CONTROL ROOM DESIGN REVIEW REPORT

SAN ONOFRE
NUCLEAR GENERATING STATION
UNITS2&3

SCE DOCUMENT NG. M37328

SE Southern California Edison Company

SD&GE SAN DIEGO GAS & ELECTRIC COMPANY

020366 840131
ggngDocu 05000361

F



CONTROL ROOM DES'GN REVIEW REPORT

SAN ONOFRE
NUCLEAR GENERATING STATION
UNITS2&?2

SCE DOCUMENT NO. M37328
REVISION 0

SE Southern California Edison Company

SAN DIEGO GAS & ELECTRIC COMPANY



<

>

PABLE OF ‘ONTEMNTS
: o |‘} \‘ ZI“.:--\QK -\.'v‘ q\ ARP Y : .'. r,‘.‘ 3
VISOTIMT UL MM AD Y

v LA LV SUMMAI
NTRODUCTION AND DESCERIPTION

1 r e A

e A reworaq

.o eneral Plant Description

1¢2.1 Site Description

10263 Plant Arrangement

leded Control Room Compler Configuration
ANAGEMENT, ORGANIZATION ING

2e1 Management Approach

2els] Introduction
2elsld Responsibilities
AT P PR Steering Committee
Gelided CRDR Working Group
oslelasd Human Faciors Engineering
Consultant
Interfaces
.o teering Committee Composition and Qualifica
«3 CRDR Working Group Composition and Qualifica
.4 Reporting Relationships
2.5 Orientation and Training



.9

TABLE OF CONTENTS (Conti

sl Introduction

nued)

3.2 Documentation Types - Input/Output

Yol u Reference Documents
Js2e2 Documents Generated by
Working Group
3:9.3 Correspondence
P Records Management

Jedel Human Engineering Disc

Ja3e2 Assessment Records
Jede3 Implementation Records

DESIGN REVIEW PHASE

1.“ ()},i,)-ri‘_v,,
.2 Review of Operating Experience

the

Data

4.2.1 Plant Operating Experience

4.32:,2 Control Room Operating

Interviews

2 ¢ a1
4.3.1 General Procedure

2 n — - 5 F p 1
$.3.2 Cevelopment of Guideli

i3
AL

Personnel

4.3 Human Factors Survey of the Control

D

CRDR

ancles

repi

Ioom

-

I
e

- 1
) -

7 P ]
R |







.o

TARLE OF CON

AT

TENTS (Continued)

IGS, ASSESSMENTS

AND
Metaodology

Control Panel

Delel

Panel Arra

8:2+s1.1 Panel
Panel
Panel
Panel

Panel

S5¢2¢241

Demar
Demar
vemar

Labeling

D623

%

Dede s o Label
Didided Label

L.Label

Label

Demarcation

Demarcation

Labeli

RECOMMENDATIONS

ngement
Arrangement Criteria
Arrangement Methodology
Arrangement Findings
Arrangement Assessnent

Arrangement Recommendations

Demarcation

Criteria

Methodology
cation Findings
cation Assessment

caiton Recommendations

Criteria
ing Methodology
Findings
Assessment

Recommendz tions




B N - T N N - B - R TS T e S e e e

.

ABL

E

OF

CON

AMTDNTMO

TENTS (Continued)

:.k n

n

unc

o1

N

> 1
eDe l
N
e 2
+ n
e e

mponent

~

Jcaie Coding Criteria

icale Coding Methodology

Scale Coding Findings

A

Scale Coding Assessment

1

Component Suitabil
Criteria

Component Suitabil
Methodology
Component Suitabil
Findings

Component Suitabil
Assessment

1

Component Suitabil

Recommendations

iator/Alarm System

Annunciator/Alarm
Description
Anaunciator/Alarm

Criteria

y
et
3
3

Annunciator

Methodology

Scale Coding Recommendation

P
ct
P

oo
P

System

n
BN

5=-44

-

N
I

0
.o

In—--‘;



