed
time for successful ac.!on? When? A)O

,

'
.

3. Is the time available for the correct action sufficient to allow
newly arriving crew members to participate in the decision?
(i.e., Is the error rate essentially time independent?) (yes,@ |

. . : ., '

4. During the time available for diagnosis, what new crew members
will be able to address the problem? Ce.g. None, Shift
Technical Advisor (STA), :s/S Emergency Response Team]

3

4 a. M M p'id woda & b'".% be ded w d'i
G mcEAtg .7

site PnEb -

eA Should additional credit be given because of additional plant
feedback? (ye g

es Should additior.a credit be given because of newly arriving crew
. members? (yes,no

,

sggyo S7r S7 m>$,,2
.

,

.

O i
'

0394G011386
-

.
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TABLE 2-7 (continued)

Human Action Identifier: NFMV Sheet 8 of 11

H. Dependence with Other Human Actions ir. Same Scenario

1. Have other errors of humar. actions occurred in this scenario?
MO

.

2. How much influence do previous human errors have on this action?
(significant, same, r.one) N4

,

3. Are other actions being performed serially or in parallel?
(Attach operator time line if necessary to describe.)

ReA e To <t Ta it' imeo i Are- Aenaac q
y, Are here od"jk pe rsowel anhabb -b o e4 ucecag aces!

Must a specific dependence with another human acti0n be accounted
for?

*

ev o

Scenario Group (Yes/No) Comeng *

A.

B.
.

C. ' *

D.
.

O
.

0394G011386 3 410
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TABLE 2-7 (continued) !

p Human Action Identifier: M F4l #/ cheet 9 of 11
V

I. Potential for Confusion in Diagnosis, leading to Unsuccessful Respon_se__

1. Are there procedures available to instruct operator to perform i

the action? @ no) , Identify by number /p/o / ;
,

.,

2. If no procer res apply, is the operator trained to perforu the
specific action? (yes,no) AyA

i

3. Which initiating events may lead to a need for chis action?
R < TA. If , ~<.y ew A n.ndaa%.

4. Do each of these initiating events result in the plant physical !
conditions necessary to enter the procedure encompassing this |
human action? @ no) If no, identify by initiator

|
*

|

5. Which other procedures have entry conditions similar to the
procedure encompAs, sing this human action? Identify by number
o~t ,

'

6. Do the indications describing the entry conditions for other
procedures differ from the correct procedures only by parameters
not normally keyed on by the operator? (yes,no) If i

yes, identify m ,o .

7. Is the stress level at the time of selecting the proper
procedut i high @ optimal, o. very low?

,

8. Is the operator traine'd to expect the actual situation to be of
extremely low frequency! (yes ,@

Ba. Is the potential for an incorrect diag @nosis leading to an
'

operator-induced failure high, medium, or very low?

9. What is the likelihood of the operator initially enQring the
wrong procedure? (likely,somewhat likely, QniikelIdentify by number

_,

10. If the incorrect procedure is entered, does it direct the '

operator to: *

C Not do any related action?

g U Perform an action that makes things worse? Identi fy

C Perform the correct action anyway? -

11. What top events are likely impacted in some way that makes
recovery more complicated prior to the successful
rediagnosis? mv &

0394G011386- '

B-411
,
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TABLE 2-7 (continued)

Human Action Identifier: HFvY sheet to of it

J. Potential for Selection of Nonviable Action (assuming a correct
diagnosis)

1. Are procedu available to instruct the operator to perform the
action? no) ___,

2. Is discretion given to the control room team as to the proper
option among several to be selected? (yes ,@ .

3. Are any of the options nonviable for any one of the scenario
groups identified? (yes,no) Identi fy:

/O A

4. Is more than one option pursued in parallel? (yes,@ ..

5. If no specific procedures apply, are there other plausible
options that are nonviable? (yes, no) Identi fy:,,,

/Ud

53. IC h ac6 Werd h predalq ueda & AE sKil l>c. sucsuLf.
y L' L

6. If a nonviable solution is selected, are sufficient cues and time
:available to later pursue a viable option? (yes,no) |Identify cues:
1

AJ A
,

I
g.

1

7. Is the plant / operator ir.terfa::e such that a potential exists for
Ithe operator to slip when implementing the correct action?

@ no) Explain: -

S"A U$ cS,,

c M , r- v ' o .r .,
MAC"- f^4- -

(vaa sy4 -

n o ,. p.,, r.
, , , g y ,_

f t . e- A y 'f 4re(,,, ,<ey .u t r - .c e ff ;,- g,

8. Is the potential fo Mlection of a nonviable option high,
medium, @ or veiy iow? g

|

0394G011385 B-412
_
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TABl.E 2-7 (continued)

Human Action Identifier: WFMY Sheet 11 of 11 |J
\

l

K. Summary Sheet |

From B. What type of behavior is required? tk'O
From C. Description of plant interface? %,5 I

from O. Expected stress level for each scenario group?

Group A tw .'l d
Group B
Group C
Group D
Group E

From E. Experience level of operating team Sver,4
,o , i . , a f

From F. Time available to perft.rm correct,at6f oli~four-4 e M 5 + 4 'v6.7
Ib:i er'r i, e, fc s,P 1.',, ao i, M;<.7 m u ey y.r . s,,

From G. Additional credit'to r ediagnosis due to pr$ht~fiiedback?
. . _ ,

Arriving crew members? h /h *v4

From H. Need to account for dependence with other actions for each
scenario group?

Os "o[*"''"'"0'"'(" ni6d W4NoE"1 7I" # ''7Grou9 A of:o J. , a .n arts l twe
f(oupB ;, _, ,,,, 7 ,g , , , , , ,p ,,, ,,p,q, ,, Q y

u .

Group D
Group E

From I. Potential for incorrect diagnosis leading to failure? _ u,., /su

From J. Potential for selection of nonviable option? /si>
c m ( , p a ir -2 ,, i

gp ^ . z. . e G'c deNr% "'*) 9,N*

'"4E,, gp . , ,, n e er r a .,,

.

.

!

!

.

0394G011386
''
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TABLE 2-7. 0YNAMIC HUMAN ACTIONS QUESTIONNAIRE

Human Action Identifier: H P W'6 Sheet 1 of 11

A. Description of Human Action

1. Objective (task to be performed and failure criteria):

Operator fails to manually control main steam
pressure after autcmatic control has failed.

/

m. 9 e h..I, ..; e Lyps 'voArv h c l*M

2. List split fractions that include this human action.
CD'

1 A F6-- Mk"f
m C- -

.A

O
.

i

!

,

3. Situation (initiating events and plant conditions, support system
states): collect into separate scenario groups for evaluation.
Emphasize factors affecting response time and stress level.

/_m '

'
h , A 4 Lm y
n ir ..- s :g (JEf Fa cG - )

..

O
0394G011386
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TABLE 2-7 (continued)

9\Human Action Identifier: MFW6 Sheet 2 of 11 !

l

B. Cognitive processing Type-

k Is the operator familiar with the action? (l_4o r) ' M
b ufad. liar c;c vecq b e.uer

@ If yes, by what means? (procedures. { raining', fre @
c3rerformanceM

D Does this action contradict operator training, rules of thumb, or
intuitioni (yes,@
Is this action included in simulator training? h no)
goo Q _ 6 4>/4.3ck those hveuAQ are uese. achks reAA ed .:. My)?plic'able descriptions of actions:

Skill-Based

R Routine action, procedure not required.

| | Routine action, procedure required, but personnel well
trained in procedure.

I I Action not routine, but unambiguous and well understood by
operators who are well trained.

I I Action is listed in procedures for turbine trip or reactor.
trip.

Rule-Based (procedures)

| | Routine action, but procedure required; operators not well.

trained, or procedure does not cover.
.

| | Not routine, action unambiguous and well understood, but not
well practiced. -

M Action described in emergency procedures, but not for
turbine trip or plant trip.

Knowledged-Based
.

M Not routine, action ambiguous. '

| | Not routine, procedure does not cover.
!

I I Not routine, procedure not well understood.

R Decision to act based on a rule-of-thumb, but not in
emergency procedures.

,

Decide on one. What type of behavior is require,d? 9N/db

0394G011386 B-416
..
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TABLE 2-7 (continued)

Human Action Identifier:_MFW6 Sheet 3 of 11
,

C. Operator / Plant Interface (items on which operators will key to base
juogment)

1 Instruments and readings that trigger action (identify procedure '

number and sto) if applicable): '
.

W *> %yps4*,vu.A.A. f ~ W S.

1a. Are Msp ay ArS% "M " [
l

h Alarms (name, location, audible, visual):

~E C | A.m L Z p 5'
,

:) specify)From where will action first be attempted? (Gntrol ro M other -

@ Is#ch rdination between operators required? (yesh ,

ih Is there corroboration among indications? (very good none)

6 Wa'L'u buwelption of plant in3 mehl eq sN@,M b syciC1,veg*lMb
eck mo pplica le descr race:

O Excellent. Same as below, but with advanced operator aids to
help in accident situations.-

O Good. Displays carefully integrated with SPOS to help operator,

g Fair. Displays human engineered, but require operator to (integrate information.
:
,

-
.

O Poor. Displays available, but not human engineered. |

\ i Extremely Poor. Displays needed to alert operator are not
directly visible to operators..,

i

O l

.

0394G01.1386
-

B-417
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TABLE 2-7 (continued)

Human Action Identifier: MT-U S- Sheet 4 of 11

D. Stress Level

Is the control room team expected to have a high work load?
(yes,@

,

2. Whyisthisactionneeded?rfbackuo_toanautomaticactio2
required manual action,Crecovery o m ailed syste37 defeat ESAS
response) ,' 7

h Will this action contaminate a portion of the p_lant or otherwise ,f
result in an extended plant shutdown? (yes,Go Eqh a f *

h Are t system failures that complicate this action? (none,n

one, .ultiple y /d h 4 d m f go w f,qaure, h j
a.x 4 ./%t/ A &hwis this action the oppos te to th response required in another

*

procedure or to general training? (yes.

What are the expected work conditions for the crew?

| | Vigilance Problem. Unexpected transient with no precursors.

n
/g Optimal Condition / Normal. Crew carrying out small load

, adjustments.
-

,

M High Workload / Potential Emergency. Hild stress, partway through
accident with high work load or equivalent.-

2

.;

R Grave Emergency. High stress, emergency with operator feeling,
threatened.

Assess stress level,for each scenario group.
1

Scenario Grouo Stress. Level Coments |

[ A.

B. j

C.

/ D'

'

0394G011386 B-418 -
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TABLE 2-7 (continued)

Human Action Identifier: MNVg Sheet 5 of 11

E. Exoerience Level of Operating Team
|(specific team memoer who would perform the action) '

| | Expert, Well Traine ' Licensed with more than 5 years
experience. i

@ Average Knowledge Training. Licensed with more than 6 months
experience.

,

O Novice, Minimum Training. Licensed with less than 6 months
experience.-

.

O .
1

.

S

|-

|.

-|
!

-
.

1

O.

.

0394G011386
B-419
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TABLE 2-7 (continued)
|

Human Action Identifier: MpW6 Sheet 6 of 11

F. Resoonse Time Available
|

O. What is the, timing of the first indications for the operator I
action? /ww o rk ra- (in time since initiating event) l

b2, When may the operator first act? (in time from initiating event)
9. M

|

$. When is the last time allowed for the operator to take action and
"

be successful?

Measured as median time since initiating event COM
or as time since first indications

4. Estimate the median time to carry out the action, once decided to
"

pursue. .fM

Estimate the median time available for the operator to decide to
perform the correct action. Measure the time available from when
he would first turn his attention to the indications until the
last time :vailable. /7 h _

.

Sc tH O T.mc N^ u td ~d cT E m u m Tot To mawo
GmP MFFCL@WS Em runtsv, OFT.f4E D De>Wu GEIT (conFnuk-

Mw 7 w4, l 'a%
.

O
.

'

0394G011386 B-420
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TABLE 2-7 (continued)

Human Action Identifier: H F u s' Sheet 7 of it

G. Recovery from Earlier Misdiagnosis

1. What significant new indications are there to tell the operator
that an earlier diagnosis was in error?

@ & oTS G-y d U S
-

g

2. Does the additional plant feedback occur prior to the al owed
time for successful action? When? .x.#,c g M, ,

) & yn. $ $ U '4. C$&s L- "~

3. Is the time available for the correct action sufficient to allow
newly arriving crew members to participate in the decision?
(i.e.. Is the error rate essentially time independent?) @ no)Q . :..

4 During the time available for diagnosis, what new crew members
will be able to add t oblem? [e.g., None, Shift
Technical Advisor STA Emergency Response Team)3

Na, M M p'd wo a kw% be dec ked '.
,, GeaaAL

Ns tT E e tt E F -
'

. eA Should addit nal credit be given because of additional plantl feedback? yes no)

og Should addi i credit be given because of newly arriving crew
members? es no).

.

,

,

.
-

'O
'

0394G011386
'

.
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TABLE 2-7 (continued)

OHuman Action Identifier: MFW5 Sheet 8 of 11

H. Dependence with Other Human Actions in Same Scenario

1. Have other errors of human actions occurred in this scenario?
M

2. How much influence do previous hyman errors have on this action?
(significant, same, none) A/h

3. Are other actions being performed serially or h parallel?)
(Attach operator time line if necessary to descrioe.)

'A &A

Ja. Arc. Orre o d "jk pc esowel. widabb b wq /no)e4 ucessq AM^ri
e

Must a specific dependence with another hu... action be accounted
for?

m

Scenario Group (Yes/No) Coments

A.

B.

C. *

D.
,

,

O
.

0394G011386 B-422
.
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TABLE 2-7 (continued) I

p Human Action Identifier: M F h/5 Sheet 9 of 11 I
V

!

!. Potential for Confusion in Diagnosis, leading to Unsuccessful Resoonse
|

1. Are there procedures available to instruct operator to perform
!the action? no) , Identify by number 19./O - / . !.~. ,

2. If no procedures apply, is the operator trained to perform the
specific action? (yes,no) g4

3. Which initiating events may lead to a need for this action?
@'' & M f fCS pourk |

,

4. Do each of these initiating events result in the plant physical
;

conditions necessar to enter the procedure encompassing this
human action? e no) If no, identify by initiator

'

\.

5. Which other procedures have entry conditions similar to the
procedure encomp gsing this human action? Identify by number
vo n ,

'

6. Do the indications describing the entry conditions for other
procedures differ from the correct procedures only by parameters
not normally keyed on by the operator? (yes,no) If
yes, identify aA .

7. Is the stress level at the time of selecting the proper
procedure high, optimal, o, ary low?

,

,

8. Is the operator trainsd to expe actual situation to be of
extremely low frequency? (yes

i
i

Ba. Is the potential for an incorrect diagnosis leading to an *!
operator-induced failure high, medium, @ or very low? j

9. What is the likelihood of the operator initially erttering the
wrong procedure? (likely,somewhat likely,(tTnlike$
Identify by number

10. If the incorrect procedure is entered, does it direct the *'

operator to: -

N Not do any related action?
.

U Perform an action that makes things norse? Identi fy

U Perform the correct action anyway? -

11. What top events are likely impacted in some way that makes'

recovery more complicated prior to the successful
i rediagnosis? 1AF-

0394G011386

B-423
.
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TABLE 2-7 (continued)

Human Action Identifier: H F WI Sheet 10 of 1.

J. potential for Selection of Nonviable Action (assuming a correct
diagnosis)

1. Are procedust available to instruct the operator to perform the
action? {yes)no) , _ __

2. Is discretion given to the control ronm team as to the proper
option among several to be selected? (yes,@ .

,

3. Are any of the options nonviable for any one of the scenario
groups identified? (yes, @ Identify:

(

4. Is more than one option pursued in parallel? (ye s , ..

5. If no specific procedures apply, are there other plausible
options that are nonviable? (yes,no) A Identify:

O
Sa. IC & ac4a inere. 4a m4vrily ue44 h Ab sKtt k. suqufJLI

6. If a nonviable solution is selected, are suffi ient cues and time
available to later pursue a viable option? yes no)
Identify cues:

.

7. Is the plant / operator interface such that a potential exists for
the op_erator to slip when implementing the correct action?
(yesQno Explain: .

IM / W M.

d QA a.,h a

&& Q .
8. Is the potential for selection of a nonviable option high,

medium, low, or

0394G011386
B
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|

TABLE 2-7 (continued)

Human Action Identifler: WFWI Sheet 11 of 11

i

K. Sumnary Sheet !

S ' / // |From 8. What type of behavior is required? <

From C. Description of plant interface? Fo /- |

From D. Expected stress level for each scenario group?

Group A *r/l'I
Group B
Group C
Group D
Group E

From E. Experience level of operating team AW. a <-
Mon o,a.u '

From F. Time available to perform correct ,ac4+on 1% c4
kn e rh;,,.f,. .; w s n et<>.9.,er t s en

From G. Additional credit to rediagnosis'due to ' plant feedback?
4 Arriving crew members? .rl.: f + sc a v.r .-e

/

From H. Need to account for dependence with other actions for each !
'

scenario group?

Group A No !
Groep B |
Group C 1

Group D
Group E j

From I. Potential for incorrect diagnosis leading to failure? Wr) bu

'

From J. Potential for selection of conviable option? % Uv

(b., te, a, e. . . x . 1. 't .e e1. ' ,

!

|.
,

|

O
9

9

0394G011386
'

B-425
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O

O

,

l

I

f
I

I

|

I

O
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TABLE 2-8. DYNAMIC HUMAN ACTIONS QUESTIONNAIRE

Sheet 1 of 13'

Human Action Identifier: ////M2
.

'
A. Description of Human A: tion

1. Objective (task to be performed and failure criteria):

f8 W
aAm L A n& .do w
DNcAD Y a. 49, /- o cM 2~-e~$.

7 lad f4 M A ,

_

2. List split fractions that include this human action.

.

'

3. Situation (initiating events and plant conditions, support
system states, dependence on prior errors): collect into
separate scenario groups for evaluation. Emphasize factors

,

affecting response time and stress level. |

b |oc.A & a & S 0 W
~

1
,

4

O.
d

V495G061286HAAR B-427
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TABLE 2-8 (continued)

b Sheet 2 of 13

8. Cognitive Processing Type:

1. Is the operator familiar with the action? @ no)
Rank on scale of 1 to 5, with 3 being average and 5 most
familiar.

2. If yes, by what means? (procedures, training, creauenD
Gerformance7 or walk-throughs)
Give procedure number if applicable ^> A .

3. Does this action cont dict operator training, rules of thumb,
or intuition? (yes )

4 Is this action included in simulator training? (yes,

5. How frequently are these actions reviewed by the
perator ? Tk Aca,be w m o lon, h go h Me M M M/ b

_

/
"N~

Che k descr ptions that apph,ved beter W[ u //t c//v< ATk t cM W
to this action: 7% , p7eg

Skill-Based /b /<u h
(. asar(aL 6a A

% Routine action, procedure not required. g y
| | Routine action, procedure required, but personnel well op.e,(A #l #

trained in procedure.

| | Action not routine but unambiguous and well understood by
operators who are well trained.

I I Action is listed in procedures for turbine trip or reactor
trip.(1210-1)

,

Rule-Based (procedures)

| | Routine action, but procedure required; operators not well
trained, or procedure does not cover.

I I Not routine, action unambiguous and well understood, but
not well practiced.

| | Action described in emergency procedures, but not for
turbine trip or plant trip. (Identify by number) .

.

O

0495GU61286HAAR B-428
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TABLE 2-8 (continued)
|

() /f/' k' @JI Sheet 3 of 13/,

i,

Knowledue-Based
'

| | Not routine, action ambiguous. -
|

| | Not. routine, procedure does not cover.
,

| | Not routine, procedure not well understood. '

I I Decision to act based on a rule-of-thumb, but not in
emergency procedures.

Decide on one. What type of behavior is required? S k_ L(-

.

W

1

P

G

.

l

. .

0495G061286HAAR
B-429
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TABLE 2-8 (continued)

[ Sheet 4 of 13

C. Operator / Plant Interface (items on which operators will key to base
judgment) -

.-

1. Instruments and readings that trigger action (identify procedu .
number and step if applicable): ggp
Are displays directly visible? ve5

2. Alarms (name, location, audible, visual): *

(5 &M4 aAw - w eU, b ,
Will there be many other alarms to distract the operator?
(Describe.) 7 _ h 4 [[ d'I-

M Y Y E f & f f(conJrol room,3. From where will action first be attempted? j
othe r--speci fy) 74 w& Amu _4M I $ Ph

*

s speci,al coordination betwjen operattry requ r $,(y'es( Of& kA + M .s d |S
4 ed? g -

( M
5 Is there corroboration among indications? (i.e. fferent

parameters confirm the need for action.) Qery good ome one)M *A. A M & / A A swa e s
/ / / VJ6 How specific is the guidance for action? (component numbers,

timing) Gwd /wo-/ A 2.7 /cd 6 54)

V k addCheck most applicable description of plant interface:

| | Excellent. Same as below, but with advanced operator aids to'
help in accident situations.

| | Good. Displays carefully integrated with SPDS to help
operator.

Q Fair. Displays human-engineered, but require operator to
integrate information.

| | Poor. Displays available, but not human-engineered.

| | Extremely Poor. Displays needed to alert operator are not
directly visible to operators.

.

O

B-430
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TABLE 2-8 (continued)

/-////ff Sheet 5 of 13

0. Stress Level

1. control room team expected to have a high workl'oad?
no)

2. Why is this action needed? ( M to an automatic action,
planned action, of failed system, ESAS
response)

3. Will this action contaminate a portion of th nt or otherwise
result in an extended plant shutdown? (yes no
(Explain if yes.)

4 Are there any system failures that complicate this action?
g one, multiple)

5. Is this action the opposite to'the respnnu required in another ~

~

procedure or to general training? (yes @ l
What are the expected work conditions for the crew?

I | Vigilance Problem. Unexpected transient with no precursors.

R Optimal Condition / Normal. Crew carrying out small load
adjustments.

g High Workload / Potential Emergency. Hild stress, partway
through accident with high work load or equivalent.

| | Grave Emergency. High stress, emergency with operator feeling
threatened.

" .

Assess stress level for each scenario group.

.

A.
'

B.

C.

D..

.

O-

B-431
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TABLE 2-8 (continued)

8[ I Sheet 6 of 13

E. Experience Level of Operating Team
(specific team member who would perform the action)

.

| | Expert, well trained. Licensed with more than 5 year ~s
experience.

Average knowledge, training. Licensed with more than 6 months
experience.-

.
,

[ | Novice, minimum training. Licensed with less than 6 months
experience.

_

W

e M

.

P

|

|

!

|

.

IIII.
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TABLE 2-8 (continued)

[[MI Sheet ? of 13
. -

F. Response Time Available

1. What is the timing of the first indications .for th9 operator
action? (in time since initiating event) /A1M ed/4 r c

2. When may the operator first act? (in time from initiating
event) 2M

4

:

|

3. When is the last time allowed for the operator to take action '

and be successful? 3o h i

Measured as median time since initiating event, !

or as time since first indications ? l
-

4. Estimate the median time to carry out the action, once decided
to pursue. /o M'

Estimate the median time available for the operator to decide to
perform the correct action. Measure the -time a'vailable from
when he would first turn his attention to the indications until
the last time available. 2 0 ~ $3u rft

_

Assess timing for each scenario group.
|
|

Time Time to Time to lScenario Allowed Available Diagnose Perform Best iGroup Best
Conservative Best Estimate Conser'vative.

A.
i

B. |

C.

D.

i

'
o

T

O
|

0495G061286HAAR B-433 -
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TABLE 2-8 (continued)

Oh Sheet 8 of 13

G. Recovery from Earlier Misdiagnosis

1. Whatsignificantnewindicationsaretheret0tellth[ operator
that an earlier diagnosis was in errort

.

y &ack /c2/6''l &b f b'

ckDWJ N$N * [72. Does the additional plant feedback oc to the allowed ONccW
time for successful action? When? ,vAs S d yo ',

J/auo em /-

3. Is the time available for the correct action sufficient to allow
newly arriving crew members to participate in the decision?
(i.e., is the error rate essentially time independent?)~

@ ,no),

4. During the time available for diagnosis, what new crew members
will be able to ad the problem? [e.g.,none, shift
technical adviso STA , remote emergency response team] S S, S M Q
At what point would the following events be declared?

.

Alert (onsite response team called) /CM,'Wa* d*##e

Site Area Emergency (offsite response team callea #/5e
> 3o ppy oc Acse/4General Emergency (potential evacuation) &C+ - n ece

' c g 7, 3 ,& ttG > 3 6 cry ot. A b) T. ,s
5. Should additional credit be given because of additional plant

feedback? @ no)
'

6. Should additional credit be given because of newly arriving crew
members? Q 3 no)

.

O

B-434
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TABLE 2-8 (continued)

'

-
Sheet 9 of 13

i

|H. Dependence with Other Human Actions in Same Scenario-

~

1. Have other errors of human actions occurred in this scenarioi
NO

'

,

|
2. How much influence do previouc human errors have on this action?

(significant, same, none) A> /9

.

-
.

3. Are other actions being performed serially or in parallel?
(Attach operator time line if necessary to describe.)

A)aw n e Pos TUf ' DOCA fn- w p* Sft##,

\
,

4 Are there enough personnel available to carry out the necessary
actions? vAi

i

5. Must a specific dependence with another human action be
,

,

- accounted for?
NO !

Scenario Group
~

Yes/No Coments

A.
i

B.

C.

D.

*

.

;

,

i

|

B-435 -
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TABLE 2-8 (continued)

[# Sheet 10 of 13

1. Potential for Confusion in Diagnosis Leading to Unsuccessful Response

1. Are there proced res available to instruct operator to perform
the action? ye , no) Identify by. number /n/O-/ Adp A 7

h c d. o7 A'.An d2 If no procedures apal , is the operator trained to perform toe g* _

-

specific action? yes no)
'

3. Which initiating nts may lead to a need for this tion?
Do each of these initiating events result in%, ac.L o=^ n a itw fH ,

4 the plant / physical
conditions necessary to enter the procedure encompassing this
human action? (yes,no) A26 If no, identify by initiator

.

5. Which other procedures have entry conditions similar to the
procedure encompassing this human action? Identify by number

o eq ,

.

6. Do the inriications describing the entry conditions for other
procedures differ from the :orrect procedures only by
parameters not normally keyed on by the operator?

( (ye s , no ) A.) A If yes, identify .

7. Is the stress 1 at the time of selecting the proper
procedure high, optimal, or very low?

8. Is the operator trained to expect the actual situation to be of
extremely low frequency? (yes, @

Is the potential for an incorrect diagn is leading to an
operator-induced failure high, medium, ow, r very low?

.

9. What is the likelihood of the operator initia ring the
wrong procedure? (likely, somewhat likely unlikel
Identify by number .

10. If the incorrect procedure is entered, does it direct the
operator to:

4
| | Not do any related action?

R Perform an action that makes things worse? Identify
.

| | Perform the corrcct action anyway? '

O
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TABLE 2-8 (continued) I,

I

i

1

8MM1'
Sheet 11 of 13

4

i *

) 11. What top events are likely impacted in some way that makes !
| recovery more complicated prior to the successful !
i rediagnosis? //4 4 6 , A>5

-

:.*
i

'
I

l

!

| |
1 i
a

I

,
.

.

T

i I

.| |

1 |
*

, ,

1 .)-

) - 1

i
4

!

;

i
1 1

,
'

*
.

i

1 |
? i
9

i

|
i

I i
j |.

)
.

3

5

;

|
4

1
'

0495G061286HAAR'
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TABLE 2-8 (continued)

OMh Sheet 12 of 13

J. Potential for Selection of Nonviable Action (assuming a correct
diag.1osis) -

.-

1. Are proc available to instruct the operator to perform the
action? no)

2. Is discretion given to the control room team as to the proper ,
option among several to be selected? (yes g h

3. Are any of the options nonviable for any one of the scenario
groups identified? (yes,no) 4)/T Identify:

.

4 Is more than one option pursued in parallel? (yes,

5. If no specific procedures apply, ar ere other niausible( options that are nonviable? (yes Identify

If the correct action were taken prematurely, would the action
still be successful? C 4 3

/

6. If a nonviable solution is selected, are sufficient cues and
tice available to later pursue a viable option?

i cues; / 7m 4 JWtco, [ M
D M K p q iba g A u w <

7. Is the plant / operator interface such that a potential exists for
the operator to slip (i.e., manipulate the wrong controls) when
implementing the correct action? (yes @ Explain:

,

/1 ch c e cde N

.Aquxfw a~- 2 p a% ~
f'

8. Is the potential focJelection of a nonviable option high,
medium, low, o ?

B-438
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TABLE 2-8 (continued) !

i

/] i(,/ Sheet 13 of 13 '
,

Human Action Identifier: 88 |
;K. Summary Sheet
,,

From B. What type of behavior is required? /

From C. Description of plant interface? M //L
I*

From D. Expected stress level for each scenario group?
|

Uroup A l-/r 8 6<.)* w *^ * > bTt^ TYikt- S*''jl#*
Group B __ '

Group C
iGroup D

Group E 1 ;

,

From E. Experience level of operating team gut &t 4 .
'

sin . a : zo '

From F. Time available to perform correct.aetun to mh ;
-

.

Best estimate of time to diagnose m,. .

From G. Additional credit for rediagnosis due to plant feedback?
yes Arriving crew members? </a J ;l/

/ '

From H. Need to account for dependence with other actions for each
iscenario group?
i

Group A
Group B '

Group C ,
'

Group D

From I. Potential foi incorrect diagnosis leading to failure? dOO,

_ _ _

:From J. Potential for telection of nonviable option?,

Type of human action

)'Backuptocnautomaticaction

| | Detract from an ESAS response

W Recovery of a failed system via realignment

| | Planned manual action
. >

f'"1 Action may lead to an extended outage; e.g., due to
contamination.

0495G061286HAAR B-439 -
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TABLE 2-7. DYNAMIC HUMAN ACTIONS QUESTIONNAIRE

O 1
lHuman Acticn Identifier: HHLik Sheet 1 of 11 |

-

)
1A. Description of Human Action
!

1. Objective (task to be perforTned and failure criteria): , ,

---SEEwWert4 men no N ttVSOG3-~Schous-R j

- TMLE--tui--Foer'DE5C AN0.@..s. .-- |
Cpwin kI.c h mon (.- & n LM '.' m y o%

m DHR b liv a yl dp u k s em a.( ,, lc. .Ja3si

(coleie.w :., (pm L % , vJ.s 4 et.u ,.Ja@ )
.

.

2. List split fractions that incluae this human action.
.

In A , //L-f

O
.

.

, -

3. Situation (initiating events and plant conditions, support system
states): collect into separate scenario groups for evaluation.

-

Emphasize factors affecting response time and stress level.
WLg V

w &- W \W -a~/dQ s f a .

;

kp~m,.W ^ |mW.A~f& &% ,' nW..

-

% ( ~ ^'2 4.1 ".-. .. e u-

- 1'

M
.- - .

. . . -.

yy&y - je - o# (w &#'!'"
O .-gg jg--gg -{>. +M. n< - ,~ c-

.

.

.......... ..
t

0394G011386 B,441
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TABLE 2-7 (continued)

9.
Human Action Identifier: MM/f Sheet 2 of 11

B. Cognitive Processing Type:

k Is the operator familiar with the action? O_4o ' ) ',. 9r
innfa4 Mar 5=ver b.ite r@ If yes, by what means? ferocampes, e m n , frequent'

performance)

D Does this action radict operator training, rules of thumb, orintuition? (yes,

!s this action included in simulato,r training? @ n c.. A W
are sese w rews .: s:n)s)ieno A,so % ed ack those pli ble descriptions (? actions: /

Skill-Based
,

g Routine action, procedure not required.,

I I Routine action, procedure required, but personnel well
trained in procedure.

U Action not routine, but unambiguous and well understood byoperators who are well trained.

I I Action is listed in procedures for turbine trip or reactor,
.

trip.

Rule-Based (procedures) '

R Routine action, but procedure required; operators not well
.

.

trained, or procedure does not cover. :;.

R Not routine, sction unambiguous and well understood, but not
.

well practiced. -

~ C Action described in emergency procedures, but not for
turbine trip or plant trip.

,

'
.

Knowledged-Based,

.

R Not routine, action ambiguous..

C Not routine, prehedure does not cover.

O Not routine, procedure not well understood.

O Decision to act based on a ruie-of-thumb, bdE'not in
emergency procedures.

.
.

'

Decide on one. What type of behavior is required,7,, F /<-) "
~

- ~

',B-442
.
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TABLE 2-7(continued)

Human Action Identifier:_ M R L,I
Sheet 3 of 11,

Operator / Plant Interface (items on which operators will key to baseC.
judgment)

Instruments and readings that trigger action (identify procedure
number and sto) if applicable): y h? g M fjg.g yg'

e .
..

'' Wla. Are P 5 "5

h Alarms (name , location, audible, visual):
A.) o M

.

'

.

th From where will action first be attempted? ( Qntrol rog other -specify)

h Is rdination between operators required? (yes, @
,,

lh Is there corroboration among indications? ( @ y goop some, none)

.& %u um b. deck mobpplica$le descr),ption ,o7p% A mue,a h sy44%lant intefface:

C Excellent. Same as below, but with advanced operator aids to
help in accident situations.-

.,

-

'

.

C Good. Displays carefully integrated with SPDS to help operator.
'

g Fair. Displays human engineered, but require operator to
integrate information.

*

, .
'

O Poor. Displays available, but not human engineered.
.

.i i Extremely Poor. Displays needed to alert operator are not .
directly visible to operators.,

,

.

.

O
.

'*

0394G011386'' .
.
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TABLE 2-7 (continued) !

Human Action Identifier: W WLI Sheet 4 of 11

D. Stress Level

Is th ntrol room team expected to have a high work load?(yes,no)
,_, ..

2. Why is this action needed? (backuo to an automatic action,.

requiredQna_nual)ction, recovery of failed system, defeat ESAS
response) '

_,

h Will this action contaminate a portion of the-
nt or otherwise ,d p ,result in an extended plant shutdown? (yes no %E9

h Are there any system failures hat complicate this action? (none,
one Q ultiple) y h f

@ Is this action the opposite to the respon required in another.

procedure or to general training? (yes no

What are the expected work conditions for the crew?

Ei &
| | Vigilance Problem. Unexpected transient with no precursors. W

g Optimal Conr W on/ Normal. Crew carrying out small load
,adjustments.

*

.

R High Workload / Potential Emergency. Mild stress, partway through
accident with high work load or equivalent.-

,

.,.

R Grave Emergency. 'High stress, emergency with operator feeling'
threatened.

. .

Asse'ss stress level,for each scenario group. -
,

.

Scenario Group Stress. Level Coment s

d'A.
I

B.

C.

hj D.

|

|

0394G011386 B-4'44
'

*
'

-

I ..

_ _ _ - - _ _ _ . - _ _ _ _ _ - .. ._.



._

.

TABLE 2-7 (continued)

Human Action Identifier: 44L4Lj[ Sheet 5 of 11O
E. Experience Level of Operating Team

(specific team memo 2r wno would perform the action)

f- l Expert. Well Traine ' Licensed with more than 5 years
experience..

,

[53] Average Knowledge, Training.< Licensed with more than 6 months
Experience.

[--] Novice, Minimum Training. Licensed with less than 6 months
experience.-

.

.

(25) '

.

.

.

. .

.
.

.

.

-
.

'

.

.

.

O
'

0394G011386 ' '-
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TABLE 2-7 (continued)

Human Action Identifier:_ MML1 Sheet 6 of 11 '

F. Response Time Available
{

h. What is tFa tjming of the first indications for the operator
action? 4Aous A in time since initiating event)'

A-1 ek *

(2, When may the operator f- M '.t? (in time from initiating event) O'
-

.
.

fDM $ ,C A' h A!
'

Y._~___..._._. ._. ._ __

5 & x)/

J A.2%R-3 % & y M 6f m,A |

;'

i
/'

_ ' h G& ..$ b >
- - -

^*

_

Qj When i the last time allowed for the operator to take action and
t,a successful? |

i

Measured as median time since initiating event IN "d-

or as time since first indications 0 4 => |

4',. Estimate the median time to carry out the action, once decided to
pursue. =El e r la w 6r

j

Estimate the median time available for the operator to decide to
~ perform the correct action. Measure the time available from when

he would first turn his attention to the indications until thelast time available. h -Lo e x _
2. - 3 =l =q ._w a =- t ~ ' % *

f 2 Eofy1: e..
-la ./W-1: 28 3,- c..

.

sc w w. r.-c en- w cmmore w etorew =
Gusr cirretsncES stw cy x eu, erwtTs uw:su ge;T co.new w

p t yG XMna . toa
.

jlL-
.-

.- . ~
.

p - w yn ~

.

'

0394G011386 B-446
.
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TABLE 2-7 (continued)

Human Action Identifier:.HHL1 Sheet 7 of 11

G. Recovery from Earlier Misdiagnosis

1. What significant new indications are there to tell the operator
that an earlier diagnosis was in error?
M Qwf, b=d A== . Y

b Ym /

$' h |so WAN T e M e/ a d A c_ A C 4 d' e2. Does the additional plai.t feedback occur prior to the allowed-

time for successful action? When? ,

,v w 7gg 7
M I /R'

l

~Ia'd.M

3. Is the time available for the correct action sufficient to allow W 1

newly arriving crew members to participate in the decision? !
*

(i.e.. Is the error rate essentially time independent?) @ no) 7,p )0 - : 44-

4. During the time available for diagnosis, what new crew members pwill be able to address the problem? [e.g.,None, Shift
Technical AdvisorQSTA), :S/Q Emergency Response Team] *

(2, M M p'd uJoe ih. 4* hod' be dethred '.
ate 1LT m /9.

site AREB -. -

Should additional credit be given because of additional planteA

feedback? @ no)
es Should additional credit be given because of newly arriving crew

. members? @ no)
*

.

% 's

6uSk"** &>fs 9.

.

.

. .

O
' '

0394G01,1,386 - .

-
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TABLE 2-7 (continued)

Human Action Identifier: N M Ld- Sheet 8 of 11 h
H. Dependence with Other Human Actions in Same Scenario

1. Have other errors of human actions occurred in this scenario?
m

. . .
,

sf

2. How much influence do previous human errors have on this action? |

(significant,same,none) '

!

XJA
:
I

'

_|
l

3. Are other actions being performed serially or in parallel? |
(Attach operator time line if necessary to describe.) |

9 i% /d=MCC
~ A -M W

9, ev,%. .d, , s u c ra g Ify ,el.wu roddom a ,d t! umm<?e ;r
,

fa. Arc. -here ca pe rso%et. avdWbb e o oA w eu g e d i

sd
,

Must a specific dependence with another hu ction be accounted
'

f0PI m.

.

!.

Scenario Group - (Yes/No) Coments I-
.

t

f6W,C M |&*'T "' M #C/ TN h ! |
*

/V .

#B.-,

-
.

C. * *

.

D.
,

.

e

&
-

.

0394G011386
B-448,
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TABLE 2-7 (continued)|

Human Action Identifier:_ M M l.7 Sheet 9 of 11

I. Potential for Confusion in Diagnosis, Leading to Unsuccessful Response

1. Are there proced res available to instruct operator to perfo !the action? no) , Identify by number _//Df/-'
t. .

2. If no procedures apply, is the operator trained to''pe'rform the |-

specific action? (yes, no) gA |

3. Which initiating events may,Jead to a need for this action? i
N Y 6Ac#o&T*la g s - ./' % 4 r v4n.4c+44c b M :

4. Do each of these initiating events result in the plant physical
conditions neces y to enter the procedure encompassing this
human action? no) If no, identify by initiator

'

.

5. Which other procedures have entry conditions similar to the
procedure encomp gsing this human action? Identify by number

1
-

.3bMP '^ ,

'

6. Do the indications describing the entry conditions for other
procedures differ from the correct procedures only by parameters
not normally keyed on by the operator? (yes,no) Ifyes, identify e_14 .

7. Is the stress level at the time of selecting the proper
procedure high, mild or very low?

,

,

,

8. Is the operator trainid to expect the actual situation to be of
extremely low frequency? (yes,@

.

88. Is the potential for an incorrect diagnosis leading to an '

operator-induced failure high, medium, low. orqery lowy .
.

|9. What is the likelihood of the operator initially entering the
, wrong procedure? (likely,somewhatlikelyQlikely))Identify by number-

10. If the incorrect procedure is entered, does it direct the '

operator to: *

h Not do any related action? '

A)A
C Perform an action that makes things worse? Identify

-

O Perform the correct action anyway? .

i 11. What top events are likely impacted in some way that makes '

recovery more complicated prior to the successful
rediagnosis?.

.

0394G01,1386
- -

- -

B-449,
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TABLE 2-7(continued).

Human Action Identifier: H W11 d Sheet 10 of 11 '

J. Potential for Selection of Nonviable Action (assuming a correct
diagnosis)

1. Are procedures available to instruct the operator to._ perform the
action? @ no) , _ . . ,

2. Is discretion given to the control room team as to the proper
option among several to be selected? (yes, @ .

,

.,

3. Are any of the options nonviable for any one of the scenario
groups identified? (yes @ Identi fy: '

.

/

4. Is more than one optiop) pursued in para lel? 9 [hh [N e #/'M '

5. If no tpecific procedure &s apply, are t ere other plaus ".'. M d[ ,.

;options t.'1at are nonviable? (yes,no) Identify:
d6 ;

. . . ,

WA d ;

.

53. TC % & iceei W prs &vhIq vsAA % nG s9t k
-

'

y w g yvaurecevs &
If a Me solution is selected, are sufficient cues and time,M :

6.
(yes,no) )f M. L 'available to later pursue a viable option?

Identify cues:-

st# 7, :
-

I

|
-

.

|

|
. -

7. Is the plant / operator interface such that a potential exists for
the operator to slip when implementing the correct action?
(ye n Explain: .

M kh W bY,[WSM-

" $ A A $ m A cm C 5.

i8. Is the potential forJelection of a nonviable option high,
medium, low, ?

.

*

0394G011386 B-450
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TABLE 2-7 (continued)

Human Action Identifier: W W LI. /+ Sheet 11 of 11

K. Summary Sheet

From B. What type of behavior is required? M/M
From C. Description of plant interf ace? Fo .;

From D. Expected stress level for each scenario group? ~

Group A og/A O
,

Group 3 ,

Group C
Group D
Group E

From E. Experience level of operating team Awa
c%) < ow '

From F. Time available to perform correct.acthn R /- . , . _,
Cr.1 r;*:.n e.re ,y- l. L , c. i ,> da o 9 ..o e__ o. e 4.~.?-

From G. Additional credit to rediagnosis due to plant feedback?
Wi Arriving crew members? JA, / / rit, , > o -

From H. Need to account for dependence with other actions for each
scenario group?

I' "' $* 0 '"''''' '% '~ aru eY KD IGroup A s#i,
Group B'

Group C
Group D
Group E

From I. Potential for incorrect diagnosis leading to failure? Ver M,v,

From J. Potential for selection of nonviable option? VM.- [<n< >
/

pl n .a . .-- c oc'%
.

4

9

e

$

O :
0394G011386

'

.

B-451

..

,-_ _ . - _ _ ._._.,_______.,.,,,_..._..,,,_,,,,,.,,,..,m,,, , ,_ ym_, m,..,,_.,-.yo,,,., ,,,,.,_~,,._.,,,,-,,,r
_ _



- -m 4 - - a a.-. . m -.-- ..-,_. w.- a m - - . -

O

.

O

O

B-452
t

I

i|,__ _ ~, ..._ , , . _.-,_---- - - - . - . . --- .--- .--- ------ - . - - - - - . . .-- -
- . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ~ ~ ~ ~ - ~ ~ ~ "



_. . _ - _

-_ - ____ - __ __ ). ,a
|

TABLE 2-7. DYNAMIC HUMAN ACTIONS QUESTIONNAIRE

D
d Human Action Identifier: HHL18 Sheet i of 11

A. Description of Human Actica
i

1. Objective (task to be parformed and failure criteria):

Operator fails to locally open the DHR dropline valves
to go on DH lowing a normal plant cooldown.
-w - w y m~-,.. w.a

f-QC j ; ' i l e d . ,/l f IC-ESV were available, remote .

*

1

ctuation would be possible. However, the action
to open these valves is conservatively modeled as
1' they can only locally bo operated.1 ,

;% ._ -- '

.
. . .....

2. List split fractions that include this human action. -

%LD; 84-l[t) n (HL-V
!

O
.

.

,

3.- Situation (initiating events and plant conditions, support system
states): collect into teparate scenario groups for evaluation.-

Emphasize factors affecting response time and stress level.
1WL V

W Mh - M
, ,

MAm M c/_c. p # O h 4
,

PM -- M m -1 4.i M [_ |
'c w (--M Y-- -< - '

7mo w[ ('

-u m , n
t :1, <; c-esy w e ,s s '.

O '

1

0394G011386 B-453
*
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TABLE 2-7 (continued)

Human Action Identifier: M#LI 8 Sheet 2 of 11

B. Cognitive Processing Type:

k Is the operator familiar with the action? (tje r) ' 3
h ufad War

sc verl (> .ner(D If yes, by what means? (Mr.nced u es, m ining, frequent
perfomance)

D Does this action c radict operator training, rules of thumb, or
intuition? (yes,

*h
Is this action included in simulato,r training? @n (.{ Af :no) A dgoo % arc 4 Lese &M

ekthosehves{ _D.AJ t'LA\plic ble descriptions of actions:re w d.:frs' w)a/ )

Skill-Based
-

p<j Routine action, procedure not required.

| | Routine action, procedure required, but personnel well
trained in procedure.

!
| | Action not routine, but unambiguous and well understood by Ooperators who are well trained.

| | Action is listed in procedures for turbine trip or reactor.
trip.

Rule-Based (procedures) |
~

| | Routine action, but procedure required; operators not well.

trained, or procedure does not cover.
..

I V 1 Not routine, action unambiguous and well understood, but not
'

well practiced. -

'| | Action described in emergency procedures, but not for '
-

turbine trip or plant trip.
,

Knowledged-Based
,

Not routine, action ambiguous. *

C Not routine, procedure does not cover.

| I Not routine, procedure not well understood.

R Decision to act based on a rule-of-thumb, but not in
emergency procedures. (y,

Decide on one. What type of behavior is require,d,7 9EM
.

0394G011386 8-454
.
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TABLE 2-7 (continued)

Human Action Identifier:R;,L.I & Sheet 3 of 11

C. Operator / Plant Interface (items on which operators will key to base
Judgment)

J

Instruments and readings that trigger action (identify procedure
number and stop if applicable):
4 DHK y % p h g g ffg,g

- yg

Qcs w @%-A- ti o y- y.

la. Are M5P ? 'h,IS * '

@ Alarms (name, location, audible, visual):
to o M *-

.

;} speci,fy)From where will action first be attempted? ({ntrolrop,other-

@ Is''c$ rdination between operators required? (yes, @ ,,

ih Is there corroboration among indications? ( Q some, none)

. b 5I'hu buideelption of plant interface:sh A set @M b sy<NPo %bk g
eck mo applica le descr

,

M Excellent. Same as below, but with advanced operator aids to
.

help in accident situations.-

, , .

'

Good. Displays carefully integrated with SPDS to help operator. '

g Fair. Displays human engineered, but require operator to
'

integrate information. .-

-.
,

L_j Poor. Displays available, but not human engineered.

t i Extremely Poor. Displays needed to alert operator are not .

directly visible to operators..,
|

.'
,

.

|

!

.

0394G011386
*

-
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TABLE 2-7 (continued)

Human Action Identifier: W W /.18 Sheet 4 of 11

D. Stress Level

h trol room team expected to have a high work load?

2. Why is this action needed? (backup to an automatic action,-

requiredQna_nuaDaction, recovery of failed system, defeat ESAS
response)

..

@ Will this action contaminate a portion of the- nt or otherwise
result in an extended plant shutdown? (yes no) spn il.p,

h Are there any system failures that complicate this action? (none,
one CmultipleS v h gm

h Is this action the opposite to tne respon required in another
procedure or to general training? (yes no

,

What are the expected work conditions for the crew?
~;

[ Vigilance Problem. Unexpected transient with no precursors.

.

M Optimal Condition / Normal. Crew carrying out small load
adjustments. .

-

.

| | High Workload / Potential Emergency. Hild stress, partway through
accident with high work load or equivalent.-

*9

'

U Grave Emergency. High stress, emergency with operator feeling,

threatened.
'

.
.

Assess stress level.for each scenario group.

Scenario Group Stress. Level Coments
.

d A.
!

.
B. -

C.

hJ D*
,

'

0394G011386 B-456
-
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TABLE 2-7 (continued)

Human Action Identifier:_ M l-4 Ll. R Sheet 5 of 11

E. Experience Level of Operating Team
(specific team memoer wno would perform the action)

O Expert, Well Traine Licensed with more than 5 years
experience.e

@ Average Knowledge, Training. Licensed with more than 6 months
experience.

[ Novice, Minimum Training. Licensed with less than 6 months
experience.-

-

O
.

e

0

6

e

e

e

S

e

e

a

e

e

O
'

0394G011386 B-457
* " '
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TABLE 2-7 (continued)

Human Action Identifier: M4/.18 Sheet 6 of 11

F. Response Time Available

N. What is the timing of the first indications for the operator '
i

action? Flous A in time sic & nce initiating event) |
s.4~;f

(@ When may the operator first a t? (in time from initiating event)

.fD M - f C K o' WY N
/ A

J .zA- 1 % % p u M. A,

\
$G Y s

b When is the last time allowed for the operator to take action and '

be successful?

Heasured as median time.since initiating event .IN "d#
- ,

or as time since first indications
4,,. Estimate the median time to carry out the action, once decided to

pursue. %a r

Estimate the median time available for the operator to decide to
perform the correct action. Measure the time available from when
he would first turn his attention to the indications until the
last time available. SLe

l';3 ~ 3 - V " $
.

9

Sc p sum Time MAMtd derr Errsmer7C Tam E To fCTLR e
(raoJ P "9 LFFNCES gm cernera, CF T.ME T3 Te AW15 GET (oilsEmie

q Lys % @').1 Lour i i~ u. .: .

..

e

e

O
'
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TABLE 2-7 (continued)

O Human Action Identifier:. WHLIG Sheet 7 of 11V

G. Recovery from Earlier Hisdiagnosis

1. What significant new indications are there to tell the operator
that an earlier diagnosis was in error * .,
Q Qwf, .i'!-: J &

.

|

b sNm
.

$' Y h |" T= MW d.&. Ne.go &/

!
2. Does the additional plant feedback occur prior to the allowed j h |

time for successful action? When? vw
/dC T !

M I /7
|

'

,

,L % L.
n9JMNdM2

3. Is the time available for the correct action sufficient to allow J j
newly arriving crew members to participate in the decision? -

;

(i.e., Is the error rate essentially time independent?) @ no) 7g; !O ':. (.h-

4. During the time available for diagnosis, what new crew members op!will be able to address the problem? [e.g., None, Shift !
Technical Advisor [STA),:s/ h Emergency Response Team) |

(3, g A p'ia w J3 % Mooi be dechred '. ;**guar y pp,

,

stic M1s -

eA Should additional credit be given because of additional plant !

feedback? @ no) |

es Should additional credit be given because of newly arriving crew
. members? Q no) -

.

%

,

.

e

O 1

'

0394G011386-

-
"

'
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TABLE 2-7 (continued)

Human Action Identifier: N M /_ib Sheet 8 of 11

H. Dependence with Other Human Actions in Same Scenario

1. Have other errors of human actions occurred in this scenario?
m

2. How much influence do previous human errors have on this action?
(significant,same,none)

MA
,

3. Are other actions being performed serially or in parallel?
(Attach operator time line if necessary to describe.)

f /c - ?r1Ccgia ccus C(ly WV& %We'~ "^P,4 v.' >

/A ~+ W%dff
3a. Arc -%eie esp pe rso%elavidab a o o 4 m.ess g e..

.

d^
es nd

Must a specific dependence with another hu.. action be accounted
for?

,

Scenario Group (Yes/No) Coments |
-

.

A. y%j k ck ep n<&,,cw m .rc< ccc-e
og hc.D l v

,

-
.

C. * *

.

D.
.

'
.

~
.

0394G011386
B-460

'

..

- -- 3 - . - , . - , . _ _



:
-

1 .>.

l

TABLE 2-7 (continued)

Human Action Identifier: 14 M L 1. 8 Sheet 9 of 11

I. Potential for Confusion in Diagnosis, Leading to Unsuccessful Resoonse I
l1. Are there proced res available to instruct operator to perforp

the action? es no), Identify by number //of/-Y .

2. If no procedures apply, is the operator trained to perform the
specific action? (yes,no) yA

3. Which initiating events may lead to a need for this action?
h /a/' 6A cW 4 T# / * 7Ae Ita M 4 c++# M Me4. Do each of these initiating events result in the plant physical
conditions necess to enter the procedure encompassing this
human action? no) If no, identify by initiator

'

.

5. Which other procedures have entry conditions similar te the
'procedure encompAs, sing this human action? Identify by number

Msap _ _ ,
_

~

6. Do the indications describing the entry conditions for other
procedures differ from the correct procedures only by parameters |
not normally keyed on by the operator? (yes, no) If

'

yes, identify es c .

7. Is the stress level at the time of selecting the proper
procedure high, mild

-

,

or very low?
,

, _

8. Is the operator trainid to expect the actual situation to be of
extremely low frequency? (yes,@ ;

.

Ba. Is the potential for an incorrect diagnosis leading to an '

operator-induced failure high, medium, low, orQry lowy
!

|

9. What is the likelihood of the operator initially entering the
, wrong procedure? (likely, somewhat.likely Q likely p !.

Identify by number
1

10. If the incorrect procedure is entered, does it direct the '

operator to: -

.

M Not do any related action?

| | Perform an action that makes things worse? Identi fy
'

-

[ Perform the correct action anyway? -

11. What top events are likely impacted in some way that makes
recovery n:.re complicated prior to the successful
rediagnosis? .

0394G011386
- -

- -
-
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TABl.E 2-7 (continued)

Human Action Identifier: 44 WL 1 b '

Sheet 10 of 11

J. Potential for Selection of Nonviable Action (assuming a correct
diagnosis)

1. Are procedures available to instruct the operator to perform the !
action? @ no) , . . ,

t

2. Is discretion given to the control room team as to the proper
option among several to be selected? (yes, @ .

.,

3. Are any of the options nonviable for any one of the scenario
groups identified? (yes @ Identify:

!
>

|

_

4. Is more th:n one opti pursued in es no) /Ye e M /
5. &If no tpecific procedure & , para lel?s apply, are t ere other plaus(4t.$ & $ ;

i

$
ibTe

options that are nonviable? (yes,no) Identi fy: g. . . ,
,

/\) A d ,.:

53. IC k n werd 4aW Wu$l ue4A & & & sKilW.sw
,W & V hpW" M VA Y

If a 7o*iiv7abIe solution is selected, are sufficient cues and time M ,6.
available to later pursue a viable option? (yes, no)Identify cues: /fg:

-

g . . , ,

|

'

,

7. Is the plant / operator interface such that a potential exists for
the operator to slip when implerr.enting the correct action? ,

'

(yes@ Explain:

&&&M &khwh huY,
" $ $ A $ m b rw C -

.,

8. Is the potential for_s. election of a nonviable option high,
medium, low, ? . -

-*

0394G011386 \

B-462 ~!
'

. -



1

|

TABLE 2-7 (continued)

Human Action Identifier: W W L1 ff Sheet 11 of 11

|
K. Summary Sheet ,

'

From B. What type of behavior is required? 7 l.

From C. Description of plant interface? N r .,

From D. Expected stress level for each scenario group?
i

Group A op1.ked
'Group B

Group C
Group D
Group E

From E. Experience level of operating team b' " :.,

s.on n
From F. Time available to perform correct action V. T ^y * */

8stf ejh;w Te of 4.. L e % c'.*~ ~oi c o.z ho-rsFrom G. Additional credit to rediagnosi(due to plant feedback?
.|V'e r Arriving crew members? cl. t A /w,u/m

From H. Need to account for dependence with other actions for each '

scenario group?

Group A '/ n , hi dt u <' w e " / ** T O
Group B '

i

Group C
Group D
Group E

.

From I. Potential for incorrect diagnosis leading to failure? % IdtvE

From J. Potential for selection of nonviable option? l/evd lce,>
d

2eco ye,.., c I hc.?c.A :y:H~
.

.

e

e

O
.

4'

0394G011386
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TABLE 2-7. DYNAMIC HUMAN ACTIONS QUESTIONNAIRE [M

Human Action Identifier: HHFI Sheet i of 11 |
,

A. Description of Human Action

l'. Objective (task to be performed and failure criteria):

SEE Trw L Qu etenar.Wao M Hu m M Acmus
T6BLE t-1 For. DE5C R-tPT10U

p) y ntu.P-|B Loop, G Q, if A - W ." b
~

.a&h S m e 2 C 5 "'/* , "* "' * ''"Mb #^ '"" D " :'

B) S te d O f' ^ f * D ' "'

ga gy .a & A A., n ,A & I L s 9 x n u k w at'' % \
$/cx /i> 10 S up *< A l<# j $#l'CT I5 I'W e 10 S W) K .

2. List split fractions that include this human action. I

I
. __

l

|

MM 494 -( (O#.(r/), N)

.

3. Situation (initiating events and plant conditions, support system
states): collect into separate scenario groups for evaluation.
Emphasize factors affecting response time and stress level.

MjM-

-

.

,

KuAi&y M y,a.Jdd f '-

f w fna-tMwa
-

-

'
, .

.

O
0394G011386

8-465 .
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TABLE 2-7 (continued) g
Human Action Identifier: M 4F1 Sheet 2 of 11

:B. Cognitive Processing Type:
I

k Is the operator familiar with the action? (I,4o y) ' _ Y
1: u fa s.tiar se very A.ute,D If yes. by what means? (procedures, training Qequen,t) '

t

D Does this action contradict operator training, rules of thumb, or
p g i

intuitior)? (yes @
Is this action included in simulator training? (yes h
Qoa %

ek those hve4 are %Bse khia reheAd u.%'w)| _ y&rplic'able descriptions of actions: '

#

Skill-Based _

| | Routine action, procedure not required.

| I Routine action, procedure required, but personnel well
trained in procedure.

@ Action not routine, but unambiguous and well understood by
operators who are well trained.

Action is listed in procedures for turbine trip or reactor.| |

trip.

Rule-Based (procedures) ~

| | Routine action, but procedure required; operators not well
.

.

trained, or procedure does not cover.
,

% well practiced.Not routine, action unambiguous and well understood, but not
.

-

,[_j Action described in emergency procedures, but not for
turbine trip or plant trip.

,

Knowledged-Based
,

C Not routine, action ambiguous.

C Not routine, procedure does not cover. *

U Not routine, procedure not well understood.

R Decision to act based on a rule-of-thumb, but not in
emergency procedures.

.

Decide on one. What type of behavior is reguired? S k' / C C
*

j
B-466-

0394G011386 '
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T/BLE 2-7 (continued)
i

i

Human Act - iuentifier:_ M #FI Sheet 3 of 11
,

O ;

C. Ooerator/ Plant Interface (items on which operators will key to base ;
judgment)

,

1 Instruments and readings that trigger action (identify procedure
number and sto) if applicable): 7/[uBy.p .

TA1,o.f @ 2.T M M |
,

'

dla. Are d! splay 'r p * '

~ ,

h Alarms (name, location, audible, visual):
.

P Q> W > f - c 4 Y d 'Ada
Mk'

% m -e ,

% = ;
:} From where will action firs be attempted?, (control room, other -

SPeci.fy) M% o;/ v20 j1E M W
@ Is Yoordination between operators required? (yes.h

h Is there corroboration among indications? Eery cQM? some, none)
I

hu idee ik k << M. A 5bapplica$le descr ption of plant interface:M s N i k . h y c W "6 Peck mo g

M Excellent. Same as below, but with advanced operator aids to
help in accident situations.-

'

.

O Good. Displays carefully integrated with SPDS to help operator.
i

ly Fair. Displays human engineered, but require operator to '

'

integrate information.
.

.

O Poor. Displays available, but not human engineered.
g i Extremely poor. Displays needed to alert operator are not .

directly visible to operators.
1
l

1

0 !
.

;*

0394G01.1386 '
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TABLE 2-7 (continued) h
Human Action Identifier: W 4 F.1 Sheet 4 of 11

D

D. Stress Level

Is the control room team expected to have a high work load?
@ no) ,

2. Why is this action needed? (backup to an automatic action,
required manual action,Crecovery)of failed system, defeat ESAS
response) .

h Will this action contaminate a portion of th l
result in an extended plant shutdown? (yes',hantorotherwiseEqu N F-

h Are there any system failures that complicate this action? h
one, multiple)

@ Is this action the opposite to the respo equired in another
.

procedure or to general training? (yes.

What are the expected work conditions for the crew? i

c ;.. '

R Yigilance Problem. Unexpected transient with no precursors.
i

| | Optimal Condition / Normal. Crew carrying out small load
adjustments. .

'

.

52] High Workload /Dotential Emergency. Hild stress, partway through
accide.it with LQh work load or equivalent.-

.

.,.

"

L. J Grave Emergency. High stress, emergency with operator feeling,

threatenc1.
,

.

'

Assess stress level,for each scenario group.

Scenario Group Stress. Level Coments
_

_

d A.

8.

c- 9.
, O.

B-468
'
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TABLE 2-7 (continued) |

)

(} Human Action Identifier: v4 H IS1 Sheet 5 of 11

E. Experience level of Operating Team
(specific team memoer wno would perform the action)

\

f~~l Expert, Well Traine Licensed with more than 5 years I

experience.-

s

[[{] Average Knowledge, Training. Licensed with more than 6 months
experience.

[[[] Novice, Minimum Training. Licensed with less than 6 months
experience.-

.

.

e

I

|
- -
.

.

|

l

|

* t

|-

,
.

|
-

|
1

O
~

.

0394G011386 ' '

B-469 .

.

, - - - - ,,-- -w-.---- - ., -,n,,---.,,.n...--,.,...-,__.,-w--.,,, _-m,,._,-,-,,,.n,,.n,,nm,n,,,. .



TABLE 2-7 (continued)

Human Action Identifier: M//FJ Sheet 6 of 11

F. Resoonse Time Available

N. What is the timing of the first indications for the operator
action?O.5 m,'a u ru (in time since initiating event)

I
When may the pperator first act? (in time from ir.itiating event)2

-

/04

( When is the last time allowed for the operator to take action and
be successful?

Heasured as median time since initiating event 2- 3 hou r p#ddor as time since first indications
4. Estimate the median time to carry out the action, once decided to' pursue.

Estimate the median time available for the operator to decide to
perform the correct action. Measure the time available from when
he would first turn his attention to the indications until thelast time available.

10100 - s' - os = //Y,5S '

(5) In ~ to - o T ; |09 S".

se w.
T.bc M^ ", m

a aer tem Time To eme
Gear wrretexts etw m wwc ra uma ge:r o.n ew-

- -

R - Lo oP, G /? N/3 33k t /Q M . g
.

s - t aap , Cb, iii9 2we ! O. S 10 4..

!
-

,

l

|
1

O
1

'

0394G011386 B-470
|
|
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TABLE 2-7 (continued)

Human Action Identifier:_ H #RJ. Sheet 7 of 11O.
'

G. Recovery from Earlier Misdiagnosis

1. What significant new indications are there to tell the operator
that an earlier diagnosis was in error?

/-44. Mn #2M W
Y[WY,

P1 '
r

|
2. Does the additional plant feedback occur prior to he allowep

time for successful action? When? % p'" h-

V.

3. Is the time available for the correct action sufficient to allow
newly arriving crew members to participate in the decision?
(i.e., Is the error rate essentially time independent?) no)

O 4 During the time available for diagnosis, Art new crew members
will be able to add ct blem? [e.g.,None, Shift
Technical Advisor STA, S Emergency Response Team)

twa b ded"d''%, M uAM p,4 wo.da %.
*

Asgp+Mg 6DJ"numir,

3'TE P M (f# 4 R A r G S A S d< e d /466#.dtf, '

Should additional credit be given because of. additional plant
.

eA

feedback? @ no)

es Should additional credit be given because of newly arriving crew
. members? Q no)

.

%

.

O
~

0394G011386
*

- .

,
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TABLE 2-7 (continued)

Human Action Identifier: N N f.1 Sheet 8 of 11

H. Dependence with Other Human Actions in Same Scenario

1. Have other errors of human actions occurred in this sc .iario?
/D0

.

2. How much influence do previous human errors have on this action?
(significant,same,none) M4

.

3. Are other actions being performed serially or in parallel?
(Attach operator time line if necessary to describe.)

dWN"Tla. M M /. A <- '

, ,
y,f

#3a. Arc. hePe odh periooet whabb 4 m e4 meug AMari
e /no)

Must a specific dependence with another hu.. n action be accounted
for?

- m
.

Scenario Group (Yes/No) Coments -

A.
.

B.
-

.

C. * *

.

D.

9
-

03,wa nee
s. ,,

.

__



_ _ _ _ - _ . __ _ _ _ _ - - _ _ _ _ -

TABLE 2-7 (continued)
l

Human Action Identifier: M H F.1 Sheet 9 of 11
V

I. Potential for Confusion in Diagnosis, Leading to Unsuccessful Response

1. Are there procedures available to instruct operator to perform '

(yes g Identi,fy by numberthe action?
.

2. If no procedures ap is the op ai or
specific action? es' no)

3. Which init events may lead a need for this action? |.& o s e '
-

,

4. Do each of thess initiating events result in the plant physical
1

conditions necessary to enter the procedure encompassing this '

human actio ? (yts,no) If no, identify by initiator
'

A) L
|.

5. Which other procedures have entry conditions similar to the
|procedure encompaqsing this human action? Identify by number

/U A ,!
,

,

|'

6. Do the indications describtns the entry conditions for other
procedures differ from the correct procedures only by parameters
not normally keyed on by the operator? (yes,n'o) Ifyes, identify /UA .

7. Is the stress level at the time of selecting the proper
procedur mild, optimal, o. vi:ry low? .

8. Is the operator trained to ex et the actual situation to be of
extremely low frequency? no)

.

Ba. Is the potential for an incorre esis leading to an '

operator-induced failure high, .edium low, or very low?

9. What is the likelihood of the operator initi ng the
wrong procedure? (likely, somewhat likely, nlikel
Identify by number

_,
_

10. If the incorrect procedure is entered, does it direct the '

operator to: *

,

M Not do any related action?

MN Perform an action that makes things worse? Identi fy| ,

Perform the correct action anyway? -

0 11. What top events are likely impacted in some way that makes
recovery more complicated prior to the successful
rediagnosis?

.

0394G01,1386 .-

*
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TABLE 2-7 (continued)

O)Human Action Identifier: H HFi Sheet 10 of 11
l

J. Potential for Selection of Nonviable Action (assuming a correct
diagnosis)

1. Are procedures a ailable to instruct the operator to perform the
action? (yes,no g ' g4 g A,%

2. Is discretion given to the control com team as to the proper
option am ag several to be selected? (yes ,@

3. Are any of the options nonviable for any one of the scenario
groups identified? (yes. g Identi fy:

.

4. Is more than one option pursued in parallel? e no) M pMw
&L b s. kIf no specific / pro'cedurMy,0 cAulaA(yes, @there other plausi fe rb,

4

O.5. are '

options that are nonviable? ) Identify:

Sa. If h acG werd 4aW prem4vrilg ueAd % ab sGI L,c. swsuCJL?
y.eA

6. If a nonviable solution is selected, are sufficient e.ues and time
available to later pursue a viable option? (yes,no)
Identify cues:

.

7. Is the plant / operator interface such that a potential exists for
the operator to slip when implementing the correct action?
gno) Explain: .

.A yds M) & $aJ r J tl
'

Ad .z~~p k ufmAA 48. Is the po ential for selection of a nonviable option high, g
medium, ow, or very low? } W

0394G011386 B A4'
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' TABLE 2-7 (continued) '

Human Action Identifier: W #f1 Sheet 11 of 11

K. Sumnary Sheet

From B. What type of behavior is required? E/<>'O

From C. Description of plant interface? 4.'

From D. Expected stress level for each scenario group?
, ,

Grot.p A &ld
Group B 8"' / r/

'

Group C
Group D
Group E

From E. Experience level of operating team G.~ s
p .wsp.j ' A o!Y.s...;. J ,.From F. Time available to perform co 'ect action c /co.

CeJ+.c: %;,x 6 ~- 4tL o 4 A .'a n .>t o to n .a .,
From G. Additional credit t'o rediagnosis due'to plaCreedback?

'/ .: Arriving crew members? % c: l, 4 A c e We c4 |

1
From H. Need to account for dependence with other actions for each j

scenario group?
1

O' MGroup A J

Group 8 Afo
4

Group C !
Group D

\Group E i

From I. Potential for incorrect diagnosis leading to failure? V,. /. ,, ,

From J. Potential for selection of no.wiable option? /2. . . /, ca

7 ,e ,.; a :t ;c ., *,

% a , . ,, ,s ,s
1

|

.

O .

*

0394G011386
'
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,. .

TABLE 2-7. 0YNAMIC HUMAN ACTIONS QUESTIONNAIRE

Human Action Identifier: HT C .i Sheet 1 of 11

A. Description of Human Action

1. Objective (task to be performed and failure criteria):
.

Operator fails to take manual contro* of the
main feedwater valves, given auto-ICS control
failure.

2. List split fractions that include this human action.

p rd ', M F -+ I ~

p r-Ni j F P I (931
"#u f f- ;

v&TV|h*Y,;p -
O ,

MF-\
.

V.F Os.

I

!3 - Situation (initiating events and plant conditions, support system '

states): collect into separate scenario groups for evaluation.
Emphasize factors affecting response time and stress level.

gc _- 0,,Um .g, Cn la3s and e: ur/.1,,'.fr r,

.Td S -U @h
'

D@c~-c -
_

m-
.

.

o

O
0394G011386

'
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TABLE 2-7 (continued)

-

Human Action Identifier: NI'd.1 Sheet 2 of 11

B. Cognitive Processing Type:

k Is the operator familiar with the action? 0.4e r) ' Y '

): uf6. liar se ver b. uc eD If yes, by what means? ( training frequent,

performance)

D Does this action ce tradict operator training, rules of thumb, orintuition? (yes,no

Is this action included in simulato Q no)ek those hve4 are 4kese achio rea,r training?plichble descriptions of actions:M43go.o (te cwed .: % sur/J

Skill-Based

% Routine action, procedure not required. '

I I Routine action, procedure required, but personnel well
trained in procedure.

| I Action not routine, but unambiguous and well understood by
operators who are well trained.

I | Action is listed in procedures for turbine trip or reactor,
trip.

'
Rule-Based (procedures) '

.

I | Routine action, but procedure required; operators not well,

trained, or procedure does not cover. '

..

| | Not routine, action unambiguous and well understood, but not
.

well practiced. -

'M Action described.in emergency procedures, but not for
turbine trip or plant trip.

tKnowledged-Based
l,

t
| | Not routine, action ambiguous.

C Not routine, procedure does not cover.

R Not routine, procedure not well understood.:
l

C Decision to act based on a rule-of-thumb, but not in
emergency procedures.

-

Decide on one. What type of behavior is required,? , 9k/46
.

..

0394G011386 8-478 |
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TABLE 2-7 (continued)

Human Action Identifier: MT('1 Sheet 3 of 11O
C. Ooerator/ Plant Interface (items on which operators will key to base

juogment)

Q1 Instruments and readings that trigger action (identify procedure
number and sto)Arteif applicable):7y14 R> - wk * *&'

si M
1a. Are. Nay &@ "5*'- @"I

@ Alarms (name, location, audible, visual):

& $} & ph U &,N.

.

W-

th From where will action first be attempted? (trolroop,other-
speci fy)

@ Ido rdination between operators required? (yes.h , , ,

i) Is there corroboration among indications? ( some,none)

applica$le descr ption of plant in errace:ENM h sycN,v*6Pide A h ca<Lud st<4 J65 'gek mob'bb
s

T~~l Excellent. Same as below, but with advanced operator aids to
help in accident situations.-

,
,

,

'

Good. Displays carefully integrated with SPDS to help operator.
'

3 Fair. Displays human engineered, but require operator to
integrate information.

'
.,

. .

U Poor. Displays available, but not human engineered.

. y Extremely Poor. Displays needed to alert operator are not .
directly visible to operators.,

.

O
'

0394G01.1386
'

. .
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TABLE 2-7 (continued) |

|

Human Action Identifier:_ WTC.i Sheet 4 of 11

D. Stress Level

Is th trol room team expected to have a high work load?
(yes

, ,,

Why is this action needed? k c D o an automatic action,2..

required manual action, recoWry of failed system, defeat ESAS
response)

,..

h Will this action contaminate a portion of the ant or otherwise
result in an extended plant shutdown? (yes,no E q % iff-
A there any system failures that complicate this action? (none,

W f~

h Is this action the ot respan equiied in another
procedure or to general training? (yes

What are the expected work conditions for the crew?

If

[ Vigilance Problem. Unexpected transient with no precursors.

p Optimal Condition / Normal. Crew carrying out small load ,

adjustments.
s -

,

R High Workload / Potential Emergency. Hild stress, partway through
accident with high work load or equivalent.-

.

.,

R Grave Emergency. High stress, emergency with operator feeling
'

threatened.
.

Asse'ss stress level.for each scenario group.

Scenario Group Stress. Level Coments

d A.
!

B.

C.

~s D.

O
'

0394G01.1386
'

-
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TABLE 2-7 (continued)

Human Action Identifier:_ b4 ff 1 Sheet 5 of 11

E. Exoerience Level of Operating Team
(specific team memoer wno would perform the action)

f" l Expert Well Traine ' Licensed with more than 5 years
experience.-

[E3] Average Knowledge, Training. Licensed with more ihan 6 months
experience.

,

[[[] Novice, Minimum Training. Licensed with less than 6 months
experience.-

,

.

O
.

4

6

4

e

O

e

O

D

e

,

4

0
-

.

0394G011386 ' '
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TABLE 2-7 (continued)
|

Human Action Identifier: Mre l Sheet 6 of 11

i
F. Response Time Available |

.

1

9. What is the timing of the first indications for the operator !
action? l-2 M (in time since initiating event)

b2, When may the pper,ator first act? (in time from initiating event).

9.

(. When is the last time allowed for the operator to take action and
be successful?

Heasured as median time since initiating event 9
or as time since first indications,

',. Estimate the median time to carry out the action, once decided to4
pursue. SOAe d

Estimate the median time available for the operator to decide to
perform the correct action. Measure the time available from when
he would first turn his attention to ,the indications until the
last time available. Q . gM

'

s

.

I g

Gaur ;nremrexs sm cu ma, wwtra uses agr cwww
* 5 "'' i

'

30Ste-lj 3 pg,,, e Q.

.

0

4

9
.

'

0394G011386
'
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TABLE 2-7 (continued)

Human Action Identifier: HfC1 Sheet ? of 11o
G. Recovery from Earlier Misdiagnosis

1. What significant new indications are there to tell the operator
that an earlier diagnosis was in error?

.

A recs g %
1

I

2. Does the additional plant feedback occur prior to the allowed
time for successful action? When? A MM !

GF |
.

.

|
|

.

3. Is the time available for the correct action sufficient to allow
newly arriving crew members to participate in the decision? !

(i.e., Is the error rate essentially time independent?) h no)
.:.

|
4. During the time available for diagnosis, what new crew members . !will be able to addre theJroblem? [e.g.,None, Shift

|Technical Advisor T h Emergency Response Team)
' be dedMd '.4 a . M M p * d uso.Jla % . w.

R '( GeaESAt-,,
N'

siTc enEn -
i

eA Should additi nal credit be given because of additional plant
feedback? es no)

og Should addit onal_ credit be given because of newly arriving crew
. members? es . o)n

...

.

|N,

.

O
' '

0394G01.1386
-

.

'
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TABLE 2-7 (continued)

Hunan Action Identifier: Mfd. f. Sheet 8 of 11.

H. ,0ecendence with Other Human Actions in Same Scenario

1. Have other errors of human actions occurred in this scenario?
A.) O

2. How much influence do previous humJn errors have on this action?
(significant, same, none) /U N

.

.

3. Are other actions being perfomed serially or iq7arallelf
(Attach operator time line if necessar to descrioe.!

3a. Are 4kere od"h pe rsowed. an'dak k G e4 * 853 % S^'!ye led
Must a specific dependence with another hum n action be accounted
for?

'

No
-

.

Scenario Group _(Yes/No) Coments '

, .

A. j

B.
*;.

C. 1
-

-

D. l

91
|
|

'
'

0394G011386 B-484
1
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TABLE 2-7 (continued)

Human Action Identifier: M r d. 1 Sheet 9 of 11O
V

I. Potential for Confusion in Diagnosis, Leading to Unsuccessful Resoonse

1. Are there proceA res available to instruct operator to perform
the action? Gye no) , Identify by number /2/o-{ /2/o'.3,

,.

2. !.f no procedures apply, is the ojerator trained to perform the
'

specific action? (yes, no)j U N
3. Which initiating events may lead to a need for this action?

. . 1

4. Do each of these initiati events result in the plant physical
conditions necessa to enter the procedure encompassing this
human action? es no) If no, identify by initiator

. .

,

5. Which other procedures have entry conditions similar to the
{procedure encompA(sing this human action? Identify by number
1o ~ e._. ,

I.

6. Do the indications describing the entry conditions for other |

procedures differ from the correct procedures only by parameters
notnormallykeyedogbytheoperator? (yes,no) If
yes, identify M

7. Is the stress level at the time of selecting the proper
procedure high, mird g o. very low?

,

,
,

8. Is the operator traini'd to expe he actual situation to be of I,

extremely low frequency? (yes,
.

B a.Is the potential for an incorrect diagnosis lea 'n
operator-induced failure high, medium, low, or ry 1

,

9. What is the likelihood of the operator initially-e ring the
wrong procedure? (likely, somewhat likel unlikePy
Identify by number

_,

1
10. If the incorrect procedure is entered, does it direct the '

operator to: *

C Not do any related action?

gA | t Perform an action that makes things worse? Identi fy

C Perform the correct action anyway? .

O 11. What top events are likely impacted in some way that makes
recovery more complicated prior to the successful
rediagnosis? #

.

0394G01.1386
-

- -
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TABLE 2-7 (continued)

Human Action Identifier: MTC1 Sheet 10 of 11

J. Potential for Selection of Nonviable Action (assuming a correct
diagnosis)

1. Are procedu available to instruct the operator to perform the
action? yes,no)

, _ , ,

2. Is discretion given to the control room team as to the proper
option among several to be selected? (yes @ ,

,

3. Are any of the options nonviable for any one of the scenario
groups identified? (yes,no) Identify:

A)A

4. Is more than one option pursued in parallel? (yes. h ..

,

5. If no specific procedures apply, are there other plausible
options that are nonviable? (yes, no) g 4 Identi fy:

O
h. If % ac G Lere h pre. W o$l Ad % Ab sMI be. swculd?

?
6. If a nonviable solution is selected, are sufficient cues and times

'

available to later pursue a viable option? (yes,no)
Identify cues:-

-

g4
.

1
I.

7. Is the plant / operator interface such that a potential exists for
.

ithe operator to slip when implementing the correct action?
J@ no) Explain: 1

sd& a.a e i

~

-

U b -Z CS ( & ,

8. Is the po ntial for selection of a nonviable option high,
medium low, or very low? .

O
.

'

0394G011385
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_ - _ - - - - _ _ _ - .



_- . ._ _ __ __ _ __

,

TABLE 2-7 (continued)

Human Action Identifier: W %d. .i $ beet 11 of 11

K. Sumary Sheet

From B. What type of behavior is required? sk,//

: From C. Description of plant interface? 6 t>

From D. Expected stress level for each scenario group?

Group A cr% f
Group B

*

Group C
Group D
Group E

From E. Experience level of operating team A'#we '

en.,-e m
From F. Time available to perform correct actiti6 7 ~ e.f// -

W e:1dn c1c c' tri, e fr div noJ- _ o . 9 ~? + ..

From G. Additional credit to rediagno' sis due to plant feedback?
h- Arriving crew member n N-

From H. Need to account for dependence with other actions for each
scenario group?

Group A U
Group B
Group C,

'

Group D
Group E

From I. Potential for incorrect diagnosis leading to failure? ,'< ,/no j
,

From J. Potential for selection of nonviable option? 4.- |
| < e b r m. ? e o pes:I . ,,,

'",Y'e '' .C c'0' ' * n ~ %) 2. , u;, ., ..',,.-,,t.. , c '- : , .
rct c.MJ*

,

'

.

.

1

.

i

|
|

|

|

l;

..

.

.
.

*

0394G011386 B-487
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TABLE 2-7. DYNAMIC HUMAN ACTIONS QUESTIONNAIRE

Human Action Identifier: HIC.A. Sheet 1 of 11

A. Description of Human Action

1. Objective (task to be performed and failure criteria):

Operator fails to manually trip the main
feedwater pumps, given failure of the main
feedwater valves to control flow.

2. List split fractions that include this human action.
,so

~

grA ; vf tl
MFf ; Nr4(f//67)
tn C j t*r->I kh

MEEi , MF f T'
recF ; WTFAw

, . t+ F&s' t#F-l .

,

3. Situation (initiating events and plant conditions, support system -

states): collect into separate scenario groups for evaluation.-

Emphasize factors affecting response time and stress level.

. mild sOf 85
'

54< Q dep'-d'4 *.MIC.) bd Hic t *w alwy asnM 9144,,

.

e

|.

i

I

4

.

t

0394G011386 .

'
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TABLE 2-7 (continued)

Human Action Identifier: HlC 7. Sheet 2 of 11

B. , Cognitive Processing Type,:

h Is the operator familiar with the action? 0.4o r) ' 4
b w.64.lb r severgfa,w r

@ If yes, by what means? (Drocedu@ raining) frequent'

performance)

@ Does this action c ntradict operator training, rules of thumb, or
intuition? (yes, no

Is this action included in simulator training? h no) Jw (kgMrg o.a Q
are 4kese NW reAud .: 47g4);ckthosekved

_ f m, ,
pli ble descriptions of actions:,

Skill-Based

>3 Routine action, procedure not required.,

| | Routine action, procedure required, but personnel well
trained in procedure.

| | Action not routine, but unambiguous and well understood by
operators who are well trained.

| | Action is listed in procedures for turbine trip or reactor.
trip.

Rule-Based (procedures) ~

.

| | Routine action, but procedure required; operators not well. .

trained, or procedure does not cover.
.

.

U Hot routine, action unambiguous and well understood, but not
well practiced. -

.

' [ Action described in emergency procedures, but not for
turbine trip or plant trip.

Knowl edged-Ba sed
.

O Not routine, action ambiguous.

[ Not routine, procedure does not cover.

] Not routine, procedure not well unterstood.

C Decision to act based on a rule-of thumb, but not in >

emergency procedures.
.

Decide on one. What type of behavior is require,d7 , E'
,

| '

.

0394G011386 B-490
!
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TABLE 2-7 (continued)

Human Action Identifier: M TC_2. Sheet 3 of 11

C. Operator / Plant Interface (items on which operators will key to base
judgment)

1 Instruments and readings that trigger action (identify procedure
number and stop if applicable):

med flew
m e w ven * h M .

2 a. Are. d'5 P 35- N'S 65'h *IB'

@ Alams (name, location, audjble, visual):
QL OTC& tsA d| bit iHA L C~L

.

~

:} From where will action first be attempted? Qontrolrohother-speci fy)

@ Is#co rdination between operators required? (yes.h
,,

O 13 Is 18ere cerreeerat4en amene indications 7 eer, seoe; seme. nome)

eck moIwe ba,.l,p%on of plant interrace.- 4 se @ u h,ys6,m c%s c a.

applica le descr ti
, ,

M Excellent. Same as below, but with advanced operator aids to
|help in accident situations.-

. , -..

'

Good. Displays carefully integrated with SPDS to help operator..

S Fair. Displays human engineered, but require operator to *

integrate information.
-

.
,

O Poor. Displays available, but not human engineered.

. Q Extremely Poor. Displays needed to alert operator are not ,
directly visible to operators.,

,

|

|

|

O
.

i.

0394G011386 1
-

-

-
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TABLE 2-7 (continued)
1

Human Action Identifier:_ WIC 2. Sheet 4 of 11
|

D. Stress level

s th ntrol room team expected to have a high work load?

(mbackuo'to an automatic action,2. Why is th tion needed?.

require manual action, recovery of failed system, defeat ESAS
response) ~ 0

h Will this action contaminate a portion of the
lant or otherwise ,f p .result in an extended plant shutdown? (yes,no gqwi

h Are there any system failures that complicate this action? (none.
@ multiple)-

@ Is this action the opposite to the respen required in 6nother
procedure or to general training? (yes no -

.

Wht.t are the expected work conditions for the crew?

If

[ Vigilance Problem. Unexpected transient with no precursors.

g @ Optimal Condition / Normal. Crew carrying out small load .

g, adjustments.
*

.

High Workload / Potential Emergency. Mild stress, partway throughv
* accident with high work load or equivalent.- -

.
,

. , . .

; |.

R Grave Emergency. High stress, emergency with operator feeling
.

)'
threatened.

,

|
-

Assess stress level,for each scenario group. |
-

Scenario Group Stress Level Coments

d A.
!

B.

C. *

/ D'

,

|*

0394G01.1386 B-492 |
-

-
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TABLE 2-7 (continued)
.

Human Action Identifier:_ W TC 2, Sheet 5 of 11

E. Exoerience level of Operating Team
(specific team memoer wno would perform the action)

|
[ Expert, Well Traine Licensed with more than 5 years !experience..

),

@ Average Knowledge, Training. Licensed with more than 6 months
experience. I

<

i
,

O Novice, Minimum Training. Licensed with less than 6 months
experience.-

S

9

0 .

.

e

9

*
- e, ,

,

e

9

e

'

l

|

:
,

'
.: .

