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= 1. Introduction



® Introduction
1. Objective
» Purpose of this research

« Experimental analysis on the relationship between performance shaping

factors (PSFs) and operator’s performance in nuclear power plants

, , Experiment
Major PSFs Experiment &

in the MCR design Data Analysis




® Introduction
2. Necessity

» What is Performance Shaping Factor (PSF) ?
* Influencing human performance in the human reliability analysis (HRA)
 Inthe HRA, it is necessary to identify PSFs that are the most relevant and influential
in the task analyzed

- Experience, procedure, stress, ... etc.



® Introduction
2. Necessity

» Necessity of this research

* Relying on expert judgements rather than the knowledge from actual experiments
and observations
* Inthe case of digital MCR in APR-1400, it is expected that uncertainty of HRA will be

higher than that of analog one

» To decrease uncertainty of HRA and assess realistic NPP risk, it is necessary to

research about the effect that PSFs affect operator’s error through experiments
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® Performance Shaping Factors

» Selected PSFs

sk oeswion | Gome

Operator’s Whether the operators have operating More experienced group
experience experience and license or not Less experienced group
* Whether there are tasks which are Urgent group
Time urgency
performed urgently or not Less urgent group
* How complex the task is to perform in DBA
Complexity of tasks
the scenario BDBA
Procedure types * Kinds of procedures SPTA, DA, ORP, FRP

> Selected PSFs are generally used in most of HRA methodologies



® Performance Shaping Factors

Reactor Trip

» Procedure Types

1) SPTA (Standard Post Trip Action)
- Checking safety functions

2) DA (Diagnostic Action)

- Entering to diagnose plant status

3) ORP (Optimal Recovery Procedure)
- Event-based procedure
- When operators identify an event that
can be handled
4) FRP (Functional Recovery Procedure)

- Any specific event is not diagnosed

l

SPTA
( Standard
Trip Action )

Y

DA
( Diagnostic
Action )

I

Symptoms

Point to Event

Specific
Procedure

- A combined accident of more than two emergency events

- Focusing on recovering critical safety functions

FRP
( Functional
Recovery
Procedure )

ORP
( Optimal
Recovery
Procedure )
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® Human Performances

» Human Performance

« Measurements in the experiment

Time to entering cool Averaged completion
down from reactor trip time / instruction

Workload
(MCH)

Situation Awareness

(SART) Secondary task
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® Human Performances

» Time to entering cool down from reactor trip

Reactor trip Cool down starting point

v v

Long-term cooling
using SCS

v

X Cool down starting point
- SBCS, ADV valve open (Secondary cool down)
- POSRV valve open (Feed & Bleed operation)

» Averaged completion time / instruction
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® Human Performances

» MCH (Workload) == Referring about necessity of design improvement

« Estimation of psychological and physical workload during performing a scenario
 Developed by Wierwille and Casali (1983)
« Regularly used in the field of aviation such as aircraft-handling qualities

Measured by the questionnaire below
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® Human Performances

» SART (Situation awareness)
« Simplistic post-trial subjective rating technique to elicit the subjective opinion
on how aware a person was during task performance
 Developed by Taylor (1990)
« Originally developed for the assessment of pilot SA

« Measured by the questionnaire below
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® Human Performances

» Secondary task
Tasks that operator performs such as set-up change and navigation during
scenarios
« Characteristics of digitalized MCR

