FACTORS STUDY

EXECUTIVE SUMMARY REPORT
SUPPLEMENT NO. 1

INPUTS DISPLAYS CONTROLS { SYSTEM

MAN/MACHINE OUTPUT  °

PREPARED FOR:
ARIZONA PUBLIC SERVICE COMPANY
AND
BECHTEL POWER CORPORATION

JUNE 1983

O

. GA-C16398
SUPPLEMENT NO. 1

PALO VERDE NUCLEAR GENERATING
STATION CONTROL ROOM HUMAN

TORREY
PINES
TECHNOLOGY

1 ADivision of GA Technologies Inc. EEr=—




-




TABLE OF CONTENTS - ‘

Page l
ACKNOWLEDGEMENTS

1. INTRODUCTION 1
1.1 Objective 2
l.2 Program Description 3
2, METHODOLOGY 5
2,1 Background 5
2.1.1 Photographic Support 5
2.2 Guidelines and Checklists 5
2.2.1 Human Factors (CL-15,16,18,19) 5
2.2.2 Operator Preparedness (CL-14) 6
2.2.3 System Factors (CL-17) 6
2.2.4 Human Engineering Discrepancy Disposition Criteria 8
2.3 Data Collection 11
2.3.1 Human ichors 11
2.3.2 Operator Preparedness 11
. 2.3.3 System Factors . . 12
; 2.4 Data Evaluation 12
3. RESULTS 14

1 3.1 Checklist Discrepancy Summary 14 .
3.2 'Human Engineering Discrepancy Summary 14
. 3.3 Corrective Action Evaluation (Féxboro 250 Series) 14
4. CONCLUSIONS | 21
‘ 4.1 HED Corrective Actions 21
4.2 Remaining Work 21,
4.3 Good Human Engineering Practices - Examples 2]




il

FIGURES

1-1 Program for the Detailed Control Room Design Review

of the Palo Verde Nuclear Generating Station

TABLES

2-1 Guideline/Checklist Summary
2-2 Human Engineering Discrepancy Disposition Criteria
3-1 Checklist Discrepancy Summary -

3-2 Human Engineering Discrepancy Summary

ii

10
15
16




\ ' : ACKNOWLEDGEMENTS

The following individuals are acknowledged for their participation in this

| supplemental review:

' ARIZONA PUBLIC SERVICE COMPANY

Plant operators )

E. Sterling - I & C Supervisor

R. Bernier - Operations Supervisor
J. Rowland - I & C Senior Engineer
J. Malik - Day Shift Supervisor

©c 0 0O O O o

G. Sanchez - I & C Engineer
BECHTEL POWER CORPORATION

o D. Soteropoulos - I & C Supervisor
) o J. Hunt - Controls Engineer

‘ o System Designers

| TORREY PINES TECHNOLOGY

E. Gagnon - Licensing and Systems Specialist
R. Potter - Systems Specialist

R. Sabeh ~ Human Factors Specialist

R. Wise - Licensing Specialist

© ©0 0O o o

S. Luna - Human Factors Program Manager
COMBUSTION ENGINEERING, INC.

o W. Dove - Principal Nuclear Engineer

iii

i
[
|
|
: o R. Pearce - Principal Nuclear Engineer







1, INTRODUCTION ‘

«

The purpose of this supplement is to update the pcrpr(1) by providing

the results of the following reviews as presented in the following reports:

o GA-Cl7155 Control Room Operator Personmel Survey

0 GA-Cl17154 Review of the ERFDADS Terminal CRT Display and the ESFAS
Annunciator Window Box (1-J-RKN-5C)

o GA-Cl7156 Control Room Validation
GA-C17159 Control Room Equipment'Organization and Storage, and
Performance of Operator Control Room Functions While Wearing/Using
Protective Equipment ] .

o GA-Cl7072, Review of Foxboro 250 Series Controllers and Indicators

1. Palo Verde Nuclear Generating Station Control Room Human Factors Study,

Executive Summary Report, GA-C16398, Torrey Pines Technology, June 198l.




1.1 OBJECTIVE

The objective of this supplemental review was to:

0 Complete review of the items deferred in the DCRDR using

NUREG-0700 guidelines as appropriate to identify, prioritize
and correct discrepancies.

o Review items identified in the Control Room Design
Review/Audit (CRDR/A)l by the NRC using the above approach.