'

0394G011386 ' '
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TABLE 2-7 (continued)

Human Action Identifier:_ M 10.7 Sheet 6 of 11

F. Response Time Available

Sk). What is the timing of the first indications for the operator
action? 1- b', A (in time since initiating event)

h When may the operator first act? (in time from initiating event)
*

a -4 iwiuJ44

( When is the last time allowed for the operator to take action and~

be successful? q m,*A

Heasured as median tima since initiating event h..

or as time since first indications u d. .
*.

'' Estimate the median time to carry out the action, once decided to4
pursue. . G;,4

Estimate the median time available for the operator to decide to
perform the correct action. Measure the time available from when
he would first turn his attention to the indications until the
last time available. O ~,.ht y

.

G

Sc cN esus T.*c N^et* deTErrem q Time. To T'ETNb
(rs4J r "Dirret-ORES Em (u x es s. G T.tatTJt>> W u BE;T to*2s ETN >~

Wy| V, m , 0.$ toU+8 f ?. ? "~ *

.

O

!

l

O
,

"

0394G011386
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TABLE 2-7 (continued)

Human Action Identifier:. H Tc. 'l Laeet 7 of 11_

G. Recevery from Earlier Misdiagnosis

1. What significant new indications are there to tt. tb operator
that an earlier diagnosis was in error?.

& Wd,- |A b Mf '46th amQ m'E' i ^l#''q
b gc.s greasura Ac!bab

2. Does the additional piant feedback occur prior to the allowed
time for successful action? When? up .2 mM

0
__

.

_

.

3. Is the time available for the correct action sufficient to allow
newly arriving crew members to participate in the decision?
(i.e., Is the error rate essentially time independent?) (yer,hO : .

4. During the time available for diagnosis, what new crew members
will be able to ad t roblem? [e.g., None, Shift
Technical Advisor STA S/S Emergency Response Team) -

'

g, g g p,s woa3 & bitou. be dechred '.-

L Jk, 6" "mer 96. ,

site enEB-
-

eA Should additi i credit be given because of additional plant
.

feedback'l no)

es Should addi nal, credit be given because of newly arriving crew
. members? es no

b .

'
.

RUM WW
p(~u]JMLs0

c
sp h 6 yu

-

e

.

O -

\
.

0394G01.1,386
-

-
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TABLE 2-7 (continued)

Human Action Ider.t1fier: N IC L Sheet 8 of 11

H. Dependence with Other Human Actions in Same Scenario,

1. Have other errors of human,gt1ons occurred in t is scenario? I
4

,opea}ob,H f$UM b m%Iunit %*

vde f4 %f act,% ,. m A s y I: b l 6 ~$ bey

pou'.bl# 1+ ecu e ,q 4. K ec A o a ko-{ vafQ kJm,

2. How much influence do pre <fous human errors have on this action?
(signi'icant, same, none) ja ,

.

.

Areotheractionsbeingperformedseriallyo(inparall)e3.
(Attach operator time line if necessary to desc7tts.'

'

S
3a. Arc. -here cap pe rsoud m*do'ob 4 G e4 m ess q d esi

no)
Must a specific dependence with another uman action be accounted
for? go,

.

-
.

Scenario Group (Yes/No) Coments - i.,

A.
.

B.
*

.

C. .'
'

D.

O
I

*
.

0394G011386 B-496
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TABLE 2-7 (continued)

Human Action Identifier: M T c. Z. Sheet 9 of 11 l

I. potential for Confusion in Diagnosis, leading to Unsuccessful Resoonse,
l

1. Are there proc d res available to instruct operator to perform
the action? e nc) Identify by number AW me.1 w up.) 1

.

2. If no procedures tpply, is the operator trained to perform the
specific action? (yes, no)

3. Which initiating events may lead to a need for this action?
mQ+}{a.4by7

4. Do e.ich of these initiating events result in the plant physical
conditions nece r to enter the procedure encompassing this
human action? es no) If no, identify by initiator

'

. .

5. Which other procedures have entry conditions similar to the
procedur
slea~ le,t encompAs, sing this human action? Identify by number1.n ak_,.

'

6. Do the indications describing the entry conditions for other
!procedures differ from the correct precedures only by parameters jnot normally keyed on by the operator? (yes, @ If !

yes, identify
!O .

1

7. Is the stress levei at the time of selecting the proper
procedure high, fmild,Qptimal) o, dery low? |

U g
i8. Is the operator trained to expect the actual situation to be of '

extremely low frequency? (yes @

Ba. Is the potential for an incorrect diagnosis leading to an-

'

operator-induced failure high, medium, low, orQery lod

9. What is the likelihood of the operator initially entering the
, wrong procedure? (likely, somewhat .likel)(unlikely))

Identify by number -

_,

10. If the incorrect procedure is entered, does it direct the '

operator to: -

M Not do any related action?

L_J Perform an action that makes things worse? Identi fy

@ Perform the correct action anyway? -

11. What top events are likely impacted in some way that makes
recovery more complicated prior to the successful
rediagnosis?'

.

0394G011386
-

B-497,

- _ - - - _ - _ - . - . _ _ - - - . - . . - . -- . - .-.



-
.

TABLE 2-7 (continued)

Human Action Identifier: M I C. 7_. Sheet 10 of 11

J. Potential for Selection of Nonviable Action (assuming a correct
diagnosis)

1. Are procedures available to instruct the operator to perform the
action? Q no) ,

2. Is discretion given to the control roo am as to the proper
option among several to be selected? ye no)

3. Are any of the options no e for any one of the scenario
groups identified? (yes, Identi fy:

.

.

'

4. Is more than or}e option pursued in parallel? (yes.h .

scrollg
5. If no specific procedures apply, are there other plausible

options that at a nonviable? (yes,no)ge
, , Identi fy:

9
Sa. If h n were 4aW predurIl3 uoAJ -h ab s91 W. swauCJd

V
6. If a nonviable solution is selected, are suf cient cues and time

available to later pursue a viable option? ye no)Identify cues:-
.

i.

.

7. Is the plant / operator interface such that a potential exists for I
the o rator to slip when implementing the correct action?

|(ye no Explain:
l

-

.

.

-
,

1

1

l

8. Is the potential _for selection of a nonviable option high,
medium, low, or(very lowO -

i

*

0394G011386 B-498 .
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TABLE 2-7 (continued)

_

Human Action Identifier: W I.C. 2 Sheet 11 of 11

X. Summary Sheet

From B. What type of behavior is required? SII//
From C. Description of plant interface? 64
From D. Expected stress level for each scenario group?

?'I*S' I % "']'~(7Group A
'Group B

Group C
Group 0
Group E

~

From E, Experience leval of operating team !''m-o<
s.< w.a 1

From F. Time available to perform corre:t, action 1,7 + 4.

2<sh Es 1%t e z %e 6 k~ 0,9 wa,..
Additional credit to rediagnosis d' p .nue to plant feedback?

.

From G.
Yet Arriving crew members? A /.

From H. Need to account for dependence with other actions for each
scenario group? lO l

Group A O
!

Group B
Group C !Group 0 !

Group E I

From I. Potential for incorrect diagnosis leading to failure? Vex, lh-

From J. Potential for selection of nonviable option? Vt", / "v
|

~

1

bo.leh okb . A cl.al%

.

O '

,
,

O

0394G01.1386
'
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TABLE 2-7. DYNAMIC HUMAN ACTIONS QUESTIONNAIRE

Human Action Identifier:_ hic 3 Sheet i of 11

A. Description of Muman Action

1. Objective (task to be rerformed and failure criteria):
Operator fails to set the manual loader to zero,
given that the manual loader was not initially
set to zero.

2. List split fractions that include this human action.
F em c, -

WFP ; hf+ I

y MI 5 ''P+ l (D G)

UFC i * EFT

WF) .vfiSUAov

t4 6 ) v !- - \
.

:

%

3.- Situation (initiating events and plant conditions, support system
states): collect into separate scenario groups for evaluation.
Emphasize factors affecting response time and stress level.

;

Ee Ac.:ro & ~}~ajp , L c s,c of A TA
. -

'

h2 4e & emaouut/AA
Ge~L)- & M ak p.^

p

.

0394G011386
B-501 .
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TABLE 2-7 (continued)

Human Action Identifier: NTd3 Sheet 2 of 11

B. Cognitive Processing Type:
i

k Is the operator familiar with the action? Q.4o g-) * 3
b ufa4 Mar se verw b . iterD If es, by what means? (procedures,Qraining',frequenp

erformancj)
_

k Does this action contradict operator training, rules of thumb, or
intuition? (yes,Q

'

Is this action included in simulator training?
Qo.u k vex % ars 4 Lese acu reAud .: frL*w@),no) $mfu)Tff

/
f

ek those plic'able descriptions of actions:

Skill-Based

y| Routine action, procedure not required. -

1 I Routine action, procedure required, but personnel well
trained in procedure.

| | Action not routine, but unambiguous and well understood by

hoperators who are well trained.

| | Action is listed in procedures for turbine trip or reactor,
trip.

Rule-Based (procedures)
~

4

.

R Routine action, but procedure required; operators not well.

trained, or procedure does not cover. '

.

.

| | Not routine, action unambiguous and well understood, but noti
well practiced. -

~M Action described in emergener procedures, but not for
turbine trip or plant trip.

Knowledged-Based
,

I I Not routine, action ambiguous. *

C Not routine, procedure does not cover.

R Not routine, procedure not well understood.

U Decision to act based on a rule-of-thumb, but not in
emergency procedures. .

,

Decide on one. What type of behavior is reguire,d,7 , N/bb

0394G011386 B-502
.
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TABLE 2-7 (continued)
|

|

Human Action Identifier:1-Ip3 Sheet 3 of 11O
C. Operator / Plant Interface (items on which operators will key to base

Judgment)

Instruments and readings that trigger action (identify procedure
nurrber and stp> if applicable):

,

la. Ar '

@ Alarms (name, location, audible, visual):
'

.

.

@ From where will action first be attempted? [olrochother-specify)

@ Is rdination between operators required? (yes
. . ,.

ih Is there corroboration among indications? (very good, none)

eck mobapplicabuue .L b h 6 sr**'' 9 M h sve n P 6 WO5 % 'u
3

.

le descr ption o plant interrace.
,

C Excellent. Same as below, but with aiunced operator aids to
|help in accident situations.- ,j,

-
-

'

M Good. Displays carefully integrated with SPDS to help operator ,
t

i

g Fair. Displays human engineered, but require operator to |
'

integrate information. '

-

,
-

. .

U Poor. Displays available, but not human engineered.

. n Extremely Poor. Displays needed to alert operator are not
directly visible to operators..,

.

O
'

0394G01.1386
'

-
. ,
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TABLE 2-7 (continued)

Human Action Identifier: MTG3 Sheet 4 of 11

E. Stress Level

Is the control room team expected to have a high work load? |
(yes,@ _ ,,

2. Why is thi tion needed?_,(backup to an automatic action,-

requi red (manua action,' recovery of failed system, defeat ESAS
response) ~ 9 ,

,

h Will this action contaminate a portion of the
nt or otherwise ,f p *result in an extend 1d plant shutdown? (yes; n Eq% i

h Are there any system failures that complicate this action?
,

one, multiple)

h Is this action the opposite to the respons equired in another
procedure or to general training? (yes,no

|
1

.

What are the expected work conditions for the crew?

it

[ Vigilance Problem. Unexpected transient with no precursors. g
es ,

, |

@\ Optimal Condition / Normal. Crew carrying out small load |

'

adjustments. I

s .

,

lxl High Workload / Potential Emergency. Hild stress, partway through
accident with high work load or equivalent. .

!

R Grave Emergency. 'High stress, emergency with operator feeling' threatened.
.

.

Assess stress level ,for each scenario group. -

Scenario Group Stress. Level Coments

d A.
!

B.

C.

/ D.

0394G01.1386
*

'
8-504
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TABLE 2-7 (continued)

() Human Action Identifier:_ b(31(13 Sheet 5 of 11

E. Experience Level of Operating Team
(specific team memcer wno would perform the action)

[__j Expert, Well Traine ~ Licensed with more than 5 years
experience.-

[E[]AverageKnowledge, Training. Licensed with more than 6 months
experience.

,

!

[__j Novice, Minimum Training. Licensed with less than 6 months '

experience.-

!

.

.

$ *

e

S

e

O

e

.

O
-

.

0394G011386 - <

B-505
.
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TABLE 2-7 (con 2inued)

|

Human Action Identifier: :/563 Sheet 6of11h
F. Resoonse Time Available

k. What is the timin of the first indications for the operator
action? (in time since initiating event)

h When may the operator first act? (in time from initiating event).

dM

h When is the last time allowed for the operator to take action and
be successful?

Measured as median time since initiating event 6M
or as time since first indications

4. Estimate the median time to carry out the action, once decided to
'' pursue. SowmoLO

Estimate the median time available for the operator to decide to
perform the correct iction. Measure the time available from when'

he would first turn his attention to the indications until the,

last time available. M T nosuuTo
'

?

.

Sc EN esut Time. hv^Mtd gm 6,m m Tarne. To FETdWA
(rm # "hFFELENCES gtw cu y,gsw , Oi T,f4E.n M W u Q2;T tout EtV M . ;

v.5 % . l . ) e,.% , AG4
,

|
.

.

.

O
.

'

0394G011386
B-506
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TABLE 2-7 (continued)

(J -

uuman ,ction identi f,e,,_ a z o. 3 Shee, , ,, 11

G. Recovery from Earlier Misdiacnosis

1. What significant new indications are there to tell the operator
that an earlier diagnosis was in error?

.

K uxt

2. Does the additional plant feedback occur prior to the allowed
time for soccessful action? When? V-ce_. A SQ-

d '72f f / M 'r dA ,
,''*'

_

3. Is the time available for the correct action sufficient to allow
newly arriving crew members to participate in the decision?h (i.e., Is the error rate essentially time independent?) h , no)

. . .
.

4. During the time available for diagnosis, what new crew members
will be able to a th oblem? [e.g., None, Shift'
Technical Advisor ST .s/s Emergency Response Team)3

N 8 ,,,'' *( h N d' d *""
'

4a. M M p'4wo4 E- "*" '

\ \ G(DJ ER,At.7'

*g pn
.

eA Should additi al credit be given because of additional plant i

feedback? yes' no)

es Should addit Lcredit be given because of newly arriving crew
. members? ~ no )' , ,

c.
s,

g

.

0394G01.1,386 B-50)-
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,

1
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TABLE 2-7 (continued)

Human Action Identifier: $4fd3 Sheet 8 of 11

H. Dependence with Other Human Actions in Same Scenario

1. Have other errors of human actions occurred in t.is scenario?
xx e>

I

2. How much influence do previous human errors have on ;his action?
(significant, same, none) _ e J A

-

.

,

.

3. Are other actions being performed serially or i paralle
(Attach operator time line if necessary to descr

R A A y A a~/ QM

3a. Are. here ea$ pe rsonel. an'dabb & og /ad4 weug WarI
Must a specific dependence with another hu(mar:yy

a

action be accounted
for?

Ayo
1

-

Scenario Group (Yes/No) Coments I.
-

1
A. |

'

B.
-

.

C. ' '

.

*
|.

|

|
:

|

O
*

.

0394G011386 B-508

|-
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TABLE 2-7 (continued)

Human Action Identifier: M Td. 3 Sheet 9 of 11

I. Potential for Confusion in Diagnosis, leading to Unsuccessful Response

1. Are there procedures available to instruct operator to perform
the action? @ no) , .

,
Identify by number /20 9 -Y0

2. If no procedures apply, is the operator trained to perform the
'

specific action? (yes, no) y /Q
3. Which initiating events mJy lead to a need for this action?

Ang ATH
4. Do each of these initiating events result in the plant physical

conditions necessa to enter the procedure encompassing this
human action? ( no) If no, identify by initiator

'

.

5. Which other procedures have entry conditions similar to the
procedure encompAs, sing this human action? Identify by number
nom L ,

'

6. Do the indications describing the entry conditions for other
procedures differ from the correct procedures only by parameters
not normally keyed on by the operator? (yes,no) IfO yes, identify A)A .

7. Is the stress level at the of selecting the propers ,

procedurehigh, Igd, ptima o. very low?
,. _

D. Is the operator traini'd to expect the actual situation to be of
extremely low frequency? (yes,@

.

B a.Is the potential for an incorrect diagnot s laading to ani '

operatur-induced failure high, medium, {ow or very low? ,

9. What is the likelihood of the operator initiallv % ring the
, wrong procedure? (likely,somewhat,likely,Qnlike

Identify by number f,
- |

i

10. If the incorrect procedure is entered, does it direct the '

operator to: *

C Not do any related action?

U Perform an action that makes things worse? Identi fy

C Perform the orrect action anyway? -

11. What top events are likely impacted in some way that makes
recovery more complicated prior to the successful
rediagnosis? "#f .

0394G01,1386
-

8-509 ' .-'

.
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TABLE 2-7 (continued)

Human Action Identifier: HTO S Sheet 10 of 11

J. Potential for Selection of Nonviable Action (assuming a correct
diagnosis)

1. Are procedu available to instruct the operator to perform the
action? ,no)

, _ _ _ _

2. Is discretion given to the control room te to the proper
option among several to be selected? (yes n

.
,

3. Are any of the options nonviable for any one of the scenario
groups identified? (yes,no) Identify:

D A .

l
1

4. Is more than one option pursued in parallel? (yes, h . .

5. If no specific procedures apply, are there other plausible
options that are nonviable? (yes, no) Identi fy:, . . ,

s e
b. IC h acG We-d 4aW predv$lq ueAJ h ad sMll Lt. swaufJt?

#[# .

6. If a nonviable solution is selected, are suffi ient cues and time
available to later pursue a viable option? e no)Identify cues:

M

.

..7. Is the plant / operator interface such that a potential exists for
7 '#p 'Ik

the operator to slip when implementing the correct action? ((yes@ Explain:
-

T Ln- m cLc fu/ %.

NfWJ C al )dcI+'% -
8. Is the p ential for selection of a nonviable option high,

medium, low, or very low? .

'

0394G011386
8-510 *
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TABLE 2-7 (continued)

Human Action Identifier: HTC7 Sheet 11 of 11

K. Summary Sheet

From B. What type ' f behavior is required? Nik
From C. Description of plant interface? Nir

From D. Expected stress level for each scenario group?

Group A .. M
Group B
Group C
Group D
Group E

From E. Experience level of operating team A :~ ... o
p . e m s;.j'

From F. Time available to perform correct action' 4 f W J+1
8e:i n i i..a , ' L '. n .s. 6 cttw a:-c i.o n .a f

-

From G. Additional credi,t to rediagnosis due to^pla~nt Teedback?
V, , Arriving crew members? Prm

From H. Need to account for dependence with other actions for each
I

scenario group? |

Group A <%
Group B
Group C
Group D,
Group E

|From I. Potential for incorrect diagnosis leading to failure? % /n v i

From J. Potential for selection of nonviable option? %. ., I . . O i

O c m v o ... :. r'. , l~f syt e , Yri)'

y )

.

9

|

|

|

|

O -

.

S

0394G00386
*

B-511
.
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TABLE 2-7. DYNAMIC HUMAN ACTIONS QUESTIONNAIRE

Human Action Identifier: HTC5{ Sheet 1 of 11

A. Description of Human Action

1. Objective (task to be performed and failure criteria):

Operator fails to manually control the TDVs and
ADVs using the hand / auto station, given failure I

of auto-power from bus ATA. Five minutes is
i dssumed aVailable for action. J

,

I

|

|
d

|-

2. List spitt fractions that include this human action.
9 09

'

VCl *, frGd

mW> V F ri(b5)
pecii VFPT

Ft5 ; N1F1GV/ADV

teF&j k F-\
i

|
,

3. Situation (initiating events and plant conditions, support system-

states): collect into separate scenario groups for evaluation.
Emphasize factors affecting response time and stress level.

Reac4or Trip*

, Loss f ATA 4.4 p**.o% )
-

-

, ge.akn. La. +. cios valm 44L L Gi4 h redg
eur.c.oon,q

, 0 r << b n. selects bic y ce M er ~LJk is ut 3d a 38* - |e
.

,

Tf re+ A 3e,= v Les all clut up seJh !
!

:

'

O -

,

0394G011386
8-513

i
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TABLE 2-7 (continued)

Human Action Identifier: nit 4 Sheet 2 of 11

B. Cognitive Processing Type:

h Is the operator familiar with the action? (ljo y) * 4
lada4 Ear se ver fa. .ite r% If yes, by what means? Oprocedures h ainin frequent

performance)

D Does this actien contradict operator training, rules of thumb, or
intuition? (yt s ,@

ck those hved ars %Bsc behiMIs this action included in simulato,r training? @* ; A w JL,no)Hoose rewA : Mplic ble descriptions of actions: )
Skill-Based

| | Routine action, procedure not required.
.

| | Routine action, procedure required, but personnel well
trained in procedure.

@ Action not routine, but unambiguous and well understood by
operators who are well trained.

| | Action is listed in procedures for turbine trip or reactor.
trip.

Rule-Based (procedures)
.

I I Routine action, but procedure required; operators not well'
.

trained, or procedure does not cover.
.

.

I I Not routine, action unambiguous and well understood, but not
well practiced. -

, C Action described in emergency procedures, but not for
turbine trip or plant trip.

,

Knowledged-Based
.

I C Not routine, action ambiguous.

C Not routine, procedure does not cover.

R Not routine, procedure not well understood.

R Decision to act based on a rule-of-thumb, but not in
; emergency procedures. g-

-

Decide on one. What type of behavior is reguire,d? , N! //
.

0394G011386 B-514
.

-- - . - - ._ , - . - -, , _ , .



_.

-s.

TABLE 2-7 (continued)

Human Action Identifier: MT.C 4 Sheet 3 of 11

C. Operator / plant Interface (items on which operators will key to base
judgment)

1 Instruments and readings that trigger action (identify procedure

number and'p2;p if applicable):
sto

p}h li .f.c ge o,a awpp )trnsV-3 nbff" M,s/awIN' *

1 a. A r e d'5 P y d'' % ''5IS *

h Alarms (name, location, audible, visual):, .

Ics / ppI. p h fiil m -A d in I WS M
~-

.

th From where will action first be attempted? @ ntrol roch other -
s peci, fy)

@ Is rdination between operators required? (yes.h
,

ih Is there corroboration among indications? h ry g h some, none)
. .i

h. b 5I'hu buide ik k3 hb< t sMe's M h sy< Q "6 bCYeck mos applica le descr ption o plant interrace; j

I l Excellent. Same as below, but with advanced operator aids to
help in accident situations.-

.,

|
*

-

Good. Displays carefully integrated with SPDS to help operator.:

E Fair. Displays human engineered, but require operator to
'

integrate information.
'

.

.

O Poor. Displays available, but not human engineered.
l.g i Extremely Poor. Displays needed to alert operator are not .

directly visible to operators.,
,

,

Q

I
e

,

'

0394G01.1386
*

-
.

,
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TABLE 2-7 (continued)

Human Action Identifier: WIC4 Sheet 4 of 11

D. Stress Level

t ntrol room team expected to have a high work load?

2. Why is this action needed?

Qequired manual actioh}'recov(backup to an automatic action,ery of failed system, defeat ESAS
response) '---- -

/
h Will this action contaminate a portion of the

lant or otherwise ,d p ,result in an extended plant shutdown? (yes, o spn
h Are there any system failures that complicate this action?

one, mul tipl e) .,;,1,te. .fa'ilwe .h a@,lwe cues ad 6L im ,W 4 b b % c W(none.,ler,-

i4MM hst d -t, pwr 4=.
'

@ Is this action the opposite to the respo required in another
procedure or to general training? (yes, no)

.

What are the expected work conditions for the crew?
-;

I I Vigilance Problem. Unexpected transient with no precursors. h
k

@ Optimal Condition / Normal. Crew carrying out small load
adjustments. g g

.

le | High Workload / Potential Emergency. Hild stress, partway through'

accident with high work load or equivalent. .

-

*

| | Grave Emergency. 'High stress, emergency with operator feeling' threatened.
.

.

Asse'ss stress level,for each scenario group. -

'

Scenario Group St r' es s. Level Coments

cf A. I f #<c e( C >> u- f%,4 Mr [tby c
" - " ' 6%.

!
" w: s

B.

C. ~

j D. -

t

~

0394G01.1336 B-516
'
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TABLE 2-7 (continued)
1() Human Action Identifier: b( J[(1Ll Sheet 5 of 11 .

!

)
E. Experience level of Operating Team I

(specific team member wno would perform the action)

| I Expert, Well Traine Licensed with more than 5 years
experience.-

[Ej] Average Knowledge, Training. Licensed with more than 6 months
experience.

[[[] Novice, Minimum Training. Licensed with less than 6 months
,

experience.-

.

.

1

,

.
-

O

*
?

|

.

O

e

$

O
, .

'

0394G011386
' "

'
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.



.. .

TABLE 2-7(continued)

Human Action Identifier: M Tc 5f Sheet 6 of 11

F. Response Time Available

N. What is the timing of the first indications for the operator
action? A u a; A (in time since initiating event)

h When may the operator first act? (in time from initiating event)
<. 2. E s w A

, (. When is the last time allowed for the operator to take action and
be successful?

Heasured as median time since initiating event 5JnA -

- or as time since first indications
, , . Estimate the median time to carry out the action, once decided to4

pursue. c.l m a

Estimate the median time available for the operator to decide to
perform the correct action. Measure the time available from when
he would first turn his attention to the indications until the
last time available.

.

4

Sc DW* Timc hvA5LM6E dcT Cry, mete Time Ta fittruco
,

GMJ P WF'WES Be:r cornes v, 0 T.Mr.Ta Woosts ge;r tousenu e
'

5"-" /4 14
,

.

e

9
,

'

0394G011386
B-518
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TABLE 2-7 (continued)

(] Human Action Identifier: WIC4 Sheet 7 of 11

G. Recovery from Earlier Misdiagnosis

1. What significant new indications are there to tell the operator j

that an earlier diagnosis was in error?
decrees R.CS pr(store.

Aec,venaq OT5& P* * *
-

l
1

2. Does the additional plant feedback occur prior to the allowed
time for successful action? When? too ~ 2. m'.wh M 'ms c v's An.

O,

.

3. Is the time available for the correct action sufficient to allow
newly arriving crew members to participate in the decisio g
(i.e., Is the error rate essentially time independent?) g)/

4. During the time available for diagnosis, what new crew members
will be able to ad t _ blem? [e.g.,None, Shift
Technical Advisor T s/S , Emergency Response Team),

% , 9 M p'd woJa Ib. u u.% be dechred '.i k #ALEwr p. .

stTE AnEB -

eA Should addi i credit bs given bec;use of additional plant
feedback? ,no)

es Should ad al credit be given because of newly arriving crew
. members? no)

.

%

_ .

a

p

,

'

0394G011,386
-

.g gg
,
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TABLE 2-7 (continued) I

Human Action Identifier: NTC 9 Sheet 8 of 11

H. Dependence with Other Human Actions in Same Scenar,,i_o,o

1. Have other errors of human actions occurred in this scenario?
d

2. How much influent: Jo previous human errors have on this action?
(significant, same, none) 9A

.

.

3. Are other actions being performed serially o(n paralle)
(Attach operator tirre line if necessary to descrioe.;

O
32. Arc 4+ere cap p rsoanel. ao'dok b G e4 uceug Was!

Must a specific dependence with another hur.aT) action be accounted
for? y,,

.

.

Scenario Group (Yes/No) Coments .

A. & G o d"f," (s. .,;. :' :" ~ U'Y
"A" "VO f'

'

J r. : 1erp.
f,:h., '<e, p36 + g . .- -o rs: d L m 7 '.%9

-

B.

n u.n.. ..( c ou#i' 2 "W-

._ ". ; ; ,, ,C.
,

, , , . , ,, , , , , , ,

D.

!
,

,

O
,

.

0394G011386 8-520
i
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TABLE 2-7 (continued) |

Human Action Identifier: M tc. 4 Sheet 9 of 11O
!. Potential for Confusion in Diagnosis Leading to Unsuccessful Resoonse

1. Are there proc es available to instruct operator to perform a
the action? es no) Identify by number ATp tue-1 ?.

Lost q 2 5/,Jp;L p % , -

2. If no procedures apply, is the operator trained to erform the
specific action? (yes,no)tJ4

3. Which initiating events may lead to a need for this action?

4. Do each of these initiating events result in the plant physical
conditions nece r to enter the procedure encompassing this
human action? (yes no) If no, identify by initiator

'

. .

5. Which other procedures have entry conditions similar to the
procedggcompAqsing this human action? Identify by number . )

. ,~ g

'

6. Do the indications describing the entry conditions for other ;

procedures differ from the correct procedures only by parameters |
not normally keyed on by the operator? (yes, no) If |yes, identify l.

7. Is the stress lev at the time of selecting the proper
procedure high mil optimal, o. very lowl

,

8. Is the operator trained to exp he actual situation to be of
*

extremely low frequency? (yes no

B a.Is the potential for an incorrect diagnosis lea &OM= ;
-

'

operator-induced failure high, medium, low, oQry low? I

;

9. What is the likelihood of the operater initially entering the
wrong procedure? (likely,somewhat likel Q ik g,

Identify by number
,

10. If the incorrect procedure is entered, does it direct the '

operator to: '

C Not do any related action?

U Perform an action that makes things worse? Identi fy

@ Perform the correct act'on anyway? -

'

11. What top events are likely impacted in some way that makes
recovery more, complicated prior to the successful
rediagnosis?

0394G011,386
-

B-521
,

._ - -. . ..
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TABLE 2-7 (continued)

!Lman Action Identifier: M T C.4 Sheet 10 of 11

J. Potential for Selection of Nonviable Action (assuming a correct
diagnosis)

1. Are proce available to instruct the operator to perform the
action? no)

2. Is discretion given to the control r m as to the proper
option among several to be selected? no)

3. Are any of the options non le for any one of the scenaric,
groups identified? (yes, Identi fy:

-

.

-

4. Is more than one option pursued in parallel? (yes. -

5. If no specific procedures apply, are there other plausible
options that are nonviable? (yes, no)e4 A. , Identi fy:,

O;
5>. XC % & weri Miu prs &vrsI v>AA % n.G sG| hc. swassLJLi

'

If a nonviable solution [is selected, are suff '.

6. fent cues and time
available to later pursue a viable option? e no)Identify cues: ,

i
,

,,

!

;.

!

|-

7. Is the plant / operator interface such that a potential exists for
the o rator to slip when implementing the correct action?
(yesno Explain: '4 6 3robb 04 sd W bI.*

.mm-ea..

|

8. Is the potential e sel ction of a nonviable option high, t

medicm, low, very low?

i

.
'

; 0394G011386
I B-522

.
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TABLE 2-7 (continued) '

[ Human Action Identifier: WI.C Sheet 11 of 11

K. Sumnary Sheet

From B. What type of behavior is required? S/ fit /#

,

From C. Description of plant interface? Ge '

From D. Expected stress level for each scenario group? [

Group A PhdV 6'-'rj ea ct
Group 8 i

,

Group C
Group D '

Group F,
_.

From E. Experience level of operating team b . -, , !
p .a., u-:y i >

From F. Time available to perform correct action F -l ' 9 r> S Jo i
Reg lts.1e r, %+ d o'o ~ ore )i

0nal credit to rediagnosis;due to plant feedback? |

'
.

From '.i . Addi t.4
Arriving crew members? / /.> !

3

From H. Need to account for dependence with other actions for.each
scenario group?O

'

Group A t /* I

Group B
Group C
Group D-

Group E

From I. i'otential for 'acorrect diagnosis leading to failure? l44 .4 v |
G

j'

From J. Potential for selection of nonviable option? I ., ' Imv
|

A s.ca Inded jp%,,ee

,

o

G

.

,

I

0394G011386
'

'

B-523 -
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TABLE 2-7. DYNAMIC HUMAN ACTIONS QUESTIONNAIRE I

,

Human Action Identifier:_HID1 Sheet 1 of 11

!
A. Description of Human Action

!

1. Objective (task to be performed and failure criteria):
Operator fails to identify a steam generator
tube rupture as suchs failure assumes that the
operator takes it for a very small LOCA.

.

2. List split fractions that include this human action.
1

*f D i

O
.

i

,

3. Situation (initiating events and plant conditions, support system
states): collect into separate scenario groups for evaluation.
Empitasiza factors affecting response time and stress level.

5% ph Q i .n s A &
. .

.

em

$

*
6

:

1

0 -

'

'

0394G011386 i

B-5s5
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TABl.E 2-7 (continued)

Human Action Identifier: NT D j. Sheet 2 of 11

B. Cognitive Processing Type:
.

h Is the operator familiar with the action? (l.io y) ' 9 !
b u fa d .tiae se v3r ( w.u.c ;eD If yes, by what mcans? ffn'inTdures, training frequent

perfomance)

D Does this hetion cE tradict operator training, rules of thumb, or
intuition? (yes Qno

eck those hvew% are nese ac+Ju reAud . b;4 -Is this action included in simulator training? h no)MWa Q Pplic'able descriptions of actions: 3 / /
Skill-Based

R Routine action, procedure not required.

I | Routine action, procedure required, but pei'sonnel well
trained in procedure.

U Action not routine. but unambiguous and well understood by
operators who are well trained.

K Action is listed in procedures for turbine trip or reactor,
.

trip.

Rule-Based (procedures)
"

-
:

U Routine action, but procedure required; operators not well.

trained, or prrcedure does not cover. .!
.

| | Not routine, t.ction unambiguous and well understood, but not
well practiced. -

.

, U Action described in emergency procedures, but not for
turbine trip or plant trip.

:

Knowledged-Based
.

1

| | k t routine, action arbiguous.

U Not routi..e, precedure does m;t cover.
l U Not routine, procedure not well understood.

!

| | Decision to act based on a rule-of-thumb, but not in h;
emergency procedures. -

i Decide on one. What type of beb.wior is required? , #> M M
8-526 -

-

,

4

0394G011366
,

'
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TABLE 2-7 (continued)

Human Action Identifier: RJ01 Sheet 3 of 11O
C. Operator / plant Interface (items on which operators will key to base

judgment)

Instruments and readings that trigger action (identify procedure
number and stc# if applicable): g g .y g,g t

R M A -5 4 A eW -(W
-

1a. Are display ''c% "5M*d
./

h Alarms (name, location, audible, visual):

(LM A-5 S, W
,

.

:h From where will action first be attempted? gntrolroom)other- !
speci fy)

@ Is'To rdination between operators required? (yes,@ I
,

th Is there corroboration among indications? (very good none) |

applicabutdewo M kle descr ption$okehTessNMM lo syc(C4,,vew pJ
'kc, 'u.b

eck mo oplant interrace;

M Excellent. Same as below, but with advanced cperator aids to
help in accident situations. .-

,

, . '*

C Good. Displays carefully integrated with SPDS to he:p operator..'
'

E Fair. Displays human engineered, but require operator to
'

integrate information.
.-.

,

.
.

O Poor. Displays available, but not human engineered. '

.g i Extremely Poor. Displays needed to alert operator are not .
directly visible to operators..,

'

.
,

.

'

0394G011386
-

.. .

B-527,
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TABLE 2-7 (continued)

OHuman Action Identifier: MIDI Sheet 4 of 11

0. Stress level

Is the control room team expected to have a high work load?
@ no) _ ,,

2. Why is this action needed? (bar.kup to an automatic action,.

requiredenanuaoaction, recovery of failed system, defeat ESAS
response r

..

h Will this action contaminate a portion of the plant or otherwise
result in an extended plant shutdown? (yes @ spim d p .
Are there any system failures that complicate this action? (none,

@ multiple) g g g.g
h Is this action the opposite to the response required in another ~

procedure or to general training? (yes @

What are the expected work conditions for the crew?
.;

R Vigilance Problern. Unexpected transient with no precursors.

'

y Optimal Condition / Normal. Crew carrying out small load
.

adjustments.
'

.

Q High Workload / Potential Emergency. Mild stress, partway through
accident with high work load or equivalent.-

.

.,.

i

U Grave Emergency. .
...

High stress, emergency with operator feeling,
threatened.

,

..

~

Assess stress level,for each scenario group, -

'

Scenario Group Stress. Level Coments

d A.
!

B. *
.

C. .

J D.

i

'

0394301.1386 B-528
*

.-.
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TABLE 2-7 (continued)

O Human Action Identifier:_ v4;EDI Sheet 5 of 11

E. Experience Level of Operating Team
(specific team memoer wno would perform the action)

.

I I Expert Well Traine Licensed with more than 5 years
experience.-

.

[55] Average Knowledge. Training. Licensed with more than 6 months ;
experience.

[[[] Novice, Minimum Train:r.g. Licensed with less than 6 months
experience.-

.

O
.

.

.

.

.

.

*

.

!
.

.

.

.

;-

'..

()
B-52'9

'
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TABLE 2-7 (continued)

Human Action Identifier: MID1 Sheet 6 of 11

F. Resoonse Time Available

k. What is the timing, of the first indications for the operator
action? _ R e -t ~ (in time since initiating event)

|
b2 When may the operator first act? (in time from initiating event)

15 M

h When is the last time allowed for the operator to take action and
be successful?

Heasured as median time since initiating event 6 S*44 S
or as time since first indications

4
_

, , . Estimate the median time to carry out the action, once decided to
pursue. go a/uires

Estimate the mediin time available for the operator to decide to
perform the correct action. Measure the time available from when
he would first turn his attentio. to the indications until thelast time available. MG, 44uer

.

M
$ h

.

Sc e4 ese T. c M^ut<I get try,wrrt Tim E To T N
Geo>r %rrewccs em cyxas, rwtra uma esT couretv r

5'..I 's M , 7'*4-
*.

9

e

1 -

O
'

0394G011386 B-530 ' '

.
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TABLE 2-7 (continued)

Human Action Identifier: HID.4 Sheet 7 of 11 )
;

G. Recovery from Earlier Misdiagnosis
|

1. What significant new indications are there to tell the operator
that an earlier diagnosis was in error?

.

SG & Mc!
A M Ah

,,, m n a m n ~ w a n w ! M ,,N slNeb**'L",, g y

em a u
& M m A& al.xfiCYC1.''!$L?%D'I3J

2. Does the additional plant fe6dback occur prior to the allowed N M*"'
time for successful action? When? m3

,Mf h JD&
k kt * .

<

3. Is the time available for the correct action sufficient to allow
newly arriving crew members to participate in the decision

!

O (i.e., Is the error rate essentially time independenti) yes no)
- :.

.

4. During the time available for diagnosis, what new crew members
will be able to address the oroblem? [e.o.. None. Shift
Technical Advisor @$TA), (160 ; Emergency Response Teamp

af a. M M p*i,* wo.46 -N. +oltw.% be declared i {gy /&me s' A ///. GOJA ',

ssit M Es K m A s'af u gj,y| -

eA Should addi i credit be given because of additional plant
,

feedback? no)
.

''

es Should addi al credit be given because of newly arriving crew
. members? no) ..

*

.

%'e

st r o si"r y c,,Io =

.

.

e

O -

0394G011386
*

'' 'B-531 .
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TABLE 2-7 (continued)

Human Action Identifier: N I D.I ' Sheet 8 of 11

H. Dependence with Other Human Actions in Same Scenario

1. Have other errors of human actions occurred in this scenario?
/U D

2. How much influence do previous humJn errors have on this action?
(significant,same,none) e> W

.

3. Are other actions being performed serially or in parallel?
(Attach operator time line if necessary to describe.)

70 0

9
m e u g W ~siJa. Arc -lhere od"h pe rsooe( m'aakic 4 ca o

Must a specific deper.dence with another human action be accounted
for? g,g,

'

.

'

Scenario Group - (Yes/No) Coments I.
*

A. |

.

B. '

-
.

C. ~'

.

D. |
I

l
:

O
I

*

.

0394G011386 B-%2
'

1
'
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TABLE 2-7 (ccatinued)

Hum 6n Action Identifier: H.fAI Sheet 9 of 11

I. Potential for Confusion in Diagnosis. Leading to Unsuccessful Resoonse

1. Are there proc es available to instruct operator to perform
the action? no) , Identify by number /2/D -/ .

2. If no procedures apply, is the operator trained to perform the
' specific action? (yes,no) /W

3. Which initiating events may lead to a need for this action?
S G T R. j c 6e.A

4. Do each of these initiating events result in the plant physical
conditions necessery to enter the procedure encompassing this ,

human action? ye , no) If no, identify by initiator
'

.

5. Which other procedures have entry conditions similar to the
iprocedure encompgsing this human action? Identify by number '

_ -. } Q /o *C:, J.( L o' A ')

6. Do the indications describing the entry conditions for other
procedures differ from the correct procedures by parameters

O not normally keyed on by the operator? (yes, If
yes, identify *

.

7. Is the stress le t the time of selecting the proper iprocedure high mil optimal, o, nry low? |

,

8. Is the operator trained to exp the actual situation to be of
extremely low frequency? (yes,no

.

Ba. Is the potential for an incorrect diag leading to an '

operator-induced failure high, medium, or very low?
,

9. What is the likelihood of the operator initiall ntering the
, wrong procedure? (likely, somewhat likely, n ttet *

Identify by number f2./o-4 Wyld /3,. y g[
10. If the incorrect procedure is entered, does it direct the '

operator to: *

C Not do any related action? '

R Perform an action that makes things worse? Identi fy *

G up. t.f i
R Perform the correct action anyway? Itto-fe,""d"*d*J be

O y,, ,,% o i ri .'c M . o p s, .u o s. vi d ,' . e , ~ y e; s p t ly. Z
11. What top events are likely impacted in some way that makes I

recovery more complicated prior to the successful
rediagnosis? |

l

0394G01,1336 B-533 '.

-
'

~
.
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TABLE 2-7 (continued) |

Human Action Identifier: MTDi Sheet 10 of 11

J. Potential for Selection of Nonviable Action (assuming a correct
diagnosis)

1. Are proced_ available to instruct the operator to perform the
action? yes no)

. , ,

2. Is discretion given to the control room team as to the proper
option among several to be selected? @no) .,

3. Are any of the option viable for any one of the scenario
groups identified? es,no) Identify:

-- ;- 'g |A- |0W
,

SG-74M M A' 8 US&c
Q tA M d d l{e 0/As

MM g A M N I? .O . '
_

4. Is more than one option pursued in parallel? (yes,@ , . ..

5. If no specific procedures apply, are there other plausible
options that are nonviable? (yes,no) Identify:.

, , . ,

on 9
Sa. M h an bere 4ah prcdur$ly eAJ h AE sGI L,c. swanL.d

'
.

6. If a nonviable solution is selected, are suff nt cues and time
available to later pursue a viable option? no)Identify cues:-

.

'

.

.

.

"

7. Is the plant / operator interface such that a potential exists for
the operator to slip when implementing the correct action?
(ye )Exp1 n-

W'aL4 .4 Mk & e TCr/C. u. &
-
.

8. Is the potential for-s tion of a nonviable option high,
medium, low, or very low? -

. e,

'

0394G011386
B-534

.
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TABLE 2-7 (continued)

Human Action Identifier: W 70.1. Sheet 11 of 11

X. Summary Sheet

From B. What type of behavior is required? W ! //

From C. Description of plant interface? f,* -

From D. Expected stress level for each scenario group?

Group A W l''
'

Group B
Group C
Group D
Group E

From E. Experience levei of operating team _ b..,,r '

<% , ,, , '
From F. Time available to perform correct-acti6n u. r L.- r

.. :'. ,, :1c h p. ,! . un A .e. n ~ a: u o, n i _ ,
From G. Additional credit to rediagnosis''due to p1~ ant fe~edbacT?

_-

v. , Arriving crew members? rL (% , ,.. .;, gg r !
'

.

From H. Need to account for dependence with other actions for each
!

,

scenario group? ;O iGroup A %
Group B |
Group C

1
Group D l

Group E

?From I. Potential for incorrect diagnosis leading to failure? / '"+ -

From J. Potential for selection of nonviable option? v,.,/.,

r A,c. Qn '

e- n cv,-r
,

Awytd M 41244< bbh'Jb,

.

1

:

1

l.

|

.

G

0394G011386
''

B-535
.
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TABLE 2-7. DYNAMIC HUMAN ACTIONS QUESTIONNAIRE

Human Action Identifier:_ HID 1 Sheet 1 of 11

A. Description of Hu.aan Action

1. Objective (task to be performed and failure criteria):

SimilaftoHID1 except that offsite power is
lot h. Failure of the operator to identify a
steam generator tube leak. Flow to the main
condenser is now not available.

-

..

.

2. List split fractions that include this humar. action. -

O
.

;
1

3. Situation (initiating events and plant conditions, support system
states): collect into separate scenario groups for evaluation.
Emphasize factors affecting response time and stress level. i

$M w N$ Ob N & "

W Lo or. -*

.

.

* 9

e

0394G011386 B-537 |
.
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TABLE 2-7 (continued)

O
Human Action Identifier: )-\1 D A Sheet 2 of 11

B. Cognitive Processing Type:

k Is the operator familiar with the action? 0.4o r ' k
Scw s L).uer\ : sM.6*ar

$ If yes, by what means? (procedures,Qrainin31 frequent
.

perfomance)

D Does this action c n radict operator teaining, rules of thumb, or
intuition? (yes no

Is this action included in simulato.' training?
ek those kv4 are 4use achio re64.: g*,)!(@ no)$ V/tI6.o b

plic'able descriptions of actions: /

Skill-Based
.

U Routine action, procedure not required.

R Routine action, procedure required, but personnel well
trained it. procedure.

I I Action not routine, but unambiguous and well understood by hoperators who are well trained.

Action is listed in procedures for turbine trip or reactor,
trip.

Rule-Based (procedures)
'

.

U Routine action, but procedure required; operators not well.

trained, or procedure does not cover.
..

.

@ Not routine, action unambiguous and well understood, but not
.

well practiced. -

. C Action described in emergency procedures, but not for ~

turbine trip or plant trip.
Knowledged-Based

.

R Not routine, action ambiguous.

C Not routine, procedure does not cover. '

.

U Not routine, procedura not well understood.

O Decision to act based on a rule-of-thumb, but not in
emergency procedures. -

Decide on one. What type of behavior is require,d? , kd
'

0394G011386
'
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TABLE 2-7 (continued)

Human Action Identifier:_ MID A Sheet 3 of 11

C. Operator / plant Interface (items on which operators will key to base
juogment)

Instruments and readings that trigger action (identify procedure N
number and stck if applicable): [ h

Rh O ' % ,3.] M +M && ph) &sf.

t

7
la, Arc disp ay Are% "5M hl

@ Alarms (name, location, audible, visual):

MW MN %,29 ed- em

MN M -

:h From where will action first be attempted? h trol r @ other -
specify)

@ Is rdination between operators required? (yes.h ,,

ih Is there corroboration among indications? (very good @ none)

idee ik kL'u $le descr ption oY< plant ih ve<tspu 6 9 b syc N ,W p.O g
eck mo pplica nam

C Excellent. Same as below, but with advanced operator aids to
help in accident situations.-

,

. . '*

C Good. Displays carefully integrated with SpDS to help operator.

$ Fair. Displays human engineered, but require operator to '

integrate information.
.

' '

O Poor. Displays available, but not human engineered.

.g i Extremely Poor. Displays needed to alert operator are not .,

directly visible to operators..,

'

.

.

O -

'

0394G011386
*

..'' .
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TABLE 2-7 (continued)

G,Human Action Identifier: WIO9- Sheet 4 of 11

D. Stress level
l

h e e ntrol room team expected to have a high work load?

2. Why is this action needed? (backut, to an automatic action,.

requireddnanuallaction, recovery of failed system, defeat ESAS
response)

.

h Will this action contaminate a portion of th
ant or otherwise ,d p ,result in an extended plant shutdown? (yes, gqw

h Are there any system failures that complicate this action? (none,
one. g

h Is this action the opposite to the response required in another
procedure or to general training? (yes @

What are the expected work ennditions for the crew?

O Vigilance Problem. Unexpected transient with no precursors. h
n Optimal Condition / Normal. Crew carrying out small load

,

adjustments.
'

.

6 High Workload / Potential Emergency. Hild stress, partwa through
a:cident with high work load or equivalent.-

.o.

R Grave Emergency. High stress, emergency with operator feeling ;,
threatened. ;

.

-.

Asse'ss stress level for each scenario group. |-

.

Scenario Group Stress. Level Coments

d A.
I

B. '

-

C. *

/ D. g

0394G011386 B-550
*

.-
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TABLE 2-7 (continued)

Human Action Identifier: HTD9 Sheet 5 of 11_

E. Experience level of Operating Team '

)(specific team member wno woula perform the action)

Expert, Well Traine ' Licensed with more than 5 years !experience.-

|

|

@ Average Knowledge, Training. Licensed with more than 6 months
|

'

experience.
1

4

O Novice, Minimum Training. Licensed with less than 6 months
experience..

.

O i
\.

,

'

l.

:

.

i

s. -

I.

,
.*

! .

.

-

'l

f

.

1

O
-

.

B-5410394G011386 .
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TABLE 2-7 (continued)

Human Action Identifier: MT D 9- Sheet 6 of 11

F. Response Time Available

5$). What is the timing *of the first indications for the operator
action? Q %,uu rat (in time since initiating event)

_

r
1. When may the operator first act? (in time from initiating event)

^d e / Ew.a s
,

h' When is the last time allowed for the operator to take action and '

i

be successful?

Heasured as median time since initiating event S k u,<. s -
or as time since first indications

,, Estimate the median time to carry out the action, once decidec to4
pursue. S 6mle u re

Estimate the median time available for the operator to d: ide to
perform the correct action. Measure the time available from when

he would first turn his attention to/ou x t
the indications until the

last time available. V y4
_

.

.

Sc nisuu' Tims 6v^#t3 de:T Crr,merrc 5*E lo fEnnett
,

6as>r 7nFFcteaCES gtry (or n etv , CF T.f4 E T3 hMr+3c5 u g5T (.3 sit FTN P
''

N. ; b c . t .; '. ' -4 |.

.|.

!
1

!-

i
I

!
!

*
.

|

9;'

\

'

0394G011386 'B-542
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TABLE 2-7 (continued)

Human Action Identifier: }4IDd- Sheet 7 of 11

G. Recovery from Earlier Hisdiagnosis

1. What significant new indications are there to tell the operator
that an earlier diagnosis was in error?

|GG Aes!b & & s: Y '~

_a u _9 /
.

' o , age tvu y be.ri r u e J m-

2. Does the additional planc feedback occur prior to the allowed
time for successful acti'. 7 When? V.c. t

/,

_

3. Is the time available for the correct action sufficient to allow
newly arriving crew members to participate in the decision?_
(i.e., Is the error rate essentially time independent?) e no)

Q :.-

4. During the time available for diagnosis, what new crew members ,
will be able to address the oroblem? [e.g., None, Shift
Technical Advisord$TA), is/S Emergency Response seam)3

g , g a p',a. w o A -N. h u.3 w o rv- ~ -

ntDr %59& P- S.fuA. ##
.

ssitPttch- m M4 A tb/?CJ '

Sheuld idditional credit be given because of additional planteA
.

feedback? @ no)
'.

es Should additional credit be given because of newly arriving crew |, members? @ no) -'
|

.

%

|

.
_

.

.

.

0394G01.1386
-

'
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TABLE 2-7 (contintf0)

Human Action Identifier: l41[ D 3+ Sheet 6 of 11
.

H. Deoendence with Other Human Actions in Same Scenario

1. Have other errors of human actions occurred in this scenario?
Ad D

2. How much influence do previous human errors have on this action?
(significant,same,none) /C5 /9

.

3. Are other actions being performed serially or in parallel?
(Attach operator tire line if necessary to describe.)

MO

3a. Are, 4kere ea$ pe rsouel. m'dak -b or e4 utessg eMai
/64

Hust a specific dependence with another hu action be accountedfor? py),

'

.

Scenario Group _(Yes/No) Comments 3
-

-

A.
.

B. - *

*
.

C. * *

.

D.

'

.

O
-

.

0294G011386 B-544
.
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TABLE 2-7 (continued) !

;

Human Action Identifier: MTDR Sheet 9 of 11

1. Potential for Confusion in Diagnosis, Leading to Unsuccessful Response
|

1. Are there procedures available to instruct operator to erform
-fthe action? @ no) , Identify by number u#,

A /E 4 d.c. M :'

2. If no procedures apply, is the operator tvatned o perform the i*

specific action? (yes,no) g ,

3. Which initiating events ma,v lead to a need for this action?

Y , % CAk kL lo oP j LO W
4. Do each of these initiating events result in the plant physical

.

conditions necess to enter the procedure encompassing this
|

,

human action? e no) If no, identify by initiator :'

}
.

5. Which other procedures have entry conditions similar to the
procedure encomp gsing this human action? Identify by number

/ Ato-4 (w..Lt Lec4).

6. Do the indications describing the entry conditions for other
i

procedures differ from the correct procedu.r_es only by parameters |

not normally keyed on by the operator? (yes',@, Ifyes, identify . .

j

7. Is the stress l
procedure @evel at the time of selecting the proper |

mild, optimal, o. nry low? ,

, ,

8. Is the operator traine'd to expect the actual situation to be of .

j
extremely low frequency? Qe no) :'

Ba. Is the potential for an incorrect diagnosis leading to an ')operator-induced failure high, reaiucP low, or very low? i

|

I9. What is the likelihood of the operator initially entering the
, wrong procedure? (likely 5omewhat likem unlikely) -

2dentify by number _l :uo- 6 < , r,u c oco
_

,

10. If the incorrect procedure is entered, does it direct the '

operator to: *

.

U Net do any related action?
'

U Perform an action that makes things worse? Identi fy -

g Perform the correct action anyway? #2to rdsk e W A"h*l j
ekt i o d %,*, ses :A el r f a t'.,, gp,L Q g g g , [,p,p'ye se

'

V 11. What top events are likely impacted in some way that makes
recovery more complicated prior to the successful
rediagnosis? .

0394G00386
-

'

B-545 '
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TABLE 2-7 (continued)

Human Action Identifier: HT D'A Sheet 10 of 11

J. Potential for Selection of Nonviable Action (assuming a correct
diagnosis)

1. Are proced s available to instruct the operator to perform the
action? ,no)

, _ , ,

2. Is discretion given to the control room eam as to the proper
option among several to be selected? ye , no) .

,

3. Are any of the optio viable for any one of the scenario
groups identified? no) Identi fy:

% sg cMd- m - e " a. w u a
j

A.AL6P7 M j A huA '

_ AM 4 %a p, p
an one op N pursued in parallel? g %no)

-

4. Is no

%no specific pr,ocedures appfy, are there other plausible
.

..

Aco# MM eh -d ~

5. If

options that are nonviable? (yes,no) Identify:. . . ,

/U $
,

53 If % n iuerd 4aW predr$ly ve44 % AM sGI 1,c suussf 1?
YM .

6. If a nonviable solution is selected, are sufficient cues and time
available to later pursue a viable option? g no)Identify cues:

.

1
.

.
.

7. Is the plant / operator interface such that a potential exists for
,

'

the operator to slip when implementing the correct action?
g no) Explain:
.s c ,Jd R ot & & p2

,

cf,. sv:.46 nA AMas \
-

.
.

& A Lu&y'.8. Is the tal for selection of a nonviable option high,
medium, or verylow?T . g'o ne .u v.td 6.1<>I, .'ow (ske M e un " 1

e..n . .,,so < e. es om i ( < <~ , ; .+ :t.ls':-s
.

:,, 3d/ 4 f, c,
' 'm :x e

'

0394G011386 B-546
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TABLE 2-7 (continued)

Human Action Identifier:_ WIDb Sheet 11 of 11

K. Sumnary Sheet>

trom B. What type of behavior is required? E l#
From C. Descript' n of plant interface? Gl>

_

From D. Expected st. 't level for each scenario group?

Group A >'Id
Group B
Group C
Group 0

sGroup E

From E. Experience level of operating team b'~/
! r, .u a.) *

From F. Time available to perforn correct action C l .m . ,
_k rf 6. 41- g %e - 1.*~-.ne o.n w

'

From G. Additional credit to rediagnosis due to plaWfee'35 Tick?
O Arriving crew members? :!.. 9 % / r rt r

From H. Need to account for dependence with other actions for each
scenario group?

Group A /t>
Group B
Group C
Group D
Group E

From I. Potential for incorrect diagnosis leading to failure? etWa/n
(*.1 c,0.Tc .5 o )

From J. Fotential for selection of nonviable option? WoM i
%

< > Jean
n n r

. '''* n c- |G .w . <; n.. . - "
.

l.|A9wvd 97bim u d (l W
'

.

0

e

O '

.

S
'

0394G011386
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TABLE 2-7. DYNAMIC HUMAN ACTIONS QUESTIONNAIRE

Human Action Identifier: HIMU j
Shen 1 M M

I

A. Description of Human Action
|

1. Objective (task to be performed and failure criteria):
'Operator fails to open MU-V14A and start the

standby makeup pump to provide seal injection flow i

when no ESAS signal is prebent (used in INJ-1).

.

.

2. List split fractions that include this human action.
MA. ~Z U 3 -f'

1

7NC j T/M - 1 (474}

.

-

3. Situation (initiating events and plant conditions, support system.

states): collect into separate scenario groups for evaluation.
Emphasize factors affecting response time and stress level.

RT, & |wNR6L6-7??N- 6 /t$ , m E5/?s
,

'

.A t s s's A - .

|
.

'

.

4

4

,

0394G011386
B-549<
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TABLE 2-7 (continued)

! Human Action Identifier: N f // J .1.I Sheet 2 of 11
l

| B. Cognitive Processing Type:

% Is the operator familiar with the action? QJo g-) ' k
1: uisn: Mar

@ If yes, by what means? (crocedures, traini h (frequentsc very w. ster
performance)

@ Does this action contradict operator training, rules of thumb, orintuition? (yes ,@

Is this action included in simulator training? he no)Haw k
ck those hveusare Sese achia reAe4.:,.y;;): SwAWpli ble descriptions of actions:.

v /
Skill-Based

R Routine action, procedure not required.-

| | Routine action, procedure required, but personnel well
trained in procedure.

O Action not routine, but unambiguous and well understood by
operators who are well trained.

% Action is listed in procedures for turbine trip or reactor,
trip.

Rule-Based (procedures) '

R Routine action, but procedure required; operators not well
- .

.

trained, or procedure does not cover. '

.

| I Not routine, action unambiguous and well understood, but notwell practiced. -

C Action described in emergency procedures, but not for
turbine trip or plant trip.

,

Knowledged-Based
,

R Not routine, action ambiguous. '

C Not routine, procedure does not cover.

Not routine, procedt.re not well understood.

R Decision to act based on a rule-of-thumb, but not in g-

emergency procedures.
.

Decide on one. What type of behavi,or is reguire,d? , SAM C
'

.

8-550 "
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TABLE 2-7 (continued)

Human Action Identifier: MJA>T 1 Sheet 3 of 11

C. Operator / Plant Interface (items on which operators will key to base
judgment)

]1 Instruments and readings that trigger action (identify procedure
number and stok if applicable):

i

|2e A A C-j# M W SS '

/

la. Arc. Msplay Arp ''5M * O

@ Alams (name, location, audible, visual):

2aack 49m raa,a 1%daJ-'-

_

.

:) From where will action first be attempted? $ ntrol roo M ther -
speci fy)

@ Is#[o rdination between operators required? (yes.h
,,

i) Is there corroboration among indications? (very good, some, @

. u bu $le descr1,ption ,of plant inteff a'ce:-wws vn,wda_ u
eck mo pplica,

C Excellent. Same as below, but with advanced operator aids to
help in accident situations.-

,

'

.1
'

O Good. Displays carefully integrated with SPDS to help operator. "

y Fair. Displays human engineered, but require operator to
'

integrate information.

, ' '-
.

O Poor. Displays available, but not human engineered.

y Extremely Poor. Displays needed to alert operator are not .
directly visible to operators.,

,

.

O '

,

*

0394G01.1386 '
'

B
'
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.
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TABLE 2-7 (continued)

Human Action Identifier: WJ/UT.I. Sheet 4 of 11

t

D. Stress Level

Is the trol room team expected to have a high work load?
(yes no

. ,,

2. Why is this ion needed? (backuo to an automatic action.
'-

required manua action, recovery of failed system, defeat ESAS
response)~

.

@ Will this action contaminate a portion of th nt or otherwise
result in an extended plant shutdown? (yes,no spim if p ,

h Are there any system failures that complicate this action? (none,'

on e , Qul t i p i_ej p 4 g4
@ Is this action the oppo te to the respons req red in another

, procedure or to general training? (yes n

Whac are the expected work conditions for the crew?

If '

R Vigilance Problem. Unexpected transient with no precursors.

g Optimal Condition / Normal. Crew carrying out small load ,

adjustments.
~

.

| | High Workload / Potential Emergency. Hild stress, partway through.

accident with high work load or equivalent. t,vg ,- g [q ,,, .
-

,,

Grave Emergency. High stress, emergency with operator feeling |' threatened. I,
,

Asse'ss stress level.for each scenario group. -

!
Scenario Group Stress. Level Coments '

d A.
!

8.

C.

hj D.
'

,

BM
0394G01.1386

-
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TABLE 2-7 (continued)

Human Action Identifier: MAJT I Sheet 5 of 11
|

E. Exoerience Level of Operating Team
(specific team memoer wno woulo perform the action)

!

| | Expert Well Traine ' Licensed with more than 5 years
experience.-

@ Average Knowledge, Training. Licensed with more than 6 months
experience.

[ Novice, Minimum Training. Licensed with less than 6 months
experience.-

,

|

~
.

O

O
. ,

e

.

e

e

*
,.

.

e

4

-

|

!

'

O
,

'

0394G011386;
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TABLE 2-7 (continued)

Human Action Identifier:_ M I A> T .f- Sheet 6of11h
F. Response Time Available

k. What is the timing of the first indications for the operator
action? S o m, (in time since initiating event)

f2, When may the operator first act? (in time from initiating event),

/0 m A

(. When is the last time allowed for the operator to take action and
be successful?-

Heasured as median time since initiating event Du
or as time since first indications.

',. Estimate the median time to carry out the action, once decided to'4
pursue. /O m4t>

Estimate the median time available for the operator to decide to
perform the correct action. Measure the time available from when
he would first turn his attention to t,he indications until the
last time available. '

-
.

O

e

Sc m esu' Time 6vAutd: geT En,m Tame To TEMWb
G e a r % rr e s s ne.E S stw cues, yv.stTs uemsa gest coinmar ; |

j7 T C C L.)

D' N 3 '" W*

$ g , 3( cQ

*

:

G-

,
.

'

0394G011386
8-554
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TABLE 2-7 (continued)

Human Action Identifier: HTAATI sheet 7 of 11

G. Recovery from Earlier Misdiagnosis

1. What significant new indications aie there to tell the operater
that an earlier diagnosis was in error?

|

f oY2b a
,

i
i

|
|

|

2. Does the additional plant feedback occur prior to the allowed !
time for successful action? When? wz>
W $ ?6,se A'

-

.

3. Is the time available for the correct action sufficient to allow
newly arriving crew members to participate in the decisio
(i.e. Is the error rate essentially time independent?) no)

- :.
,

4. During the time available for diagnosis, what new crew members {will be able to address the problem? [e.g., None Shift

Technical Advisor @A), y% be decked '.
Emergency Response Team) -

M M pM wo Ja * kit *".
|

42.
GW hnat.r g,

siTc AttEn-

-

Should additt nal credit be given because of additional planteA
feedback? e no)

og Should additional credit be given because of newly arriving crew
, members? no)

56 % 7 Bi" S'"
is or m,

|

|

,--

l

O
' i

0394G01.1386
-

-

I
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TABLE 2-7 (continued)

Human Action Identifier: N T A/ T .1 Sheet 8 of 11

H. Dependence with Other Human Actions in Same Scenario

1. Have other errors of human actions occurred in this scenario?

A)O

2. How much influence do previous human errors have on this action?
(significant,same,none)

/UO-

.
,

3. Are other actions being perfomed serially or in parallel?.

(Attach operator time line if necessary to describe.)

wo e
i
I

Ja. Arc. -he rc 8""h P' '5*"*l 8' d^ M #^ * #'# D ^'

Hust a specific dependence with another human action be accounted
for?.

A>b
'

..

Scenario Group (Yes/No) Coments *

A.
.

B. |
\.

C. * '

.

D. 1
,

.

G
.

6' -

0394G011386
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. TABLE 2-7 (continued)

I

Human Action Identifier: M f /U 3 d- Sheet 9 of 11
I

I. Potential for Confusion in Diagnosis, leading to Unsuccessful Resoonse

1. Are there procedures available to instruct operator to perform
the action? @ no) , Identify by number /?/o-/. .

2. If no procedures apply, is the operator trained to perform the
' specific action? (yes,no) A> /8

3. Which initiating events may lead to a need for this action?
A'7.

4. Do each of these initiating events result in the plant physical
conditions necessar to enter the procedure encompassing this
human action? es no) If no, identify by initiator

'

.

5. Which other procedures have entry conditions similar to the
procedurgencompgsingthishumanaction? Identify by number .
AJO M \.

6. Do the indications describing the entry conditions for other
procedures differ from the correct procedures only by parameters
not normally keyed on y the operator? (yes,no) If
yes, identify AJ .

7. Is the stress level at the Aime of selecting the proper
procedure high, mild,(optimal)o. very low?

,

8. Is the operator traine'd to expect the actual situation to be of.

extremely low frequency? (yes @
8* Is the potential for an incorrect diagnosis leadpg to an, '

operator-induced failure high, medium, low, or g
'

,

9. What is the likelihood of the operator initia)Jy entering the
, wrong procedure? (likely, somewhat.likely g |Identify by number

,

10. If the incorrect procedure is entered, does it direct the '

operator to: '
'

.
.

h Not do any related action?

p y Perform an action that makes things worse? Identify

C Perform the correct action anyway? .

O 11. What top events are likely impacted in some way that makes
recovery more complicated prior to the successful
rediagnosis? *

0394G011386-

- -
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TABLE 2-7 (continued)

Human Action Identifier: H.fX)'!" 1 Sheet 10 of 11

J. Potential for Selection of Nonviable Action (assuming a correct
diagnosis)

1. Are proced available to instruct the operator to perform the
action? no) , , ,

2. Is discretion given to the control room team as to the proper
option among several to be selected? (yes g .

,

3. Are any of the options nonviable for any one of the scenario
groups identified? (yes,no) Identi fy:

.

'

4. Is ure than one option pursued in parallel? (yes
..

5. If no specific procedures apply, are there other plausible
options that are nonviable? (yes,no) Identify:.. ,

N0
53. If h n were. 4aW predvElg ueAd & Ab sMll 1,c. neauC.l?

6. If a nonviable solution is selected, are sufficient cues and time
available to later pursue a viable option? (yes, no)
Identify cues:--

AM .

.

.

7. Is the plant / operator interface such that a potential exists for
the operator to slip when implementing the correct action?
@ no) Explain: .

c||A & W
,

.

( e

b.
'd

, g i

Os d'y'f k g .i fbfi/*M )yg .

8. Is the potential for selection of a nonviable option high,
medium, low, or very low?

ek g.

,

'

0394G011386 B-558 .
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TABLE 2-7 (continued)
!

Human Action Identifier: M f M .1- Sheet 11 of 11

K. Summary Sheet

From B. What type of behavior is required? Sl'; M |

i
From C. Description of plant interface? 64 '

From D. Expected stress level for each scenario group?
1

Group A h"'^4 ( et M''<v
Group B
Group C
Group D
Group E

j

From E. Experience level of operating team 'b"' e e . e
-

s .:.v, a:,;
\From F. Time available to perform correct action 24*t

~
'

1

?r ri er'. .,,eT-r / % g "s p * , : * * u n .. 3 _ ~
From G. Additional credit to rediagnosis due to plant feedback?

-

;Wr Arriving crew members? St .4. n.n o v.h j

From H. Need to account for dependence with other actions for each
.

scenario group?
O Group A a>

Group B
Group C
Group D
Group E

From I. Potential for incorrect diagnosis leading to failure? vu..l,y,,

3
/

|

From J. Potential for selection of nonviable option? ,1.r,1,1,,, !

'j w . , s ,. (~ e I f ,s e..T2 sm ,y,d e<. . :.

.

$' h*? h( e (s

.

.
.

l .

'

0394G0ll386
'

''
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TABLE 2-7. DYNAMIC HUMAN ACTIONS QUESTIONNAIRE

Human f.; tion Identifier: HTM31 Sheet 1 of 11

/. . Description of Human Action

1 Objective (task to be performed and failure criteria):

Operator fails to open the makeup pump 3

cross-connect valves (MU-V76A/B) and suction j

valve MU-V14D and to start makeup pump C after failure ,
of Make-up Pumps A and D flowpaths(used in INJ-2).

. _ _ . _ _

A e %. :Lu m leempl< fed fan 4 a.;.8;(:...y
:tn(ekyrcea1kn.l

,

2. List split fractions that include this human action.

46j TA) $ .- A-

0s8j T6/.f- t @ 5 )

G .

3.- Situation (initiating events and plant conditions, support system
states): collect into separate scenario groups for evaluation.-

Emphasize factors affecting response time and stress level.

RT, $s N0n
.a . M '.

.

.

G

- ,

,

0394G011386

B-561 '
-



..
.

TABLE 2-7 (continued)

9
Human Action Identifier:_ M74% Sheet 2 of 11

B. Cognitive Processing Type:

h Is the operator fcmiliar with the action? Q.4o g-) * $
h ufn4 Mar se ver (mure rD If yes, by what means? Qrocedures, tral frequent*

perfomance) ;

k Does this action contradict operator training, tules of thumb, or
intuition? (yes,@
Is this action included in simulator training? no)

eckthosehuew4are nese & hic reAud .: M4@)6.o .(re vf.dplic ble descriptions of actions: ' /
.

Skill-Based

I I Routine action, procedure not required..

R Routine action, procedure required, but personnel well
trained in procedure.

| | Action not routine, but unambiguous and well understood by h '.operators who are well trained.
-

U Action is listed in procedures for turbine trip or reactor,
trip.

Rule-Based (procedures) '

1

i
I I Routine action, but procedure required; operators not well

|
-

,

trained, or procedure does not cover. '' -

@ Not routine, action unambiguous and well understood, but not
-

well practiced.

' O Action described in emergency procedures, but n'ot for
turbine trip or plant trip. j

i

Knowledged-Based
,

U Hot routine, action ambiguous.

N Not routine, procedure does not cover.

Not routine, procedure not well understood.

O Decision to act based on a rule-of-thumb, but not in i
emergency procedures.

.

|

Decide on one. Whattypeofbehaviorisrequired,7,
-

0394G011386
'
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TABLE 2-7 (continued)

Human Action Identifier:_ M TA>T cb Sheet 3 of 11

C. 0:rerator/ plant Interface (items on which operators will key to base
juogment)

1 Instruments and readings that trigger action (identify procedure
number and st@ if applicable)- ,

1
'

M I+50 eM[ .

I dla. Are M5P T '% "" ''
h Alanns (name, location, audible, visual):

'

A ad&?M4fMW&po YW '

* ' ,

.

.

:) From where will action first be attempted?
~

ontrol roo. ther
speci ) gg gp a/I

@
IsYoordination betEeen Y$m 4,A Ao my-@ALd6 4g

rators equired? Q no) g0
!) Is the(e corroboration among ind cations?

e.? d4 co a Ai

(very good none)

g ek mo t applicabuide e i k kg wh% mlibb b syskwy*56 6 'u
nle descr ption of plant interface: Lyg.

,

O Excellent. Same as below, but with advanced operator aids to yadjgyg;help in accident situations.-
.

. '

C Good. Displays carefully integrated with SPDS to help operator.
'

Q Fair. Displays human engineered, but require operator to
integrate information.

- '

,
.

Poor. Displays available, but not human engineered.

. y Extremely Poor. Displays needed to alert operator are not .
., directly visible to operators.

.

O i
'

,

0394G011386
'

'

8-563 '

.
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TABLE 2-7 (continued)

Human Action Identifier: MfA/T 2_ Sheet 4 of 11

0. Stresslevd
Is the control room team expected to have a high work load?

@ no) _,,,

2. Why is this action needed? (backup to an automatic action,
required manual action,(Fecovery)of failed system, defeat ESAS
response)

..

h Will this action contaminate a portion of the plant or otherwise ,d p ,result in an extended plant shutdown? (yes, @n gp
h Are there any system failures that complicate this action? (none,

one. g y ) dx% 4 (,/ g x /,,.

@ Is this action the opposite to the response required in another
procedure or to general training? (yes, @ ,

.

What are the expecteo work conditions for the crew?

Ei
R Vigilance Problem. Unexpected transient with no precursors.

L J Optimal Condition / Normal. Crew carrying out small load
.

adjustments.
-

.

%3. High Workload / Potential Emergency. Hild stress, partway through
accident with high work load or equivalent. , ' , ,

-

,
,

'

Grave Emergency. 'High stress, emergency with operator feeling |
"

' threatened.
,

*

.

~

Assess stress level,for each scenario group. -

,

|-

Scenario Groue Stress. Level Coments

d A.
.

!

B.

C. .

, D.
<'

|'
|.

0394G0p386 , ..
B-564

i
l
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TABLE 2-7 (continued)

(} Human Action Identifier:. b4 T/JU L Sheet 5 of 11
i
'

E. Exoerience Level of,0perating Team
(specific team memtsr who would perform the action)

,

[[[] Expert, Well Traine Licensed with more than 5 years
experience.-

[E[] Average Knowledge, Training. Licensed with more than 6 months
experience.

[[ ] Novice, Minimum Training. Licensed with less than 6 months"

experience.
.

i

.

d

1

! () -

,

.

.

.

t, -.

*
.

.

.

.

.

.

-
1

O
,

. .

0394G011386
" ,

'
1

B-565 -
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TABLE 2-7 (continued)

Human Action Identifier: M.7A/3~ A Sheet 6 of 11

F. Resoonse Time Available

k. What is the timing o'f Jhe first indications for the operator
action? ,hdu2c (in time since initiating event)

r
. @ When may the operator first act? (in time from initiating event)

Q.*S*M

( When is the last time allowed for the operator to take ac, tion and-

be successful? W" N g
~

2-3
Measured as median time since initiating event M M.

'

or as time since first indications ' [' IA "
4. Estimate the median time to carry out the action, once decided to"

pursue. ;20 - % o.C. ( A fam ,.,6... 6ct.u wu

Estimate the median time available fnr the operator to decide to
perform the correct action. Measure the time available from when

'

he would first turn his attention to the indications until the
last time available. .2 v '+i, = t.rt...>.

|
,

)
1.

.

sc w m' T.ne &^"ta ac, Cmum nue To was-
Gea r %rreteners etw me, ce w t va n ewso my ca.new e *

|9 ly/ L i( . l aw li . I *
,

, ,

I

l

.

.

'

l

g*

,

'
'

0394G011386 B-566 -

. - _
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TABLE 2-7 (continued)

Human Action Identifier: MfA/T 1 Sheet 7 of 11

G. Recovery from Earlier Misdiagnosis

1. What significant new indications are there to tell the operator
that an earlier diagnosis was in error?

Qf) M - C.,4.o M t/ A Y g,,

fY A. 0

-m|" ss w -hwNQ Ny 4 S.,,Zwd n W $~

2. Does the additional plant feedback occur prior to the allowed
time for successful action? When? v'C

'
~

[O
.

.

3. Is the time available for the correct action sufficient to allow |newly arriving crew members to participate in the decision i

(i.e., is the error rate essentially time independent?) e no) 10 ;. .
.

4. During the time available for diagnosis, what new crew members
will be able to addrett the oroblem? Ce.g., None Shift
Technical Advisor [$TA), t % Emergency Response Team].

% , g a p*,a we,Ja N. (oltou. be dectorra '. |

mrsT /U /7 6" "
|

.

*

site Ntch -

Should additional credit be given because of additional planteA

feedback? @ no)
,'
'

. es Should addi nal credit be given because of newly arriving crew!
. members? ye no)

.

4 e
.

t Suar som
S(emat oc. o A g DAA n)

.

.

O .

'
*

0394G011386
'

**"
B-567 -

.

.
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TABLE 2-7 (continued)

Human Action Identifier: MIX)3-1 Sheet 8 of 11 h

H. Dependence with Other Human Actions in Same Scenario

1. Have other errors of human actions occurred in this scenario?
.T4 0 (i ,*a ;f a va;f.,b f e,1f e 7.:1, t, ,A.) O ,

weg (:,.cF Jkawa,,
g

1* Re6verganas W,tc ia u
:l , J d t. , d st h w s . ( : <t u n>w h.: tw )

{nien d 'v } ot % . 0 *YJ 'l e (wM #'S h

2. How much influence do previous human errors have on this action?
(significant,same,none)

MA.

.

.

3. Are other actions being performed serially or in parallel?
(Attach operator time line if necessary to describe.)

$ 0 /2. 0 Y b k'

& w w - P
.A0 W *

*
meug Wu.3'a . Arc. un,. ca$ pe rsoanelavakau !o

Must a specific dependence with another human action be accounted
for?

*

. :
,

Scenario Group (Yes/No) Coments -
..

A.
.

B. -
-

.

*(C. '

.

D.
4

O'
,

*

.

0394G011386
B-568

.

__.
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TABLE 2-7 (continued)

_ Human Action Identifier: RfA/'51 Sheet 9 of 11

t

I. Potential for Confusion in Diagnosis, Leading to Unsuccessful Resoonse

1. Are there procedures available to instruct operator to perform
the action? @ no) , Identify by nuiaber //o W L. ..

|2. If no procedures apply, is the op rator trained to perform the
specific action? (yes, no) g A

3. Which initiating events may lead to a need for this action?
RT ., l bot'A c n y/

4. Do each of these initiating events result in the plant physical
conditions necess to enter the procedure encompassing this
human action? yes no) If no, identify by initiator

'

.
,

5. Which other procedures have entry conditions similar to the
procedure encompAksing this human action? Identify by number

AV4 ,

Do t[e indications describing the entry conditions for other
'

6.
procedures differ from the correct procedures only by parameters
not normally keyed onA y the operator? (yes,no) Ifb
yes, identify A>/NO .

/
7. Is the stress level _at the t_ime of selecting the proper

procedure high. 'mpd,6ptima% or nry low?
,

Y '

i8. Is the operator trained to expect the actual situation to be of '

,

extremely low frequency? @ no)
.

Ba. Is the potential for an incorrect diag leading to an *
*

operator-induced f ailure high, medium, or very low?
,

9. What is the likelihood of the operator initiallv antering the
, wrong procedure? (likely,somewhatlikely,Qlikelj

Identify by number
.

,

10. If the incorrect procedure is entered, does it direct the * '

operator to: '

C Not do any related action?
i

A U Perform an action that makes things worse? Identify _

C Perform the correct action anyway? -

11. What top events are likely impacted ta some way that makes1

!
recovery more complicated prior to the successful
rediagnosis? . .

0394G01,1386 ',
*

-

B-569,
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TABLE 2-7 (continued)

Human Action Identifier: MTA/T A Sheet 10 of 11

J. Potential for Selection of anviable_ Action (assuming a correct
diagnosis)

1. Are procedur. s available to instruct the operator to perform the
action? es no) .,

2. Is discretion given to the control room team as to the proper
option among several to be selected? (yes.h .,

3. Are any of the options nonviable for any one of the scenario
groups identified? (yes,no) Identify:

JO R '

.

'

4. Is more than one option pursued in parallel? (yes, a.
5. If no specific procedures apply, are there other plausible

options that are nonviabl yes,no) Identify:, , ,

b. IC h acG were 4aW predrily veAd & NG sMtl Lc. >wuuCJd
yd

.

6. If a nonviable solution is selected, are sufficient cues and time
available to later pursue a viable option? (yes,no)
Identify cues:-

. g
.

.

.

7. Is the plant / operator interface such that a potential exists for
t perator to slip when implementing the correct action?

no) Explain:

gfp bA '

f

[c /M d ATM8 ;4. - - en.<- ~4 c~mdf& ' :

8. Isthepotentialforselectfonofanonviableoptionhigh,
medium, low, or @ y llS D g.

,

,

'

0394G011386 IB-570
|

.
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TABLE 2-7 (continued)

Human Action Identifier: WZu3 % Sheet 11 of 11

K. Summary Sheet

From B. What type of behavior is required? RI #

From C. Description of plant interface? Lir

From D. Expected stress level for each scenario group?

Group A 7' "
Group B
Group C
Group D
Group E

From E. Experience level of operating team Amau~

clia*>40' i
From F. Time available to perform correct. action > b-W4,' ' ##; " /

yr:' r;%h,cr !, 't.n. 1e / /nev>:e .0gno.,, e
* ~

'

From G. Additional credit to rediagnosis'due to plant f edback?- e
k Arriving crew members? si: f f L a,.....r. ,

,

V
From H. Need to account for dependence with other actions for each

scenario group?

Group A A6
Group B
Group C
Group D.

Group E

From I. Potential for incorrect diagnosis leading to failure? w , /,,,.

,

From J. Potential for selection of nonviable option? A ,4% 3

*

0 e v.,e y %:Je/ fp'es
1
i

G

'
1

.

-

'
.

.

0394G011386
'

''

B-571
.
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TABLE 2-7. DYNAMIC HUMAN ACTIONS QUESTIONNAIRE
i

,

Human Action Identifier: MT. M 3 3 shegg g ny gg

A. Description of Human Action

1. Objective (task to be performed and failure criteria):

|

|

l i
Operator fails to open the makeup pump !

1
.

. .

cross-connect valves (MU-V76A/D) after failure of i
A and D Make-up Pump flowpaths and an ESAS signal !

'is present (used in INJ-4).

~
|

2. List split fractions that include this human action.

7n) ) T NU-Y
'

SM tt j TMi-4Lh5)

O ,

l

.

'
.

,
'

3. Situation (initiating events and plant conditions, support system
states): collect into separate scenario groups for evaluation.
Emphasize factors affecting response time and stress level.,

| R.T,GSAS ce.cu.rt.it a 0

R+ 6 AAMy f R&f5. L o %S oFi

!

.

-
j.

|

1
j

.

O l
,

1

0394G011386 B-573
.

%
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TABLE 2-7 (continued)

Human Action Identifier: NTr0TS Sheet 2 of 11

B. Cognitive Processing Type:

k Is the operator familiar with the action? (l.io r) * 3
. ):ufad.the (u.t re rD If yes, by what means? ((rocedures,traini frequent

performance)

@ Does this action contradict operator training, rules of thumb, or
intuition? (yes ,@'

Is this action included in simulat" inining? h, no)gou Q are 4kese khic n :
ek those kved #.:.4rA )

_ya d
pli ble descriptions oi w 0 as: / v

Skill-Based

R Routine action, procedure not required.
.

R Routine action. procedure required, but personnel well
trained in procedure.

U Action not routine, but unambiguous and well understood by
operators who are well trained.

I I Action is listcd in procedures for turbine trip or reactor..

trip.

Rule-Based (procedures) '

R Routine action, but procedure required; operators not well
.

.
'

trained, or procedure does not cover.
.

Cv Not routine, sction unambiguous and well understood, but not
/ well practiced. -

' C Action described in emergency procedures, but not for
turbine trip or plant trip.

Knowledged-Based
,

U Not routine, action ambiguous. '

[ Not routine, procedure does not cover.

C Not routino, procedure not well understood.

O Decision to act based on a rule-of-thumb, but not in,

hemergency procedures. '
.

Decide on one. What type cf behavior is require,d,7 '
'

.

0394G011386 B-574
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TABLE 2-7 (continued) -

,

.i

Human Action Identifier: MTAM 3 Sheet 3 of 11O ,

C. Operator / Plant Interface (items on which operators will key to base
judgment)

Q1 Instruments and readings that trigger action (identify procedure ;
i

number and stop if cpplicable):

An/3 W W M UW.A% S h
.

'wa
*Dla. Are M5 PIN Ir* "5

;

h Alarn (name, location, audible, visual):

w,ynAy " h ;M wys-

a ;,

I
,

-
?

m -

i~

;h From where will action first be attempted? ontrol m, -

h AO N WMSE'

@ Is# coordination between 1perators r quired?yes no) i

Jf6L c4 h W & 4'll d '9O i) Is there corroboration among indic ions'? (very N ome none) M * ;f

'b 'u ide e i k k ch spauT6
applica$le descr ption of plant iN' e7 race:hM b sykw%|Ck)eek mo 3 o

,

M Excellent. Same as below, but with advanced operator aids to
help in accident situations.-

,

,
''-

.

O Good. Displays carefully integrated with SPDS to help operator.i
'

:

@ Fair. Displays human engineered, but require operator to
integrate information.

. -

O Poor. Displays available, but not human engineered.

M Extremely Poor. Displays needed to alert operator are not
directly visible to operators..

.

OV -

'
-

0394G01.1386 -
.

B-575,
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TABLE 2 7 (continued) g
Human Action Identifier: WTar5 3 Sheet 4 of 11

D. Stress Level

Is the control room team expected to have a high work load?
Q no) __,

2. Why is this action needed? (backup to an automatic action,-

required manual action,rfecoveryJoi failed system, defeat ESAS
response) [ t^

g . ,

h Will this action contaminate a portion of the nt or otherwise
result in an extended plant shutdown? (yes, equi @,

- h Are there any system failures that complicate this action? (none,
"e.guiu p gp gm g 'f g ,

h Is this action the opposite to the res onse required in another -
- procedure or to general training? yes no)

fe m,Y & h w & b% YY
What are the ex9ected work conditions for the crew? Md 62e

li

| | Vigilance Problem. Unexpected transient with no precursors.

+
| | Optimal Condition / Normal. Crew carrying out small load ,

adjustments.
.

g High Workload / Potential Emergency. Mild stress, partway through
-

accident with high work load or equivalent.
| *!'

I | Grave Emergency. High stress, emergency with operator feeling
,

threatened.
.

'

Assess stress level ,for each scenario group.

Scenaric Group Stress. Level Coments

d A.
!

B.

C. '

h'

j D.

t

| 0394G011386
'

. .-

|
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| TABLE 2-7 (continued)

Human Action Identifier: MTM73 Sheet 5 of 11

E. Experience Level of Operating Team
(specific team memoer who woulo perform the action)

O Expert, Well Traine ' Licensed with more than 5 years
experience.-

@ Average Knowledge, Training. Licensed with more than 6 months
experience.