e

TABLE OF CONTENTS (Tontinued)
SeasBsd Annunciator;/Alarm Systen
Findings
De2:049 Anruanciator/Alarm System
Assessment
Ds2:68:0 Annunciator/Alarm Systen

e ~
Jel el

5+2.8

1
Q%)

)
(g

Computer

5.3.1
S5¢3ed

D343

Recommendations

Color Usage

L g ¢ Color Usage Criteria

2 Color Usage Methodology

S NG Color Usage Findings

74 Color Usage Assessment

57 e Color Usage Recummendations
Miscellaneous Related Items

8.1 Gua~d Rails for Operating Panels

i 2 Dislocation of Contrel Feecdhack

e8e¢3 Use of Indicating Graphics Panel

B4 Valve Position Feedback

B+ 5 Remote Shutdown Panel

Systems

Introduction/Overview
Computer Systems Methodology
Computer Systems HED Jdentification

Assessment a.:d Recommendations

®1)
|
]

N

n

3
o

o
i
®5
o
)

5=-069

5-71






Joa

6

IME

Ob

‘\‘l\

ar™
Vi

ie

[y

nt

TABLE OF CONTENTS (Continued)

fication of Task Performance Capabil
Lngs

1 Instruments and Controls

2 Annunciator System

rol Room Function Validation Findings

Audi* Findings

1 SONGS 2 License Conditions
- SONGS 3 License Conditions

ATION OF CORRECTIVE ACTIONS

ctives

[y

Implementation Methodology

rol Panel

1 Arrangement
2 Demarcation

3 Labeling

6.2.3,1 Labeling (Legend Hierarchy)

BeZeled Labeling (Nciizenclature and

Reuuction)

4 Scale Coding
Suitabi

) Component

6 Annunciator

5=-109

1
b

[

[
f—

(U



TABLE OF CONTENTS (Continued)

Be2s0s1 Short Term Recommendations and
Implementation
B2 80 Long Term Recommendations and

Implementation

Bi2s7t Color Usage

6.2.8 Miscellaneous
6.2.8.1 Guard Rails for Operating Panels
6:2.8+.2 Indicating Graphics Panels
B3:.2.8.3 Process Comobuter Cooling
G.2:.R.4 rocess Computer CRT Glare
6e2:8:5 ESF Pattern Recognition

6.3 Computer Systems

6.4 Control Room

6.4,1 Comnmunic ations Survey

6.4.2 nLighting System

6.4.3 Sound Survey

5.4.4 Heating, Ventilating, and Air

Conditioning

6.5 System Function Identification and Analysis
(Implementation)
6.6 Verification of Task Performance Capabilities

(Implementation)

s Instruments and Controls

G:0+2 Annunciator System

6.7 Control Room Functions Validation

(Implementation)

ix

G=10

6-11
6-11

6-18

6=18

6-18
6-19



TABLE OF CONTENTS (Continued)

6.8 Ongoing Efforts to Upgrade the Control Room 6=20

G.8.1 Elimination of Annunciator lNuisa.ce 6-20
Alarms

6.8.2 Other Improvements 6-22

G5.8.2.1 Startup Problem Reports (=22

6.8:.2,2 Continued Implementation of € .24

CRDR Design Criteria

ILLUSTRATIONS AND TABLES Page

Figure 1.2- Plot Plan 1-5/6
Figure 1.2-2 Main Control Room Panel Arrangement 1-9/10
Figure 2.1-1 Organization Chart of the Control Room 2=
Design Review Working Group
Table 4.3-1 Human Factors Engineering Guidelines 4-3/10
Required for Control Noom Design and
Evaluation
Figure 4.5-1 Functional Grouping Process Diagram 4-15
Table 4.7-1 Critical Safety Functions for Maintaining 4-22
Nuclear Power Plant Safety
Figure 4.7-1 Optimum Recovery Procedure, Steam Line 4-26
Break Reccvery Strategy Chart
Table 4.7-2 Savety Function Status Check Bases, 4-27/28/29/3
Steam Line Break
(Sheets 1, 2, 3, and 4)
Table 4.7-3 Emergency Operating Procedures 4-32/33

(Sheets 1 and 2)

B I I B M D B B B R e A O O R A B . .