« Measured by simulator log data below

oldRO_00004_00000 - H 2 Eﬂ |
SHIP HEE AMAO) 2V ESH)
2015/11/07 0B:58:01:0078 => (ro2_sc) Screen Change (DRAWING_ID:SDP1, EXTENDED_INFO:D) -
2015/11/07 0B:58:01:0250 => (ro2_sc) Screen Change (DRAWING_ID:SDP1. EXTENDED_INFO:D)
2015/11/07 03:24:34:0184 => (ro2) Screen Change [DRANING_ID:DP_IPS_PRI, EXTENDED_INFO:L)
2015711707 03:24:36:0008 => (ro2) Screen Change (DRANING_ID:PZRRG__9_431_j1B8_10Z_03, EXTENDED_|NFO:L)
2015/11/07 03:24:39: 0098 => {roZ) Popup Windows (Type:Z. PIC_NAME:CBA_1271_1121_SC, POINT_ID:5304, TAG_NAME:RC_Y_121, LOCATION:D, X:0, ¥:0)
2015/11/07 03:24: 44: 0683 => (roZ) Posup Windows (Type:Z. PIC_NAME:CB4_1211_1121°8C. POINT_ID: 6326, TAG_NAME:RC_Y_130. LOCATION:D, X:0, ¥:0) =
2015/11/07 09:24:47:0101 => {ro2) Popup Windows (Tvpe:Z. PIC_NAME:CB3_121_111_SC, POINT_ID:B323, TAG_NAME:RC_Y_131, LOCATION:D, X:0, ¥:0)
2015/11/07 03:24:49: 0347 => {roZ) Posup Windows (Type:Z. PIC_NAME:CBA_1211_1121_8C, POINT_ID'G326. TAG_NAME:RC_Y_130, LOCATION'D, ¥:0, ¥:0)
S015/11/07 02'25'01: 0422 => (rog sc) Sereen Change (DRAUING 1D SDPT. EXTENDED. |RFD D)
2015/11/07 03:25:01: 0422 => {rol_sc) Screen Change (DRAWING_ID:SDP1. EXTENDED_INFO:D)
2015/11/07 03:25:04:0BBZ => (ro2) Screen Change (DRANING_ID:DP_IPS_PRI, EXTENDED_INFO:L)
2015/11/07 03:2B:49: 0452 => (ro2_sc) Screen Change (DRAWING_IDSDP1, EXTENDED_INFO:D)
2015/11/07 03:41:26:0439 => [{ro3) Screen Change (DRANING.IDTALARM_BASIC, EXTENDED_INFO:L)
2015/11/07 08:41:35:0440 => (rol) Screen Change (DRAWING_|D:DP_IPS_PRI, EXTENDED_INFO:L)
2015/11/07 09:41:37:0281 => {rol) Screen Change (ORANING_ID:CHLTD__9_451_j168_101_03, EXTENDED_|NFO:L)
2015/11/07 03:42:04:0222 => (ro3) Screen Change (DRANING. |D: ALARM_BASIC, EXTENDED.INFOIL)
2015/11/07 09:42:31:0085 => (ro2) Screen Chanse (ORAWING_D:DP_IPS PRI, EXTENDED INFO:L)
2015/11/07 09:42:35: 0405 => {roZ) Screen Change (DRANING_ D! CHLTD__9_451_j168_101_03, EXTENDED_INFO:L)
2015/11/07 03:45:19:0513 => {rol) Screen Change (DRANING_ |D:DP_IPS_PRI, EXTENDED INFf: L)
2015/11/07 03:45:14:0714 => {rol) Screen Change (DRANING_ ID'RCS____9_431_i168_101_02, EXTENDED_INFO:L)
5015/11707 03 4545 0845 = (rol) Screen Change (DRANING.ID:DP-PS.SEC, EXTENDED.TNFO:L)
2015/11/07 03:45:47:0830 => (rol) Screen Change (DRANING_ |D:MSHDR__3_821_j1B8_102_03, EXTENDED_INFO:L)
2015/11/07 09:45:53:0293 => (rol) Screen Change (DRAWING_ID:DP_IPS_PRI, EXTENDED_TNFO:L)
2015/11/07 03:45:58: 0705 => (rol) Screen Change (DRAWING_ID:RCS____9_431_j1B68_101_02, EXTENDED_INFO:L)
2015711707 02471360705 = (rol) Screen Chanse (ORANING.ID:DP.TPSPRI, EXTENDED_TNFO:L)
2015/11/07 03:47:38:0390 => {rol) Screen Change (DRAMING_ ID:PCS________ SD_B50, EXTENDED_INFO:L)
2015/11/07 09:47:51:0945 => (ro2) Screen Chanse (ORAWING_D:DP_IPS PRI, EXTENDED |NFO:L)
2015/11/07 09:47:53:0950 => {roZ) Screen Change (DRANING_ID:DE_____9_481_i168_101_04, EXTENDED_INFO:L)
5015/11/07 02:48:04 0082 => (rog) Sereen Chance (DRANING |D:DP 1P SEC, EXTENDED. TNFO:L
2015/11/07 03:48:08: 0048 => (ro2) Screen Change (DRAMING_ID:PR_____8_761_j1B8_101_02, EXTENDED_INFO:L)
2015/11/07 09:48:13:0724 => (ro2) Screen Change (DRAWING_ID:DP_IPS_PRI, EXTENDED_TNFO:L)
2015/11/07 03:48:15:0548 => (ro2) Screen Change (DRAMING_ |D:PZR____9_431_j1B8_107_02, EXTENDED_INFO:L)
2015711707 08-40:22: 0148 = (rol) Screen Change (DRANING.ID:OP.TPS_PRI, EXTENGED.TNFO:L)
2015711707 03:48:24:0051 => (rol) Screen Change (DRANING_ID:CHLTD__9_451_j1B8_101_03, EXTENDED_|NFO:L)
2015/11/07 03:48:27: 0298 => {rol) Popup Windows (TypeiZ, PIC_NAME:CB3_127_111_5C, POINT_ID:5360, TAG_NAME:CY_M_PPO1A, LOCATION:D, X:0, ¥:0)
2015/11/07 03:48:29: 0808 => (rol) Posup Windows (Type:Z. PIC_NAME:CB3_121_111_5C. POINT_ID:5360, TAG_NAME:CY_M_PPO1A. LOCATION:D, X:0. ¥:0)
2015/11/07 03:48:33: 0708 => (ro2) Screen Change (DRANING_ID:DP_IPS_PRT, EXTENDED INFO:L) S