>

[ Novice, Minimum Training. censed with less than 6 months. .

experience.-

.

>

0
9

e

e

4

9

0

e

e

9

O
,

.

0394G011386 " 'B-577 -

.
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T.2LE 2-7 (continued)

Human Action Identifier: y"fNT3
Sheet 6 of 11

F. Response Time Available

k. What is the timing of the'first indications for the operator
action? 2' M & (in time since initiating event)

r@ When may the operator first act? (in time from initiating event).

lo M

:

-
(. When is the last time allowed for the operator to take action and

be successful? ~

Heasured as median time since initiating event N'
, or as time since first indications t-a :

',. Estimate the median time to carry out the action, once decided to [d
4

pursue. Vo ya

Estimate the median time available for the operator to decide to
perform the correct action. Measure the time available from when
he would first turn his attention to the indications until thelast time available. 15Lms

..

.

-
.

S e m es.a Time M^@td derr Err:W T * E To ? "
Gear %rreteccS gm mum crT.utra we+ma gest cousme

)g [ MkTtJ .} bl.
,

.

|
.

,

'

1

.

1

e!-

1 1

0394G011386

B-578 !,
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TABLE 2-7 (continued)

Human Action Identifier: WINT3 Sheet 7 of 11

G. Recovery from Earlier Misdiagnosis
|

1. What significant new indications are there to tell the operator j
that an earlier diagnosis was in error?

hf & en O/ AL k Nf 3 s.

|

2cCOA Y %, |

2. Does the additional plant feedback occur prior to the allowed
tim? for successful action? When? W Mm.g,

*

. ' Ws ; hi-Teny, +Km
m .u e ri;,, .u a,n w apc

.

3. Is the time available for the correct action sufficient to allow
newly arriving crew members to participate in the decision?
(i.e.. Is the error rate essentially time independent?) Q no)

*..:

4. During the time available for diagnosis, what new crew members .
will be able to ad th oblem? [e.g.,None, Shift
Technical Adviso (STA) .S/S Emergency Response Team]

y, y y p,s wak uws he 6tchreb \*

pg > go f R.CS.2ud. GE9 ERAL-.
,

stTE PREW q % fl.B , C$ns 4 S / bob E'ld S W -

eA Should additional credit be given because of additional plant i

feedback? @ ))
es Should add' I credit be given because of newly arriving crew

. members? ,no)
.

4 'e

.

.

O
,

0394G011386 B-579*
.

,
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TABLE 2-7 (continued)

Human Action Identifier: MTA>9 Sheet 8of11h

H. Dependence with Other Human Actions in Same Scenario

1. Have other errors of human actions occurred in this scenario?

AJ o
.

2. How much influence do previous htJman errors have on this action?
(significant, same, none) ara

_

!

!

_

.

3. Are other actions being performed serially or in parallel?
(Attach operator time line if necessary to describe.)

g

Ja. Arc here cap persoud.aohbb e or e4 w eu g W ar!
ye no')

Hust a specific dependence with another hum n action be accounted
for?

'

A.) o.

Scenario Group (Yes/No) Con. mts. -

_m ;

A. .

.

B. -
.

-

C. * *

.

D.

;

,

O
,

*
. ,

0394G011386
B-580

.
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| TABLE 2-7 (continued)

Human Action Identifier: M*fMT3 Sheet 9 of 11

I. Potential for Confusion in Diagnosis, Leading to Unsuccessful Response

1. Are there proc res available to instruct operator to perform
the action? no) , Identify by number //04/-A ,

2. If no procedures apply, is the operator trained to perform the
specific action? (yes,no) g

3. Which initiating events may lead to a need for this action?

G 5/15; / oc>P, G A (&
4. Do each of these initiating events result in the plant physical

conditions necess y to enter the procedure encompassing this I
human action? no) If no, identify by initiator

. .

,

5. Which other procedures have entry conditions similar to the
procedure encompAs, sing this human action? Identify by number

~6-

,

6. Do the indications describing the entry conditions for other
procedures differ from the correct procedures only by parameters j

O not normally keyed on by,the operator? (yes,no) If
'

yes, identify A)//l |.

/ i

7. Is the stress leve L at the time of selecting the proper
procedurQ mild,' optimal, o. very low? |

, ,

G # ,

8. Is the operator trainid to ex ect the actual situation to be of
extremely low frequency? es no)

'

Ba. Is the potential for an incorrect _df agnosis leading to. an, '

operator-induced failure higb(medi_ufs? low, or very low?iu
...

,

9. What is the likelihood of the operator initially 3 ring the
, wrong procedure? (likely, somewhat likely nli

Identify by number
_,

10. If the incorrect procedure is entered, does it direct the *

operator to: *

'

M Not do any related action?

O Perform an action that makes things worse? Identify

[ Perform the correct action anyway? -

,

11. What top events are likely impacted in some way that makes
recovery more' complicated prior to the successful
rediagnosis? .

0394G011,386 B-581
-

' '

.
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TABLE 2-7 (continued)

O
Human Action Identifier: 1.[Id33 Sheet 10 of 11

J. Potential for Selection of Nonviable Action (assuming a correct
diagnosis)

1. Are procedures available to instruct the operator to perform the
action? g no) ,, ,

2. Is discretion given to the control room tea s to the proper
option among several to be selected? (yes n .

,

3. Are any of the options nonviable for any one of the scenario
groups identified? (yes,no) Identify:

^> n
qq Q& A Y

& &ny%.A~Lld"?,,

m
_

HP1 -

4. Is more han o e option pursued in parallel? (yes, @ ..

5. If no specific procedures apply, are there other plausible
options that are nonviable? (yes, no) Identify:, . . ,

to A

5a. If h n inere 4ah predvElq uead & A.G sihi L,c. susuCJt?
(* .

6. If a nonviable solution is selected, are suff ent cues and time
available to later pursue a viable option? ye , no).

Identify cues:
,

SC9md (Lk&

.

7. Is the plant / operator interface such that a potential exists for
the operator to slip when implementing the correct action?
@ no) Explain: w o m ' ,'e ? "' ' " " h'# ""..

cd Lc -

.

.-. 9 p m, % _- % @' '
- -

, .
,

g a y a ua,

},f.| W & w& c>e~- e7& c% #[
8. Is the tial for selection of a nonviable option high,

medium, or very low?
I

B-582'

0394G011386
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TABLE 2-7 (continued)

Human Action Identifier: W%/uT3 Sheet 11 of 11

K. Summary Sheet

From B. What type of behavior is required? $wlf

From C. Description of plant interface? Fa c 'r

From D. Expected stress level for each scenario group?
P* '"I Y'T

'

Group A
Group B
Group C
Group D
Group E

-

From E. Experience level of operating team N N^tc
s,d.,w y

From F.
Time available to pe]rform correct actt6n 0- 7 =I. 7 AN/ -
C4sf Ertan @c kg hd,oun o. o bt. __ _ _

'

From G. Additional credit to rediagnosis due to plant feedback?
bs Arriving crew members? # . f/ m. .,, , , sa >

/

From H. Need to account for dependence with other actions for each
scenario group?

Group A Ab
Group 8
Group C
Group D
Group E

'

From I. Potential for incorrect diagnosis leading to failure? M.., 6 v

i

From J. Potential for selection of nonviable option? /_ o u ,

bece k:f-.ct S 7ienp

.

O

O
,

a

.

-

0394G01.1386 B-583
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TABLE 2-7. DYNAMIC HUMAN ACTIONS QUESTIONNAIRE

Human Action Identifier: H E^>T Y Sheet 1 of 11
.

A. Description of Human Action

1. Objective (task to be performed and failure criteria):

Operator failure to reopen MU-V2O after instrument
air failure (Top Event AM failed)Cused in INJ-1(AM),
INJ-2(AM), INJ-3(AM), INJ-4(AM)].

.

2. List split fractions that include this human action.

(A*)JuL ; Z A>'S - |

m '. zus - ,YA"THF T^'5 *.

&
MH T A5~Y 00

.

|
i~

3. Situation (initiating events and plant conditions, support system
-

states): collect into separate scenario groups for evaluation.
Emphasize factors affecting response time and stress level. I

4

WJ M d &SAby

[8 &.
.

O

'
8

, |

0394G011386
B-585 .
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TABLE 2-7 (continued)

O
Human Action Identifier: MTN! '/ Sheet 2 of 11 ;

B. Cognitive Processing Type:

h Is the operator familiar with the action? (ljo r) * 'S
imfastiar 9 ve A.u te r i

'

@ If yes, by what means? (procedures,Qrainin frequent i

performance)

% Does this ac
contradict operator training, rules of thumb,p 4

orintuition? no) % c A Q n q.7 Q
Is this action included in simulator training? (yes,
Ho.o Q ed

ars %ese acWs teAewM .: y;g,)J yit.1 &
- ek those plic ble descriptions of actions:

/ g.' m te,,,- ura n
;

,

a
Ski 11-Based

,,yi., p. " l" "M '' ' * 'frvmn

'' ;;"j,,'['.'n{.3,7'b e !
. | | Routine action, precedure not required. ^

lu,'h \. o , r.
| | Routine action, procedure required, but personnel well '

'

trained in procedure. |

| | Action not routine, but unambiguous and well understood by g'operators who are well trained.

| | Action is listed in procedures for turbine trip or reactor,
trip.

Rule 4ased (procedures)
'

-

M Routine action, but procedure required; operators not well
!

.

.
.

i. rained, or procedure does not cover. ...!

R Not routine, action unambiguous and well understood, but not
well practiced. -

' W Action described in emergency procedures, but not for
turbine trip or plant trip.

,

Knowledged-Based
.

I \| Not routine, action ambiguous. '

C Not routine, procedure does not cover.

| | Not routine, procedure not well understood.

R Decision to act based on a rule-of-thumb, but not in
.

emergency procedures. g)
Decide on one. What type of behavior is required? , d

-
-

0394G011386
-

-

.
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TABl.E 2-7 (continued)

Human Action Identifier: RT/UT 1 Sheet 3 of 11

C. Operator / Plant Interface (items on which operators will key to base
juogment)

Q1 Instruments and readings that trigger action (identify procedure
number and stp> if applica,ble):
& Mk W #.

1a. Are M5P ay A'"h ''5* ' bl

h Alarms (name, location, audible, visual):
Zu M y h
fM' "

,

.

.

h
'

re wil t mpted? (control room, other -*

@ Is#c$ rdination between operators required? (yes,@ M

ih Is there corroboration among indications? (very good, @ none)

63 *ub ide M k.g hlgeck moba(pplica$le descr ption of plant in see ' k,d 4msyriCI
'

C face:
|,

C Excellent. Same as below, but with advanced operator aids to
help in accident situations. .

-
,

'
- '

..

Good. Displays carefully integrated with SPDS to help operator. ;
'

Fair. Displays human engineered, but require operator to
integrate information.

'
'

O Poor. Displays available, but not human engineered.

.g i Extremely Poor. Displays needed to alert operator are not .

directly visible to operators..

I
.

0394G01.1386
'

-
. ..
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TABLE 2-7 (continued)

Human Action Identifier: Mf A/ II Sheet 4 of 11

D. Stress Level

Is the control rcom team expected to have a high work load?
@ no) .,_,

2. Why is this action needed? (backup is an automatic action,.

required ,r nual action,(recovery) f failed system, defeat ESAS
response)

..

h Will this action contaminate a portion of th
ant or otherwise ,d p ,result in an extended plant shutdown? (yes, gqw

h Are there any system failures that complicate this action? (none,
@ mult 41e) g4 g-

@ Is this action the opposite to the s onse, required in another_
procedure or to general training? no'

'

What are the expected work conditions for the crew? >

l | Vigilance Problem. Unexpected transient with no precursors.

I I Optimal Condition / Normal. Crew carrying out small load
adjustments.

*
.

.

. M High Workload / Potential Emergency. Hild stress, partway through
accident with high work load or equivalent.

.

.,.

R Grave Emergency. 'High stress, emergency with operator feeling'
threatened.

,

.

'

Assess stress level,for each scenario group.

Scenario Group Stress.Levle Coments
.

d A.
!

B.

C. '

O< o-

,

0394G011386 B-588-
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TABLE 2-7 (continued)

O
Human Action Identifier:_ H7/J'IY Sheet 5 of 11

E. Experience Level of Ooerating Team
|(specific team memoer wno woulo perform the action)

r

R Expert, Well Traine Licensed with more than 5 years |experience.-

;i

I
@ Average Knowledge, Training. Licensed with more than 6 months i

experience. I

O Novice, Minimum Training. Licensed with less than 6 months
!

.

experience.
I

I
\
|

\

O |
. .

).

\-

-

:.

1-

1

#

1

|
i

|-

.

.

O
,

B-589 .
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TABLE 2-7 (continued)

Human Action Identifier: M JA> N Sheet 6 of 11 !

,

F. Resoonse Time Available

N. What is the timing pf the first indications for the operator
action? 6Md: (in time since initiating event)

b2, When may the operator first act? (in time from initiating event)
Y C Y#/

WJ Y /b / b W ^* I

7/fif- %b
|
|

ks

b When is the last time allowed for the operator to take action and |
be successful? |

-

Heasured as median time since initiating event '2 ' 7 *M
or as time since first indications '

,

4. Estimate the median time to carry out the action, once decided to
'' pursue. / O-/fmM

|

Estimate the median time available for the operator to decide to |
perform the correct action. Measure the time available from when I
he would first turn his attention to the indications until the |last time available,

!

1

I

l
.

-4

sc04ewu' Time 6v^ 4 t'I derr Esr,mm Tet lo fem en
Gu> r "Unctuners ge:.r ce,n ag, cr w tra wemso gest cousme

7.fh t t. /$ n 4, 'I"'"

.

i.

i

-

g!-

.

1,

.
'

0394G011386
B-590
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TABLE 2-7 (continued)

Human Action Identifier: WI413Y Sheet 7 of 11

G. Recovery from Earlier Misdiaanosis

1. What significant new indications are there to tell the operator
that an earlier diagnosis was in error?
% A tdE hW
AcP' 49 )

*

2. Does the additional plant feedback occur prior to the allowed
time for successful action? When? c/MP

yr & hY 8tW'

- |
.

3. Is the time available for the correct action sufficient to allow
newly arriving crew members to participate in the decision?
(i.e., Is the error rate essentially time independent?) h no)

- :.

4. During the time available for diagnosis, what new crew members .
will be able to address the problem? [e.g., None Shift
Technical Advisor Q A),.S/SJ Emergency Response Team] *

,

% . g M p'i,* w o A %. bito o % k d*d*d '' |
4/4 6* *nasr.

.

stTt P w s -

Should additional credit be given because of additional planteA i

feedback? Gyes) no)

es Should addit nal credit be given because of newly arriving crew
. members? yes no)

*
.

% 's

|h

.

.

,

0394G01,1386 B-591
*
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TABLE 2-7 (continued)

Human Action Identifier: M TAlIY Sheet 8 of 11

H. Dependence with Other Human Actions in Same Scenario
,

1. Have other errors of human act ons occurred in this see ario?
Qa fA Y h a h '.d

2. How much influence do previous human errors have on this action?
(significant,same,none)

1
*

|

. |

i

3. Are other actions being perfomed serially or in parallel? |
(Attach operator time line,}f necessar to describe.)

'

g & Ju b m . (T cc k)
i

!.

3a. Are -here es perso u el ava'd6 W , e ca e4 meug ac6d
Must a specific dependence with another human action be accounted |for? 3,,

,

-
1

1Scena-io Group -(Yes/No) Coments i. -|-

Iv us c p . # d c,cA. f,, <ta.7 % I

u'll 4>u of a /, . (W w i )B. - i

J
.

C. ' *

D.

|
|
1

I

9|
~

;
,

*
.

0394G011"a86 8-592
'

.
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TABLE 2-7(continued)

Human Action Identifier: M T AJ I '/ Sheet 9 of 11

I. Potential for Confusion in Diagnosis, Leading to Onsuccessful Response

1. Are there proce res available to instruct operator to perform
the action? no) , Identify by number /202--35.

2. If no procedures apply, is the operator trained to perform the*

specific action? (yes, no) g /G
l3. Which initiating events may lead to a need for this action? i

/06 WMo
4. Do each of these initiating events result in the plant physical

conditions necess ry to enter the procedure encompassing this
human action? ye , no) If no, identify by initiator

.

.

5. Which other procedures have entry conditions similar to the
procedure encomp gsing this human action? Identify by number

M.
,

~

6. Do the indications describing the entry conditions for other
procedures differ from the correct procedures only by parameters
not normally keyed on by the operator? (yes,no) Ifyes, identify s)M _.

7. Is the stress levelrat the time of selecting the proper
procedure high, ild, or very low?

,

,

8. Is the operator traine'd to expect the actual situation to be of
extremely low frequency? (yes,@

Ba. Is the potential for an incorrect diagnosis leadino to an.

' l

operator-induced failure high, medium, low, orGa.ty low)
,

,

9. What is the likelihood of the operator initially entering the
, wrong procedure? (likely,somewhat likely,gniixely)Identify by number

10. If the incorrect procedure is entered, does it direct the *

operator to: *

M Not do any related action?
I

| | Perform an action that makes things worse? Identify |

|C Perform the correct action anyway?
I.

11. What top events are likely impacted in some way that makes
recovery more complicated prior to the successful
rediagnosis? '

.
4

0394G011,386
-

- -

B-593
,
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TABLE 2-7 (continued)

O;
Human Action Identifier: MIA/ T 9 Sheet 10 of 11

J. Potential for Selection of Nonviable Action (assuming a correct
diagnosis)

,

1. Are procedures available to instruct the operator to perform the
action? gs,@4 , , . ,

2. Is discretion given to the control room team as to the proper
option among several to be selected? (yes @ .

,

3. Are any of the options nonviable for any one of the scenario
groups identified? (yes,no) Identi fy:

A)/l '

!
.

4. Is more than one option pursued in parallel? (yes,@) , ..

5. If no specific procedures apply, are there other plausible
options that are nonviable? (yes,no) Identi fy: '

, . ,

M6

5a. IC k an werd h predv$ly uoAd & ab sh't! Lt. swaufJd
n

6. If a nonviable solution is selected, are sufficient cues and time
available to later pursue a viable option? (yes,no) l

.

Identify cues: g

.

7. Is the plant / operator interface such that a potential exists for
the operator to slip when implementing the correct action?
@ no) Explain: .

N AO ,

M% -}W $ wpvb.,

1

8. Is the potential for selection of a nonviable option high, |medium, low, or Qry low) ..

i

i

B- @*

0394G011386

|
. _ _ . .. . - - .



TABLE 2-7 (continued)

Human Action Identifier: NfwSV Sheet 11 of 11

K. Summary Sheet

From B. What type of behavior is required? Do b'd*-/ o > d unc o,
s

From C. Description of plant interface? Fe, r w

From D. Expected stress level for each scenario group?

Group A Polc. Co_f F,nny
Group B
Group C
Group D
Group E

From E. Experience level of operating team ave
~

rw-
(lic e r 9i/ . " ' W E ";From F. Time available to perform correct Action ).

I?nd &k-ete k ps, %n cl . ' -n:..- >. w en~

From G. Additional credit to rediagnosis due to plant feedback?
&c Arri ving crew members? **L iz I<. .e...: .:.

From H. Need to account for dependence with other actions for each
scenario group?0,
Group A 'le.' ,|0s> c' *: > - '"i 4 |W "i 'h^""**'' '' ' ')

'

Group B ': e a f
Group C
Group D.

Group E

From I. Potential for incorrect diagnosis leading to failure? V< ( - / . e .,.

From J. Potential for selection of nonviable option? I/co, ' /o w I

Le bur 4is sm 4 t, eave -:r.es~a..
ns . .n).o . se

/ i s

.

O g

|(**;as. * ?, ' - ~ * * * *
< .

e

.

O
I

.

0394G011386
~
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TABLE 2-7. DYNAMIC HUMAN ACTIONS QUESTIONNAIRE
.

Human Action Identifier: H LT I Sheet 1 of 11
. - .

,

A. Description of Human Action a

'

1. Objective (task to be performed and failure criteria):
,

Operator fails to take actiops to' provide makeup i

to the BWST or MUT during*cooldown . ~ ~

~

(used in LT-1 split fraction).
.. -

Tiy N=-t cD 6 k/4 s a 4, e - u +< e y

b er h a a n d *y 4 e n d w 'ly "cy sect ,

.
.

_

2. List split fractions that include this human action.
9\\W.

g herIG
LT4 '; LT-1 L.g ; L.T-f

|.

I
l

.

*,

3. Situation (initiating events and plant conditions, support system -

states): collect into separate scenario groups for evaluation.
'

Emphasize factors affecting response time and stress level. |

PM h k@ c. led. a.m f,.\t.4 a.cr bTs-

3hc e Ly w~+ 1'u' S ~f f N" *4 #4*d, % c<c %
radbj cwr,.rb q fuo farfr,

m.rt A ) :, m J 1 ,a s y 4 m +c 4 s < Gr . 3 (w,ys ,
c6 - ~"% 8 eaw h 6 rye 9, c., r-.

.

I1m th ley -s ..!Ic4h
7 l-e L e. gca r n,a ci n-t-

< Ar% e u tos y n /.d %+, v k y .; less A, , m.,
s n nl.C Lun g.,g (f.,,,, f 7 |( g ,w g ,; pp

O
'

1

0394G011386

B-597 *
.

,
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TABl.E 2-7 (continued)

Human Action Identifier: M LT 1 Sheet 2 of 11

B. Cognitive Processing Type: -

-

W (In. h Is the operator familiar with the action? (l_-lo f ) * F 2-
'

1:wh Albr c;, vf ry (m.,ir,,
@ If_yes, by what means? (procedures % ainin M*

Qerformanc3

@ Does this action c adict operator training, rules of thumb, orintuition? (yes,
;

Is this action included in simulator training? h' o,o)
,

n

pli ble descriptions of actions:frg: aT g.o .. L & N
Qo.o %

ekthosekveut
are %ese khia reWA ;

i

4 g,-

Skill-Based pe.t L

!
A) @ Routine action, procedure not required.

.-

| | Routine action, procedure required, but personnel well
!trained in procedure.
:

| | Action not routine, but unambiguous and well understood by
operators who are well trained.

Action is listed in procedures for turbine trip or reactor.| |

trip.

Rule-Based (procedures) '

.

.

U Routine action, but procedure required; operators not well.
- '

trained, or procedure does not cover. ;. i.

,

R Not routine, action unambiguous and well understood, but not
.i.

well practiced. -

' [ Action described in emergency procedures, but not for
turbine trip or plant trip.

-

Knowledged-Based '

.

R Not routine, action ambiguous..

h @ Not routine, procedure does not cover.
;

iC Not routine, procedure not well understood.

U Decision to act based on a rule-of-thumb, but not in I
;

emergency procedures.
-

Whattypeofbehaviorisrequire,d7,A c)G+Mt %j\Decide on one. Sl< t l/
-

.

0394G011386 B-598
.

-
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. TABLE 2-7 (continued)

Human Action Identifier: M LT l Sheet 3 of 11

c. Operator / Plant Interface (items on which operators will key to base
juogment)

,

,

Instruments and readings that trigger action (identify procedure
(p 1 r '

33 m ,r u ---g-

. . |
1a. Are dI5pags E'o 05'h 'l (

'.. .

@ 90 |., 4 u tdudi le, visual):9- 2 (e low rvar3 .< - A[V
Alarms (name, location,a .

.1 1

(6) l* as- BN#T I ~ bIY-

1

|-

,

;h From where will action first be attempted?
'

ntrol rood other -
speci fy gesi wow,cr A-ohT ogegnht sewn. I

A6 ) W '

@ Is#$ ordination between operators required? (yes.h
.,

ih Is there corroboration among indications? @y go@ some, none) f

a w ,m s n a m . W a m_ sea L-) w iG,~ y 4eCYeck most applicable description of plant inTeri.w.
;,

C Excellent. Same as below, but with advanced operator aids to !.

help in accident situations. j
-

,

- ,
. . -

;. .q- ;
,

, ,

Good. Displays carefully integrated with SPDS to help operator.: ;

N, @ Fair. Displays human engineered, but require operator to
'

integrate information..

:

!
-

-
, .

O Poor. Displays available, but not human engineered. ]

y Extremely Poor. Displays needed to alert operator are not .
directly visible to operators.,

,

|

.

;|

0 1
'

-
.

i !.

0394G01.1386
*

|
-

. .
,

B-599 ),

'
.

- - ------,--._,, .,- - ,. ,,.c. - ,,-.,_,,,.,,,,,,,_...-.,,,..,-.,.n,. .r.,.,- , ,-.--.n.---r-- . - - - , . -
,

--

. - - . - - - -



.

. ..

.

TABLE 2-7 (continued)

S'Human Action Identifier: W L~r ) Sheet 4 of 11

D. Stress Level

h th ntrol room team expected to have a high work load?

'

2. Why is this action needed? (backup to an automatic action,
requir manuar) action, recovery of failed system, defeat ESAS
response

h Will this action contaminate a portion of the lant or otherwise
3

E q % iffaresult in an extended plant shutdown? (yes, o

h Are there any system failures that complicate this action?
(g@, multiple) gg g j

,-

,

h Is tnis action the opposite to the response required in another
, procedure or to general training? (yes @

~

'

.|What are the expected work conditions for the crew? i

[ Vigilance Problem. Unexpected transient with no precursors.

Optimal Condition / Normal. Crew carrying out small load
.adjustments.

I
'I.

@ High Workload / Potential Emerg:ncy. Hild stress, partway through,

accident with high work load or equivalent.
*

, .,.
'
'.

R Grave Emergency. .
.

High stress, emergency with operator feeling,

threatened.
-

.

!~

.

Assess stress level,for each scenario group. .|
-

Scenario Group Stress. Level Coments

d A. !
! ;

B.
I

C. l
'

/ D. g-

i

I'

0394GO1.1386 B-600 i
-
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TABLE 2-7 (continued)

( Human Action Identifier: b4L r | Sheet 5 of 11

E. Experience Level of Operating Team '

(specific team memoer wno woulo perform the action)

[[[] Expert, Well Traine Licensed with more than 5 years
experience.

,

[55] Average Knowledge, Training. Licensed with more than 6 months
experience. .

[[[] Novice, Minimum Training. Licensed with less than 6 months
experience.. .

re,,
.

. .. .

,

.

O
*

. .

.

.
-

.

.

..

'. . . . .. .

-
.

-
.

i

..

-
,

' -m..

.

.

.

.

\-

l

!

O
I i

'

0394G011386 B-601
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TABLE 2-7 (continued)

Human Action Identifier: M LT I Sheet 6 of 11 '

,

F. Resoonse Time Available

O. What is the timing of the first indications for the operator
action? marIM -6'wA (in time since initiating event)

BuasT 14- 7.4, A as (Iw; /d*h'eQ 'i> t%f.N y /m / C cey t.y :
g@ When may the operator first act? (in time from initiating event) '

'

rn u. r - 2. mi A
Bas 5T- 5 w as

( be successful?When is the last time allowed for the operator to take action and.

M mu r o.5'm L.
Measured as median time since initiating event sosr ds

or as time since first indications '-

4, . Estimatethemediantimetocarryouttheaction,oncedecidedto
pursue. giort io u - mur i.ra .

*

O |1
Estimate the median time available for thr: operator to decide to
perform the correct action. Measure the time available from when

|

,

'

he would first turn his attention to the indications until the
last time available. |

.

.

-
.

,

Sc e ssu* Tisc ev^utd derf.sy m Time To Ndwo.

G m r %rret eers gm cancry, cc T.s t ta wwes o ge:r co.n tw-

A rn uT . c_e.l.6% .tl.bb 5 min lua. . 24.

'' M YG Ov>sT sW .

*

% ,a evay.as n
w/sa s ep + '% *.,%

|

'?OT N. ,

'

|

|

4;f,g'tf., n seI. 4 , r+M7*. .

#Assv % M ow c' * d ' ~ I' W O E-i s/ d '' 3 hai
kauun '3sr fla Mc r& "P

- t- it r ~ e +y. ,,,.,, s
v,

. .; /
'

0394G011386 8-602
.
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- TABLE 2-7 (continued)

|

!Human Action Identifier: H tT \ Sheet 7 of 11

G. Recovery from Earlier Misdiagnosis '

1. What signi'icant new indications are there to tell the operator
that an earlier diagnosis was in error? |

M to- t.m leu.de mwT '

Q t.n-L.o M Bd57.

i

I

I

2. Does the additional plant feedback occur prior to ge allowed
time for successful action? When?A w - muf Mm 4d% mwt fa' duce

Q h - Bu>sTh O S E t* t N1*
-

,

1

J
./. .

.

3. Is the time available for the correct action sufficient to allow
newly arriving crew members to participate in the decision?
(i.e., is the error rate essentially time independent?) @ no)

,

'
~

.

4. During the time available fo- diagnosis, what new crew members . Iwill be able to ad t blem? [e.a.. Nnne. Rhift :

Technical Adviso STA S/$ Gercency Response Team] ) '8 #
.

-

q., kd M 6 '- 1 g (3t nya,M M p*duJoe &.

_6WMbgg 4 fop |,

5tTE PttEb - taJTT ew CrT56 T/R-. - .

eA Should addi i credit be given because of additional plant
feedback? no)k.R '

;

es Should additional credit be given because of newly arriving crew
embers? Q no) 4. L . gqm g)7,,gf f,, y

. . .

g

.

.

' '

0394G01.1386
-

.
-
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TABLE 2-7 (continued)

Humaa Action Identifier: M LT) Sheet 8 of 11

H. Dependence with Other Human Actions in Same Scenario

1. Have other errors of human actions occurred in this scenario?
Al he

'

g) ye A p . o c., e c b w w we+'/ Al

..
2. How much influence do previous human errors have on this action?

(signi fi c: int , fame',' none)MM >.n
. ;|*

t) se + .' .

.

!

. ,

-
,

- __ ;
3. Are other actions being perfomed serially o(in parallep i

(Attach operator time line if necessary to desTriLc.)

O
3a. Are 4+cre ea$ persooet mhah w e 4 m eu g W ari

yes ad -

Must a specific dependence with another h ... action be accountedfor? W b'

YU-

.;
'

.>Scenario Group _(Ye s /No) Coments - -;.

A.fl'714 %
g , l.% Tlf \|aj hjs$,c fow o dFned+,(a, I

'

n M%. q uai, m o si.. r+ c mz ,'C. '

nj';fede , n.y I"p n.Jj .g,

am e.
D.

.

S'-

I

*
.

0394G011386
B-604

.
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TABLE 2-7 (continued)

8

Human Action Identifier: M L,T I Sheet 9 of 11 !

!
'

I. Potential for Confusion in Diagnosis, Leading to Unsuccessful Response !

i1. Are there pro es,available to instruct operator to perform ithe action es Identify by number 12.lo 1 ttle T i.

;

2. If no procedures apply, is the operator traiaed to perform the
- specific action? (yes,no)

i
4

3. Which initiating events may lead to a need for this action? !

SeTft. s.T -

g

4. Do each of these initiating events result in the plant physical
conditions neces to enter the procedure encompassing this '

human action? yes no) If no, identify by initiator
~

5. Which 5ther procedures have-entry conditions similar to the i
procedure encomp gsing this human action? Identify by number ;

A) se.re. e 12.to-6.-
>

.D+# '

6. Do the indications describing the entry conditions for other
,

i

procedures differ from the correct procedures only by parameters !
not normally keyed on by the operator? (yes If |O yes, identify . ;

'
,

7. Is the stress 1 at the time of selecting the proper i
procedure high mild optimal, o. very low? !

,

-

,

h !
- -

8. Is the operator train =d t et the actual situation to be of i

extremely low frequency? yes, no) q+ gg n y s errg.,)gg
,

Ba Is the potential for an incorrect dia eading to an
*

'

operator-induced failure high, mediu low, r very low?
,

.

9. What is the likelihood of the operator initially entering the,

wrong procedure? (likely, somewhat .likelfunlikelyD
Identify by number -_,

10. If the incorrect procedure is entered, does it direct the '

operator to: *

.

C Not do any related action?

Perform an action that makes things worse? Identi fy

@ Perform the correct action anyway?
.-

-

11. What top everts are likely impacted in some way that makes
'

i recovery moreicomplicated prior to the successful
rediagnosis? .

0394G011,386
- -

'

B-605 2 '
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TABLE 2-7 (continued)

Human Action Identifier: HLT | Sheet 10 of 11
_

J. Potential for Selection of Nonviable Action (assuming a correct
diagnosis)

+

1. Are proce available to instruct the operator to perform the
action? ye n6

ST)2. Is discretion given to the control ro am as to the proper
option among several to be selected? no) ;

3. Are any of the options nonviable for any one of the scenario
groups identified? (yes @ Identi fy:

.

.

4. Is more than one option pursued in parallel? (yesh -

.

~

5. If no specific procedures apply, are there other plausible
options that are nonviable? (yes, no) uA. Identify:,

9
Sa. If h n werd h predvElq ueAd % AM sGI ke. swauM

Y'.
.

6. If a nonviable solution is Yelected, are sufficient cues and time '

available to later pursue a viable option? (yes,no)
Identify cues:-

.

M rut Y . '

'

'g) OwsY f '

,

.

7. Is the plant / operator interface such that a potential exists for
the o tor to slip when implementing the correct action?
(ve o7 Explain:r

. ., JA Ah .far mn da k-hc . n n m e~n m %w ~,]rp
.

.

s. A A r>e & k A .
-

<
.

8. Is the potential fne calection of a nonviable option high,
medium, low,oQrylop -

,

*

0394G011386
B-606
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TABLE 2-7 (continued)

Human Action Identifier: W LT | A- Sheet 11 of 11
.

K. Summary Sheet
,

From B. What type of behavior is required? sk:// '

From C. Description of plant interface? Fo , r

From D. Expected stress level for each scenario group?

Group A Pd*"M I'"9f '/7
Group B
Group C
Group D
Group E

'

From E. Experience level of operating team Av<m* v j

sim cu '. !

From F. Time available to perform correct action n.1 - th4. -
,

ee:f estern sT e .f 1% 1. d m p o,or < J n , g i-

From G. Additional credit to rediagnosis due to p W it feedback?"~
Wt Arriving crew members? 1 4 Amevi/+

,

*
|

From H. Need to account for dependence with other actions for each
scenario group?

Group A %
Group B
Group C
Group D
Group E --

From I. Potential for incorrect diagnosis leading to failure? Vervlow-

From J. Potential for selection of nonviable option? I/ _ ,' /c s

!

16 .-,1. ~ o M % |

.

6

O
,

.

0394G011386
'
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. TABt.E 2-7 (continued)

/' Human Action Identifier: 14LTl6 Sheet 11 of 1p _

K. _ Summary Sheet *

From B. What type of behavior is required? I%Wf o

From C. Description of plant interface? Fa h-

From D. Expected stress level for each scenario group?

Group A M 'd ''N " EU 'o 'T
Group B
Group C
Group D
Group E

From E. Experience level of operating team Am ta -
&cer><ra ''

From F. Time available to perform correct actf6n SY-i. : WAw
% d u fr % 5 < % e, e V fc c'/97est/# W /-

From G. Additional credit to re' diagnosis'due to plant feedback?.

W Arriving crew members? '/n 4 ,,y **7w-( y e&gl

From it. Need to account for dependence with other actions for each
scenario group?

' '

Group A sc3i
Group B Y<r ,:, fqo - w viQ ,fy A; f.ciec
Group C
Group D
Group E

From I. Potential for incorrect diagnosis leading to failure? Nvlow
.

From J. Potential for selection of nonviable option? W . l c .,

0.e,,.,-1- A WA f%t p

.

8

O
'

.

0394G01.1386
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.
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TABLE 2-7. 0YNAMIC HUMAN ACTIONS QUESTIONNAIRE
:

q Human Action Identifier: H LT I sheet 1 of 11 iV !
f

A. Description of Human Action

1. Objective (task to be performed and failure criteria): !
.

'

Operator fails to take actiogs to provide makeup
to t h e BWST o r MUT d u r i n g''[c~o o l d o wn . |
(used in LT-1 split fraction).

Cv -% c ?,o l~ s felled , ss a ^ * ~ 1"'e "fTeo e s

brrhi Ik et,b*y 1# c'to,Nson'''' #C f M'erc4,
,

b

!.

2. List split fractions that include this human action.

s \\-CT~*.

ML 4LTf6 '

LTA tT-I up. t T-f f
'

;

,

.

,

>

r
>

3 Situation (initiating events and plant conditions, support system !states): collect into separate scenario groups for evaluation.'

,

Emphasize factors affecting response time and stress level. t

a> n y c.ia.a. .c.u..,q a.it.T~rr m + %-

.. 3,\ c c L:p n ..+ gw :< 5;,i ~+ j w w:ostl, 9-ic ci, ~ A 's |2

.f 01 h;'' br .s tc ?(s,' ( vi _Q tf 3
y -

-

HLTl A l, , .t N 44 for- 1 i.' [
-

a 4 .4-,.

.>.,ecyf. + . -
cr 3, , , :M w r, s, Ecv;7- bc [n v u ; n : . <': ,' ,, ;. -ci y

,

<

.
. y

' ;.,,-|<ca.;> Q !, . i. y ce ' iasrt '9 '~. r. ,
, , , ,

.

t'-

h.*n~,.- :o s,. p m ieek :.+, ,.I ' g ,, | css <!.e,, ,
<

, ,..

. ~U : -e - .; - < , -. 4 ,, . c, , s (, g, . .a e ,s ,, . ,' |
.

,.,
_

I'

, |

1

0394G011386 :
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TA8l.E 2-7 (continued)

O,Human Action Identifier: M LT 1 Sheet 2 of 11

B. Cognitive Processing Type:

(dr (6)2.k Is the operator familiar with the action? OAo r) ~
b ufaJ.I4e <; v % A .,u n

@ If_yes. by what means? (procedures W ainin @ r

QerformanM
*

@ Does this action c adict operator training, rules of thumb, or
intuition? (yes, o)

Is this action included in simulator training? O no)
ek those kveu% are %ese kW wiud .:.k;4 ' ca a L a Nso k.

T q y 4.ts
plic'able descriptions of actions: g

-

p e .r
Skill-Based

M @ Routine action, procedure not required.
.

| I Routine action, procedure required, but personnel well
trained in procedure.

| | Action not routine, but unambiguous and well understood by
operators who are well trained.

| | Action is listed in procedures for turbine trip or reactor. i

trip.

.

Rule-Based (procedures)

-
Routine action, but procedure required; nperators not well| |.

trained, or procedure does not cover. .. |
1

R Not routine, action unambiguous and well understood, but not |well practiced. -

'M Action described in emergency procedures, but not for
turbine trip or plant trip.

Knowledged-Based
,

U Not routine, action ambiguous.

9) [ Not routine, procedure does not cover.

R Not routine, procedure not well understood.

| | Decision to act based on a rule-of-thumb, but not in {emergency procedures.

Decide on one. What type of behavior is required,7 'N # 4 ' ' ' ' '' " ? ' C

0394G011386 B-610
l
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TABLE 2-7 (continued) |
|

Human Action Identifier: M LT | Sheet 3 of 11
) '

C. Operator / Plant Interface (items on which operators will key to base
Juagment)

Q1 Instruments and readings that trigger action (identify procedure
number and st b if applicable): '

(ju wk.y im re.c4 A |tws r IM i skv4 - 2.sve;g&k' '

(g)

la. Are 8' splay Ur% "5 i

h Alarms (name, location, adudi le, visual):.t y - a re t u r v e y b < e A N|
. i

90 |. ,. + 7 Mt
[6) lo, g#ST JM MW - ATV-

-
.

|

1

:) From where will action first be attempted? (SI(g_ontrol room other -
'

specify),)ges-r woe.cr ta. eld opexbh seh66 v V

@ Is' $ ordination between operators required? (yes.h j
,

h Is there corroboration among indications? @y go@ some, none)

. b 5bapplicabuide ik ble descr ption of plant inter .#ik) h spNywM1 mMvatsh. 'u
oeck mo co.

O Excellent. Same as below, but with advanced opert. tor aids to I
help in accident situations. '-

:.

i.

O Good. Displays carefully integrated with SPDS to help operator. '

N, @ Fair. Displays human engineered, but require operator to
integrate information.

-
.

O Poor. Displays available, but not human engineered.

g i Extremely Poor. Displays needed to alert operator are not .
directly visible to operators..

O
'

0394G011386
-

B.611.
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TABLE 2-7 (continued)

Human Action Identifier: W LT ) Sheet 4 of 11

0. Stress level

th ntrol room team expected to have a high work load?

t 2. Why is this. action needed? (backup to an automatic action,
requirc|Fmanua action, recovery of failed system, defeat ESAS
response

h Will this action contaminate a portion of the lant or otherwise
qc d p ,result in an extended plant shutdown? (yes, o g

h Are there any system failures that complicate this action?
aD one, multiple) g| .

-

,

h Is this action the opposite to the response required in another
,

procedure or to general training? (yes @

'

What are the expected work conditions for the crew?

it
i I Vigilance Problem. Unexpected transient with no precursors.

Optimal Condition / Normal. Crew carrying out small load
tadjustments.

'

.

,
High Workload / Potential Emergency. Mild stress, partway through
accident with high work load or equivalent.

,:

R Grave Emergency. High stress, emergency with operator feeling
' threatened.

.

Assess stress level,for each scenario group.

Scenario Gro;o Stress. Level Coments

$ A.
!

B.

C.

DJ

0394G011386 B-612 -

,
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TABLE 2-7 (continued)

O Human Action Identifier: b4t|T l Sheet 5 of 11
__

!

)
E. Experience Level of Operating Team

(specific team memoer wno would perform the action)

| | Expert, Well Traine Licensed with more than 5 years
experience..

[E[] Average Knowledge, Training. Licensed with more than 6 months
experience.

[ [] Novice, Minimum Training. Licensed with less than 6 months .

experience. '
..

i

\
-

i

O
.

O

O M MY

.

.

O
t

'

.

0394G011386 B-613
.
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TABLE 2-7 (continued)

Human Action Identifier: M LT I Sheet 6 of 11

F. Resoonse Time Available

(k). What is the timing of the first indications for the operator
action? mu r la d-L'wh (in time since initiating event)

g& When may the operator first act?gu3sT 1Q- 7.4, tui rs (L; 6J*hQ eu,M1,N y /we/ k/.ny t. J(in time from initiating event)
m e - 2. mid
BW57 5 WS

i

|

h When is the last time allowed for the operator to take action and
be successful?

4& a-o.5m k.
,

|
Heasured as median time since initiating event s osy 5f C . |

or as time since first indications-

|4, . Estimate the median time to carry out the action, once decided to ;'

pursue, swsr o %.: - mwrl.r a . |

9 ||Estimate the median time available for the operator to decide to
perform the correct action. Measure the time available from when !

he would first turn his attention to the indications until the '

last time available.
.

1

.|
*

-

Sc oi rsu* T -c M^ut*z dm DrsW T8 ** To f'T***
6e4R -QtFFEL @ CES gtt r fungtv, CF T tat T3 MrWS(5 G6T (0 15ET2V W

[ [rKC[ gm Ceeld=% sh.b >+w 5 mi~h liuL . 2 e.

O w s r oi M ''.N U '
7' N 3 ''*f' & Ik'C

>, n e.C n,/ y y . M e 12.,

w/to o r o n- ?*c i. r.
c :''

.

,,, .,[ '

r, rea #'< _,
,,

4 Ay3v % M ow C* tid o w b \b o a M-. ",''E ('' b''-,

a .., _ 2 e r p / ' w W - f.., .,- !.

*
- '* ' c! c a e :, - e-

,

'

0394G011386 8-614
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TABLE 2-7 (continued)

Human Action Identifier: H LT \ sheet 7 of 11

G. Recovery from Earlier Misdiagnosis

1. What significant new indications are there to tell the operator
that an earlier diagnosis was in error?
M to-b leu.4/ mwT
Q u - t.4 ks.at Bd$7

2. Does the additional plant feedback occur prior to ge allowed
time for successful action? When?g w - mur aba 4a-h mat.fahre

Q h Bu>rrf Pl mkk Mt %\*~

_

-
.

3. Is the time available for the correct action sufficient to allow
newly arriving crew members to participate in the decision?
(i.e., Is the error rate essentially time independent?) @ no)

O :

4. During the time available for diagnosis, what new crew members ,
will be able to ad t blem? [e.a.. Nnno. Khift
Technical Adviso ST s/S Giercency Response Team] } 8 W

it o . be dechred 's L ?' LaAg, g g p a.w,a3 &.
GE4EEAt ,O pN,p

,

site PREb = REJTT #w OT54 T@ *-

eA Should addi i credit be given because of additional plant
feedback? e no)b.R

es Should additional credit be given because of newly arriving crew
. members? Q no) Loon q 4 4 7 ..,v. .., r;) r. ;c J.., ,,n.

'

'

.

sggy syr sy m ,o

|

.

'
O

'

0394G011386- .

,
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TABLE 2-7 (continued)

Human Action Identifier: NLT) Sheet 8 of 11

H. Decendence with Other Human Actions in Same Scenario

1. Have other errors of human actions occurred in this scenario?
Al ho
g) Te c .o c4 cb w ' s wec'/ A<l

.

2. How much influence do previous human errors have on this action?
(significant,(s.ame'i none)^W u,w e

"t ) 3p >, ,
.

.

3. Areotheractionsbeingperformedseriallyo(inparallelp
(Attach operator time line if necessary to deTs L.)

O
3a. hce %"t 6"& P' *'"l *" * *# * 'D* ''

yes no)
Must a specific dependence with another h ... action be accounted

'

, ?i V tr- G'I vej-

Scenario Group (Yes/No) Coments

A.N 'TIA % '

g, lh YlS Y,j h a t.an.c !w ~'E..~..,,
.

~ c.n , ;.p,I , e. . w.u . . .,, '|
-

. ,

C. e ' ', % ~ . <. .
*

''e , i.. . . :j ,, |,

'

, ,, e , '

D.

O
,

.

0394G011386
B-616 j
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TABLE 2-7(continued)
|

Human Action Identifier: M L.T I Sheet 9 of 11

!

I. Potential for Confusion in Diagnosis, leading to Unsuccessful Resconse
'

1. Are there p s.available to instruct operator to perform

W)
Identify by number 12,\O 1 ttle Tthe action? no

,;
.c

2. If no procedures apply, is the operator trained to perform the
specific actiofi? (yes, no)

,

c i

3. Which initiating events iny lead to a need for this action? ;

S4Tft. E.'E ; ;g

:pr j
4. Do each of these initiating events result in the plant physical :

conditions neces to enter the procedure encompassing this !

human action? yes no) If no, identify by initiator
'-

.
,

S. Which other procedures have-entry conditions similar to the
procedure encomp gsing this human action? Identify by number

M ert e.12.to-b , ,
-

1O ru
6. Do the indicatJons describing the entry conditions for other !'

e .

procedures differ from the correct procedures only by parameters !
not normally keyed on by the operator? (yes If jO yes, identify .

7. Is the stress 4 - at the time of selecting the proper
procedure high mild optimal, o. very low?

%
8. Is the operatoittrained t et the actual situation to be of ;

extremely low:trequency? no) q + g ign / serg.,f |
Ba Is the potential for an incorrect diag leading to an '|

~'

operator-induced failure high, mediu. low, r very low? |
!

'

9. What is the likelihood of the operator initially entering the i

, wrong procedure? (likely,somewhat likelfunlikelyD |Identify by number i,

.c
10. If the incorrefrt procedure is entered, does it direct the ,

operator to: I
'

-

h Not do any related action?

Perform an action that makes things worse? Identi fy I

i

'e
@ Perform the correct action anyway? -

i11. What top events are likely impacted in some way that makes
recovery moreicomplicated prior to the successful
rediagnosis?

|
.

0394G011386
B-617

.
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TABLE 2-7 (continued)

'

Human Action Identifier: HLT | Sheet 10 of 11 '

_

I

J. Potential for Selection of Nonviable Action (assuming a correct
diagnosis)

! 1. Are proce available to instruct the operator to perform the
action? e no)

,

A ff
2. Is discretion given to the control ro am as to the proper i

option among several to be selected? no)

3. Are any of the options nonviable for any one of the scenario
groups identified? (yes @ Identi fy:

I

4. Is more than one option pursued in parallel? (yes h .

'

5. If no specific procedures apply, are there other plausible
options that are nonviable? (yes,no)uA. Identify:

,

O
53. TC % acG bere. % pren.Av?l usAA k nd s%i hc. sumslli

6. If a nonviable solution is Yelected, are sufficient cues and time
available to later pursue a viable option? (yes,no)

. Identify cues:
cd rwuT Y |
g) QwsT* f

1.

7. Is the plant / operator interface such that a potential exists for
|the o tor to slip when implementing the correct action?

(ye Explain: . . . , 4 A h .fsr m e 4 t, O
M,. S j% e cM -for Gwn mW W Ig) d,

s.a a &Y.e

t
8. Is the potential far ul ction of a nonviable option high,-

'

medium, low, oQry low?

,

'

0394G011386
B-618
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TABLE 2-7 (continued)

Human Action Identifier: W L.T | 4- Sheet 11 of 11
i

!
X. Summary Sheet !

!

From B. What type of behavior is required? . M 'l i

From C. Description of plant interface? Fa i r I

From D. Expected stress level for each scenario group? ;

Group A 7*i'"4'd I'" '/j '/'9'
,

Group B !

Group C i
Group D i
Group E

,

~

From E. Experience level of operating team Av + " c
1 s, ..w '

From F. Time available to perform correct. action Jr. t : 2h4.
e c:+ rs % .2 e .; 1% % c m n >r.c _ 3 , , 7

e.

From G. Additional credit to rediagnosis due to plint feedback? !

We Arriving crew members? Cl, O b ru M i
*

i
From H. Need to account for dependence with other actions for each ;

scenario group?

Group A %
|

Group B f
Group C !
Group D !

-

Group E j

From 1. Potential for incorrect diagnosis leading to failure? V% /bu-

!

From J. Potential for selection of nonviable option? '/r. . , /,. s i

i

k

(Q,,,a . > .n ~ ) h *f&,., ;

!

'

:
.

F

:

l'O :.

,

f

0394G011386 8-619
'
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TABLE 2-7 (continued)

Human Action Identifier: 4LTI6 Sheet 11 of 1_

K. _ Sum.9ary Sheet

From B. What type of behavior is required? I4 "w em

From C. Descripcion of plant interface? fi!>
From D. Expected stress level for each scenario group?

Group A f '' '^ *''A * f U 't W
Group 8
Group C
Group D
Group E

From E. Experience level of operating team /~naa-

Time available i.o perform correct'Ma:acti~on M-1 : WA->From F.
' : m ' e,.+,.,. d e <. ,,,w .i'c e in ; egi> va. -

-
-

n
s

From G. Additional credit to rediagnosis'due to plant feedback?.

h Arriving crew members? #- c c. , > ~ w u , # 3 .<3-

From H. Need to account for dependence with other actions for each
scenario group?

'

Group A :c ;,
Group B Y<r,n :f,,,,o :x wi"),fy b J I'u > ec '
Group C
Group D
Group E

Fram I. Potential for incorrect diagnosis leading to failure? Ve .l s
.

From J. Potential for selection of nonviable option? P .-
'

-

Br ca.. A.3u J' L,p

.

O
,

.

0394G011386
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!TABLE 2-7. DYNAMIC HUMAN ACTIONS QUESTIONNAIRE

I

Human Action Identifier: H LTL Sheet 1 of 11

IA. Description of Human Action

1. Objective (task to be performed and failure criteria): !

$*

Similar to HLTi$ e x c e p t during a steam generator -

tube rupture after a failure to previously cool-
down and depressurize to go.on DHR.(used in LT-2) r

l

5

t

1-

2. List split fractions that include this human action. !

$f , CT - 1 |
'

!

!
'

O
-

r
f

!
3. Situation (initiating events and plant conditions, support system ).

states): collect into separate scenario groups for evaluation.
Emphasize factors affecting response time and stress level.

* Faitvre 4 |,1. _ .f. 6 sera ,
W b omm <<< Q.. Top w Vta s%9 .c lcef .ro

4 y e,,A ~ su a m 4 a & : s /, 9 ~ ~ A yg ,. r u n., 4.

naf isn,' k % 2 tow 44 afrs laap p c s,.

7 <M a I,r,g mp , yrg-"fdery M 4,am ,,,s 4 e

* Tip yve,,~ < s r;f4'

,

,

0394G011386
B-621
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TABLE 2-7 (continued)

Human Actf on Identifier: M LT1 Sheet 2 of 11

B. Cognitive Processing Type:

k Is the operator familiar with the action? O,4o r) ' F
t e n(ad.tik c:e ve h

@ If res, by what means? Cprocedure M r~aini - eque

QerformanceD y (
D Does this action radict operator training, rules of thumb, or

intuition? (yes no
,

Is this action included in simulator training? h no)
go.o b

are 4k85e NW redud v 4rM4v3 _%-l,,d~.ckthosehved
-

plic ble descriptions of actions: g/.4
-

Skill-Based
A

.. r@ Routine action, procedure not required..

#
| | Routine action, procedure required, but personnel well

trained in procedure.
!

| | Action not routine, but unambiguous and well understood by
operators who are well trained.

| | Action is listed in procedures for turbine trip or reactor
trip. '

Rule-Based (procedures) !

| | Routine action, but procedure required; operators not well.

-

trained, or procedure does not cover. .-

R Not routine, action unambiguous and well understood, but not
well practiced. -

'

M Action described in emergency procedures, but not for
turbine trip or plant trip.

Knowledged-Based
!,

R Not routine, action ambiguous. !
. + ,1. .. o/o ; om " , j g ,,, ,g,b Not routine, procedure does not cover. 2 % ;f .r , . a, 3

O Not routine, procedure not well understood.

Decision to act based on a rule-of-thumb, but not in
emergency procedures.

|
-

Decide on one. What type of behavior is required? M I0 "' b '' ''
-

|

0394G011386 8-622



-< .

TABLE 2-7 (continued)

Human Action Identifier: M LT2 Sheet 3 of 11 '

C. Operator / Plant Interface (items on which operators will key to base -

,

judgment)

Q1 Instruments and readings that trigger action (identify procedure |number and stop if applicable): - :Swfr IM p* 4hp4- 2. avkidla,

la. Are M5P M5 d'
''5I *

h Alarms (name, location , audible, visual): |
Le \ M S a rt* hTV

-

+

i

i

:) From where will action first be attempted? Qntrol room)othOr -
'

spect ) A .elt a strh ap
@ Is'$ ordination between operators required? (yes, @

,

:) Is there correboration among indications? Qery good) some, none)

gC eck most applicable description of plant i[nter..u.b 5p44Wu guidee qik k e=W gspi@ b rgeN,w%1 o

n Excellent. Same as below, but with advanced operator aids to
help in accident situations.-

.
.

Good. Displays carefully integrated with SPDS to help operator.
.

S Fair. Displays human engineered, but require operator to
integrate information.

..

O Poor. Displays available, but not human engineered.

g i Extremely Poor. Displays needed to alert operator are not .
directly visible to operators..

J

O
'

0394G011386
'

.

B-623.
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TABLE 2-7 (continued)

Human Action Identifier: W LT 2_ Sheet 4 of 11

D. Stress level

Is the entrol room team expected to have a high work load?
(yes no

..

2. Why is this action needed? (backuo to an automatic action,
requir@nual)ction, recovery of failed system, defeat ESAS
response)

h Will this action contaminate a portion of th
lant or otherwise ,d p *result in an extended plant shutdown? (yes no Egb

h Are there any system failures that complicate this action? h
one, multiple) r, f . _ , % ;;., Q T p f,, r g j ,, q-

h Is this action the opposite to the respen required in another
procedure or to general training? (yes,no

.

What are the expected work conditions for the crew?

| | Vigilance Problem. Unexpected transient with no precursors.

| | Optimal Condition / Normal. Crew carrying out small load
adjustments.

'

,

I

~
@ High Workload / Potential Emcepncy. Hild strets, partway through

accident with high work load or equivalent. ,j

Grave Emergency. High : tress, emergency with operator feeling
' thraatened. i

:

Assess stress level for each scenario group. .|

Scenario Grouo Stress. Level Coments

Of A.

8.

C.

)

0394G011386 B-624
'
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TABLE 2-7 (continued) |

Human Action Identifier: M LT1 Sheet 5 of 11
? ;

4

E. Experience Level of Ooerating Team j
(specific team memoer wno would perform the action)

|
!*

1

O Expert Well Traine Licensed with more than 5 years |experience..

;

i

\

@ Average Knowledge Training. Licensed with more than 6 months iexperience. ;

i

\

O Novice, Minimum Training. Licensed with less than 6 months |experience.
;,

i

|! *

!
j

,

1

O l

:
,

i.
-

. |

|

!

! .

.

9

: *

,

'

.

-

V

|

I .
,

j 0394G011386
' '

B-625
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TABLE 2-7 (continued)

Human Action Identifier: H LT L Sheet 6 of 11

F. Resoonse Time Available
*,5

4. What is the timing of the first indications for the operator
action? ~).6 bcs (in time since initiating event)f

> wir int p a. ~ . cpns n te ucm .''t c " rni en I.h . In "'ow
(b W5en may the' operator fitst'act? (in time from initiating event) ,.,,, 'I-

,

~ F kv r. :t dh,3

d. When is the last time allowed for the operator to take action and
'-

be successful?
.)

Heasured as median time since initiating event 9.2 kv 1- _

or as time since first indications a.i ,.A..,,

4. Estimate the median time to carry cut the action, once decided to
"

pursue. -.7-LvrF I '- + -

Estimata the median time available for the operator to decide to
perform the correct action. Measure the time available from when
he would first turn his attention to the indications until the
last time available. 6'.<7-

i
.

Scmse T.*c N^dt 3 am Eme T * E To fca u s- -

Gaur %rretectS stw run erv. OF Tarat T3 Me GM oin tT:u r

C.- 8 , '0!'' 'lcu e , : , ,, L. ,, , ,, s;

i

1

|

8-
:

.

.

'

0394G011386
B-626 |
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TABLE 2-7 (continued)

Human Action Identifier: H LT7 Sheet 7 of 11

G. Recovery from Earlier Hisdiagnosis
,

;

1. What significant new indications are there to tell the operator
that an earlier diagnosis was in error?

, Lo -Lo L.aveA. 4 E W sT ghe , 4""M J ''l% + '& 4*
!'6/de 6 aucw % 6 yl+ a4 h 4y ,y

n r~%e l'210 - T 2 h 'Jh ~ '' N (

A + 2 t |e4, h t.< o ,.iu.eE1M sf ra j *.e*<tdr
r

ey.enn h, u ro i.a% * I L t<*M * c h
r o, -i h a n- = Y- n s< f . & y bk

i, ,; h,(,.,,(e .sn
-

<( fr4 4oe4a.,r ff << n r <. Ju +rt r-
2. Does the additional plant feedback occur prior to the allowed

time for successful action? When? v g 2 (. w ' A . A ; n , e

h 6*yA b/~ c-

.

-

.

3. Is the time available for the correct action sufficient to allow |
newly arriving crew members to participate in the decisio I

(i.e., is the error rate essentially time independent?) e no)O j
-

,

4. During the time available for diagnosis, what new crew members .'

will be able to add s roblem? [^ 0 . None, Shi_f t
Technical Advisor STA f/S,EmercencyResponseTeamp

u.a. be dedwd -g, g g p,a w ,a3 .h
*

*#mrtT |.

site e m - ow A uo* g f eR S g-
-

eA Should addi nal credit be gTven because of additional plant
feedback? ye g

es Should add al credit be given because of newly arriving crew
. members? s no)

.

%

!

| | .!

-.-.-

'

0394G011386
'

.

*
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TABLE 2-7 (continued)

Human Action Identifier: M LT*L. Sheet 8 of 11
,

H. Dependence with Other Human Actions in Same Scenario

1.

Haveothererrorsofhumanactionsoccu(rredinthisscenario?esimo d :cecen N -&idurt k ch' m S trT t
Ok"% am>>p ra en(w- sI e,mm v i W hi

,

2. How much influence do previous human errors have on this action?
( (significantDsame,none)

.

.

3. Are other actions being perfomed serially [in paral 5h
(Attach operator time line if necessary to descrioe.)

O.

$a. hre % ere o " & P'ts* " *l * " A O Y' h '^ * # "''"N k Y 'IG
(Yes o)

Must a specific dependence with another action be accounted..

for?
,

:;

Scenario Group (Yes/No) Coments
I w

A. }/.,, A::, e g % , ' e . > J : . ,.r
wif-g pc Oqa- '- "

. --t-
.

.

C. '

O.

|
|

9
'

e

.

0394G011386 8-628 |
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TABLE 2-7(continued)

i

Human Action Identifier: M t T 2-- Sheet 9 of 11 |

I. Potential for Confusion in Diagnosis, Leading to Unsuccessful Response
:

1. Are there pr s,available to instruct operator to perform
the action? g Identify by numberAttCPE" .

A
1 2. If no procedures apply,, is the operator trained to perform the

specific action? @s, ng),
'

3. Which initiating events may lead to a need for this action? !
W SGTIL t

I *

4. Do each of these initiating events result in tha plant physical '

conditions nec to enter the procedure encompast.ing this i

human action? no) If no, identify by initiator
'*

.
,
,

S. Which other procedures have entry conditions similar to the !

gitlO-2-r2.10-%gsing this human action?
procedure encomp Identify by number

6//+ j
-

6. Do the indications describing the entry conditions for other ;
procedures differ from the correct procedures y by parameters i

not normally keyed on by the operator? (yes, If
yes, identify .

7. Is the stress I t the time of selecting the proper
,

' procedure high, optimal, c. very low? I
'

,

8. Is the operator train =d to expe e actual situation to be of :
extremely low frequency? (yes,no j

Ba. Is the potential for an incorrect ding leading to an
-

'

operator-induced failure high, medium, ow or very low?
,

9. What is the likelihood of the operator int b_11y_an** ng the
, wrong procedure? (likely,somewhat likely niikely) >

j Identify by number !_,

10. If the incorrect procedure is entered, does it direct the '

operator to: 'j

Q Not do any related action? f
I

$ Perform an action that makes things worse? Identify I$1wt.M |

Is*W CE6 n 2P 6d. Sw sT o kst q 38 iw.'

Perform the correct action anyway? i.

11. What top events are likely impacted in some way that makes
recovery more. complicated prior to the successful

I
rediagnosis? '

,1
0394G011386-

i

B-629
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TABLE 2-7 (continued)

Human Action Identifier: H Lr7_ Sheet 10 of 11

J. Potential for Selection of Nonviable Action (assuming a correct
diagnosis)

1. Are proce available to instruct the operator to perform the
action? no)

2. Is discretion given to the control ro am as to the proper
option among several to be selected? no)

3.. Are any of the optio nviable for any one of the scenario
groups identified? yes o) Identify:

k(ev' k ks Loc A ad b {rese$dd ad
% m o-s (s-. w , s ~ y ;.

'

4. Is more than one option pursued in parallel? (yes.

5. If no specific procedures apply, are there other plausible
options that are nonviable? (yes,no)

.
Identify:

O
53. TC h acG wed 4Ae4 preWo$lq u o A J & n d s Q i 1,c. s w us1L JL? .

6. If a nonviable solution is selected, are suff nt cues and time
available to later pursue a viable option? ye's no)
Identify cues:-

.

.

7. Is the plant / operator interf ace such that a potential exists for
the o ator to slip when implementing the correct action?
(yee no) Explain: g

.

8. Is the potential for talaction of a nonviable option high,
medium,(low, oDery log i

-

,,

!

'

0394G011386 B-630
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TABLE 2-7 (continued) <

1

%

Human Action Identifier: W 15 '2 - Sheet 11 of 11

K. Summary Sheet '

From B. What type of behavior is required? K ..>le d e c
i

-

From C. Description of plant interface? Fo + ;

. i
Frem D. Expected stress level for each scenario group?

Group A S'">d' d I'" ? ,''' C/ i

Group B
Group C i
Group D !

Group E
,

From E. Experience level of operating team Ake v''S i
.

c6 . > .e. ,
From F. Time available to perform correct acfion 4-/ = r At-v

- 9e t c:*, >o t e q -I.;,,4 sco c u ,, , r-e _ 1 u:, |,

From G. Additional credit to rediagnosis due to plant feedback? +

r o ,, Arriving crew members? E,.,..,. ( en,. " c %,, !

, , ,

From H. Need to account for dependence with other actions for each !

O scenario group? !

Group A ( c'p '''/C 0 )/ f
) ,) *-

'

Group B / k(t'e ;
Group C j

Group D
Group E '

;
- From I. Potential for incorrect diagnosis leading to failure? Vn., l ,ew

,

|

From J. Potential for selection of nonviable option? ' + . > 4, t w ,. %
'

. .

|

D $ ' 4- * ,se 4$ j k
f p e ca o,y N ''- sN .i U ni f: r,o '' T . ,, e , ,, c, e v

;o,r ,

i
l'n ('.f *.ay),

t-

2

4

0
.

0394G011386 8-63k
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TABLE 2-7. DYNAMIC HUMAN ACTIONS QUESTIONNAIRE

Human Action Identifier: HM Al Sheet 1 of 11
i

'

A. Description of Human Action
!

.

1. Objective (task to be performed and failure criteria): |

Operator fails to reestablish makeup pump '

of MU-V-36 and 37recirculation after ESAS closureand after successful manual throttling of HPI flow.
Failure to establish retirculation may result in

,

failure of one or more makeup pumps.
_. |

*

i

!

-

|
2. List split fractions that include this human action. !

:
i

M4 ; MR-l i
-

:
:

.

!

!
'

|

,

3. Situation (initiating events and plant conditions, support system '

. states): collect into separate scenario groups for evaluation.
Emphasize factors affecting response time and stress level.

kQrtiz. ST, {x G.5ASj
.

H rl ,0 ,T r
. .*

-

- Gif n HTH 2.) .

.
.

O -

*

0394G011386
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TABLE 2-7 (continued)

Human Action Identifier: H M Ad- Sheet 2 of 11
r

B. Cognitive Processing Type:

k Is the operator familiar with the action? QJo y b*

5 very b). Iter1:wnfastiar
@ If yes, by what means? QHTdceduro, treinhgn frequent

performance)

@ Does this action contradict operator training, rules of thumb, or
intuition? (yes, @

,

Is this action included in simulator training? h no)sa k ved are Ause acw reAeaa . yonw/
ck those pli ble descriptions of actions: wT ' /

Skill-Based

. | | Routine action, procedure not required.

| | Routine action, procedure required, but personnel well
trained in procedure. I

I I Action not routine, but unambiguous and well understood by
operators who are well trained.

,

| | Action is listed in procedures for turbine trip or reactor,
trip. '

Rule-Based (procedures)

R Routine action, but procedure required; operators not well-
.

trained, or procedure does not cover.

R Not routine, action unambiguous and well understood, but not
well practiced. -

~
Action described in emergency procedures, but not for I

,alg i, s* I,',.d c "o v<i x 'd "hturbine trip or plant trip. fe<su++
_rev.'ewn c uv >. % ,z

Knowledged-Based '.fc'<Oel"'k''ff"""la j,

i i Hot routine, action ambiguous.

C Not rexine, procedure does not cover.

R Not routine, procedure not well understood.

|v l Decision to act based on a rule-of-thumb, but not in .

g'7., u/-e p e
emergency procedures.

Decide on one. What type of behavior is required,7 ,

8-63403g4 con 38s
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TABLE 2-7 (continued) i

Human Action Identifier: p, A A d- Sheet 3 of 11

|
C. Operator / Plant Interface (items on which operators will key to base

~judgment)
!
.

Instruments and readings that trigger action (identify proced !e
number and sts) if applicable): j p -/6 f/rp f 3

'

}/ N N \
<

la. Are display d', % C5 " * h

h Alarms (name, location, audible, visual):
<w ;

'

l

|
<

.

;h re will action first be attempted? other -w

@ Is#co rdination between operators required? (yes,
,,

ih Is there corroboration among indications? (very good, some

% % sp44 h 'u guide e gi k b3 gmh% seelik@ sycQw%Creck most applicable description of plant interface: o

n Excellent. Same as below, but with advanced operator aids to
help in accident situations.- -

,

O Good. Displays carefully integrated with SPDS to help operator.
m

. Fair. Displays human engineered, but require operator to
c integrate information.

-.
,

Q Poor. Displays available, but not human engineered.

g i Extremely Poor. Displays needed to alert operator are not
directly visible to operators..

t

0394G011386 86b5
'

-
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TABLE 2-7 (continued)

Human Action Identifier: W /!4 4 .f. Sheet 4 of 11

D. Stress Level

Is the control room team expected to have a high work load?
(yes, @ , ,,

2. Why is this tion needed? (backup to an automatic action,.

required .anual action, recovery of failed system, defeat ESAS
response)

,,

h Will this action contaminate a portion of the ant or otherwise
result in an extended plant shutdown? (yes, Esp % iffe

h Are there any system failures that complicate this action?
(none, & ,?7t U-V -]l *} }QQ ,_ ponefy) y

h Is this action the opposite to the response r? quired in another M[I ,procedure or to general training? (yes @ ) .

.

What are the expected work conditions for the crew? |
it

R Vigilance Problem. Unexpected transient with no precursors. !

% Optimal Condition / Normal. Crew carrying out small load |
adjustments. |

'

.

O High Workload / Potential Emergency. Hild stress, partway through
- accident with high work load or equivalent.

.,

R Grave Emergency. High stress, emergency with operator feeling
,

threatened,
,

Assess stress level .for each scenario group.

Scenario GrouD Stress. Level Coments

d A.
!

B.

C. |

0*J

0394G011386
'
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TABLE 2-7 (continued)

() Human Action Identifier: 44/4 /R d Sheet 5 of 11
|

E. Experience Level of Operating Team 1

(specific team memoer wno would perform the action) |

|
| | Expert, Well Traine ' Licensed with more than 5 years 1

experience..

i,

[E{]AverageKnowledge, Training. Licensed with more than 6 months
experience.

[[:] Novice, Minimum Training. Licensed with less than 6 months
. - experience.

.

O
.

e

9

0

.

|
|

,

-

.

0394G01-1386 8-637
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TABLE 2-7 (continued)

Human Action Identifier: MMAI Sheet 6of11h

F. Response Time Available

N. What is the timing of the first indications for the operator
action? ,b st , , ;. . , l e_. .I , (in time since initiating event)'

(2 When may t e ope &. n L oc n .uy<
. rator first act? (in time from initiating event)

VOOf fY3.am-Ww , f '

h When is the last time allowed for the operator to take action and
- be successful? g p,,.,734 f

Measured as median time since initiating event
or as time since first indications 4 ...c h r

.

',. Estimate the median time to carry out the action, once decided to4
pursue, i. ,

Estimate the median time available for the operator to decide to
perform the correct action. Measure the time available from when

he would first turn his attention to the indications until the
last time available. 3 <w ,.L r

.

.

O

QW |
6poJF 7tFFetsO4W S Em cornens, OFT,ME.T3 M6+8053 G6T QuSETN W

]
M,7 ( y ,,. 6, . /4, l y. ;, . !

'

i

|

.

O'
t

'

0394G011386 !
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TABLE 2-7 (continued)

Human Action Identifier: H M 4.I Sheet 7 of 11
:

G. Recovery from Earlier Misdiagnosis |

1. What significant new indications are there to tell the operator
that an earlier diagnosis was in error? ;

*AYfW
;

|
2. Does the additional plant feedback occur prior to the allowed i

time for successful action? When?

f Am F~
~

,

g 8L f 6v. hyan a.

A j ,.d , Aff % ,- n o,- y
p

3. Is the time available for the correct action sufficient to allow
newly arriving crew members to participate in the decision?
(i.e., Is the error rate essentially time independent?) h no)

,

:

4. During the time available for diagnosis, what new crew members .
will be able to addjess the oroblem? [e.g., None, Shift

.

Technical Advisor QA), :sg OfrgPennnse Te'am] 4

y3, g a p'.,kwoJah buw be dedwd 'i
nrar - p LESM ""

. ..

SITE PREb 1 hem i R w m M M " ' '''< E (' -

eA Should additional credit be given because of additional plant
feedback? @ no)

,A V

es Should additional credit be given because of newly arriving crew
. members? @ no)

s >'

,

.

.

'

0394G01.1386 B-639 -
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TABLE 2-7 (continued)

Human Action Identifier: M Af AI Sheet 8 of 11

H. Dependence with Other Human Actions in Same Scenario

1. Have other errors of human actions occurred in this scenario?

10 4 , k4 THien(9 new succer fQ

2. How much influence do previous human errors have on this action?
3(significant,(same,none)

_
M 0 :en , , n. nl. og,p nt ,, ,c

.

3. Are other actions being performed serially or in parallel?
(Attach operator time line if ecessary to describe.)

fa' b9 A&A do .ite &'

m J.s O
d arf3a. Are. %ere cup pe rsowel. o'dabb b ca ucecago

Must a specific dependence with another human action be accounted

h$ .f&' /f5I*'I '
-

.

Scenario Group (Yes/No) Coments

A.
c ,f;,,: c, , c , of pn ,, a ,,,g, y, c,ua , r

B.

C. .'
D.

9
I

.

'

0394G011386 B-640
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TABLE 2-7 (continued)
|

Human Action Identifier: MMM Sheet 9 of 11
:

I. Potential for Confusion in Diagnosis, leading to Unsuccessful Response

1. Are there procedures available to instruct operator to perform
the action? @ , no) , Identify by number / L/o- /6. .

,

2. If no procedures apply, is the ogerator trained to perform the i

specific action? (yes, no) /1)N I

3. Which initiating events may lead to a need for this action? ;

ES<& % /,.oc A |

4. Do of hs g esult in the plant physical
conditions necessary to enter the procedure encompassing this
human action? @ no) If no, identify by initiator,

,

S. Which other procedures have entry conditions similar to the |

,
procedure encompAqsing this human action? Identify by number I

m om e- ,

'

6. Do the indications describing the entry conditions for other
procedures differ from the correct procedures only by parameters

p not normally keyed on by the operator? (yes, no) If |
v yes, identify a /9 |.

7. Is the stress level at the of selecting the proper
procedure high, mild, tima o. very low?

.

8. Is the operator traindd to expect the actual situation to be of i
extremely low frequency? (yes,(@) j

)
'

Ba. Is the potential for an incorrect diagnosis leadina to an '

operator-induced failure high, medium, low, or(very low)

9. What is the likelihood of the operator initially entering the
wrong procedure? (likely, somewhat.likely, g y l
Identify by number -

,

10. If the incorrect procedure is entered, does it direct the '

operator to: '

N Not do any related action?

| | Perform an action that makes things worse? Identify

[-"~1 Perform the correct action anyway? -

,

11. What top events are likely impacted in some way that makes
recovery more' complicated prior to the successful
rediagnosis? .

0394G011386-
'
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TABLE 2-7 (continued) 1

|

Human Action Identifier: 14 Af A.1 Sheet 10 of- 11

J. Potential for Selection of Nonviable Action (assuming a correct
diagnosis)

1. Are procedure available to instruct the operator to perform the
action? yes no)

. _ _ , ,

2. Is discretion given to the control room am 45.to the proper
option among several to be selected? e ,'no: .

3. Are any of the options nonviable for any one of the scenario
groups identified? (yes,@ Identi fy: ;

|Je M &AYA
~ t'xJYhW-

- 4. Is more than one option pursued in parallel? (yes h ..

5. If no specific procedures apply, are there other plausible
options that are nonviable? (yes,no) Identify:.. ,

# #
53. IC h n werd 4aW prem4vr$lq oeAd % ab sGI L,c swassid?

6. If a nonviable solut selected, are sufficient cues and time
available to later pursue a viable option? (yes,no)
Identify cues:

,

AJA

.

7. Is the plant / operator interface such that a potential exists for
the ator to slip when implementing the correct action?
(ye Explain: j

.

8. Is the potential for selection of a nonviable option high,
medium, low, or very low? ,

I

NN
,

!
.

0394G011386
B-642
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TABLE 2-7 (continued).

W / 48 f- Sheet 11 of 11Human Action Identifier: 1

K. Summary Sheet

From B. What type of behavior is required? N bo *M[ ^
From C. Description of plant interface? Pm !

P

From D. Expected stress level for each scenario group? ;
'

f ' )# , *' NerJOGroup A
Group B ;

Group C i
Group D ;

Group E |

From E. Experience level of operating team 'b r u
etca.: utu >

From F. Time available to p.erform correct act-ion V- d r 3 M ,

C e>+ M'n e:l e y " A e h ct is y ae i <>, n |
From G. Additior.al credit to rediagnosis due to plant feedback? !.

//', Arriving crew members? l , t - f. . . , g. , % . !
'p

From H. Need to account for dependence with other actions for each i

scenario group? |

Group A V*/ > 4 ocl % ~- M"4'I'"" "'I W "'"
Group B pcc-dII+'I f h? '' :-)
Group C
Group D
Group E

From I. Potential for incorrect diagnosis leading to failure? N 6t,s
.

From J. Potential for selection of nonviable option? ' h , , , /. ,

pl
* w .d a.u. ~ 4 w k

.

9

O
1

.

0394G011386
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TABLE 2-7. DYNAMIC HUMAN ACTIONS QUESTIONNAIRE
i

Human Action Identifier: HMSI Sheet 1 of 11

A. Description of Human Action i

1. Objective (task to be performed and failure criteria): f
Operator fails to isolate a leaking, ruptured j

nuclear services heat exchanger. All support is |

assumed available. Thirty minutes is assumed ,

available for action between the time a surge '

tank low level alarm is received until a loss of !

system cooling capability. !

__
- -

;

!
|

|

!

2. List split fractions that include this human action. |

i!.fA ; Nf- |

$5C ; NS- t '3T' )
|

NJc vr-!(c-4/6e) ;
-

^ 'S O NrI($7/c'L) |
.

MTL m.i.it.,di) |
*

NJ F . t. yf j
1

>'
;
i

3. Situation (initiating events and plant conditions, support system
states): collect ir.to separate scenario groups for evaluation. i
Emphasize factors affecting response time and stress level.

|
!

!

bJ b (SU- :Q % ? o| l % D AM / )YICj

:

'

|

1

I
.

.

,

1
I

~

O
0394G011386 .
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TABLE 2-7 (continued)

Human Action Identifier: N //S./ Sheet 2 of 11

B. Cognitive Processing Type:

k Is the operator familiar with the action? (tj f) ' A
): w& 4. liar 5 verm b . iter@ If yes, by what means? (procedures, frequent

performance)

% Does this action go radict operator training, rules of thumb, or
intuition? (yes, no)

Is this action included in simulator training? h no)goo Q
|ek those hvA are bese acW reAe4 4.%,),plic'able descriptions of actions:
|

Skill-Based
i

l I Routine action, procedure not required.

| | Routine action, procedure required, but personnel well
trained in procedure.

| | Action not routine, but unambi',sous and well understood by
operators who are well trained.

I I Action is listed in procedures for turbine trip or reactor.
trip.

Rule-Based (procedures)t

| I Routine action, but procedure required; operators not well.

trained, or procedure does not cover. 4

M Hot routine, action unambiguous and well understood, but not
[well practiced. -

' C Action described in emergency procedures, but not for
turbine trip or plant trip.

,

Knowledged-Based
.

:

I I Not routine, action ambiguous.

L_j Not routine, procedure does not cover.

L_j Not routine, procedure not well understood.
|

| | Decision to act based on a rule-of-thumb, but not in
emergency procedures.

Decide on one. What type of behavior is require,d,7 i

.

0394G011386 'B-646
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TABLE 2-7 (continued)

Human Action Identifier: M /1/ S_f Sheet 3 of 11
.. 1

C. Operator / Plant Interface (items on which operators will key to base
juogment) |

|

1 Instruments and readings that trigger action (identify procedure
number and stop f a plicable):

& ',Mfff*-/&7; /U S C c--

'' Dla. Ar d I 5
P

h Alarms (name, location, audible, visual):

W|$f -/ ') <A &W,&,p&/ |.

f A F /- 2-? 4 & w g ,
?fS. m k d . h t" "F-A-TwLyssn wmm~~&,g; v.aFrom where wi ,ll action firsp' ttempted? trol room, othe -

M 6 M [d.j,

i ed? Q no) i@ Is' coordinatipn betwee oper tor re
,

(d i) Is there co % 4
^M '3 TL-40

rroboration among dications? (qery goo some,'none)
|

face: % % ,y. Q ev yG Wu um L% MG se<;<gckmo applica$ledescrTption,ofplantint o

G Excellent. Same as below, but with advanced operator aids to !

help in accident situations. i-

,

'

Good. Displays carefully integrated with SPOS to help operator.

g Fair. Displays human engineered, but require operator to
ntegrate information. l

*

.j-
.

Q Poor. Displays available, but not human engineered.

O Extremely Poor. Displays needed to alert operator are not
directly visible to operstors.

.

O
0394G01.1386

*
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TABLE 2-7 (continued)

Human Action Identifier: W A/S.4 Sheet 4 of 11

D. Stress Level

Is the control room team expected to have a high work load?
(yes @ _,

2. Why is thi: action needed? (backup to an automatic action,.

required manual action,6ecovery3of failed system, defeat ESAS
response) _{,

h Will this action contaminate a portion of the
lant or otherwise ,d p *result in an extended plant shutdown? (yes,no Eqh

Are there any system failures that complicate this action? (none,
@ multiple) g_g. j g g g gg Msj

h Is this action the opposite to the response required in another
procedure or to general training? (yes,@ py- [~

(pc-|| E
What are the expected work conditions for the crew? g.

es 1/ d.;

W Vigilance Problem. Unexpected transient with no precursors. *

Q Optimal Condition / Normal. Crew carrying out small load
adjustments.

,

t

| | High Workload / Potential Emergency. Hild stress, partway through
accident with high work load or equivalent.-

.,,

R Grave Emergency. High stress, emergency with operator feeling' threatened.
.

Assess stress level.for each scenario group.

Scenario Grouc Stress. Level Coments

d A.
!

B.

C.

's D.

O
|

0394G011386
-
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TABLE 2-7 (continued)

l

Human Action Identifier: H N$.I Sheet 5 of 11
;

h

E. Experience Level of Operating Team !
(specific team memoer wno would perform the action) i

:
:

| | Expert, Well Traine ' Licensed with more than 5 years !

experience. ;

I

I
@ Average Knowledge, Training. Licensed with more than 6 months !

experience.
!.

U Novice, Minimum Training. Licensed with less than 6 months
experience.-

,

i

|
1
|

|

I

O !.

l
-

s

.

.

.

.

,

O
*

.

0394G011386
' '
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TABLE 2-7 (continued)

| Human Action Identifier: MA/51 Sheet 6 of 11
i

|

F. Response Time Available

k. What is the timing of the first indications for the operator
action? jM (in time since initiating event)

r@ When may the operator first act? (in time from initiating event)

0 b & 0k)

(, When is the last time allowed for the operator to take action and
be successful?

Measured as median time since initiating event SC
or as time since first indications

4. Estimate the median time to carry out the action, once decided to
'' pursue. -| 5 & ' 4:sr, $,V J (( d,e, k l ee.t .e y,s.c., e e,.f,\ t"(e.

'
t

Estimate the median time available for the operator to decide to I

perform the correct action. Measure the time available from when
he would first turn his attention to the indications until the
last time available. / VM-

!

.

Se ssu* Time 6v^4td derr Dr,m Time To fome
Geo> r "DWretunccS gm ce,es , erT stra wemsu est coinenv e-

pw ,. J %4 I f * *4

1.

I
|.

!

|

O'
'

0394G011386 B-650
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TABLE 2-7 (continued)

O Human Action Identifier: H A/S./ Sheet 7 of 11
V

G. Recovery from Earlier Misdiagnosis
1

1. What significant new indications are there to tell the operator i

that an earlier diagnosis was in error?
l

N
r

|

|

|

2. Does the additional plant feedback occur prior to the allowed
,

time for successful action? When? .x> 4

|

3. Is the time available for the correct action sufficient to allow |
newly arriving crew members to participate in the decision?
(i.e., Is the error rate essentially time independent?) @ no) :

.J.*. !

4. During the time available for diagnosis, what new crew members i
will be able to a th obicm? [e.g., None, Shift

4

Technical Adviso TA , /$ Emergency Response Team] 13

be decimd '. '
-

6 g, g g gs w. ou.

6* *numer g,

ssTE MO '

eA Should additional edit be given because of additional plant |feedback? (yes,no
r
,

es Should additional credit be given because of newly arriving crew |

. members? g no)

'
.

B#er eaunSg"' gg,

!
1

.I

|

O !
|
>.

0394G01.1386
-
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TABLE 2-7 (continued) |

@\
Human Action Identifier: NA/SJ Sheet 8 of 11

H. Dependence with Other Human Actions in Same Scenario

1. Have other errors of human actions occurred in this scenario?

/0 D

2. How much influence d evious human errors have on this action?(significant,same, on )

3. Are other actions being performed serially or in paralle
(Attach operator time line if necessary to descri) .

b M

m essag M ari3a. Are here eup persoud ava'stak 4 o o

Must a specific dependence with another human action be accounted
for?

hb-

Scenario GrouD (Yes/No) Coments

A.
.

B.
.

-

C. - *

. ,

D. |

9

B-6i2'
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TABLE 2-7 (continued)

Human Action Identifier: M MSI Sheet 9 of 11

I. Potential for Confusion in Diagnosis, leading to Unsuccessful Response
|

1. Are there proc res available to instruct operator to perform '

the action? yes no) ' Identify by number /RO'h-26 !. . , .

*

19L A AGM & c:_- _ QI2. If no procedures apply, is the operator trained to pafrform the -

specific action? (yes, no) g
3. Which initiating events may lead to a need for this action? !

3M .M Akt]M CSgni iating events (result in the plant physicalt
Do_o s seach o4. these i
conditions necessar to enter the procedure encompassing this
human action? e s. no) If no, identify by initiator !

'

.