0 Verify that the control room modifications have not introduced
any new Human Enginéering Discrepancies (interviews, control
room validation and Foxboro 250 Series Indicators and
Controllers).

Audit performed on September 15 through September 17, 1981. Audit
report submitted to Arizona Public Service by the NRC in a transmittal
letter from Mr. Frank J. Miraglis to Mr. E. E. Van Brunt, Jr..‘dated
October 18, 1981. )







1.2

PROGRAM DESCRIPTION
The review program established for the DCRDR was continued for this

supplemental review as indicated in Figure l-l. The specific task

additions were:?

o Human Factors

ERFDADS Terminal CRT Display
ESFAS Annunciator Window Box (1-J-RKN-5C) *

Control Room Equipment: Organization and Storage, and
Performance of Operator Control Room Functions while

Wearing/Using Protective Equipment

Foxboro 250 Series Indicators and Controllers
o Operator Preparedness
- Operator Survey

o Systems Factors

- Control Room Validation
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2. METHODOLOGY

The methodology of the original DCRDR program was used in the

supplemental review of the control room.
2.1 BACKGROUND

2.1.1 Photographic Support

Prior to the start of this supplemental review, colored photographs
were taken of all sections of the main control board of the s1mu1ator
control room to account for upgrades implemented since the start of the,
DCRDR.

2.2 GUIDELINES AND CHECKLISYS

The guidelines and checklists used in this supplementalzréview are

summarized in Table 2-1.

2.2.1 Humap Factors (CL-15. 16, 18, 19)

The guidelines and checklists used in the supplemental human factors

review were developed as follows:

o Reviewed the guidelines contained in Section 6.0 of NUREG-0700 and

selected those considered applicable for the supplemental review.

o Reviewed NUREG-0835 (draft) and selected guidelines considered

applicable for the supplemental review.

o Formulated all guidelines into checklists (see Table 2-1).




2.2.2 Operator Preparedness (Cl-14)

The guidelines and checklists used in the supplemental operator

Ppreparedness review were developed as follows:

o Reviewed the guidelines contained in NUREG-0700 and selected those

considered appropriate for this:supplemental review:

- Formulated the selected guidelines into CL-14, Operator
Survey, Part 1.

1) Reviewed the contents of CL-~9, 10 and 11 from the DCRDR with the
guidelines contained in NUREG-0700.

- Selected and revised those CL items considered appropriate
- and formulated Part 2 of CL-14 (see Table 2-1).

r\ d 2.2.3 - System Factors (CIL-17)

; The supplemental systems factors review using the selected events was
comprised of the following elements:

1

‘ o Task analysis.

{ ’ o Guideline and checklist development.
| m o  Observations and validation.




2.2.3.1 Iask Analysis

The task analysis was conducted as follbws:

o Reviewed results of the system factors task performed in the
DCRDR. | g
o] Reviewed and discussed plant operating procedures with operating

personnel to determine the most comprehensive events for control-

room validation.

broad range of activities that are required by the operator

in this procedure.

. - Selected Small Break LOCA due to the required rapid action

and complex situations that could result. This event has the
. highest potential for operator error.
(o] Tabulated operator tasks and step sequences for each event.
o Performed an analysis of each selected event using traffic link -

r - Selected Plant Startup from Cold Shutdown because of the
|
|
|
|
|
|

diagrams and operator sequence diagrams.




2.2.3.2 Guidelines and Checklist (CL-17)

The guidelines contained in Section 6.0 of NUREG-0700 were reviewed and
those found appropriate for validation were formulated into CL-17, (1)

Control Room Validation (see Table 2-1).

2.2.3.3 QObservations and Validation

Checklist 17 was applied to the results of the task analysis and a list
of observations (potential discrepancies) was compiled for evaluation

during the validation.