LIST OF ACRONYMS AND ABBREVIATIONS

AC Alternating Current
'D Analog~to=-Digital
SHRAE American Society of lHeating, Refrigerating, and

Air Conditioning Engineers

ANS American National Standards Institute
BA Batchelor of Arts
BOP Balance of Plant

BPC Bechtel Power Corporation
BSB Batchelor of Science in Business

3SEE Batchelor of Science in Electrical Engineering

BSMI Batchelor of Science in Mechanical Engineering
BWR Boiling Water Reactor

CCW Component Cooling Water

E Combustion Encineering

CFM Cubic Feet per Minute

CFMS Critical Fun~ticn Monitoring System
CRDR Control Room Design Review

CRT Cathode Ray Tube

CSAS Containment Spray Actuation System
CSR Computer Systems (Design) Review
CVCSs Chemical and Volume Control System
dBA Decibels (A-weighted)

DC Direct Current

JCN Drawing Change Notice

CP Design Change Package

xii

- = .



¥

&8




LIST OF ACRONYMS AND ABBREVIATIONS (Continued)

NOP Normal Operating Procedures

NRC Nuclear Regulatory Commission

NSSS Nuclear Steam Supply “ysten

oD Outside Diameter

0)% Operating Procedure

ORM Optimal Recovery Method

ORP Optimal Recovery Procedure

P&ID Piping and Instrumentation Diagram

PFD Process Flow Diagram

PhD voctor of Philosophy

PIPM Project Internal Procedures Manual

PMS Plant Monitoring System (Computer)

PSE&G Public Service Electric and Gas Company

PWR Pressurized Water Reactor

QA Quality Assurance

QSPDS Quality Safety Parameter Display System

RC Reactor Coolant

RCS Reactor Coolant Systen

kSP Remote Shutdown Panel

RTR Feactor Trip Recovery

SCE Southern California Edison

SER Safety Evaluation Report

SGTR Steam Generator Tube Rupture

SI Safety Injection

SIL Speech Interference Level

SLB Stear Line Break

SMM Subcooled Margin Moritor

SONGS San Onofre Nuclear Generating Station
xiv



r v ~ 217 AC'R . A MT ARRREVTATT( 3 Aantin
191 » £ at v Dy ye + - ™ 4 ) Yyr > "
1 y irametelr 15] i Y £
' tartut T r bhler "}: v+
"y y .} M n ™ 4 3 v TrmA "
:."“ i P L 8 | y A > A Jil A Al‘ \-
. i ™ 1 ¢ { o
N imul K Oraer
™ T T T 1
{ [hree Mile Island
rRw Y mneon Ram W )
) on Ramo WwWool
N ™ s } . 4 vax ) y v - ¥
ecnnical U PPOI
"t - e N s
Y ennesseoee valle \ut i
{ 1t ra Hs orh By B 3 ‘e
| A e ’A' ¥
.ry . =1 1 n 1 D u v R "
LI 1hLi3 L ¢ r'l L11Q4 wel pan