5. Which other procedures have entry conditions similar to the
procedure encomp gsing this human action? Identify by number
A)6 L ,

'

6. Do the indications describing the entry conditions for other
procedures differ from the correct procedures only by parameters i

O notnormallykeyedogbytheoperator? (yes,no) If i

yes, identify N

7. Is the stress level at th ime of selecting the proper
procedure high, mild, ptimal o. very low?

s -

8. Is the operator traini'd to expect the actual situation to be of
extremely low frequency? @ no)

.

Ba. Is the potential for an incorrect diag leading to an -

operator-induced failure high, medium, or very low?

9. What is the likelihood of the operator initial entering the
wrong procedure? (likely, somewhat .likely, unlike )
Identify by number -

,

10. If the incorrect procedure is entered, does it direct the '

operator to: *

M Not do any related action?

| | Perform an action that makes things worse? Identi fy
A.)A

C Perform the correct action anyway? -

11. What top events are likely impacted in some way that makes
recovery more complicated prior to the successful
rediagnosis? .

0394G01,1386
-
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TABLE 2-7 (continued)

Human Action Identifier: 14 ft/9f Sheet 10 of 11

J. Potential for Selection of Nonviable Action (assuming a correct
diagnosis)

1. Are procedures available to instruct the operator to perform the
action? @ no) ,__

2. Is discretion given to the control room team as to the proper
option among several to be selected? (yes @ .

,

3. Are any of the options nonviable for any one of the scenario
groups identified? (yes @ Identi fy:

,

I

i

|

4. Is more than one option no) )L d h d & pursued in parallel? 1 8 5c . .5 ;
'

5. If no specifif procedures apply, are there oth plausible g ;

options that are nonviable? (yes,no) Identify: '

.,,

,d)A rol

h. IC % acG inere 4h prem4vr$ly naAd & Ab sMll L>c. swauf~l'' |
'

/

s 6. If a nonviable solution is selected, are sufficient cues and time |'

available to later pursue a viable option? 6es/no) |
Identify cues: |

|
.

7. Is the plant / operator interface such that a potential exists for
the operator to slip when implementing the correct action?
(yesg Explain: .

.# #&" d $ kkf J/ |

~ 4 4. add &y& Adapfy./

i

8. Is the potential for selection of a nonviable option high,
medium,@ or(very low? -

~ ~
;

,.
'

.

'

0394G011386
B-654
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T BLE 2-7 (continued)

Human Action Identifier: W A/ SI Sheet 11 of 11

K. Summary Sheet

From B. What type of behavior is required? bly

From C. Description of plant interface? Fo ir
From D. Expected stress level for each scenario group?

Group A enD'l
Group B
Group C
Group D
Group E

From E. Experience level of operating team A<r.,'m

c(W w3
From F. Time available to perform correct. action <c,,,,

(W ed. ac te. .g -|n k., e t n , a r ,'j .,, 4, .a

From G. Additional credit to rediagnosis due t'o plant feedback?._
M- Arriving crew members? r4 . 4 A r,..,n. . r ,#

From H. Need to account for dependence with other actions for each
scenario group?

Group A ^ />
Group B
Group C

' Group 0
Group E

From I. Potential for incorrect diagnosis leading to failure? Ms.,/>.s

From J. Potential for selection of nonviable option? W,.,[w
a .

~rg.,'!ss 'f Tsp 2 {f f5 T s e' ths

(1 2

.

O
.

0394G011386 B-655



- - - - - - - - - . , -. - -- -- - - _ . -

L

|

O

i

O

9
.

|

B-656
,

,

- - , - - . - - - -- , _ , , ,, , . . _ , . . , , , , , , ~ . . , - , , , . - - , , , . _ . , _ _ , , , , _ . , , _ . . - , - - , _ _ . . . _ , , _ _ . . , _ _ - _ , , _ _ , _ , _ _ , _ , _ . , _ _ . _ _ _ _ _ _ _ . . _ _ _ _



f*f g

?

TABLE 2-7. DYNAMIC HUMAN ACTIONS QUESTIONNAIRE
'

Human Action Identifier: H N S 2- Sheet 1 of 11__

|
A. Description of Human Action

,

,

1. Objective (task to be performed and failure criteria):

O A (Sl> M sh rf 4 tJSP W pu , g i du- absso{onc
36'd & rematwv pow d. p umpQt. AC pom 3

om J s cad 4 ""g' g
' Y"# jN$a s"

goa 40 T c - csv Mcc "l F"M b hP"9
4 "^ *b "d tsMe, vabe ham of *

g,g w A be, e p W A d ~7 b 3 NWE
t

!
2. List split fractions that include this human action. '

Hsc NS {Gh/55b
i
!

;
,

V :
-

|
'

!

!

!
s

3. Situation (initiating events and plant conditions, support system
states): collect into separate scenario groups for evaluation, t

Emphasize factors affecting response time and stress level.
YLOOP orte d es d a'lsi

'
1C v1Ich is sel b 6 Side pa em .J,5c,kg7 yMvge w.

* E M h
g 3 4 . g s;a c

s b r6s t a assc Lg & \oss q po x % 1C ESV7 va *.does;
MCc-

'

g
,

, g ,_ + rips gi ng abe- A Nex h' 'E
'

y, w w shek A >21.
-

A peq Ax6 iael q+

''csth 4" . %a c.J4's
* Conki h\ y y pg 3
+ - . , , u2 r n~us .

'O W5brh
, ,

c39 3d b% LCC9, loSJ
*

J % Codrol mo"'*' '*7
c e,v , T.s, u{ <* * '" 'T ~ ' "4 c.,n. . re<,t ;3%

0394G011386
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TABLE 2-7 (continued)

Human Action Identifier: W tJS E Sheet 2 of 11

B. Cognitive Processino Type:

k Is the operator familiar with the action? (yes,no) we
@ If yes, by what means? (procedures, training, frequent

performance) alt 4 ben

@ Does this action contradict operator training, rules of thumb, or
intuition? (yes,no) mo

@ Is this action included in simulator training? (yes, no) u.ac
% H n A L Ne % uc % rew 4 u-Check those applicable descriptions of actions:{n{w .6 m h%,,.,4

iv v

Skill-Based

Routine action, procedure not required.
k_

Routine action, procedure required, but personnel well !trained in procedure.
!

Action not routine, but unambiguous and well understood by
operators who are well trained.

Action is listed in procedures for terbine trip or reactor.
trip.

Rule-Based (procedures)

Routine action, but procedure required; operators not well.

trained, or procedure does not cover. ..|
k Not routine, action unambiguous and well understood, but not

|well practiced. -

)

Action described in emergency procedures, but not for |turbine trip or plant trip.
i
|

Knowledoed-Based
,

Not routine, action ambiguous. I

Not routine, procedure does not cover.

Not routine, procedure not well understood.

Decision to act based on a rule-of-thumb, but not in

hemergency procedures.

Decide on one. What type of behavior is required? 9' C

[Use logic tree (from HCR report, Figure 8-3) if helpful.)

0394G01138C B-658
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| TABLE 2-7 (continued)

(] Human Action Identifier: HMS2 Sheet 3 of 11V
,

C. Operator / plant Interface (items on which operators will key to base
judgment)

Instruments and readings that trigger action (identify procedure
number and stg) if applicable):

NR.,dbc M a he de r pter.swt. iAWe~ ou coaole, ce*be
'

;

vMve, edM b,% o*. co^solc cde, coaote r'tquk a ( Rc.Q .
'

ambe< m br weded l'qW at N C -P-'B coJvd sw'd-cA.
Pm h EP Eo2.-2. sleph Wh5OP6*b b Sbd NE M '

@ Alarms (name, location, audible, visual):
,

480 vs\f wokor Mp - c.o,dd mm d'ilde. I. v tsM
cNaSngerGrco g v p AA dam shM b tmP'$ !

-

:) From where will action first be attempted? (controlroom)other- '

speci fy) _

;

th Is rdination between operators required? (yes,@ !

h Is there corroboration among indications? (very good. h none)

descripti1nofplntinterface*qsst.ie:\nAHs-P.k a sotM o%c sgerthk iseckmostapplicablhaben
.

O Excellent. Same as below, but with advanced operator aids to
_ _ help in accident situations. .;-

-

I '

U Cood. Displays carefully integrated with SPOS to help operator. -i
i

@ Fair. Displays human engineered, but require operator to
'

integrate information.
I.

.

O Poor. Displays available, but not human engineered.

i i Extremely Poor. Displays needed to alert operator are not
directly visible to operators.

O
'

'

0394G011386
B-659

. . .



.

e

TABLE 2-7 (continued)

Human Action Identifier: W tJ S 2 Sheet 4 of 11

D. Stress Level

he ntrol room team expected to have a high work load?

2. Why is this action needed? (backup to are automatic action,-

required manual action { recovery)f failed system, defeat ESAS
response)

h Will this action contaminate a portion of the ant or otherwise
result in an extended plant shutdown? (yes no

h Are there any system failures that complicate this action? h
one, multiple)

h Is this action the opposite to the respo equired in another
procedure or to general training? (yes

What are the expected work conditions for the crew?
-;

'

Vigilance Problem. Unexpected transient with no precursors.

Optimal Condition / Normal. Crew carrying out small load
adjustments.

.

@ High Workload / Potential Emergency. Hild stress, partway through
accident with high work load or equivalent.-

,

Grave Emergency. High stress, emergency with operator feeling,
threatened.

,

Assess stress level.for r.ach scenario group.

Scenario Grouc ,Sj:ress Level coments

$ A. Nty

B.
|

C.
:

o. e,

0394G00386 B-665 -
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TABLE 2-7 (continued)
:

Human Action Identifier: HMS2. Sheet 5 of 11

!
E. Experience Level of Operating Team |

(specific team memoer who would perform the action) !,
e

!
Expert, Well Trained. Licensed with more than 5 years j
experience.-

!

E Averaga Knowledge, Training. Licensed with more than G months
experience.

.

!

Novice, Minimum Training. Licensed with less than 6 months
!

- experience.
I

|

|
|
:

|
|

5

O i
:

'

t

!.

'

,

1

!
-

.

'

0394G011386 '

8-661
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TABLE 2-7 (continued)

Human Action Identifier: 14h)$~2_ Sheet 6 of 11

F. Response Time Available

(I). What is the timing of the first indications for the operator
action? \ daA (in time since initiating event)

r
'2. When may the operator first act? (in time from in'itiating event)

fulwuAe4

$. When is the last time allowed for the operator to take action and
"

be successful?

Measured as median time since initiating event 1 T h e e.<s
or as time since first indications

(?v:t u t ; u.:T p er n ' o h diot u e. 10h '

4, . Estimate the median time to carry out the acti M~.Crdecided tor

' pursue. ( JJe

Estimate the median time available for the operator to decide to
perform the correct action. Measure the time available from when
he would first turn his attention to,the indications until the
last time available. IIkn 59 _fo

9
1

*

\'

0394G011386 B-662 )
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TABLE 2-7 (continued)

Human Action Identifier: H 9 5 7_. Sheet 7 of 11 ;

G. &covery from Earlier Misdiagnosis ,

1. What significant new indications are there to tell the operator
that an earlier diagnosis was in error? -

rJ S cc. ce te r cJd % D *

coqoM $ W ~*

;

2. Does the additional plant feedback occur prior to the allowed ;

time for cuccessful action? When? u,o / km ,

0
.

)
!

'

:
.

?

3. Is the time available for the correct action sufficient to allow !

newly crriving crew members to participate in the decision? |
(i.e., Is the error rate essentially time independent?) @ no) |O

4. During the time available for diagnosis, what new crew members
will be able to address the problem? [e.g.,None, Shift '

Technical Advisor.(STA), Remote Emergency Response Team] *ghM% Sqe rum. , STA @ p f } w ~5 nr

qa, Q)ferfn;;%s..~, w'dl k. Julsred n Lap .(_
e Should additional credit be given because of additional plant

feedback? @ no) !

e Should addi nal credit be given because of newly arriving crew .

. members? es no) |

!
'

.

4

O
'

| 0394G011386 .
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TABLE 2-7 (continued)

Human Action Identifier: MMS 2 Sheet 8 of 11

H. Dependence with Other Human Actions in Same Scenario

1. Have other errors of human actions occurred in this scenario?
W

2. How much influence do previous human erro.s have on this action?
(significant, same, none) dA

1

3. Are other actions being performed serially or in parallel?
(Attach operator time line if necessary to describe.)

, co Mco f c&sik pA. Ye

fua a, Gt uR c.i. cat.$ $!g- y

PA aseh vedd6
et v 'Jt<t 'remverg cc.

. ru. -q

. ve<. MM a(c
Mopp ' tc. u.her wG ca be n auA h At pM mobr:*

Mustashificdependencewithanothrhumanactionbeaccounted
!for?

W
Scenario Grouc (Yes/No) Coments

FlA)A.

B.
.,

C. * *

D.

,

O,
!

1-

0394G011386 B 664

- _ _ _ _ _ _ . . - . _



- . - _

...

TABLE 2-7 (continued)

Human Action Identifier: M d s 2_ Sheet 9 of 11 :

I. Potential for Confusion in Diagnosis, leading to Unsuccessful Response
,

1. Are there proc es available to instruct operator to perform
the action? no) Identify by number EP IZol-2. .

2. If no procedures apply, is the operator trained to perform the !

specific action? (yes,no) 9A

3. Which initiating events may lead to a need for this action?
\en e-{ c#sk &

4. Do each of these initiating events result in the plant physical
conditions nece to enter the procedure encompassing this :
human action? e no) If no, identify by initiator

'

.

5. Which other procedures have entry conditions similar to the |
procedure encom ssing this human action? Identify by number

b.r./ce4 gR.4e)EP stet 4 A /

6. Do the indications describing the entry conditions for other
procedures differ from the correct procedures only by parametersO not normally keyed on by the operator? (yes,no If

I

,

V yes, identify,
.

7. Is the stress le
._ the time of selecting the proper

,

procedure high, .ild, optimal, or very low?

8. Is the operator trained to expec e actual situation to be of
extremely low frequency? (yes,no )

'

Is the potential for an incorrect diagnosis leadino to an '1

operator-induced failure high, medium, low, ordery low?)

9. What is the likelihood of the operator initi IV anta ing the
wrong procedure? (likely,somewha likel urlikel
Identify by number /~,

10. If the incorrect procedure is entered, does it direct the
operator to: '

Not do any related action?

Perform an action that makes things worse? Identi fy

@ Perform the correct action anyway?O
-

11. What top events are likely impacted in some way that makes
recovery more complicated prior to the successful

,

rediagnosis? l

0394G011386 8-665 I
i
I
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s . .

TABLE 2-7 (continued)

Human Action Identifier: HQs2 Sheet 10 of 1:

J. Potential for Selection of Nonviable Action (assuming a correct
diagnosis)

1. Are proced available to instruct the operator to perform the
action? no)

2. Is discretion given to the control room tea to the proper
option among several to be selected? (yes

3. Are any of the options nonviable for any one of the scenario
groups identified? (yes @ Identify:

4. Is more than one option pursued in parallel? (yes, no) NA
5. If no specific procedures apply, are there other plausible

options that are nonviable? (yes, no) _J A Identi fy:

O

6. If a nonviable solution is selected, are sufficient cues and time
available to later pursue a viable option? (yes,no)_Mt,
Identify cues:

*|
|

.

7. Is the plant / operator interface such that a potential exists for i
th operator to slip when implementing the correct action? '

yesno) Explain: .

og pe,g open vro e dfd sw Mt~ b ?> k . (2 A pu q .
se . . . ' " ,. < s e c :d. -l.r. n ~ 5, :ec s .> ,. n n .1 -

.

8. Is the potentialfor selection of a nonviable option high, !
medium, low, orQery lowD !9

.

.
'

0394G011386
8-666
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TABLE _2-7 (continued) ,

O Human Action Identifier: M O 5_7 Sheet 11 of 11

|
K. Summary Sheet

t

From B. What type of behavior is required? 'I2u}'e

From C. Description of plant interface? 6h ;

From D. Expected stress level for each scenario group? !

Group A / b l d ba g M y
Group B
Group C

.

Group D !

Group E
,
'
,

From E. Experience les .1 of operating team Ma^ c |
e4 'o se wy

From F. Time available to perform correct _aciton 2 !- e .v e
?-ef E,'. .'.+TP -{ h :., c 5 cl|opr>ee ^L y - _ r c_i i

From G. Additional credit to rediagnosis due to plant, feedback? |
'h - Arriving crew members? C/, r u A ,. % , % ,. ,

.-

From H. Need to account for dependence with other actions for each
|

scenario group? !

Group A L
-

3

Group B ' '

Group C
Group D
Group E

i
From I. Potential for incorrect diagnosis leading to failure? vn. 4 w '

!

.
t

From J. Potential for selection of nonviable option? (/ery low ;
I

laek % has, o ':. .c ,

t ,

i

i

i

< .

;

i

: O i
|

|
J .

] 0394 Gull 386 B-667 j
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TABLE 2-7. DYNAMIC HUMAN ACTIONS QUESTIONNAIRE

Human Action Identifier: HNSG Sheet i of 11
;

A. Description of Human Action
,

1. Objective (task to be performed and failure criteria): j
'

Failure to isolate a leaking heat exchanger
supplied cooling by NSCCW. Thirty minutes is assumed
available for action between the titae a surge
tank low level alarn is received until a loss of .

'

system cooling capability.
,

--.
--

. ,

!

2. List split fractions that include this human action. !
:
,

'

5% c ca Hu.cf
|

,

i

3. Situation (initiating events and plant conditions, support system l

states): collect into separate scenario groups for evaluation.
)Emphasize factors affecting response time and stress level.
t

. 30 minwles h% % h recei f Sy O $0# Id ,

sysk hh loss cfa\am s

;

'

\o^c O <trosw coo \ csgaWa| m&=

' (2.C.P 5 h' C8 V ML lesk
'

.

~

O
,

0394G011386
8-669
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TABLE 2-7 (continued)

Human Action Identifier: M M S (o Sheet 2 of 11

B. Cognitive Processing Type:

k Is the operator familiar with the action? OAo r) ' r-

b ufa d.th e gr e (> .uer '

% If yes, by what means?Gnocedure(trai frequent
performance)

@ Does this action A adict operator training, rules of thumb, or
intuition? (yes,no

Is this action included in simulato training? no)

ek those hveaare 4ve kw ren,re w . 4ra: n ), aJ Ruw %.
plic ble descriptions of actions: |

-

Skill-Based

| I Routine action, procedure not required.

| | Routine action, procedurn required, but personnel well
trained in procedure.

| | Action not routine, but unambiguous and well understood by
operators who are well trained.

| | Action is listed in procedures for turbine trip or reactor
trip.

Rule-Based (procedures)

Routine action, but procedure required; operators not well,

trained, or procedure does not cover.
.

@ Not routine, action untmbiguous and well understood, but not
well practiced. -

]
~[ Action described in emergency procedures, but not for

!turbine trip or plant trip. !
-

|

Knowledged-Based i
,

Not routine, action ambiguous.

C Not routine, procedure does not cover.

R Not routine, procedure not well understood.

[ Decision to act based on a rule-of-thumb, but not in
emergency procedures. -

Decide on one. What type of behavior is reguired,?
~

.

0394G011386 B-670
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TABLE 2-7 (continued) i

Human Action Identifier: MOS lo Sheet 3 of 11
>

C. Operator / Plant Interface (items on which operators will key to base
judgment) :

Instruments and readings that trigger action (identify procedure

,'dJu R.F i - i "? 3Y J 'If a
' *

p,

OA PU l-1.-7 6 d''#- %$ ,%\ t -,,,a , . .tc ce4JL., '

y,''p'|e'fi Ye & 'm

,

@ Alarms (name, location, audible, visual): |
pp.p i - |- 7 loudeJ c~ 99.F, A W ;

'I* *' '' "
ppp g. 7 ;.

,

.

;h From where will action first be attempted? QEontrol room) other - !
speci fy) i i

@ Is# rdination between operators required? @ no)
. , . ,

i) Is there corroboration among indications? @ ry good] 4ome, none)

k k.g me h (vapplica le descr ption of plant int) face:se** icd f @ h syci h ve g ;eck mo N n h 'u buid e
*65.

O Excellent.#Same as below, but with advanced operator aids to !

. help in accident situations. '-

. ,,

iGood. ' Displays carefully integrated with SPDS to help operator. j

'

g Fa splays human engineered, but require operator to
integrate information.

,

'

.. .,

O Poor. Displays available, but not human engineered. j

iy Extremely Poor. Displays needed to alert operator are not '

directly visible to operators. :.

.

1
i

O
.

0394G011386 |
'

''

B-671
|
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TABLE 2-7 (continued)

Human Action Identifier: W AJ 5 6, ' Sheet 4 of 11

D. Stress Level

Is the control room team expected to have a high work load?
(yes @ , ,,

2. Why is th ion needed? (backuo to an automatic action.
require manual ctioni recovery of failed system, defeat ESAS
response) "

..

h Will this action contaminate a portion of th lant or otherwise
result in an extended plant shutdown? (yes,no g, pie d p ,

h @Are there any system failures that complicate this action?(none,
ultiple) w p,j, ef,,'%p

@ Is this action the opposite to the response required in another
procedure or to general training? (yes,@

What are the expected work conditions for the crew?

O Vigilance Problem. Unexpected transient with no precursors.

Optimal Condition / Normal. Crew carrying out small load
adjustments.

'

.

L_J High Workload / Potential Emergency. Hild stress, partway through
accident with high work load or equivalent.-

,,.

U Grave Emergency. High stress, emergency with operator feeling,
threatened.

.

Assess stress level for each scenario group.

Scenario Group Stress. Level Coments

d A.
!

B.

C.

, D.

B-6720394G011386
' .
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TABLE 2-7 (continued)

Human Action Identifier: HMSb Sheet 5 of 11 :
, ,

!
E. Experience level of Operating Team !

(specific team member wno would perform the action)
|

!

y Expert, Well Traine ^ Licensed with more than 5 years !
experience. !

-

i
L

@ Average Knowledge, Training. Licensed with more than 6 months

. |!
!experience.

)O Novice, Minimum Training. Licensed with less than 6 months
texperience. ;-

.

t

!

O i.

,

.

l

.

6

9

4

4

4

,

!O
, .

e

0394G011386 8-673
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TABLE 2-7 (continued)

Human Action Identifier: M NS $ Sheet 6 of 11

F. Response Time Available

N. What is the timing of the first indications for the operator
action? Iwat is cAdak (in time since initiating event)

rdhd dwp b M AM
(f. When may the operator first act? (in time from initiating event)

| EL [id

,

(. When is the last time allowed for the operator to take action and
be successful?

o

Heasured as median time since initiating event 30m.m A
or as time since first indications

4. Estimate the median time to carry out the action, once decided to
pursue. T b 6 w ,:-e.4s G4 % frk M leerb ,,m3 e u.t

"

. , ,.

' dr p.t; & wyre Yi ,,, ow
s ,, ;, r <.. c: s..,i a n s . a /e

Estimate the median time available for the Operator to decide to
perform the correct action. Measure the tir.,9 available from when
he would first turn his_attontion to the indications until the
last time available. G t w,'Ab -

% - -

Sc e4 ** Time Av^ut'E de::T Wsmartt- T*E 10 T'' '

684> r %rretects gti:7 cc,m s , og T,atTa p e+acsa_ gc;T twETN r

73 '' A e ' m, ,'n ,
,

C;<,a p?te l9

.

4

I

O
'

0394G0113536 B-674
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TABLE 2-7 (continued)

Human Action Identifier: H tJs 6 Sheet 7 of 11

G. Recovery from Earlier Misdiagnosis

1. What significant new indications are there to tell the operator !that an earlier diagnosis was in error?

\
%

.

.i -

,

i

|

2. Does the additional plant feedback occur prior to the allowed
time for successful action? When? OA !

.

i
;

!
;

3. Is the time available for the correct action sufficient to allow
~

newly arriving crew members to participate in the decision? i
,

(i.e., Is the error rate essentially time independent?) (yes,no !

O: . .
.

4. During the time available for diagnosis, what new crew members
will be able to a lem? [e.g.,None, Shift
Technical Adviso S /s Emergency Respaa e Team),

b d'd"d ''%, M vAM p*iduao.da b. (w g ,

6W hmer,

'
sitt enEw j

eA Should additional credit be given because of additional plant
feedback? (yes @

es Should additional dit be given because of newly arriving crew
,

, members? (yes no) !

V,( |
..

Sg[^,eso 6)f60MT 9

|

!

;

.

O
i

' '

0394G011386-
-

B-675''
-
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.
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TABLE 2-7 (continued)

Human Action Identifier: N N3 b Sheet 8 of 11

H. Decendence with Other Human Actions in Same Scenario

1. Have other errors of human actions occurred in this scenario?
W

2. How much influence d evious human errors have on this action?(significant, sam , none

3. Are other actions being perfomed ierially or parallel?
(Attach operator time line if necessary to descr

9
'

Ja. Are One owwk fe co^*el 8'^d* * M * * 4 " d " 9 ^ ^'
j

es o)
Must a specific dependence with another hum action be accounted
IOFI p,.

.I

Scer.ario Grouc (Yes/No) Coments
'

A.
.

B.
i

;.

C. .'
"

D.
|

|

|

91
:

|

i.

0394G011386 B-676 i
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TABLE 2-7 (continued)

Human Action Identifier: MNSb Sheet 9 of 11
.

i

I. Potential for Confusion in Ddagnosis, Leading to Unsuccessful Response
s

1. Are there proc gres available to instruct operator to perform
the action? yes no)g7 Identify by number 1103-2.0,. . . , . .

PRF t-i-7, Fff t-2 *?
2. If no procedures apply,oris the operator trained to perform the ,

'

'

specific action? (yes.j po)
;

of
3. Which initiating events may lead to a need for this action?

'

Setsmic. M ar

4. Do each of these initiating events result in the plant physical
conditions necess r to enter the procedure encompassing this
human action? es no) If no, identify by initiator

,

*
i

'

S. Which other procedures have entry conditions similar to the
.,

;
pr,ogedure encompAs, sing this human action? Identify by number

|N o^tE , 27 i

'

6. Do the indications desegibing the entry conditions for other
procedures differ from Q e correct procedures only by parameters
not normally keyed on by the operator? (yes,no) Ifyes, identify NA .

7. Is the stress level at - ime of selecting the proper |procedure high, mild ptim o. very low?
,

,

,

8. Is the operator traini'd Ao ex ect the actual situation to be of
extremely low frequency? yes, no)

.

Ba. Is the potential for an5bcorrect diagn s leading to an *

operator-induced failure high, mediu. ,' ow, r very low?

9. What is the likelihood of the operator initially entr ing the
, wrong procedure? (likely, somewhat ,likel[unlikely.JJ

Identify by number -|,m
20-

10. If the incorrect procedisse is entered, does it direct the *

operator to: g -
*

C Not do any related action?

Perform an action that makes things worse? Identify

C Perform the correch, action anyway? -

-

11. What top events are likely impacted in some way that makes
recovery more complicated prior to the successful
rediagnosis? '.

; 0394G011386-

.

B-677
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TABLE 2-7 (continued)

Human Action Identifier: M /JS (,, Sheet 10 of 11

J. Potential for Selection of Nonviable Action (assumir.g a correct
diagnosis)

1. Are procedu s available to instruct the operator to perform the
action? e no) _,,,

'

2. Is discretion given to the control room am as to the proper
option among several to be selected? es o) .,

3. Are any of the options no e for any one of the scenario
, groups identified? (ye no Identi fy:

4. Is more than one option pursued in parallel? h,no) --

5. If no specific procedures apply, are there other plausible
options that are nonviable? (yes,no) Identify:.,

NA

b. IC h n were 4aW prem4vrIl3 u e A d & A. 6 sM(i L>c. sw q u L l i

6. If a nonviable solution is selecteri, are sufficie cues and time ;
available to later pursue a viable optiod I.yes To '

identify cues:

.

7. Is the plant / operator interface such that a potential exists for |
the o Erator to slip when implementing the correct action?
(ye xplain: g _g h u4c ]

,_

,

A/ |uAsNduk he/es$%-.
,

,

8. Is the potential f .Aftlection of a nonviable option high. '

medium, low, o y ry 'ow]

| 0394G011386
B-678
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TABLE 2-7 (continued)
,

s Human Action Identifier: W L)$ h Sheet 11 of 11 ;

i
i

K. Summary Sheet !

From B. What type of behavior is required? ble

From C. Description of plant interface? Fo ,% ,

i
From D. Expected stress level for each scenario group? j

!

Ud iGroup A cr
Group B ;

Group C !
Group D j
Group E !

l
s i

From E. Experience level of operating team Wh "_ - |
Time available to perform correct)u.t. ion b.d/v .

, e > c.r 's

From F.
6 e'i<y 4 .6 7 . T [

-

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~C esi , r ' . .so . f " 4, e

From G. Additional credit to rediagnosis due to plant feedback? !

\ /. Arriving crew members? il. da % o v. im |
-

:

From H. Need to account for dependence with other actions for each !

scenario group?

Group A !
-

Group B
!

Group C
|Group D >

Group E !

From I. Potential for incorrect diagnosis leading to failure? YOY *

; From J. Potential for selection of nonviable option? Ver v bv i

% .e.<e. G. % t ry oe m ;

li,. A. |
'

> p :
n' y. - <

.. ,,

.!S , ': . ,v .tr ,.55-

; C , .h. C. , 1 , ) ..,;,.,.. . . . -
,.

T. ,',, r- '.!,...,.- ' '
r -.; ..,. .

a c ,, , . - . . , . . .
* !. )..,,

'

C ,,,,,. , a $:Ia.' ly.r%-
i O
4

.

\ .

0394G011386
*

3 B-679
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TABLE 2-7. 0YNMIC HUMAN ACTIONS QUESTIONNAIRE

Human Action Identifier: H A/S 7 Sheet 1 of 11

A. Description of Human Action

1. Objective (task to be performed and failure criteria):

Failure to locally isolate an idle NSCCW pump I
whose check valve suffers a gross reverse
leakage,

t

1

2. List split fractions that include this human action.
2"^h hWr78

%*I (05 ppy . rff.|
* *' L l* h m |[&lET) |# Y

p. 9
$ NS-t( M o 0)f

O gg g
)

NrF j L i e/I i
,

{
!

l

3 Situation (initiating events and plant conditions, support system
states): collect into separate scenario groups for evaluation.
Emphasize factors affecting response time and stress level

z W< 2 .L d > A, cl.eex VGt.v s s w e k o/ m @ Q e [ S
- twf

J ooP 0 erri
n MAC. Ay' f

'

Vhse<

.

(?""f T* *! -''f,e.),Ci$yQ
A/A|lA4iL 16 $(ow,, %pMMf ,s0 ITk f"All WO VkbV$='A. Paw 4A is mot

TS , Pow * tt i s ,Av$!I'Attl<- To yy;'m arl pa&) de & VA' Lve.=
I A u ta. a

a N 1.s picio ano th wei,a n;wuAswm
i o on Las usiH p~a nvskm.s e-em of<s d.

A A> 0 W
%itunwy ,paimp Av/(s on ov.edio4DB) amp wluk ws,

Q C,

cPMrox s ranrc H.e.'

/ 4/ 4 /s e doWC-
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TABLE 2-7 (continued)

Human Action Identifier: M //5 7 Sheet 2 of 11

B. Cognitive processing Type:

k Is the operator familiar with the action? (1,4 f) ' /
4: ufas.Or Se ver fa .uerD If yes, by what means? (procedures, training, frequent

performance) g
D Does this action c tradict operator training, rules of thumb, or

intuition? (yes no

Is this action included in simulator training? (yes.hn
yo.o(te

ck these hoc 4 are 4use &W re64.: fria ' De -fuue4*Mdplic'able descriptions of actions: 3 / g g'e c/ficu tJ<.p :

Skill-Based

i I Routine action, procedure not required.

| | Routine action, procedure required, but personnel well
trained in procedure.

I I Action not routine, but unambiguous and well understood by
operators who are well trained.

U Action is listed in procedures for turbine trip or reactor.
trip.

Rule-Based (procedures)
'

| | Routine action, but procedure required; operators not well,

trained, or procedure does not cover.

Not routine, action unambiguous and well understood, but not
well practiced. -

' U Action described in emergency procedures, but not for
turbine trip or plant trip.

Knowledged-Based
,

| | Not routine, action ambiguous.

[ Not routine, procedure does not cover.

R Not routine, procedure not well understood.

@ Decision to act based on a rule-of-thumb, but not in gemergency procedures.

Decide on one. What type of behavior is require,d? 'c
'

B-682
0394G011386
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TABLE 2-7 (continued) ,

3 Human Action Identifier:_ M NS 7 Sheet 3 of 11(O
C. Operator / Plant Interface (items on which operators will key to base

judgment)
,

1 Instruments and readings that trigger action (identify procedure
.

number and stg) if applicable): !
' TCMj b(MW3 lep eneAs enO2T-

la. Are M5 Pay A'*% "5* * b" !
l

b'

h Alarms (name, location, audible, visual)
.

N, L ^> scc A W % al-
Ni A cW@ h - |

-

w w M. oseep p A .

wm
h From where will action firstL be attemp ed? (congr_g1 room, ther - [

speci fy) 4) t'd /6/ m R3/ .e |

!) Is rdination between operators required? (yes, no) @ [45 b " h

'h is there corroboration among indications? (very good, none).

h u buta,e .A bapplicaledescrptionofplantinte) face: son'' M btr< M e*UM*.%3
1eck mo ]

O Excellent. Same as below, but with advanced operator aids to
help in accident situations.-

.

;.

Good. Displays carefully integrated with SPDS to help operator. '

y Fair. Displays human engineered, but require operator to
'

integrate information,
i

'

Poor. Displays available, but not human engineered.,
,

. g Extremely Poor. Displays needed to alert operator are not
.j directly visible to operators.
n

O
'

0394G01_1386
'

.
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TABLE 2-7 (continued)

Human Action Identifier: W NS'/ Sheet 4 of 11

D. Stress Level

Is th
@ e control roem team expected to have a high work load?no)

2. Why is this action needed? (backup to an automatic action,
required manual action,(recovercor failed system, defeat ESAS
response)

@ Will this action contaminate a portion of the;lant or otherwise ,k -result in an extended plant shutdown? (yes. Ono EqlG

h Are there any system failures that complicate this action? @
ene, multiple)

@ Is this action the opposite to the response required in another
procedure or to general training? (yes,@

What are the expected work conditions for the crew?

If
[ Vigilance Problem. Unexpected transient with no precursors.

R Optimal Condition / Normal. Crew carrying out small load
adjustments.

.

High Workload / Potential Emergency.
@ accident with high work load or equivalent.Hild stress, partway through-

,.

y Grave Emergency. High stress, emergency with operator feeling,
threatened.

.

Assess stress level.for each scenario group.

Scenario Group Stress. Level Coments

0 A. D % J i !.-e. m e ,

B. 9..

C. i

i

e!'s 0.

1
,

1*

0394G011386 -
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TABLE 2-7 (continued) i
'

,

}
>

| Human Action Identifier:_ HMG7 Sheet 5 of 11 (

E. Experience Level of Operating Team !
'

(specific team memoer wno would perform the action) ;

I

Expert, Well Traineck Licensed with more than 5 years !
experience. !

-

,

@ Average Knowledge. Training. Licensed with more than 6 months !.experience.
.

!
'
,

O Novice, Minimum Training. Licensed with less than 6 months |experience.-

:
,

I

O .

1
. I

I

. I
i

!
*

'
.

i

I.

1

.

9

O -

-

'

0394G011386 !
'
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TABLE 2-7 (continued)

Human Action Identifier: M MS 7 Sheet 6 of 1)

F. Resoonse Time Available

O. What is t(A) /L,(g of the first indications for the operatorhe timin
action? 61/ k ,. (in time since initiating event)

~

1. When may the(c) s-to 44operator first act? (in time from initiating event)
64) 1 k
(8) 1 k
(f) 5-/O Mih .

-

') . When is the last time allowed for the operator to take action and"

be successful?

Measured as median time since initiating event l [ w 4
or as time since first indications thi t.~m

4.
Estimate the median tim [6/ % s',o

to carry out t e action, o ed to' pursue. (A) 304 - )WNR_- 2.

Estimate the median time available for the operator to decide to
perform the correct action. Measure the time available from when

- he would first turn his attention to the indications until the
last time available.

_

.

Sc o m* T,meNAuta dcT kmM Time lo feuur.

f"> F 7tFF=wcES Em ru nn N T.Mors O weds gar coin e -

A I pr ?o % . J a-

C | be N .r,*
, A.

-s- p.n- - u--
..

O
.

'

0394G011385
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TABLE 2-7 (continued} !

O H.:. nan Action Identifier: H N57 Sheet 7 of 11 ,

G. Recoven from Earlier Misdiagnosis

at significant new indications are there to tell the operator !' an earlier diagnosis was in error?
A3 o MC i.

. f* ps.4 M A .46 ~+n] |.

(e,' y gotv<.5 TA e- fMNS" |,__ gg

|

2. Does the additional plant feedback occur prior to the allowed f
time for successful action? When? </ t 3 |

'

;

:

|

!
:

3. Is the time available for the correct action sufficient to allow i
newly arriving crew members to participate in the decision? |O (i.e., is the error rate essentially time independent?) (yes,no) !

y.e. s , s,mo
@)

4. During e t me available for diagnosis, what new crew members
will be able to address the problem? [e.g.,None, Shift
Technical Advitor (STA), .e Emergency Response Team]

SSWb[# g a p*,,A waa -k (okw.% be dedwd 'i !

;

s

run' f* GE9ERAL-g.7 g
m em

c

eA Should additional credit be given because of. additional plant !
feedback? (yes,no) A 4 d- '

y'.ts y yD ) M \
es Should additional credit be given because of newly arriving crew

i

. members? (yes, no) ;

,

n wi Ya
B % Va

& Ah m .

.

0394G01.1386
-
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TABLE 2-7 (continued)

Human Action Identifier: MAJS7 sheet 8 of 11

H. Dependence with Other Human Actions in Same Scenario

1. Have other errors of human actions occurred in this scenario?
MO

l

2. How much influence do previous human errors have on this action?
(significant,same,none) AAwC

3. Are other actions being performed serially or in parallel?
(Attach operator time line.if necessary to describe.)

1'4fc Ra va *T "' P''''"

&'(gu.escu dis s''-
Le& *'* f'*"'"''

%U uk "
cwrn>L sa

L s v eL, 7mf , f jwrue Itcs

3a. Are. here M"f Pe co**d 3'^h"* b * 4 * * " 9 * N ^5 I

es / no)
Hust a specific dependence with another hum n action be accounted

.

for?

Scenario Group (Yes/No) Coments

A. A,1 b
.

B. /UD
'

WfC.
*

D.

i
!

S
.

0394G011386 8-688
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TABLE 2-7 (continued)

r Human Action Identifier: MMi7 Sheet 9 of'11

I. potential for Confusion in Diagnosis, Leading to Unsuccessful Response
|
,

1. Are there procedures available to instruct operator to perform |the action? (yes,@ Identify by number
|.

2. If no procedures ap , is the operator trained to perform the
specific action? ye , no)

3. Which initiating Avents may lead to a need for this action? !
J OOr- \

4. Do each of these initiating events result in the plant physical
conditions necessary o enter the procedure encompassing this
human action? (yes,no If no, identify by initiator

~ A/O DAccduR C .
I

5. Which other procedures have entry conditions similar to the
procepureencompgsingthishumanaction? Identify by number

Ah &L ,

'/ I.

6. Do the indications describing the entry conditions for other
|procedures differ from the correct procedures only by parameters
i

not normally keyed by the operator? (yes,no) If i
yes, identify A j.

7. Is the stress lev at the time of selecting the proper I

procedure high, m optimal, c,, very low? i

F* A%'8. Is the operator trained to expect the actual situation to be of !
extremely low frequency? g no) |

6a. Is the potential for an incorrect diagnosis leading to an -|
operator-induced failure high, medium, low, or {ery low) |

9. What is the likelihood of the operator initia entering the
wrong procedure? (likely, somewhat likely, unlike y
Identify by number

,

10. If the incorrect procedure is entered, does it direct the
operator to: '

N Not do any related action?

| | Perform an action that makes thi.,gs worse? Identi fy

U Perform the correct action anyway?

O' 11. What top events are likely impacted in some way that makes
recovery more compl,igated prior to the successful
rediagnosis? CV. RP

0394G011,386 /

B-689
,

i

r --- _ - -- . .- , , . _ . _ . - . . _ _ _ . . . _ _ , _ _ _ . . . _ . . _ , , . _ . .__ __.- _ _ . _ , _-



_ _ _ _ _ _ _ _ -

.

TABLE 2-7 (continued)

Human Action Identifier: HMS7 Sheet 10 of 11

J. Potential for Selection of Nonviable Action (assuming a correct
diagnosis)

1. Are procedures a ilable to instruct the operator to perform the
action? (yes,

2. Is discretion given to the control room team to the proper
option among several to be selected? (yes,

3. Are any of the options no able for any one of the scenario
groups identified? (yes Identify:

4. Is more than one option pursued in parallel? no)

5. If no specific procedures apply, are there other plausible
options that are nonviable? (yes, no Identi fy:

Sa. IC h ac4A were 4akea predvElq u.4AA -h a.G sMLi L,c. swqssEJLI

6. If a nonviable solution is selected, are sufficient cues and time
available to later pursue a viable option? (yes,no)
Identify cues:

.

7. Is the plant / operator interface such that a potential exists for
the operator to slip when implementing the correct action?
(yes/no) Explain: .

.

8. Is the potential f ection of a nonviable option high,
medium, low, o very low?

0394G011386 B-690
.
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TABLE 2-7 (continued)
|

|

[
_

Human Action Identifier: W A/.r 7 Sheet 11 of 11

K. Summary Sheet

From B. What type of behavior is required? U-oo Io d o r*

From C. Description of plant interface? Lp

From D. Expected stress level for each scenario group?

Group A P#V'bI ho f'"'7
Group B o "

Group C
Group D
Group E

From E. Experience level of operating team 1,n 4 c

From F. Time available to erformcorrect3 / o v1-- m,,- A '; w4f'
Er , W Tb ..f 4e y, ,,c,6 m ,.i.q y ,,,y g ,Wet r

From G. Additional credit to redi'agnosis due to plant feedback?
d V"# Arriving crew members? A) 14 If A m d *C) N , ..#.

.T. .-c.) 90 e ,.

From H. Need to account for dependence with other) actions for each
scenario group?

O Group A /4
Group B A4
Group C X
Group D
Group E

From 1. Potential for incorrect diagnosis leading to failure? Wo/aw

From J. Potential for selection of nonviable option? v-o /,-

$<yn?c T < |,, e Onc e Q- - oi .' '
s c .->

4 7, ,_ ,u .c

30
t. . / m e, o" c

,

'W- D ,

lE h e-*r Cr an {' c <i ),.s 'L ,.,,

,

O
B-691 *
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TABLE 2-7. DYNAMIC HUMAN ACTIONS QUESTIONNAIRE I

Human Action Identifier: H N S f' sheet 1 of 11
i

A. Description of Human Action i

;

1. Objective (task to be performed and failure criteria): |

Failure to remotely isolate an idle NSRW pump !
whose check valve suffers a gross reverse

,
i

leakage.

!
.

i

|

!

2. List split fractions that include this human action. I

4 //f ? /1 O Mf 78 _

NJ - t (I'P ) b'I4 * Nf-l' !;[ ;

pg.q Qj MO| MI'llEf|N C ) iergz ,

'

,n/S S NS-l (%f * E O

"l e ; ( 9 //I :

|

!

i
m

|

3. Situation (initiating events and plant conditions, support system !states): collect into separate scenario groups for evaluation.
!Emphasize factors affecting responce time and stress level.
|

c/ 44 (@ oA d5) M$x2 k, el ec/c_ /4cv4
8 |/,.oof) S T/c /< f

j eb & ON hvi.iuc.Euufalt2., #

% y eM a -
( s n p a. A. . )

ao elaaa y A 'w
cd Pn a A .2. m sA

_

A) OP. Gk/6 G Mm( , locaA elos% mefd.Y
0] 0*msle c[*t<M cff c2Mbmp n k p# 4|r

~

0394G011386
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TABLE 2-7 (continued) g
Human Action Identifier: HNS8 Sheet 2 of 11

B. Cognitive Processing Type:

k Is the operator familiar with the action? QJo r) ' 1
) mia 4.tia r se verg fa a.ucrD If yes, by what means? (procedures, training, frequent

performance) g
D Does this action c tradict operator training, rules of thumb, or

intuition? (yes

Is this action included in simulato i i ? (yes,Qno
ck those hve4 are uese acW reo,r tra n nged. .: 4rg4yT _,, 4'uomeu rn45Wo Q ' o wes-plichble descriptions of actions:

Aae oiseu neoSkill-Based

I I Routine action, procedure not required.

I I Routine action, procedure required, but personnel well
trained in procedure.

I I Action not routine, but unambiguous and well understood by
operators who are well trained.

| | Action is listed in procedures for turbine trip or reactor.
trip.

Rule-Based (procedures)

R Routine action, but procedure required; operators not well.

trained, or procedure does not cover.

| | Not routine, action unambiguous and well understood, but not
well practiced. -

M Action described in emergency procedures, but not for
turbine trip or plant trip.

Knowledged-Based
,

| | Not routine, action ambiguous.

C Not routine, procedure does not cover.

| | Not routine, procedure not well understood.

@ Decision to act based on a rule-of-thumb, but not ini

emergency procedures. .

Decide on one. What type of behavior is reguired? [A>WN 7'
|

"

B-694,

| 0394G011386
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TABLE 2-7 (continued)
i

!
' Human Action Identifier: M A/S g Sheet 3 of 11 f

-

,

C. Operator / Plant Interface (items on which operators will key to base I

judgment)

1 Instruments and readings that trigger action (identify procedure !
number and stp) if applicable): iQ g yggg syM'M 188tST5 " <-

|'

pza m .g,refluen't YLoW D*% *
|

la. Are Msplay No "M"

0 2 Alarms (name, location, audible, visual):

' H)dL N"y' '' * ' %"" ' ^' *W
loy NSRW- |r.e

|

|
;

:h From where will action first be attemp$$/ conretted? (control room, other -
speci fy) [A) s c.r e t.c A o u s c Room

@ Is Yo rdination between operators required? (yes,no) A~b !Q S - Ajo

:) Is there corroboration among indications? (very good, @ none)

h 'a tae .L b.3 M ve. o 5bapplica$le descr ption oUplant inte) face:se<a h , M h sy i senqweck mo
opu/jg

C Excellent. Same as below, but with advanced operator aids to !
help in accident situations.

J
-

*
.-

. Good. Displays carefully integrated with SPOS to help operator. {
I

y Fair. Displays human engineered, but require operator to |
"

integrate information.
!

!-

@ Poor. Displays available, but not human engineered.

.g i Extremely Poor. Displays needed to alert operator are not .
directly visible to operators.

l

|

O
'

0394G01.1.386
"

B-695
,
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TABLE 2-7 (continued)

Human Action Identifier: MMS 8 Sheet 4 of 11

10. Stress Level ;

Is the control room team expected to have a high work load?
@ no)

2. Why is this action needed? (backup to an automatic action,
required manual action,(fecoverpf failed system, defeat ESAS I
response)

h Will this action contaminate a portion of the |lant or otherwise ,d p -result in an extended plant shutdown? (yas,no Espl6 |

Are there any system failures that complicate this action? (@
one, multiple)

@ Is this action the opposite to the response required in another
procedure or to general training? (yes,@

\

What are the expected work conditions for the crew?

li

U Vigilance Problem. Unexpected transient with no precursors.

R Optimal Condition / Normal. Crew carrying out small load
adjustments.

High Workload / Potential Emergency. Mild stress, partway through
accident with high work load or equivalent.-

.,.

[ Grave Emergency. High stress, emergency with operator feeling
,

threatened.
.

Assess stress level.for each scenario group.

Scenario Grouo Stress. Level Coments

: A. p, , a r , , .y ,,
B.

.

C.

'/ D.

O
-

.

0394G011386 -
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TABLE 2-7(continued)

Human Action Identifier: HMSh Sheet 5 of 11 |
,

E. Experience level of Operating Team
|

(specific team memoer wno woulo perform the action)
|

U Expert, Well Trained Licensed with more than 5 years
experience.-

i

@ Average Knowledge, Training. Licensed with more than 6 month: !

experience.

R Novice, Minimum Training. Licensed with less than 6 months
experience.-

O
.

9

|-

|

.

O
-

.

0394G011386
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TABLE 2-7 (continued)
i

Human Action Identifier: HNSS Sheet 6 of 11

F. Resoonse Time Available
,

,i l

T. What is the timing of the first indications for the operator |action? _ A f fou/- (in time since initiating event) '

( E- 1 laa.
f, When may the operator first act? (in time from initiating event)

A-)boaA \

S-1 Loa.
l

l
,

(. When is the last time allowed for the operator to take action and
be successful? /

Aou.it 3
Measured as median time since initiating event 2 Lw -

or as time since first indications 249 ?o' Ja ~a.
r v ., % v . .. .

4,. Estimate the median time to carry out the action, once decided to
pursue. g , S ggy ,ge

B- <f kare
Estimate the median time available for the operator to decide to.

perform the correct action. Measure the time available from when
he would first turn his attention to the indications until the
last time available.

.

$C D4 W Time. hVAdd ~dCTT h m q TsW E To FETARws
b W F 7tFF 6 4CES BM for M EEV, OF T*ME T3 M6+4C5 6 GET (deHETN A"-

W A Ihr 7 bth, '

~3 ll y. 'i >vir, M.#c

.

O
.

0394G011386
B-698
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TABLE 2-7 (continued)

Human Action Identifier: H A/S 7 Sheet 7 of 11

G. Recovery from Earlier Misdiagnosis

1. What significant new indications are there to tell the operator
that an earlier diagnosis was in error?

A .nto m .N~
A I

s-S m s~1 f~

2. Does the additional plant feedback occur prior to the allowed
time for successful action? When? Y 2' 5

'
,

3. Is the time available for the correct action sufficient to allow
newly arriving crew members to participate in the decision?

f~ (i.e., Is the error rate essentially time independent?) (yes,no)
Q)g A - f/ '8 ya.s

4. During the time available for diagnosis, what new crew members
will be able to address the problem? [e.g., None Shift
Technical Advisor (STA), m, Emergency Response Team] \ - A 3 S) g y'

y a , 9 M po'i a w e.44 4 t huw W dedwd 'i ge 37
GwG AL-,,

.

stTE PREb -

eA Should additional credit be given because of additional plant
feedback? (yes,'no) A d

yc- s yn
og Should additional credit be given because of newly arriving crew

, members? (yes,no) g

f. '

segr rr atae ~ ,n

.

O
0394G01.1386

-
~
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TABLE 2-7 (continued)

Human Action Identifier: NM38 Sheet 8 of 11

H. Dependence with Other Human Actions in Same Scenario

1. Have other errors of human actions occurred in this scenario?
/Vo

2. How much influence do previous human errors have on this action?
(significant,same,none) A/A

3. Are other actions being performed serially or in parallel?
(Attach operator time line if necessary to describe.)

R e.c o J C K f O F l-DOP
Rausuf o f Fre iec o Dies"
Con ertuu sG La.vec n~n P" L ' '

C S ,a ak 4 odev< ' > Te Y s #"# g e,jgxCo ur,_6 c
tm eu g W.-3a, Arc. here o**$ pe rso=w u.m e

Must a specific dependence with another human action be accounted
for?

Ah
.

-j
Scenario Grouo (Yes/No) Coments

'

A. K4
~

B. 'h-

.

C. .'
D.

O-
.

0394G011386
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TABLE 2-7 (continued)

Human Action Identifier: M A)S ff Sheet 9 of 11
O

I. Potential for Confusion in Diagnosis, Leading to Unsuccessful Resoonse

1. Are there procedures available to instruct operator to perform
the action? (yes p Identify by number .

2. If no procedures ap is the operator trained to perform the
'

specific action? no)

3. Which initiating events may lead to a need for this action?
/_osi 0 FF u T< joowtA.

4. Do each of these initiating evu ts result in the plant physical
conditions necessary to enter the procedure encompassing this
human actio ? (yes,no) If no, identify by initiator

,

/

5. Which other procedures have entry conditions similar to the
procedure encomp gsing this human action? Identify by number

A; We_
,

'

6. Do the indications describing the entry conditions for other
procedures differ from the correct procedures only by parameters
not normally keyed on by the operator? (yes,no) If
yes, identify AJ 4 .

7. Is the stress lev the time of selecting the proper
procedure high, optimal, or very low?

8. Is the operator trained to et the actual situation to be of
extremely low frequency? yes no)

.

Ba. Is the potential for an incorrect diagnosis leading to an '

operator-induced failure high, medium, low, or gery lowp

9. What is the likelihood of the operator initially entering the
wrong procedure? (likely,somewhat likely, Qnlikelp
Identify by number

_ _ ,

10. If the incorrect procedure is entered, does it direct the '

operator to: *

h C Not do any related action?

[-l Perform an action that makes things worse? Identify

C Perform the correct action anyway? .

11.O What top events are likely impacted in some way that makes
recovery more complicated prior to the successful
rediagnosis? cv. R P (r# GA

0394GO11386
- ' ' '

- B-701
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TABLE 2-7 (continued)

Human Action Identifier: H A/S ? Sheet 10 of 11

J. Potential for Selection of Nonviable Action (assuming a correct
diagnosis)

1. Are procedures available to instruct the operator to perform the
action? (yes

2. Is discretion given to the control room team as to the proper
option among several to be selected? (yes,@

3. Are any of the options non ble for any one of the scenario
groups identified? (yes, Identify:

,

:

4. Is more than one option pursued in parallel? h,no)
5. If no specific procedures apply, are there other plausible

options that are nonviable? (yes, no) g fg identify:

O
53. TC % sen Laere 4M premduril v.oAd k nG sMti \,c. swessUi

fe S
6. If a nonviable solution is selected, are sufficient cues and time

available to later pursue a viable option? (yes,no) gA
Identify cues:

:

.

7. Is the plant / operator interface such that a potential exists for
the operator to slip when implementing the correct action? |
(yes/no) Explain: .

,

s rn Ar /? O tb*FM 'Wfy isHe mes.

17cln Att

cco s' fujM|y , fb con'rk *'
SUsygreim S fu

et
|

8. Is the potential for selection of a nonviable option high,
medium, low, or(very 103

'

0394G011386 B-702 |
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TABLE 2-7 (continued)
-

.

-
i'

Human Action Identifier: W NCr? Sheet 11 of 11

K. Summary Sheet
,

From B. What type of behavior is required? U ..../le - c |

From C. Description of plant interface? Dov
,

'

From D. Expected stress level for each scenario group?

Group A U"4''"O'**C'''Y |Group B 't " +

Group C }
Group 0

;

Group E j

From E. Experience level of operating team Avove i
p ;, c,sa o '' A p ~ M *5

Time available to perform correct actton' M c>to g.dejFrom F.
Ife:4ec'i.%nteteffAe p cr ic m et,.a ci a,cy 3 n.+- e

From G. Additional credit to rediagnosis due to plant feedWck? ;

A) W Arriving crew members? Al sl. Ik re.,*,v et,c .

C) yes e) n.t+- p m .<.::

From H. Need to account for dependence with other actions for each ;

scenario group?
O Group A M

,

Group B % !

Group C
Group D :
Group E

From I. Potential for incorrect diagnosis leading to failure? :

v .. . t ~

From J. P'otential for selection of nonviable option? %/w.

%: o n:e % :uer bes; <W.

Scss-wjo
A ~30%.

'

- .% !
!^

} ce.ri . .,s :, . u ..,,-
. - -

'
!

!

!

!

O i
i

0394G011386 !
''

B-703 !
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TABLE 2-7. 0YNAMIC HUMAN ACTIONS QUESTIONNAIRE
i

'

!

Human Action Identifier: H PO.i Sheet 1 of 11

A. Description of Human Action -

1 Obiective (task to be performed and failure criteria): -

Operator fails to manually open the PORV for HPI !

cooling when the support systems needed for automatic
control are not available. Makeup pumps have
sufficient high pressure capacity if automatic
pressure control is working.

!

!

!

!
!

!

2. List split fractions that include this human action.

!06 Poi (tim /d j

O !
:

'

I
i

i
s

!
(

3. Situation (initiating events and plant conditions, support system i
states): collect into separate scenario grou s for evaluation. |

Emphasize factors affecting response time and stress level.

fAkHKt Of.4ACM Q ,5.) &_

.

|
.

.

!
!
1
;

o |
!

0394G011386
8-705 !
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TABLE 2-7 (continued)

O|Human Action Identifier: MPO1 Sheet 2 of 11

B. Cognitive processing Type:
1

k Is the operator familiar with the action? O_4e n ' ( |

1: cfantiliar 5 wry fa. . Iter
@ If yes, by what means? (procedures, training frequent l

performance)

@ Does this action contradict operator training, rules of thumb, or
intuition? (yes,@

1

Is this action included in simulator training? h no)goo Q - *ywo r
ck those hueA are eese &+Je reAesd 4.%;43plic'able descriptions of actions:

Skill-Based

i I Routine action, procedure not required.

I I Routine action, procedure required, but personnel well
trained in procedure. -

g Action not routine, but unambiguous and well understood by
operators who are well trained.

| | Action is listed in procedures for turbine trip or reactor
trir.

! Rule-Based (procedures)
.

| | Routine action, but procedure required; operators not well,

trained, or procedure does not cover.
.

R Not routine, action unambiguous and well understood, but not
'

well practiced. -

'M Action described in emergency procedures, but not for
turbine trip or plant trip.

Knowledged-Based
.

R Not routine, action ambiguous.

b Not routine, procedure does not cover.

R Not routine, procedure not well understood.

| | Decision to act based on a rule-of-thumb, t,ut not in
g ;<emergency procedures. .

Decide on.one. What type of behavior is reguired? Sk/GG
.

0394G0113g3 B-706
.
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TABLE 2-7(continued)

Human Action Identifier: M FO.1 sheet 3 of 11

C. Operator / Plant Interface (items on which operators will key to base
judgment)

1 Instruments and readings that trigger action (identify procedure
number and sto) if applicable):

#dM AA YdM 4la. Are M5P y d' "5 "b CG & ..
*

h Alarms -(name, location, audible, visual):

.

th From where will action first be attempted? Nontrol r_coar; other -
speci fy)

@ Is#c rdination between operators required? (yes,h
. . ,

ih Is there corroboration among indications? some,none)

ek mo t applica$le descr ption of plant interrace:h6 s# IGM MsycN,W %Ao5 ke, 'u id e ik k
1 3

s

M Excellent. Same as below, but with advanced operator aids to
help in accident situations.-

,
,

e
Good. Displays carefully integrated with SPDS to help operator.

'

g Fair. Displays human engineered, but require operator to
integrate information.

'

-.
.

O Poor. Displays available, but not human engineered.

.g i Extremely Poor. Displays needed to alert operator are not
directly visible to operators..

O
'

0394G011386
'

.

B-707 '
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TABLE 2-7 (continued)

Human Action Identifier: WP01 Sheet 4 of 11 ,

D. Stress Level

Is the control room team expected to have a high work load? '

@ no) ,

2. Why is this tion needed? (backuo to an automatic action,.

required .anua action, recovery of failed system, defeat ESAS |
response)

. , , j

h Will this action contaminate a portion
he plant or otherwise ,Jyc ,result in an extended plant shutdown? es no) gyn

n //P_Z' ca oh cnusu t4e omrxmih>srdo of lkx \

Q) Are there any system ilures that complicate this action? (none, g
one, multiple)

g
h Is this action the opposite to the response required in another /<4cro!

procedure or to general training? (yes,@ gueip

What are the expected work conditions for the crew? i

Ef
| | Vigilance Problem. Unexpected transient with no precursors. |

| | Optimal Condition / Normal. Crew carrying out small load
5 adjustments.

-
,

Q High Workload / Potential Emergency. Mild stress, partway through
accident with high work load or equivalent.'-

.;

,,

R Grave Emergency. High stress, emergency with operator feeling |,
threatened. |

|

Assess stress level,for each scenario group.

Scenario Grouo Stress. Level Coments

Cf A.
!

B.

C.

/ D' |
|
|

1

B-708 |0394G011386
-
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TABLE 2-7 (continued)

() Human Action Identifier:_ v4 /2C)1 Sheet 5 of 11

E. Experience Level of Operating Team
(specific team member wno woulo perform the action)

f- l Expert, Well Traine ' Licensed with more than 5 years -

experience.-

[j[] Average Knowledge, Training. Licensed with more than 6 months
experience.

.

[[[] Novice, Minimum Training. Licensed with less than 6 months
experience.-

O
.

.

O

4

.

O
'

0394G011386 8-709
' '
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TABLE 2-7 (continued)

Human Action Identifier: H P O f. Sheet 6 of 11

F. Resoonse Time Available

N. What is the timi,ng of the first indications for the operator
action? Q m,uur<s (in time since initiating event)

b2, When may the operator first act? (in time from initiating event)
% 1% wrt.2

(. When is the last time allowed for the operator to take action and
be successful?

Heasured as median time since initiating event '3 0 em/Aiur< s
or as time since first indications

',. Estimate the median time to carry out the action, once decided to4
pursue. "6 O w M

Estimate the median time available for the operator to decide to
perform the correct action. Measure the time available from when
he would first turn his attention to the indications until the
last time available. D'7.5 m./~xres

F

.

SNp Ties M^u Atd gev try, marc Tame To FEWA
he# "DtFFewGS BETY (or M EW OFT ME T3 DNd GE;T (O olf Et#~

3 rua. 3 ,an, 4, ." m'

.

O
.

'

0394G011386
B-710
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TABLE 2-7 (continued)

Human Action Identifier: HPot Sheet 7 of 11

G. Recovery from Earlier Misdiagnosis
|

1. What significant new indications are there to tell the operator |that an earlier diagnosis was in error?
j

~Z m c.Kc A si >y VA)mt A/LA

a.nJ V
,V SYSTM

i

1

;

2. Does the additional plant feedback occur prior to t te allowed
,

time for successful action? When? '/ M ;

4 /OM d bW'

;

i

3. Is the time available for the correct action sufficient to allow
newly arriving crew members to participate in the decision :

(i.e., is the error rate essentially time independent?) no)
.*:. I

4. During the time available for diagnosis, what new crew members i

will be able to address t roblem? [e.g., None Shift !

Technical Advisor TA is a 3 Emergency Response Team] ,

y a, 9 M p*id woe iW. uw% k d*d^'#d '' !4

nawr -% 2. c, s.o *F ** I,

-|site PLtEb -heo,t.e. =.70o */~~ -

eA Should additional credit be given because of additional plant !

feedback? @ no) {
t

ee, Should ad al credit be given Decause of newly arriving crew |
. members? es, o) !

.

( p A g MLA f f)
|
|
|

D

1
i

O l

.

0394G01.1386
*

.
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TABLE 2-7 (continued) j

O1Human Action Identifier: M Fod. sheet 8 or it !

H. Dependence with Other Human Actions in Same Scenario

1. Have other errors of human actions occurred in this scenario?
A>o

2. How much influence do previous human errors have on this action?
(significant,(v, none) WCsame

3. Are other actions being performed r in parallel?
(Attach operator time line if neces~sary to describe.) |

S ' H PI & (34) ST '

dA 2fl &, * '

m

e rsouet a Mtabb e ca o4 M ady e
,

no)es
Hust a specific dependence with another hum action be accounted
for? '-

Wr, WG J/7)~~-

&
Scenario Group (Yes/No) Coments -

.

A. % Suaw 7 H CW l , "'I' 4'' '/''::
*

g ,,, y , 4, ,t3.;n:/e !?? hott,3
B. (en pv ., s epo>he9 )

'

C. '

.

D.

O!
I

'

0394G011386 B-712 :
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TABLE 2-7 (continued)

Human Action Identifier: M PO.f. Sheet 9 of 11
,

1

I. Potential for Confusion in Diagnosis, Leading to Unsuccessful Response

1. Are there proce res available to instruct operator to perform
.

the action? yes no) , ,.... ,. Identify by number /2/o /, /;t/6-)/),,

2. If no procedures apply, is the operator trained to perform the
~ specific action? (yes,no) /U A 1

3. Which initiating events may lead to a need for this action?

ACO P W W WA f5 & G P* C&4. Do each of these initiating events result in the plant physical ;

conditions necessar to enter the procedure encompassing this
human action? yes no) If no, identify by initiator ,

.

5. Which other procedures have entry conditions similar to the |
procedure encomp gsing this human action? Identify by number

|
, i

~

6. Do the indications describing the entry conditions for other
procedures differ from the correct procedures only by parameters [not normally keyed on by the operator? (yes,no) If ,

yes, identify "
.

7. Is the str level at the time of selecting the proper |
procedur intlh optimal, o. very low? j,

d V -

! 8. Is the operator trainsd to expect the actual situation to be of '

extremely low frequency? gno)
08. Is the potential for an incorrect diagnosis leading to an '|

operator-induced failure high, medium, @ or very low?
|

'

9. What is the likelihood of the operator initially entering the.
. wrong procedure? (likely, somewhat.likely, @ |Identify by number

10. If the incorrect procedure is entered, does it direct the t!
operator to: *

M Not do any related action?

I I Perform an action that makes things worse? Identify

Q Perform the correct action anyway? -

11. What top events are likely impacted in some way that makes !
recovery more complicated prior to the successful l
rediagnosis?

0394G011386 1
.

-

"
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TABLE 2-7 (continued)

Human Action Identifier: MF01 Sheet 10 of 11

J. Potential for Selection of Nonviable Action (assuming a correct
diagnosis)

1. Are procedures available to instruct the operator to perform the-

action? @ no) . . _ _

2. Is discretion given to the control room team as to the proper
option among several to be selected? (yes,@ .,

3. Are any of the options nonviable for any one of the ''2nario
groups identified? (yes, @ Identi fy:

I

4. Is more than one cption pursued in parallel? @ no) .

5. If no specific procedures apply, are there other plausible
options that are nonviable? (yes,@ Identi fy:.. ,

9:
%. XC % ac G ineri Sa u prs & vNl uxAA k h.G s&f \>c. suauW

fS j=V!a u / ND h$y W &|
~

6. If a nonviable solution is selected, are sufficient cues and time |

available to later pursue a viable option? @ no)
Identify cues:

$s w &C S
^.

.

7. Is the plant / operator interface such that a potential exists for
the operator to slip when implementing the correct action?
(yes@ Explain: .

.

8. Is the p,ogntial for.. selection of a nonviable option high,
medium,Qlow, or very low? g i

T |

-

'

0394G011386
B-714
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TABLE 2-7 (continued) i

Human Action Identifier: W h01 Sheet 11 of 11 !

K. Summary Sheet |
From B. What type of aehavior is required? C A'.' O

!

From C. Description of plant interface? G iv
;

From D. Expected stress level for each scenario group?

Group A m.'ic4 i

Group B .i
*Group C

Group D .;
Group E {

:

From E. Experience level of nperating team Me !
'

re ec.a w j ,

:
From F. Time available to perform correct action' 79.t ~4

%F ej k's <,1.e ..; n i,, e n, e< . o n -,rv 7 n .:. . |
'

From G. Additional credit to rediagnosis due to plant (Edback? i

Arriving crcw members? El /4 r w ,s/rca je

t
'

From H. Need to account for dependence with other actions for e6ch I

scenario group?

Group A '/ K , J'. u er/ iti" W/ Asd % e/cp o Jovr ;
'

3
#

Group B i

Group C
Group D !'

Group E i
i

From I. Potential for incorrect diagnosis leading to failure? 'Iv /0* !Y
,!

-

From J. Potential for selection of nonviable option?

~, .,.t :., 5 < f e,p.a Cnf y
i

!

!

!.

i
!

,

|
;.

03(AGr 4386 8-715 |
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TABLE 2-7. DYNAMIC HUMAN ACTIONS QUESTIONNAIRE i-

Human Action Identifier: H9A1 Sheet 1 of 11
'
.

A. Description of Human Action
|
|

1. Objective (task to be performed and failure criteria): *

,

Operator fails to close the PORV block valve !
(used in RC-4, S, 6, 7, 8, and 9) if the PORV i

fails to reseat properly. ;i

i

i

i
t

!

2. List split fractions that include this human action.
f

no, ec-v |RCf j E C'I !
Ro ; RC-(, [

s

R e t.- | RC ~ ) |
~

Rc +; RO- 2 |,

Rc T; RC- f |
!-
.

I

!

3 ' Situation (initiating events and plant conditions, support system '

states): collect into separate scenario groups for evaluation.
Emphasize factors affecting response time and stress level.

M
.%a b avnius.ie rs atoex vntus -

_ W} f5Yb
.

4

O l
|
I

0394G011386 8-717
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TABLE 2-7 (continued)

O
Human Action Identifier: 1-) RdI Sheet 2 of 11

B. Cognitive Processing Type:

k Is the operator familiar with the action? (!.4o f) * 3
i m fa d.tiar 5 ver fa . iterD If yes, by what means? (procedures,qrainin frequent

perfomance)

% Does this action contradict operator training, rules of thumb, or
intuition? (yes ,@

Is this action included in simulator training?
ek those hve4 ses 4 Lese ac% reAcaA .: g,),@ no) yfA2 W%,o$re

plichble descriptions of actions: / /

Skill-Based

% Routine action, procedure not required.
| | Routine action, procedure required, but personnel well

trained in procedure.

| | Action not routine, but unambiguous and well understood by
operators who are well trained.

U Action is listed in procedures for turbine trip or reactor
trip.

Rule-Based (procedures)
'

| | Routine action, but procedure required; operators not well.

trained, or procedure does not cover.
.

U Not routine, action unambiguous and well understood, but not
well practiced. -

.C Action described in emergency procedures, but not for ~

turbine trip or plant trip.
,

Knowledged-Based
,

U Not routine, action ambiguous.

U Not routine, procedure does not cover. '
.

U Not routine, procedure not well understood.

O Decision to act based on a rule-of-thumb, but not in g
emergency procedures. T-

Decide on on.. What type of behavior is re_ quired? 3M/db

0394G011386
'

_ _ _
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TABLE 2-7 (continued)

O '

" me actio# iee tifier: nec s. sheet 2 of 11

!
C. Operator / Plant Interface (items on which operators will key to base

.

juogment) |

]1 Instruments and readings that trigger action (identify procedure
numt .c and sto) if applicable):

QQ W 4$N TAa& ~7"e M & | p w *
1a. Are M5pby A% "5M *

h Alarms (name, location, audible, visual):
Q-1 ~7 $2C R U-;L OsFFlA.&u Al hl|W

,

e . 1 - y k c.(t V ~2 p Qgg,, g.7,[ pag |7s

:) From where wi G;.'.cn first be attempted? ((ontrol ro ther - ;specify)
!

@ Is'# $ rdination between operators required? (yes, |c
, , ,

if Is there corroboration among indications? (very gooddome, none)

. u , b w $le descr p %on o 7 plant interface:u w wuka,a % y n ,weg ~
u en ,

eck mo pplica ti

C Excellent. Same as below, but with advanced operator aids to
. .

help in accident situations. '-
,

- -.

'

Good. Displays carefully integrated with SPOS to help operator.
'

y Fair. Displays human engineered, but require operator to {integrate information. *.

'

-
.

.

O Poor. Displays available, but not human engineered.
j

g i Extremely Poor. Displays needed to alert operator are not . ;

directly visible to operators. j.

-

_
1.

O
,

*

0394G011386 '
'

B-719
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TABLE 2-7 (continued)

Human Action Identifier: WRCI __ Sheet 4 of 11

D. Stress Level

Is th ontrol room team expected to have a high work load?
(yes no

_,

2. Why is this action needed? (backup to an automatic action,
requirt:1 manual action,CrecoveryJIT failed system, defeat ESAS
response)

,,

@ Will this action contaminate a portion of th
ant or otherwise ,d p *

,

result in an extended plant shutdown? (yes Eq%e

Are there any system failures that complicate this action? (none, 1

@ multiple) go_ V.a g jf 4 ,

@ Is this action the opposite to the response required in another
procedure or to general training? (yes ,@

|

What are the expected work conditions for the crew?
1

~a

R Vigilance Problem. Unexpected transient with no precursors. h
bb J5E Optimal Condition / Normal. Crew carrying out small load

.

i adjustments.
.

. ,

'

| Al High Workload / Potential Emergency. Hild stress, partway through
accident with high work load or equivalent.-

,,.

IGrave Emergency. High stress, emergency with operator feeling,
threatened.

.

Assess stress level.for each scenario group.
.

Scenario Group Stress. Level Coments

d A.
!

'B. .

C.

es o.

0394G01.1386 B-720 -
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TABLE 2-7 (continued) !
!

Human Action Identifier:_ HRei Sheet 5 of 11
i
i

E. Experience level of Operating Team .

Tspecificteammemoerwnowouldperformtheaction) |
.:
i

R Expert. Well Traine ' Licensed with more than 5 years |experience. ;

!
>

@ Average Knowledge, Training. Licensed with more than 6 months {experience.

[ Novice, Minimum Training. Licensed with less than 6 months
expertence.,

!

i
i

!
!

;

i
,!

O
t

,

- I
|

.|-

.!
.

|
. .

|.

|
1

!
;

. j
'

i
|

|

,

!
-

1
|

.

0394G011386
'

B-721 I
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TABLE 2-7 (continued)

OHuman Action Identifier: M #d I Sheet 6 of 11 i

F. Resoonse Time Available

N. What is the timing of the first indications for the operator
action? M _ M (in time since initiating event)

2 When may the operator first act? (in time from initiating event) '

S '

' NWO |
'

J,p9, a.t tecspr m
aA,

h When is the last time allowed for the operator to take action and
be successful?

Heasured as median time since initiating event Sommu' 07

or as time since first indicationt
4. Estimate the median time to carry out the action, once decided to
' pursue. QM uy';--

Estimate the median time available for the operator to decide to
perform the correct action. Measure the time available from when

he would first turn his attention to the indicatioris until the
last time available. Gfw/mp45

.

30 - 2- c - pr

s c o** %cN^ute a cer r.ntu m Tim To r=>
orTheTa Ae*o ge:r co.anu wGm> r %rrets9 cts gm ga es.v ,

_

3DW. )ts.s, I "' b, .

*
.

6

'.

|

'

0394G011386 8-722 |
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TABLE 2-7 (continued) i

:-

Human Action Identifier: HRG1 Sheet 7 of 11
:
!

G. Recovery from Earlier Misdiagnosis |
1. What significant new indications are there to tell the operator

that an earlier diagnosis was in error? i

9.c. DMM d~ / c,il phCN##'M
h

i

R e. w M ',y'

2. Does the additional plant feedback occur prior to the allowed .

time for sue:essful action? When? 4/ # !
''pg Ho.

i
!

E

!

!

3. Is the time available for the correct action sufficient to allow !
newly arrising crew members to participate in the decision? i

(i.e., Is the error rate essentially time independent?) h no) f

. . . . .
..

4. During the time available for diagnosis, what new crew members ,

will be able to addeess the problem? [e.g.,None, Shift '

Technical AdvisorQSTA), ,s@ Emergency Response Team]
bbok & N" N d'd *

pr -- R.G. M e@hN a . M ukM '. !P Y# !
-

(%C1L & >5bffM }
'

-

eA Should additiona credit be given because of additional plant I

feedback? (yes, o v .;

ee, Should add ional credit be given because of newly arriving crew
. members? ye. no) ~

l

I,

.

'-
.

o

0394G011386 B-723
'
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TABLE 2-7 (continued)

Human Action Identifier: MRG3 Sheet 8 of 11

H. Dependence with Other Human Actions in Same Scenario

1. Have other errors of human actions occurred in this scenario?

db

2. How much influence do previous human errors have on this action?
(significant,same,none)

Nb

3. Are other actions being performed serially or in parallel?
(Attach operator time line if necessary to des ribe.)

ME F4) '

'& & M &~r

' '
.

* 853 9 AM..^5IJa. Arc. 4kere eauf pe rsouelMa'dobb k G e

Must a specific dependence with another human action be accounted
for?

,

Scenario Group (Yes/No) Coments

A.
'

B.
-

.

C. ':'

.

D.

'

.

O
.

0394G011386 B-724
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TABLE 2-7 (continued)

Human Action Identifier: MRe1 Sheet 9 of 11 !

I. Potential for Confusion in Diagnosis, Leading to Unsuccessful Resoonse

1. Are there procedures available to instruct operator to perform
the action? @ no) , , . Identify by number /2M;;t 28 .

,

K c-1~7If no procedures apply, is the operator trained t, C1-Y2. o perform the
specific action? (yes, no) 7 %

3. Which initiating events may lead to a need for this action?
RTjo L_ _ 8XY

4. Do each of these initiating events result in the plant physical i
conditions necessar to enter the procedure encompassing this
human action? e no) If no, identify by initiator

'
t.

I

5. Which other procedures have entry conditions similar to the
procedure encomp gsing this human action? Identify by number

|
,& ,

'

6. Do the indications describing the entry conditions for other
procedures differ from the correct procedures only by parameters

,

not normally keyed on by the operator? (yes',no) If (O yes, identify .

,

7. Is the stress lav at the time of selecting the proper
procedure high mI optimal, o. very low?

,

8. Is the operator traine'd to expect the actual situation to be of i

extremely low frequency? (yes,@
Ba. Is the potential for an incorrect diagnosis leadine-t '

operator-induced failure high, medium, low, orQery

9. What is the likelihood of the operator initia ring the
, wrong procedure? (likely, somewhat.likely, unlike .

Identify by number
_ ,
-

10. If the incorrect procedure is entered, does it direct the '

operator to: N1 *

C Not do any related action?
*

Perform an action that makes things worse? Identify *

O Perform the correct action anyway? .

11. What top events are likely impacted in some way that makes
recovery more complicated prior to the successful
rediagnosis? -

.

0394G011386-

B-725 1
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TABLE 2-7 (continued)

Human Action Identifier: M R e f. Sheet 10 of 11

J. Potential for Selection of Nonviable Action (assuming a correct
diagnosis)

1. Are proce available to instruct the operator to perform the
action? yes no)

, _,,,,

2. Is discretion given to the control room team to the proper
option among several to be selected? (yes,n

.,

3. Are any of the options nonviable for any one of the scenario
groups identified? (yes @ Identi fy:

4. Is more than one option pursued in parallel? (ye
,

. . .

5. If no specific procedures apply, are there other plausible
options that are nonviable? (yes, no) Identify:, . . ,

Nb
5a. If h ac44 Lere h predEl3 u-Al -k r<& sKll 1,c. swuurd

6. If a nonviable solution is selected, are sufficient cues end time
available to later pursue a viable option? , , no') .
Identify cues: u-

-

k G.
j [ f"=-= ff/ O C k . nw ' e n,.c c,,cdiced %'

n

v . . . ., 4 ~ c. ., < :-
.

,

7. Is the plant / operator interface such that a potential exists for
the operator to slip when implementing the correct action?
(yes g Explain:

TA*-
'

x M
'

.

8. Is the potential for selection of a nonviable option high, gmedium, low,

.

B-72'60394G011386

i



.. _ .- . - .. .. .

.

TABLE 2-7 (continued)
>

Human Action Identifier: M RC,1 Sheet 11 of 11 t

|

K. Sumnary Sheet f

From 8. What type of behavior is required? O .*/ I;
-

i

From C. Description of plant interface? L.-
!

From D. Expected stress level for each scenario group? |

Group A 'M 'W
Group B i

Group C i
Group D !

Group E j
i

From E. Experience level of operating team Am - .. - i
'

f ... a. f
From F. Time available to perform correct ac, tion , 2 '< - . .

C r + e:+, 4, . tv . .,f 4,* e h e t .'o s -a: e. z s, , ',
.

,

From G. Additional credit-to rediagnosis due to pfiiit feedb.ack-? - t

Arriving crew members? si. 4 + r*.wr . u -p !s o,

[I .

From H. Need to account for dependence with other actions for each ,

scenario group? !

Group A %
Group B ;

Group C ;

Group D ;

Group E j

From I. Potential for incorrect diagnosis leading to failure? Vene/w
{

~

f From J. Potential for selection of nonviable option? _ % ~ /.,,,
,

!

V' f :' 't. , D lte! ;,; &,,,r,
,

<
i

!
,J.

1
,

|

i.,

!
l

,

0394G011386
'
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TABLE 2-7. DYNAMIC HUMAN ACTIONS QUESTIONNAIRE

Human Action Identifier: H R6 L Sheet 1 of 11

A. Description of Human Action

1. Objective (task to be performed and failure criteria):
Operator fails to throttle HPI after the PORV or
PSVs have passed water Cused in RC-3, 6, 9,

6 (1C) and 9(1C)3 to allow the PORV to reseat.

h w. . -e |. ,, ,, ,$ $ vuxr bt hoe A*
, J

.

2. List split fractions that include this human action.

r, c c . RC.-3
Ne |. RC- G
:Y: , RO~~ 9

2 CL , RC' 600h
Oco; RC# VDC) |

!
4

i

%

3. Situation (initiating events and plant conditions, support system
states): collect into separate scenario groups for evaluation.
Emphasize factors affecting response time and stress level.

p ,'f, j N f $ d^A'e Y f0 &ll b .

stem esse, no 1% an~< <w~10% ..

.

t

$

e

.

O
.

0394G011386
B-729
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TABLE 2-7 (continued)

O
Human Action Identifier N RG 2 Sheet 2 of 11_

B. Cognitive Processing Type:

k Is the operator familiar with the action? 0.4e r) ' 3
b u b r..h % <= v ge- (a ,.e,i t, eD If yes, by what means? @rocedures,tratiing) frequent

performance)

@ Does this action contradict operator training, rules of thumb, or
intuition? (yes,@

gw4.<-4gcbledescriptionsofactions:are 4use ww rewa .- 4rga,),h no) # [''
Is this action included in simulato,r training?

6
ek those pli

Skill-Based g [oAY
R Routine action, procedure not required. M
i | Routine action, procedure required, but personnel well

trained in procedure.

U Action not routine, but unambiguous and well understood by |
operators who are ' ell trained.

R Action is listed in procedures for turbine trip or reactor
trip. '

'

Rule-Based (procedures)
{

.

I | Routine action, but procedure required; operators not well.

trained, or procedure does not cover.
.

'

R Not routine, action unambiguous and well understood, but not
well practiced.

i

!

, g Action described in emergency procedures, but not for *'

turbine trip or plant trip.
,

Knowledged-Based
,

R Not routine, action ambiguous.

C Not routine, procedure does not cover. '

.

R Not routine, procedure not well understood.

R Decision to act based on a rule-of-thumb, but not in
iemergency procedures. I

Decide on one. What type of behavior is required,7 'C

0394G011386
'
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TABLE 2-7 (continued) !

Human Action Identifier: Mdd.b Sheet 3 of 11

C. Operator / Plant Interface (items on whir.h operators will key to base
,juogment )

!

Q1 Instruments and readings that trigger action (identify procedure I

number and stop if applicable): J2]o-/ O 57 tr_/, y ,

HP1 Plow % 5sogqm W Q /tC5 f< w ":1 Vt |
O ''M Wb# ) E0*V d''d 6 mer .4 4 P !

.

la. Are M5P y d''*b "5 ' W ' ' MIS
,

:

@ Alarms (name, location, audible, visual):

G-1-? Po rt v V $nW i
,

e -2 - t PoAJ & & |
|

:) From where will action first be attempted? (Q ntrol roop other - [
speci fy) i

@ Is rdination between operators required? (yes,h .,,

ih Is there corroboration among indications? (very good none),

ption oUplant interrace: M h sy< N ,W3 %'kc, *u ide e kk h.6
applica$ledescr1i 3

eck mo

C Excellent. Same as below, but with advanced operator aids to .|
help in accident situations. .I

.

.;
i

'

Q Good. Cisplays carefully integrated with SPDS to help operator. |
|

y Fair. Displays human engineered, but require operator to |
integrate information. I-

..

.j*
'

.

Q Poor. Displays available, but not human engineered.

. n Extremely Poor. Displays needed to alert operator ara not .

,, directly visible to operators.
"

:

,

; 0394G011386
-

'' '
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TABLE 2-7 (continued)

01Human Action Identifier: W AG1 Sheet 4 of 11 )

D. Stress Level

I he control room team expected to have a high work load?
ye no) , _ ,

2. Why is this action needed? ,_(backuo to an automatic action,.

requiredCmanuaDaction, c' ery'gf failed system, defeat ESASresponse) / .

,

h Will this action contaminate a portion of th lant or otherwise
result in an extended plant shutdown? (yes, E q u if fa

h Are ther any system failures that complicate this action? (none,
one, ) 6 33 gA gM

h Is this action the oppo ite to the response requi ed in another
procedure or to general training? (yes, @

What are the expected work conditions for the crew?

[ Vigilance Problem. Unexpected transient with no precursors.

Optimal Condition / Normal. Crew carrying out small load ,

adjustments.
'

.

B High Workload / Potential Emergency. Mild stress, partway through
accident with high work load or equivalent.-

.,

Grave Emergency. High stress, emergency with operator feeling
,

threatened. ,

.

Assess stress level.for each scenario group.

Scenario Group Stress. Level Coments

d A.
! .

B. .

C.

h| / D

|

l

0394G011386 B-732*
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TABLE 2-7(continued)

( Human Action Identifier: b4 /f(l$2% Sheet 5 of 11

E. Experience Level of Ooerating Team
(specific team memDer who would perform the action)

Expert Well Traine ' Licensed with more than 5 years
experience.-

|

[[s] Average Knowledge, Training. Licensed with more than 6 months !
experience.

[[:] Novice, Minimum Training. Licensed with less than 6 months )
experience. |-

|
|
|

|

()
j

.

t

.

e

*
. .

.

|

|

|

'. |
.

i

'
'

0394G011386 B-733
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TABLE 2-7 (continued)

Human Action Identifier: M AU-- Sheet 6 of 11

F. Resoonse Time Available
6
\D. What is the timing of the first indications for the operetor

action? .1 M ,L w r c. (in time since initiati.9 event)
h When may the, operator first act? (in tims from initiating event)

5/m mares

(. When is the last time allowed for the operator to take action and
be successful?