® Human Performances

» Human Performance

« Measurements in the experiment

Time to entering cool Averaged completion
down from reactor trip time / instruction

Workload
(MCH)

Situation Awareness

(SART) Secondary task
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® Experiment design

1. Randomized factorial experiment

» Experiment design @

Operator’s experience

Time
urgency

Complexity of
tasks

More experienced

Less experienced

Urgent

Scenario 1
(DBA)

Scenario 2
(DBA + Masking)

Scenario 3
(BDBA)

Less Urgent

Scenario 4
(DBA)

Scenario 5
(DBA + Masking)

Scenario 6
(BDBA)
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@ Experiment design

1. Randomized factorial experiment

» Experiment design @

Operator’s experience

Procedure types

More Experienced

Less Experienced

SPTA

DA

ORP

FRP

19



® Experiment design
2. Scenario

» Six scenarios

DBA 1 LOOP + ADV Open
Urgency . _
. DBA + Masking 2 SGTR + N16 Failure
(=30min)
BDBA 3 LOCA + Sl Failure
DBA 4 SBLOCA (Interface system LOCA)
Less Urgency ) .
_ DBA + Masking 5 ESDE + N16 Failure
() 30min)
BDBA 6 LOAF

X N16 Failure (Masking) : It makes hard to distinguish between LOCA and SGTR

20



® Experiment design
3. Participants

» Groups according to operator’s experience

| Groups | Teamnumber | Description

More Team 1 o
) Operators who have operating license of APR-1400
Experienced Team 2
Less Team 3 o
. Operators who have operating license but, other types of reactors
Experienced Team 4

\

« Before the experiment was performed, the operators had one-day

training session to be familiar with digital MCR

21



® Experiment design
4. Simulator

» KINGS simulator
* Fully digitalized MCR in APR-1400

» Difference between KINGS simulator and APR-1400
« Using paper based procedure (CPS is hard to learn)
* Operated by three actual operators (SRO, RO, TO/EO)
 Each operator has three screens for control and monitoring

* Size of LDP is smaller than actual LDP

22



@ Experiment design
5. Performance measure
» Data collection

« Audio / Video recording : conversation / primary task analysis
« Simulator log data : error / primary task / secondary task analysis

 Observers : error analysis

(Audio / Video recording) (Simulator log data)

23



== 5. Results



® Results

1. Experiment design @

» Time to entering cool down from reactor trip

PSFs P-value Description

Operator's .. ° The time by the more experienced group is statistically
: <0.
experience shorter than that by the less experienced group
Time urgency P >0.05 . o .
: « There is no statistical difference