2.2.4

The human engineering discrepancy disposition criteria used in the
DCRDR to prioritize the discrepancies was reviewed by the Management Team.
For non-safety items, the viability of implementation was weighed against
work windows available prior to fuel loading. As a result, the
implementation requirement for Category B was modified from “Mandatory -
Prior to Fuel Loading™ to “Mandatory - Prior to or at First Refueling”
(Table 2-2). - :

1. Checklist 12 identified for this task in the DCRDR was not developed.




TABLE 2-1

GUIDELINE/CHECKLIST SUMMARY

GUIDELINES/NO, OF ITEMS

NUREG=0700
(%
(3]
” < A'
A4 (321 ~
o ® )
2. sl | sla a
] o™ (3] 3 wn [=] % o] B oIy
o - = JJi sl Ry [ ] Ol DY =
O v H WO olnwiiAgiOo~ O O
#1327 T1221° |2 |RE
CHECKLIST 2 g0 [Hola Sl |3 |4 S
o z lo=z]o 3 wHEln o
& = 4=1 4 o & W o Igol o o
DCRD [ % =] [l o= Q<] O [43] = ]

) = |2 1253|5 |8 |38|2 |2 |EE] E |E
TASK NO. TITLE o o Zlo N ale | a oAl o &
oP 14 | Operator Survey 16 |1 p1 13 Jio {17 3|5 23821 99
HF 15 | EREDADS Terminal CRT Display 133 29(3)| 162
HF 16 | ESFAS Annunciator Window Box 88 . 88

(1-J-RKN-5C) N '
N i ]
SF 17 | Control Room Validation 2 2
HF 18 | Control Room Equipment and 12 1 1 14
) Storage
HF 19 | Foxboro 250 Series 1 12 |77 1 . 81
Indicators and Controllers ’ .
1. OP - Operator Preparedness )
HF - Human Factors -
SF - System Factors
2. Derived from CL-9.‘10, 11 used/deferred in DCRDR.

3. Derived from NUREG-0835 (draft).







TABLE 2-2
HUMAN_ENGINEERING DISCREPANCY DISPOSITION CRITERIA

Category k Description Implementation
| e ‘
A "~ Safety Mandatory-Prior to Fuel Loading
? :
B : Reliability ' Mandatory-Prior to or at First
(90% Availabiilty Criterion) Refueling
c Reliability-Enhancement Mandatory~Convenient Outage
D ﬁiuor Non-Mandatory

Category D discrepancies were not considered as human engineering discrepancies

and will be reviewed as plant betterment items.

- 10 -~




2.3 DATA COLLECTION

2.3.1 Human_ Factors '

-

The human factors data was collected in four parts by a Human Factors

Engineer:

.0 Executed CL-15, ERFDADS Terminal CRT Display, aided by three (3)

APS operational programmers.

o Executed CL-16, ESFAS Annunciator Window Box (l-J-RKN-SC),waided
by an APS operatbr;

(¢] Executed CL-18, Control Room Equipment and Storage, through:

- Review of the design drawing “Control Building Equipment
Location Plan.” The physical locatioms in the control room
were reviewed, aided by APS Operations persomnnel, to support
interpretation of the design drawing.

- Observing operator performance during a simulated event
comprised of a dropped control rod, loss of an instrument bus

and failure of both FW pumps.

o Executed - CL-19. Foxboro 250 Series Indicators and Controllers , aided

by an APS Instrumentatlon and Control Engineer.

2.3.2 Operator Preparedness

The operator preparedness data was collected by a Human Factors Engineer:

o Executed Part 1 of CL-14, Operator Survey

- 11 -
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- Issued to 12 APS operators at random for written responses.

- JInterviewed 12 APS operatoés at random to clarify
responses. ’
o Executed part 2 of CL-14 in the same manner as part 1{ using 11

APS operators at random.

2.3.3  System Factors

The systems factors data was‘ collected By two (2) Systems Engineers:

o Observed and discussed the plant startup procedure performance
on the control room simulator performed by an APS operating crew
(SRO and 2 ROs).

0 . Repeated the above for the small break LOCA event using a

different operating crew.
2.4 DATA EVALUATION

The data collected by each of the three (3) supplemental reviews was
evaluated against their respective guidelines and checklists format. *
Discrepancies identified were documented and processed through the Results
Review Committee and the Management Team using the forms and procedures
established in the DCRDR. '

In addition, the Foxboro 250 Series Indicators and Controllers data

collected was evaluated against:

o  Seven (7) HEDs (Nos. 7, 83, 100, 101, 102, 103, 104 and 105)

identified in the DCRDR for implementation of corrective action.