-C $ curs
Neasured as median time since initiating event _ 30m<hgr

or as time since first indications r kwf

/4). Estimate the median tir,ne to carry out the action, once decided to
pursue. I G m i,ou r-es'

Estimate the median time available for the operator to decide to
perform the correct action. Measure the time available from when
he would first turn his attention to the indications until the
last time availabig f N y si Ly r o -

.

pp y s jn .2. 'I'
.

$ L04 fubt TiPaf. bfA M M 3CrT ks*g ATC TIME TO YClLFCC-'

OFT.MtT3 M M d GET rounTes NT
*

batt. AP 7 FFN4CES gts T ren nens,

% P

.
s*s . y % Ar, Wb, . .

.

.

I
1

0
'

0394G011386 B-734
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TABLE 2-7 (continued) ,

Human Action Identifier:_ MMk Sheet 7 of 11

G. Recovery from Earlier Hisdiagnosis
,

1. What significant new indications are there to tell the operator
that an earlier diagnosis was in error?

,

NbM ,

Sle t'

2. Does the additional plant feedback oc ur prior to the allowed
time for successful action? When? 8 6'E W |

'
c|e.fc er i o p- 86)$T b "dPP ton is

w e.. u ~ ..r u ; g y ,fp pn

3. Is the time available for the correct action sufficient to allow |
newly arriving crew members to participate in the decision? '

(i.e., is the error rate essentir.lly time independent?) @ no)

4 During the time available for diagnosis, what new crew members
3

will be able to address the oroblem? [e.g.,None, Shift
Technical AdvisoTTSTA?. s/s)3 Emergency Response Team) :

g, g g p,a w.a .h folao. be decked 'i
|

*

w -r y " sh /2 A. GDA !.

ssic Pazs ~) 0" A f 0 i

eA Should additional credit be given because of additional plant !

feedback? @ no) |

'

es Should additional credit be given because of newly arriving crew
. members? @ no) .

.

e

o

l

_

'

0394G01.1386
*

.
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TABLE 2-7 (continued)

Human Action Identifier: MRd R Sheet 8 of 11

H. Dependence with Other Human Actions in Same Scenario

1. Have other errors of human actions occurred in this scenario?

M&J gY"
71

& d A g eddLPW M<,
2. How much influen do previous human errors have on this action?

(significant,same one)

3. Are other actions being performed serially or in parallel?
(Attach operator time line if necessary to describe.) ,

'

%Qg G5J )

SG .,

ucessq M^s!3a. Arc. here gap pe no..e( avadaA a ca o

Must a specific dependence with another human action be accounted
for? pfyg --vt

W 74' 2 ; i
Scenario Group (Yes/No) Coments *

A. J' ; 2#i' Ofl HT,4f?/t
.

B.
,

.

'

C. .'
D.

.

O
.

0394G011386 B-736



.

i

!

TABLE 2-7 (continued)
i

Human Action Identifier: M ACA Sheet 9 of 11

1. Potential for Confusion in Diagnosis, Leading to Unsuccessful Resoonse

1. Arethereproce(uresavailabletoinstructoperatortoperform
the action? {yJs,no), Identify by number /3./O - /0 .,

,

2. If no procedures apply, is the operator trained to perform the
specific action? (yes, no)4 4 ;

'

3. Which init}ating events may lead to a need for this action? .

AM / M%U 04
'

N these initiating events result in the plant physie'a!.
,

4. Do e t

conditions necess to enter the procedure encompassing this (human action? es no) If no, identify by initiator ;

5. Which other procedures have entry conditions similar to the !
procedure encompAs, sing this human action? Identify by number ;

l Llo-3 !,

6. Do the indications describing the entry conditions for other
procedures differ from the correct procedures only by parameters

,

O not normally keyed on by the operator? (yes n If |yes, identify . i

7. Is the stress le 1 at the time of selecting the proper l,

procedure high mil optimal, o. very low?
[
t8. Is the operator trainai to ex ect the actual situation to be of I

extremely low frequency? yes no)
!.

Ba. Is the potential for an incorrect diag leading to an '

operator-induced failure high, medium, or very low? (
1

9. What is the likelihood of the operator initial ring the
wrong procedure? (likely,somewhat.likely, ikel -

iIdentify by number

'|10. If the incorrect procedure is entered, does it direct the '

operator to.

C Not do any related action?
,

'
IU Perform an action that makes things worse? Identify i

*

l
l

@ Perform the correct action anyway? -

s

k i11. What top events are likely impacted in some way that makes
recovery more complicated prior to the successful |

rediagnosis?
|

0394G01.1386 B-737

,

. - . _ - . - - _ _ . _ , _ . . . _ _ . _ _ . _ . - - . _ , , - , , . _



___ -

t

TABv. : .J' >., c (' "

Human Action Identifier: M '> ; ' , , , _ . Sheet 10 of 11

J. Potential for Selection of Nonviable Action (assuming a correct
diagnosis)

1. Are procedures available to instruct the operator to perform the
action? @ , no) , _ . . ,

2. Is discretion given to the control room team at to the proper
option among several to be selected? (yes no ) _ .,

3. Are any of the options nonviable for any one of the scenario
groups identified? (yes,no) Identify:

Nb

4. Is more than one option pursued in parallel? (yes, . . .
,

5. If no specific procedures apply, are there other plausible
options that are nonviable? (yes, no) Identify:. . . ,

&A
53. If h ac4a 'were 4aW petWur$ly ueAd -h an sBI L,c. swaulJd

Y"
6. If a nonviable solution is selected, are suffi cient cues and time

available to later pursue a viable option? ge no)Identify cues:

cam @-($ M

. .

7. Is the plant / operator interface such that a potential exists for
the operator to slip when implementing the correct action?

j p

ge m a -

8. Is the potential for selection of a nonviable option high,
medium, low, or @

'

0394G011386 B-738
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TABLE 2-? (continued) !
i

Human Action Identifier: M AC A Sheet 11 of 11 ,

;

K. Summary Sheet
!

From B. What type of behavior is required? ll e l+

From C. Description of plant interface? (-oost :
>

From D. Expected stress level for each scenario group? |
Group A m '' I 'l
Group B !

Group C
!

Group D
i

Group E

From E. Experience level of operating team A /- - . - /' Y'
p.e ra efsMF%h m.r

From F. Time available to perform correct.acet6ti ?" "V.

Ces t c.4,wJ e '.n,< % s m 3 - a:an .cChamr
Additional credit"to rediagnosis y ydue to plant feedback?

-

From G.
>&/u Arriving crew members? It / h A ,. , ..,, fu

From H. Need to account for dependence with other actions for each

O scenario group?
/w

c'h''< t ta c e h r WTL. I, H T/1 L {.,L} iGroup A U: *'' & i,n n 4
Group B / >
Group C
Group D-

Group E

From I. Potential for incorrect diagnosis leading to failure? Y>u b
_

| From J. Potential for selection of nonviable option? E , 6 < ,,

PI % . . { .. c . 3.

.

5 e h-n %.-AA S s%y

4

e

e

! O
-

;

i

j 0394G011386 8-739
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TABLE 2-7. DYNAMIC HUMAN ACTIONS QUESTIONNAIRE

Human Action Identifier: H k E,Y Sheet 1 of 11

A. Description of Human Action

1. Objective (task to be performed and failure criteria):
. Sani;_-:T-Mtret4%Mr.n av N uo m rin Amus
TSBL.E.-t-i-Foe.-bE5CE AMod

A F T C fl c& W '&' '

*

M&mW M > $ &
4 M .Adn' & a w. . A tA g

d Mp .co A u k g fa f
F Jerner w d e ,-

2. List split fractions that include this human action. |

R E-t /RF_ & ) f3u ,

,

:

|

3. Situation (initiating events and plant conditions, support system |
states): collect into separate scenario groups for evaluation.

|Emphasize factors affecting respnnse time and stress level. >

h M #k i

.,,- u.. p.,_ w.<.m - *~<

.

O

O
0394G011386
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TABLE 2-7 (continued)

Human Action Identifier: MRCit Sheet 2 of 11
/

B. Cognitive Processing Type:

k Is the operator familiar with the action? 0.4o r) ' /
\ nda s.h'ar se ver (ww

QD If yes, by what means? (procedures, rainin frequent
performance) L y*.p4

@ Does this action contradict operator training, rnTfI N Y u '

intuition? (yes,@

are bese achs reAc4 c 4Way); @,oo,ot
Is this action included in simulator training? (yes
gw Ge

ek those hucJplickbledescriptionsofactions:

Skill-Based

R Routine action, procedure not required.

| | Routine action, procedure required, but personnel well
trained in procedure.

| | Action not routine, but unambiguous and well understood by

hoperators who are well trained.

Action is listed in procedures for turbine trip or reactor
trip.

'

Rule-Based (procedures)
.

O Routine action, but procedure required; operators not well.

trained, or procedure does not cover. ;.

R Not routine, action unambiguous and well understood, but not
well practiced. -

Action described in emergency procedures, but not for
turbine trip or plant trip.

Knowledged-Based
.

Not routine, action ambiguous.

C Not routine, procedure does not cover.

R Not routine, procedure not well understood.

Decision to act based on a rule-of-thumb, but not in
emergency procedures.

Decide on one. What type. of behav.io.r is requ. ired? bu/v 78
. , --

03943011386 8-742
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TAB!E 2-7 (continued)

Human Action Identifier: M RiYt Sheet 3 of 11 |,

O
''

C. Operator / Plant Interface (items on which operators will key to base
juogment)

Q1 Instruments and readings that trigger action (identify procedure
number ~and stp) if applicable):

% . y , 4 e 4 ~:~ p u Mm

oseco hy=hy
% rcacenpe4le-r= i

.

"
l d *la. Arc. Mspay d '

h Alarms (name, location, audible, visual):

A.) s c e a &.

N
:h From where will action first be attempted? Qontrolroom')other- I

specify) -

@ Is'# h rdination between Operators required? o) ac

,pJ h Is there corroboratf or, among indications? (Qry goop some, none) !

3 mm&w}f a&sk,4 % sycN,vrWk%s Wu atam .E %ekmoftapplic s
y plant inte ce: -

;le descr ption

O Excellent. Same as below, but with advanced operator aids to
help in accident situations.-

.

..

'

O Good. Displays carefully integrated with SPDS to help operator.
'

Fair. Displays human engineered, but require operator to
integrate information.

.

Q Poor. Displays _ available, but not human engineered. lT . ,, e s. -,9+ , 6mc.cf m en ,,e te g , u t u % u.4 ,i w A
\ l Extremely Poor. Displays needed to alert operator are not '

directly visible to operators.

!

O
'

0394G011386
'

B-743
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TABLE 2-7 (continued)

Human Action Identifier: W fRE Sheet 4 of 11

D. Stress Level

ntrol room team expected to have a high work load?e

2. Phy is this action needed? (backup to an automatic action.- "

require (manua9 action, recovery of failed system, defeat ESAS
response)

h Will this action contaminate a portion of the
lant or otherwise ,f p ,result in an extended plant shutdown? (yes,no npw i

h Are there an system failures that complicate this action? (none,
one, faultip hC,Aj> &MA

h Is this action the opposite to the resp equired in another M
procedure or to general training? (yes -l/ f,d

af,*9h
What are the expected work conditions for the crew? dp '

| | Vigilance Problem. Unexpected transient with no precursors. '

i

| | Optimal Condition / Normal. Crew carrying out small load
adjustments.

.

g High Workload / Potential Emergency. Hild stress, partway through
3accident with high work load or equivalent..
|

.r.:

U Grave Emergency. High stress, emergency with operator feeling,

threatened.
.

Asse'ss stress level.for each scenario group.

Scenario Group Stress. Level Coments

$ A.
!

B.

C.

, D.

0394G011386 8-744
'
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TABLE 2-7(continued)

(b) Human Action Identifier: 14/f E 9# '' Sheet 5 of 11

E. Experience level of Operating Team
(specific team memoer wne-would perform the action)

c'[__j Expert, Hell Traine Licensed with more than 5 years
experience..

. i c.,

[E[] Average Knowledge, T ining. Licensed with more than 6 "onths
experience.

[[ ] Novice, Minimum Training. Licensed with less than 6 months
experience.-

;> U C

MC

'm:
IUC

O Qa'

' a r'
O L'

t

.

mmw

.

0

.

,

O
~

.

0394G011386
B-745

.
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TABLE 2-7 (continued)

Human Action Identifier: MIlG L Sheet 6 of 11
.

F. Response Time Available

5$). What is the timing of the first indications for the operator
action? I kou aA 7.T. (in time since initiating event)

h When may the oper tor first act? (in time from initiating event) -

3h h

( When is the last time allowed for the operator to take action and
be successful?

Heasured as median time since initiating event 6.@kourts Id -

'

or as time since first indications #

4. Estimate the median time to carry out the action, once decided to
' pursue. 6M 4 f 'g (/3' ,

Estimate the median time available for the operator to decide to
perform the correct action. Measure the time available from when
he would fir.ct turn his attention to the indications until the
last time available.

6 o.1-|= ff9$wns

sc m m* T.-c Nmea ger t,,,y ,7c Tim toren=>
Gaon %rrowess gw cuma s T.sc rs uma ge:T co.2 sera r |

h NM1 O

|

|

|

|

.

'

0394G011386 B-746
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TABLE 2-7 (continued)
.

Human Action Identifier:_ H RE9 L Sheet 7 of 11 !O
V !

G. Recovery from Earlier Misdiagnosis |
1. What significant new indications are there to tell the operator ;

that an earlier diagnosis was in error? i
i

!
h

i.

!

2. Does the additional plant feedback occur prior to the allowed
time for successful action? When?

'

4)d
,

!

3. Is the time available for the correct action sufficient to allow
newly arriving crew members to participate in the decisio ;

(i.e., Is the error rate essentially time independent?) e no) .

O |

4. During the time available for diagnosis, what new crew members
willbeabletoadtresstheproblem?_[e.g.,None,ShRt !

Technical AdvisordSTA). R t EmergencyResponseTeamp
'

N a . M M p*id woe -N. S*l(*". be deve *
i

GWEEAt !gy

Shouldadditionalcreditbegivenbecauseofa[dditionalplant
site PREb af M U .V -[

eA
-

feedback? (yes @
es Should additional credit be given because of newly arriving crew

'

. members? g no)

,

.

O

i
t

O
~

0394G011386
-

.
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TABLE 2-7 (continued)

Human Action Identifier: M R.67 % Sheet 8 of 11

H. Dependence with Other Human Actions in Same Scenario

1. Have other errors of human actions occurred in this scenario?

N3
.

2. How much influence d evious human errors have on this action?
(significant,same none

_

3. Are other actions being performed serially or in parallel?
(Attach operator time line if necessary to describe.)

W/fb WU y W&s
N . (Wi%)

3a. Arc. here cap pe rsonnel. ua'dabb e m e4 ucessg AM^rf
.

ye no)
Must a specific dependence with another hum n action be accounted

f*S , it95 9*

Scenario Group (Yes/No) Coments

A. %,) /ow v 7 er { ue ,os
-

B. W7
'

.

C. *

'

D.

O
.

0394G011386

B-748
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TABLE 2-7 (continued),

Human Action Identifier: M Rdt L. 9 of 11

1. Potential for Confusion in Diagnosis, leading to Unsuccessful Response

1. Are there procedur ivailable to instruct operator to perform *

the action? (yes no ) Identify by number .

2. If no procedures apply, [s the operator trained to perform the '

specific action? (yes. go '
,

3. Which initiating events may lead to a need for this action?

b+is- f&
4. Do each of tNese initiating events result in the plant physical

conditions necessary to enter the procedure encompassing this
human action? (yes,no) If no, identify by initiator

Ah9'

5. Which other procedures have entry conditions similar to the
procedure encompAs, sing this human action? Identify by number

e /l)0 MC
'

6. Do the indications describing the entry conditions for other
procedures differ from the correct procedures only by parameters
not normally keyed on by the operator? (yes,no) If
yes, identify Ah7 .

7. Is the stress level at the time of selecting the proper
procedure high, mild, optimal, o. ary low? AJA

8. Is the operator trained to e et the actual situation to be of
extremely low frequency? ye no)

.

Ba. Is the potential for an incorrect diagnosis leadira to--aq <

operator-induced failure high, medium, low, o(very loyV -
,

9. What is the likelihood of the coprator initially entering the
wrong procedure? (likely, Fqomewhat like]], unlikely)
Identify by number

10. If the incorrect procedure is entered, does it direct the
operator to: '

N Not do any related action?

I I Perform an action that makes things worse? Identify _,

M Perform the correct action anyway? -

0 11. What top events are likely impacted in some way that makes

recovery more complicated p/ 8 ,rior to the successfulrediagnosis? ##4.N
0394G011386- ' '

.

B-749
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TABLE 2-7 (continued)

Human Action Identifier: M R E7 Sheet 10of11h

J. Potential for Selection of Nonviable Action (assuming a correct
diagnosis)

_

1. Are procedures vailable to instruct the operator to perform the
action? (yes no

2. Is discretion given to the control room team as to the proper *

option among several to be selected? gno) ggj
3. Are any of the options nonviable for any one of the scenarioSw-f 4A '/:groups identified? (yes,no) Identify: (%;

JL spw-

|

4. Is more than one option pursued in parallel? h no) m % ,.
5. If no specific procedures appl are there other e M

options that are nonviable? ye n6) Identify: 6 Ma.

dA h. g u.s,c0 44.53. If % $6 were. preM% % A. hot sKil Lc. wasEJL'.
,

a

e6. If a nonviable solution is selected, are sufficient cues and time |
available to later pursue a viable option? e , no) '

Ideirtify cues: '

f&M

.

7. Is the plant / operator interface such that a potential exists for
the operator to slip when implementing the correct action?
(yesg Explain:

.

8. Is the potential ction of a nonviable option high,
medium, low, o very lo ?

O
-

.

0394G011386
B-750

.
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TABLE 2-7 (continued)

Human Action Identifier: W R.G f L Sheet 11 of 11

i
K. Sumnary Sheet

i

From B. What type of behavior is required? 1 6 ... I e lf , P
.

r
|,

From C. Description of plant interface? Po w !
h '

From D. Expected stress level for each scenario group?'

Group A Wlef
Group B
Group C |
Group D

'

Group E
l

From E. Experience level of operating team /w .- c
From F. Time available to perform correct.acMonet,s,aa '4A hourt

fi<: F eri M z e .5 i J,.,e % ekca ~or-c 3 3 u.-r \

From G. Additional credit to rediagnosi/ due to plait feedback?-.
'

( /, Arriving crew me'.ibers? F . s. . 4/ c.cm >, e Tem
+ 14.+' - u,. nv. h

From H. Need to account for dependence with other actions fo'r each !

scenario group? I

%,* if M%Group A % , law N4 jet <<!c t+ es
Group B
Group C
Group D
Group E

Fron I. Potential for incorrect diagnosis leading to failure? v % /c w

From J. Potential for selection of nonviable option? W i- /o w

},y q s c' 'c u.
Reavey % Ac)c/ :,s<.,-

.

O
.

'

0394G011386
'' B-751
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TABLE 2-7. DYNAMIC HUMAN ACTIONS QUESTIONNAIRE

Huinan Action Identifier:_ H RE9 Sheet 1 of 11
i

A. Description of Human Action |

1. Objective (task to be performed and failure criteria)-

Operator failure to unplug the river water pump .

ihouse screens before a loss of river water pump
suction which eventually results in a turbine trip.
Used in the loss of river water initiating event
frequency. It is assumed that only 6 hours is #
allowed for unplugging

,

List split f,rajtions that include this human action.2.
'

fA.a.</ d , C h & f & &
' '

' '

M, "

N.

|-

!

3 Situation (initiating events and plant conditions, support system I
-

states): collect into separate scenario groups for evaluation.
Emphasize factors affecting response time and stress level.

[O b M #1

g j_ y sr
s - w ,. ,, ~ s.. w ..

.
.

O !
l

0394G011386 B-753
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TABLE 2-7 (continued)

Human Action Identifier: M NEY Sheet 2 of 11

B. Cognitive Processing Type:
-

.h Is the operator familiar with the action? 0.4o r) ' 1
b ufas h'ar se ver (w.uer -

D If yes, by what means? (procedures,C ni ', frequent
performance) J g, __;. Q

@ Does this action contradict operator training, rules of thumb, or
intuition? (yes @
Is this action included in simulato training? (yes

ck those kve & see bese ac% rev, read; M 4)3 @ A>Aka Q .
.

plic'able descriptions of actions: gococ7 mme~

Skill-Based
][t

| | Routine action, procedure not required.
.

| I Routine action, procedure required, but personnel well
trained in procedure. *

| | Action not routine, but unambiguous and well understood by !
operators who are well trained.

| | Action is listed in procedures for turbine trip or reactor.
trip.

Rule-Based (procedures)
'

R Routine action, but procedure required; operators not well.

trained, or procedure does not cover.
.

R Not routine, action unambiguous and well understood, but not
well practiced. -

^ [ Action described in emergency procedures, but not for
turbine trip or plant trip.

Knowledged-Based
.

R Not routine, action ambiguous.

M Not routine, procedure does not cover.

R Not routine, procedure not well understood.

C Decision to act based on a rule-of-thumb, but not in
emergency procedures. .

Decide on one. What type of behavior is requ. ire.d.? k nowL u %
, .

,

| 0394G011386 B-754
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TABt.E 2-7 (continued) |

O
U Human Action Identifier: MREY Sheet 3 of 11 s

;

C. Operator / Plant Interface (items on which operators will key to base
judgment)

Instruments and readings that trigger action (identify procedure
number and sto) if applicable): wph W_ |

'
-

p- s p y be.g
IS b "5la. Arc dI5P y * '

h Alarms (name, location, audible, visual):
Mi ly V

'

_ e.w w
i

-

:h From where will action firstspecify) AMs af s d w(control room, other -e attempted?
w

@ Is#[o rdination between operators required? (yes,@ ,

if Is there corroboration emong indications? (very good. h , none)

6 hu Lb h tv seea h ,ut h syd 4 w eeck mo Y applicabuu mledescrptiono7<plantint) face: h
C Excellent. Same as below, but with advanced operator aids to .I

help in accident situations.-
-

'

'

Good. Displays carefully integrated with SPDS to help operator. ~|

y Fair. Displays human engineered, but require operator to
'

integrate information.
-

.

Q Poor. Displays available, but not human engineered.

M Extremely Poor. Displays needed to alert operator are not .
directly visible to operators.

i.

O
t

0394G01.1386 B-755
*
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TABLE 2-7 (continued)

Human Action Identifier: W /F G Y Sheet 4 of 11

D. Stress Level

Is the control room team expected to have a high work load?
(yes,@ _ ,,

2. Why is this action needed? (backup to an automatic action. |

required manual action,(ecoveFDof failed system, defeat ESAS
response)

. , ,

h Will this action contaminate a portion of th
antorotherwise,dresult in an extended plant shutdown? (yes Eq% P'

h Are there any system failures that complicate this action? (none,
~

one,qultiply & c. d cm Ag g 2.s

h Is this action the opposite to the t'esponse required in another
,

procedure or to general training? (yes @

What are the expected work conditions for the crew?

p Vigilance Problem. Unexpected transient with no precursors.

| | Optimal Condition / Normal. Crew carrying out small load ,

adjustments.
.

. y High Workload / Potential Emergency. Mild stress, partway through
accident with high work load or equivalent. .

. .,.

R Grave Emergency. High stress, emergericy with operator feeling,
threatened.

,

.

Assess stress level .for each scenarie group.

Scenario Group St res s. ' evel Coments
,

d A.
!

B.

C.

, D.

B-7560394G011386
-

.
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TABLE 2-7 (continued)

Human Action Identifier: M /2 G. Y Sheet 5 of 11 |,

J

E. Experience level of Operating Team I
(specific team memoer wno would perform the action) ;

|

| | Expert Well Traine ' Licensed with more than 5 years !
'experience.-

|
,

@ Average Knowledge, Training. Licensed with more than 6 months )experience. j
1
-

,

Q Novice, Minimum Training. Licensed with less than 6 months
experience.-

,

|

|

:

i
|

O
!.

I-

|

. ;

\*

.

.

5

O
t

e

'

0394G011386 B-757
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TABLE 2-7 (continued)

Human Action Identifier: M / FEY Sheet 6 of 11

F. Response Time Available

N. What is the timing of the first indications for the operator
action? QM (in time since initiating event)

h When may the o,perator first act? (in time from initiating event)
Y

, (. When is the last time allowed for the oper1 tor to take action and
be successful?

Heasured as median time since initiating event 4.Hoa M
- or as time since first indications

4',. Estimate the median time to carry out the action, once decided to |
pursue. ~% %. m

!

Estimate the median time available for the operator to decide to ;

perform the correct action. Measure the time available from when
he would first turn his attention to the indications until the :
last time available. h |

;

.|.

Sc04esa Tec6v^etc den Emm Time To PEhsw
Geo>r %rreumerf gtw cau m, ccT stra newse ge;T co.isew e

gin $. 13 h rS. J o m s,. 2 hI. b t rs,,

|
.

.

9
.

'

0394G011386 B-758
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TABLE 2-7 (continued)

Human Action Identifier: H TR E Y Sheet 7 of 11

G. Recovery from Earlier Misdiagnosis

1. What significant new indications are there to tell the operator
that an earlier diagnosis was in error?

= _ - - =

y c#%

- % , m .Miced cu,, .; sc w sf

I

2. Does the additional plant feedback occur prior to the allowed
time for successful action? When? v m A/d

/
.- '

|
1

|-

|

1

3. Is the time available for the correct action sufficient to allow
newly arriving crew members to participate in the decision?
(i.e., Is the error rate essentially time independent?) @ no)

4. During the time available for diagnosis, what new crew members
will be able to address the orablem? fe.o.. None, Shift |~

'

Technical Advisor d3TA); e/p , Emergency Response TeaA
Na. M M p'J uoJ6 et Ghw% be ded w o'.

GWEF A1.- SkOI M 4

# |W 1L ss dekruxboo .

-

.

eA Should additional credit be given because of additional plant
feedback? (yes @

es Should additional credit be given because of newly arriving crew
. members? @ no)

.

%

.

O
-

'

0394G011386-
-

''
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TABLE 2-7 (continued)

Human Action Identifier: M R G.Y Sheet 8 of 11

H. Dependence with Other Human Actions in Same Scenario

1. Have other errors of human actions occurred in this scenario?
&

.

2. How much influence do previous human errors have on this action?
(significant,same,none) NA

.

3. Are other actions being performed serf ally or in parallel?
(Attach operator time line if necessary to describe.)

O~

m e u g n asI3a. Are. here ea$ pe rsoud ava' dam G e

Must a specific dependence with another human action be accounted
for?

M,-

'

Scenario Group (Yes/No) Coments
'

A.
.

B. j
.

C. * *

.

D.

;

|

I

el
.

.

0394G011386 8-760
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TABLE 2-7 (continued)

Human Action Identifier: M R E 9' Sheet 9 of 11

I. Potential for Confusion in Diagnosis, Leading to Unsuccessful Resoonse

1. Are there procedures vailable to instruct operator to perform
the action? (yes, no) , Identify by number i, .

,

2. If no procedures apply, i the operator trained to perform the
specific action? (yes,no

3. Which initiating events may lead to a need for this action?
Sca % n

4. Do each of these initiating events result in the plant physical
conditions necessary to enter the procedure encompassing this

" |2^*'*W(yes , no)fW &
human action? If no, identify by initiator

'
- W

5. Which other procedures have entry conditions similar to the
procedure encompAs, sing this human action? Identify by number
N-

,

6. Do the indications describing the entry conditions for other
procedures differ from the correct procedures only by parameters
not normally keyed on by tne operator? (yes,no) If
yes, identify x> n .

7. Is the stress leve at the time of selecting the proper ;procedure high, mil optimal, o. very low?
, j

. ~
,

8. Is the operator trainid to ex ct the actual situation to be of i
extremely low frequency? no) 1

Ba. Is the potential for an incorrect diagn s leading to an
-

operator-induced failure high, medium ow or very low?

9. What is the likelihood of the operator initially antering the '
, wrong procedure? (likely,somewhat.likely,"{nlikelyP

Identify by number _,

10. If the incorrect procedure is entered, does it direct the *

operator to: *

M Not do any related action?

R Perform an action that makes things worse? Identify

M Perform the correct action anyway? .

11. What top events are likely impacted in some way that makes
recovery more, complicated prior to the successful
rediagnosis? _ .v o o c-.

0394G011386
_

'
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TABLE 2-7 (continued)
.

Human Action Identifier: H /2 G V Sheet 10 of 11h

J. Potential for Selection of Nonviable Action (assuming a correct
diagnosts)

1. Are procedures lable to instruct the operator to perform the
action? (yes,

,

2. Is discretion given to the control room team as to the proper
option among several to be selected? g no) .,

3. Are any of the options nonviable for any one of the scenario
groups identified? Q, no) Identi fy: |

dM
- ~ a y p-

- 4. Is more than one option pursued in parallel? @ no) . ..

5. If no specific procedures apply are there other plausible
options that are nonviable? yes no) Identi fy:

. . . _ ,

w3- e
Sa. r c % & useri W g uriI usAs k u.W s%\ \>c. swassLJ.T

V* .

6. If a nonviable solution is selected, are sufficient cues and time
available to later pursue a viable option? @ no)Identify cues:

'

d<

#W<
w &n'&6n W
k n 4 cL ~ -

7. Is the plant / operator interface such that a potential exists for
the operator to slip when implementing the correct action?
(yest no Explain: .

.

.

Is the p E ntial for selection of a nonviable option high,8. o

medium, Go or very low?-

O
-

<
t

.

'

0394G011386
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TABLE 2-7 (continued)

Human Action Identifier: W RG.V Sheet 11 of 11

i

IK. Summary Sheet

From B. What type of behavior is required? Grabh>
4..

From C. Description of plant interface? P-,, e

From D. Expected stress level for each scenario group?

Group A M * A <-f F - * M e+ 'y
#Group B

Group C
Group D
Group E

From E. Experience level of operating team /9/ crec
___

~

p...a,y r
From r'. Time available to perform correct.4ett6n 4 4mm

ty! es',;, e.'r <g 6;k lo ct o%e e on i s .-.:,x,.,.

From G. Additional credit to rediagnosis due toDt-feedbTer
M, Arriving crew members? n.tu r >, .

e

From H. Need to account for dependence with other actions for each
scenario group?

Group A A'.
Group B
Group C

'

Group D
Group E

From I. Potential for incorrect diagnosis leading to failure? ves-, lo s.

From J. Potential for selection of nonviable option? Ve,.,'.../

q.x , t,!: r..; eg 2,: v.G.:1..,
s,,a , a , i . s , u. , a . , r v . .a .,, , s , .n , x . ,-

e , . .

7 I , *. ,. u Ae9.f .

' o., c n

%ce i ; I , V ; (. A :, . ir.r

D: .iy 1, ,'l. $ , . '? L' , . i 'i , * 2 S<

( .c o c.. ns.F< r _' [ s s ' S Jh,y

O -

t

4
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TABLE 2-7. DYNAMIC HUMAN ACTIONS QUESTIONNAIRE
|O c. i
|Human Action Identifier: HRER Sheet l of 11

A. Description of Human Action

1. Objective (task to be performed and failure criteria): !

Operator fails to restore river water before RCP '

seal failure after the operators were not able to j
earlier restore river wa.ter before turbine trip
occurts. Success is achiped by the operators !

Irestoring river water.e. Ly succcctf911" ~ +' ting
scivice beween tne unree ma k e u p -pumps-tec pivvide '

se:1 injectivu w i i, h u u t . i v a i- w a t e i- ' as ed-i-n--R E-2-)

l,
i

|
|

. 2. List split fractions that include this human action. |

[EC ; RG3(EF)-
( E t '- RE- 2. )0 1

V i

|
|-

|

|

|
:
i

. -

3. Situation (initiating events and plant conditions, support system
states): collect into separate sr.enario groups for evaluation.
Emphasize factors affecting response time and stress level.

W &kb ~ '
m

D+.>:.... s . . ; .., . . ..
. ., n. , . ~

, , ,

' $ & L t O *,Q),* * % r h =6' '* f* * } yt f'4" *(**ff **e** .** s, a ,p
'

oo

. (/

', . .,
' * ' ' 's O.es */*e.*

,.
4 ,,

0,

.

-

t
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TABLE 2-7 (continued)

Human Action Identifier: M Ad. O Sheet 2 of 11

B. Cognitive Processing Type:

k Is the operator familiar w'.th the action? 0.4o s-) ' 1
t = ufa d. liar Se verg fu. IterD If yes, by what means? (procedures, training, frequent

performance) g
@ Does this action c tradict operator training, rules of thumb, or

intuition? (yes,no

hno)9v45
Is this action included in simulator training?

are 4kese achie reAc4 / .(gg,),
go,o Q vex 4

ck those plic ble descriptions of actions: /
-

Skill-Based

| | Routine actfun, pectedure not required.
.

| | Routine action, procedure required, but personnel well
trained in procedure.

R Action not routine, but unambiguous and well understood by
operators who are well trained.

| | Action is listed in procedures for turbine trip or reactor.
trip.

Rule-Based (procedures)

R Routine action, but procedure required; operators not well.

- trained, or procedure does not cover. -

R Not routine, action unambiguout and well understood, but not
well practiced. -

, C Action described in emergency procedures, but not for
turbine trip or plant trip.

Knowledged-Based I
,

| | Not routine, action ambiguous.

M Not routine, procedure does not cover.

C Not routine, procedure not well understood.
|

Decision to act based on a rule-of-thumb, but not in |

Decide on a t e f ehavior is re_ quire,d,7 O> o ut- M-

0

0394G011386 B-766
.
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TABLE 2-7 (continued)

Human Action Identifier: MgENI Sheet 3 of 11o
:

C. Operator / Plant Interface (items on which operators will key to base
judgment)

|

( number and sto) if applicable): Instruments and readings that trigger action (identify procedureI

,

'

/US CCO p
la Are Msp ay 'r " " " 'l d

h Alarms (name, location, audible, vis .I):
~W 77fCCO.

,

<

|
,

h re will action first be' attempted? , other - !

@ Is'# $ rdination between operators required? (yes hc
,,

!) Is there corroboration among indications? (very good, h none) !

gek mo t applicguide ik k rahle descr ption$of plant inte face:s pi k ,M h syc h v d65 6 'u gg6
M Excellcnt. Same as below, but with advanced operator aids to

he,p in accident situations.-

,
,

...

[_J Good. Displays carefully integrated with SPDS to help operator.
,

L _g Fair. Displays human engineered, but require operator to |
'

.

integrate information.

% Poor. Displays available, but not human engineered.
g i Extremely Poor. Displays needed to alert operator are not .

directly visible to operators..

O
.

'

0394G011386
'

.''
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TABLE 2-7 (continued) gi
Human Action Identifier: M W<n o Sheet 4 of 11

;

D. Stress level

1 !s he control room team expected to have a high work load?
yes no)

,,

2. Why is this action needed? (backup to an automatic action,.

required manual action,(FecoveryAf failed system, defeat ESAS
response)

..

h Will this action contaminate a portion of the
lant or otherwise ,d p ,result in an extended plant shutdown? (yes,no spic

'

h Are there any system failures that complicate this action? (none,
one, @ ) A -4 -

,
. @ Is this action the opposite to the respon required in another

procedure or to general training? (yes,no

What are the expected work conditions for the crew?

R Vigilance Problem. Unexpected transient with no precursors.

R Optimal Condition / Normal. Crew carrying out small load
adjustments.

'

'\.

p High Workload / Potential Emergency. Hild stress, partway through ;

accident with high work load or equivalent.-

.

R Grave Emergency. High stress, emergency with operator feeling,
threatened.

.

Assess stress level .for each scenario group.

Scenario Group Stress. Level Coments

d A. i

!

B.

''

9
/ D'

,

B-768
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TABLE 2-7 (continued) |

Human Action Identifier: M /C Sheet 5 of 11

E. Experience Level of Operating Team
(specific team raemner wno woulo perform the action)

|

R Expert Well Traine ~ Licensed with more than 5 years
experience. |-

,

@ Average Knowledge, Training. Licensed with more than 6 mcr ths
experience.

O Novice, Minimum Training. Licensed with less than 6 months |experience. J
-

. .

e

O |

.

e

|
-

.

.

e

9

3

O
I

.

'

0394G011386
B-769
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TABLE 2-7 (continued)

b
Human Action Identifier: M jf.G N Sheet 6 of 11

F. Response Time Available
,, .o4p n nv* wkr 6.ue A (2 4 J/-)

,k. What is t e timing of the first indications for the operator
action? hvr (in time since initiating event;

r 7MT49e
@ When may the operator first act? (in time from initiating event)

.)-5 . - -W
Nm

-

(. When is the last time allowed for the operator to take action and
be successful? ttby

/ >Y _ s
#Measured as median time since initiating event -Wr;:cr#

,
or as time since first indications --

ro-e
4',. Estimate the median time to carry out the action, once decided to

pursue. MM- J Am

Estimate the median time available for the operator to decic'e to
perform the correct action. Measure the time available from when

he would first turn hj$, brm.< % 4 ) n. L%f.
s attantion to the indications until the

last time available.,6 ;-
~

i * *I B)' 74m-b .1 -

.

h |h
s _ ,,, _ _ m ._ , , _ _ _ m. _

N(Y k *
'l. ) ho L4r) '

~-3 y ;,'
**

G Tht. 2 4 L.*1 b '*"h 2 S'I 0'*

.

O
,

e
'

0394G011386
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TABLE 2-7 (continued) ,

Human Action Identifier: HRE Sheet 7 of 11

G. Recovery from Earlier Misdiagnosis

1. What significant new indications are there to tell the operator i

that an earlier diagnosis was in error? ;

!
'

A4 %.

i

!

2. Does the additional plant feedback occur prior to the allowed
' time for successful action? When?

'

- M /Q
.

1

I
.

3. Is the time available for the correct action sufficient to allow I
newly arriving crew members to participate in the decision? ;

(i.e., Is the error rate essentially time independent?) @ no) ;

J .:. |

4 During the time availabit for diagnosis, what new crew members . f-

will be able to address the problem? fe.a.. Non Shift |

Technical Advisor (STA), iSQy Respo;.se esp
g, g a pi,Aw Mik % . be dec4mca '

,

GeoczAt_ I

{ n4 % M $ S FfSC, .

'

pn.

Should additional @ credit be given because of additional plant
oA

feedback? (yes,
|

es Should addit onal credit be given because of newly arriving crew
'

. members? y no) g _. . f. <7,,.,7 l eg ,% Tm.

p- tuct A7 ~ J ,. /7.

'

.

S $ ct Bti[r Sas
g gg,,,, , g

.

_

'

O
'

0394G011386'
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TABLE 2-7 (continued)

Human Action Identifier: NR6 #
Sheet 8of11h

H. Dependence with Other Human Actions in Same Scenario |
|

1. Have other errors of human actions occurred in this scenario? |<W
n

w> hu <<i
. .

s wspr lay e em
Alu /

i
!

l

i2. How much influencg do revious human errors have on this action? :

(significant dame' non )
< |

- L,a; |
/

|

.

3. Are other actions being performed serially or in parallel?
(Attach operator time line if necessary to describe. g
pjf W, ~

d 0MWC+ "/
'

,

3a. Are-there8" i f''5 "'A " h" M "' # * #" D #' 't

o)es
Must a specific dependence with another hum action be accounted
for?

_
m y':; - } \(y*

Scenario Group (Yes/No) Coments

A. h . 's >~,,,; n~L,
.,

NO ?c < >. | a ,,; , H K G V9- .

g c, s .

C. * *

.

D.

O
,

e
'

0394G011386
B-772
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TABLE 2-7 (continued)

Human Action Identifier: M /C G- Sheet 9 of 11

I. Potential for Confusion in Otagnosis, Leading to Unsuccessful Response ;
,

1. Are there procedur allable to instruct operator to perform i

the action? (yes Identify by number !. ., ,

2. If no procedures apply, the operator trained to perform the
,

specific action? (yes, o |

3. Which initiating event may lead to a need for this action? ,

$ b M f f/4. Do each of these initiating events result in the plant physical
conditions necessary to enter the procedure encompassing this
human action? (yes,no) If no, Identify by initiator

NA'

.,

,

5. Which other procedures have entry conditions similar to the
procedure encomp gsing this human action? Identify by number ;

/D Oh>G ie.

6. Do the indications describing the entry conditions for other
i

procedures differ from the correct procedures only by parameters
not normally keyed on y the operator? (yes,no) If ;

,

yes, identify /t) .

7. Is the stress level at the time of selecting the proper |procedure high, mild, optimal, o. very low? /g j

8. Is the operator trainid t et the actual situation to be of f
extremely low frequency? no)

Ba. Is the potential for an incorrect diagnosis leadino tos. <

operator-induced failure high, medium, low, orGery loJ)w

9. What is the likelihood of the operator initially entering the
wrong procedure? (likely,Qomewhat like), unlikely)
Identify by number

10. If the incorrect procedure is entered, does it direct the '

operator to: '

M Not do any related action?

U Perform an action that makes things worse? Identi fy

[ Perform the corrset action anyway? -

11. What top events are likely impacted in some way that makes
recovery more complicated prior to the successful
rediagnosis? '

O!94GO11,386
-

-

B-773
,
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7ABLE 2-7 (continued)

Human Action Identifier: M 44 b Sheet 10 of 11

J. Potential for Selection of Nonviable Action (assuming a correct
diagnosis)

'

1. Are procedures 4xAilable to instruct the operator to perform the
action? (yes ,Qno _ . . ,

2. Is discretion given to the control room t am as to the. proper
gMoption among several to be selected? no) ', g&Le&

3. Are any of the options nony ble for any one of the scenario 6 '

groups identified? (yes, Identify:

.

4. Is more than one option pursued in parallel? (yes, no) / Vj[ [ <.,-

dd5. If no specific procedures apply, ar there other plausible I

options that are nonviable? (yes n Identify: j,,,

w

|

5a. If h acLk were. 4aW predvEly veAd % n sKil L,c. .wauCJd

6. If a nonviable solution is selected, are sufficient cues and time
available to later pursue a viable option? ,no)
Identify cues:

.

i

.

7. Is the plant / operator interface such that a potential exists for
.

the o ator to slip when implementing the correct action? !
(ye Explain: !

.

,

.

8. Is the potential for selitetton of a nonviable option high,
medium, low,orgeryloicF

O'

,

.

'

0394G011386
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TABLE 2-7 (continued).

Q Human Action Identifier: 16 E i Sheet 11 of 11-n

V .

K. Summary Sheet

From B. What type of behavior is required? Eu$ </n

From C. Description of plant interface? faor

From O. Expected stress level for each scenario group?

Group A Pole !.n.f C>,.e.e,

Group B ff ed :cJ f.n f. q ,'
Group C
Group 0

-

Group E

OUhuFrom C. Experience level of operating team
gr$ o.4b/ #N) IIA 3Y/

From F. Time available to perform correct .act+on ID ry L,vg
Crit cel :,e t e <y i s,. r, <^ ..y or e . w s s> .*w

From G. Additional credit to rediagnosis due to plant fe_gdback?
A/a Arriving crew members? Al FFT L I/

, u r.r ,, m IVc; n ,< r :s
Need to account for dependence with other. actions'y'ar eachFrom H.
scenario group?

'
Group A '')
Group B 4 '

Group C ,

Group 0
Group E

/,vFrom I. Potential for incorrect diagnosis leading to failure? ,a f v

/, ~From J. Potential for selection of nonviable option? ucf

IL : !: . J : y:ho .,. A cf,y 'y se ~ r er w , a

, ; , , ;, .. 1,%e-
..-

7. e : - 1, > , v , /, L u "*/ . e -. ;, c, : v: Ae S
' : .?r, . v r, M, . W

*
-

1;f.-::p,*:.,,% , ,, ,. !< ' ' _, u e e. n

7, i' , ? . ' . , : s, I 4 , , af, $ s u.a y
~

? |}
ar:

C| ', r , , j ).1, 3~, C, 'i. , 9, I, v. . , ,v

L '' ' l'i * *2 ~ , of . ) 't ,- , c y~' , yy
''

.s
' ' '

O
- ~
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TABLE 2-8. DYNAMIC HUMAN ACTIONS QUESTIONNAIRE
A

Sheet 1 of 13

Human Action Identifier: N00 9 '

.

A. Description of Human Action -

1. Objective (task to be performed and failure criteria):
a very C&f LO M WM kilwm% M ., w t .g og

bcc o n bcRw c o * IG G % bittl bon 7bel 7.rths y y

%b%ant m wi, 44 m of % op ww h rm w~

hw, wdu n ele vg L key L ef .fcWe + cooler;r % , ,

is e A o .

2. List split fractions that include this human action.

hhF bit-I W)

W
.

3. Situation (initiating events and plant conditions, support
system states, dependence on prior errors): collect into

separate scenario groups for evaluation. Emphasize factors |

affecting response time and stress level. ,

c<,. <r & k r.c <s r 4:1Mn f a FxA fails , rn eer ing a v+ry |

jn) t oc8 hop ocentred y rq &~j v e c & < " kT 'c k NWs
su ,,y c..nMCb, . AII suppwt sp % > vey f cle<y L ng y ,y e p y Me, |

ty;!c9 y " |t n gl () onq cmp &Q(

1

l

0495G061286HAAR B-777 |
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I wl.E 2-8 (continued )
m

( Sheet 2 of 13

B. Cognitive Processing Type:

1. Is the operator familiar with the action? (yes,no)
Rank on scale of 1 to 5, with 3 being average and 5 most
familiar.

2. If yes, by what means? (procedures, training, frequent
performance, or walk-throughs)
Give procedure number if applicable .

3. Does this action contradict operator training, rules of thumb,
or intuition? (yes, no)

4. Is this action included in simulator training? (yes,
no)

5. How frequently are these actions reviewed by the
operators?

Check descriptions that apply to this action:

Skill-Based

( | | Routine action, procedure not required.

| | Routine action, procedure required, but personnel well
trained in procedure.

U Action not routine but unambiguous and well understood by
operators who are well trained.

| | Action is listed in procedures for turbine trip or reactor
trip. (1210-1)

Rule-Based (procedures)

| | Routine action, but procedure required; operators not well
trained, or procedure does not cover. |

| | Not routine, action unambiguous and well understood, but
not well practiced. |

| | Action described in emergency procedures, but not for |

turbine trip or plant trip. (Identify by number) |.

|
1

/ |

e|''
.

0495G061286HAAR B-778
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TABLE 2-8 (continued)
m

Sheet 3 of 13

Knowledge-Based

| | flot routine, action ambiguous.

| | flot routine, procedure does not cover.

| | ilot routine, procedure not well understood.

| | Decision to act based on a rule-of-thumb, but not in

emergency procedures.

Decide on one. What type of behavior is required?

|

|

|

|
l

0495G061286HAAR B-779
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TABl.E 2-8 (continued)p( 9Sheet 4 of 13

C. Operator / Plant Interface (items on which operators will key to base
judgment)

1. Instruments and readings that trigger action (identify procedure
number and step if applicable):

Are displays directly visible?

2. Alarms (name, location, audible, visual):

Will there be many other alarms to distract the operator?

(Describe.)

3. From where will action first be attempted? (control room,
othe r--speci fy)

4. Is special coordination between operators required? (yes,
no)

( 5. Is there corroboration among indications? (i.e., Different
parameters confirm the need for action.) (very good, some, none)

6. How specific is the guidance for action? (component r. umbers,
timing)

Check most applicable description of plant interface:

| | Excellent. Same as below, but with advanced operator aids to
help in accident situations.

| | Good. Displays carefully integrated with SPDS to help
operator.

R Fair. Olsplays human-engineere.d, but require operator to
integrate information.

| | Poor. Displays available, but not human-engineered.

| | Extremely Poor. Displays needed to alert operator are not
directly visible to operators.

.

il g

B-780
0495G061286HAAR
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TABLE 2-8 (continued)

Sheet 5 of 13

0. Stress level

1. Is the control room team expected to have a high workload?
(yes,no)

. ,,

2. Why is this action needed? (''" to an automatic action,
ESASaction, of failed system,planned --

response)

3. Will this action contaminate a portion of the plant cr otherwise
result in an extended plant shutdown? (yes,no)
(Explain if yes.)

4. Are there any system failures that complicate this action?
(none, one, multiple)

5. Is this action the opposite to the response required in another
procedure or to general training? (yes, no)

What are the expected work conditions for the crew?

| I Vigilance Problem. Unexpected transient with no precursors.

| | Optimal Condition / Normal. Crew carrying out small load
adjustments.

| | High Workload / Potential Emergency. Mild stress, partway
through accident with high work load or equivalent.

| | Grave Emergency. High stress, emergency with operator feeling
threatened.

Assess stress level for each scenario group.

A.

B.

C.

D.
i

I

l

l
i

!

B-781 j
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TABLE 2-8 (continued)
A

Sheet 6 of 13

E. Experience Level of Operating Team
(specific team member who would perform the action) ,

I I Expert, well trained. Licensed with more than 5 years
experience.

Average knowledge, training. Licensed with more than 6 months
experience.

I | Novice, minimum training. Licensed with less than 6 :nonths
experience.

'(

!L $

~

0495G061286HAAR
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TABLE 2-B (continued)
A

i ) Sheet 7 of 13

F. Response Time Available

1. What is the timing of the first indications for the operat'*
action? (in time since initiating event)

2. When may the operator first act? (in time f rom initiating
event)

(, L wo, og **Jgf- 6 g. 6 e lo:ca /,,p 3 eR
.

3. When is the last time allowed for the operator to take action

and be successful?

Measured as median time since initiating event,
__

or as time since first indications ?

0109p+ s L.4Lunt;. + nw 'r5; ; ur , L wat fp m:rt .
4. Estimate the median time to carry out the action, once decided

to pursue.

Estimate the median time available for the operator to decide to
perform the correct action. Measure the time available from
when he would first turn his attention to the indications until
the last time available.

Assess timing for each scenario group.
,

Time Time to Time toScenario Allowed Available Diagnose Perform BestGroup Best Conservative Best Estimate Conservative

A.

B.

C. !

i
D. l

!

,

!

|
0495G061286HAAR B-783 |
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TABLE 2-8 (continued)
.-

I( Sheet 8 of 13

G. Recovery from Earlier tiisdiagnosis

1. What significant new indications are there to tell the operator
that an earlier diagnosis was in error?

2. Does the additional plant feedback occur prior to the allowed
time for successful action? When?

3. Is the time avdtiable for the correct action sufficient to allow
newly arriving crew members to participate in the decision?
(i.e., is the error rate essentially time independent?)
(yes,no)

4. During the time available for diagnosis, what new crew members
will be able to address the problem? [e.g.,none, shift
technical advisor (STA), remote emergency response team]

At what point would the following events be declared?

Alert (onsite response team called)e

Site Area Emergency (offsite response team callede

General Emergency (potential evacuation)e

5. Should additional credit be given because of additional plant
feedback? (yes,no)

6 Should additional credit be given because of newly arriving crew
members? (yes,no)

|

4

LL G

0495G061286HAAR B-784
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TABLE 2-8 (continued)
!

+

' Sheet 9 of 13

H. Dependence with Other Human Actions in Same Scenario ,

1. Have other errors of human actions occurred in this scenario?

2. How much influence do previous human errors have on this action?
(significant, same, none)

,

3. Are other actions being performed serially or in parallel?
(Attach operator time line if necessary to describe.)

4. Are there enough personnel available to carry out the necessary
actions?

.

5. Must a specific dependence with another human action be
accounted for?

Scenario Group Yes/No Comments

A.

B.

C.

D.

l

!

B-785 |
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TABLE 2-8 (continued)
-

( Sheet 10 cf 13

1. Potential for Confusion in Diagnosis Leading to Unsuccessful, Res'ponse

1. Are there procedures available to instruct operator to p'erform
the action? (yes,no) Identify by number .

2. If no procedures apply, is the operator trained to perform the
specific action? (yes,no)

3. Which initiating events may lead to a need for this action?

4 Do each of these initiating events result in the plant physical
conditione necessary to enter the procedure encompassing this
human action? (yes, no) If no, identify by initiator

.

5. Which other procedures have entry conditions similar to the
procedure encompassing this human action? Identify by number

.

6. Do the indications describing the entry conditions for other
procedures differ from the correct procedures only by

*,
parameters not normally keyed on by the operator?
(yes,no) if yes, identify .

,

7. Is the stress level at the time of selecting the proper
procedure high, mild, optimal, or very low?

8. Is the operator trained to expect the actual situation to be of
extremely low frequency? (yes,no)

,

is the potential for an incorrect diagnosis leading to an
operator-induced failure high, medium, low, or very low?

9. What is the likelihood of the operator initially entering the
wrong procedure? (likely, somewhat likely, unlikely)
Identify by number .

10. If the incorrect procedure is entered, does it direct the
operator to:

| | Not do any related action?

| | Perform an action that makes things worse? Identify
.

| | Perform the correct action anyway?

| |
,

: i
1 0495GC61286HAAR B-786 I
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TABLE 2-8 (continued)
A

f
V Sheet 11 of 13

11. What top events are likely impacted in some way that makes'
recovery more complicated prior to the successful
rediagnosis? '

. :. .

. .

0495G061286HAAR B-787
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TABLE 2-8 (continue'd)m

(
- - - Sheet 12 of 13

J. Potential for Selection of Nonviable Action, (assuming a correct
diagnosis)

1. Are procedures available to instruct the operator to perform the
action? (yes,no)

2. Is discretion gi.ven to the control room team as to the proper
option among several to be selected? (yes,no)

3. Are any of the options nonviable for any one of the scenario
groups identified? (yes,no) Identi fy:

4. Is more than one option pursued in parallel? (yes,no)

5. If no specific procedures apply, are there other plausible:( options that are nonviable? (yes,no) Identify

if the correct action were taken prematurely, would the action
still be successful?

.

6. If a nonviable solution is selected, are sufficient cues and
time available to later pursue a viable option?
(yes,no)
Identify cues:

7. Is the plant / operator interface such that a potential exists for
the operator to slip (i.e., manipulate the wrong controls) when
implementing the correct action? (yes/no) Explain:

(( 8. Is the potential for selection of a nonviable option high,
medium, low, or very low? h

'

0495G061386HAAR
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TABLE 2-B (continued)
m

Sheet 13 of 13

Human Action Identifier: h4 E 9
'

K. Suntnary Sheet

From B. What type of behavior is required? 16ow[ve/1,e

From C. Description of plant interface? 6r

From D. Expected stress level for each scenario group?

Group A pob **f '"9 er' 'F
Group B
Group C
Group D
Group E

From E. Experience level of operating team eP .

t/ t h 0 5'* /
From F. Time available to perform correct action t/ elo d .

Best estimate of time to diagnose ut_ Anx77 , w A ,/ .

From G. Additional credit for rediagnosis due to plant feedback?
Vn Arriving crew members? 4r A //

From H. Need to account for dependence with other actions for each
scenario group?

Group A //o
Group B
Group C
Group D

From 1. Potential for incorrect diagnosis leading to failure? v +,v /u v

'*From J. Potential for selection of nonviable option? "Y

Type of human action

| I Backup to an automatic action

| I Detract from an ESAS response

1 VI Recovery of a f ailed system via realignment

| I Planned manual action

| | Action may lead to an extended outage; e.g., due to
cnntamination.

0495G061286HAAR B-789
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TABLE 2-8. DYNAMIC HUMAN ACT10fiS QUEST 10fif4 AIRE t

O Sheet 1 of 13 ,

Human Action Identifier: N[[II
L

A. Description of Human Action '

1. Objective (task to be performed and failure criteria): !

0& W b PNA M DGCfJg'

& A 3 Am GSAs
'

M,
,

!.

!
i

.

-

2. List split fractions that include this human action.
,

I

i.
t

!

!

"

3. Situation (initiating events and plant conditions, support
!system states, dependence on prior errors): collect into ;

separate scenario groups for evaluation. Emphasize factors !affecting response time and stress level. i

A C.T " A M O , O H A n p DG jE s p s,

poo b j .

|
|
i.

|

O.
|

U495G061286HAAR 0-791 |-
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TABLE 2-8 (continued)

MdNI Sheet 2 of 13

B. Cognitive Processing Type:

1. Is the operator familiar with the action? @ no) .9'
Rank on scale of 1 to 5, with 3 being average and 5 nost

_

familiar.

2. If yee h hat means? (procedures, Grain
erforman or walk-throughs) ,

,

ocedure number if applicable .

3. Does this action contr dict operator training, rules of thumb,
or intuition? (yes no

4.- this action included in simulator training? (yes,
no

5. How frequently are these actions reviewed by the
operators? s/m /c4 ( /7c rs o~ 2 c nacu g.o o uct w a.e_.k'y oA * * ^ * -,_

! or red
Check descriptions that apply to this action:

Skill-Based

(- 9@ Routine action, procedure not required.

| | Routine action, procedure required, but personnel well
trained in procedure.

| | Action not routine but unambiguous and well understood by
operators who are well trained.

I I Action is listed in procedures for turbine trip or reactor
trip. (1210-1)

Rule-Based (procedures)

| | Routine action, but procedure required; operators not well
trained, or procedure does not cover.

I I Not routine, action unambiguous and well understood, but
not well practiced.

| | Action described in emergency procedures, but not for
turbine trip or plant trip. (Identify by number) .

.,

9
)

0495G061286HAAR B-792
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TABLE 2-8 (continued) |
!

MI2I Sheet 3 of 13
|

Rowledge-Based
!

| | Not routine, action ambiguous. ;-

t.

1 I Not routine, procedure does not cover. |

i
| | Not routine, procedure not well understood. '

i

| | Decision to act based on a rule-of-thumb, but not in j
emergency procedures. i

|

Decide on one. What type of behavior is required? 94/06 !
l

!.

!*

_i
!-

!
i

;

k

;

I

!

f

I

|

'

4 i

e-

'

i

.

,

}

i

.1

e

i o.
0495G061286HAAR g.793
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TABLE 2-8 (continued)

N2CAA
Sheet 4 of 13

C. Operator / Plant Interface (itens on which operators will key to base
judgment) -

1. Instruments and readings that trigger action (identifh procedure
number and step if applicable):

Are displays directly visible?_ Ve5

P M"f' T4 % o,Vo6#Ardo 4sy'd.i

2. Alarms (name, location, audible, visual): ege
sq a 4.m r, PM /2em e A f4WL*% W ,74.h a mpar<.r

Will there be many other alarms to distract the operator?
(Des cribe . )

#.

3. From waere will action first be attempted? (control room, '

other--sp )7Qx G%- zoe %-

4 $cl cooIdi N n tw tors eq d? yeI [
5. Is there cerroboration among indications? (i.e., Diff

parameters confirm the need for action.) (very good, none)

6. How specific is the guidance for action? (component numbers,
timing) - m, M mjaw

49
Check most applicab'e description of plant interface:

1 I Excellent. Same as below, but with advanced operator aids to
help in accident situations.-

b< l Good. Displays carefully integrated with SPDS to help
operator.

| | Fair. Displays humaq-engineered, but require operator to
integrate information.

L j Poor. Displays available, but not "uman-engineered.

M Extremely Poor. Displays needed to alert operator are not
directly visible to operators.

.

O

B-794
0495G061286HAAR
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TABLE 2-8 (continued)
~ s s

__
M86// Sheet 5 of 13 i

D. Stress level

1. Is the control room team expected to have a high workload?
'. (yes @
2. Why is this action needed? ( to an automatic action,

iplanned action, /Eccovurof failed system, ESAS '

response) '
;

;

3. Will this action contaminate a portion of the lant or otherwise,

result in an extended plant shutdown? (yes no
(Explain if yes.)

4 Are there any system failures that complicate this action?
Q one, multiple) }

,

5. Is this action the opposite to the respon. equired in another~

procedure or to general training? (yes,no
.,

What are thes expected work conditions for the crew?

I I Vigilanc's Problem. Unexpected transient with no precursors.
'

i

| | Optimal . Condition / Normal. Crew carrying out small load
i

adjustme.n_t. s. "

R High Workioad/ Potential Emergency. Hild stress, partway :

through acc_ident with high work load or equivalent.

| | Grave Emergency. High stress, emergency with operator feeling
ithreatened.

.I"

Assess stress leve) for each scenario group. |

''
i.

A.
,

.c ..
B. --

C. .i..
'

,

D. ci s ;

c.. .
P

_ _ _ .
.

!O. :
4

i
'

B-795 -
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|
TABLE 2-8 (continued) |

1

Mdb .II Sheet 6 of 13

E. Experience Lesel ot Operating Team
(specific team member who would perform the action)

I | Expert, well trained. Licensed with more than 5 years
experience.

% Average knowledge, training. Licensed with more than 6 months
experience.

| | Novice, minimum training. Licensed with less than 6 months
experience.

-

.

.

.

<

l

049bG061286HAAR B-796
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TABLE 2-8 (continued) I,

//fC./j Sheet 7 of 13,

;

F. Response Time Available '

l. What is the timing of the first indications f,or the opprator !
action? (in time since initiating event) w a ve/Me t-

2. When may the oper,ator first act? (in time from initiating
event) / 5 nW/ M G t

!

,

,

3. When is the last time allowed for the operator to take action ;
and be successful? '

Heasured as mediar, time since initiating event, 3 ov4> i

or as time since first indications ?
* -

;

4 Estimate the median time to carry out the action, once decided
to pursue.

__

Estimate the median time available for the operator to decide to !
,

perform the correct action. Measure the time available from
;

I when he would first turn his attention to the indications until ;
the last time available. ;,

'Assest timing for each scenario group.i

Time Time to Time to !Scenario Allowed Available Diagnose Perform Best '

Grcup Best Conservative Best Estimate Conservative !
P

A.

B. '

C. !

D.
4

o

) i

! |-

'

O.
.

! 0495G061286HAAR
B-797
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TABLE 2-8 (continued)

Sheet 8 of 13
G. Recovery from Earlier Misdiagnosis

1 Whatsignificantnewindicationsaretheretotellthjoperator
that an earlier diagnosis was in error?
7) DM c A u. N W

2. Don the additional plant feedback occur prior to the allowed
time for successful action? When? Mel

/

|Of Mn M

3. Is the time available for the correct action sufficient to allow
newly arriving crew members to participate in the decision?

-

i.e., is the error rate essentially time independent?)
ye no)_-

4 During the time available for diagnosis, what new crew members
will be able to addra the ornblom? fe.o- nnna. eh4ft
technical advisor gmoteemergencyrespon

~

At what point would the following events be declared?

Alert (onsite response team called) 550 G#nn /cm (Rom IdCSe
.

Site Area Emergency (of fsite response teem calleo Bavo 6s43 4c7"#e #
General Emergency (potential evacuation)e

_

b. Should addit onal credit be given because of additional plant
feedback? es no)

'
6. Should addit il credit be given because of newly arriving crew

mem5ers? yes, o)

.

O

0495G061286HAAR B-798
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TABLE 2-8 (continued)

O ##E1/ Sheet 9 of 13 f

H. Dependence with Other Human Actions in Same Scenario

1. Have other errors of human actions occurred in this scenario? {m e ;

!

!
.

f

1

2. How much influence do previous human errors have on this action? !(significant, same, none) _
A.) A ;

!
I.

~

-

:
t

3. Are other actions being performed serially or in parallel? '

(Attach operator time line if necessary to deccribe.)
{

A.) t> i

!
t

4. Are there enough personnel available to car.y out the necessary !
actions? vo_J

{<
r

i

!

!

b
5. '''st a specific dependence with ancther human >ction be

accounted for? -

-

rub
|-

Scenario Groupp_ Yes/No Corments !

A. )

B.

C.

D.

.

t

0495G061886HAAR
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TABLE 2-8 (continued)

M fI Sheet 10 of 13

I. Potential for Confusion in Diagnosis leading to Unsuccessful Response

1. Are there procedures available to instruct operator to perform
the action? @ ,no) Identify by number g d.4A'#f S oM[-

2. If no procedures ap , is the operator trained to perform the
specific action? no)

3.
Which initiating events may%ead to a need f,or +his action? &.

l
E sn s c.m mJm4. Do each of these initiatin? : vents result in the plant phys cal

conditions necessary to enter the procedure encompassing this
human action? no) If no, identify by initiator

5. Which other procedures have entry conditions similar to the
procedure encompassing this human action? Identify by number

,~ . - .

.-

6. Do the indications describing the entry conditicns for other
procedures differ from the correct procedures only by
parametersnotgrmallykeyed'onbytheoperator?

( (yes,no) A_2 If yes, identify .

7. Is the stress le the time of selecting the proper
procedure high, i optimal, or very low?

8. Is the operator trained to ex ect the actual situatior; to be of
extremely low frequency? es no)

is the potential for an incorrect diagnosis leading to an
operator-induced failure high, medium, low, or very low?
2.a4

.

9. What is the likelihood of the operator initially on ing the
wrong procedure? (likely,somewhatlikely,(nlikeT
Identify by number .

10. If the incorrect procedure is entered, does it direct the
operator to:

| | tiot do any related action?

g/;t | | Perform ar iction that makes things worse? Ider.ti fy

| | Perform the correct action anyway? '

O

0495G061286HAAR B-800
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TABLE 2-8 (continued) i

i

//IE.II. Sheet 11 of 13
r

11. What top events are likely. impacted in some way that makes
recovery more complicatedsprior to the successful
rediagnosis? 1

~

.- 3
,

I

I
i
i

..

:
!
|
i
i

!

I-

~

.

.

!
|

|
,

-

i

l

. I
!

.

G

0

0495G061286HAAR B-801
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TABLE 2-8 (continued)

#E13 sneet 12 of 13

J. Potential for Selection of Nonviable Action (assuming a correct
diagnosis) -

1. Are procedures available to instruct the operator to perform the
action? (yes @

__

2. Is discretion given to the control room team to the proper
option among several to be selected? (yes,

3. Are any of the options nonv able for any one of the scenario
groups identified? (yes Identify:

-

Is more than one option purs ed in parallel? h no)4.

.
NT f VA)

'

D specit c procedures' pp y, sible g( options that are nonviable? (yes, @ Identi fy W

If the correct action were taken prematurely, would tte action
still be successful? WS

/

6. If a nonviable solution is selected, are sufficient cues and
time available to later pursue a viable option?

no)
-

'

% f a w a y'""^ 3

7. Is the plant / operator iitterface such that a potential exists for
the operator to slip (i.e., manipulate the wrong controls) when
implementingthecorrectaction?(yes@ Explain:

|

.

8. Is the tential for selection of a nonviable option high,
medium, or very low?

B-802
| 0495G061& . 'AAR
|

.
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TABLE 2-8 (continued)

(3
() 1

Sheet 13 of 13
'

Human Action Identifier: M M G..f. I. i
i

X. Summary Sheet -

!
'

From B. What type of behavior is required? S X[LL |

From C. Description of plant interf ace? QC O
From D. Expected stress level for each scenario group? |

Group A kb$b AA/' k$~bOM
Group B / ' v
Group C
Group D
Group E

From E. Experierice level of operating team v/ f/fAf C !,
.

y ~|
From F. Time available to perform correct action SI*"^'.-

Best estimate of time to diagnose /sufwru .

From G. Additional credit for rediagnosis due to plant feedback?(c b Arriving crew members? Y,3
\ t _

i
~

From H. Need to account for dependence with other actions for each
{scenario group?
|

Group A Nd
Group B
Gr up C
Grcup D

_

From I. Potential for incorrect diagnosis leading to failure?' Lou)

From J. Potencial for selection of nonviable option? bU
j

Type of human action

| | Backup to an automatic action

j | Detract from an ESAS response

W Recovery of a failed system via realignment

| | Planned manual action
.

R Action may lead to an extended outage; e.g., due to
contamination.

0495G061286HAAR B-803
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TABLE 2-8. 0YNAMIC HUMAN ACTIONS QUESTIONNAIRE

p
\ Sheet 1 of 13

IL
Human Action Identifier: M6 4 8,8

- -

A. Description of Human Action *

1. Objective (task to be performed and failure criteria):

A ONA, $$, 0A 0$*

~ QN/E ~/

b ko"#' i %c $$/m ,PS(/ oye

+ A Lscn xT({ x POAU NV, HPfexb^~
'

"' ,nWO,Lyfggj- Kx

A6List split fractions that include this humarf' action. 4 Ax'
~

2.

1
l

"

3. Situation (initiating events and plant conditions, support |system states, dependence on prior errors): collect into ,

separate scenario groups for evaluation. Emphasize factors |
affecting response time and stress level.

1

l

g, GW SJ / oc A
6- I2 L& - VS L CP'" * "'") ]

M (/ " gCL- p-YM - 12x -6 f , d
~ ''' "O.

,0495G061286HAAR B-805
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TABLE 2-8 (com inued)

/1

//8E 86 Sheet 2 of 13

8. Cognitive Processing Type:

1. Is the operator familiar with the action? (yes,no) ~

Rank on scale of 1 to 5, with 3 being average and 5 mon
familiar.

2. If yes, by what means? (procedures,Q raininM frequent
performance, or walk-throughs) '

Give procedure number if applicable .

3. Does this action contradict operator training, rules of thumb,
or intuition? (yes, @

4. I this action included in timlator training? (yes,

5. How frequently are these actions reviewed by the
operators? ~~l vW_s~

/
Check descriptions that apply to this action:

Skill-Based

. | | Routine action, procedure not required.

| I Routine action, procedure required, but personnel well
trained in procedure.

#
i

M Action not routine but unambiguous and well understood by
operators who are well trained.

I I Action is listed in procedures for turbine trip or reactor
trip. (1210-1),

Rule-Based (procedures)

| | Routine action, but procedure required; operators not well
trained, or procedure does not cover.

| | Not routine, action unambiguous and well understood, but I

not well practiced.

| | Action described in emergency procedures, but not for
turbine trip or plant trip. (Identify by number) .

'j
1

0
1

V495G061286HAAR B-806 |
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TABLE 2-8 (continued) |
/ 2- !s

M[C 8M Sheet 3 of 13 !
'

j

Knowledae-Based I
,

!W Not routine, action ambiguous.
|

-

|

| %-l'Not routine, procedure does not cover,
i

| | Not routine, procedure not well understood, |
.

,

| | Decision to act based on a rule-of-thumb, but not in j
emergency procedures. I i

lh.r.y */y .|
Decide on one. What type of behavior is required? -S M j

,

5
|

!

I~

l

;

I

!
,

!
!

.:

j

'

.

O

0495G061286HAAR B-807
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TABLE 2-8 (continued)

[M /fj d Sheet 4 of 13
'

J '
C. Operator / Plant Interface (itens on which operators will key to base

judgment) -

1. Instruments and readings that trigger action (identify procedure
number and step if applicable):

Are displays directly visible? VAf

Q:Alarms (name, location @447 mj (>foo y
2. ,

L -sr Garre4y D, sea 41.y f34 rr 2 6 6 e"#
A-2 7 r$4rrld G Aa"0
Will there be many other alarms to distract the operator?
(Describe.) y a

3. From where will action first be attempted? (control room, ~

other--specify) Zoe_gt.tv AT - iu sw /rcA ae4R
-

' d
4. Is special coordination between operators required? (yes,

D
5. Is there corroboration among indications? (i.e., Different

parameters confirm the need for action.) (very good @ none)

6. How specific is the guidance for action? (component numbers,
timing) A/oNe meoc eOutt Alit & O

/
Check most applicable description of plant interface:

| | Excellent. Same as below, but with advanced operator aids to
|"

help in accident situations.

| | Good. Displays carefully integrated with SPDS to help
operator.

M Fair. Displays human-engineered, but require operator to
|integrate information. '

| | Poor. Displays available, but not human-engineered.
|

| | Extremely Poor. Displays needed to alert operator are not ldirectly visible to operators.
|

.

O
|

B-808 |
0495G061286HAAR
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TABLE 2-8 (continued)
b

//fd YLAf( Sheet 5 of 13

0. Stress Level

1. Is the control room team expected to have a high workload?
(yes ,@

2. Why is this action needed? ( to an automatic action,
planned action, R ewex. eof failed system, ESAS
response) /

3. Will this action contaminate a portion of the plant or otherwise
result in an extended plant shutdown? (yes,
(Explain if yes.)

4 Are there any system failures that complicate this action?
@ one, multiple)

5. Is this action the opposite to the response required in another -

-

procedure or to general training? (yes,g
What are the expected work conditions for the crew?

| | Vigilance Problem. Unexpected transient with no precursors.

E Optimal Condition / Normal. Crew carrying out small load
iadjustments.
)
|

| | High Workload / Potential Emergency. Mild stress, partway
through accident with high work load or equivalent.

i

| | Grave Emergency. High stress, emergency with operator feeling
threatened.

"

Assess stress levtl for each scenario group.

.

e (orjon g (,A. Q ,urs, S Z ,,pg y op a _

B.l2.J w <r, Vsl o r Po M ot *~ - o Ninn a
C . 2 V /su<.r, Ru.T< ;f', %e.t/M - *"I"* n'
O.

.

O

B-809
0495G061286HAAR
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TABLE 2-8 (continued)

MMb .1 b $b Sheet 6 of 13,_

E. Exrerience Level of Operat.ing Team
(specific team member who would perform the action)

.

| | Expert, well trained. Licensed with more than 5 year's
experience.

Average knowledge, training. Licensed with more than 6 months
experience.

I | Novice, minimum training. License;i with less than 6 months
experience.

.

O

.

.

e

0

0496G061286HAAR B-810
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TABLE 2-8 (continued)

//[d /L A,@ ( Sheet 7 of 13

F. Response Time Available
|

1. What is the timing of the first indications, for the operator I
action? (in time since initiating event) ,IMmeo/47e-

2. When may the operator first act? (in time from initiating
event)

| A Vt4tT b uu#Qg 4 ?/

t

i

3. When is the last time allowed for the operator to take action
and be successful? N 4 gg !

i

6 I"L NL'
'

'

Measured as median time since initiating event, C U/kASor as time since first indications ?
-

^

,

(?,. .+ e ' : . . . ..t c g- " ;,, c .,s.=.. - n., g ,,,:,2 m ;.

4 Estimate the median time to carry out the action, once decided j
to pursue, one / .u A

,

Estimate the median time available for the operator to decide to
;perform the correct action. Measure the time available from ;

when he would first turn his attention to the indications until ,

the last time available. A 3 6 ht, [2,-// ff, , g : g,3 gy :
'

!Assess timing for each scenario group. !

Time Time to Time toScenario Allowed Available Diagnose Perform Best jGroup Best Conservative Best Estimate Coper-vat 1 ve ,

, ,

A. A Gka"'S Y nt .$ wt-*

ra A.* .' W A - w !e. a

]dMC. c. " ' '

o.

.

O

0495G061286HAAR B-811



TABLE 2-8 (continued)

M[kI d Sheet 8 of 13
G. Recovery from Earlier Misdiagnosis

1 Whatsignificantnewindicationsaretheretotellth,e7 operator
that an earlier diagnosis was in error?
A n c x. o/ c o m ot. p o u t-4 b pkyJ *I9#
TXe ge

_of ex.n ro A. pu C S fu C&"** % A 'Of '
Scw=MiqA/s

2 Does the additional plant feedback occur prior to the allowed
time for successful action? Wheri? Voi

;? u iQ fke see m os b le n Ro c^- W 6f"
e m r e-- ~5 R R A i<.* A S ~7'~k A T Ave A DC -g jgs

c.o m o e LosJ.
Is the time availabkwMz.3. e for the correct action sufficient to allow
newly arriving crew members to participate in the decision?
_ i.e.. Is the error rate essentially time independent?)-

ye no)

4. During the time available for diagnosis, what new crew members
will be able to a the oroble i fe.g., none, shift
technical adviso Q emergency response tedid
At what point would the following events be declared?

Alert (onsite response team called) *EO$M MA#e

Site Area Emergency (offsite response team ca"ilea /Aro es,1g ger.<erede

General Emergency (potential evacuation)e

5. Should additio al credit be given because of additional plant
feedback? yes,nc)

~

6. Should addi nal credit be given because of newly arriving crew
members? (yes,no)

.

O
.

0495G061286HAAR 8-812
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TABLE 2-8 (continued)

O
[[ . b' * 4,8, C Sheet 9 of 13

H. Dependence with Other Human Actions in Same Scenario
~

1. , Have other errors of human actions occurred in this scenario?
&

'
,

2. How much influence do revious human errors have on this action?
(significant, same, none -

I

i
i

/

.- _ ,

_

3. Are other actions being performed serially or in parallel?
(Attach operator time line if necessary to describe.)

!PM --e./ M 8d d
ye

,

4. Are there enough personnel available to carry out the necessary )actions? Ve .s l
t'

5. Must a specific dependence with another human action be
"

accounted for? K ,., ,

se,n er, of toa Ie'Av h % ,,t. d ~,' Wn y::' .% |dCbI
Scenario Group Yes/No Coments

A. (o Aowt.5 EU h , ' '<V ' ' s..

g, jzkat ' M & ,.rNv. s

C.e2Y/oun3
g'O ?N ,.? A . , .

D.

.

O-

0495G061886HAAR
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TABLE 2-8 (continued)

[Af T I d Sheet 10 of 13

1. Potential for Confusion in Diagnosis Leading to Unsuccessful Response

1. Are there procedures available to instruct operator to perform
the action? (yes @ Identify by number -

.

2. If no procedures a , is the operator trained to perform the
specific action? y no)

3. Which initiating events may lead to a need for this action?
./-.o s s, o r DCL , / oc A am

4. Do each of these initiating events result in the olant physical
conditions necessary to enter the procedure encompassing this
human action? yes no) If no, identify by initiator

.

5. Which other procedures have entry conditions similar to the
procedure encompassing this human action? Identify by number
Damm ~

.

_
_.

6. Do the indications describing the entry conditions for other
procedures differ from the correct procedures only by
paramete s not normally keyed on by the operator?

( (yes, Q If yes, identi fy
.

7. Is the stress level at the time of selecting the proper
procedure high, mild, Q or very low?

8. Is the operater trained to ex.pect the actual situation to be of
extremely low frequency? (yes,(nop

is the potential for an incorrect diaonosis leading to an
operator-induced failure high, medium, r very low?

.

9. What is the likelihood of the operator initially entering the
wrong procedure? (likely, somewhat likely, unlikely)
Identify by number .

10. If the incorrect procedure is entered, does it direct the
operator to:

I I Not do any related action?

| | Perform an action that makes things worse? Identify
.

| | Perform the correct action anyway? *

9

0495G061286HAAR B-814
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TABLE 2-8 (continued)

Md d Sheet 11 of 13
:

11. What top events are likely impacted in some way that makes j
recovery more complic.ated prior to the successful
rediagnosis? a wa.__ ; j

|

!

|
.

i,

i

i

:

!

|

|

I.

,

,

,

I
:
i
i

P

e

O

0495G061286HAAR B-815 -
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TABLE 2-8 (continued)

,N6. 'll $$ Sheet 12 of 13

J. Potential for Selection of Nonviable Action (assuming a correct
diagnosis) -

.

1. Are procedures available to instruct the operator to perform the
(yes @action?

2. Is discretion given to the control room team as to the proper
option among several to be selected? (yes, @

3. Are any of the options nonviable for any one of the scenario
groups identified? (yes, @ Identify:

4. Is more than one option pursued in parallel? no)

P@ d moepswa
5. If no specif s p ly, are there other plausible

k options that are nonviable? (yes @ Identi fy

If the correct action were taken prematurely, would the action
still be successful? P'(J

6. If a nonviable solution is selected, are sufficient cues and
time available to later pursue a viable option?" (yes, no) ma
Identify cues:

7. Is the plant / operator interface such that a potential exists for

the operator to slip (i.e., manip @ulate the wrong controls) whenimplementing the correct action? no) Explain:

W w d ,'

OO yMA
.

f N ,

8. I the po ntial ection of a nonviable option high,
medium, low, or ery lo

B-816

0495G061386HAAR
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TABLE 2-8 (continued)

\m- Sheet 13 of 13

Human Action Identifier: M/kb l'?_ /8,8

K. Summary Sheet -

From B. What type of behavior is required? S '' ' "[M
.

From C. Description of plant interface? l'Ala
|

From D. Expected stress level for each scenario group?

Group A C,/sur' - oPTii>rtRL
Group B _ /2 4 o,4 -

J
a

Group C ly A ,y er- "

Group D
Group E

From E. Experierice level of operating team A.s e4A9t, .

C|e edy p
From F. Time available to perform correct action N 6 // /ud-

Best estimate of time to diagnose c15 1 Aoa,c 6 MA **d.

From G. Additional credit for rediagnosis due to plant feedback?
pm

f.c s Arriving crew members? ,Vd
From H. Need to account for dependence with other actions for each

scenario group?

GroupAd/ sax.r " A)V w e ' ' 'v.< i u - nc : i ' ,,,, , ,Group 6 /2. n ,o A>u - - -e,

ufo |, *.,,,'Group C 2 v fo m - A>6 . ~ . - -

Group D
i
!

From 1. Potential for incorrect diagnosis leading to failure?
" fDW

From J. Potential for selection of nonviable option? yen Od,

/
Type of human action |

| | Backup to an automatic action

| | Detract from an ESAS response

M Recovery of a failed system via realignment

| | Planned manual action
.

| | Action may lead to an extended outage; e.g., due to
contamination.

+394 oc m p .x &
0495G061286HAA.p s a_ sm e car .81
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TABLE 2-7. DYNAMIC HUMAN ACTIONS QUESTIONNAIRE

Human Action Identifier: HRT 7 Sheet 1 of 11

A. O_escription of Human Action

1. Objective (task to be, performed and failure criteria):

Operator fails to manually trip.the reactor by
pushing the scram button within 30 seconds
following a loss of main feedwater and failure
of the automatic trip function.

,

2. List split fractions that include this human action.
.

trA ; RT-l

O
.

,

3. Situation (initiating events and plant conditions, support system |
states): collect into separate scenario groups for evaluation.

|Emphasize factors affecting response time and stress level.
|

ATLC S

.AgM
.

*
.

.

O
.

0394G011386 .

B-819
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TABLE 2-7 (continued) |

.

Human Action Identifier: N RT 7 Sheet 2 of 11

!B. Cognitive Processing Type:

k Is the operator familiar with the action? (tje d * I
b ufas. liar se ver fa .ucr

Q) If yes, by what means? (proceaures,traini _ frequent
perfomance)

D Does this action contradict operator training, rules of thumb, or
intuition? (yes,@

Is this action included in simulator training?
no) 8 O A SHo.o .(te

ek those hved are %ese AW reie4 : 4g4),pli ble descriptions of actions:

Skill-Based

W Rout.ine action, procedure not required. '

1

| | Routine action, procedure required, but personnel well
trained in procedure.

U Action not routine, but unambiguous and well understood by &operators who are well trained. W
R Action is listed in procedures for turbine trip or reactor,

trip.

! Rule-Based (procedures)
.

R Routine action, but procedure required; operators not well.

trained, or procedure does not cover.
.

.

I | Not routine, action unambiguous and well understood, but not
well practiced. -

* [ Action described in emergency procedures, but not for
turbine trip or plant trip.

,

Knowledged-Based
,

Not routine, action ambiguous.

M Not routine, procedure does not cover.

I I Not routine, procedure not well understood.

M Decision to act based on a rule-of-thumb, but not in
emergency procedures.

-

Decide on one. What type of behavior is reguire,d? , $bdd
.

0394G011386 B-820 .
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TABLE 2-7 (continued) !

Human Action Identifier: MRT7 Sheet 3 of 11
!

iC. Operator / Plant Interface (items on which operators will key to base
|judgment)
|

Instruments and readings that trigger action (identify procedure |number and stop if applicable):

/2/o-/ A @2./
igem .na '

aed

la. Are MsplMs d'~r% "5M' W !

,

h Alarms (name, location, audible, visual):
12 4 4 ,- f i f , W , W ik d!
e n a. <_ m eA'

-

CL Q , t/ ,

th From where will action first be attempted? (o 01 reopf other -
speci fy)

;

@ Is Yo rdination between operators required? (yes,
, . ,

i) Is there corroboration among indications? (y good)ome, none)

w u,Iapplicabom ,%on of plant interrace:~%w wc,~ogm
! Creek mo le descr pti

.

M Excellent. Same as below, but with advanced operator aids to
help in accident situations.-

.

*'
*
..

Q Good. Displays carefully integrated with SPDS to help operator. '

y Fair. Displays human engineered, but require operator to
'

integrate information.
.

.. -

,

O Poor. Displays available, but not human engineered.

t i Extremely Poor. Displays needed to alert operator are not .
directly visible to operators.,

,

.

O
.

~

0394G01.1386 B-821 .
. .
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TABLE 2-7 (continued)

Human Action Identifier: WRT7 Sheet 4 of 11

D. Stress Level

Is the ntrol room team expected to have a high work load?
(yes,no)

_,

2. Why is this action needed? to an automatic action,
required manual action, recovVry of failed system, defeat ESAS
response)

...
,

h Will this action contaminate a portion of the lant or otherwise
result in an extended plant shutdown? (yes, no npw if p ,

h Are there any system failures that complicate this action? h
one, multiple)

@ Is this action the opposite to the respons required in another
procedure or to general training? (yes o

What are the expected work conditions fer the crew?

| | Vigilance Problem. Unexpected transient with no precursors. |

1

R Optimal Condition / Normal. Crew carrying out small load
adjustments.,

.

.

p High Workload / Potential Emergency. Hild stress, partway through
accident with high work load or equivalent.-

.,

M Grave Emergency. 'High stress, emergency with operator feeling' threatened.
,

.

Assess stress level,for each scenario group. -

|

Scenario Group Stress. Level Coments

d A.
!

B. |

C,

/ D

0394G011386 B-822
'
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TABLE 2-7 (continued) i

i
>

() Human Action Identifier:_ v4 p&lr 97- Sheet 5 of 11 i

!

E. Experience level of Operating Team
i(specific team member wno would perform the action) i

!
I

f- l Expert, Well Traine ' Licensed wi h' more than 5 years !
experience. !

-

i

:

[]s] Average Knowledge, Training. Licensed with mere than 6 months |experience.
j,

!

t

[[[] Novice, Minimum Training. 1.icensed with less than 6 months
|experience.- .
!

!

|
. . . _ . .

. p

~!
!

:
|

:

( !
1

!,-

?
*

l
.. .

. .

.

. .

-
.

.

.

.

.

.

.

O
*

.