Complexity P >0.05
Interaction  P>0.05 « There is no statistical difference

» Averaged completion time / instruction

PSFs P-value Description

Operator’s > <001 « The time by the more experienced group is statistically
: <0.
experience shorter than that by the less experienced group
Time urgency P >0.05 ) o i
, « There is no statistical difference

Complexity P >0.05
Interaction  P>0.05 < Thereis no statistical difference 25




® Results
2. Experiment design @

» Averaged completion time / instruction

PSFs m Description

Operator’s « The time by the more experienced group is statistically
experience A

shorter than that by the less experienced group

Procedure . o .
s ° There is statistical difference among the procedure types

« There is statistical difference both operator's experience

Interaction P <0.01
and procedure types

X Procedure types
-SPTA DA ORP FRP === SPTA # DA, DA # ORP, OPR # FRP, or SPTA # FRP

» The result of Tukey’s test about procedure types

SPTA DA ORP FRP

No difference

Difference
26



® Results
2. Experiment design @

» Averaged completion time / instruction

“osrs [ Pualue | esuipton

Operator’s . ° The time by the more experienced group is statistically
. < 0.
experience shorter than that by the less experienced group
P d . _ :
r:;ges "© P<001 .« Thereis statistical difference among the procedure types

, « There is statistical difference both operator's experience
Interaction P <0.01

and procedure types

27



® Results
2. Experiment design @

» Averaged completion time / instruction

25.00
20.00 ‘

15.00

| / ~-SPTA
10.00 | —-DA

5.00 FRP

0.00

More experienced Less experienced { .
, _ == The interaction effects
[Operator’s experience]

28



:= 6. Summary & Conclusion



® Summary & Conclusion

» Summary

This study conducted an experiment to investigate the relationship between PSFs
and Human Performance

Actual operators and NPP simulator are applied in this experiment

Averaged completion time / instruction statistically differed depending on the
procedure types and operator’s experience

Time to entering cool down from reactor trip statistically differed depending on the
operator’s experience

There is no statistical difference in time urgency (30 min) and complexity

30



® Summary & Conclusion

» Summary

 Time urgency : averaged completion time / instruction

Source  Sum Sq.  d.f. Mean 3q,. F Prob=F

Al 1308,34 1 1308, 34 7,37 0,088
Re 571.18 1 571.18 3.22 (0.0981
X1+%2 465,85 1 465,588 2,62 0132

Error 2130.21 12 177.52
Total 4026, 06 15

> The result of ANOVA test between Operator's experience(X1) and time urgency (X2)
> DBA and DBA+Masking

> There is almost statistical difference in time urgency

» Future plan

- We are going to analyze the relationship between selected PSFs and other

human performance such as MCH, SART and secondary tasks

31






» Data analysis
+ ANOVA test

- A collection of statistical model used to analyze the differences among group means and their associated

procedures (such as "variation” among and between groups)

X P-value=P(F 2 F,)

Ex) Operator’s experience (X1) and Time urgency (X2)

Statistical Source Sum Sq, d.f., HMean 3q. F Prob=F
L difference T T T T
No_ statistical a x1 6322400,67 1 6822400,7 27,86 0O
difference ) w2 1441 .5 1 1441 .5 0,01 10,9396

K1+KE 7072 .67 1 F072,7 0,03 10,3667

N F, Fo Error 4894065,67 20 244703 .3
Critical Value Total  11724980.5 23
( F distribution ) ( Aresult of ANOVA test )
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» Data analysis
+ Tukey's test
- A single-step multiple comparison procedure and statistical test
- To find means that are significantly different from each other
Ex) Procedure types,
SPTA DA ORP FRP

Source SS df MS F Prob>F

n

> SPTA # DA, DA # ORP, OPR # FRP, or SPTA # FRP
Groups 900,29 3 300,087 11,59

2,76563e-06
Error 1863.84 72 25,887
Total 2764.14 7S

» The result of Tukey's test
SPTA DA ORP FRP

No difference

{ Aresult of ANOVA test about procedure types )

Difference
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