- 12 -~
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o . Six (6) audit findings(l) (Nos. 5.14, 5.16, 5.19, 5.20, 5.21,
5.25) identified in the CRDR/A for implementation of corrective

action,

1. Audit finding 1.2 is addressed in HEDs 100 and 101, audit finding 5.13
is addressed in HED 83, and audit finding 5.17 is addressed in HED 7;
therefore, these were not repeated. '

-

- 13 -
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3. RESULTS

3.1 CHECRLIST DISCREPANCY SUMMARY
The three tasks identified 38 checklist discrepancies as summarized in

Table 3-1. This total was reduced to 34 by the Results Review Committee/

Management Team reviews due to. similarities in discrepancies identified by

the separate tasks or in the DCRDR,
3.2 HUMAN ENGINEERING DISCREPANCY SUMMARY

Categories A, B, and C in Table 3-1 were classified as HEDs, as in the
DCRDR, which totaled 25. The remaining 9 were assigned Category D which

were non-HEDs,

A summary of the HEDs is presented -in Table 3-2 and the detailed
discrepancies and evaluations are contained in Supplement 1 to the

Technical Report (GA-C16411).

3.3

The evaluation of corrective actions provided by the Foxboro 250 Series

Controllers and Indicators found that:
o For the seven (7) HEDs in the DCRDR:
- HEDs 83 and 100 remain outstanding

- HEDs 7, 101, 102, 103, 104 and 105 had been corrected.

o All six (6) CRDR/A discrepancies had been corrected. -

- 14 -
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TABLE 3-1

* CHECKLIST DISCREPANCY SUMMARY .

Discrepancy

Number of . Categories . .
Checklist , Occurrenceé‘ A B .C D
CL-£4 _Operator Survey Y " 26 5 4 9 8
CL-15  ERFDADS CRT ‘ 7 o 1 5 1
CL-16‘ ESFAS Annunciator‘_ 1 0 0 1 o0
"CL-17 Control Room Validation » 3 0 0 3 0
CL-18 Control Room Equi;ment i 1 1 0 0 O
CL-19. Foxboro 250 Series 0(2) 0o o 0 o
Pre-RRC/MT(1) Review Tot#ls 38 6 5 18 9
Post-RRC/Mé Review Totals 34 5 4 16 9

1. RRC - Results Review Committee

MT - Management Team

2. Thirteen (13) items were deferred to the Operator Survey (CL-14) and

discrepancies from.these items are contained therein.

- 15 -
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HED
Q.

128

129

134

137

145

TABLE 3-2A

HUMAN_ENGINEERING DISCREPANCY SUMMARY

«

I3

CATEGORY A

(safety; Mandatory Implementation Prior to Fuel Loading)

DISCREPANCY
Color discrimination on

annunciator windows
difficult

Inadequate distinction
between MSIV and FWIV
switches (B06)

Insufficient operator
comprehension of alarm

priorities by color

Missing and inconsistently

placed labels on several boards

SCBA air bottle replenishment,

exchange and status inadequate

- 16 -

CORRECTIVE ACTION

Study and select optimum hue

saturations (>95%)

Study and select a coding scheme
(color, shape, demarcation ) or

improve 1abeling'

Provide operator training

Add and relocate labels;

QA all boards for conformance

Post instructions sign at

bottle rack,
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TABLE 3-2B

L .
-
.

CATEGORY B

(Reliability - 90% Availability Criterion; Mandatory

Implementation Prior to or at First ggfueling)

DISCREPANCY

Inadequate radio communication
coverage in parts of auxiliary

and containment buildings

Inadequate distinction
between Units 2 and 3

buss controls on BOl

Insufficient operator
comprehension of alarm

clearing actions

Lack of consistent abbrevia-
tions among CRT, panels and

procedures

- 17 -

CORRECTIVE ACTION

Install repeaters or a backup

system

Study and select proper

enhancement, and provide

“additional BOl training

Provide training on annunciator

controls

Change CRT abbreviations
to those used on annunicator and

panels




L

.