0394G011386
*
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TABLE 2-7 (continued)

Human Action Identifier: H RT 7 Sheet 6 of 11

F. Response Time Available

k. What is the timing of the first indications for the operator
action? o,14 (in time since initiating event)

r
@ When may the operator first act? (in time from initiating event)

o,R e

8. When is the last time allowed for the operator to take action and"
be successful?

. , , , , , _-,i,/s

Heasured as median time since initiating event _ o 5 <rn/^). < ow-,4
or as time since first indications w

4',. Estimate the median time tc carry out the action, once decided to
pursue, m,f M

Estimate the median time available for the operator to decide to
perform the correct action. Measure the time available from when
he would first turn his attention to,the indications until the
last time available. ott, fru,vi;6:; . M / m C). u , d

~ _'

-'
'': ,,d -'- f 'h~Y c.G,T

.

Sc e su* T.~c ended den Err,mm Time To fchsur-.
G e ar cirect e m gen cu s. cs.v . vv.st ra wwo ge;r co.a cm--.

L5,,:, ,)a. . I ~a.

.

1
. ,

|

|

9
-

.

0394G011386
8-824 '

.
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TABLE 2-7 (continued)

Human Action Identifier: HrCT 7 Sheet 7 of 11

G. Recovery from Earlier Misdiaanosis

1. What significant new indications are there to tell the operator
that an earlier diagnosis was in error?
M y w o 9. MM f

LQ '

uam dw-
2. Does the additional plant feedback occur prior to the allowed

time,for successful action? When? VM
cb O*% & 4 .\-

|
i

3. Is the time available for the correct action sufficient to allow
newly arriving crew members to participate in the decisio
(i.e., Is the e ror rate essentially time independent?) es no)

\ ..:.

4. During the time available for diagnosis, what new crew members
will be able to address the oroblem? [e.g.,None, Shift
Technical Advisor QTA), js/5J Emergency Response Team) -

! N a . M M p*>d woe -h W,"'Q'he d*d"##
7Q * *nuxr - ro m,

5iTE PREB . - -

eA Should add credit be given because of additional plant i

feedback? no) I

es Should additi l_ credit be given because of newly arriving crew
. members? yes, o)

..

..

|

.

O
~

0394G011386-

-
"

B-825 *

.

_ ._ _ . _ , . _ , . , . . . - . - - . ._ -- - . _ ,



|
--

.

TABLE 2-7 (continued) |

Human Action Identifier: M RT 7 Sheet 8 of 11

H. Dependence with Other Human Actions in Same Scenario

1. Have other errors of human actions occurred in this scenario?
W |

i

2. How much influence do previous human errors have on this action?
(significant,same,none) w/7

i,

|

3. Are other actions being perfomed serially or (parall
(Attach operator, time line if necessary to descr1 -

d 4L M '

3a. Are Orre cap pe rsouwel.an'dabb 4 o o4 m ess g d esi
s

so) \

Hust a specific dependence with another h n action be accounted )* g/2.Tfe,&cdtate,'
- ;-

Scenario Group (Yes/No) Coments -

A.
.

B.
*.

C. -|-

1

D. !

O
e

0394G011386 B-826
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TABLE 2-7 (continued)

f3 Human Acticn Identifier: M R.T 7 Sheet 9 of 11O
I. Potential for Confusion in Diagnosis. Leading to Unsuccessful Response

1. Are there~pr res available to instruct operator to perform
the action? no) , ,.,. , Identify by number /2/o-/ .

2. If no procedures apply, is the operator trained to perform the
specific action? (yes,no) gA

3.
Which initiating &events may lead to a need for this action?

/>' !

4. Do each of these initiating events result in the plant physical
conditions neces to enter the procedure encompassing this |
human action? yes no) If no, identify by initiator )'

.

5. Which other procedures have entry conditions similar * 3 the
procedure encomp gsing tt's human action? Identify by number
i u t L. |Lo y- > Q t uo L 7 A

t in,04 ) 6:: ef oM AS, Im ~/ bC Y" h A
6. Do the indications describing the entry conditions for other

protadures differ from the correct procedures only by parameters
not normally keyed on by the operator? @ no) If

(.,-t, yes, identify , u t. . g .

7. Is the stress leve at the time of selecting the proper
procedure high, , optimal, o. very low?

,

,
, _

! 8. Is the operator trainsd to expect the actual situation to be of
extremely low frequency? (yes @

.

S a.Is the potential for an incorrect diagn leading to an '

operator-induced failure high, medium, ow, or very low?

9. What is the likelihood of the operator initially entering the
, wrong procedure? (likely,somewhatlikely, nieIdentify by number -

,

10. If the incorr y.t procedure is entered, does it direct the '

operator to: '

j t,o s p 4 Q Not do any related action?

| | Perform an action that makes things worse? Identify

U Perform the correct. action anyway?.b '/"*! Ib# 'b Yf's . M ent1.L E1. ? % \ h"I' %) 'T * ** . ".*.' Nfb#Wh'at~ top events are l>ikely impacted in some way that makes)
C '

11. .-

recovery more complicated prior to the successful
rediagnosis? + ~n p o ,-

c .A /
0394G01,1386

'
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TABLE 2-7 (contin'nd)

Human Action Identifier: MRT7 Sheet 10 of 11

J. Potential for Selection of Nt iviable Action (assuming a correct
diagnosis)

1. Are prot.ed- available to instruct the operator to perform the
action? ye , no)

__

2. Is discretion given to the control room tea as to the proper
option among several to be selected? (yes no

.,

3. Are any of the options no. able for any one of the scenario
grcups identified? (yes,no Identi fy:

4. Is more than one option pursued in parallel? (yes h ..

5. If no specific procedures apply, are there other plausible
options that are nonviable? (yes, no) Identify:,,,

en O
5a. IC h acG Were 4h gedr'ily veA4 -h a.G sKll k swauCI

s
'

6. If a nonviable olution is selected, are sufficient cues and time
available to later pursue a viable option? (yes,no)
Identify cues:

U6

.

7. Is the plant / operator interface such that a potential exii:.s for
the operator to slip when imp'ier ''ing the correct action?
(yes/no) Explain- .

bb hAYY Y
MJ
8. Is the ntial for selection of a nonviable option high,

mediu.g or very low? - g
r

'

0394G011386
B-828
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TABLE 2-7 (continued)

Ht. man Action Identifier: W (R.T 7 Sheet 11 of 11
'

s

.K. Sumnary Sheet

From B. What type of behavior is required? N.I
From C. Description of plant interface? [w el
From D. Expected stress level for each scenach group?

Group A ~'ld'

Group B
Group C
Group D
Group E

From E. Experience level of operating team M./o^ e; c
hh nnir

From F. Time available to perform correctraction' o.3 * S .

,

f! r;+ r ;^. ;. ~n .9 % - f a,'es ejo a. u ,v .s ,
From G. ant feedback?

- Additionalcredittorediagnosisdueto{W
~

%- Arriving crew members?

From H. Need to account for dependence with other actions for each Iscenario group? '

Group A N
Group B
Group C
Group D,

Group E

From I. Potential for incorrect diagnosis leading to failure? 14. . I,iw
,

From J. Potential for selection of nonviable option? \/A ,' Im
% a.u .. i. e.1. '.- & '.,4ga ic e .. ,

,
'

i

.

e

.

*

0394G011386 B-829
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TABLE 2-7. DYNAMIC HUMAN ACTIONS QUESTIONNAIRE

Human Action Identifier: H E7 T Sheet 1 of 11

A. Description of Human Action

1. Ob,tective (task to be performed and failure criteria):
' c.

Operator fails to interrupt power to the control
rod drives from the control room within 30 seconds
given failure of the automatic reactor trip function ;

in order to prevent an ATWS condition.

|

1
I2. List split fractions that include this human action.

pk ', itT -\
.

O
.

!

3. Situation (initiating events ard plant conditions, support system'

states): collect into separate scenario groups for evaluation.
Emphasize factors affecting response time and stress level.

AMm

w AAA A .AxJA A
L

.

'
O

)

0394G011386 B-831
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TABLE 2-7 (continued)

GHuman Action Identifier: 14 6-T7 Sheet 2 of 11

B. Cognitive processing Type:

k Is the operator familiar with the action? (l_4o y) ' Y
): wb4. liar 5: ver ( w.herD If yes, by what means? Q dures, training frequent

performance)

D Does this action contradict operator training, rules of thumb, or
intuition? (yes @

Is this action included in simulator training? @ no)goo Q
ck those hve4 arc 4kese & hic reAewM . 4u;,),d :m 6.5 .plic'able descriptions of actions:

Skill-Based

M Routine action, procedure not required.

I I Routine action, procedure required, but personnel well
trained in procedure.

U Action not routine, but unambiguous and well understood by
operators who are well trair.ed.

[ Action is listed in procedures for turbine trip or reactor,
trip.

''
Rule-Based (procedures) .

O Routine action, but procedure required; operators not well
.

.

trained, or procedure does not cover.
..

R Not routine, action unambiguous and well understood, but not
'

well practiced. -

' O Action described in emergency procedures, but not for
turbine trip or plant trip.

,

Knowledged-Based
.

Not routine, action ambiguous.

C Not routine, procedure does not cover.

Not routine, procedure not well understood.

,

R Decision to act based on a rule-of-thumb, but not in
emergency procedures.

! -

Decide on one. What type of behavior is required? , S /d / C L
~

, .

0394G011386 B-832
.



s._
_ _ _ _ _ _ _ _ _ -_ - - - - - - - - - - - - - - - - -

-,.

TABLE 2-7 (continued)

Human Action Idantifier:_ M NTI Sheet 3 of 11
,

C. Ooerator/ plant Interface (items on which operators will key to base
juogment)

Q1 Instruments and readings that trigger action (identify procedure
number and sto) if applicable):

c N e Jut A Y.

n @ id|%.en
h Alarms (name, location, audible, visual):

f f*> /C
.

& Na a .A.s 4.6dn
' W

i

.

:) From where will action first be attempted? 6 trol ro3, other -
speci fy)

@ Is Ye rdination between operators required? (yes,
,,

i) Is there corroboration among indications? (Wry coed) some, none)

e $ rl p ono7pl 'ec mo a ica i
,

M Excellent. Same as below, but with advanced operator aids to
help in accident situations.-

,

,
,

'

E Grod. Displays carefully integrated with SPDS to help operator.

y Fair. Displays human engineered, but require operator to
'

integrate information.
'

-..
,

O Poor. Displays available, w t not human engineered.

y Extremely Poor. Displays needed to alert operator are not .
directly visible to sperators..,

.
.

4

.

'

0394G01.1386
*

B-833
,

.. -. . - - - . -- . - . _ , - . . - . - - - . .



1

. .
.

'
1

| TABLE 2-7 (continued) i
1 i.,

Human Action Identifier: W ST T Sheet 4 of 11

D. Stress Level

Is the control room team expected to have a high work load?
(yes@ ,

Why is this action needed? ' O(backuo to an automatic action,2.-

require (manuailaction, recovery of failed system, defeat ESAS
response) g .,

h Will this action contaminate a co-tion of the lant or otherwise
result in an extended plant shutdown? (yes no E q C iffe
Are there any system failures that complicate this action? (none,

@ multiple) g ,h gf f%

h Is this action the opposite to the response required in another
'

procedure or to general training? (yes. g

What are the expected work conditions for the crew?

R Vigilance Problem. Unexpected transient with no precursors.

| | Optimal Condition / Normal. Crew carrying out small load
.adjustments.

,

.

_

R digh Workload / Potential Emergency. Hild stress, partway through
accident with high work load or equivalent.-

.

.,.

R Grave Emergency. High stress, emergency with operator feeling'
threatened.

Asse'ss stress level,for each scenario group.
.

Scenario Group Stress. Level Coments

d A.
!

B.

C.

&J D'

'

0394G011386 B-834
'
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TABLE 2-7 (continued)

(} Hu. nan Action Identifier: 44 gE7"B"'- Sheet 5 of 11

E. Experience Level of Operating Team
(specific team memoer wno would perform the action)

| I Expert, Well Traine ' Licensed with more than 5 years
experience.-

,

[E[] Average Knowledge, Training. Licensed with more than 6 months
experience.

,

[[[] Novice, Minimum Training. Licensed with less than 6 months
experience.-

.

O
.

e

.

.

?

e

i

1

|
-

.

$

.

o

-
.

0394G011386
" '
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TABLE 2-7 (continued)

Human Action Identifier: M /277 Sheet 6 of 11

F. Response Time Available

k. What is the timing of the first indications for the operator
action? O.1 h (in time since initiating event)

r
f. When may the operator first act? (in time from initiating event).

O. 9.M

-

h When is the last time allowed for the operator to take action and
be successful? ' o, g 7 p f./

Measured as median time since initiating event 0. 5 M D 60ecTe-
or as time since first indications -

4. Estimate the median time to carry out the action, once decided to'' pursue. o,~1 h

Estimate the median time available for the operator to decide to
perform the correct action. Measure the time available from when
he would first turn his attention to,the indications until the
last time available, o.0L M ,

.

e

Sc m WS Timc $VAMtd ferr b rem e.Tt' TIME To TET'Pl#b |
bS4J P "Q LFFet.ENf ES Em cu w.c u , OF T.ME Ta D Atr*cu gE;T ca.istt:# -

*

n 't tal .L

.

e

G

O
'

| 0394G011386 B-836
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TABLE 2-7 (continued) |

Human Action Identifier: H RT&' Sheet 7 of 11 ,

G. Recovery from Earlier Misdiaanosis

1. What significant new indications are there to tell the operator I

that an earlier diagnosis was in error?
W y>fo% Y ;

d W Wd'

2. Does the additional plant feedback occur prio to the allowed
|time for successful action? When? v
,

A o,j a ' 's |. -

|

3. Is the time available for the currect action sufficient to allow
newly arriving crew members to participate in the decision
(i.e., Is the error rate essentially time independent?) ye no)
..:.

4. During the time available for diagnosis, what new crew members l
will be able to address the oblem? [e.g.,None, Shift
Technical Advisor Emergency Response Team) ;a

er - FMd .itw.$ e dechred '.
th , p3 M p'd w o.4A b |!

4 A ' ""'*-
.

site PREF -
.

eA Should additi i credi'. be given because of additional plant
feedback? es no)

es Should addit al credit be given because of newly arriving crew
nj).mambers? es

b.
,.

sero Syry Em.

.

d

0
' '

0394G01.1386
-

.
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TABLE 2-7 (continued)

Human Action Identifier: H RTI Sheet 8 of 11

H. Dependence with Other Human Actions in Same Scenario

1. Have other errors of human actions occurred in this scenario?

YU/

2. How much influence do previous human errors have on this action?_

((ignificant7same,none)t

b Y-e W ) a.c
/MT? A A u Herr

3. Are other actions being performed serially or iQralleif
(Attach operator time line if necessary to describe.)

nW $d .

,

m eug Warija. Are une muf peesoa.d anhah 4 o o
,

Must a specific dependence with another human action be accounted

A/472*

.

Scenario Groue (Yes/No) Coments -

A. 1,3 ) ,, s cp e , h w e n l'A W L } 9:1.
em , e s . C >. \ ;, c. t t~. e J..

B. C,Jt- g la e M/a? I'llT1
'a red es op,, insM /SQ

-

,
.

* Lm A.:}le', M|ulfd'u!.

D. 4 C.: faa beni nj .' n fdLD,

ev N ct|tc,.m & u n k,

O
.

'

0394G011386 B-838
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TABLE 2-7 (continued) 1

Human Action Identifier: MRTT Sheet 9 of 11
[

I. Potential for Confusion in Diagnosis, leading to Unsuccessful Response

1. Are there proce es available to instruct operator to perfom
the action? es, no) , , , Identify by number /2./O-/, .

2. If no procedures apply, is the o erAtor trained to perform the
'

' specific action? (yes,no) N ,

3. Which initiating events may lead to a need for this action?
N ,N fW' ~- LMu

4. Do each of these initiating events resul in the plint physical Iconditions nect to enter the procedure encompassing this !human action? e no) If no, identify by initiator ;.

. '

5. Which other procedures have entry conditions similar to the
procedure encomp gsing this human action? Identify by number .I

, lim .'LA, /,1 o '2.- 9A/261-A
,

'

6. Do the indications describing the entry conditions for other
procecures differ from the correct procedures only by perameters
not normally keyed on by the operator? no) If |yes , identi fy __/;to t- 9 4 .

7. Is the stress lev at the time of selecting the proper
procedure high mild optimal, c. vt:ry low? ,

''

! 8. Is the operator trainpd to ero
extremely low frequency? @ect the actual situation to be ofno)

,

Ba,Is the potential for an incorrect dia leading to en i

operator-induced failure high, medium, or very low?

9. What is the likelihood of the operator initN'y antering the
, wrong procedure? (likely, somewhat likely ")Identify by number ,

10. If the incorrect procedure is entered, does it direct the *

operator to: *

Q Not do any related action? '

pg

L _) Perfom an action that makes things worse? Identify

L_.J Perform the correct action anyway? .

11. What top events are likely impacted in some way that makes
recovery more complicated prior to the successful~

rediagnosis? . i v. -. . / wv
0394G011386

-

I,{f , ,,, . g d, s us/,& /YI? )B-8 9
.
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TABLE 2-7 (continued)

Human Action Identifier: M RTI Sheet 10 of 11

J. potential for Selection of Nonviable Action (assuming a correct
diagnosis)

1. Are procedures available to instruct the operator to perforn the
action? g no) . _ _ _

2. Is discretion given to the control room tea to the proper
option among several to be selected? (ye

.,

3. Are any of the options nonviable for any one of the scenario
groups identified? (yes Identi fy:

.

4. Is more than one option pursued in parallel? (yesh
,

..

5. If no specific procedures apply, are there other plausible
options that are nonviable? (yes,no) Identify:, , _ ,

&
53. IC % acG Werd h predv$ly u.aAA & Ab sKil 1,c. swauL.lI

.

6. If a nonviable solution is selected, are sufficient cues and time
available to later pursue a viable option? (yes,no)
Identify cues:*

.

A,) N
.

.

7. Is the plant / operator interface such that a potential exists for
the operator to slip when implementing the correct action?

@ no) Explain: ;
,

7L. &8 % cas~$ "w
e pa n A%w-

54 A. - A
@poyntial for+ selection of a nonviab!e option high,

.

8. Is the

g;low, or very low? -
.

!

|

'

0394G011386 B-840
0



. -_ - - -_

TIBLE 2-7 (continued)

Human Action Identifier: W /MI Sheet 11 or 11

K. Summary Sheet

From B. What type of behavior is required? ' 'U N

From C. Description of plant interface? ["co d

From D. Expected stress level for each scenario group?

-,IdGroup A '

Group 8
Group C
Group D
Group E

From E. Experience level of operating team Ao e

,.e a. 5 ..v

From F. Time available to perform correct .acti6h M ~4-

(?*s t ni -a e ..( * % a ,, oir e r -a 4_-.-jt., -

Additional credit to rediagnosis;,due to plant feedback?
.

From G.
L Arriving crew members? k/t

From H. Need to account for dependence with other actions for each
scenario group?

Y r epc - of eus o, g77 [vU-e (,Group A '/es, kn> t o s
Group B '

Group C
Group D
Group E'

From I. Potential for incorrect diagnosis leading to failure? be hw

From J. Potential for selection of nonviable option? ner/<.->,,
(rStc . ''! M e,.,.

f .s ,,, A. c*:4*W.=(*'t /*'*:kQ,e e
. Q fg, w% Ij ,/ .

.

O

q

O
.

4

0394G011386
'
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TABLE 2-7. 0YNAMIC HUMAN ACT!0f15 QUESTI0tlNAIRE-

O. .

'

Human Action Identifier: #Rl/l -Sheet 1 of 11
..

A. Description of Human Action

1. Objective (task to be performed and failure criteria):

0p&v in & c&-2 hechmfo,- |t) n e ov *N
h m' hph S/, yS tu-sy 0<cterye C*s ,&j

W:y i.w 9. .f *-
e n

swsn e ,,, g u m. ,
(he%, is y er Lw e4 oo es 6c <tcup h M n.cf.*e

SLROs)is. ic4.w, un

.

2. List split fractions that include this human action.

49 .
p RvB
A 1

,

.

|

!'

3. Situation (initiating events and plant conditions, support system
states): collect into separate scenario groups for evaluation.
Emphasize factors affecting response time and stress level.

HR VI A - /T *Mer k4 00 c- 4 kmf $264,/

Qt , :: 8.;,u.n st,rf +.,7. f. %.m; Qwu(e _,

-
.

.

-
.

O
'

.

.

B-843 s-
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TABLE 2-7 (continued)

Human Aption Identifier: m? t// Sheet 2 of 11

B. Coanitive Processing Type:

1. Is the operator familiar with the action? (yes,no) MI
2. If yes, by what means? (procedures, training, frequent

performance) .nw ,. ,M , / w -f 1/.

7 .2. )q.o - 7 31 /.y.

Does this action contradict operator training,7 rules of thumb, or3.
intuition? (yes,no) W

4. Is this action included in simulator training? (yes,no) Vej

Check those applicable descriptions of actions:

Skill-Based
_

i Routine action, procedure not required.

71 Routine action, procedure required, but personnel well
r trained in procedure.

< g F Action not routine, but unambiguous and well understood by O
operators who are well trained.

X Action is listed in procedures for turbine trip or reactor
trip.

Rule-Based (procedures)

Routine action, but procedure required; operators not well
trained, or procedure does not cover.

Not routine, action unambiguous and well understood, but notN
well practiced.

'n ' Action described in em'ergency procedures, but not for
turbine trip or plant trip.-

Knowledged-Based

Not routine, action ambiguous. ',

Not routine, procedure does not cover.

Not routine, procedure not well understood.

Decision to act based on a rule-of-thumb, but not in O
emergency procedures.

Decide on one. What type of behavior is required? k" b
_

nmrnn m B-au
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TABLE 2-7 (continued)

O
Human Action Identifier: //A V/ Sheet 3 of 11

-

C. Operator / Plant Interface (items.on which operators will key to base
judgment)

i

1. Instruments and readings that trigger action (identify procedure
K!number and stgp if applicable): i

f

d l~o * Psf ,n,cr 11 ,,, 2 7 ons ewm
.

I orrG ym n < Ma pa)
,

t u o-3 sley Y

I2. Alarms (name, location, Gdible, vgal):
615 a low (wt w

act .gt ce o t < Loos ef ny( u 4I s~% 'W 0n

\ si.sts J

an t?>l, + v.1*.9
r

i

3. From where will action first be attempted? (control room, other - ispeci fy) e~ t % '

4. Is coordination between operators required? (yes,no) no ;

5. I,s there corroboration among indications? (very good, some, none) -

.

re m e !

Check most applicable description of plant interface:
<

M Excellent. Same as below, but with advanced operator aids to '

| help in accident situations.-

i

!

!U Good. Displays carefully integrated with SPDS to help operator, i

iQ Fair. Displays human engineered, but require operator to
integrate information.

j
;

' O Poor. Displays available, but not human engineered. I

i i Extremely Poor. Displays needed to alert operator are not *
.

' directly visible to operators.

O,

B-845 '

0394G011386
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TABLE 2-7 (continued)

O
Human Action Identifier: /St// Sheet 4 of 11

.

D. Stress Level

1. Is the control room team expected to have a high work load?
(yes,g)

2. Why is this action needed? (backup to an automatic action,
required manual action, recovery of f ailed system, defeat ESAS
response) 4.. 1, ,, a, wf,y

3. Wili this action contaminate a portion of the plant or otherwise
result in an extended plant shutdown? (yes,no) fu

4. Are there any systen failures that complicate this action? (none,
one, multiple) g,

5. Is this action the opposite to the response required in another '

procedure or to general training? [fe s', no) p,s
n A " pwedm, hr m em6:i s U.! f, q% o,srfe sn4n hm r

D on et ./f sm c.*au .,( J o fty/ t/ v }{| J 49 /{ sJ L || p (.d. s
What are the expected work conditions for the cres?

OVigilance Problem. Unexpected transient with no precursors.

' Optimal Condition / Normal. Crew carrying out small load
adjustments.

Y High Workload / Potential Emergency. Mild stress, partway through
accident with high work load or equivalent.

Grave Emergency. High stress, emergency with operator feeling
threatened.

.

Assess stress level for each scenario group.

Scenario Grouo Stress level Coment s

A. Hrvt h m |h{
B. ;d. < s : ,,, ,, j . ;

C.

D.

B-846
.
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TABLE 2-7 (continued) :
.

O i

t
.

' Human Action Identifier: /M t! / Sheet 5 of 11 i

i I
i E. _ Experience Level of Operating Team

(specific team member wno would perform the action) -i

iExpert, Well Trained. Licensed with more than 5 years I'

experience.. '

!
! ,.

A Average Knowledge, Training. Licensed with more than 6 monthsexperience. !i

|

Novice, Minimum Training. Licensed with less than 6 monthsexperience.

i
i

|
;
I

3

: O
:

1 -

1

J

1

-

.

!
.

!

i

T

j - |
'

i

I
j .

-

4
9

i .

l
.

1

!

i

| I
.

B-847 '
-
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TABLE 2-7 (continued)

O
Human Action Identifier: lhl l/ ' Sheet 6 of 11

.

.

F. Response Time Available

1. What is the timing of the first indications for the operator
action? ? -s .;, .. or (in time since initiating event)

2. When may the operator first act? (in time from initiating event)
1 - G e u ng.y w.y %nle fe<d 4wt ni.'|( uot
+w+ nrw m /w < s ch 99 a 0756. % ~

61/sm ad itT cenw e-T | [ h. n g -ej ,

3. When is the last time allowed for the operator to take action and
be successful?

w>#MG .-Measured as median time since initiating event j .i) - 7e s.
or as time since first indications

4. Estimate the median time to carry out the action, once decided to
pursue. 3 ,, g o n

Estimate the median time available for the operator to decide to
perform the correct action. Measure the time available from when
he would first turn his attention to the indications until the
last time available. Jo - e s - / Iv <%t rt

p,wj.y :, n- *-9 - : ifq-
y (, <, ; c-I -2V ** $2]n._.

.

.

O

B-848 s
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TABl.E 2-7 (continued) '

!

Human Action Identifier: MV/ Sheet 7 of 11 !
F

.

,

G. Recovery from Earlier Misdiagnosis
i

1. What significant new indications are there to tell the operator
~

that an earlier diagnosis was in error?

MWAW I,< x _
,7 (blF V c.~4rn s m paso.,} ci.ufs.d.e q

* '

LN .0

thTsota~ti",I}~'s9
|

Pau:0o 7 m

2. Does the additional plant feedback occur prior to the allowed I

time for successful action? Whan? Afoth J/ / o;- d. a d

f' e,* c. Nw leQ g Prf a A %
h 6 ,e A a n., % -i

'

74ks
I,

3. Is the time available for the correct action sufficient to allow
newly arriving crew members to participate in the decision? !

(i.e., Is the error rate essentially time independent?) (yes, [ |
'!

.

4. D'uring the time available for diagnosis, what ne.w crew members !will be able to address the problem? [e.g., None, Shift !
a

I Technical Advisor (STA), Remote Emergency Response Team] i

EL VF y w.i , y.,y

Should additional credit be given because of additional plant !e

feedback? (yes,no)

Should additional credit 5be given because of newly arriving crew !
e

. members? (yes,no) % ( 'Jr) '

~ ( t

!
;
'

.

,

I

O .;'

;

;

;| j

B-849 i*
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TABLE 2-7 (continued)

Human Action Identifier: #f v/ Sheet 8 of 11
.

H. Dependence with Other Human Actions in Same Scenario

1. Have other errors of human acticns occurred in this scenario?
In

2. Haw much influence do previous human errors have on this action?
(significant,same,none) 41

.

3. Are other actions being perforned serially or in parallel?
( Attach operator time line if necessary to describe.) ,

N

|

.

!
|

3 ,, , M ti m e w ,,(ye w m ( l. *wy e s<.t -er m a 7 aef.< v ?-l'''j
Must a specific dependence with another human action be accounted ;

for? Ms
|

Scenario Group (Yes/No) Coments

A. .g
.

B. g
'C.

O.

O

B-850
s
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TABLE 2-7(continued)

()
Human Action Identifier: /iFl Sheet 9 of 11

.

I. Potential for Confusion in Diagnosis. Leading to Unsuccessful Response

1. Are there procedures available to instruct operator %o performtthe action? g no) Identify by number o** .

Arl' a v e-i
2. If no procedures apply, is the operator trained to perform the

specific action? (yes,no) -

3. Which initiating events may lead to a need for this action?
ny pin t- TV

4. Do each of these initiating events result in the plant physical
conditions necessary to enter the procedure encompassing this
human action? (yas,no) Er If no, identify by initiator

.

5. Which other procedures have entry conditions similar to the
procedure encom

&
g this human action?ssin Identify by number

.

6. Do the indications describing the entry conditions for otherO procedures differ from the correct procedures only by parameters |

not normally keyed on by the operator? (yes,h If
|yes, identify .
,

!
7. 'Is the stress leve at the time of selecting the proper I

procedure high, gild optimal, or very low?

8. Is the operator trained to expect the actual situation to be of
extremely low frequency? (yes,@)

is the potential for an incorrect diagnosis leading-to-aq !

operator-induced failure high, medium, low, or6ery_lowl)

9. What is the likelihood of the operator init y entering the l
wrong procedure? (l i kely,' s omewha likely _ likely)
Identify by number G

~ 10. If the incorrect procedure is entered, does it direct the
operator to: *

' '

Not do any related action?

Perform an action that makes things worse? Identi fy W

A
V

Perform the correct action anyway? -

11. What top events are likely impacted in some way that makes
recovery more complicated 5arior to the successful s

rediagnosis? m'
_ __

nicacniiton o-sol
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TABLE 2-7 (continued)

O
Human Action Identifier: //R t/l Sheet 10 of 11

.

J. Potential for Selection of fionviable Actinn (assuming a correct
diagnosis)

1. Are procedures available to instruct the operator to perform the
action? (gs,no)

2. Is discretion given to the control room team as to the proper
option among several to be selected? (yes,p)

3. Are any of the options nonviable for any one of the scenario
fgroups identified? (yes,go,) Identify:

4. Is more than one option pursued in parallel? (yes,fo')
5. If no specific procedures apply, are there other plausible

options that are nonviable? (yes,no) n2 identify:

.

.

6. If a nonviable solution is selected, are sufficient cues and time
available to later pursue a viable option? ({es;no)
Identify cues:

rah?im O'S c ywm
SL ADJ G,4,,t;c,

y(J-ci1uur ,*,,,
.

7. Is the plant / operator interf ace such that a potential exists for
, the operator to slip when implementing the correct action?

(yes/gh) Explair:

.

8. Is the potential fpselection of a nonviable option high,
medium, low, or Very low? )

lu

B-852 ~

0394G011386



._ _ _ __ _ - _ _ . .

1

1

TABLE 2-7 (continued) )
,

i

Human Action Identifier: Wl/l Sheet 11 of'11

X. Summary Sheet
j ,

From B. What type of behavior is required? IA7/ A le

From C. Description of plant interface? Taz,
,

From D. Expected stress level for each scenario group?
4

Group A *4 ld
Group B M |q

Group C
Group D i

Group E j

From E. Experience level of operating team h .. -g |

From F. Time available to perform correct $ $ N 8I. / %.4,
In t u t ~ <.d e f 14 o fu a.ya+ sery- 2n,,;, .

From G. Additional credit to rediagnosis due to plant feedback?
A W M & Arriving crew members? Me /f A#csv0~

ynsg -- i

From H. fleed to account for dependence with other. actions for each
scenario group?O,

-Group A N
'

Group B #c'
Group C
Group 0
Group E

1

e /v w |From I. Potential for incorrect diagnosis leading to failure? N,

From J. Potential for selection of nonviable option? "7 '

-
.

~

'Typ. 7 Ac % -.

G ode y la. n n.am ,.Ja a.er. <m

1.

. .

:

,

}
-

. ;

1
.

.

*
.s

j 0394G011386 '' - 6B-853 " . '- . . .
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TABLE 2-7. DYNAMIC HUMAN ACTIONS QUESTIONNAIRE

Human Action Identifier: HS11 Sheet 1 of 11

A. Description of Human Action

1. Objective (task to be performed and failure criteria):

Operator fails to isolate the main steam lines
for a downstreara steam line break,

2. List split fractions that include this human action.
,

5:4
3 ST-

O
.

!

,

3. Situation (initiating events and plant conditions, support system
?tates): collect into separate scenario groups for evaluation.
'uphasize factors affecting response time and stress level.

f. . - ' , ~L a . n:: v h ,'
. . .

(f d G S V '3,M
,

.

t

$

|

O |
|

0394G011386 .

B-855
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TABLE 2-7 (continued)

OHuman Action Identifier: M SI .f. Sheet 2 of 11

B. Cognitive Procesring Type:

k Is the operator f0miliar with the action? (tJe r) ' Y
_ ,\ : uisi h'ar Y verg C w.uerD If yes, by what means? Qrocedures, traintrig? frequent

performance)

@ Dots this action contradict operator training, rules of thumb, or
intuition? (yes @

Is this action included in simulator training? h no)go.o .(m
eck those kvedy are 4kese achio res,ud .: %;g );3 p6 syplic'able descriptions of actions:

Skill-Based
'

| 1 Routine action, procedure not required.
_

| | Routine action, procedure required, but personnel well
trained in procedure.

| | Action not routine, but unambiguous and well understood by
operators who are well trained.

R Action is listed in procedures for turbine trip or reactor.
trip.

.

Rale-Based (procWures)

i 1 Routine action, but procedure required; operators not well
.

,

trained, or procedura does not cover.
.

R Not routine, action ursmbiguous and well understood, but not
.

well practiced.

g Action described in emergency procedures, but not for
turbine trip or plant trip.

Knowledged-Based
,

Not routine, action ambiguous.

C Not routine, procedure does not cover.

R Not routine, procedure not well understood.

C Decttion to act based on a rule-of-thumb, but not in
emergency procedure 3.

.

Decide on one. What type of behavior is reguired? , [Mo_
.

0394G011386 B-856 *
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TABLE 2-7 (continued)

hman Action Identifier: MSTI Sheet 3 of 11 )
1

C. Operator / Plant Interface (items on which operators will key to base |judgment)
1

Instruments and readings that trigger action (identify procedure
number and stop if applicable): /s./o- 3 4 j, </

d .hd M6 '-

la, Are M5F"? "h *I

h Alarms (name, location, audible, visual):
,

.

k - d /2. - j.

:h From where will action first be attempted? ({ontrol ro % other -
speci fy) '

h Is rdination between operators required? (yes @ , . ,

ih Is there corroboration among indications? (very goodDnone)

kc,'u bu'id e i k k p h". 6 Mh PN *6 b
'

g s ti

C eck mo spplica le descr ption or plant inte e:,

M Excellent. Same as below, but with advanced operator aids to
help in accident situations. .

-

~

Good. Di' plays carefully integrated with SPDS to help operator..

Q Fair. Displays human engineered, but require operator to '

integrate information.
.

.. -

,

O Poor. Displays available, but not human engineered.

O Extremely Poor. Displays needed to alert operator are not .
directly visible to operators..,

.

.

O
'

0394G011386
'

.''

B-857
.

.
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TABLE 2-7 (continued)

Sheet 4 of 11. G
,

Human Action Identifier: WCIJ

D. Stress Level

Is the control room team expected to have a high work load?
@ no) , ,,

2. Why is thi action needed? (backup to an automatic action,.

required manua action, recovery of failed system, defeat ESAS
response) '

..

h Will this action contaminate a portion of the plant or otherwise
result in an extended plant shutdown? (yes,g s p% d p ,

h Are there any syster, failures that complicate this actien? (none,
g multiple) l C. C- S t) ??1C c. M

h Is this action the opposite to the espo required in another
procedure or to general training? (yes,

What are the expected work conditions for the crew?
~;

I | Vigilance Problem. Unexpected transient with no precursors.

| | Optimal Condition / Normal. Crew carrying out small load
.adjustments.

,

-

.

% High Workload / Potential Emergency. Hild stress, partway through
accident with high work load or equivalent.

'/

R Grave Emergency. High stress, emergency with operator feeling,

threatened.
.

Asse'ss stress level for each scenario group.

Scenario Group Stress. Level Coments

d A.
!

B.

C. '

/ D' &
0394G01.1386 B-858

'
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TABLE 2-7 (continued)

;i
!

( ~) Human Action Identifier:_ b45;jCJf
_ Sheet 5 of 11

E. Experience Level of Operating Team !
| (specific team memoer wno woulo perform the action)

!

| | Expert, Well Traine ' Licensed with more than 5 years f
experience. !

-

,

t

[Ej] Average Knowledge, Training. Licensed with more than 6 monthsexperience.
,

;

,

[[ ] Novice, Minimum Training. Licensed with less than 6 months
experience.-

,

:
|
:

-

!
.

!

!
:

(::) i
|

i
-

!
- '

,

;

!

t-

..;

|, . .
,

t
?

|

i*

;
.

.

|-

|
1

() -

-
.

0394G01138o * '
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TABLE 2-? (continued)

| Human Acti,n Identifier:__ MSTf Sheet 6 of 111

F. Resoonse Time Available

O. What is the timing of the first indications for the operator
action? h jort s (in time since initiating event)

h When may the operator first act? (in time from initiating event)
3M

(. When is the last time allowed for the operator to take action and
be successful?

Measured as median time since initiating event -

or as time since first indications
4. Estimate the median time to carry out the action, once decided to
'' pursue. 3<m/n arts

(V h _dc.A. h <J M
Estimate the median time available for the operator to decide to
perform the correct action. Measure the time available from when
he would first turn his attention to the indications until,the
last time available,

4' /6 m.
6 ss.

_

6 3~ 02 OV
Sc op T.-c M^eed ger new mE To mP
Gu>r %rress9cas um cy 3. ma. o wtva wweso gest e.ise m -.

A S c a ot <-muS Ao,; b 'M 3G
,

a scaos FAN' % % |n w

1

g 3 Q Sc ,' 3, . <
n 6- , I wir

_
.t !. '' '*, ,

.
\

.
, . . . . . . , . - . i ., . . . - .

. . . > . ~ '~ - -'. , , , , . . . . . . .
.

, . .

, . ' & ,_ , f. a
*

i ''
s

'
" ''0394G011386 '"" "
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TABLE 2-7 (continued)

Human Action Identifier:_ WGII Sheet 7 of 11

G. Recovery from Earlier Misdiagnosis

1. What significant new indications are there to tell the operator
that an earlier diagnosis was in error?

k,

A+

2. Does the additional plant feedback occur prior to the allowed
time for successful action? When? aw

.MM' '

A .Au A A A n h M A g .a
,

3. Is the time available for the correct acti- ,fficient to allow I

newly arriving crew members to particip> , the decision?
,c g (i.e., !s the error rate essentially time independent?) (yes,no)
Q ., A y' ' ' -. . .

g .

4. During the time available for diagnosis, tthat new crew members
A - s s, STA will be able to address the problem? [e.g., None Shift jTechnical Advisor (STA), :S/S Emergency Response Team]', '

3O~ " y, y y p's wa s -%. k aas he dedarto ''
nam:r - Sv.-,M + sv4j 6" "

,

stTE PREb -

eA Should additional credit be given because of additional plant
,

feedback? (yes, no)

es Should additional credit be given iacause of newly arriving crew
. members? (yes,no)

.

v.
.

__

Scevuto Svar eaarr
6 co n A g DAA <t)-

/9 yw yp _. :tu n.

8 As rhttpsk %2A Afu), P7s Na
'

/ W
a s'

O s.

P

$fY
0398G01,1386 M'

*

~
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TABLE 2-7 (continued) |

Human Action Identifier: MSfl Sheet 8 of 11

H. Dependence with Other Human Actions in Same Scenario

1. Have other errors of human actions occurred in this scenario?
m '

2. How much influence do previous human errors have on this action?
(significant,same,none) e

,

3. Are other actions beir.g perfomed serially or in rail
_

(Attach operator time line if necessary to describ

Q E N 0-

Ja. Are Oere cap persouel.m'dabb b or e4 m eu g acM asf.

es no)
Hust a specific dependence with another hu.. action be accountedfor? m..

.

Scenario Group (Yes/No) Coments *

A.
'

B. i

-|.

C. '

.

D.

1

0'
|

B-862.
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.
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TABLE 2-7 (continued) i

I
;

Human Action Ide.itifier: HGT1 Sheet 9 of 11

,t

I. Potential for Confusion in Diagnosis, Leading to Unsuccessful Response '

1. Are there proc res available to instruct operator to perform :
the action? yes no) , Idtatify by number /A/O- 3

|. , . , .

2. If no procedures apply, is the operator trained to perform the {
specific action?M A (yes, no) !

'

i
3. Which initiating events may lead to a need for thie action? |

7rt sl B iR.6, *r/3, n 7~/2 |
4. Do each of these initiating events result in the plant physical i

conditions necessa to enter the procedure encompassing this [
human action? es no) If no, identify by initiator )

:

5. Which other procedures have entry conditions similar to the !
procedure encompAs, sing this hu..an action? Identify by number )- j.

6. Do the indications describing the entry conditicns for other !
procedures differ from the correct procedures only by parameters ]not normally keyed on by the operator? (yes,no) If j
yes, identify A.) /9

|
.

7. Is the stress lev the time of selecting the proper !,

procedure high, mild, ptimal, o very low? |
- -

1
3 8. Is the operator traini'd t ect the actual situation to be of !

extremely low frequency? ye , no)
,

-
,

Ba. Is the potential for an incorrect diag leading to an 'ioperator-induced failure high, medium, or very low? j,

9. What is the likelihood of the operator initially entering the
wrong procedure? (likely, somewhat likely, @ JIdentify by number ',-

10. If the incorrect procedure is entered, does it direct the *

operator to: -

.

N Not do any related action?

| | Perform an action that makes things worse? Identi fyg

[ Perform the correct action anyway? -

11. What top events are likely impacted in some way that makes
recovery more complicated prior to the successful
rediagnosis? S*1 . T C . W P

0394G011386-

B-863-
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T'31.E 2-7 (continued) |

Human Action Identifier: H6Il Sheet 10 of 11

J. Potential for Selection of Nonviable Action (assuming a correct
diagnosis)

)

1. Are proced s available to instruct the operator to perform the
action? no) , ____

2. Is discretion given to the control room team as to the proper
!

option among several to be selected? @ no) ., )
3. Are any of the options nonviable for any one of the scenario

groups identified? g no) Identify:

ik & Mc/ b A }

4. Is more than one option pursued in parallel? (yes h .

5. If no specific procedures apply, are there other plausible
options that are nonviable? (yes,no)

, Identi fy:

b. If % acu 'werd 4h predv$ly ueAd b an sGI bc. swanLAI
f .

6. If a nonviable solution is selected, are sufficient cues and time
available to later pursue a viable option? (yes, @Identify cues:

&g S LA' O2 Nb S ????
g p6 A '

.

7. Is the plant / operator interface such that a potential exists for
the operator to slip when implementing the correct action?

@ no) Explain: .

% MN d% '

2 m. Rm M

8. Is the potential for selection of a nonviable option high,
"medium 7@or very low? h-.

"
*

0394G011386 B-864

.
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TABLE 2-7 (continued)

. Human Action Identifier: W SII Sheet 11 of 11

K. Summary Sheet

From B. What type of behavior is required? Ure/#

From C. Description of plant interface? E, / >

From D. Expected stress level for each scenario group?

Group A A :lCI
Group B
Group C
Group D
Group E

From E. Experience level of operating team bM" c-
,v a cao

Frora F. Time available to perform correct.-actien' /f+4 .

8 <s ' n % fr (w 14.e % ci ca n ,pp w.
From G. Additional credit to rediagnosis due to piant hEedback?

Vn Arriving crew members? ;rt.tt c o u , ,,w
From H. Need to account for dependence with other actions for each !

scenario group?

Group A A
Group B
Group C
Group 0.:

Group E

From I. Potential for incorrect diagnosis leading to failure? /4e /ow

From J. Potential for selection of rionviable option? lou,

~g>:s o lo.r e'>/ ~ . q - on,. c ea ,s
* ~ ' :" -

.

,

.

S

O
.

4

0394G01.1386
*

B-865
.
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TABLE 2-7. DYNAMIC HUMAN ACTIONS QUESTIONNAIRE

Human Action Identifier: HSI b Sheet 1 of 11

A. Description of Human Action

1. Objective (task to be performed and failure criteria):

Operator fails to shut the tisIVs and, stop EFW to
the broken OTSG. b.& 'If T'S11

h #

2. List split fractions that include this human action.
S I* '526;

O.
U

.

!

3.- Situation (initiating events and plant conditions, support system
states): collect into separate scenario groups for evaluation.
Emphasize factors affecting response time and stress level.

/C. L 5 'l
'

VA, v/3 m

#f- {a chesV'H S.~r 2 R - yS & / fn Gr Q,

Y &A
w s a w , a A M{T ?

" * " *
V 4 "'',. ,. w a

s p a m w M Ard
o ww w

.

0394G011386 .
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TABLE 2-7 (continued)

Human Action Identifier: W S T SL- Sheet 2 of 11 :

B. Cognitive Processing Type:

k Is the operator familiar with the action? (l_4o r) *
_ im ufa4. liar 5 ver be.ite r

'

D If yes, by what means? krocedures,trainin frequent
performance)

D Does this action contradict operator training, rules of thumb, or
intuition? (yes @

Is this action included in simulato
goo b Q no)ek those hved are uese kW rew,r training?d4.M4),7 nf o i ,

plic ble descriptions of actions:

Skill-Based

| I Routine action, procedure not required.

Q Routine action, procedure required, but personnel well
trained in procedure.

| | Action not routine, but unambiguous and well understood by
operators who are well trained.

I I Action is listed in procedures for turbine trip or reactor,
trip.

Rule-Based (procedures) '

R Routine action, but procedure required; operators not well
.

.

trained, or procedure does not cover. '

..

R Not routine, action unambiguous and well understood, but not
'

well practiced. -

Q Action described in emergency procedures, but not for
turbine trip or plant trip.

Knowledged-Based
,

R Not routine, action ambiguous.

Q Not routine, procedure does not cover.

I I Not routine, procedure not well understood.

O Decision to act based on a rule-of-thumb, but not in
emergency procedures. -

Decide on one. What type of behavior is require,d? , _-

.

~

.

0394G011386 B-868
.
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TABLE 2-7 (continued)

Human Action Identifier: M S T 51.- Sheet 3 of 11

C. Operator / Plant Interface (items on which operators will key to base
juogment)

i

Instruments and readings that trigger action (identify procedure {number and sto) if applicable): f;L10-3 4 ],f ,

MS & &u| W./.D6/-

l d1a. Are M5P ay ' % ''5
~

h Alarms (name, location, audible, visual):
,

3g g .- c g - And, Vil U '

1

-

th Fro re will action first be attempted? [ ntr other -

o

@ Is Yoordination between operators required? (yes. h
, , . ,

() Is there corroboration among indications? (very good, none)

eckmoba'pplica$ledescrlptionofplantinferiace:H mu%se<ah hspkwpJ65 % 'u ta e L.

n Excellent. Same as below, but with advanced operator aids to
help in accident situations.-

,

O Good. Displays carefully integrated with SPDS to help operator.

g Fair. Displays human engineered, but require operator to
integrate information.

*
.

'
. .

O Poor. Displays available, but not human engineered.

g i Extremely Poor. Displays needed to alert operuor are not .
directly visible to operators..

O
.

0394G011386
'

''
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.
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TABLE 2-7 (continued)

Human Action Identifier: Wqn Sheet 4 of 11

D. Stress Level

e e ntrol room team expected to have a high work load?

2. Why is th on needed? (backup to an automatic action,-

required anua action, recovery of failed system, defeat ESAS
response

. , ,

@ Will this action contaminate a portion of the
lant or otherwise .d p ,result in an extcnded plant shutdown? (yes,no spn

Are there any system failures that complicate this action? (none.
Qngt) multiple) y ds .4 MA gA

'&
Is this a tion the oppos t to the respo required in another
procedure or to general training? (yes no

What are the expected work conditions f sr the crew?

[ Vigilance Problem. Unexpected transient with no precursors.

| | Optimal Condition / Normal. Crew carrying out small load
ad.iustments.

*
.

R High Workload / Potential Emergency. Mild stress, partway through
accident with high work load or equivalent.'-

,,,

R Grave Emergency. ~High stress, emergency with operator feeling
' threatened.

.

( Assess stress level for each scenario group.

Scenario Group Stress Level Coments

| d A.
!

! B.

C.

J D*

1
|

OL.'4G011386 8-8[0'
-
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TABLE 2-7(continued)

O "# actie# tee t4<4er: usze see t s er 11

'

E. Experience Level of Operating Team
(specific team memoer wno would perform the action)

R Expert, Well Traine ' Licensed with more than 5 years
experience.

@ Average Knowledge, Training. Licensed with more than 6 months
experience.

.

O Novice, Minimum Training. Licensed with less than 6 months
experience.-

O
.

I

e

e

0

0

O
~ ~

0394G011386 B-871
.
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TABLE 2-7 (continued)

Human Action Identifier: p c; 3 2.-- Sheet 6 of 11

F. Response Time Available

k. What is the timing of the first indications for the operator
action? RM (in time since initiating event)

b2. When may the opergtor first act? (in time from initiating event)
pwh

h When is the last time allowed foa the operator to take action and
be successful?

Measured as median time since initiating event
or as time since first indications

4. Estimate the median time to carry out the action, once decided to
'' pursue. 3. soh

Estimate the median time available for the operator to decide to
perform the correct action. Measure the time available from when
he wculd first turn his attention to the indications until the ,
last time available. g

g, ?.5M
ou oo- ov

Sc um Ti-c6 * Se t e r tsr u m T* E % f ***
Ges> r "DiFFewacES gnr ce,ms, 0FT,stT3 t.Mrocits 85T QuierJ W

g , %L (L D $ LOORid C 9%4 3 '3,5

h 2 S LR.p s Fnn's % -

.

O

0394G011386 8-8h2
'
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TABLE 2-7 (continued)
I

Human Action Identifier: H ST d- -- Sheet 7 of 11

G. Recovery from Earlier Misdiagnosis

1. What significant new indications are there to tell the operator
that an earlier diagnosis was in error?

I
.

2. Does the additional plant feedback occur prior to the allowed
time for su;cessful action? When? aw

'

mwdL&pa .

3. Is the time available for the correct action sufficient to allow
newly arriving crew members to participate in the decision?
(i.e., is the error rate essentially time independent?) (yes,no)

A=
s ~VI..i.. ,.

<

4. During the time available for diagnosis, what new crew members |
will be able to address the problem? [e.g., None, Shift

M " " "'I ^ " ' " (3 ^)' # 5 "''9'"*# ''E "'' ''*
4 '- S >ST4
Le y%, g g p,a.w.a & (ottoa. be dedwd './ *

W"nam:r - STe4m r3Ostic . typrc

ssic Pues -

eA Should additional credit be given because of additional plant
feedback? (yes,no)

e
eB Should additional credit be given because of newly arriving crew ). members? (yes,no)

.

f

A - - !

Au W %s nd dfa
f .1

'

0394G01.1386
-

-
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TABLE 2-7 (continued)

Human Action Identifier: NSTL Sheet 8 of 11

H. Dependence with Other Human Actions in Same Scenario

1. Have other errors of human actions occurred in this scenario?
M

|

2. How much influence do previous human errors have on this action?
,

(significant,same,none) e i
!

|

|

|
1

ral I
Are other actions being perfomed serially or in@ibe.)

3.
(Attach operai;ur time line if necessary to descr

M 2U 0-

,

l

Ja. A re. h e 8 " @ P' r5* * 'A * " h a b ' # "'"9 ''

Hust a specific dependence with another human action be accounted
for?

" m

Scenario Group _(Yes/No) Coments '

A.
.

,|

C. ' '

.

D.

O

B-8h40394G011386
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TABLE 2-7(continued),

Human Action Identifier: MST & Sheet 9 of 11O |

I. Potential for Confusion in Diagnosis, Leading to Unsuccessful Response |

1. Are there proce res available to instruct operator to perform i
-the action? ye no) , Identify by number #L/O i. . . . .,

2. If no procedures apply, is the operator trained to perform the
specific action? A(yes,no)AJ

3.

Which initiating events may lead |tm sus .u %J. 8& g ., R 6p r&
a need for this action?

\

4. Do each of these initiating events result in the plant physical
conditions necess r to enter the procedure encompassing this
human action? yes no) If no, identify by initiator

'

.

5. Which other procedures have entry conditions similar to the
procedure encomp gsing this human action? Identify by number

WM ,

6. Do the indications describing the entry conditions for other
procedures differ from the correct procedures only by parameters
not normally keyed on by the operator? (yes,no) If
yes, identify x)/Q .

7. Is the stress 1 t the time of selecting the proper
,

procedure high, mil optimal, o, nry low?
. .

8. Is the operator traini'd to e et the actual situation to be of
extremely low frequency? no)

.

08. Is the potential for an inC0rrect diagnosis leading to an '

operator-induced failure hig low, or very low?

9. What is the likelihood of the operator initially entering the
wrong procedure? (likely, somewha .likely,@ |

,

Identify by number
|

10. If the incorrect procedure is entered, does it direct the
operator to: -

M Not do any related action?

I | Perform an action that makes things worse? Identify

U Perform the correct action anyway? -

O. 11. What top events are likely impacte:.: in some way that makes
recovery more complicated prior to the successful
radiagnosis? ST 77 A4 F'

0394G011386 ' '-

-
-

B-875 |
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TABLE 2-7 (continued)

Human Action Identifier: M 9f L Sheet 10 of 11

J. Potential for Selection of Nonviable Action (assuming a correct
diagnosis)

1. Are procedu available to instruct the operator to perform the
action? ye no) ,__

2. Is discretion given to the control room team as to the proper
option among several to be selected? @ no) .

,

3. Are any of the options nonviable for any one of the scenario
groups identified? @ no) Identify:

WM N
M

4. Is more th in one option pursued in parallel? (yes.h . .

5. If no spec'fic procedures apply, are there other plausible
options that are nonviable?

(yes,4n) eIdentify:, , . ,w
53. LC % ac46 ineri Sa% premdu,iIy woAA % nG s%| t,c. swauld

J2_xt >
6. If a nonviable soluti n is selected, are sufficient cues and time

available to later pursue a viable option? (yes @Identify cues:

,

.

1

7. Is the plant / operator interface such that a potential exists for
the operator to slip when implementing the correct action?
yes/no) Explain: .

Tle_ g ed/ M
,

& ' '

!. q , ,. ..i.., ..' ".<~.s. f. .. a ' ' ' ' - *
~ ' *

,
.

<

, , , . ,,r. ..o. -i. <. ..- c. . - -.,
,

,

1

8. Is the po ntial for selection of a nonviable option high,
medium low or very low? .

'

0394G011386 B-876
.
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TABLE 2-7 (continued)

[l Human Action Identifier: WS2 A Sheet 11 of 11V
l

K. Summary Sheet

From B. What type of behavior is required? R u l v)
_

From C. Description of plant interface? 4 ,'r

From D. Expected stress level for each scenario group?
i

Group A n .'/d '

Graup B
,

Group C !
Group D !

Group E

From E. Experience level of operating team /rv4< aM
*,no. > .r;:s

From F. Time available to perform correct act-ion /U. I ~ 4 . i

ic:&crh;,c1eef ha, .s. +. el *'of ^ *1 c- -1-a - |
From G. Additional credit to rediagnosis due to pilaht~ feedback? '

%r Arriving crew members? C4 n w W.h I

From H. Need to account for dependence with other actions for each
scenario group? )

-

Group A t/)
Group B
Graup C
Group D
Group E

From I. Potential for incorrect diagnosis leading to failure? L'ev /e w

From J. Potential for selection of nonviable option? Irw
P c.need -p, cut C .n +. m cuat.d ::ckle-/ el

. r 0 AWse9 stes ^
,

.

O
.

0394G0ll386
''
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TABLE 2-7. 0YNAMIC HUMAN ACTIONS QUESTIONNAIRE

g-
L/ Human Action Identifier: H SE. I Sheet 1 of 11

A. Description of Human Action

1. Objective (task to be performed and failure criteria):

Operator fails to switch over to sump
recirculation following a large LOCA. Only a short
response time is available.(about 36 minutes after
event initiation but only about 1 minute after reaching*

the BWST low level alarm.

.

2. List split fractions that include this human action.
.

SA A ', S t. -|

SCG; 58 l(5 )
tB); sr.i(M)

.

3. Situation (initiating events and plant conditions, support system-

states): collect into separate scenario groups for evaluation.
Emphasize factors affecting response time and stress level. '

L><p uOc R
,

b lo-lo IM'Cwf wh res{m-9. b Y

- san .
.

O
,

0394G011386
8-879
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TABLE 2-7 (continued) i

Human Action Identifier: M S PJ Sheet 2 of 11 !

B. Cognitive Processing Type:

k is the operator familiar with the action? OJo r) ' 4
b ufarMar se ver mer

D If yes, by what means? pedu ini frequent
performance)

D Does this action c adict operator training, rules of thumb, or
intuition? (yes,

Is this action included in simulator training? no)

-
ckthosehved

are Oese kW redud .: b; ), 12 MMgo.o b
pli ble descriptions of actions:

Skill-Based

,
| | Routine action, procedure not required.

| | Routine action, procedure required, but personnel well
trained in procedure.

@ Action not routine, but unambiguous and well understood by
operators who are well trained.

| | Action is listed in procedures for turbine trip or reactor.
trip.

'

Rule-Based (procedures)

R Routine action, but procedure required; operators not well,
,

trained, or procedure does not cover.

O Not routine, action unambiguous and well understood, but not
well practiced. -

~% Action described in emergency procedures, but not for
turbine trip or plant trip.

Knowledged-Based
,

I i Not routine, action ambiguous.

M Not routine, procedure does not cover.
'

R Not routine, procedure not well understood.

C Decision to act based on a rule-of-thumb, but not in
emergency procedures. -

Decide on one. What type of behavior is reguire,d,7 l' " P
.

0394G011386
B-880
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TABLE 2-7 (continued)

Human Action Identifier: M$91 Sheet 3 of 11

1

C. Operator / Plant Interface (items on which operators will key to base
juogment)

|
'

1 Instruments and readings that trigger action (identify procedure

number and stop if applicable ()*
I

gg Q Q ~ L rl ow led hvi e,;;n.ksens?od)
Rcs p,stm de< & w/<I' > RHri pur77 a,j, c.fm '

l b * #la. Arc dI5 P ^y I

h Alarms (name, location, audible, visual):
La - Lo le d 6 4 1T' AN

~
.

l
4

|*

:h From where will action first be attempted? centrol roo other -
speci fy)

@ Is#ch rdination between operators required? (yes h
,

ih Is there corroboration among indications? some,none)

rp on of p 7dica$le #ec mo

C Excellent. Same as below, but with advanced operator aids to
help in accident situations. I-

,

. .

Good. Displays carefully integrated with SPOS to help operator.

g Fair. Displays human engineered, but require operator to
integrate information.

-
.

L_J Poor. Displays available, but not human engineered.

.g i Extremely Poor. Displays needed to alert operator are not
directly visible to operators.

O
,

.

0394G011386
*

''
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TABLE 2-7 (continued)

O
Human Action Identifier: W $ 9_ 1 Sheet 4 of 11 1

l

D. Stress Level

Is the control room team expected to have a high work load?
no)

.

2. Why is thie 2" to needed? (backup to an automatic action,.

requir manual ion, recovery oT failed system, defeat ESAS
respons .

h Will this action contaminate a portion of the
or otherwise ,d p ,

l
result in an extended plant shutdown? (ye , no eqw

h Are there any system failures that complicate this action?
.

one, multiple) !

@ Is this action the opposite to the response required in another
. procedure or to general training? (yes @

'Jhat are the expected work conditions for the crew?

If

W Vigilance Problem. Unexpected transient with no precursors.

R Optimal Condition / Normal. Crew carrying out small load
adjust aants.

.

. O High Workload / Potential Emergency. Hild stress,. partway through
accident with high work load or equivalent.

,.

@ threatened. Grave Emergency. High stress, emergency with operator feeling,

|.

Assess stress level,for each scenario group.

Scenario Group Stress. Level Coments

d A.
!

B.
1

c. |

, D. j

,

|
|

B-882
0394G01.1386
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TABLE 2-7 (continued)
,

Human Action Identifier:__ H S R.,1 Sheet 5 of 11
,

E. Experience Level of Operating Team
(specific team memoer wrio woulo perform the ar. tion)

| I Expert, Well Traine Licensed with more than 5 years
*: erience.-

@ Average Kncaedge, Training. Licensed with more than 6 months
experience.

O Novice, Minimum Training. Licensed with less than 6 months
experience.-

.

.

O
.

.

.
.

.

i

.

.

.

,

*

"

O'94G011386 .
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TABLE 2-7 (continued)
|

Human Action Identifier: HJR I Sheet 6 of 11
'

F. Response Time Available
i4 p%c r

\ r
\. Wi.at is the timing of the first indications for the operatorV

action? 36% M } (in tima since initiating event)
m.,,, o,tu rt vt w z 4 **chst

(2, When may the operator first act? (in time from initiating event).

M m,A

,

(. When is the last time allowed for the operator to take action and,

be successful?

Heasured as median time since initiating event 7h.M
- or as time since fi.st indications

4. Estimate the median time to carry out the action, once decided to
'' *pursue. ( | M ivv.JtL.

Estimate the median time available for the operator to decide to
perform the correct action. Measure the tine available from when
he would first turn his atte.. tion to the indications until the
last time available.

.

k |%

b8AJf ,"OtFFEE C1CES BM cu ntro, OF T ME T3 M&+M46 GET (0*2f N W

7 E a-i;. . / ,,< ;, ;

*
i

1

|

| l
i

|

0
.

.

03940011386
B-884
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TABLE 2-7 (continued)

Human Action Identifier: H3f \ Sheet 7 of 11 !
,

1

G. gcovery from Earlier Misdiagnosis

1. What significant new indications are there to tell the operator
that an earlier diagnosis was in error?

m ee '

L ~ , M .'7 I m .{ & , g

2. Does the additional plant feedback occur prior to the allowed !
time for successful action? When? WW V, '

<. .

4

|
.

3. Is the time available for the correct action sufficient to allow |

newly arriving crew members to Darticipate in the decision
(i.e., Is the error rate essentially time independent?) es no)

si,.11 uy w.v...:

4. During the time available for diagnosis, what new crew iaembers
will be able to blem? [e.g.,None, Shift-

Technical Advis / Emergency Response Team]
u.a. be decked '.9 , g a g,a woA -N.

GOJERAtg7

31TE PREb- 2.y gM -

eA Should additional edit be given because of additional plant
psfeedback? t

es Should add * 1 credit be given because of newly arriving crew
. members? ,no)

.

4

|

.

0

'

0394G01,1386
-

-
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TABLE 2-7 (continued)

Heman Action Identifier: MShI Sheet 8 of 11

H. Dependence with Other Human Actions in Same Scenario

1. Have other errors of human actions occurred in this scenario?
W'

2. How much influence do previous human errors have on this action?
(significant,same,none) NA

.

3. Are other actions being performed serially or n parall
(Attach operator tire line if necessary to desc ' .

G

3a. h re. % e ee "" & P ' ''* ' A " *'' *" * * '" % "

Must a specific dependence with another human action be accounted
for? pg

.

Scenario Group _ (Yes/No) Coments

A. yl,
.

B.
*

.

' '

C.

D.

O
t

.

'

0394G011386 B-886
,
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TABLE 2-7 (r.ontinued)

Human Action Identifier: M SR 1 Sheet 9 of 11
__

I. Potential for Confusion in Diagnosis. Leading to Unsuccessful Resoense
/

1. Are there p es available to instruct operator to perform
the action? nn) Identify by number _ It to-(,h .

.

2. If no procedures apply, is the operator trained to perform the
specific action? (yes,no)

3. Which initiating events mar lead to a need for this action?

Lcy Loch
4. Do each of these initiating events result in the plant physical

conditions neces to enter the procedure encompassing this
human action? e- no) If ao, identify by initiator

'

. .

5. Which other procedurc3 have entry conditions similar to the
procedure encomp gsing this human action? Identify by number

.
-

,

'

6. Do the indications describtng the entry conditions for other
procedures differ from the correct proce only by parameters
not normally keyed on by the operator? no) If
yes, identify .

7. Is the st vel at the time of selecting the proper
,

procedu mild, optimal, o. cry low?

8. Is the operator trained to t the actual situation to be of
extremely low frequency? (ye no)

Ba Is the potential for an incorrect diagnosis 1-
'

operator-induced failure high, medium, low, ery lo

9. What is the likelihood of the operator init - ing the
wrong procedure? (likely,somewnat likel , unlikely)
Identify by number _,

10. If the incorrect procedure is entered, does it direct the '

operator to: '

M Not do any related a: tion?

L j Perform an action that T.ahes things worse? Identi fy

@ Perform the correct action anyway? -

11. What top events are likely imparted in ;,omc way that makes
recovery more, complicated prior to the successfel
rediagnosis?

0394G011386-

*
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TABLE 2-7 (continued)

Human Action Identifier: W fl Sheet 10 of 11

J. Potential for $ election of Nonviable Action (assuming a correct
diagnosis)

1. Are proce available to instruct the operator to perform the
action? yes, o)

2. Is discretion given to the control room team o the proper
option among several to be selected? (yes no)

3. Are any of the options non e for any one of the scenario
grcups identified? (yes no), Identify:

.

4. Is more than one option pursued in parallel? (yes

5. If no specific procedures apply, are there other plausible
options that are nonviable? (yes o') Identify:

,

53. IC % n were 4aW preWvEl u.4Ad & a n sGIk wsuff
ko - mu+* Mk W 436 M neIIxet 6 w*

i e RA5 .
6. If a nonviable s lution is elected, are sufficient cues and time

, available to later pursue a viable option?g nc)Identify cues:

.

7. Is the plant / operator interface such that a potential exists for
the o tor to slip when implementing the currect action?
(ye o xplain. .

.

!

l

8. Is the potential nr selection of a nonviable option high, l

h'medium, low, o ery low

, ;

B-868
0394G011386
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TABLE 2-7 (continued)

Human Action Identifier: M $ R. } Sheet 11 of 11

K. Summary Sheet

From B. What type of cehavior is required? M__.- Nw b

From C. Description of plant interface? A .9
From D. Expected stress level for each scenario group?

Grotp A 0% S , ey e-eyb
Group B
Grou? C
C ro ur, O
Group E

Fror.: E. Experience level of operating team AR , *. c-

,J m a a
From F. Time available to perform correct action n-t *J'A 4.

2.s t c r' a s t e . y* c . .,, a % c.c w.. e u . 31,s,s

From G. Additional credit to rediagnosis due foTanGiedback?
'

-

%r Arriving crew members? Il 14 Av
/

From H. Need to account for dependence with other actions for each
scenario group?

O Group A u'.

Group B
Group C
Group D
Group E

From I. Potential for incorrect diagnosis leading to failure? t'<e ,4 w |,

From J. Potential for selection of nonviable option? 14,,9

:~: s et i.ia., ~o
V .e t (k % A W4 (l k AC * %

,

.

.

!

|

|

O '

t -

.

0394G01.1386
B-889 *
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TABLE 2-7. DYNAMIC HUMAN ACTIONS QUESTIONNAIRE

Human Action Identifier: H S R. L Sheet 1 of 11 |
l

A. Description of Human Action

1. Objective (task to be performed and failure criteria):
~

Operator fails to switch over to sump
recirculation and align for high pressure recirculattion
f ollowing a Siwall LOCA. A long response time is
available,(about 10 minutes is available once the ,

'

low BWST level is reached but this would not be for
about 12 hours after the initiator)

-

.........--...........-.,

2. List split fractions that include this human action.

scc ; J A ~L

56D j st-1(3.)
.

.

3. Situation (initiating events and plant conditions, support system '

states): collect into separate scenario groups for evaluation.
lEmphasize factors affecting response time and stress level.
]

mt.0 IEm L o C. A |

$* /EM AUA / At$ke 19 f T< AL LoM | 't U't G MA *

. .

o

O
0394G011386 .

B.891
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TABLE 2-7 (continued)

OHuman Action Identifier: 14S R Q Sheet 2 of 11
|

B. Cognitive Processing Type:
.

M Is the operator familiar with the ection? (l.4o y) ' S
in4stiar sever bute rD If yes, by what means? Qrocedures,traint frequent

performance)

D Does this action contradict operator training, rules of thumb, or
intuition? (yes,@
Is this action included in simulator training? no)

ckthoselveuAbrs huse 2% reAe4 : 4,gy@);%a$re YM&fpplic ble descriptions of actions: /
'

Skill-Based

I I Routine action, procedure not required.

| | Routine action, procedure required, but personnel well
trained in procedure.

%m, Action not routine, but unambiguous and well understood by
/ d operators who are well trained.

M
LJ Action is listed in procedures for turbine trip or reactor,

trip.

Rule-Based (procedures)

! | Routine action, but procedure required; operators not well.

trained, or procedure does not cover.
.

I I Not routine, action unambiguous and well understood, but not
well practiced. -

~W Action described in emergency procedures, but not for ~

turbine trip or plant trip.
Knowledged-Based

,

R Not routine, ar. tion ambiguous.

C Not routine, procedure does not cover. '.

Not routine, procedure not well understood.

U Decision to act based on a rule-of-thumb, but not in s

emergency procedures, g
h u ,1

Decide on one, What type of behavior is raguired,7 . S/C/tC

0394G011386 B-892
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TABLE 2-7 (continued)

Human Action Identifier: MSR2. Sheet 3 of 11

C. Operator / plant Interface (items on which operators will key to base
juogment)

Q1 Instruments and readings that trigger action (identify procedure
number and sto) if applicable):
|- Y 0 o M T40 [hMyl f/VA)S

1 ,. n ,e a w , al g m m - @ / 4 s u a u mo-' 5* #hL ts tae 4 /2to-9 St<P %

@ Alarms (name, location, audible, visual):

/}4.) ST /o -do /QUtt- kOM,

:} specify)From where will action first be attempted? @Ntrol ro_22/ other -

@ Is#c rdination between operators required? (yes, @ ,,

i) Is there corroboration among indications? (very good.h none)
4hb k k. chl e

. b 5N applicabuide ile descr ption;of plant int.ece.sFQM lo syckww%eck mo o

M Excellent. Same as below, but with advanced operator aids to
help in accident situations.-

,

,
,

O Good. Displays carefully integrated with SPOS to help operator.

A Fair. Displays human engineered, but require operator to
integrate information. -

.

U Poor. Displays available, but not human engineered.

g i Extremely Poor. Displays needed to alert operator are not
directly visible to operators..

.
o

O
'

.

0394G01.1386
-

B-893
,
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TABLE 2-7 (continued)

Human Action Identifier: MSRL Sheet 4 of 11

D. Stress Level

Is the control room team expected to have a high work load?
(yes,@ ,

2. Why is this ion needed? (backup to an automatic action,.

required .anual ction, recovery of failed system, defeat ESAS
response F

..

h Will this action contaminate a portion of theJ ant or otherwise ,dp,i
result in an extended plant shutdown? (yes,Qn 1 gqn

h Are an system failures th
complicatet'isact) ion (none.

'

on w y g,
h Is this acticfn the opposite to the response required in another

procedure or to general training? (yes @ !

What are the expected work conditions for the crew?
l

%

C Vigilance Problem. Unexpected transient with no precursors.
!

| | Optimal Condition / Normal. Crew carrying out small load I
.

adjustments.

l
*

M High Workload / Potential Emergency. Hild stress, partway through
accident with high work load or equivalent.

. .,.

R Grave Emergency. High stress, emergency with operator feeling' ,

threatened. l
,

.l

Asse'ss stress level for each scenario group,

Scenario Group Stress. Level Coments

d A.
!

'

B. '

C.

/ D* &
0394G011386 B594'

-

_



. _ , - . . _ _ _ _ . . - - _ - . . _ _ . _. - _ , _ _ _ _ _

|

|
,,

I

TABLE 2-7 (continued)

Human Action Identifier: M S R. 9 Sheet 5 of 11
.1

E. Experience Level of Operating Team
,

(specificteammemoerwnowouloperformtheaction)

|
R Expert, Well Traine ' Licensed with more than 5 years ;experience.-

@ Average Knowledge, Training. Licensed with more than 6 months I

experience.
)
!
i

[ Novice, Minimum Training. Licensed with less than 6 months |
experience. I-

!

|

|
|

'

,\-

e

9

e

e

a

1

e

O
|

*
1

'

0394G011386 B-895
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TABLE 2-7 (continued)

Human Action Identifier: M g /2 1 Sheet 6 of 11
4

F. Resoonse Time Available

N. What is the timing of the first indications for the operator
action? lhurC~ (in ti e since initiating event)

I o % ~4*f .
(h When may the operator first act? (in time from initiating event).

O* Sm|w.Te]

Q''. When is the last time allowed for the operator to take action and
be successful?

Measured as median time since initiating event
or as time since first indications /opi /N uT 4 3

4. Estimate the median time to carry out the action, once decided to
'' pursue. 2 m 2;ur et

Estimate the median time available for the operator to decide to
perform the correct action. Measure the time available from when
he would first turn his attention to the indications until the
last time available. S er/m eres

Sc us e T.mcevoete der Errerae n- T'*E To FCTm;"*

Gea r %rresecES stw ce,n cts , s T.st ra usw.so gar cou m.v e

[1.kv1. /, M a , '" *

.

O

e

I

.

l

i
i

9
i
1.

'

0394G011386 8-896

, - _ _



- - - _ - - - - - - .-

..

. .
- ~

. ..

TABLE 2-7 (continued)

Human Action Identifier:- HGRA Sheet 7 of 11

G. Recovery froni Earlier Misdiagnosis

1. What significant new indications are there to tell the operstor
that an earlier diagnosis was in error?

fv=j^r An hb5MP1 '

Alma e (~ In,v'

t.u

2. Does the additional plant feedback occur prior to the allowed
time for successful action? When? A9C' N

,

.

3. Is the time available for the correct action sufficient to allow
newly arriving crew members to participate in the decision?
(i.e., Is the error rate essentially time independent?) $ no)

4. During the time available for diagnosis, what new crew members ,
will be able to address the Droblem? [e.g.,None, Shift
Technical Advisor QTA), ism Emergency Response Team]

%, g y p,a weaa & Mou. be declored ***

m u;m.T - V A R 4. WA#
,

stTE M ck- 3 om,2 R A.
.

-

Should addit'onal credit be given because of. additional planteA
feeoback? .(yes

es Should additY al credit be given because of newly arriving crew
. members? y no) *

.

%

a $

.

O '

0394G01.1386
*
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TABLE 2-7 (continued)

Human Action Identifier: (4 SL 4152i Sheet 8 of 11_

H. Dependence with Other Human Actions in Same Scenario

~. Have other errors of human actions occurred in this scenario?-

/L> o

2. How much influence do previous human errors have on this action?
(significant,same,none)

AJ 4

3. Are other actions being performed serially or in parallel?
(Attach operator time line if necessary to describe.)

.# C).

Ja. Are %ere es pe rsoue( m'dobb e mn o4 meug W~si
so)es

Must a specific dependence with another hum n action be accounted
for?

,

/tdo
Scenario Group (Yes/No) Cornents

A.
.

B.
'

.

C. * *

.

D.

4

9
;.

0394G011386 8-898
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TABLE 2-7 (continued)

Human Action Identifier: MSR9- Sheet 9 of 11

!. Potential for Confusion in Diagnosis. Leading to Unsuccessful Response

1. Are there proce es available to instruct operator to perform
the action? yes no) , Identify by number /;t/o 6, /|t/P-7

,

(s ..a tocs Le>p Lo s )c

2. If no procedures apply, is the operator trained to perform,the
'

specific action? (yes, no) g
3. Which initiating events may lead to a need for this action?

~$.a ItA 4- oCA s $ cwt $ /f oWMott TLhd b be $ tJC#''' *c
4 Do,each of these nitiating events result in the plant physical

conditions necessary t enter the procedure er. compassing this fump'human action? (yes no If no, identify by initiator
C.CC71'

.

5. Which other procedures have entry conditions similar to the
procedure encomp gsing this human action? Identify by number ;
JA10- V , l' m of pa a ,;. 1. s ee > J cer;. Acer so,f efv) |c

'

6. Do the indications describing the entry conditions for other
procedures differ from the correct procedures only by parameters j
not normally keyed on by the operator? (yes,@ If ;

yes, identify |.

procedure high,@t the time of selecting the proper )7. Is the stress level a
,

optimal, o. very low?

8. Is the operator traine'd to expect the actual situation to be of
extremely low frequency? (yes,no 1

.

B a.Is the potential for an incorrect diag leading to an '

operator-induced failure high, medium, or very low?

9. What is the likelihood of the operator initiali entering the
wrong procedure? (likely, somewhat likely uni f Ye y .

Identify by number
_,

10. If the incorrect procedure is entered, does it direct the !
'

operator to: *

I

I'"1 Not do any related action?

[ Perform an action that makes things worse? Identify '

-

1

JJ Perform the correct action cnyway? -

,

11. What top events are likely impacted in some way that makes
Irecovery more complicated prior to the successful '

rediagnosis? .

0394G011,386
-

,

B-899-
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TABLE 2-7 (continued)

Sheet 10 of 11 9
1

Human Action Identifier: MGR1
1

J. Potential for Selection of Nonviable Action (assuming a correct
diagnosis)

1

1. Are proced available to instruct the operator to perform the iaction? ye no) , , , , ,

2. Is discretion given to the control room team s to the proper
option among several to be selected? (yes, no

.,

3. Are any of the options nonviable for any one of the scenario
groups identified? (yes,@ Identify:

4. Is more than oi.e option pursued in parallel? (yes, @ , _ ..
5. If no specific procedures apply, are there other plausible

options that are nonviable? (yes,no) Identify:
m e. . . ,

5a. '.tT % acG were. 4aW premL$l3ueA4 % n sGIbe.swuu d
%g & w A AL R s S. %

''

,

6. If a nonviable sol on is selected, are sufficient cues and time
available to later pursue a viable option? (yes,@
Identify cues:

. .

7. Is the plant / operator interface such that a potential exists for
the operator to slip when implementing the correct action?

Oyene) Explain: .

,T L & W $$
% & n c k - 62d' M / d
A A44L:me-~k T Q L8. Is the po ential for selection of a nonviable option high, gpzfgmedium low or very low? .

,,

.
'

0394G011386

B-900



TABLE 2-7 (continued)

Human Action Identifier: WSRA Sheet 11 of 11

X. Summary Sheet

From B. What type of behavior is required? bb
From C. Description of plant interface? Fo ,' r

From D. Expected stress level for each scenario group?

Group A - ld'

Group B
Group C
Group D
Group E

From E. Experience level of operating team /w< rw _c

s ,r. e a v '
From F. Time available to perform correct .ac-ttori - /7 4-1

G e p ,4 a ca.c ,, ta,, - h cwy.y y a., ,,
From G. Additional credit to rediagnosis due to plant feedback?

w/ Arriving crew members? s4/ft- ma ..~ ,-.

r

From H. Need to account for dependence with other actions for each
scenario group?.

Group A %
Group B
Group C
Group D
Group E

From I. Potential for incorrect diagnosis leading to failure? Ves, /,,,,

From J. Potential for selection of nonviable option? L '' " i F "- I

n a ,a r.\s + e ve M.
4, w , n 4e s e h'e . |

P'.
.

e. n .yr ,: a r., e ( r* :> y, ,J, ,.- |

.

S

'

| *
,

.
O

e

e

0394G011386,

'

B-901
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TABLE 2-7. 0YNAMIC HUMAN ACTIONS QUESTIONNAIRE,

Human Action Identifier:_HSR 3 Sheet l of 11q
O

1

A. Description of Human Action i

1. Objective (task to be performed and failure criteria):
''

Operator fails to switch over to semp
recirculation.and 9,l i g n for high pressure recirculottion
following a Wikm) LOC A. A long response time 15

available.(aboutt minutes is available once tne
low BWST level is reached but thts would not te for
about i hour after the. initiator)

i

|

,

2. List split fractions that include this 1.uman action. |

l

I

. :

i

O |.

|

|~

3. Situation (initiating events and plant conditions, support system i

states): collect into separate scenario groups for evaluation. )Emphasize factors affecting response timt and stres s level. I
'

me.0 l um L c> C. A
'

L' M|A)ntst |0A/$b &,, /q f T4.X. /oq /. .e v4.L., A LA M,
i

,

en

G

1.
.

1

|

l

1

o |
0394G011386 ,

; B-903 -

... .- _.- ., . _ _ - - . . . . . - . . - . - . - . - _ - . - . . - - -



,

. ,

TABLE 2-7 (continued)

Human Action Identifier: 14S/0 3 Sheet 2 of 11

B. Cognitive Processing Type:

k Is the operator familiar with the action? (l_4o r) * '3
imfad. liar Srver fu.ite r

@ If yes, by what means? G rocedures, traini frequent
performance)

D Does this action contradict operator trainirig, rules of thumb, or
intuition? (yes,@
Is this action included in simulator training? Q no) I

ek those hved aes 4 Lese h*dM re AC A : -{r L *w T
%,o $re. - Y'MA -Y

plic ble descriptions of actions: /
'

Skill-Based

R Routine action, procedure not required.

| | Routine action, procedure required, but personnel well
trained in procedure.

m
, Action not routine, but unambiguous and well understood by

( operators who are well trained.

| | Action is listed in procedures for turbine trip or reactor.
trip.

'

Rule-Based (procedures)
,

| | Routine action, but procedure required, operators . Sot well,

trained, or procedure does not cover.

| | Not routine, action unambiguous and well understood, but not
well practiced. -

[Til Action described in emergency procedures, but not for '

turbine trip or plant trip.

Knowledged-Based ),

| | Not routine, action ambiguous.

Not routine, procedure does not cover.
,

U Not routine, procedure not well understood. )

| | Decision to act based on a rule-of-thumb, but not in
emergency procedures.

}3
,

tw

Decide on one. What type of behavi,or is require,d7
,

0394G011385 B-904

__
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TABLE 2-7 (continued) 'l

Human Action Identifier: M S R. 3 Sheet 3 of 11

C. Operator / Plant Interface (items on which operators will key to base
judgment) :

]1 Instruments and readings that trigger action (identify procedurenumber and ste) if applicable):

d B oar * Ud Thnf<'N"^
1- !-

1,. a,.e s:,p, s:9 ,s u t GIA w =cn /2to-9Sp)%%w o' SW'
alwc4

,

t

h Alarms (name, location, audible, visual): |

8 4.) $ 7 fo -lo /20 % kbA M

!

:) From where will action first be attempted.' @ontrolroga/other-
speci fy)

@ Is'# h rdination between operators required? (yes, @ fc ,m

th Is there corroboration among indications? (very good, ,none)

ledescrption;ofplanting4@ce.u by44w-p.b. MgekmosDpplicabuu63 %u

M Excellent. Si,me as below, but with advanced operator aids to
help in accident situations. [

-

,

1.

Good. Displays carefully integrated with SPDS to help operator.-
-

.

g Fair. Displays human engineered, but require operator to j
integrate information.

- '
. .

O Poor. Displays available, but not human engineered.4

t i Extremely Poor. Displays needed to alert operator are not
directly visible to operators.

|.,

l
'

'

.
'

.

1

0 '

-
,

0394G01.1386 B-905
-
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TABLE 2-7 (continued)
.

Human Action Identifier: M S /2 S Sheet 4 of 11

D. Stress Level

Is the control room team expected to have a high work load?
(yes,@ , ,,

2. Why is this ion needed? (backup to an automatic action,.

required .anual ction, recovery of failed system, defeat ESAS
response

,..
,

h Will this action contaminate a portion of th lant or otherwise}
i result in an extended plant shutdown? (yes, spt3;# d p .-

'

h Are any system failures th * complicate this action?d g(none,a

one, uit em J ,

h Is this actidn the opposite to the response required fr$ another
procedure or to general training? (yes @

What are the expected work conditions for the crew?
i ,;

'

y Vigilance Problem. Unexpected transient with no precursors.

I | Optimal Condition / Normal. Crew carrying out small load
adjustments.j

.

[ k High Workload / Potential Emtrgency.
Mild stress, partway through

accident with high work load or equivalent.
t

| x| Grave Emergency. High stress, emergency with operator feeling
,

threatened.

Assess stress level.for each scenario group.-

Scenario Group Stress. Level Coments

d A. 6+ ,.W'

! '

.

B.

C.

[ ] D.

B-906 - -,,

0394G011386:
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TABLE 2-7 (continued) !

l !.

. Human Action Identifier:_ H S R. 3 Sheet 5 of 11
i

,

E. Experience level of Operating Team
iTspecific team memoer wno would perform the action) |

{
| | Expe . Well Traine ' Licensed with more than 5 years !

expele 'Ce. !-
,

i
@ Average Knowledge, Training. Licensed with more than 6 months ;

experience.
1

'

l
i

R Hovice, Minimum Training. Licensed with less than 6 m nths
experience..

!

:

!

O i

<

.

*

. , ,

I

*
a

|
I

.

.

'
b

e

e

9

e

o

O
*

.

0394G011386 B-907
'' '
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|
| TABLE 2-7 (continued)

O
| Human Action Identifier: MS st 3 Sheet 6 of 11
|
|

| F. Resoonse Time Available

k. What is the tiening of the first indications for the operator
action? (in time s,ince initiating event) .

7 %g 9 . ,t r r ai, # o. O a * -, A - A , Air /- /r*<6 M
f. When may the operator first act? (in time from initiating event)

0* 5m|ctA.Tej

-

h When is the last time allowed for the operator to take action and
be successful?

Measured as median time since initiating event 5} wh
or as time since first indications

'

4. Estimate the median time to carry out the action, once decided to
'' pursue. S m S;uret

O
Estimate the median tirne available for the operator to decide to
perform the correct action. Measure the time available from when
he would first turn his attention to the indications until the
last time available.

's s' nu j-

.

se m swa T.-c N^ut a 7er trr,m Time To ecwo
Gu> r -OirreumccS Stw cou n:v, erT.st ra wets av cous tw e

k, y ~,4 2 ~' n *

_

.