K 7 .. e

MM A DY
PTG YL DT e
——— n P 3
+ 4 > 4 £ v
¢ ‘& L
¥ ) | ] . N A ar . y " vy 0
it A - ' i Les i v A s ) . ~ i Al
§ n o 1 1O res t 1 ! f ¥ r " 14 r rmed
1 4 | ¥ ¢+ . - ™t e 4 17 i v 4 3 v y Th ¢ -y -
; i i L Ll | [ P ALl L i i . L 2
1 i r . + 1 3 a7 . .
A ¥ LA A e . ’ 4 A A » Lt }
"t 4 e . ro . - v 3 v = s 4 . ye » P - oe 4
’ ’ =
$ . i - - “r 4 $ +) v v E + 41
revi . | ' | 1 ¥ £ w ] 1 1
g . : "y oA : ' y 7y $ - . el ol . " rant
3 A ¢ A - L A - L A
. . : ' ) 9 & 2 i v \e .
y 1 aor y . - o ‘¥ 17 1 A O -
11 ’ A . A L > | i A
1 1 - 2 > @ DAD W e
P # 3 + } o U . and vtrod p \
A A - A < "‘ i - . v ‘A A -
Y 2 | ] .Y i * ~ o~~~ " -~ | » - 2 4
. i > 4 » r i A . ) oY F=¥s | Y ) oY ) ( f
Abl e Lod L A | | L i v A . i A | A i A
. - . N ‘ . \ 1 1 —~y r oWy 111 1
tril - { ) - 11
) ' ’ \ ’ 1 ’ i
+ v o r arir 4 147 : i i 4 Nt ¢ fery
! LN AL LA it A e {1 \4 4 . A ] | i -
B + 4 v v wiA 4 | ;¢ . . \ v 4 . \ " Y ™9 r % 4
S 4l A -~ . . v ’ - < - ! . 1
-, . v 1 4 . . - 3 ¥ 1 + i 1 or iy ¢ » 4 v
£ 1 A e v ’ 3 i = b Wt 8 W - A S : L
v v e o F1 ¢ NOTEO T '+ >
| £ ¥ " + 4 v - 4 v 1 . - - . "
- L . - LU0 - 4 A L T s ~ - 'idi e
v " ' , )
7 i \ v y P 1 Moy B { ol | ™ment e | 0o v 1 r
A Le(] el L A LI1C1 | A A A ..
NPT ; 2 n + . v Pt . -t ] ¥ 4 fian 1 o¢
pone AT AlI¢ ¢ 16 A 1 3 e
Toet i natl ¢ . 1 1 ) er era 1 i . ru
. - 1 ) | .
2 o k s f > » i * 4 § - i O . e on Y . 3
LACK 1 LIU i pTril I 1 i i ’ 1 i il , 1
Y Nt Lol | n
M = L 10 .
1 Y - "
= . *a v i nt . vh ¢ " oy y1 ar v i ,
. 2T n 9 P y o = ¢
en Ll i 1 . 1 i ’ Ll ’ A ’
» & .
e -



The following is a summary of recommendations made by the CRDR

Working Group to SCE Management for implementation:

0 Provide functional system demarcation of the control panels
by renainting the panels and color codirg of the instrument
bezels.

o Install new labels coior coded to the respective system to
provide a labeling hierarchy with clear, concise and consis-
tant information; relocate the labels to the top of the
instruments; and install new antiglare push-button lenses
with revised labels.

O Provide scale coding of indicators and recorders to show key
operating information.

s} Prioritize the annunciator system by use of colored wirdows
and also provide modifications to improve the system opera-
bility. Install master mimic indicator panel and renove
master acknowledge push buttons. Add annunciator reflash
capability.

o Review Plant Computer System and update data base.

o Relocate approximately 150 instruments cn Unit 2 and common
control panels, and a corresponding number on Unit 7.

() Review and correct as necessary the environmental conditions
such as noise, lighting, and heating, ventilating, and air
conditioning (HVAC).

() Review and modify the communications system, as requ? red.

o) Review and modify the normal and emergency operating proce-
dures, as required.

0 Devel:p ESF Pattern Recognition charts.

The above recommendations were forwarded to the SCE Steering
Committee, who determined the priority of implementation. The
project engineering group was authorized to implement the CRDR

Working Group recommendations approved by the Steering Committee.

o
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The above recommendations have all been completed with the excep-
tion of the noise survey, HVAC survey and the control room carpet-
ing which are scheduled to be complete! prior to plant startup

following first refueling.

Operating experience to-date indicates that ro unacceptable Human
Engineering Discrepancies (HED) exist in the Control Room man-
machine interface. However, 3SCE is fully committed to assessing
and resolving any previously undetected HEDs as they surface
during actual operations or simulater training exercises. Two
official, formalized procedures exist to identify and resolve
these future HEDs: the Instruction Resclution Request and the
Startup Problem Report These procedures are discussed in the

main body of the report.