~

o

(YIY
-

I
I
PE T

SO

-t
[
"
- o
. ‘,
: )
’ o
PO
.
L)
p]
[Cd] o
o
- -

«
1t
otk (e ) vy
<) * 1 LB~
Tt e A “4 A
. lll.h ”~ Ll
L I 3 rs uy
@ . »
[q) - *
. (X1 H
iy -
v " Do
0 (S
5 -4 s
1 . ey
eI a
# e
w2 o=
iy I o
¢ ~ (2]
’ - k] 0
1) LR 3
) (] ) -~
N e -
" < H
e * e
ot & e
o £ .
<« H
€.
B
3 [}
3 B f
e b B '
i i
. . K B
FER
.o e
a ="
* T
.
.o
-
,

oy
la




- TABLE 3-2C

HUMAN_ENGINEERING DISCREPANCY SUMMARY
CATEGORY C

(Reliability - Enhancement; Mandatory Implementation

at Convenient Outage)

HED -
RO, DISCREPANCY CORRECTIVE ACTION
124 Mimic lines not adhering to : Secure mimic lines )
. panel (BOl) . ) .
° 125 Controls on TRACOR Westfonic Evaluate during operation and
recorders too high (BO7) relocate trend line selector
: ' switch if warranted
126 Parallax on Foxboro indicators Minimize impact through operator
not located in direct line of training'and if warranted,
sight - relocate indicators
127 Inadequate distinction among Study labeling techniques to
HVAC controls for auxiliary, provide operator aids

fuel and control buildings
(B02)

- 18 -
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HED

131

132

138

"140

141

142

143

TABLE 3-2C (continued)

w

Lack of indication of plant
muitipléxer failure related to

. circuit breakers (BO1)

Inconsistent use of PSIG and

PSIA on Foxboro disélays

ﬂ Glare on Foxboro diéplays

from overhead lighting

Improper use of bunctuation

* in statements on CRT displays

(ERFDADS CRT)

Parameter time history display
on CRIs reads opposite to
normal reading pattern‘of

left to right (ERFDADS CRT)

Page designation on CRT
display not in accordance with
station policy (ERFDADS CRT)

Lack of 'standby! indication
on CRT display (ERFDADS CRT)

- 19 -

Provide alarm

Determine proper units and

rescale displays

Install diffusers on overhead
lights ‘

Reprogram displays

Reverse time 'history display

%

Reprogram page designation

Provide for & "gstandby!

indication after 2 second delay
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HED

144

146

147

148

149

'TABLE 3-2C (continued)

DISCREPANCY

Letter size too small on panel
label for ESFAS Annunciator
(B0O5)

Operator difficulty in locating
switch and excessive movement
between flow indicator and
switch at BO2 while isolating
shutdown cooling loops during

plant startup

' Excessive operator travel

between B0O4 (pressurizer
pressure and level) and
BO5 (loop delta-T) during
small break LOCA

Exceésive operator travel
between BO2 (SI flow) and
BO4 (pressurizer pressure
and level) during small
break LOCA

Lack of identical Ty and T
scales requires mental

computation of delta-T

- 20 -

CORRECTIVE ACTION

Adg horizontal label to window

box

Study design and procedure for

relocation or annotation

Provide training on use of

properly located displays

Provide training or use of

properly located displays:

Study use of PAM trend recorder
on B0O2 and of providing delta-T
display on BO4
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(57

4. CONCLUSIONS

4.1 HED CORRECTIVE ACTIONS

- Corrective Actions for most HEDs (Table 3-2) have been identified. and

submitted to APS management for implementation scheduling according to

their.category. The remaining HEDs require additional study to identify or

impleﬁent the corrective action.
4.2 REMAINING WORK

The remaining work to ‘complete the "DCRDR is the control room

environmental reviewe.
4.3 GOOD HUMAN ENGINEERING PRACTICE -~ EXAMPLES

Use of hierarchical labeling
" Continuous display of primary parameters on CRT
Three levels of system parameter details display on CRT

Use of priority by color omn:annunciators ‘

© 0 O O o

Demarcation of systems and subsystems on control boards

- 2] -




v ’
b
-
»
. =
s
.
.
L e
. L
.
.
, ‘ s
) [N R4
. |
s b
.
.
y .
-
iR
= -
-
.
.
. .
.
.
.
.
.
' s
N
b -
* o~
-