I

O

8-908
0394G011386
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TABLE 2-7 (continued)

Human Action Identi fier: HGR~3 Sheet ? of 11,

G. Recovery from Earlier Misdiaonosis

1. What significant new indications are there to tell the operator
that an earlier diagnosis was in error?

// F 2 p y g &dM '

A h,m a is tw t+ c
'

2. Does the additional plant feedback occur prior to the allowed
,

time for successful action? When? ,A -> c - W e
.

3. Is the time available for the correct action sufficient to allow
newly arriving crew members to participate in the decision?
(i.e., Is the error rate essentially time independent?) $,no)

'

4. During the time available for diagnosis, what new crew members
will be able to address the oroblem? [e.g., None Shift
Technical Advisor (STA), :sM Emergency Response Team] .

y3, y M p*id uoJa ib. W(ou, be declared '.
p -r - 4 M /E /S. 6D# #'Al'"#

,

5ITE AREB - S o#M R./3 '

eA Should additignal credit be given because of additional plant
feedback? f(yef. wr

es Should additf al credit be given because of newly arriving crew I

!,memters? no) *

,

.

%

|

'

.

.

.

O
'

0.'f 94G011386
-

-
"
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TABLE 2-7 (continued)

Human Action Identifier: NSR3 _ Sheet 8 of 11

H. Dependence with Other Human Actiont in Same Scenario

1. Have other errors of human actions occurred in this scenario?
A>o

2. How much influence do previous human errors have on this action?
(significant,same,none)

NA

3. Are other actions being performed serially or in parallel?
(Attach operator time line if necessary to describe.)

MO

3a. Arc. Oe re odi P' c "*b *" ^ M* # **"*1 "

no)es

Hust a specific dependence with another hum n action be accounted
for? Ij ,

' No
Scenario Group (Yes/No) Coments

|

A.!

.

B.
.

'

C.

D.

'

.

G

0394G011386
'
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TABLE 2-7 (continued)

i

Human Action Identifier: MSR1 Sheet 9 of 11 i

I. Potential for Confusion in Diagnosis. Leading to Unsuccessful Resoonse ;

i

1. Are there proce^ es available to instruct operator to perform
the action? yes no) Identify by number /;t/o 6, /)/P-7 i.

(s urou,L q ctot^ ) i

2. If no procedures apply, is the operator trained to perform the
specific action? (yes, no) g g

-

!

3. Which initiating events may lead to a need for this action?

$a $ flA A o c h / S Cr T S I f W W w !- T h & d b b e s tJ A #f
4. Do,each of these nitiating events result in the plant physical

Ihm/
conditionsnecessary@toentertheprocedureencompassingthishuman action? (yes If no, identify by initiator /

C.c3L ''
.

5. Which other procedures have entry cr.,nditions similar to the
procedure encompAs, sing this human action? Identify by number
);;L1O- Y , (;on -; p ...s.,. ~. to utca;. t c tt 1;wq fe v ) |e

6. Do the indications describing the entry conditions for other !
'

procedures differ from the correct procedures only by parameters '

not nor1 ally keyed on by the operator? (yes,@ If

yes, identify .

7. Is the stress level at the time of selecting'the proper !

procedure high,@ optimal, o. very low?
_

,

'

,

8. Is the operator train ='d to expect the actual situation to be of'
extremely low frequency? (yes,Q

.

Ba. Is the potential for an incorrect diag leading to an 'i
operator-induced f ailure high, cedium, or very low?

9. What is the likelihood of the operator initiall entering the I
. wrong procedure? (likely, somewhat likely unifre y .

Identify by number !
-

,

I

10. If the incorrect procedure is entered, does it direct the *i
*

ioperator to:

'

l' I Not do any related action?
'

| | Parform an action that makes things worse? Identi fy -

i

. |g Perform the correct action anyway? -

,

11. What top events are likely impacted in some way that makes
recovery more complicated prior to the successful
rediagnosis? .

0394G011386-

,
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TABLE 2-7 (continued)

Human Action Identifie.r: M S R'3 Sheet 10 of 11

J. Potential for Selectim of Nonviable Action (assuming a correct
diagnosis)

1. Are proced available to instruct the operator to perform the
action? ye no) _,,,,

2. Is discretion given to the control room team s to the proper
option among several to be selected? (yes,no .

3. Are any of the options nonviable for any one of the sceririo
groups identified? (yes,@ Identify:

4. Is more than one option pursued in parallel? (yes,@ - . .

{ 5. If no specific procedures apply, are there other plausible
| options that are nonviable? (yes,no) Identify:, . . ,

/0 A

53. TC % ack' weci 4a% preJv5I u.aAd k hG sM\\ \>c. swaul$
| %4 A .a 4L R.S. ~

''

'

6. If a nonviable sol on is selected, are sufficient cues and time
available to later pursue a viable option? (,<e s , @
Identify cues:

. .

7. Is the plant / operator interface such that a potential exists for
t operator to slip when implementing the correct action?

no) Explain: -

'TL. & wad Ah
m A n & -62d>L~e/.~a's

bA AA A g - ~ A TQ
8. Is the p ential for selection of a nonviable option high, Nry

medium low or very low?

B-912
0394G011386
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TABLE 2-7 (continued)

g Human Action Identifier: WS (t Sheet 11 of 11

K. Sumnary Sheet

From B. What type of behavior is required? b /-
From C. Description of plant interface? Fo t ,.

From D. Expected stress level for each scenario group?

lvfdymGroup A
Group B
Group C

,

Group D
Group E

From E. Experience level of operating team Ave ~ e
's.o.~>xa

From F. Time available to perform correct ac-tYoh 6 f "''''Os

Ge d .r a .~f.c ,e le A c% r . ,m ,7,f
Additional cred{t to rediagno'p.f-esis due to plant feedback?

.

From G.
v-> Arriving crew members? s/st (b ro u . .f ,

r

From H. Need to account for dependence with other actions for each
c.cenario group?

Group A 6
Group B

'

Group C
Group D .

Group E

From I. Potential for incorrect diagnosis leading to failure? Ves, /,, y

From J. Potential for selection of nonviable option? L c' "' i May.

a a n- a %fw vai n
Pf " We d n,a nai acfien $ to),r,e} e/

d I tf,t/ t
c :a ,

.

$

e

O
. .

0394G011386
'
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TABLE 2-7. DYNAMIC HUMAN ACTIONS QUESTIONNAIRE

t

Human Action Identifier: MSV1 Sheet 1 of 11,

A. Description of Human Action

1. Objective (task to be performed and failure criteria):
'

Operator manually closes the reactor building ,

sump drain valves to prevent loss of recirculation
inventory after a failure of automatic isolation ,

(used in SV-2). |
__

,

?

!
!

!

I

2. List split fractions that include this human action.
;

;

svc ; SV-9 |
t

!
,

.

!

! I
-,.

3. Situation (initiating events and plant conditions, support system !states): collect into separate scenario groups for evaluation.
|Emphasize factors affecting response time and stress level.
,

4

;

a

RT, Lo c A |
para m7/c z s aarvs c ce tL vnu u Phle o. i

!

'

|

|
. .

.

f
i

.

0 t

0394G011386 . |

B-915 |

!
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TABLE 2-7 (continued)

Human Action Identifier: 1-1S V2 Sheet 2 of 11

B. Cognitive processing Type:

k Is the operator familiar with the action? (l_fo g-) ' //
im ufastiar Se very fas. iter

D If yes, by what means? gprocedures, train g frequent
performance)

% Does this action c tradict operator tr ining, rules of thumb, or
intuition? (yes no

Is this action included in simulator training? @, no)
Hoa$re are Nse ku reiMA .: frg;w3ek those hver)

- & c.> r S
pli ble descriptions of actions:

Skill-Based

[_J Routine action, procedure not required.

| | Routine action, procedure required, but personnel well
trained in procedure.

U Action not routine, but unambiguous and well understood by
operators who are well trained.

Jgj Action is listed in procedures for turbine trip or reactor.
trip.

Rule-Based (procedures)
~

R Routine action, but procedure required; operators not well.

trained, or procedure does not cover.
-

1 I Not routine, action unambiguous and well understood, but not '

well practiced. -

C Action described in emergency procedures, but not for
turbine trip or plant trip.

,

Knowledged-Based
,

R Not routine, action ambiguous.

Not routine, procedure does not cover.

Not routine, procedure not well understood.

M Decision to act based on a rule-of-thumb, but not in
emergency procedures. -

Decide on one. What type of behavior is required? , NM

0394G011386 B-916
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TABLE 2-7 (continued)

() Human Action Identifier:_MSVI Sheet 3 of 11v

C. Operator / Plant Interface (items on which operators will key to base
juogment)

1 Instruments and readings that trigger action (identify procedure
number and stc> pp e): /g / o - / 3,/o
M N. #

/ 3 /o- (, /. "L'

.ff fu" '' ~ * h*),p

h Alarms (name, location, audible, visual):

c&& Ausd/A,Vaku% Jer T* -

, ,

LS Acra A 7)b 3 /) JJ U,

th From where will action first be attempted? frontrol room other -
s peci. fy)

p @ Is Yo rdination between operators required? (yes.h
.,

V
ih Is there corroboration among indications? ( " Q goff, some, none)

% 65b m'applica'ble descr ,ntion ;of plant intem.A-a Csr<M,utbydk +6'*aaee A k- 4
C cck mo

C Excellent. Same as below, but with advanced operator aids to
help in accident situations.-

.

'

U Good. Displays carefully integrated with SPDS to help operator.

R Fair. Displays humar, engineered, but require operator to
integrate information.

-

.
,

O Poor. Displays available, but not human engineered.

g i Extremely Poor. Displays needed to alert operator are not
directly visible to operators..

0394G011386
-

B-917
.
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TABLE 2-7 (continued) )

Human Action Identifier: W S V.f. Sheet 4 of 11

D. Stress Level

Is the control room team expected to have a high work load?
@ no) , ,,

2. Why 1s this action needed? o an automatic action,
required manual action, recovery of f ailed system, defeat ESAS
response)

. , ,

h Will this action contaminate a portion of t lant or otherwise
sp% if p ,result in an extended plant shutdown? (yes no

Are there any system failures that complicate this action? (none,
one, @ M%g g

h Is this action the opposite to the response required in another O
#procedure or to general training? (yes @ M ''/

S4/sr&<
What are the expected work conditions for the crcw?

O Vigilance Problem. Unexpected transient with no precursors. h
Optimal Condition / Normal. Crew carrying out small load .

adjustments. '

.

% High Workload / Potential Emergency. Hild stress, partway through
accident with high work load or equivalent.

.,

O Grave Emergency. High stress, emergency with operator feeling
,

threatened.
.

Assess stress level.for each scenario group.
.

Scenario Group Stress. Level Coments

d A.
!

B.

C.

j D.

|

|

0394G011386 B-9k8
'
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TABLE 2-7 (continued) ,

i

O |au an actien teentirier:_ asv1 s8eet s er 11

E. Exoerience Level of Ooerating Team
(specific team memoer wno would perform the action)

{
i

R Expert, Well Traine ' Licensed with more than 5 years j

experience. |-

!.

@ Average Knowledge, Training. Licensed with more than 6 months
experience.

, ,

I
r

[ Novice, Minimum Training. Licensed with less than 6 months |experience. :-

!

. ;

.

!

O !
.

.

!
-

|
'

.

'

.

8

O

.

.

; O
!

'

0394G011386 B-919
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TABLE 2-7 (continued)

Human Action Identifier: H S VI Sheet 6 of 11

F. Resoonse Time Available

k. What is the timin of the first indications for the operator
action? M d (in time since initiating event)

h2,. When may the , operator first act? (in time from initiating event)
2 minuTu

,

(. When is the last time allowed for the operator to take action and
be successful?

Measured as median time since initiating event /o m/mu rt s
or as time since first indications

',. Estimate the median time to carry out the action, once decided to4
pursue. O, 6 m ekur# s

OEstimate the median time availaole for the operator to decide to
perform the correct action. Measure the time available from when
he would first turn his attention tp the indications until the
last time available. 9. E m / c ures

.

.

Sc op Tims MAutd T err Esy, W . Time. To TCTdWb
Gua r "DirFNxES stw ce,n cts , u T,MtTa n ewoso gar co act:v >-

p , ;4 }fM

.

O
'

0394G011386 B-920
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TABLE 2-7 (continued)

Human Action Identifier: HSV1 Sheet 7 of 11

G. Recovery from Earlier Misdiagnosis

1. What significant new indications are there to tell the operator
that an earlier diagno is was in error?

'

R.G. M

kt^-% 8l &

2. Does the additional plant feedback occur prior to the allowed
time for successful action? When? 9W

& & n doca & 6 Axic id /b/>d.'

3. Is the time available for the correct action sufficient to allow
newly arriving crew members to participate in the decision?
(i.e., Is the error rate essentially time independent?) rfo)

4. During the time available for diagnosis, what new crew members
will be able to add s thtol:cblem? [e.g.,None, Shift
Technical Advisor STA), S/S] Emergency Response Team)

y a , g a p',a wo A -W. W o o. be a,chred '.

murr y % / es GS3"t
.

site Mrk So% Ad -

eA Should additional credit be given because of additional plant
feedback? @ no)

es Should addl nal credit be given because of newly arriving crew
. members? no)

.

%

si g c %"r %" wL.

_

$

0
'

0304G011386 -
"
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TABLE 2-7 (continued) .

Human Action Identifier: MSV1 Sheet 8 of 11

i
H. Dependence with Other Human Actions in Same Scenario 1

1. Have other errors of human actions occurred in this scenario?
A) 6

i

2. How much influence do previous human errors have on this action?
(significant,same,none)

NA

3. Are other actions being perfomed serially or b ara
(Attach operator time line if necessary to dese er)

12.T + Uwh a & h
m eu g n asi3a. Are. %ere ea$ pc rso*4 avakah 4 o o

Must a specific dependence with another human action be accounted
for? M6

Scenario Group (Yes/No) Coments

A.
.

B.
.

C. '

.'
D.

O
-

.

0394G011386 B-922
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TABLE 2-7 (continued)
:

Human Action Identifier: M S VI Sheet 9 of 11
!

I. Potential for Confusion in Diagnosis, Leading to Unsuccessful Response
i

1. Are there procedures available to instruct operator to perform
the action? g no) , ,... ,. Identify by number 1,2/o -/, c,7 .

2. If no procedures apply, is the operator trained to perform the '

'

specific action? (yes, no) g A
i

3. Which initiating events may lead to a need fjr this action? '

A~O C A - %& N toe <<// //W G M W.
4. Do each of these initiating events result in the plant physical ;

conditions necess ry to enter the procedure encompassing this '

human action? yes no) If no, identify by initiator
.

5. Which other procedures have entry conditions similar to the
procedure encomp gsing this human action? Identify by number
mo-9 ,

'

6. Do the indications describta; the entry conditions for other I

procedures differ from the correct procedures on1 by parameters
not normally keyed on by the operator? (yes no) If ;yes, identify .

;

7. Is the stress le at the time of selecting the proper f,

procedure high, mil optimal, o. very low? -(
, ,

'

8, Is the operator traine'd to expect the actual situation to be of i
extremely low frequency? (yts ,@ !

.

Ba. Is the potential for an incorrect diag is leading to an ''

operator-induced failure high, medium ow, or very low?

!
9. What is the likelihood of the operator initially entering the

|wrong procedure? (likely,somewhat.likely, e i,

Identify by number
, |

10. If the incorrect procedure is entered, does it direct the
operator to: '

M Not do any related action?

U Perform an action that makes things worse? Identify

Q Perform the correct action anyway? -

11. What top events are likely impacted in some way that makes
recovery more complicated prior to the successful
rediagnosis?st%

0394G011386
_-

-

"
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TABl.E 2-7 (continued)
'

Human Action Identifier: M G V.1 Sheet 10 of 11
|

J. potential for Selection of Nonviable Action (assuming a correct
diagnosis)

1. Are proced available to instruct the operator to perform the
action? no) ___,,

2. Is discretion given to the control room tea to the proper
option among several to be selected? (ye , no

.,

3. Are any of the options nonviable for any one of the scenario
groups identified? (yes,no) Identi fy:

Nb

4. Is more than one option pursued in parallel? (yes. h - ..
,

5. If no specific procedures apply, are there other plausible
options that are nonviable? (yes,no) Identi fy:, . . ,

bN
5a. If h n were 4nm preWor$lq ueAd -h an sM|I k swsrEJLI

[N .

6. If a nonviable solution is selected, are sufficient cues and time
available to later pursue a viable option? 7eb,no)
Identify cues:

MAhn M A /Qu @,/ '

.

7. Is the plant / operator interface such that a potential exists for
the operator to slip when implementing the correct action?
[y~eWgb Expl at n: .

. TA E s. M4 Jd
& ~4kg & &+ a~s H _14# s d @f Ldbc
~

8. Is the pote tal for selection of a nonviable option high,
medium, low, or N .

'
'

0394G011386 g,gg



. _ . . - - . - .. --

:

TABLE 2-7 (continued) |
-

Human A: tion Identifier: WSVI Sheet 11 of 11

K. Summary Sheet |

From B. What type of behavior is required? SE'// |

From C. Description of plant interface? C~ ! ,-

!

From D. Expected stress level for each scenario group? |

Group A * dd f
Group B |

Group C !
Group D

,

Group E :

From E. Experience level of operating team /bou e !
p , w u.) |

From F. Tjme available to perform correct..actied 9, r w
.!Wuf%h q r;g s sinmin zw.

From G. Additional credit to rediagnost's due to plant feedback? |
V-1 Arriving crew members? s L i t f.vn w.s v |

From H. Need to account for dependence with other actions for each
scenario group?

O Group A ^'o'

Group B |
Group C !

Group D
Group E j

From I. Potential for incorrect diagnosis leading to failure? M,lo-o f
r

1
,

From J. Potential for selection of nonviable option? YN y [(N

i-
.

Letey 4 cuda u hc ac%
,

,

!
'

;

I

(.

|
l
|

|

O |
: |

0394 Goll 386 |;
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TABLE 2-8. 0YNAMIC HUMAN ACTIONS QUESTIONNAIRE

OO Sheet 1 of 13

Human Action Ide tifier: MId .f A 8
f

_

'
A. Description of Human Action

1. Objective (task to be performed and failure criteria):

}&&
' Lh

xyk n a 9m -J.

n:eJM nd & amo
s' W w & na p _d

_

2. List split fractions that include this human action.

6

"
3. Situation (initiating events and plant conditions, support

system states, dependence on prior errors): collect into
separate scenario groups for evaluation. Emphasize factors
affecting response time and stress level.

TA d
f - VSL W

'

B - Vs L s T/2. d M et e dd

O

0495G051286HAAR B-927
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TABLE 2-8 (continued)

A/78M//3 sneet e of 13

8. Cognitive Processing Type:

1. Is the operator familiar with the action? (yes, h ~
Rank on scale of 1 to 5, with 3 being average and o most

-

familiar. h

2.
If yes, by what means? (procedures, training, d ,q" TM ,1

fre t ,

performance, or walk-throughs) wa eum , A
Give procedure number if applicable (7 v' gdg.

3. Does this action contr ict operator training, rules of thumb,
or intuition? (yes

4. ls this action included in simulator training? (yes,

5. How frequently are these actions reviewed by the
operators?

_

Check descriptions that apply to this action:

Skill-Based

1 I Routine action, procedure not required.

| | Routine action, procedure required, but personnel well
trained in procedure.

I | Action not routine but unambiguous and well understood by
operators who are well trained.

I I Action is listed in procedures for turbine trip or reactor
trip. (1210-1),

Rule-Based (procedures)

" | | Routine action, but precedure required; operators not well
trained, or procedure does not cover.

| I Not routine, action unambiguous and well understood, but
not well practiced.

| | Action described in emergency procedures, but not for
turbine trip or plant trip. (Identify by number) .

.

O

0495GU61286HAAR
B-928
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1,
*

!
i
!

| TABLE 2-8 (continued) -f

I Sheet 3 of 13
'

t

t

| Knowledge-Based

, I | Not routine, action ambiguous. -

8 ,

[ Not routine, procedure does not cover.

I I Not routine, procedure not well understood. f
; I I Decision to act based on a rule-of-thumb, but not in f
; emergency procedures. $

i Decide on one. What type of behavior is required? Osw/ +Ao ,

v |
!
i

I

I
i

!

l |-

|

1 l
;

i

I
i

!,:

!
'

.

1 |
'.

,

1

|

I
!

|
i
.I
i

i
.

'

i

| O.
0495G061286HAAR
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TABLE 2-8 (continued)

O
M[<f/4 4 Sheet 4 of 13

C. Operator / Plant Interf m e (items on which operators will key to base
judgment)

1. Instruments and readings that trigger action (identify procedure
number and step if applicable):
RC.'. A cn-S 4 W M
Are displ s d rectly vis ble?_ ,9a g

A) +, - 2~, - - 4 Sua pra n yem
t3 & Aa4casco c...to ds

2.3 4~e.<oAlarms (name, ocation, audible, visual):
( 4, =.

Will there be many other alarms to distract the operator?
(Descri be . ) _____

,

3. From where will action first be attempted? Q trol ro p
<$b othe r--speci fy )

4 Is special coordination between operators req'Jired? yes,

5. Is there corroboration among indications? (i.e.. Different
parameters confirm the need for action.) (qery 9 ug some, none)6

_

6. How specific is the guidance for action? (component numbers,
pc oe eug oleetiming) W.i nu,oe ec ,s m .v.
'r/

Check most applicable description of plant interface:

| | Excellent. Same as below, but with advanced operator aids to
G help in accident situations.

| I Good. Displays carefully integrated with SPDS to help
operator.

@ Fair. Displays human-engineered, but require operator to
integrate information.

I | Poor. Displays available, but not human-engineered.

| | Extremely Poor. Displays needed to alert operator are not
directly visible to operators.

|
.

O
B-930

0495G061286HAAR



TABLE 2-8 (continued),

'' MT8M'-

Sheet 5 of 13
.

D. Stress Level

1. Is the control room team expected to have a high workl'oad?
(yes,no) / h -

6 Yl3

d}
2 Why is this action nee 3ed? (~ to an automatic action.

planned action, ,of failed system, ESAS.f
response)

(/' )$ 3. Will this action contaminate a portion of he plant or otherwise
result in an extended plant shutdown? e , no)
(Explain if yes.) yc 7,4 4 gg

4. Arethereanysystemfailuresthatcomplicatethisa[ tion? cme M
one, multiple) gg1

5. Is this action the opposite to the response required in another 4 w /~

procedure or to general training? (yes. g - cgg/
YWhat are the expected work conditions for the crew?
cl<p A w|

(,~') | | Vigilance Problem. Unexpected transient with no precursors.
V

fg g Optimal Condition / Normal. Crew carrying out small load
adjustments.

g, M High Workload / Potential Emergency. Mild stress, partway
through accident with high work load or equivalent.

U Grave Emergency. High stress, emergency with operator feeling
threatened.

"

Assess stress level for each scenario group.

A. co G u M d ^J oW '

B. G@u w7d Wik
c.

D.

.

q
Q ,/

B-931
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TABLE 2-8 (continued)

//78/A9[/8 Sheet 6 of 13

E. Experience Level of Operating Team
(specific team member who would perform the action)

_

l | Expert, well trained. Licensed with more than 5 years
experience.

' @ experience.
Average knowledge, training. Licensed with more than 6 months

| | Novice, minimum training. Licensed with less than 6 months
experience.

-

L e

.

4

O
B-932
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TABLE 2-B (continued)

( //78I d Sheet 7 of 13
w,

F. Response Time Available

1. What is the timing of the first indications for the operator j) 6 be s_
action? (in time since initiating event) 3 4f Au

,

2. When may the operator first act? (in time from initiating
event)

a (, A.w

(1 j dl >di'

3 When is the last time allowed for the operator to take action
and be successful? $ I

Measured as median time since initiating event, .

or as time since first indications ?--

4 Estimate the median time to carry out the action, once decided yg4to pursue.
7 6 I SOw r:n.,,,n ', f .. s p e

-
- - - . -

Estimate the median time available for the operator to decide to I

perform the correct action. Measure the time available from
when he would first turn his attention to the indications until
the last time available. 4 g, L

Assess timing for each scenario group. p 1o.5 L

Time Time to Time to
Scenario | Allowed Available Diagnose Perform Best

Group Best Conservative Best Estimate Con. serntlye- -
- cre e , ra

A. CD pk jQ 1 boa

B2 aL 1/, .- .1 A u
C.

D.
-

4

"

.

B-933
0495G061286HAAR
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TABLE 2-8 (continued)

O
/// 8/ A Sheet 8 of 13

~

G. Recovery from Earlier Misdiagnosis

1. Whatsignificantnewindicationsaretheretotellth,ioperator
that an earlier diagnosis was in error?
JneS4 f mas. $ {,>

wAenw q w4
2. Does the additional plant feedback occur prior to the allowed

time for successful action? When? Vm
4.)N' % kaa,<- r' f ecw&|w
M. '

3. Is the time available for the correct action sufficient to allow
newly arriving crew members to participate in the decision?
(i.e., is the error rate essentially time independent?)~ g ,no) _

4 During the time available for diagnosis, what new crew , W rs
will be able to ad the problem? [e.o.. nnnn- shift
te:hnical adviso te emergency response tp]
At what print would the following events be declared?

Alert (onsite response team called) TC PIOf8He

Site Area Emergency (offsite response team caHea tau rf ScMe

e General Emergency (potential evacuation) i

b. Should additional credit be given because of additional plant
feedback? @ no)

6. Should additi i credit be given because of newly arriving crew
members? o)

i

I

.

O
B-934 !
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TABLE 2-8 (continued)

//7~d1/?|0 ?

Sheet 9 of 13
i

H. Dependence with Other Human Actions in Same Scenario |

1. Have other arrors of human actions occurred in this scenario? i

p pc 6)y'

1
,

ff) c_,o ' % o,..t :I-e.E w m v<' A *7 AaMr ,

L'[cA th m,.e <Iln eid 'rn% b b''
'

4 . t.w f n .!>
!

2. How much influence d revious human errors have on this action? '

(significant,same none S em . -
d g ,

r:< - ;

L

!
f

3. Are other actions being performed serially or in parallel? i

(Attach operator time line if necessary to describe.)
,

S W A7 +d e-A TM"f7'y 7'sQcaa<.y ar C O, o et-
|

J D Ha- sy s r w , s a- re. tpa r 't 1~ l. <. part., 0 )! CC M %y'S T % T. }
4. Are there enough personnel available to carry out the necessary ;

actions? ye s I

YY ?w_ -

!

i
5. Must a specific dependence with another human action be i

" accounted for? i_&^/.o3 I.

l
x

Scenario Group Yes/No comments

% * d 'E ' ' 'A. C3 wur; y, y

B. D ?" * ' ' ' ' V*/ '~'' N ' ' ' ' ':

c. j

i

D. |

I
'

.

i

O
|

i

B-935 )
!

0495G061886HAAR
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TABLE 2-8 (continued)

/d/8/M Sheet 10 of 13

1. Potential for Confusion in Diagnosis Leading to Unsuccessful Response

1. Are there procedures available to instruct operator to perform
the action? (yes Identify by number '

.

2. If no procedures apply, is the operator trained to perfprm the j
specific action? no) TD be /Q n @ M a./ p/ & T M a~ a-+ y% d 'a

3. Which initiating eve s may lead to a need for this action?
i ;2_ oa V' M

4. Do each of these initiating events result in the plant physical
conditions necessary to enter the procedure encompassing this
human action? (yes,no) If no, identify by initiator

e -- - p-

5. Which other procedures have entry conditions similar to the
procedure encompassing this human action? Identify by number

i s.c o- T T.A ..

t ;L t o - f. 5 w a cu J < eA A C666ph W

6. Do the indications describing the entry conditions for other
procedures differ from the correct procedures oni/ by
parameters not norm ily keyed on by the operator?

( (yes, @ If yes, identify .

7. Is the stress level at the time of selecting the proper
procedure high, mild, optimal, or very low? A "#'

9Mh
8. Is the operator trained to expect the actual situation to be of

extremely low frequency? @ no)

is the potential for an incorrect diagnosis leading to an
operator-induced f ailure high, mediumgr very low?

-

9. What is the likelihood of the operator initially ente _ ring the
wrong procedure? (likely, somewhat likely, QTnlikelW
Identify by number .

10. If the incorrect procedure is entered, does it direct the !
'

operator to:

Ff @ hot do any related action?
L im

| | Perform an action that makes things worse? IdentifyMb .
:% a.h ,I'

| | Perform the correct action anyway?

O
B-936 |

0195G061286HAAR |
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TABLE 2-8 (continued)

O HT4 / A
Sheet 11 of 13 i

11. What top events are likely impacted in some way that makes
recovery more complicated prior to the successful I

[ |
rediagnosis? -

i

!

. ;

|

!

|

i
i

I
1

}- f
;

-

j1

I

i

!
-

!
i

1

1

l

i

!
I.

:

.i
i

I
!-

|

,

l
1
I

.

O
B-937
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TABLE 2-8 (continued)

9 ||
//7/8 /A//3 Sheet 12 of 13 |

J. Potential for Selection of Nonviable Action (assuming a correct
diagnosis) -

1. Are procedures available to instruct the operator to perform the
action? (yes, @

2. Is discretion given to the control room team as to the proper

option among several to be selected? g no)
3. Are any of the options nonviable for any one of the scenario

groups identified? (yes, @ Identify:

21W A ' Jf//t ~m
W ,A'CM/&&sdD

Dm
-

4. Is more than one option pursued in parallel? Q-no) sa#1M-

5. If no specific procedures apply, are there other plausible
options that are nonviable? (yes,@ Identi fy

If the correct action were taken prematurely, would the action
still be successful? V49

6. If a nonviable solution is selected, are sufficient cues and
time available to later pursue a viable option?
yes no)"

entify cues:
S Y CAM JLA / f)

7. Is the plant / operator interface such that a potential exists for
the operator to slip (i.e., manipulate the wrong controls) when
implementing the correct action? (yes@ Explain:

T N a. M tM W/M
6L w c.~/ Au xA n ~ % a 4AMn A AM p . rL rk

8. Is the potential for s lection of a nonviable option high, 79 I

medium,@ or very low? g
7"
4

B-938 /
0495G061386HAAR
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TABLE 2-8 (continued)
PO ,

Sheet 13 of 13

Human Action Identifier: MT8f A,. d
IK. Summary Sheet -

From B. What type of behavior is required? gmaa/4 fA" I

V.

From C. Description of plant interface? [A i /t ;

From D. Expected stress level for each scenario group?

Group A LOPrim M. CoaomE4/A)M 4 G I
Group B Wu % aoraton /Ainriel Gmen
Group C '

' 1

Group D
Group E

From E. Experience level of operating team Mt4446 .

d u o. m .- 0 $%
From F. Time available to perform correct / activit' ch /o.5 A

,

-

;Best estimate of time to diagnose , !, w r
. g 2%j.

ec. A c . ,
From G. Additional credit for rediagnosis due to plant feedback? -

!e. Vp Arriving crew members? Vo$ '

/ / i
From H. Need to account for dependence with othe" actions for each i

scenario group?
!

Group A N@ hr . . , J,s u. . . N? HCO'1 h ( ',t '/ i
Group 6 M11 vn : + ,. 1, u wm nrD y yf-e cI I

Group C
Group D

|

iFrom 1. Potential for incorrect diagnosis leading to failure? i/ od"

i

From J. Potential for selection of nonviable option? / o A.)

Type of human action

I I Backup to an automatic action

| | Detract from an ESAS response,

| | Recovery of a failed system via realignment

| | Planned manual action
.

A,9 Action may lead to an extended outage; e.g.

O contamination A d h M, due tojk gj
a c. M&. b

/

B-939
0495G061286HAAR
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TABLE 2-7. DYNAMIC HUMAN ACTIONS QUESTIONNAIRE |

~h(V Human Action Identifier: MTC.1 Sheet 1 of 11

A. Description of Human Action

1. Objective (task to be performed and failure criteria):

Operator fails to locally close with a handwheel the -

turbine-driven EFW pump steam supply valves (MS-V-13) .

or to isolate the affected steam generator after
a steam generator tube rupture Lused in -TC 1 (OM ,

'

TC-2. fiC --2 Cien : a !..n c k p ~; .- . ,1 |h a- o, n ? !- o - i.
e- - -.

.J < , ,, e ti. :7-

,

|

2. List split fractions that include this human action.

TtEj T C. '2,

-TC:--1. (ss} -f
-

-T M O g .mx |

|-

!,

3. Situation (initiating events and plant conditions, support system
states): collect into separate scenario groups' for evaluation.

,

Emphasize factors affecting response time and stress level. )

971 A W .A & '> W GA- Q
w & Jcin- '

w .

~ /~a. L M d ad ce
M AdM'

tf e r-P-J w , '

-

|

O
0394G011386 B-941
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TABLE 2-7 (continued) '

Human Action Identifier: MTC1 Sheet 2 of 11
'

l

B. Cognitive Processing Type:

k Is the operator familiar with the action? (tje r) ' S
b ufas tiar se ver (u tre r

@ If yes, by what means? (procedures,Qraining frequent
perfomance)

% Does this action contradict operator training, rules of thumb, or
intuition? (yes @
Is this action included in simulator training? (yes,

are 4kese acW reAcwed .: 4rggy); @o vg,sW w {te eud
.

ck those pli ble descriptions of actions: 4
Skill-Based j g

| | Routine action, procedure not required.

| | Routine action, procedure required, but personnel well
trained in procedure.

I I Action not routine, but unambiguous and well understood by hoperators who are well trained.

| | Action is listed in procedures for turbine trip or reactor.
trip.

Rule-Based (procedures)

| | Routine action, but procedure required; operators not well.

trained, or procedure does not cover. .
-

| | Not routine, action unambiguous and well understood, but not
well practiced. -

% Action described in emergency procedures, but not for
'

turbine trip or plant trip.
Knowledged-Based

'

|

U Not routine, action ambiguous.

C Not routine, procedure does not cover. *

R Not routine, procedure not well understood.
|

| | Decision to act based on a rule-of-thumb, but not in
emergency procedures.

Decide on one. What type of behavior is require,d? ute

-
"

B-942
0394G011386

- _
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TABLE 2-7 (continued)

Human Action Identifier: MTC1 Sheet 3 of 11 {

C. Operator / Plant Interface (items on which operators will key to base Ijuogment)
;

Instruments and readings that trigger action (identify procedure !
a applicable): gG.rfC /yo .g' gj g,/f

'
la Are s

@ Alarms (name, location, audible, visual):
L~ De- o~~n'*"'

,

'

M S - doa M

:

:h From where will action first be attempted? (control room, other -speci fy) _ M _4f d A ,

@ Is Yo rdination bet een operators required? (yes M
,,

(h Is there corroboration among indications? (very good none)

*de, 'u Mk <h 7ustspi %. b 5Iapplicabuidee1ption of plant inren ova.@M E.'syc3 mgh|3eck mos le descr
,|

M Excellent. Same as below, but with advanced operator aids to
help in accident situations.-

O Good. Displays carefully integrated with SPDS to help operator.

g Fair. Displays human engineered, but require operator to
integrate information. ,

-
.

L_j Poor. Displays available, but not human engineered.

Extremely Poor.
] directly visible to operators. Displays needed to alert operator are not

'.
.

O

0394G01.1386 B-943
'

*
-

.
.
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TABLE 2-7 (continued)

O'
Human Action Identifier: WTC7 Sheet 4 of 11

D. Stress Level

Is the control room team expected tc have a high work load?
@ no) , j

,

2. Why is this action needed? (backup to an automatic action,-

required 6 action, recovery of failed system, defeat ESAS i
response)

|,,

@ Will this action contaminate a portion of the plant or otherwise
result in an extended plant shutdown? (yes Qn eq% if p ,

h Are there any system failures that complicate this action? (@
one, multiple)

@ Is this action the opposite to the response required in another
procedure or to general training? (yes

What are the expected work conditions for the crew?

R Vigilance Problem. Unexpected transient with no precursors.

I I Optimal Condition / Normal. Crew carrying out small load
adjustments.

g High Workload / Potential Emergency. Hild stress, partway through
accident with high work load or equivalent. |

-

.,9

l

[ threatened.
Grave Emergency. High stress, emergency with operator feeling I,

,|,

1

Assess stress level,for each scenario group.

Scenario Group Stress. Level Coments

d A.
! .

,

B.

C. '

&j D.

0394G011386 8-944*

1
, _ _ .
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TABLE 2-7 (continued)

Human Action Identifier: N TC .f. Sheet 5 of 11

E. Experience level of Operating Team
(specific team memoer wno woulo perform the action)

| | Expert, Well Traine ~' Licensed with more than 5 years
,

experience.

@ Average Knowledge, Training. Licensed with more than 6 months
;experience.
|
|

i

O Novice, Minimum Training. Licensed with less than 6 months
experience.-

O 1

\
\
|
|

.

.

9
O

4

4

e

O
'

0394G011386 '

B-945
e
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TABLE 2-7 (continued)

Human Action Identifier: H TCl Sheet 6 of 11

F. Resoonse Time Avaiiable

k. What is the timing of the first indications for the operator
action ? ,L w<.o 'e r e- (in time since initiating event)
pk J

( /y..g n>J b **si LWJ
f. When may the operator first act? (in time from initiating event)

/0 m /w wr e. t.

-

(. When is the last time allowed for the operator to take action and
be successful?

_
>

Measured as median time since initiating event fh /t._
or as time since first indications -

4. Estimate the median time to carry out the action, once decided to
' pursue. / 0 m */ w T R $

Estimate the median time available for the operator to decide to
perform the correct action. Measure the time available from when
he would first turn his attention to the indications until the
last time available. -Gerarno'm e>- --

r- , ;. ,2. : o,b,.v,f

-Guo ==-/-C - C=

sc enesuI T.mc pouca: gertry,m m Time lo feawi-
Gaur DirretecxS gm ec,x es.v , OFT stra wemsts gar cus erev >--

,fh , [ WQ IS'

-
.

t

9

0
0394G011386 B-946

.
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TABLE 2-7 (continued)

Human Action Identifier: HTC_d. Sheet 7 of 11__

i

G. Recovery from Earlier Misdiagnosis

1. What significant new Indications are there to tell the operator
that an earlier diagnosis was in error?

CMAIM on.n A o T S Cr
.

I

2. Does the additional plant feedback occur prior to the allowed
time for successful action? When? VW -

.

'
- ff -

,

i3. Is the time available for the correct action sufficient to allow

newly arriving crew members to participate in the decision? -)no)
|

'

(i.e., Is the error rate essentially time independent?) Q ;

. :-. ;

4. During the time available for diagnosis, what new crew members
will be able to addr blem? [e.g.,None, Shift
Technical Advisor STA) .S/o Emergency Response Team)

b' 0 *'A "42. M M po*J wok "*

er a
stTE PREb -

Should additiq.11 credif be given because of additional planteA

feedback? {yes no)
es Should addit al credit be given because of newly arriving crew

. members? ( no) -

.

-
.

4

O
'

0394G011386-

.
~~

B-947 -
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TABLE 2-7 (continued)

Human Action Identifier: MTC2 Sheet 8 of 11

H. Dependence with Other Human Actions in Same Scenario

1. Have other errors of human actions occurred in this scenario?
Ab , atAn- 1 557z dp pye,l, ic e.,1;4eAl

2. How much influence do previous hyman errors have on this action?
(significant,cime2none) A)Ts

v

3. Are other actions being performed serially or i@alle
(Attach operator time line if necessary to descri| .

W WW N
01 Tflu $

m.essq ac6si30. Are here o*h pe rso el anhabb 4 a o

Must a specific dependence with anoth e human action be accounted
for?

,

Scenario Group (Yes/No) Coments !

A. %? wj wc< u' m et.: a o a' + v :> , > ?DI t. eecc.y''

s

.

B.
,

.

'

C. '

D.

.

O

0394G011386 B-948 |

- -p. - -
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TABLE 2-7 (continued)

Human Action Identifier: MTC1 Sheet 9 of 11

I. Potential for Confusion in Ditgnosis, leading to Unsuccessful Resoonse

1. Are there procedures available to instruct operator to performathe action? @ no) , Identify by number /2/0-5 .,

2. If no procedures apply, is the operator trained to perform the
specific action?

/ U A (yes, no)
3. Which initiating events may lead to a need for this action?

S M f- c.sirl M g ,4
Scre utA G o Oc4. Do each of these initia ing events result in the plant physical

conditions necessary to enter the procedure encompassing this
human action? e no) If no, identify by initiator

'

.

5. Which other procedures have entry conditions similar to the -

procedure encompAgsing this human action? Identify by number
p /o-3 (c weye coolig)

'

6. Do the indications describing the entry conditions for other
procedures differ from the correct procedures ly by parameters^'(d aot aor='" ' "' red oa by the operator 2 (''' ao ''
yes, identify .

7. Is the stress le at the time of selecting the proper
procedure high, mild optimal, o very low?

~

8. Is the operator trainid to et the actual situation to be of
extremely low frequency? ye no)

.

Ba. Is the potential for an incorrect diagnosis leading to an '

operator-induced failure higglow, or very low?

9. What is the likelihood of the operator initially entering the
wrong procedure? (likely, QgLmewnar 1g unlikely) '

,

Identify by number /.2./ o 3 -

,

10. If the incorrect procedure is entered, does it direct the '

operator to:

C Not do any related action?
.

Perform an action that makes things worse? Identi fy

g @ Perform the correct action anyway? [-{, j p_f e 'l AU
11. What top events are likely impacted in some way that makes h

recovery more complicated prior to the successful j
m

rediagnosis? ,

4.

0394G011385
-

g%g
|
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TABLE 2-7 (continued)

Human Action Identifier: M TC. .L Sheet 10 of 11

J. Potential for Selection of Nonviable Action (assuming a correct
diagnosis)

1. Are procedu available to instruct the operator to perform the
action? no),

...,

2. Is discretion given to the control room team as to the proper
option among several to be selected? no) .,

3. Are any of the option nonviable for any one of the scenario
groups identified? yes no) Identify:

$ $ $ OT S 6-

_

4. Is more than one option pursued in parallel? (yes,@ .

5. If no specific procedures apply, are there other plausible
options that are nonviable? (yes, no) Identify:

O
.. ,

53. If h n were 4aW predv$lq ue-.~ % ab sMLI L,c. swtusCJL?.

ps
6. If a nonviable solution is selected, are suf"4cient cues and time

available to later pursue a viable option? @ no)
Identify cues:
& Y es-o| W & I

. .

7. Is the plant / operator interface such that a potential exists for
th operator to slip when implementing the correct action?
yes no) Explain: .

N AM M
Y j*i O $.
gAa ag-ga AMA A

Ithep _

8. n ial or selection of a nonviab e option high,
medium lo or very low?

"

0394G011386 8-950

.
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TABLE 2-7 (continued) i

>

i

I

Q Human Action Identifier: W 7'C.I Sheet 11 of 11 I

i
K. Summary Sheet !

From B. What type of behavior is required? I1 |f
|

From C. Description of plant interface? F , ; 4,- |,

From O. Expected stress level for each scenaric group? !
!

Group A m l4 i

Group B '

Group C !
Group D |
Group E |

From E. Experience level of operating team b r+a !
*

s.uo, asis ' .l 1 ' '!. k, >u4J !
.,

From F. Time available to perform correct .actiorf f-
%g nwam e, 4 , ,, e 6 e . ~. *j . . 0, t I,cey_ ,_

,
r

From G. Additional credit to rediagnosis due to plant' feedback? !
%.r Arriving crew members? e P s w w M

'

From H. Need to account for dependence with other actions for each
scenario group? '

Group A k , m.ul- % > ''7'',d ' M "'
~~ # ## #

!
Group B ( t y.,.-fe p.nc o (u a /t "'d t^y > ' # # |
Group C a fia., o .,y e*y ) }.

Group D [
Group E !

From I. Potential for incorrect diagnosis leading to failure? hw
!.

4,y ,

From J. Potential for selection of nonviable option?; L,,,., ;

f

k , ;__ . ' ..."..,
|

-

_

[ , . . . . >. a , u . . % . . . . .. ' . ..

.

i

t

!

!

f'.

:

!

O
.

0394G011386 B-951
i

'
<
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TABLE 2-7. DYNAMIC HUMAN ACTIONS QUESTIONNAIRE

Human Action Identifier: H Tc.1 Sheet 1 of 11

A. Description of Human Action

1. Objective (task to be performed and failure criteria): |
.

Operator fails to close the turbine-driven EFW
pump steam supply valves or isolate the affected ;

OTSG after a SGTR and failure of MF+.(used in TC-5) ;

t

I
;
t

I

t

'
;

2. List split fractions that include this human action. i

p24 ;

.

TCP, TC.- 5

O |
|

!

i

!
,

3. Situation (initiating events and plant conditions, support system
istates): collect into separate scenario groups for evaluation.-

;

Emphasize factors affecting response time and stress level. !

, .0.$g h tout er m s~v-2 's W S ~~"A~

'.

g,. ),e. , 6 +c M sA h

m s s v k cla v 8 5 W-. ,

. Sw u wrc ( ag (c e sce'' y'M MM
.

m e +o .
1::n ,. i. / 2 h u L- 5* %

7:

O
,

0394G011386

B-953
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TABLE 2-7 (continued)

E .

Human Action Identifier: NTC.7 Sheet 2 of 11

B. Cognitive Processing Type:

k Is the operator familiar with the action? OAo r) ' 9

% b what means? p oc d
p

@ Does this action c adict operator training, rules of thumb, or
intuition? (yes o)

1s this action included in simulator training?Qno) .

ck those hvA are 4use achic reAesd i 4 ray),
g o,o b /o M7 Jo

plichble descriptions of actions:
,

Skill-Based

, | I Routine action, procedure not required.

I I Routine action, procedure required, but personnel well
trained in procedure.

@ Action not routine, but unambiguous and well understood by
operators who are well trained.

R Action is listed in procedures for turbine trip or reactor
trip.

Rule-Based (procedures)
.

R Routine action, but procedure required; operators not well. .

trained, or procedure does not cover. .

I I Not routine, action unambiguous and well understood, but not
well practiced.

'N Action described in emergency procedures, but not for
turbine trip or plant trip.

,

Knowledged-Based
,

Not routine, action ambiguous.

O Not routine, procedure does not cover.

Not routine, procedure not well understood.

O Decision to act based on a rule-of-thumb, but not in
emergency procedures. .

Decide on one. What type of behavior is reguire,d,7
.

4

0394G011386 B-954
.
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TABLE 2-7 (continued)

Human Action Identifier: RTC2 Sheet 3 of 11

C. Operator / Plant Interface (items on which operators will key to base
judgment)

Instruments and readings that trigger action (identify procedure
number and stp> if applicable):

\w OTs( prsss'

b g c5 yees* M -

l a. A rc d!s p a y M' % ''5 S ' !l

l

h Alarms (name, location, audible, visual):
s w utM skn~-k W |

'

|
i

l

:h From where will action first be attempted? , other -
specify) hea\ *8 M h m.v.t5=/s

@ Is' rdination between operators required? (yes h
,

h Is there corroboration among indications? some,none)

nterface;h b sycikvewdgek mob'a'W.'u buide M kpplicaledescrptiono7eplantveq ha Mb5
1

O Excellent. Same as below, but with advanced operator aids to
' ,

help in accident situations.-

.

U Good. Displays carefully integrated with SPOS to help operator.

Q Fair. Displays human engineered, but require operator to
'

integrate information.
-

.

O Poor. Displays available, but not human engineered.

g i Extremely Poor. Displays needed to alert operator are not .
directly visible to operators. |

O
'

I
'

0394G011.386
*

B-955,
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TABLE 2-7 (continued)

Human Action Identifier: W TC 7__ Sheet 4 of 11

D. Stress Level

e c ntrol room team expected to have a high work load?

2. Why is t needed? (backup to an automatic action,
require manual tion recovery of failed system, defeat ESASe
response

h Will this action contaminate a portion of the
nt or otherwise ,dp ,result in an extended plant shutdown? (yes, o sp%

-
h

_
here any system failures that complicate this action? (none,

one, ultiple) E gg .g e'c ed

@ Is this action the opposite to the respon equired in another
procedure or to general training? (yes,no

,

What are the expected work conditions for the crew?

R Vigilance Problem. Unexpected transient with no precursors.

S Optimal Condition / Normal. Crew carrying out small load
adjustments.

.

. P~l High Workload / Potential Emergency. Hild stress, partway through
accident with high work load or equivalent.

. ,.

| | Grave Emergency. High stress, emergenc,v with operator feeling
,

threatened.

Assess stress level for each scenario group.

Scenario Group Stress. Level Coments

d A.
!

B.

C.
'

/ D. g
1

0394G011386 8-956-
.
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TABLE 2-7 (continued)

O Human Action Identifier: b4 "T <C. 9Z - Sheet 5 of 11

E. Experience level of Operating Team
(specific team memoer wno woulo perform the action)

[~~l Expert Well Traine Licensed with more than 5 years
experience.-

*

I

[E[] Average Knowledge, Training. Licensed with more than 6 months
experience.

[[[] Novice, Minimum Training. Licensed with less than 6 months
experience.- ~

.

O
.

e

# $

4

0

e

|

O
,

|

.

0394G011386 B-957
" '
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| TABLE 2-7 (continued)

Human Action Identifier: y TCL Sheet 6 of 11

F. Resoonse Time Available

N. What is the timing of the first indications for the operator
action? <2wi d (in time since initiating event)

r@ When may the operator first act? (in time from initiating event)
\%

,

(. When is the last time allowed for the operator to take action and-

be successful?
5 kous

Heasured as median time since initiating event g d
- or as time since first indications

4. Estimate the median time to carry out the action, once decided to
" pursue. /Gho m 1

<o

Estimate the median time available for the operator to decide to #
perform the correct action. Measure the time available from when
he would first turn his attention to the indications until the
last time available. S ,1 .,= u.7 % f

-1
1

- .|
1

Scoictat Tiras hvAMtd dcrr km ATE TIM E 10 FCTLR #b
Ga4>r % rre w cxS stw ce,w eu , cr v.s t ra w e m so ce:T co.is er:v m-

3L , [hWu;* 5 %Lf , IN''E,

*

i

|

.

1

O
t

'

0394G011386 B-958
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TABLE 2-7 (continued)
i
.

(~ Human Action Identifier: HTC2_ Sheet 7 of 11

G. Recovery from Earlier Misdi,agnosis I
|

1. What significant new indications are there to tell the operator ;

that an earlier diagnosis was in error?
ms V-2 \pri ral% .r'rheL clod perhi
MM dete J G pmrere_. ,

-

tutt. n W W slu m G% or k lVik W g j
*

,

!

2. Does the additional plant feedback occur prior to the allowed |

time for successful action? When? p - Z-10 %
. Q

l

1

|

3. Is the time available for the correct action sufficient to allow
newly arriving crew members to participate in the decisio
(i.e., is the error rate essentially time independent? (yes, o)

:.

4. During the time available for diagnosis, what new crew members
will be able to ad lem? [e.g., None. Shift
Technical Advis (STA /S mergency Response Team]

deched '.y3. pp p'du;oAa ih. buou.% be
. AN .!

site PREb Nb 2
.

oA Should add I credit be given because of additional plant
feedback? (yes no)

og Should ad credit be given because of newly arriving crew :
. members? ye o)

i

g MLA(f3

u
|

|

O
*

0394G01.1386 -

B-959
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TABLE 2-7 (continued)

Human Action Identifier: p '77 ~2- Sheet 8 of 11

H. Dependence with Other Human Actions in Same Scenario

1. Have other errors of human actions occurred in this scenario?
W

2. How much influence do previous human errors have on this action?
(significant,same,none) 4* i

1

I
-

3. Are other actions being performed serially or ?

(Attach operator time line if necessary to describe.) j

O|
, :

messy W.ad3a. Are. here eu pe eso=d m'dok o

Must a specific dependence with another human action be accounted
for?

-
.

,

y

Scenario Group (Yes/No) Coments

A.
1.

'
B.

*

.

C.
*

'

.

D.

1

|
'

'
.

,

0394G011386 B-960
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TABLE 2-7 (continued)

Human Action Identifier: HTC "2 - Sheet 9 of 11

I. Potential for Confusion in Diagnosis, leading to Unsuccessful Resoonse

1. Are there proc es available to instruct operator to perform
the action? es no) Identify by number 12.10-3 !.

2. If no procedures apply, is the operator trained to perform the
specific action? (yes,no)

3. Which initiating events may lead to a need for this action? !
grA !

4. Do each of these initiating events result in the plant physical
conditions nec to enter the procedure encompassing this
human action no) If no, identify by initiator

'
- .

5. Which other procedures have entry conditions similar to the
procedure encompAs, sing this human action? Identify by number

-

.

'

6. Do the indications describing the entry conditions for other !
procedures differ from the correct proced by parameters '

not normally keyed on by the operator?. (e. If
yes, identify .

7. Is the stress t the time of selecting the proper
,

procedure high, optimal, o, n:ry low? i

!
8. Is the operator trained to exp he actual situation to be of [

extremely low frequency? (yes no '

Ba. Is the potential for an incorrect diagno leading to an-

operator-induced failure high, medium, ow cr very low?

9. What is the likelihood of the operator init ing the
wrong procedure? (likely,somewhat likely ik
Identify by number i_,

10. If the incorrect procedure is entered, does it direct the '|
operator to: '

C Not do any related action?

| | Perform an action that makes things worse? 'denti fy
_

Q Perform the correct action anyway? -

11. What top events are likely impacted in some way that makes

rediagnosis? , complicated prior to the successful
recovery more

0394G011386-

B-961
'

L
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TABLE 2-7 (continued)

Human Action Identifier: H T(_2 - Sheet 10 of 11
|

J. Potential for Selection of Nonviable Action (assuming a correct
diagnosis)

|
<

l. Are proced vailable to instruct the operator to perform the
action? no)

2. Is discretion given to the control room tea o the proper
option among several to be selected? (yes

3. Are any of the options no le for any one of the scenario
groups identified? (yes Identi fy:

.

~

4. Is more than one option pursued in parallel? ye no) .

5. If no specific procedures apply, are there other plausible
options that are nonviable? (yes,Qo}) Identify:

,

O
h. IC % acs iuere. 4aw vr$lq ueAd -h ab sELI k swurEJd

76. If a nonviable solution is selected, are suf nt cues and time
available to later pursue a viable option? yes no)
Identify cues:.

,

.

7. Is the plant / operator interface such that a potential exists for
the ator to slip when implementing the correct action?
(yes Explain: .

.

8. Is the potential for selection of a nonviable option high,
medium, low, oqEery lop

I

t

'

0394G011386 B-962
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TABLE 2-7.(continued) }
!
.

Human Action Identifier: WT C.2 , Sheet 11 of 11

!

X. S'imnary Sheet !

i

From B. What' type of behavior is required? b'

From C. Description of plant interface? f~n '>
,

from O. Expected stress level for each scenario group? f
Group A fo+ed ''# C* # 'J '"' y !
Group B 5

Group . I

Group 0 >

Group E
|

From E. Experience level of operating team Au |
'

we.c
e t r.p a.] !

From F. Time available to perform correct act. ion 4. ~7 f o:w !

Sohnlui m, hit to rediagno' sis-due tollant~ feedback? !

'hL- 1., p.>~+,u To how'

From G. Additional cre
'/o Arriving crew members? r4.At , , ,,s , ,,h (

v :
From H. Need to account for dependence with other actions for each !scenario group? |O r

Group A S p m e-( U+ "Iw ' ' 5 #" ''k */ "~ '3 D I
'

Group B !
Group C !

Group D |
Group E !

From I. Potential for incorrect diagnosis leading to failure? VA,/ow.
,

I

|

From.J. Potential for selection of nonviable option? E. , /< , ,, ,

yccn<r;. .g h..',% ' :;,-l'*i,. ( L Y/ 'u U r;~.% ).

,

.

O '

I

0394G0ll386 B-963
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TABLE 2-7. DYNAMIC HUMAN ACTIONS QUESTIONNAIRE

% '

Human Action Identifier: HTH1 Sheet 1 of 11
r

A. Description of Hun.an Action
;

1. Objective (' task to be performed and failure criteria): !
Operator fails to throttle HPI by using MU-V217.
(Operator earlier opened MU-V217 and started a
second MVP on RT/TT). No ESAS signal was generated. ;

(used in TH-1). Thirty minutes are assumed available.

|

!

!

,

2. List split fractions that include this human action.

Tle/; T H-1 !.

!

O
'

>
.

;

.

3. Situation (initiating events and plant conditiens, support system |states): collect into separate scen:rio groups for evaluation. ;
Lmphasize factors affecting response time and stress level.

,

!

/u cr E SM S ;

. RT occauee W ,& g;-

j

d n u.v.gzy y A , g |y& W '

3 % , <. m .a + a - :
.

|) Mt q rnaq(S Woy em or ,y ted 0 - |1

2) P s caiu L <r: vile J
N # f' *-]} t PL '> to eyP.n m' wt (4 e % % ~ 4 nloj 'r

|9 q) W 4../q as -u p n.n b~4 w o
o

|
1

0394G011386 B-965
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TABl.E 2-7 (continued)

O
Human Action Identifier: W T-N3 Sheet 2 of 11

B. Cognitive Processing Type:

k Is the operator familiar with the action? (l_4o r) * 7
b ufad tiar 5: verg 4.. iter

% If yes, by what means? grocedures, trainiD frequent
performance)

@ Does this action radict operator training, rules of thumb, or
intuition? (yes, Sr,m fa 9- Wa e f N, S p<=hv *4 . 9., v w 6-

'

Is this action included in simulator training? no)

ek those hve4 bre 4 Lese kw reAcas , 4,gg,),ka k eveg 6 u,><.o:t
plic'able descriptions of actions: /

Skill-Based

Routine action, procedure not required.

| | Routine action, procedure required, but personnel well
trained in procedure.

| | Action not routine, but unambiguous and well understood by hoperators who are well tra,ined.

| | Action is listed in procedures for turbine trip or reactor
trip.

Rule-Based (procedures)

R Routine action, but procedure required; operators not well.

trained, or procedure does not cover. .

I I Not routine, action unambiguous and well understood, but not
well practiced. -

.

'M Action described in emergency procedures, but not for
~ turbine trip or plant trip.

Knowledged-Based
,

[_j Not routine, action ambiguous.

M Not routine, procedure does not cover. '

R Not routine, procedure not well understood.

R Decision to act based on a rule-of-thumb, but not in
emergency procedures.

Decide on one. What type of behavior is required? , SM/R
'

B-966
-

,
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TABLE 2-7 (continued)

'

Human Action Identifier:_ RT//] Sheet 3 of 11

C. Operator / plant interface (items on which operators will key to base
juogment)

1 Instruments and readings that trigger action (identify procedure
number and sto) if applicable):

hla s

@ Alarms (name, location, audible, visual):
,

i

w ,

w4 AJ.4g Jn a w " |
:

th From where will action first be attempted? (ontrol rocin) other - !
speci fy)

:

@ Is#ch rdination between operators required? (yes
. , ,

th Is there corroboration among indications? (very good none)

6 id em M i,3C eck moWa'ke,'u $1e descr1ption of plant interrace:<h% smMM h sycN,q%pplica '

T~~"I Excellent. Same as below, but with advanced operator aids to
help in accident situations. ,-

'
,

. .'
'

Good. Displayt carefully integrated with SPDS to help operator.

y Fair. Displays human engineered, but require operator to
'

integrate information.
,

-
,

,

O Poor. Displays available, but not human engineered.

y Extremely Poor. Displays needed to alert operator are not .
directly visible to operators.,

,

.

o

O
.

0394G011386
*

8-967
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TABLE 2-7 (continued)

Human Action Identifier: WTNI Sheet 4 of 11

D. Stress level j
IIs the e ntrol room team expected to have a high work load?

(yes,no
, ,,

2. Why is thi etion needed? (backup to an automatic action,-

required manua-- action, recovery of failed system, defeat ESAS
response)

..

h Will this action contaminate a portion of the
lant or otherwise ,d p *result in an extended plant shutdown? (yes,no Eq%

h Are there any system failures that complicate this action? none
one, multiple)

@ Is this action the opposite to the respon required in another
procedure or to general training? (yes,no

What are the expected work conditions for the crew?

R Vigilance Problem. Unexpected transient with no precursors. h
8 Optimal Condition / Normal. Crew carrying out small load

adjustments.
.

R High Workload / Potential Emergency. Hild stress, partway through
accident with high work load or equivalent.-

,,,

R Grave Emergency. High stress, emergency with operator feeling
,

threatened. ,

.

Assess stress level .for each scenaric group.
!

Scenario Group Stress. Level Coments !

d A.
l |.

B. 'j
C.

~

j D.

1
l

0394G011386 B-968 j.
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TABLE 2-7 (continued)
!

Human Action Identifier:_ H78.2 Sheet 5 of 11
:

E
1

E. Exterience Level of Operating Team
|Tlipecific team memoer wno would perform the action)
[
i

| | Expert Well Traine ' Licensed with more than 5 years
.experience. I

-

!
.

@ Average Knowledge, Training. Licensed with more than 6 months |experience.
|
!
.

[[ Novice, Minimum Training. Licensed with less than 6 months |experience.-

|!
;

-

i

f

(
i

O i
;

*

{

.

|-

:

|
-

,

|. .

!

|

.

1

e

.

.

0394G011386 B-969
'
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TABLE 2-7 (continued)

Human Action Identifier: H TN./ Sheet 6 of 11

F. Response Time .svailable

N. What is the timing /r3ure sof the first indications for the operator
action? JOM (in time since initiating event)

k.Whenmaytheoperatorfirstact? (in time from initiating event).

\ \ frmiMT ts

-

h When is the last time allowed for the operator to take action and
be successful?

Heasured as t ,dian time since initiating event S O rMM) ,
or as time since first indications

4. Estimate the median time to carry out the action, once decided to
" pursue. Sujour2 5

Estimate the median time available for the operator to decide to
,

perform the correct action. Measure the time available from when i

he would first turn his attention to the indications until the
last time available. / h ioures

I
*

,

3 o- 3-/o = I7 l
.

Sc m esu* T*cM^dt3 derr E.ry,m m Timt To fchsus'

Gua r "O stretwets sm cun m, cf w era vsmsa gex casun m j

73 % 3 ,,r3 7 W'-

|
-

.

|

i
.

4

'

O

0394G011386 B-9h0
'
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TABLE 2-7 (continued)

Human Action Identifier: H7N1 Sheet 7 of 11

G. Recovery from Earlier Misdiagnosis

1. What significant new indications are there to tell the operator
that an earlier diagnosis was in error?

'dp 5 ts "-

2. Does the additional plant feedback occur prior to the allowed
time for successful action? When? 9.45.

<

Q,S m jawr<1'

3. Is the time available for the correct action sufficient to allow
newly arriving crew members to participate in the decisio ?
(i.e., Is the error rate essentially time independent?) yes no)O . , . ..

.

4 During the time available for diagnosis, what new crew members ,
will be able to add the_ problem? [e.g., None. Shift
Technical Adviso TA /v Emergency Response Team]

b dedored *.4( a , g M p'd we4 & u.$ e Gm e-., 4,

stTE Muzb -

en Should addit I credit be given because of additional plant
feedback? no)

e6 Should addi al credit be given because of newly arriving crew
. members? no) .

,

.

se e,~ S r " i" d e.

e

'

i

O
;

'

0394G01.1,386
*

-
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TABLE 2-7 (continued)

Human Action Identifier: MTMd Sheet 8 of 11

H. Dependence with Other Human Actions in Same Scenario

1. Have other errors of human actions occurred in this scenario?
a e>

2. How much influence do previous human errors have on this action?
(significant,same,none) o fa

Suct.r, cp mity a.w n.,<4 foy,>*v.b w |;3
g.ney f,Ily ytrea: w -v 2 Y e

3. Are other actions being perfomed serially or in parallel?
(Attach operator time line if necessary to describe.)

gA)O

Ja. Are %ere ea$ pcrsowe(mhabb a o e4 m ess q W ,2
ye /no)

Must a specific dependence with another hu... n action be accounted
for?

(pp 77f&&U-Sl}c__f fQ
'

Scenario Group (Yes/No) Coments pgM
A, %, p.ccc j = S~ e fY

ot ? 'e |.

1B.-
*

.

C.
' '

-

.

D.

'. 1

0

B-9h2
'

0394G011386

:
1



. ,*

TABLE 2-7(continued)

Human Action Identifier:_ M 7NJ. Sheet 9 of 11

I. Potential for Confusion in Diagnosis, leading to L'nsuccessful Response

1. Are there pro es available to instruct operator to perform
the action? yes no) , Identify by number 4ww AqlFa~.

,.

G 'l-
2. If no procedures apply, is the operator trained to perform the ga/

1*

specific action? (yes, no) y A (,. 2-q
3. Which initiating events may lead to a need for this action?

$b $xce.ttIR. D ol|Up
,

4. Do each of these initiating events result Yn the plant physical !

conditions necess m ? no)to enter the procedure encompassing this j
human action? Qejp- If no, identify by initiator '

'

.

,

5. Which other procedures have entry conditions similar to the |procedure encompA1, sing this human action? Identify by number
eM ,

'

6. Do the indications describing the entry conditions for other
procedures differ from the correct procedures on) by parameters '

not normally keyed on by the operator? (yes IfO yes, identify .

7. Is the stress level at th time of selecting the proper
,

procedure high, mild, ptima o, very low?
.

8. Is the operator trainid to expect the actual situation to be of
extremely low frequency? (yes, @

|
Ba. Is the potential for an incorrect diagn is leading to an <!

operator-induced failure high, medium- ow, r very low?

i

9. What is the likelihood of the operator initially entering the I

wrong procedure? (likely,somewhat likelQnlikep {
*

Identify by number -

, j
l

10. If the incorrect procedure is entered, does it direct the *j'operator to:
.

|

M Not do any related action? I
.

| | Perform an action that makes things worse? Identi fy
'

R Perform the correct action anyway? -

11. What top events are likely impacted in some way that makes'

recovery more complicated prior to the successful
rediagnosis?

0394G011386
-

B-973
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TABLE 2-7 (continued)

Human Action Identifier: M T #_f - Sheet 10 of 11

J. Potential for Selection of Nonviable Action (assuming a correct
diagnosts)

1. Are proced s available to instruct the operator to perform the
action? e no) _ , . , _ ,

2. Is discretion given to the control room team as to the proper
option among several to be selected? (yes. g .,

3. Are any of the options nonviable for any one of the scenario
groups identified? (yes,no) Identify:

Mb

4. Is more than one option pursued in parallel? (yes , . - .

5. If no specific procedures apply, are there other plausible
options that are nenviable? (yes,no) Identi fy:. . . ,

OR

53. IC h ac6 'were. 4aW predvEl3 e 44 & a b sh*llLc.swunEJd
[4-S

6. If a nonviable solution is selected, are sufficient cues and time
available to later pursue a viable option? (yes,no)
Identify cues:

Nb

.
.

7. Is the plant / operator interface such that a potential exists for
the operator to slip when implementing the correct action?

C & ff
YM .AA '

cx he potential ffoM J dl &ollu''

8. Is sele: tion of a nonviable option high,
medium, low, or Cery lowl >

'

0394G011386 B-974
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TABLE 2-7 (continued) |
;

Human Action Identifier: WTNd Sheet 11 of 11

K. Summary Sheet |

From B. What type of behavior is required? S M '//
i

From C. Description of plant interface? Fo t.,. '

From D. Expected stress level for each scenario group? !

Group A r/*I A M
Group B
Group C j
Group D

,

Group E i

i

From E. Experience level of operating team Ave rs o e j
d u. . , .i ,y '' t

From F. Time available to orform correct .acettFn I ? < ., . !

dr b *;% ,Te % b so c.I ,,entorediagnosisduetop.l]nt~f'e.
. m

From G. Additional credi a edback? |
U Arriving crew members? sitl* h e,vlie |

;'

From H. Need to account for dependence with other actions for each i
scenario group? '

Grour A % r, lo w , we en J *'I'N r '/''" * ~ # 7 ' 7''U

Group B
Group C .|
Group D r

Group E |
1

From I. Potential for incorrect diagnosis leading to failure? S. 4;v |

From J. Potential for selection of nonviable option? p,, .,' h, .

% n ut sv w el o c'i {%
. ;

.

i

'

.,

.

.

0394G0ll386
8-975
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TABLE 2-7. 0YNAMIC HUMAN ACTIONS QUESTIONNAIRE

Human Action Identifier: H 7N 1 Sheet 1 of 11

A. Description of Human Action

1. Objective (task to be performed and failure criteria):

Operator fails to throttle HPI by using MU-V16A.
MU-V160, MU-V16C, and fiU-V16D af ter ES ac tuation.
(used in TH-2),

2. List split fractions that include this human action.
,

+G I TH ~%
-r8<,; 'TH ( U/S)

O
.

,

3. Situation (initiating events and plant conditions, support system
states): collect into separate scenario groups for evaluation.
Emphasize factors affecting response time and stress level.

e 0l/ k As/t oe ca Ax ee/,R.'T, G S A S , ov

.mS_ e en - -.

te

O 9

e

O l
~

1
:|

0394G011386 ~
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TABLE 2-7 (continued)

OHuman Action Identifier: MTN2 Sheet 2 of 11

B. Cognitive Processing Type:

k Is the operatcr familiar with the action? (l;) r) ' 3
u ub4.tsr s vers 6..u., -

D If yes, by what means? Grecedures, traintnp frequent
perfomance)

D Does this action contradict operator training, rules of thumb, or
intuition? (yes,@
Is this action included in simulator training?

ek those hveu4 are uese achio reAca<t .: b;4),$ no)6, A)/( SHo.o Q
plic'able descriptions of actions:

Skill-Based

n Routine action, procedure not required.
l

i I Routine action, procedure required, but personnel well
trained in procedure.

R Action not routine, but unambiguous and well caderstood by
operators who are well trained.

| | Action is listed in procedures for turbine trip or reactor.
trip.

Rule-Based (procedures)
'

Routine action, but procedure required; operators not well.

trained, or procedure does not cover.
.

I | Not routine, action unambiguous and well understood, but not
well practiced. _

' M Action described in emergency procedures, but not for '

turbine trip or plant trip.

Knowledged-Based
.

[ Not routine, action ambiguous.

Not routine, procedure does not cover. -

Not routine, procedure not well understood.

O Decision to act based on a rule-of-thumb, but not in s

emergency procedures.

Decide on ore. What type of behavior is required? u *-

0394G011386 B-978
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TABl.E 2-7 (continued) i

;

, _ Human Action Identifier: MT/4R Sheet 3 of 11

C. Operator / Plant Interface (items on which operators will key to base
judgment)

1
Instruments and readings that trigger action (ide@ntify precedurenumber and stop if applicable): |7.|0 c/.af /.3//PI ft.e h s So G.P M e. A fwem g , g c.S P4,.ess e e VS,, .

Te %p *AAmx A 4 r#4 A b A iTT' t .C<.Acru4.4 c.u. re v c /<'M
4,,a, Av.e dIsplagt, d re os$ O '

h Alarms (name, location, audible, visual):

.

!

!
r

!

h From where will action first be attempted? [ntrol roo[ other -
speci fy)

{o
t

@ Is $ ordination between operators required? (yes,h j,,

h Is there corroboration among indications? (verygood none)

k<.,*u $le descr1 L kptionoUplantinterrace:h&en sWiQM h sydyyy*1geckmo6 ide e g
C pplica

C Excellent. Same as below, but with advanced operater aids to
; help in accident situations. |

.,
-

;
i

M Good. Displays carefully integrated with SPDS to help operator. I

'

y Fair. Displays human engineered, but require operator to
f

'

integrate information.
,

|
'

. -

C Poor. Displays available, but not human engineered. I

n Extremely Poor. Displays needed to alert operator are not ,
directly visible to operators.,

..
.',

|
'

i,

i O
'

0394GDI.1386 I
'

-
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TABLE 2-7 (continued)

Human Action Identifier: WTN l' Sheet 4 of 11

D. Stress Level

Is the control room team expected to have a high work load?
@ no) .,

2. Why is this etion needed? (backup to an automatic action,
required ,anua . action, recovery of failed system, defeat ESAS
response)

,,

h Will this action contaminate a portion of the lant or otherwise
qn if 4,result in an extended plant shutdown? (yes' no g 9

Are there an system failures that complicate this action? (none,
one,Qultip h gf g p*

h Is this action the opposite to the respons equired r7procedure or to general training? (yes,no

What are the expected work conditions for the crew?

O Vigilance Problem. Unexpected transient with no precursors. h
R Optimal Condition / Norms 1. Crew carrying out small load

adjustments.
.

g High Workload / Potential Emergency. Mild stress, partway through
accident with high work load or equivalent.-

.,.

Grave Emergency. High stress, emergency with operator feeling,
threatened.

.

.

Assess stress level for each scenario group.
.

Scenario Group Stress. Level Coments

d A.
'

B.

C.

j D.

I 0394G011386 B-9'80 ,
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TABLE 2-7(continued)

Human Action Identifier:- H TN 2. Sheet 5 of 11

E. Experience Level of Voerating Team '

(specific team memoer wno woulo perform the action)
1

Expert, Well Traine ' Licensed with more than 5 years ;experience.-

@ Average Knowledge, Training. Licensed with more than 6 months I
experience.

I

C Novice, Minimum Training. Licensed with less than 6 months
experience.-

.

|

|

O 1

!
.

'
4

1

e

e

$

3

'
e

9

#

.

!
! .,

i

e.;1;
-

o3,em3 . .

.
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TABLE 2-7 (continued)

Human Action Identifier: H r# 9- Sheet 6 of 11

F. Resoonse Time Available

N. What is the timing of the first indications for the operator
action' ] ulaure. (in time since initiating event)

r
f. When may the operator first act? (in time from initiating event)

5 wi n a re. s

h When is the last time allowed for the operator to take action and
be successful?

'

Measured as median time since initiating event 20 M e A>uTe 1
or as time since first indications

',. Estimate the median time to carry out the action, once decided to4
pursue. 5' m * u ar u

Estimate the median time available for the operator to decide to
perform the correct action. Measure the time available from when
he would first turn his attention to the indications until the
last time available. / G / Jure;

p-o-5-2=2V
.

\ h .

GoaJr"Dirres.mcES gm cams, ci T.e4t Ta umo gav cousms r

f o . yJ,,, 3 w 4,. I ""E
~

.

G

1

'

l
,

1

%

O'
'

0394G011386 B-982
|
1
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TABLE 2-7 (continued)

O se # actie# iee t4fier: wrux $8eet ? of 11

G. Recovery from Earlier Misdiagnosis

1. What significant new indications are there to tell the operator
that an earlier diagnosis was in error?

Q=n_ - * b o_! W
~

p Q ) .L. & '

2. Does the additional plant feedback occur prior to the allowed
time for successful action? When? //h

?Nb6 |* 4/YTf^f fott fnft7~/N1 $4M k'

M. l//e. - * P -<. o /c - -~

H|-Hi-e3/s "- 2,5m,1>.

3. Is the time available for the correct action sufficient to allow
newly arriving crew members to participate in the decisio '

' (i.e., Is the error rate essentially time independent?) e no)
. . . .

...

4. During the time available for diagnosis, what new crew members
will be able to addrau the problem? [e.g.,None, Shift
Technical AdvisorQSTA), :ShEmergency Response Team]

y2, p M p*i,* woJ4 ih. Mu% k d*d"#d I
nam:r - y *ths AP . W"
stTE ettck - 3o# L Ad. |

-

f
eA Should addit nal credit be given because of additional plant )

feedback? yes no) )

es Should add 1 credit be given because of newly arriving crew
. members? ye no) l

'

i

% I

.

.

.J

I

O
0394G01.1386 B-983
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TABLE 2-7 (continued)

Human Action Identifier: MTMA Sheet 8 of 11

H. Dependence with Other Human Actions in Same Scenario

1. Have other errors of human actions occurred in this scenario?
A)h

2. How much influ nce do previous human errors have on this action?
(significant,same,none) 44

3. Are other actions being performed serially or in parallel?
(Attach operator time line 1,f necessary to describe.)
opoucro ett enavn.-LL4 C t= 0 m nrQ FLOM,wW 57MTM o F* GS G ou |fMeA57~.

Ja. Are Orre8*o pe rsoue(. avah Ab e ca e4 meu g AMesi

Nest a specific dependence with another human action be accounted
'*'I |] M Q ,1, ,1,c HT P L cog A be: F-

Scenario Group (Yes/No) Coments

A.
-

B.
.

-
.

C. ' '

.

D.

.

O
.

0394G011386 B-984
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TABLE 2-7 (contin.ed) i

Human Action Identifier: M T // A Sheet 9 of 11

I. Potential for Confusion in Diagnosis, leading to Unsuccessful Resoonse !

1. Are there proce ures available to instruct operator to perform
the action? es ao) , Identify by number 12fo-fC .,

, ,

( A b.1 h,.g...et rC :) *

2. If no procedures apply, is the operator trained to perform the tspecific action? (yes, no) t
'

A.) R
3. Which nitiating events may lead to a need for this action?

ccA
G4 ce t !!*t- CoouL ,/A S [reem /_dr/N%tnN

Do each of these initiating) events result in the plant physical4. r

conditions necess to enter the procedure encompassing this
human action? no) If no, identify by initiator

.
,

;

5. Which other procedures have entry conditions similar to the |
procedure encompAqsing this human action? Identify by number }
c lo ', ( n ec.r s o r v. / - j ) |

6. Do the indications describing the entry conditions for other
procedures differ from the correct procedures only by parameters !

O not normally keyed on by the operator? (yes,@ If
yes, identify '

. i

|

7. Is the stress le the time of selecting the proper |,

procedure high, optimal, c. nry low? |,

. .

8. Is the operator train 6d to expect the actual situation to be of
extremely low frequency? (yes @ j

.

Ba. Is the potential for an incorrect diagn leading to an 'I
operator-induced failure high, medium, low or very low? |

9. What is the likelihood of the operator initia ntering the
, wrong procedure? (likely, somewhF likely, unlike y ''

Identify by number
_,

10. If the incorrect procedure is entered, does it direct the '

operator to: *

h Not do any related action?

Perform an action that makes things worse? Identi fy
'

Q Perform the correct action anyway?
[

-

11. What top events are likely impacted in some way that makes
recovery more complicated prior to the successful
rediagnosis? PQPL/MC-

0394G011386 ' ,-

B-985 !
'
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TABLE 2-7 (continued)

Human Action Identifier: M7N R Sheet 10 of 11

J. Potential for Selection of Nonviable Action (assuming a correct
diagnosis)

1. Are procedures available to instruct the operator to perform the
action? @ no) _...,

2. Is discretion given to the control room team ae ',o the proper
option among several to be selected? (yes @ .,

3. Are any of the options nonviable for any one of the scenario
groups identified? (yes,no) Identi fy:

^> A

4. Is more than one option pursued in parallel? (yes@ _.

5. If no specific procedures apply, are there other plausible
options that are nonviable? (yes,no) Identify:. . , ,

/U A

53. If % acG 'were h predvEly ueAd -h Ab sKll L,c. swauM
MS .

6. If a nonviable solution is selected, are sufficient cues and time
available to later pursue a viable option? @ no)Identify cues:

ubk-|'M
/

. .

7. Is the plant / operator interface such that a potential exists for
the operator to slip when implementing the correct action?
(yes@ Explain: -

R &4A$UrY 'A

d <. .
,

8. Is the potential for selection of a nonviable option high,
medium, low, o Q ery lof? g

*

0394G011386 B-986
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TABLE 2-7 (continued)
,

Human Action Identifier: MTN1 Sheet 11 of 11

K. . Summary Sheet |

From B. What type of behavior is required? R.I P i

From C. Description of plant interface? /- ~ f

From D. Expected stress level for each scenario group? |
Group A e'lcl !
Group B
Group C
Group D
Group E !

From E. Experience level of operating team Ave.--. hc

cl .v. s.vd
From F. Titre available to perform correct. action H ~ *, -

|
,

2r:i es ;,.,:t* ,./ Irk, L .,risess e 3+.
't

From G. Additional credit to rediagnos-is due to plant ~fiedSick?~' . ;

Le Arriving crew members? 54 W rm.ov.w

From H. Need to account for dependence with other actions for each 1

scenario group? I

O No !

:,

Group A
Group B |
Group C
Group D.

Group E |

From 1. Potential for incorrect diagnosis leading to failure? Y .v /o
.

[w
4 i

From J. Potential for selection of nonviable option? V6 -, av

1 |
\pi,,ug ~s m (.nf% *

:

'

|

.

'
.

'

O
.

0394G011386
~
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TABLE 2-7. DYNAMIC HUMAN ACTIONS QUESTIONNAIRE {
!

Human Action Identifier: wrH3 sneet i of 11
,

A. Description of Human Action
r

1. Objective (task to be performed and failure criteria):
;

Operator fails to throttle HPI after ESAS actuation '

followed by the loss of the A train of engineered
safeguards electric power. The A side injection
valves remain open and must be locally closed
because the 8 makeup pump must continue running
for seal injection.

,

.

2. List split fractions that include this human action.
;

ifTC ; T 3 t (fq ;g)
.

O
.

!
.

!

:

1

3. Situation (initiating events and plant conditions, support system
states): collect into separate scenario groups for evaluation.
Emphasize factors affecting response time and stress level.

gr, e >ns d.A k Gk blyg y ; a u-v-/4t?a8.

- p64eA m.
7Mu-P-M 4;t' '

. ,

.

O
0394G011386

B-989,
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TABLE 2-7 (continued)

O'
Human Action Identifier: NTN3 Sheet 2 of 11

B. Cognitive Processing Type:
.

h Is the operator familiar with the action? (l.4o O ' 3
i m uM. liar se verg buterD If yes, by what er,eans? Mrocedures, training frequent

performance)

% Does this action contradict operator training, rules of thumb, or
intuition? (yes @

Is this action included in simulator training? (yes.huw %
ek those hve4 are huse acw reAeA . 4n;4): yn /M' Fs' '

plic'able descriptions of actions: / / M O.
Skill-Based

| | Routine action, procedure not required.

| | Routine action, procedure required, but personnel well
trained in procedure.

U Action not routine, but unambiguous and well understood by hoperators who are well trained.

R Action is listed in procedures for turbine trip or reactor.
trip.

Rule-Based (procedures)
~

R Routine action, but procedure required; operators not well.

trained, or procedure does not cover. i

.

U Not routine, action unambiguous and well understood, but not
.

well practiced. -

.[2gj Action described in emergency procedures, but not for *

turbine trip or plant trip.
Knowledged-Based

,

U Not routine, action ambiguous.
j

| | Not routine, procedure does not cover. '

-

R Hot routine, procedure not well understood.
[

U Decision to act based on a rule-of-thumb, but not in i
-

emergency procedures.
!

Decide on one. What type of behavior is reguired,7 kfAlf
0394G011386

|
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TABLE 2-7 (continued)

Human Action Identifier: M783 Sheet 3 of 11

C. Operator / Plant Interface (items on which operators will key to base
judgment)

1 Instruments and readings that trigger action (identify procedure
number and sts) if applicable):
HPZ V5

Tyxh @dFla% m> SSDf@fm & M.i RCS wa-wh,
l a. A rc d!5 P ?I3 '' "" ~

lh Alarms (name, location, audible, visual):

.

h From where will action first be attempted? h ro_om,) other -
speci, ) Fo( /6 4. /2 2.oc,su/. 9r 4 mw |

@ Is'$ ordination between operators required? no) ,,

if Is there corroboration among indications? (very good,@ none)

% % 5pu:de,'u quiae q L k pocah 4h sceUQwi b syc(G.A.,vevpd
-

j
CYeck most applicable description of plant interrace:s

M Excellent. Same as below, but with advanced operator aids to
help in accident situations.-

.

E Good. Displays carefully integrated with SPDS to help operator.
c~ A nm it M , p>>ircs s ca lk,

y Fair. Displays human engineered, but re' quire operator to ,

integrate information. -

*

, .

O Poor. Displays available, but not human engineered.

\ i Extremely Poor. Displays needed to alert operator are not
directly visible to operators..

I

V

'

0394G01.1386 B-991
-
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TABLE 2-7 (continued)

9|
Human 'iction Identifier: W783 Sheet 4 of 11

D. Stress Level |

e c ntrol room team expected to have a high work load?

2. Why is this action needed?_(backup to an automatic action,
required Q action, ry of failed system, defeat ESAS
response) '

p . . .

@ Will this action contaminate a portion of the
lant or otherwise ,d p ,

!

result in an extended plant shutdown? (yes no spn
h Are there any system failures that complicate this action? @

one, multiple)

h Is this action the opposite to the response required in another
procedure or to general training? (yes,@

What are the expected work conditions for the crew?

| | Vigilance Problem. Unexpected transient with no precursors.

| | Optimal Condition / Normal. Crew carrying out small load
.

adjustments.
-

.

E High Workload / Potential Emergency. Hild stress, partway through
accident with high work aad or equivalent.-

.,.

U Grave Emergency. High stress, emergency with operator feeling
,

threatened.
,

Assess stress level ,for each scenario group. -

Scenario Group Stress. Level Coments

d A.
: .

B.

C.

, D. ,

B-992
0394G011386 ,
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TABLE 2-7 (continued)

() Human Action Identifier:_ v4 ~7"/6/IL Sheet 5 of 11

E. Experience Level of Operating Team
(specific team memoer wno would perform the action)

f-~l Expert, Well Traine ' Licensed with more than 5 years
experience.-

[E{] Average Knowledge, Training. Licer.;ed with more than 6 months
experience.

,

[[[] Novice, Minimum Training. Licensed with less than 6 months
experience.-

.

O

.

*.

6

'
.

*

.

0394G011386 B-993
.
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TABLE 2-7 (continued)

Human Action Identifier: HTH3 Sheet 6 of 11

F. Resoonse Time Available

What is the timing of the first indications for the operator.
'action? 1 misou r e (in time since initiating event)

h When may the operator first act? (in time from initiating event)
A o - /o mrm'a r u

(. When is the last time allowed for the operator to take action and
be successful?