SCE believes that this CRDR conform: to the guidelines and meets
the intent of the NUREG-0700. Therefore, except for the noise
survey, HVAC survey, and control room carpeting, no further
actior is planned. The submittal of this CRDR report closes the

-

action required in NUREG 0737, Supplement 1, Section 5.2.b.

-



1.0 INTRODUCTION AND DESCRIPTION

1.1

FOREWORD

This report summarizes the Control Roorm Design Review
(CRDR) activities conducted by the Southern California
Edison (SCE) Comnany on the San Onofre MNuclear Gen-

erating Station (SONGS) Units 2 and 3 Control Roon.

This Control Room Design Review Report is being subnitted
to the NRC in compliance with NUREG 0737, Supplement 1,

Item S5.2.h.

The activities described in this report derived their
bases from the "Control Room MNesign Review Plan" written
by SCE to implement the CRDR. The plan encompassed the
guideliinec provided in NUREG 07¢6, "Guidelines for

Contrel Room Design Reviews."

The content of this report reflects the evolution oi
CRDR activities conducted on SONGS 2 and 3 by SCE.
Specific details of each area of the CRDR process are
addressed generically so that the reader can comprehend
the scope of each item without excessively burdening

the report.

This report is submitted to provide documentation of
SCE's commitment to control room enhancement. It is

the position of SCE that the activities described in
this report meet the functional intent of NRC NUREG 0737
Supplement 1, Item 5.1.b. However, recognizing the
dynamics of continual plant design evolution and of
continued operating experience, the criteria developed
as part of the CRDR will be factored into any future
control room modification. To this end, the information
contained in this report is considered a "snap-shot" of
a continuing process as well as a statement of SCE

man/machine interface philosophy.

[
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Based on the completion of this task, it is the position

SCE that the control rooms for SONGS 2 and 3; (1)

meet the established criteria provided in NUREG 0700,
and (2) conform to good Human Engineering practices

currently employed in the industry.

ERAL PLANT DESCRIPTION

Site Description

The San Onofre site is located on the coast of
Southern California in San Diego “ounty, approxi-
mately 62 miies southeast of Los Angeles and

51 miles northwest of San Diego. The site is
located entirely within the boundaries of the
United States Marine Corps Basc¢, Camp Pendleton,
California, near the northwest end of the 18-mile
shoreline. The site is approximately 4,500 feet
long and 800 feet wide, comprising 84 acres.
Approximately 16 acres are occupied by Unit 1.
Units 2 and 3 cover 52.8 acres of which the power
block and site svitchyard occupy 27.7 acres and
tue batch plant, temporury switchyard, and parking
and access area another 25.1 acres. The remaining
15.2 acres are occupied by the administration
building, visitors center, or are available for
auxiliary usage. Units 2 and 3 are located south-

east of and immediately adjacent to Unit 1.

Plant Arrangement

Units 2 and 3 of the San Onofre Huclear Generating
Station consist of two Combustion Engineering

pressurized water reactor (PWR) nuclear steam



supply systems (NSSS) that produce a nominal net
output of 1,100 MWe per unit. The turbine genera-
tors were supplied by General Electric Company,
Limited. The station features separate containments,
safety equipment buildings, turbine buildings,
diesel generator buildings, and fuel handling
builaings for Units 2 and 3, and a shared auxiliary
building and intake structure (figure 1.2=1). The
ultimate heat sink for all Seismic Category I
cooling water systems is saltwater from the Pacific
Ocean, supplied to the component cooling water

heat ezxchangers by saltwater cooling punps located
within separate intake conduits for each unit.
Seawater pumped from the intake conduits by the
circulaiing water punps serves as the heat sink

for heat rejected by the main condensers and the

turbine plant cooling water system.

Control Room Complex Configuration

The SONGS 2 and 3 control rcom complex is sh:own in
figure 1.2-2, A single control room area houses
the control panels for beth units. The main
control panels for each unit are U-shaped, joined
by a single panel that contains instrumentaticn

and controls common to both units.