Measured as median time since initiating event '2.Om b e t r
or as time since first indications

4 Estimate the median time to carry out the action, once decided to
'

pursue. /oujA ures
_

Estimate the median time available for the operator to decide to
perform the correct action. Measure the time available from when
he would first turn his attention to the indications until the
last time available. 9 mlattre.S

4.o -/6- / ' f
sm au- T.-c owta serto m: T+e w mam
6stoJ P "UgrFet siNCES Ben meu, OF T.ME D Dh*)C5 6 G6T (o*25 W P"-

g q..;. 3% ' > " -
.

=.

0

8

O
'

0394G011386 B-994
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TABLE 2-7 (continued) :
|
'

t

{..)l Human Action Identifier: HTg3 Sheet 7 of 11 I

G. Recovery from Earlier Misdiagnosis ;

1. What significant new indications are there to tell the operator
that an earlier diagnosis was in error?

.

PM 41 aA~,~* '

-

!
;

2. Does the additional plant feedback occur prior to the allowed I

time for successful action? When? VM' '

Q - jg &n

///f//-/52.5
3. Is the time available for the correct action sufficient to allow

newly arriving crew members to participate in the decision? '

(i.e., Is the error rate essentially time independent?) @ no) !~

. :. :
'

4. During the time available for diagnosis, what new crew members
will be able to addfess the problem? [e.g.,None, Shift i

Technical AdvisoG5TA), s/S Emergency Response Team]
y a, g M p'ia wo.da & 4chw% k ded"d ''

n u m:r - y% Ad 6" #

ssit Pw -3oug(zd -

eA Should addit 1 credit be given because of additional plant
,

feedback?
e

es Should addit al credit be given because of newly arriving crew
. members? yes no) -

N#Sgj"to B''f g Ew m

.

e

O
.-

'

0394G01.1386
-

-
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TABLE 2-7 (continued) '

Human Action Identifier: N 7//3 Sheet 8 of 11
|

H. Dependence with Other Human Actions in Same Scenario

1. Have other errors of human actions occurred in this scenario?
d)0

l

|
2. How much influence do previous hyman errors have on this action?

(significant,same,none) A)N
|
;

3. Are other actions being performed serially or in parallel?
(Attach operator time line if necessary to describe.

~~mn19m) e
m ese g n ^siJa. Are 41 ere o"% Pe r56"et andabb 6 ca o

Must a specific dependence with another human action be accounted
for?

'

//h18.R kt HT H3. n kcci IO: r
Scenario Group (Yes/No) Coments

A.

B. .

'
.

C. * '

.

D.

.

O
,

S

0394G011386 8-996
.
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TABLE 2-7 (continued) -

Human Action Identifier: H TN 3 Sheet 9 of 11

I. Potential for Confusion in Diagnosis, Leading to Unsuccessful Response
,

1. Are there procedures available to instruct operator to perform -

the action? @ no) , Identify by number JMO .ld '
.,.

hlwwl beer.n1 w w1 12. If no procedures apply, is the operator trained to perform the
{

A>d(yes,no)
specific action?

,

E

3. Which initiating events may lead o a need for this action?
M C-Q GKCtssw<. ,97/& S& Asin

'

4. Do each of these initiating events result in the plant physical !
conditions necessar to e' iter the procedure encompassing this ,

human action? yes no) If no, identify by initiator |'

. ;

1
5. Which other procedures have entry conditions similar to the ;

procedure encomp g(rx #f m < coon g )
sing this human action? Identify by numbar |/1/o 3 c

!
,

'

6. Do the indications describing the entry conditions for other j

procedures differ from the correct procedures only by parameters i

not normally keyed on by the operator? (yes@ If !O yes, identify I.

!

7. Is the stress le at the time of selecting the proper |
procedure high, mild, ptimal, c. ary low? q

, _

l8. Is the operator triine'd to ex ect the actual situation to be of
|extremely low frequency? es no) |.

Ba. Is the potential for an incorrect diagnosis leading to an '

operator-induced failure high, me'ium, or very low?

9. What is the likelihood of the operator initially entering the
wrong procedure? (likely,somewhat .likely, nMrily -

Identify by number
_,

10. If the incorrect procedure is entered, does it direct the '

operator to: '

N Not do any related action?

U Perform an action that makes things worse? Identi fy

|

E Perform the correct action anyway?

11. What top events are likely impacted in some way that makes

recovery more complicated p/ , hrior to the successfulrediagnosis? Po PL
0394G011386 /

-

''

B-997
e

- - - - - - - - - - . , _ , , _ _ . , . - - _ . , _ , . . , _ .-, _ , _ _ . . , , , . , , , _ _ , , _ . _ _ . . _ _ . . , _



_ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ .

#

|
.

|

TABLE 2-7 (continued)

Human Action Identifier: H 7//3 Sheet 10 of 11

J. Potential for Selection of Nonviable Action (assuming a correct
diagnosis)

1. Are procedu es available to instruct the operator to perform the l

action? es no) ]_,

2. Is discretion given to the control room team as to the proper
option among several to be selected? (yes. g .

3. Are any of the options nonviable for any one of the scenario
groups identified? (yes,no) Identify:

NM |

4. Is more than one option pursued in parallel? (yes .

_

5. If no specific procedures apply, are there other plausible
options that are nonviable? (yes,no) Identi fy:,

,,,

/VN

If % ac6 inerd h predurIly v.=44 & AG slat k wessLJdSa.

6. If a nonviable solution is selected, are suf cient cues and time
available to later pursue a viable option? no)Identify cues:

4

W M -

. .

7. Is the plant / operator interface such that a potential exists for
the operator to slip when implementing the correct action?
(yes n Explain: -

%
. .. .

.

,

8. Is the potential selection of a nonviable option high,
medium, low, or ery lb -

u
|

'

0394G011386 B-998
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TABLE 2-7 (continued)

e Human Action Identifier: W7N1 Sheet 11 of 11

'

K. Sumnary Sheet

From B. What type of behavior is required? R l#
From C. Description of plant interface? 6 4ocI

From D. Expected stress level for each scenario group?

Group A ;" M
Group B
Group C
Group D
Group E

From E. Experience level of operating team Avh<u,n
die,e msw f

From F. Time available to perform correct aettEn % <me .
!? . r arh .- .d e n,( %% g + . d . .. u on, s , , u, , .

From G. Additional credit to rediagnosis'due to' plant fsedback?
K/ Arriving crew members? IL.fy .0. .

r
From H. Need to account for dependence with other actions for each

scenario group?

Group A A/>
Group B
Group C
Group D
Group E

From I. Potential for incorrect diagnosis leading to failure? 16,./us ;

From J. Potential for selection of nonviable option? voE /ow

(ieee,m.,..! O,:(</ :y$m
.

C/ J

.

6

0
.

.

0394G01.1386
B-999
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TABLE 2-7. DYNAMIC HUMAN ACTIONS QUESTIONNAIRE

Human Action Identifier: HV T3 i Sheet 1 of 11 ;

A. Description of Human Action !

.

1. Objective (task to be performed and failure criteria):

Operator fails to transfer to inverter 1E in the
event that the inverter supplying power to vital
instrument bus VBB or VBD fails

|

2. List split fractions that include this human action, j

'/ C 4 , V A -| !

f~

'
,

3. Situation (initiating events and plant conditions, support system
states): collect into separate scenario groups for evaluation.
Emphasize factors affecting response time and stress level. ;

TSnD M AA c^ ex-) 2nch n udi -

,

W .4 e k , O & M sw o h tt M%O
& w% n,a- \,v4&/ k 6L E M A .nzca pa

.

-

tA ,A A A d aLnya~o anz ' puel eaaan een/
'

.

O
0394G011386
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TABLE 2-7 (continued) !

O
Human Action Identifier: M V 8 3. Sheet 2 of 11

!

B. Cognitive Processing Type:

k Is the operator familiar with the action? Q.4o s') - 3 1

u ufant. liar ce v r (w.% |

@ If yes, by what means? (brocedurejp, rainin Qrequenp
gformance)

@ Does this action co tradict operator training, rules of thumb, or
I

intuition? (yes no l

Is this action included in simulato,r training? Q no) - l
'

ck those hveu)% ars bese kkia reJMA .: 4 rim, 3% o $re Q.vn s
plichble descriptions of actions: / j

Skill-Based fd /""# 1

y prd*'f jhv"of t
| | Routine action, procedure not required.

| | Routine action, procedure required, but personnel well
trained in procedure.

| | Action not routine, but unambiguous and well understood by
operators who are well trained.

| | Action is listed in procedures for turbine trip or reactor
trip.

Rule-Based (procedures)

R Routine action, but procedure required; operators not well.

trained, or procedure does not cover. .

% well practiced.Not routine, action unambiguous and well understood, but not
-

M Action described in emergency procedures, but not for
turbine trip or plant trip.

Knowledged-Based

| | Not routine, action ambiguous.

I | Not routine, procedure does not cover.

R Not routine, procedure not well understood.

R Decision to act based on a rule-of-thumb, but not in
emergency procedures.

Decide on one. What type of behavior is required? NuLt
'

B-1002
0394G011386
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TABLE 2-7 (continued)
,

Human Action Identifier: RY8I Sheet 3 of 11
:

C. Operator / Plant Interface (items on which operators will key to 'ase
!judgment)

Instruments and readings that trigger action (identify procedure i

number and stgp if applicable): ;

)._oss Ec.,gtec.: rap Z M s' Tit.u s m e M T S :

la. Are M5Poy b'* "5l *

@ Alarms (name, location, audible, visual):

Trt t[RFS c.A rs i oe r
~

T.ov uT w "Tre.owhle 19 en ttim |

'W1 A }' G L eo th. vt.A L.n rt.m t hsTk v ts u. AL Ano,

f1M /M Tk.e to a rrt au %sm :

% From where will action first be attempted? (control room, other - j* specify) /.-au u. , n r jnuurap.s
\b /

@ Is'To~ ordination between operators required? (yes @ j

:) Is there corroboration among indications? (very good, none)

]Ceckmo ha le m k3 ax h lapplicabuide e Iption of plant interrace. ,M hsju N p3 hb5
le descr

i

1 I Excellent. Same as below, but with advanced operator aids to
.help in accident situations.-

'

C Good. Displays carefully integrated with SpDS to help operator.

g Fair. Displays human engineered, but require operator to
integrate information.

.

O Poor. Displays available, but not human engineered.

g i Extremely poor. Displays needed to alert operator are not
directly visible to operators.

O
'

0394G01.1386
'

B-1003
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TABLE 2-7 (continued) O;
Human Action Identifier: WV6I Sheet 4 of 11

D. Stress Level

Is the control room team expected to have a high work load?
@ no)

2. Why is this action needed? (backup to an automatic action.
required manual action,(recovern of failed system, defeat ESAS
response)

h Will this action contaminate a portion of the lant or otherwise
result in an extended plant shutdown? (yes,no spn d p ,
Are there any system failures that complicate this action?
one, multiple)

h is this action the opposite to the response required in another
procedure or to general training? (yes,

What are the expected work conditions for the crew?
, ..

U Vigilance Problem. Unexpected transient with no precursors.

@ Optimal Condition / Normal. Crew carrying out small load
adjustments.

'

.

I I High Workload / Potential Emergency. Mild stress, partway through
accident with high work load or equivalent. .

.,.

R Grave Emergency. High stress, emergency with operator feeling
,

threatened.

Assess stress level for each scenario group.

Scenario GrouD Stress. Level Coments

$ A. DJ,,

B.

C.

, D. ,

8-1d040394G011386 -
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; TABLE 2-7 (continued)

O
Human Action Identifier:_ H V/3.1 Sheet 5 of 11

E. Experience Level of Operating Team
(specific team memoer wno would perform the action)

| I Expert Well Traine Licensed with more than 5 years
experience.

@ Average Knowledge, Training. Licensed with more than 6 months *

experience.
,

O Novice, Minimum Training. Licensed with less than 6 months
experience.-

- O
.

*

9

9

O
~

0394G011386
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TABLE 2-7 (continued)

Human Action Identifiar: MV8I Sheet 6 or 11

F. Response Time Available

5$).
What is the timing /areof the first indications for the operatoraction? /m m e.0 . (in time since initiating event)

h When may the operator first act? (in time from initiating event)
,

.2.0 m mwTu

3'. When is the last time allowed for the operator to take action and"

be successful? 7 g o p,,,,, e ,s v ym.o ye

Measured as median time since initiating event cr-7 V/M
or as time since first indications "

4. Estimate the median time to carry out the action, once decided to
'

pursue, o n t A o x ,<
_

Estimate the median time available for the operator to decide to
perform the correct action. Measure the time available from when
he would first turn his attention to the indications until the
last time available. (r-i .<) 3.a A-f

Sco mu. T.mc M^ote gertry, m Time to rewww. '

bS4J r 7tFFrW4CES Em (cr y gg, M Tef4E T3 DiA6+K46 @$T Qalf ETN A*-

f "lf S h-L sT *J l brT

.

9

|

O
'

0394G011386 B-1006 .
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TABLE 2-7 (continued)

!

Human Action Identifier:- H V/3.1. Sheet 7 or 11 !,

'

G. Recovery from Earlier Misdiagnosis i,

i
'

1. What significant new indications are there to tell the operator |that an earlier diagnosis was in error?
,

iT*
s h (Le o M5e ,,,,-.,,.+ a ~M $ ,p,74 T.e.%g A ( A rtm 5-

g g, . p mfvt- r A !O ury i. -

1 ,,,w a.. ,o,u, .:.. e d . ,1,, , a . Ioa q .+ n s, i m, i

|, , ,_ , , a J a ., t !. . . wJ -

2. Does the additional plant feedback occt'r prior to the allowed
time for successful action? When? V,e r i

7 |
'

,

I

|

1
3. Is the time available for the correct action sufficient to allow '

newly arriving crew members to participate in the decision?
(i.e., is the error rate essentially time independent?) es no)

O :

4. During the time available for diagnosis, what new crew members !

will be able to address the problem? [e.g.,None, Shift i
Technical Advisor (STA), 6 Emergency Response Team] ---,> 5 I,3 7-A ~;

th, p p p'J uaoda 4W. bico be dedon'd '. j
G m a At.-pm i

SLTE PREb .
-

oA Should additi credit be given because of additional plant i

feedback? yes, o) I

og Should additional credit be given because of newly arriving crew
. members? g no)

,I

B#" *""Sgg"50 g g op p

/= b /

O
~

0394G011386 .
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TABLE 2-7 (continued)

Human Action Identifiar: MV8 I Sheet 8 of 11

H. DeDendence with Other Human Actions in Same Scenario

1. Have other errors of human actions occ. -' red in this scenario?

Mo

2. How much influence d revious human errors have on this action?
(significant,same,none

3. Are other actions being performed serially or in paralle'?
(Attach operator time line if necessary to describe.)

/V O

O
u ce53 9 n ^553a. Arc. here eauf pe rsoweA. udok k ch o

Must a specific dependence with another human action be accounted
for?

/U o

Scenario Grouo (Yes/No) Coments

A.

B.
,

.

'

C. *

.

D.

,

.

0394G011386
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TABLE 2-7 (continued)

Human Action Identifier: M V8.L Sheet 9 of 11

!. Potential for Confusion in Diagnosis, Leaping to Unsuccessful Response

1. Are there proc res available to instruct operator to perform
the action? yes no Identify by number / /O'7- Q, ,

2. If no procedures apply, is the o erator trained to perform the
specific action? (yes, no) g

3. Which initiating events may 1 ad to a need for this action?

o r 'Hi* 10* #kg o p- Ques. ret , Los s or
4. Do each of these initiating events result in the plant physical

conditions necessary tA enter the procedure encompassing this
human actien? (yes. Ono If no, identify by initiator

'

L v, ., . ore s h<. pewo-

5. Which other procedures have entry conditions similar to the
procedure encomp gsing this human action? Identify by number

A.> w e
,

'

S. Do the indications describing the entry conditions for other
procedures differ from the correct procedures only by parameters
not normally keyed on by the operator? (yes,@) If
yes, identifyO .

l

7. Is the stress level at the time of selecting the proper
procedure high, mild, Q o. very low?

8. Is the operator trained to expect the actual situation to be of
extremely low frequency? (yes, @

Ba. Is the potential for an incorrect diagnosis leading to on *

operator-induced failure high, medium, low, or Gery lojFl i

,

9. What is the likelihood of the operator initially entering the
wrong procedure? (likely, somewhat likely,

|Identify by number
),

!

10. If the incorrect procedure is entered, does it direct the !
'

cperator to:

M Not do any related action?

I | Perform an action that makes things worse? Identi fy

I I Perform the correct action anyway? .

p) 11. What top events are likely impacted in some way that makes
\,,, recovery more complicated prior to the successful

rediagnosis? cV
0394G011386

B-1009.
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TABLE 2-7 (continued)

O{Human Action Identifier: MV81 Sheet 10 of 11

J. Potential for Selection of Nonviable Action (assuming a correct
diagnosis)

1. Are procedures available to instruct the operator to perform the
action? @ no)

2. Is discretion given to the control room team as to the proper
option among several to be selected? (yes,@

3. Are any of the options nonviable for any one of the scenario
groups identified? (yes,no) Identi fy:

rsy A*y'
/ in avJeA :

Is more than one option pursued in parallel? Oyes4 no) ge y m Te
5. If no specific procedures apply, are there other plausible gg T4.4m /

'

t,

options that are nonviable? (yes, no) gA Identify: r
u

Sh. XC %e. acG were 4 ara prs &vesI v.aAA k AG s&\ \,c. suunsUS
'

ya
6. If a nonviable solution is selected, are sufficient cues and time

available to later pursue a viable option? (yes, no) gIdentify cues:

.

7. Is the plant / operator interface such that a potential exists for
the operator to slip when implementing the correct action?
(yes/no) Explain: yo

.

8. Is the potential for selection of a nonviable option high,
medium, low,orQerylow h

:
1

0394G011386 8-10lb

l
.
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TABLE 2-7 (continued)

Human Action Identifier: W VS L Sheet 11 of 11
i

K. Sumnary Sheet

From B. What type of behavior is required? bI+

From C. Description of plant interface? Fo 3

From D. Expected stress level for each scenario group?
I

Group A 3,,d 4{/ (+"#''t tr |
Group B
Group C
Group D
Group E

j

From E. Experience level of operating team 1>or , j
,t, ,a m ;;

From F. T,ime available to perform correct'. action I '? 4 - / jv

I!ssi e.:n%< rte rt %e ho 1.aj s i., C ~ .;. u v a jo

From G. Additional credit to rediagnosis due to plint feedback?
'/, - Arriving crew members? c'. 9 , - ,'e c e 1

From H. Need to account for dependence with other actions for each
scenario group?

t

Group A 4
Group B
Group C
Group D
Group E

From I. Potential for incorrect diagnosis leading to failure? b Ev

From J. Potential for selection of nonviable option? Eer / v-v 8

~ , , , , ", it,,,,:. _ L ~ I. L er f u:>e' ::. " ' .,
X. c e c' * ! - si v'

A i: '' $ ' ' ' j
' *

-
a ei v.,ug,,

J . , l~. , II' > *7 ,, y
*c

f . ,, ,,q, ,'; , *e y * I o'4')'*
2

l . uw, la. L ,! hfG,

O
.

0394G0ll386
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APPENDIX C

SIMSCRIPT PROGRAM LISTING

The following computer printout is a listing of the SIMSCRIPT program used
for recovery of electric power at TMI-1.

,

O

|

|

O

C-1

-- - --- , -,___ ,________, _ ______ , _ _ __ _ , _



CACI SIMSCRIPT II. 5 f or PRIME Systsms. Release 2.0

1

2 PROGRAM TMII.EP - PROGRAM TO SIMULATE THE RECOVERY OF ELECTRIC
''

3 POWER AT TMI-1**

4

5 PREAMDLE
6
7 PROCESSES
8 INCLUDE INITIALIZE, OFFSITE_ POWER. 1ST_ DIESEL. 2ND_ DIESEL.
9 IST_DC_ BUS. 2ND_DC_ BUS. AND DECISION

10
11 DEFINE DC, FAILURE. TIME AS A REAL FUNCTION
12
13 DEFINE . RECOVERED TO MEAN 4
14 DEFINE . ACTIVATED TO MEAN 3
15 CEFINE .AVAILADLE TO MEAN 2
16 DEFIFAC .UNDER_ REPAIR TO MEArJ 1
17 DEFINE . UNAVAILABLE TO MEAN O
18 DEFINE . SUSPENDED TO MEAN -1
19 DEFIt;E . t40T_ RECOVER # DLE TO MEAN -2
20 DEFINE .OFFSITE TO MEAN 1
21 DEFINE .2ST_ DIESEL TO MEAN 2
22 DEFINE . 2r4D_ DIESEL TO MEAN 3
23 DEFINE .YES TO MEAN 1
24 DEFINE .NO TO MEAN O
25
26 DEFINE
27 AC_ RECOVERY _ TIME.
20 AC_ RECOVERY _ INTERVAL.
27 AC LOSS TIME.
30 MC5N_OP RECOVERY _ TIME.

'

r0 31 DC_PEPAIR_ TIME _DOUND.
32 I tJVER SE_ EARL Y_DC_ FAIL UR E_P ATE.
33 INVERSE _ LATE _DC_ FAILURE _ RATE.
34 FAILURE _ CHANGE _ TIME,
35 ME ATJ_DC_ ARRIVAL _ TIME AND
36 MEAN_DC_ REPAIR _ TIME AS REAL VARIABLES
37
33 DEFItJE NUMDER_OF_ RUNS.
37 OP_ STATE.
40 DCA_ STATE.
41 DCD_ STATE.
42 DCA_ INITIAL _ STATE.
43 DCD_ INITIAL _ STATE.
44 NO_DCS_ EVENTUALLY _AVAILADLE.
45 DG_CCF_RUNNINC.
46 DCA_ STATE.
47 DCD_ STATE.
48 DC A_I tJ I T I AL_ST ATE.
49 DCD_IrJITI AL_ STATE ArJD
50 RD_ STATE AS INTEGER VARIACLES
51
52 DEFINE OFP. DC_A, DC _D . DC_A At4D DC_D AS INTECER VARI ABLES
53
54 END PREAMDLE''

O O O
-



. _

_ -

CROSS-REFERENCE

NAME TYPE MM LINE NUMDERS OF REFERENCES

IST_ DIESEL DEFINE TO MEAN 21
.2ND_DIECEL DEFINE TO MEAr4 22
. ACTIVATED DEFIr1E TO MCAN 14
.AVAILABLE DEFINE TO MEAN IS

. . t40 DEFINE TO MEAN 24
|. .f40T_RECOVERADLE DEFINE TO MEAN 19
l .OFFSITE DEFINE TO MEAN 20

. RECOVERED DEFINE TO MEAN 13

. SUSPENDED DEFINE TO MEAN 18

.UNAVAILADLE DEFINE TO MEAN 17

.UNDER_ REPAIR DEFINE TO MEAN 16

.YES DEFINE TO MEAN 23
| IST_DC_DUS PROCESS NOTICE ARR 7 9

IST_ DIESEL PROCESS NOTICE ARR 35 0
2ND_DC_DUS PROCESS NOTICE ARR 24 9
2ND_ DIESEL PROCESS NOTICE ARR 47 8i

'

AC_ LOSS _ TIME CLODAL VARIADLE ARR 36 DOUBLE 29
AC_ RECOVERY _ INTERVAL .CLODAL VARIABLE ARR 32 DCUDL E 28
AC_ RECOVERY _ TIME CLODAL VARIABLE ARR 40 DOUDLE 27
DCA_ INITIAL _ STATE CLODAL VARIABLE ARR 49 INTECER 48
DCA_ STATE CLODAL VARIADLE ARR 27 INTECER 46
DCD_ INITIAL _ STATE CLODAL VARIABLE ARR 52 INTECER 49
DCD_ STATE CLODAL VARIADLE ARR 40 INTEGER 47
DC_A CLODAL VARIABLE ARR 2 INTECER 52
DC_D CLODAL VARIABLE ARR 3 INTECF.R 52
DECISION PROCESS NOTICE ARR 9 9
DC. FAILURE. TIME ROUTINE DOUDLC 11g

a DCA , INITIAL _ STATE CLODAL VARIADLE ARR 4 INTECER 42W DCA_ STATE CLODAL VARIADLE ARR 23 INTECER 40
DGD_ INITIAL _ STATE CLODAL VARIADLE ARR 1 INTEGER 43
DCD_ STATE CLODAL VARIADLE ARR 39 INTECER 41
DC_A CLODAL VARIADLE ARR 10 INTECEtt 52
DC_D CLODAL VARIADLE ARR 11 INTECER 52
DC_CCF_ RUNNING CLODAL VARIABLE ARR 8 INTECEn 45
DC_ REPAIR _ TIME _DOUND CLODAL VARIADLE ARR '53 DOUDLE 31
FAILURE _ CHANCE _ TIME CLODAL VAa!ADLE ARR 25 DOUBLE 34
INITIALIZE PROCESS NOTICE ARR 51 - 0
INVERSE _EARLY_DC_ FAILURE _ RATE CLODAL VARIADLE ARR 5 DOUBLE 32
INVERSE _ LATE _DC_ FAILURE _ RATE CLODAL VARIADLE ARR 13 DOUBLE 33 ;
NEAN_DC_ ARRIVAL _ TIME CLODAL VARIABLE ARR 21 DOUDLE 35
MEAN_DC_ REPAIR _ TIME CLODAL VARIABLE ARR 18 DOUBLE 36
MEAN_OP_ RECOVERY _ TIME CLOBAL VARIADLE ARR 30 DOUBLE 30 *

NO_DCS_ EVENTUALLY _AVAILADLE CLOBAL VARIABLE ARR 50 INTECER 44
tJUNDER_OF_ RUNS CLODAL VARIABLE ARR 16 INTECEP 38
OFFSITE_ POWER PROCESS NOTICE ARR 29 8
OFP CLOBAL VARIADLE ARR 17 INTECER 52
OP_ STATE CLODAL VARIADLE ARR 46 INTECER 39
RD_ STATE CLODAL VARIABLE ARR 28 INTECER 50-

|

_ _ . _ . _ - . . _ . . . . _ _ . _ - - . _ , . _ _ , . - - _ - , _ , , . . , - _ . . . _ _ _ , _ , . . . , _ , - , .._ .._. .- .. - _.



1

2
3 MAIN
4 ''

5 ROUTINE MA!f4 READS THE INPUT DATA (USING READ _. DATA) AND PERFORMS
''

6 SIMULATION INITIALIZATIONS (USING INITIALIZE)''

7 ''

8 USE 2 FOR INPUT
9 CALL READ _ DATA
10 ACTIVATE Afd It41 T I ALI 2 2 f 40W
11 START SIMULATION
22 END '' MAIN

C 'A OSS-REFERENCE

NAME TYPE MODE LINE NUMDERS OF REFERENCES

EVENTS.V PERMAtJENT ATTRIDUTE SYS 11 INTEGER 3e
F.EV.S PERMANENT ATTRIBUTE SYS 13 (1-D) INTEGER 3e
INITIALIZE PROCESS NOTICE ARR 51 10

+ CLODAL VARIADLE ARR 51 INTEGER 10e
L.EV.S PERMAfJEf4T ATTRIDUTE SYS 14 (1-D) INTEGER 3e
READ _ DATA ROUTINE INTEGER 9

O
e

&

O O O
- - - --



_ _ = . _ _ . _ _ . m _ . . . _. - . _ _ _ _ __ m _ __

.
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' %
.

\

1

2
3 PROCESS INITIALIZE
4 FOR !=1 TO NUMDER_OF_ RUNS. I
5 DO
6 LET TIME.V = 0
7 LET AC_ LOSS _ TIME = -1
0 **

9 **
OFFSITE POWER BECOMES UNAVAILABLE AT TIME =O

10 **

11 ACTIVATE AN OFFSITE_ POWER CALLED OFP NOW '

'12 8.ET OP_ STATE = . UNAVAILADLE
13 *

14 DIESEL MAY DE AVAILADLE AT TIME =0, DEPENDINC UPON INPUT DATA
! 15 **

| 16
i 17 LET DCA_ STATE = DCA_ INITIAL _ STATE
| 18 LET DCD_ STATE = DCD_ INITIAL _ STATE

19 LET NO_DCS_ EVENTUALLY _AVAILABLE = 0
| 20

21 IF DCA_ STATE = AVAILADLE.
22 ACTIVATE A IST_ DIESEL CALLED DC_A NOW
23 LET DCA_ STATE = DCA_ INITIAL _ STATE
24 ADD 1 TO NO_DCS_ EVENTUALLY _AVAILABLE
25 ALWAYS
26
27 IF DCD_ STATE = .AVAILABLE,
28' ACTIVATE A ."ND_ DIESEL CALLED DC_B NOW
29 LET DCD_ STATE = DCD_ INITIAL _ STATE

Q 30 ADD 1 TO NO_DCS_ EVENTUALLY _AVAILABLE
m 31 ALWAYS

32
33 LET RD_ STATE = . SUSPENDED
34
35 IF (DCA_ INITIAL _ STATE = . UNAVAILABLE) AND
36 (DCD_ INITIAL _ STATE = . UNAVAILABLE)
37 LET AC_ LOSS _ TIME = 24* TIME.V
33 ALWAYS
39
40 SUSPEND

6

41 LOOP
42 * * PRINT 6 LINES WITH MEAN_ REC _ TIME, STDDV_ REC _ TIME. NEAN_ REC _INTVL,
43 AND STDDV_ REC _INTVL THt|S

**

44 **
45 ** AC RECOVERY TIME MEAN eso.**** HOURS=

46 ** AC RECOVERY TIME STANDARD DEVIATION see.**** HOURS=

47 - ** AC RECOVERY INTERVAL NEAN ***.enee HOURS=

40 * * AC RECOVERY INTERVAL STANDARD DEVI ATION **e.eene HOURS=

49
50 END ** INITIALIZE

,.

_ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ . - _ _ _ _ _ _ _ _ _ . _ -+.m -e.-- . w==e- .- e, -r-- w..a-. . . . .. c _



CROSS-R EFERENCE
PJAME TYPE NODE LINC NUMDERS OF REFERENCCS

AVAILADLE DEFINC TO MEAN 21 27
. SUST ENDE D DEFINE TO MEAN 33
.UNAVAILADLE DEFIrJE TO MEAN 12 35 36
IST_DIESCL PROCESS NOTICE ARR 35 22
UND_ DIESEL PROCESS NOTICE ARR 47 20
AC_ LOSS _ TIME CLODAL VARIA9tE AdR 36 DOUBLE 7 37
DCA_ INITIAL _ STATE CLODAL VARIADuE ARR 49 INTEGER 17 35
DCA_ STATE CLODAL VARIABLE ARR 27 INTECER 17 21
DC3_ INITIAL _ STATE CLODAL VARIADLE ARR 52 INTEGER 10 36
DCD_ STATE CLODAL VARIADLE ARR 48 INTEGER 18 27
DCA_ INITIAL _ STATE CLODAL VARIADLE ARR 4 INTEGER 23
DCA_ STATE CLODAL VARIADLE ARR 23 INTECER 23
DCD_ INITIAL _ STATE CLODAL VARIADLE ARR 1 INTEGER 29
DCD_ STATE CLODAL VARIABLE ARR 39 INTECER 29
DG_A CLODAL VARIADLE ARR 10 INTEGER 22*
DG_D CLODAL VARIADLE ARR 11 INTECER 28*
I RECURSIVE VARIADLE WORD 1 DOUDLE 4*
INITIALIZE PROCESS NOTICE ARR 51 3 50

+ CLODAL VARIADLE ARR 51 INTECER 3*
NO_DCS_EVErJ T UAL L Y_AVA I L AULE CLODAL VARIADLE ARR 50 INTEGER 19 24* 3O+
NUMDER_OF_ RUNS CLOCAL VARIADLE ARR 16 INTECER 4
OFFSITE_ POWER PROCESS NOTICE ARR 29 11
CFP CLODAL VARIADLE ARR 27 INTEGER 11*
CP_ STATE CLOBAL VARIADLE ARR 46 INTECER 12

o PROCESS V PERMANENT ATTRIDUTE SYS 47 INTECER 50+
h RD_ STATE GLODAL VARIADLE ARR 20 INTEGER 33

7IME.V PERMAtJENT ATTRIDUTE SYS 17 DOUDLE 6 37

e 9 9



, - - _ _ . _ . --

w g
'u.

1

2

3 PROCESS OFFSITE_ POWER
4 **

5 MODELS RECOVERY PROCESS FOR OFFSITE POWER
''

'

6 **
7 DEFINE OP_ RECOVERY _ TIME AS A REAL VARIABLE
D LE T OP_ RECOVERY _ TIME = EXPONENTI AL. F(MEA *a_OP_ RECOVERY _ TINE. 2 3
9 LET DP_ STATE = .UNDER_ REPAIR

10 "'*eseeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee**eeseeeeeeeeeeeeeeeeeeeeeeeee,
11 PRINT 3 LINES WITH 24* TIME.V, OP_ STATE, AND
12 OP_ RECOVERY _ TIME THUS

TIME = eem. s ee: OFFSITE POWER LOST. OFFSITE POWER STATION 1
OP_STATC = e
OP_ RECOVERY _ TIME = ene.ee*

13 'eeeeeeeeeeeeeeeeeeese*****e********eeeeeeeeeeeeee***eeeeee******e****eemeneee.
14 ''

15 '' HOLD OFFSITE POWER PROCESS UNTIL RECOVERY
16 ''

17 WAIT OP_ RECOVERY _ TIME HOURS *

10 LET OP_ STATE = . RECOVERED
19 **eeeeeeeseeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee.
20 PRINT 2 LINES WITH 24eTIME.V AND OP_ STATE THUS

TIME = eso.*ee: OFFSITE POWER RECOVERED, OFFSITE POWER STATION 2
C'_ STATE = *

21 ***********eeeeeeeeeemoseeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeen
22 LET AC_ RECOVERY _ TIME = 24eTIME.V
23 LET AC_TiCOVERY_ INTERVAL = AC_ RECOVERY _ TIME - AC_ LOSS _ TIME
24 CALL END RUN CIVINC .OFFSITE
25 END '' OFFSITE_ POWER

N

CROSS-REFERENCE

NAME TYPE MODE LINE NUMBERS OF REFERENCES

.OFFSITE DEFINE TO MEAN 24

. RECOVERED DEFINE TO MEAN 18*

.UNDER_ REPAIR DEFINE TO MEAN 9
AC_ LOSS _ TIME CLOBAL VARIABLE ARR 36 DOUDLE 23
AC_ RECOVERY _ INTERVAL CLOBAL VARIADLE ARR 32 DOUBLE 23
AO_ RECOVERY _ TIME CLODAL VARIADLE ARR 40 DOUBLE 22 23
END_RUN ROUTINE INTECER 24
EXPONENTIAL.F ROUTINE DOUBLE 8
NEAN_OP_ RECOVER Y_T I ME CLOBAL VARIABLE ARR 30 DOUBLE 8
OFFSITE_ POWER PROCESS NOTICE ARR 29 3 25

+ CLODAL VARIABLE ARR 29 INTECER 3e
OP_ RECOVERY _ TIME RECURSIVE VARIABLE WORD 1 DOUBLE 7 8 11 17
OP_ STATE CLODAL VARIADLE ARR 46 INTECER 9 11 18 20
PROCESS.V PERMANENT ATTRIBUTE SYS 47 INTECER 25
TIME.V PERMANENT ATTRIBUTE SYS 17 DOUDLE 11 20 22

F
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1

2

3 PROCESS IST_ DIESEL
4 **

5 MODELS FAILURE AND RECOVERY PROCESSES FOR DIESEL GENERATOR A
''

**b
7 DEFINE DCA_ FAILURE _ TIME. DCA_ ARRIVAL _ TIME. AND
8 DGA_ REPAIR _ TIME AS REAL VARIADLES
9 WAIT O 1 MINUTES

10 ''

11 HOLO DIESEL UNTIL FAILURE'

12 **

13 IF DCA_ STATE = . ACTIVATED.
14 LET DCA_ FAILURE _ TIME = DG. FAILURE. TIME (INVERSE _EARLY_DG_ FAILURE _ RATE.
15 INVERSE _ LATE _DG_ FAILURE _ RATE. FAILURE _ CHANCE _ TIME.3)
16 WAIT DGA_ FAILURE _ TIME HOURS
17 ALWAYS
10 LET EGA_ STATE = .UNAVAILADLE
19 ***e ** e******eeeee=***eeeee*******eeeeeeeeee***************eeeeeeeeeeeeeeeee**
20 PRINT 2 LINES WITH 24eTIME.V AND DGA_ STATE THUS

TIME = *** ***: DG_A LOST. DGA STATION 1
DGA_ STATE = .

21 ''***** ** .e.*******eseeeeeee*******eeee*********** ***** **ese**eeeeeeeeeeeeen
22 **

23 START DATTERY A WHEN DIESEL A FAILS''

24 ''

25 IF DCA_ STATE = .AVAILABLE.
26 ACTIVATE A 1ST_DC_DUS CALLED DC_A NOW3

e 27 ALWAYS
03 20 **

27 TIME DELAYS FOR DIESEL A IF IT IS THE ONLY DIESEL AVAILADLE FOR''

30 RECDVERY ( I . E. , NO_DGS_ EVENTUALLY _AVAILADLE = 1)''

31 ''

32 IF NO_DGS_ EVENTUALLY _AVAILADLE = 1,
33 LET AC_ LOGS _ TIME = 24* TIME.V
34 LET DGA_ ARRIVAL _ TIME = EXPONENTIAL.F(MEAN_DG_ ARRIVAL _ TIME.43
35 WAIT DGA_ ARRIVAL _ TIME HOURS
36 LET DCA_ STATE = .UNDER_ REPAIR
37 eeeeer**eseeeeeeeeee......ee.. eeeeee...eeeeeeeeeeeeeeeeeeeeeeeeeeeee** e eee's

30 PRINT 2 LINES WITH 24* TIME.V AND DGA_ STATE THUS
TIME = ***.eee: OPERATORS ARRIVE AT DG_A. 1 DG AVAILADLE. DGA STATION 2

DGA_ STATE = e
39 ''. eeeeee.....eeeee.*****e e.**eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee.
40 LET DCA_ REPAIR _ TIME = EXPONENTIAL.F(MEAN_DG_ REPAIR _, TIME.5)
41 WAIT DGA_ REPAIR _ TIME HOURS
42 LET DCA_ STATE = . RECOVERED
43 ****e ************* *******e.*e**seeeeee******************e*** eeee**eeeeeee****
44 PRINT 1 LINE WITH 24* TIME.V THUS

TIME = ese.eee: DG_A RECOVERED. 1 DG AVAILADLE DGA STATIDM 3
45 **eeeeeeeeeee**eseeeeeee** e***** eee*****se*********eeeeeeeeeeeeee****eseeeeeee

e O O
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46 ELSE
47 **

40 ''

TIME DELAYS FOR D?ESEL A IF IT IS ONE OF TWO DIESELS AVAILADLE49 **

FOR RECOVERY (ND_DCS_ EVENTUALLY _AVAILADLE = 2)50 ''
'

51 **

52 DIESEL D IS RUNNINC WHEN DIESEL A FAILS
''

53 ''

54 IF DCB_ STATE = . ACTIVATED,
55 ''

56 **
COMMON-CAUSE FAILURE OF DIESELS WHEN RUNNING

57 **

50 IF DC_CCF_RUNNINC = . YES,
59 INTERRUPT 2ND_ DIESEL CALLED DC_D
60 LET DCD_ STATE = . SUSPENDED
61 ALWAYS
62 ''

63 ''
DELAY UNTIL OPERATORS ARRIVE AT DIESELS

64 ''

65 LET DCA_ARh1 VAL _ TIME = EXPONENTIAL.F(MEAN_DC_ ARRIVAL _ TIME,4)
66 WAIT DCA_ ARRIVAL _ TIME HOURS
47 LET DCA_ STATE = .UNDER_ REPAIR
6J ''****.eeeee====*eeeeeeeeee..ee.....ee**.******ee**********e.**.**e*************
69 PRINT 3 LINES WITH 24* TIME.V. DCA_ STATE AND DCD_ STATE THUS

TIME = ***.***: OPERATORS ARRIVE AT DC_A, DCA STATION 4
DCA_ STATE = *
DCD_ STATE = *

70 **...ee.....................c....e.....ee..........ee...........................
7I IF DCD_ STATE = . SUSPENDED.c3

e 72 ACTIVATE A DECISION IN DC REPAIR TIME DDUND HOURSNo 73 **..... ........e.e... .............._...e..._....._....e..............ee..........
74

PRINT 2 LINES WITH 24eTIME.V AND 24 tit 1E.V+DC_ REPAIR _ TIME _DOUND75 THUS
TIME = **. ***: REPAIR DECISION SCHEDULED FOR DC_D, DCA STATION 5.

SCHEDULED AT * * *. * * *
76 ''eee.**e.. .****ee.............................................................
77 ALWAYS '

78 ELSE
79 ''

00 ''
DIESEL D IS FAILED AND IS EITHER UNDER REPAIR OR AWAITINC

01 ''
THE ARRIVAL OF THE REPAIR CREW WHEN DIESEL A FAILS

O2 ''

83 LET AC_ LOSS _ TIME = 24 TIME.V
84 IF DCD_ STATE = .UNDER_ REPAIR,
85 ACTIVATE A DECISION IN DC REPAIR TIME DOUND HOURS
D6 * * . . . . . . . . . . . . . . . . . . . . e e e e e . . . . . . . . ._e e . . . ._. . . . ._e e e e e e e e e e e e s e . . . e e . . . . e e . . . . .
07 PRINT 2 LINES WITH 24* TIME.V AND 24eTIME.V+DC_ REPAIR _ TIME _ BOUND80 THUS

TIME = .ee..**: REPAIR DECISION SCHEDULED FOR DC_A. DCA STATION 6
SCHEDULED AT ee...ee

89 ''ee.e.***.*****.*****.**.******es****.******.eeee********.***eee eeeeee*****ee.

. . . _ .
..
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90 ALWAYS
91 LET DCA_ STATE = . SUSPENDED
92 **eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee
93 PRINT 1 LINE WITH 24* TIME.V THUS

TIME = *ee. nee. DC_A SUSPEf 4DE D DCA STATION 7
94 **eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeemmeneeeeeeeeeeeeeeeeeeeee.
95 SUSPEND
96 ''*ee** eee****** eeeeeeeeee***eeeeeeeeeeeeee ...eeeeeeeee. eeeeeeeeeeeeeeeeeeee
97 PRINT 2 LINES WITH 24= TIME.V AND DCA_ STATE THUS

TIME = e** eee DC_A REAWAKENED, DCA STATION O
DGA_ STATE = .

90 ''e.=*****eeeeee****eeeee****e***e*emeeeeese.......meeeeeeeeeeeeeeeeeeeeeeeeeeee
99 ALWAYS
100 ''

101 DELAY UNTIL REPAIRS ARE COMPLETED''

102 ''

103 LET DCA_ REPAIR _ TIME = EXPONENTIAL.F(MEAN_DC_ REPAIR _ TIME,5)
104 WAIT DGA_ REPAIR _ TIME HOURS
105 LET DCA_ STATE = . RECOVERED
106 ''essee.*o***semesseeeeeeeeeeee eeeeeeeeeeeeee**eeeeeeeeeeeeeeeeee**e******eeene
107 PRINT 3 LItJES WITH 24* TIME. V. DCA_ STATE AND DCD_ STATE THUS

TIME = e**.e**; DG_A RECOVERED, DGA STATION 9
DGA_ STATE = .
DCD_ STATE = *

108 ''esee**esee*** eeeeeeeee***eeeeee**eeeeeeeeeeeeeeeeeeeee**********e********eeme
107 ALWAYS
110 ''

111 COMPUTATION OF IMPORTANT TIMES''

O 312 ''
s
-- 113 LET AC_ RECOVERY _ TIME = 24= TIME.VO 114 LET AC_ RECOVERY _ INTERVAL = AC_ RECOVERY _ TIME - AC_ LOSS _ TIME

115 CALL EtJD_RUN CIVItJG IST_ DIESEL
116 END IST_ DIESEL''

CROSS-REFERENCE

NAME TYPE MODE LINE NUMDERS OF REFERENCES

iST_ DIESEL DEFIt E TO MEAN 115
. ACTIVATED DEFItJE TO MEAN 13 54
.AVAILADLE DEFitJE TO MEAN 25
. RECOVERED DEFINE TO MEAN 42 105
.SUSPEtIDED DEFINE TO MEAN 60 71 91
. UtJAVAIL ADLE DEFINE TO MEAN 10
. UtJDER_REPA!R DEFItJE TO MEAN 36 67 04
.YES DEFItJE TO MEAN 58
1ST_DC_DUS PROCESS NOTICE ARR 7 26
IST_ DIESEL PROCESS NOT7~' ARR 35 3 116

+ CLODAL VARIA.< E ARR 35 INTEGER 3e

e S
'
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2ND_ DIESEL PROCESS NOTICE ARR 47 59
AC_ LOSS _ TIME CLODAL VARIADLC ARR 36 DOUDLE 33 83 114
AC_ RECOVERY _ INTERVAL CLODAL VARIABLE ARR 32 DOUDLE 114

,

AC_ RECOVERY _ TIME CLDDAL VARIADLE ARR 40 DOUDLE 113 114
DCA_ STATE CLODAL VARIABLE AP.R 27 INTECER 25
DC_A CLODAL VARIADLE ARR 2 INTECER 26*
DECISION PROCESS NOTICE ARR 9 72 85

+ CLODAL VA91ADLE ARR 9 INTECER 72e BSe
DC. FAILURE. TIME ROUTINE DOUDLE 14
DCA_ ARRIVAL _ TIME RECURSIVE VARIABLE WORD 3 DOUDLE 7 34 35 65 66
DCA_ FAILURE _ TIME RECURSIVE VARIADLE WCRD 1 DOUDLE 7 14 16
DCA_ REPAIR _ TIME RECURSIVE VARIABLE WORD 5 DOUDLE 8 40 41 103 104
DCA_ STATE CLODAL VARIADLE ARR 23 INTEGER 13 18 20 36 38 42 67

69 91 97 105 107
DCD_ STATE CLODAL VARIADLE ARR 39 INTECER 54 60 69 71 84 107
DC_D CLODAL VARIADLE ARR 11 INTEGER 59*
DC_CCF_RUNNINC CLOBAL VARIADLE ARR 8 INTECER 58 .-

DC_ REPAIR _ TIME _DOUND CLODAL VARIABLE ARR 53 DOUDLE 72 74 85 87
END_R UN ROUTINE INTECER 115
EXPONENTIAL.F ROUTINE DOUDLE 34 40 65 102
FAILURE _ CHANCE _ TIME CLODAL VARIABLE ARR 25 DOUBLE 15 "

INVERSE _EARLY_DC_ FAILURE _ RATE CLODAL VARIADLE ARR 5 DOUBLE 14 t

INVERSE _ LATE _DC_ FAILURE _ RATE CLOBAL VARIADLE ARR 13 DOUDLE 15
MEAN_DC_ ARRIVAL _ TIME CLODAL VARIADLE ARR 21 DOUBLE 34 65
MEAN_DC_ REPAIR _ TIME CLOBAL VARIADLE ARR 18 DOUDLE 40 103
ND_DGS_ EVENTUALLY _AVAILADLE GLODAL VARIADLE ARR 50 INTECER 32
PROCESS.V PERMANENT ATTRIBUTE SYS 47 INTECER 116+
TIME.V PERMANENT ATTRIPUTE SYS 17 DOUDLE 20 33' 38 44 69 74e 837 87* 93- 97 107 1 ;.3

w
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I
2

3 PROCESS 2ND_ DIESEL
4 ''

S MODELS FAILURE AND RECOVERY PROCESSES FOR DIESEL CENERATOR D
''

6 ''

7 DEFINE DGD_ FAILURE _ TIME. DCD_ ARRIVAL _ TIME, AND
0 DGD_ REPAIR _ TIME AS REAL VARIADLES
9 WAIT O 1 MINUTES

10 ''

11 HOLD DIESEL UNTIL FAILURE''

12 ''

13 IF DGD_ STATE = . ACTIVATED,
14 LET DGD_ FAILURE _ TIME = DG. FAILURE. TIME (INVERSE _EARLY_DC_FAILORE_ RATE.
15 INVERSE _ LATE _DG_ FAILURE _ RATE. FAILURE _ CHANCE _ TIME.3)
16 WAIT DCD_ FAILURE _ TIME HOURS
17 ALWAYS
18 LET DGD_ STATE = .UNAVAILADLE
19 ''eee **.ooes******e***e*eeeeee**eeeeme*>eeeeeeee**e**eseee********************.
20 PRINT 2 LINES WITH 24eTIME.V AND DGD_ STATE THUS

TIME = ee. ***: DG_D LOST, DGD STATION 1
DGD_ STATE = *

21 **eeeeeesseeeeeeeoeseeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeees
22 **

e3 START DATTERY D WHEN DIESEL D FAILS''

24 **

25 IF DCD_ STATE = .AVAILADLE,
26 ACTIVATE A 2ND_DC_DUS CALLED DC_D NOW

C3 27 ALWAYS
eb 28 ''

TIME DELAYS FOR DIESEL D IF IT IS THE ONLY DIESEL AVAILABLE FORr0 29 ''

30 RECOVERY ( I . E. , ND_ DOS _ EVENTUALLY _AVAILADLE = 1)''

31 ''

32 IF NO_DCS_ EVENTUALLY _AVAILADLE = 1.
33 LET AC_ LOSS _ TIME = 24eTIME.V
34 LET DCD_ ARRIVAL _ TIME = EXPONENTIAL.F(MEAN_DC_ ARRIVAL _ TIME.4)
35 WAIT DCD_ ARRIVAL _ TIME HOURS
36 LET DCD_ STATE = .UNDER_ REPAIR
37 '*e.***eeeee *o** eses ***eeeeeeeeeee***eeeeeeeme*****ese***eeeee**ee****ee******.

39 PRINT 2 LItCS WITH 24* TIME.V AND DCD_ STATE THUS
TIME = e**.eee: OPERATORS ARRIVC AT DC_D. 1 DC AVAILADLE. DGD STATION 2

DGD_ STATE = *
39 ''***.eeee**es *****emeeeeeeeeme**es** eeeeeee** eeee********ee.***e**e***eeeeee
40 LET DCD_ REPAIR _ TIME = EXPONENTIAL.F(MEAN_DC_ REPAIR _ TIME.5)
41 WAIT DGD_ REPAIR _ TIME HOURS
42 LET DCD_ STATE = .RECDVERED
43 ''...eeeeeee....eeeeeeee. eeeeeeeeeeeeeeeee ...eeeeeeeeeeeeeeeeeeeeeeeeeee.....
44 PRINT 1 LINE WITH 24eTIME.V THUS

TIME = e**. ***: DG_D RECOVERED, 1 DC AVAILADLE DCD STATION 3
45 *'eeeeeeeeeeeee.........eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee,

9 O O
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46 ELOE
47 **

48 ''
TIME DELAYS FOR DIESEL D IF IT IS ONE OF TWO DIESELS AVAILADLE

49 ''
FOR HECOvCRY (NO_DCS_ EVENTUALLY _AVAILADLE = 2)

50 **

SI ''

52 '' DIESEL A IS RUNNING WHEN DIESEL D FAILS
53 ''

54 IF DCA_ STATE = . ACTIVATED.
55 **

56 '' CCMMON-CAUSE FAILURE OF DIESELS WHEN RUNNINC
57 **

SD IF DC_CCF_RUNNINC = .YES.
59 INTERRUPT IST_ DIESEL CALLED DC_A
60 LET DCA_ STATE = . SUSPENDED
61 ALWAYS
62 **

63 DELAY UNTIL OPERATORS ARRIVE AT DIESELS''

64 ''

65 LET DCD_ ARRIVAL _ TIME = EXPONENTIAL.F(MEAN_DC_ ARRIVAL _ TIME.4)
66 WAIT DCD_ ARRIVAL _ TIME HOURS
67 LET DCD_ STATE = .ONDER_ REPAIR
68 ''eeme*****eee****eee***eeeee**een.....eeeeeeeeeeeeeeeeeeeeeeeeeeee****eemenees,
69 PRINT 3 LINES WITH 24eTIME.V, DCD_ STATE AND DCA_ STATE THUS

TINE = ***.eee; OPERATORS ARRIVE AT DC_D. DCD STATION 4
DGB_ STATE = e
DGA_ STATE = *

70 '**eseeeeeeeeeeeeeeeee************************e ***o********ee***eme**eiseeeeeseg)
a 7I IF DCA_ STATE = . SUSPENDED.
{j 72 ACTIVATE A DECISION IN DC_ REPAIR _ TIME _DOUND HOURS

73 ''*******************************e*****e***e**e**************ee .....ee***eeeeee
74 PRINT 2 LINES WITH 24 TIME.V AND 24* TIME.VeDC_ REPAIR _ TIME _DOUND
75 THUS

TIME = ***.eee: REPAIR DECISION SCHEDULED FOR DC_A. DCD STATION 5
SCHEDULED AT ***.e**

76 ******eeee**me*ee*****eeeeeeeee*eeeeeeeeeeeeeeeeeeeeeeeeereseseeeeeeeeeeeeeeeee.
77 ALWAYS
78 ELSE
79 ''

OO '' DIESEL A IS FAILED AND IS EITHER UNDER REPAIR DR AWAITING
81 '' THE ARRIVAL OF THE REPAIR CREW WHEN DIESEL D FAILS
D2 **

03 LET AC_ LOSS _ TIME = 24* TIME.V
B4 IF DCA_ STATE = ,UNDER_ REPAIR,
85 ACTIVATE A DECISION IN DC_ REPAIR _ TIME _DOUND HOURS
86 <<.e..e.no.....e.eee****ee. 3*..e**.eee.eeeeeeeeeeee**e..e**.eeeeeen.eeeees.ee.e
87 PRINT 2 LINES WITH 24eTIME.V AND 24eTIME.v+DC_, REPAIR _, TIME _ BOUND
88 THUS

TIME = *ee.ees: REPAIR DECISIDN SCHEDULED FOR DC_D, DCD STATION 6
SCHEDULED AT **e.***

09 ''******eeeme************e ******e*eeeeeeeeme==e***ee*************eeeeeeeee**ee.

- _ _ _ _ . _ . . . . _ . _ _ . . _ _ . _ . _ . . . . _ . .. _ _ _ _ , . . _ _ _ . . _ - . _ . . . , - _ _ . _ _ _ . . . _ , . . . . . - - . . ., _ ,



90 ALWAYS
91 LET DGD_ STATE = . SUSPENDED
92 ''eeeesseeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee
93 PRINT 1 LINE WITH 24eTIME.V THUS

T I ME = e m e . e * * : DG_D SUSPENDED DGD STATION 7
94 ''eseeee****o***eseeeeeeeeee*****e*****es*******e******es**eme***eeeeeeeeeeeeees
95 SUSPEND
96 ' 'e * * * * * * * * e e e e* * * * ** * * * e e e e. ...e e e ee e e ee...ee e e m enoee e e e e e e e ee e eeeeee e ee eee eee
97 PRINT 2 LINES WITH 24* TIME.V AND DGD_ STATE THUS

VIME = e**.e** DC_D REAWAKENED. DCD STATION O
DGD_ STATE = *

9a ''..ee...eeeeeeeemeeses.....ee......eeeeeeeeeeeeeeeeee............ ............e
99 ALWAYS
100 ''

101 DELAY UNTIL REPAIRS ARE COMPLETED''

102 ''

103 LET DCD_ REPAIR _ TIME = EXPONENTIAL.F(MEAN_DC_ REPAIR _ TIME,5)
104 WAIT DGD_ REPAIR _ TIME HOURS
105 LET DCD_ STATE = . RECOVERED
106 ''ese**eeeeee*******ee******eeseee*e****e** e**e***eeee*****************eeee**e*
107 PRINT 3 LINES WITH 24eTIME.V. DCD_ STATE AND DGA_ STATE THUS

VIME = ***.een: DG_D RECOVERED, DCD STATION 9
DGD_ STATE = .
DCA_ STATE = *

108 ''emesseme*****ese**e*****eeeeeeees*****eme*************es*****e****************
109 ALWAYS
110 ''

111 '' COMPUTATION OF IMPORTANT TIMES
C7 112 ''

d. 113 LET AC_ RECOVERY _ TIME = 24* TIME.V
45 114 LET AC_ RECOVERY _ INTERVAL = AC_ RECOVERY _ TIME - AC_ LOSS _ TIME

115 CALL END_RUN CIVING .2ND_ DIESEL
116 END 2ND_ DIESEL

''

CROSS-REFERENCE
NAME TYPE MODE LINE NUNDERS OF REFERENCES

.2ND_ DIESEL DEFINE TO MEAN 115

. ACTIVATED DEFINE TO MEAN 13 54

.AVAILADLE DEFINE TO MEAN 25

. RECOVERED DEFINE TO MEAN 42 105
. SUSPENDED DEFINE TO MEAN 60 71 91
.UNAVAILADLE DEFINE TO MEAN 10
.UNDER_ REPAIR DEFINE TO MEAN 36 67 04.YES DEFINE TO MEAN 38
IST_ DIESEL PROCESS NOTICE ARR 35 59
2ND_DC_DUS PROCESS NOTICE ARR 24 26
2ND_DIFSEL PROCESS NOTICE ARR 47 3 116

+ CLODAL VARIADLE ARR 47 INTECER 3e

O O O
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AC_ LOSS _ TIME CLODAL VARIABLE ARR 36 DOUDLE 33 83 114AC_ RECOVERY _ INTERVAL CLODAL VARIABLE ARR 32 DOUBLE 114
AC_ RECOVERY _ TIME CLODAL VARIADLE ARR 40 DOUDLE 113 114DCD_ STATE CLODAL VARIADLE ARR 40 INTECCR 2CDC_D CLODAL VARIADLE ARR 3 INTEGER 26eDECISION PROCESS NOTICC ARR 9 72 85

+ CLODAL VARIADLE ARR 9 INTECER 72e 85eDC. FAILURE. TIME ROUTINE DOUBLE 14
DCA_ STATE CLODAL VARIADLE ARR 23 INTECER 54 60 '69 71 84 107'DCD_ ARRIVAL _ TIME RECURSIVE VARIABLE WORD 3 DOUDLE 7 34 35 65 66DCD_ FAILURE _T IME RECURSIVE VARIADLE WORD 1 DOUDLE 7 14 16-
DGB_ REPAIR _ TIME RECURSIVE VARIABLE WORD 5 DOUDLE 8 40 41 103 104DCD_ STATE CLODAL VARIABLE ARR 39 INTECER 13 18 20 36 38 42 67

69 91- 97 105 107DC_A CLODAL VARIADLE ARR 10 INTECER 59*
DC_CCF_ RUNNING CLODAL VARIADLE ARR O INTECER 58
DO_ REPAIR _ TIME _DOUND CLODAL VARIABLE ARR 53 DOUBLE 72 74 85 87END_RUN ROUTINE INTECER 115

.40 65 103
EXPONENTIAL.F ROUTINE DOUBLE 34
FAILURE _ CHANCE TIME CLODAL VARIADLE ARR 25 DOUDLE 1:'INVERSE,SARLY_DC_ FAILURE _ RATE CLODAL VARIADLE ARR S DOUBLE 14
INVERSE _ LATE _DC_ FAILURE _ RATE CLODAL VARIADLE ARR 13 DOUBLE 15
MEAN_DC_ ARRIVAL _ TIME CLODAL VARIADLE ARR 21 DOUBLE 34 65
NEAN_DC_ REPAIR _ TIME CLODAL VARIABLE ARR 18 DOUBLE 40 103

,1

)NO_DCS_ EVENTUALLY _AVAILADLE CLODAL VARIABLE ARR SO INTEGER 32PROCESS.V PERMANENT ATTRIDUTE SYS 47 INTECER 116e I

1

TIME.V PERMANENT ATTRIBUTE SYS 17 DOUBLE 20 33 38 44 69 74* 83
O 87* 93 97 107 113

e
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1

2

3 FROCESS 1ST_DC_DUS
4 ''

5 MODELS THE RESTRICTIVE EFFECT OF TRAIN A DATTERIES ON DC_A RECOVERY
"'

6 '

7 DEFINC DCA_ FAILURE _ TIME AS A REAL VARIADLE
8 LOT DCA_ STATE = . ACTIVATED
9 ''.............eeee....ee..............................ee..... .................

10 PRINT 1 LINE WITH 24. TIME.V THUS
TIME = ee*.see: IST_DC_DUS ACTIVATED, DCA STATION 1

11 "'eeeeeeeeeeeeeeeee. ...eeeeeeee................ eve. .... eeeeeeeeeeeeeeeeeeeee.
12 LET DCA_ FAILURE _ TIME = 2.
13 WAIT DCA_, FAILURE _ TIME HOURS
14 LET DCA_ STATE = .UNAVAILADLE
15 "".............................eseeeeeeeeeeeeeeeeeeeeeeeeeeeeeee................
16 PRINT 1 LINE WITH 24e'sIME.V THUS

TIME = ... e ze: IST_DC_DUS LOST, DCA STATION 2
17 ''**esee....e ee............ee..................................................
10 ""

19 IF DATTERIES ARE DRAINED, DIESEL CANNOT DE RECOVERED''

20 (STOP DIESEL REPAIR EFFORTS)''

21 **

22 IF DCA_ STATE NE . SUSPENDED,
23 INTERRUPT 1ST_DIESCL CALLED DC_A
24 ALWAYS
25 LE( DGA_ STATE = .NOT_RECOVERADLE
26 SUSPEND

Q 27 EtJD IST_DC_DUS
''

C"
O CROSS-REFERENCE

NAME TYPE MODE LINE NUMBERS OF REFERENCES

. ACTIVATED DEFINE TO NCAN 8

.NOT_RECOVERADLE DEFINE TO MEAN 25

. SUSPENDED DEFINE TO MEAN 22

.UNAVAILADLE DEFINE TO MEAN 14
IST_DC_DUS PROCESS NOTICE ARR 7 3 27

+ CLODAL VARIABLE ARR 7 INfECER 3*
IST_ DIESEL PROCESS NOTICE ARR 35 23
DCA_ FAILURE _ TIME RECURSIVE VARIADLE WORD 1 DOUDLE 7 12 13
DCA_ STATE CLOBAL VARIADLE ARR 27 INTECER 8 14
DGA_ STATE CLODAL VARIABLE ARR 23 INTEOER 22 25
LC_A CLODAL VARIADLE ARR 10 INTEGER 23
PROCECS.V PERMANENT ATTRIBUTE SYS 47 INTECER 27*
VIME.V PERMANENT ATTRIDUTE SYS 17 DOUBLE 10 16

.

O O O



_

O D
1

2
3 PROCESS 2ND_DC_DUS
4 **

5 MODELS THE RESTRICTIVE EFFECT OF TRAIN D DATTERIES ON DC_D RECOVERY
''

6 ''
7 CEFINE DCD_ FAILURE _ TIME AS A REAL VARIADLE
8 LET DCD_ STATE = . ACTIVATED
9 ''e*ee...........ee....mee....eeeeeeeeeeeeeeeeeeeeeeeee.....eeeeeeeeeeeeeeeeeee,

10 PRINT 1 LINE WITH 24eTIME.V THUS
TIME = e e....: 2ND_DC_DUS ACTIVATED, DCD STATION 1

11 **eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee.
12 LET DCD_ FAILURE _ TIME = 2.
13 WAIT DCD_ FAILURE _ TIME HOURS
14 LET DCD_ STATE = UNAVAILADLE
15 ' ' . . . . . . . . e e . . . e e e e e e e e e e n . . . . w e e e e e e c e . . . . . . . . .. . . . . . . . . . . .. . . . . . . . . . . . . e e . . . .
16 PRINT 1 LINE WITH 24. TIME.V THUS

TIME = ***.** : 2ND_DC_DUS LOST. DCD STATION 2
17 "'s. eeeeeeeeeee ee***** eeeeeeeeeeeeen.. .eeeeeee***********eseeeeeeeeeeeee***
10 ''

19 '' IF DATTERIES ARE DRAINED, DIESEL CANNOT DE RECOVERED
20 (STOP DIESEL REPAIR EFFORTS)''

21 #'

22 IF DCD_ STATE NE SUSPENDED.
23 INTERRUPT 2ND_ DIESEL CALLED DG_D
24 ALWAYS
25 LET DCD_ STATE .NOT_RECOVERADLE
26 SUSPENDn

e 27 END 2ND DC DUS''
- -

CROSS-REFERENCE

NAME TYPE NODE LINE NUMBERS OF REFERENCES

. ACTIVATED DEFINE TO MEAN 8

.NOT_RECOVERADLE DEFINE TO NEAN 25

. SUSPENDED DEFINE TO MEAN 22

.UNAVAILADLE DEFINE TO MEAN 14
2ND_DC_DUS PROCESS NOTICE ARR 24 3 27

+ CLODAL VARIADLE ARR 24 INTECER 3e
2ND_ DIESEL PROCESS NOTICE ARR 47 23
DCD_ FAILURE _ TIME RECURSIVE VARIABLE WORD 1 'DOUDLE 7 12 13
DCD_ STATE CLODAL VARIADLE ARR 48 INTECER 8 I4
DCD_ STATE CLODAL VARIADLE ARR 39 INTECER 22 25
DC_D CLODAL VARIADLE ARR 11 INTECER 23e
PROCESS.V PERMANENT ATTRIBUTE SYS 47 INTECER 27*
TIME.V PERMANENT ATTRIDUTE SYS 17 DOUBLE 10 16
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1

2
3 PROCESS DECISION
4 ''

5 ROUT ItJE TO ST AR T REPAIR EFFORTS ON OTHER DIESEL IF REPAIRS ON
''

6 ' ' , FIRST DIEDEL ARE TAMING TOO LONC
7 ,

O LET RD_ STATE = . ACTIVATED
9 ''eseeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee

10 PRINT 1 LINE WITH 24eTIME.V THUS
TIME = ees.ees: REPA!R DECISION MADE REPAIR DECISION STATION 1

11 ''eseeeeeeeeeeeeeeee**eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee
12 IF DCA_ STATE = . SUSPENDED,
13 REACTIVATE THE IST_ DIESEL CALLED DC_A NOW
14 LET DCA_ STATE = UNDER_ REPAIR
15 ''e**eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeese**e**ee***seseeeeeee**eeeeeeeeeeeee
16 p*RINT 2 L!rJES WITH 24= TIME.V AND DCA-STATE THUS

TIME = eee_e**- DC_A RESUMED, REPAIR DECISION STATION 2
DCA_ STATE = e

;7 <<eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeo eeeeee .......... .eeeeeeeeee.
18 ALWAYS
19 IF DCD_ STATE = , SUSPENDED,
20 REACTIVATE THE 2ND_ DIESEL CALLED DC_B NOW
21 LET DGD_ STATE = .UNDER_ REPAIR
22 **eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee
23 PRINT 2 LINES WITH 24* TIME.V AND DGD_ STATE THUS

VIME = ee*, ***: DGB RESUt4ED, REPAIR DECI3 ION ST TION 3
DGD_ STATE = e

24 **eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeen
Q 25 ALWAYS
+-a 26 LET RD STATE = .SUSPEr4DEDW 27 SUSPEt5

23 END DECISION''

CROSS-R EFERENCE

tJAMC TYPE MODE LINE NUMDERS OF REFERENCES

. ACTIVATED DEFI?JE TO MEAN 8

. SUSPENDED DEFINE TO MEAN 12 19 26

.UNDEP_ REPAIR DEFINE TO MEAN 14 21
IST_ DIESEL PROCESS NOTICE ARR 35 13
2ND_ DIESEL PROCESS NOTICE ARR 47 20
DECISION PROCESS NOTICE ARR 9 3 28

+ CLODAL VARIADLE ARR 9 INTECER 3e
DCA RECURSIVE VARIABLE WORD 12 DOUBLE 16
DCA_GTATE CLODAL VARIABLE ARR 23 INTECER 12 14
DOD_ STATE CLODAL VARIADLE ARR 39 INTEGER 19 21 23
DG_A CLODAL VARIADLE ARR 10 INTECER 13e
DC_D CLCDAL VARIADLE ARR 11 INTECER 20e
PROCESS.V PENf1ANENT ATTRIDUTE SYS 47 INTEGER 20e
RD_ STATE CLODAL VARIABLE ARR 20 INTECER 8 26
STATE RECURSIVE VARIADLE WORD 14 DOUDLE 16
TIME.V PERMANENT ATTRIBUTE SYS 17 DOUDLE 10 16 23

.
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2
3 ROUTINE END_RUN CIVEN RECOVERY
4 DEFItJE RECOVERY AS AN INTEGER VARIALLE
3 ,,

6 PRODLEM OUTPUT''

7 **

8 IF RECOVERY = .OFFSITE,
9 PRINT 7 LINES WITH AC_ LOSS _ TIME, AC_ RECOVERY _ INTERVAL, AND
10 AC_ RECOVERY _ TIME THUS

RECOVERV MODE OFFSITE=

TIR AT LOSS OF ALL AC POWER ***.*** HOURS=

TIME INTERVAL TO RECOVER AC POWER ***.*** HOURS=

TIME AT FIRST RECOVERY OF OFFSITE POWER OR A DC ***.*** HOURS=

11 ELSE
12 IF RECOVERY = .IST_ DIESEL,
13 PRINT 7 LINES WITH AC_ LOSS _ TIME, AC_ RECOVERY _ INTERVAL, AND
14 AC_ RECOVERY _ TIME THUS

RECOVERY MODE DIESEL A=

TIME AT LOSS OF ALL AC POWER = ***.*** HOURS
TIME INTERVAL TO RECOVER AC POWER *** *** HOURS=

.

TIME AT FIRST RECOVERY OF OFFSITE POWER OR A DC ***.*** HOURS=

15 ELSE
o 16 PRINT 7 LINES WITH AC_ LOSS _ TIME. AC_ RECOVERY _ INTERVAL, AND
s 17 AC_ RECOVERY _ TIME THUS
e

RECOVERY MODE DIESEL D=

TIME AT LOSS OF ALL AC POWER = ***. *** HOURS
TIME INTERVAL TO RECOVER AC POWER ***.*** HOURS=

TIME AT FIRST RECOVERY OF OFFSITE POWER OR A DC ***.*** HOURS=

10 ALWAYS
19 ALWAYS
20 **

21 PREPARE FOR NEKT RUN**

gg ,,

23 IF OP_ STATE NE . RECOVERED,
24 INTERRUPT OFFSITE_ POWER CALLED OFP
25 DESTROY THE OFFSITE_ POWER CALLED OFP
26 ALWAYS
27
28 IF DCA_ STATE NE .AVAILADLE,
29 IF DCA_ STATE = . ACTIVATED,
30 INTERRUPT 1ST_DC_DUS CALLED DC_A
31 ALWAYS
32 DESTROY THE 1ST_DC_DUS CALLED DC_A
33 ALWAYS

.

4
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34
35 IF DCD_ STATE tJE .AVAILADLE.
36 IF DCD_ STATE = ACTIVATED.
37 ItJT ERRUP T 2tJD_DC_DUS CALLED DC_D
30 ALWAYS
39 EESTROV THE 2ND_DC_DUS CALLED DC_D
40 ALWAVS
4I
42 IF DCA_ STATE NE . RECOVERED.
43 IF DGA_ STATE = .UNAVAILADLE OR
44 DGA_ STATE = .UtiLER_ REPAIR OR
45 DCA_ STATE = . ACTIVATED.
46 INTERRUPT IST_ DIESEL CALLED DG_A
47 ALWAYS
40 DESTROV THE IST_ DIESEL CALLED DC_A
49 AL WA Y S
50
SI IF DCD_ STATE tJE , RECOVERED.
52 IF DCD_ STATE = .UtJAVAILADLE OR
53 DCD_ STATE = . UtJDER_ REPAIR OR
54 DCD_ STATE = . ACTIVATED.
55 ItJTERRUPT 2f4D_ DIESEL CALLED DG_D
56 ALWAYS
57 DESTROY THE 2tJD_ DIESEL CALLED DC_D
$3 ALWAYS
59
60 IF RD_ STATE NE . SUSPENDED.
61 IF RD_ STATE = . ACTIVATED.

O 62 I tJ T E R RUP T DECISION
k 63 ALWAVG
O 64 DESTROY THE DECISION

65 ALWAYS
66
67 RESUME Iti! T I ALI ZE
60
69 RETURN
70 END ' ' EtJD_RutJ

CROSS-REFERENCE

FLAME TYPE MODE LINE NUNDERS OF REFERENCES

IST_ DIESEL DEFINE TO MEAN 12
ACTIVATED DEFItJe TO MEAN 29 36 45 54 61
AVAILADLE DEFINE TO MEAN 28 35
CrFSITE DEFItJE TO MEAN O

.RECOVEPED DEFitJC TO MEAN 23 42 51
SUSPENDED DEFINE TO MEAN 60
.UNAVAILADLE DEFItJE TO MEAN 43 52

V'JDE R _R E P A I R DEFINE TO MEAN 44 53
IST_DC_DUS PROCESS NOTICE ARR 7 30 32

O O O
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Y
IST_ DIESEL PROCESS NOTICE ARR 35 46 40OND_DC_DU3 PROCESS NOTICE ARR 24 37 392ND_ DIESEL PROCESS NOTICE ARR 47 55 57AC_ LOSS _ LIME GLOUAL VARIADLE ARR 36 DOUDLE 9 13 16AC _RF. COVE R Y_I N TE RVAL GLODAL VARIA3LE ANR 32 DOUDLE 9 13 16AC_ RECOVERY _ TIME CLODAL VARIABLE ARR 40 DOUDLE 9 13 16DCA_ STATE CLODAL VARIADLE ARR 27 INTECER 20 29DCD_ STATE CLODAL VARIADLE ARR 40 INTECER 35 36DC_A CLODAL VARIADLE ARR 2 INTECER 30e 32eDC_D CLODAL VARIABLE ARR 3 INTECER 37* 39eDECISION PROCESS NOTICE ARR 9 62 64

+ CLODAL VARIABLE ARR 9 INTECER 62* 64eDCA_ STATE CLOBAL VARIADLE ARR 23 INTEGER 42 43 44 45DCD_ STATE CLODAL VARIADLE ARR 39 INTECER 51 52 53 54DG_A CLODAL VARIADLE ARR 10 INTECER 46* 40eDC_D CLODAL VARIADLE ARR 11 INTECER 55e 57eEND,,RUN ROUTINE INTECER 3INITIALIZE PROCESS NOTICE ARR 51 67
+ CLODAL VARIADLE ARR 51 INTECER 67eOFFSITE , POWER PROCESS NOTICE ARR 29 24 25OrP CLODAL VARIADLE ARR 17 INTECER 24* 25eOP_ STATE CLODAL VARIADLE ARR 46 INTECER 23RD_ STATE CLODAL VARIADLE ARR 20 INTECER 60 61RECOVERY ARCUMENT NO. 1 INTECER 3 4 8 12TIME.A TEMPORARY ATTRIBUTE WORD 4 DOUDLE 67TIME.V PERMANENT ATTRIDUTE SYS 17 DOODLE 67
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1

2
3 ROUTINE DC. FAILURE.TIMECTIME1. TIME 2, TIME 3, STREAM)
4 DEFIr4C DOUND, ETERM. F. TINC1. TIME 2 AND TINC3 AS REAL VARIADLES
S DEF I r:E ST RI AM AS AN I rJ T ECC R VARIADLC
A LET ETERM = E1P.F(-TIME 3/ TIME 1)
' LET DOUR 4D = 1 - ETERM
O LET F RANDOM F(STREArt)=

9 IF F < D OUNip.

10 R E T UR r4 W I T H - T !!1E l e LOG E . F i l . O - F )
11 ELSE
12 RETURN WITH
13 TIME 1 - TIME 2aLOG.E F(1.0 - (F - DOUND)/ETERN)
14 END DG FAILURE.F''

CROSS-R EFERENCE

NAME TYPE MODE LINE NUMBERS OF REFERENCES

DOUf4D RECURSIVE VARIADLE WORD 1 DOUDLE 4 7 9 13
DG FAILURE. TIME ROUTINE DOUDLE 3
ETEAM RECURSIVE VARIADLE WORD 3 DOUBLE 4 6 7 13
EXP.F ROUTINE DOUDLE 6
F RECURSIVE VARIADLE WORD 5 DOUDLE 4 0 9 10 13
LOG E.F ROUTINE DOUBLE 10 13
RArJDOM F ROUTINE DOUBLE O
STREAM AR OUr1ENT NO. 4 INTEGER 3 5 O

O TIMC1 ARCUMENT NO. 1 DOUBLE 3 4 6 10 13k TIME 2 ARGUMENT NO. 2 DOUBLE 3 4 13
N TIME 3 ARCUMENT NO. 3 DOUBLE 3 4 6

O O O
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I

2

3 ROUTIFE READ _ DATA
4 DEFItJC ERi4OR_Cl4CCK AS AN INTECER VARIADLE
S READ NUNDLR_OF_ RUNS,
6 DCA_ INITIAL _ STATE,
7 DCD_ INITIAL _ STATE,
O DC_CC F_RUNtJ I NG,
9 DCA_ INITIAL _ STATE,

10 ECD _ INITIAL _ STATE.
11 PCAN_OP_ REC OVER Y_ TIME,
12 INVERSE _EARLY_DC_ FAILURE _ RATE,
13 INVERSE _ LATE _DC_ FAILURE _ RATE.
14 FAILURE _ CHANCE _ TIME,
15 DC_ REPAIR _ TINE _DOUND,
16 ME AtJ_DC_AR R I VAL _T I ME, AND
17 NCAtJ_DC_RE PA I R _T I NE
10
19 '*

20 INPUT ECHO''

2I '*

22 PRINT 25 LINES WITH NUMDER_OF_RUtJS,
23 DCA_ INITIAL _ STATE,
24 DCD_ INITIAL _ STATE.
25 DC_C C F_R UNN IlvG,
26 DCA_ INITIAL _ STATE.
27 DCD_ INITIAL _ STATE,
29 MEAN_OP_ RECOVERY _ TIME,

O 29 I tNERSE_E AR L Y_DC_F AIL 81RE_R AT E,
k 30 I ff/ERSE _LAT E_DC_F A I LURE _RA TE,
t.) 31 FAILURE _ CHANCE _ TIME,

32 DC_R E P A I R_T I ME_DOUtJD,
33 MEAN_DC_ ARRIVAL _ TIME, AND
34 MEAT 3_DC_ REPAIR _ TIME THUS

SIMULATION OF ELECTRIC POWER RECOVERY FOR TMI-1

PRODLEM INPUT:

t#JMDER OF RUNS * ***

DIESEL GENERATOR A INITIAL STATE (3= ACTIVATED, O= UNAVAILABLE) = *
DIESEL CENERATOR D INITIAL STATE (3= ACTIVATED, O=UNAVAILADLE) = *
COMMON CAUSE FAILURE OF DCS WHEN RUNNINC? (I=YES, O=NO) = *

DC DUS A INITIAL STATE (2=AVAILADLE, O=UNAVAILADLE) = *
DC DUS D INITIAL STATE (2aAVAILADLE, O= UNAVAILABLE) = *

(DCS DOWrd FOR MAINTENANCE ARE REPRESENTED DY THE
*>tJAVAILABILITY OF THE CORRESPONDING DC DUSES)



MEAN TIP1E TO RECOVER OFFSITE POWER . **= **
1/EARLY DIECEL GEf;ERATOR FAILURE RATE = **.**
1/ LATE DIEEEL CEf4ERATOR FAILURE RATE . **= **
TIME AT LHICH DG FAILURE RATE C HArJGE S = **.**
UFPEP DOUND OfJ REPA!R TIME FOR FIRST DC = ** **

(DCFORE REPAIR ON THE SECOND DEC!rJS)
MEAN TIME TO CPERATOR ARRIVAL AT FAILED DC'S ' se=ee

itEAN TIME TO DIESEL CENERATOR REPAIR = ee ee

35 START NEW PAGE
36 PRINT 5 LINES THUS

SIMULATION OF ELECTRIC POWER RECOVERY FOR TMI-1

37
3G ''

37 Ir:PUT CHECK''

40 ''

41 LET EPROR_CHECH =0
42 IF ( DCA_INI T I AL _S TATE NE O) AND (DCA_ INITIAL _ STATE NE 3).
43 PRINT 1 LIfJE THUS

---- INPUT E RRCR; DCA_ INITIAL _ STATE MUST DE O OR 3
44 ADD 1 TO ERROR _ CHECK
45 ALWAYS
46 IF ( DOD _IrJI T I AL_ST ATE PJE O p AND (DCD_ INITIAL _ STATE NE 3).
47 ;RINT 1 LINE THUS

h ---- I f 4P U T ERROR- DGD_ INITIAL _ STATE MUST DE O OR 3
N 40 ACD 1 TO ERRCR_ CHECK

49 ALWAYS
50 IF ( D G_C CF_RUN*J I NG NE 0 3 ArJD (DG_CCF_RUNNINO NE 1).
51 PRINT 1 LItJE THUS

---- INPUT ERRCR: DG_CCF_ RUNNING MUST DE O OR 1
52 ACD 1 TO ERROR _ CHECK
53 ALWAYS
54 IF (DCA_ItJITIAL_ STATE NE 0) AtJD (DCA_ INITIAL _ STATE NE 2).
SS PRINT 1 LINE THUS

---- INPUT ERROR: DCA_ INITIAL _ STATE MUST DE O OR 2
56 ADD 1 TO ERROR _ CHECK
57 ALWAYS
50 IF (DCD_ INITIAL _ STATE NE 0) AND (DCD_ INITIAL _ STATE NE 2).
59 PRINT 1 LINE THUS

---- INPUT ERRGR. DCD_ INITIAL _ STATE MUST DE O OR 2
60 ADD 1 TO ERRGR_ CHECK
61 ALWAYS
62 IF MEAN_OP_ RECOVERY _ TIME <= 0.
63 T R IrJ T 1 LINE THUS

---- ItJPU T ERROR: MC AN_OP_ RECOVERY _ TITE MUST DE CREATER THArJ O,

64 ADD 1 TO EPROR_ CHECK!

| 65 ALLAYS

|
t

i
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66 IF INVERSE _EARLY_DC_ FAILURE _ RATE <= 0.
67 PRINT I LINE THUS

INPUT ERROR. INVFRSE_EARLY_DC_ FAILURE _ RATE MUST DE CREATER THAN O
60 AI)D I TO I'f4 HON _CHECM
A9 At lJAVU
70 IF INVERSE _LAT E_DC_ FAILURE _ RATE <= 0.
71 PRINT I LItJC THUS

~~~ I t4PUT ERROR: ItJVERSE_L ATE _DC_ FAILURE _ RATE MUST DC CREATER THAN O
72 ADD I TO ERROR _ CHECK
73 ALWAYS
74 IF FAILURE _CHAtJGE_ TINE < 0.
75 PRINT I LINE TWJS

--- INPUT ERROR: FAILURE _ CHANCE _ TIME MUST DE CREATER THAN OR EGUAL TO O
76 ADD I TO ERROR _ CHECK
77 ALWAYS
70 IF DG_ REPAIR _ tit 4E_DOUND < 0.
79 PRItdT I LINE THUS

--- I t4PUT ERROR: DC_ REPAIR _ TIME _DOUND MUST DE CREATER THAN OR EQUAL TO O
DO ADD I TO ERROR _ CHECK
OI ALWAYS
82 IF MEArd_DC_ ARRIVAL _ TINE <= 0,
83 PR It3T I LINE THUS

ItJPUT ERROR: MEAtJ_DC_ ARRIVAL _ TIME MUST DE CREATER THAN O
04 ADD I TO ERROR _ CHECK
05 AL. JAYS
DS IF t"EAN_DC_ REPAIR _ TIME <= 0.
87 FRINT I LINE T'4US

---- ItJPUT ERROR: MCAN_DC_ REPAIR _ TIME MUST DE CREATER THAN O
O 08 ADD I TO ERROR _ CHECK
h 07 AL&4AYS
<n 90 IF CRROR_ CHECK > O.

91 PRINT 2 LINES WITH ERROR _ CHECK THUS

---- PROGR AM TERMINATIOta DUE TO *** It4PUT ERRORS
92 STOP
93 OTHERWISE
94 RETURN
95 EtJD READ _ DATA

**
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CROSS-R EFERENCE
tJAME TYPE MODE LINE NUMBERS OF REFERENCES

DCA_ INITIAL _ STATE CLOUAL VARIADLE AMR 4? INTEGER 5 22 54*
-

DCD_ INITIAL _ STATE CLODAL VARIADLE ARR 52 INTECER S 22 50*
DC A_I tJ I T I AL_ST AT E CLODAL VARIABLE ARR 4 INTECER 5 22 42*
DGD_ INITIAL _ STATE CLODAL VARIADLE ARR I INTEGER 5 22 44,3
DC _C C F_R UtJN I tJG CLODAL VARIADLE ARR O INTECER 5 22 50
DC_ REPAIR _ TIME _DOUND CLCDAL VARIADLE ARR 53 DOUDLE 5 22 70
EPROR_ CHECK RECURSIVE VARIADLE WORD I INTECER 4 41 44e 40* 52* 56+ 60+

64e 60* 72* 76e 00* 04* 90*g
90 91FAILURE CHANCE TIME CLODAL VARIADLE ARR 25 DOUDLE 5 22 74

~

I tJVER CE[ EARL Y_DG_FA I LUR E_R A T ECLODAL VARIADLE ARR S DOUBLE 5 22 66 b
I tJVE R SC_L A T E _DC_F A I LUR E_R A T E CLODAL VARIADLE ARR 13 DOUDLE 5 22 70
PSCAN_DG_ ARRIVAL _ TIME CLODAL VARIADLE ARR 21 DOUDLE 5 22 E2
G4EAN_DC_ REPAIR _ TIME CLOUAL VARIABLE ARR 1 04 DOUDLE 5 22 06
ME AN_OP_R EC OVE R Y_T I ME CLODAL VARIADLE ARR 72 DOUDLE 5 22 62
PJUMI4 ER _OF _if.;lG CLODAL VARIADLE ARR "J u INTECCR 5 22
READ _ DATA ROUTINE INTEGER 3
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