Dedicated operators' desks and c:mputer consoles
are located within the U-shaped portion for each
unit. The open portion of the double U contains
panels for electrical mimic buses and heating and
ventilating. Behind the main control panels are
additional panels accommodating needs such as post
accident monitoring, demineralized water makeup,
miscellaneous recorders, radiation monitoring, and

the computer line printers.

1-3/4
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MANAGEMENT ORGANIZATION A0 STAFFING

2.1 MANAGEMENT APPROACH
201‘1 Int!‘f)dUCtlﬂn

SCE's approach to management of the control room

review is outlined in figure 2.1-1. The primary

elements include the Steering Committee, the CRDR
Working Group, the SCE and Bechtel Power Corporation
(BPC) line organizations, and Whitston Associates

(consultants).

The primary responsi.ility of the Steering Committee
was to provide management overview, guidance,
personnel resources, and backup authority for the

CRDR Progran.

The CRDR Working Group reported to the Steering
Committee and was responsible for detailed planning,
scheduling and coordination of the total integrated
control room review including the assignment of
particular technical supr - rt activities to existing
SCE and BPC line organizations as well as recom-
mending specific activities to be performed by

Whitston Associates.

The SCE and BPC line organizations carried out
some of the technical activities associated with
the review and worked with the CRDR Working Group

in developing procedures and reports.

29142 Responsibilities
avieesl Steering Committee

o
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schedule for the control room design review and
the assessment of discrepancies, as well as,
providing guidarce to the SCE and BPC line organi-
zations and coordinating all items requiring
action. They were given directicn that cost,
schedule and original design considerations should
not be taken into account when making findings or
reccmmendations. The CRDR Working Group was
responsible for preparing the initial recommenda-
tions relating to the CRDR Program.

CRDR Line Organization Support

The SCE and BPC line organizations provided support
for assigned portions of the control room review
activities whirh were related to their normal
activities. For example, the control room lightiug

survey was performed by the SCE Apparatus Group.

Human Factors Engineeiring Consultant

The Human Factors Engineering Ccoasultant. Whitston
Associates, researched and provided existing
recognized Human Engineering Factors Criteria for
the CRDR Program. Whitston Associates also provided
a full-time team member of the CRDR Working Group
who actively participated cn a day-~to-day basis in
the review and provided indoctrination on Human
Factors Engineering consideracvions for the CRDR
Working Group team members. In addition, Whitston
provided several other human factors consultants

on an as-required basis.

r
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Whitston Associates worked with the CRDR "Yorking
Group and the SCE/BPC line organizations to meet

the HED objectives of the CRDR and was encouraged

to express indepenacent judgements not only to the
CRDR Working Group but directly to SCE's Management,

as well.

STEERING COMMITTE" COMPOSITION AND QUALIFICATIONS

The Steering Committee was composed of four members
representing Engineering-Management within both SCE and
BPC, all of whom zre Registered Professional Engineers

with extensive Control Systems [esign experience.

0 H. L. Richter, SCE - Project Engineer
c G. E. Reeder, SCE - Control Systems Lead Engineer
o A. I. Pressman, BPC - Engineering Manager -

L:.5 Angeles Power Division
(6} F. B. Marsh, BPC - Control Systems Chief Engineer -

Los Angeles Power Division

CRDR WORKING CGROUP COMPOSITION AND QUALIFICATIONS

The CRDR Working Group was composed of a core team of
seven full-time members. Additional members from the
SCE/BPC line organizatior provided assistance for
certain planned tasks. The core team members included
Human Factors Engineering consultants; a Senior Reactor
Operator, Instrumentation and Control Engineers, MNSSS

Engineers and BOP Engineers.
The team members were carefully selected to obtain an

optimum blend of past experience to ensure the best

possible CRDR, analysis, and recommendations.

2-6






SCE Senior Reactor Operator
R. Cool, SCE, SONGS Unit 2 and 3 Senior Reactor

Cperator

(&} Peactor Operator at SONGS Units = and 3.
0 Training Instructor for Reactor Operators at
SONGS Units 2 and 3.

Senior Reactor Operator at SONGS Unit 1.

0

O Core member of SONGS Unit 2 operation team

from late construction through unit startup.

NSSS Supplier Engineering Representative
W. J. Harris, C.E. Projects Management, MNuclear

Projects

o0 Naval Nuclear Power School, Naval Electronics
School, and Naval Officer Indoctrination
School

o Project Manager, Nuclear Project, nine and
one half years experience in commercial
nuclear power plant instrumentation and
control systems in positions of increasing

responsibility. Participated in NSSS startup

activities at SONGS Unit 2 with responsibility

for the plant computer and digital protection

system.

5] Member of the TMI-2 Industry Advisory Group

during the initial phase of the accident.

0 Three years experience at Bechtel Power

Corporation as Instrument and Control Engineer

with responsibilities for NSSS interface with
balance of plant including preparation of
logic diagrams and a detailed FMEA of BOP

safety related control systems.




Twenty three years experience in the .S,
Navy, of which seven years were in the navy
nuclear program as a technical advisor for
development of engineering training manuals,
instructor in nuclear systems, and as a
maintenance officer. Retired as a Lieutenant
Commander. Duties included reactor operator,
engineering officer of the watch, engineering
duty officer, assistant maintenance officer

and training officer.

SCE Engineering Representative

T
e

on

&)

[4.

Prickett, SCE, Senior Control Systems Engineer

the project.

BSEE-1956, Registered Professional Engineer

in California.

Courses in Computer Design (Hardwa.e/Software),
Data Acquisition Systems, several Management
and Supervisory courses, CE/NSSS, and Aircraft
Instruments and Electrical Systems.

Extensive supervisory and lead engineer posi-
tions in Control Systems Design, Installation,
and testing experience for NASA, AEC, USAF

and cormercial projects (Aerojet-General

Corp.) including the LM/FBR program at Hanford,
Washington.

Supervisory Positions in Operations/Test for
complex, heavily instrumented and computerized
facilities (Aercjet-General and TRW Systems)

US Navy - Aviation Training, Flight Operations
and Maintenance background; Project Manager,

and Project Engineering Officer.



BPC BOP/AUX Engineering Representatives

1.

O

%]

L. M. Allen, BPC Control Systems Engineering

Group Supervisor

BSEE - 1950, Registered Professional Engineer
in California

Electronic Technician Training, USN Service
School

Process Computer Programming and Theory of
Operation, G.E.

BWR and PVYR System Courses, BPC

Control Systems Engineering Group Supervisor
on Vogile Nuclear Plant (PWR)

27 Years of varied power plant experience
including process computer interface and
application, cortrol logic diagram design,
burner control system application, tripping
and protection circuitry, and control panel

design.

H. B. Secrist, BPC, Senior Control Systems

Engineer

BA, math/physics 1356. Registered Professional
Engineer in California

US Air Force Technical Schools

MS Program Management

MBA, presently enrolled and 75 percent com-
plete.

Control Systems Engireer at BPC on various
nuclear projects.

Quality Assurance Engineer on the SONGS

Unit 1 and Asco/Lemoniz projects.

luality Assurance Engineering at various
instrumentation, aerospace companies, US Air

Force and National Bureau of Standards.




F.

Human Factors Consultant Representatives

1.

O

O

O

Je W. Roth, W.A., Associate

BSEE, BSB, 1950, Registered Professional
Engineer in Califorria

Bailey Controls Company, 28 years of experience
in the fossil and nuclear power industry
holding the positions of Systems Service
Engineer, Systems Sales Engineer, Los Angeles
District Manager, «estern Regional Sales
Manager. During this time he was responsible
for; unit startups, support of utility sales
requirements, influenced logic systems design
for major control systems in fossil and
nuclear power plants.

Member of Institute of Electrical and Electro-
nic Engineers and Pacific Coast Electrical
Association.

Author of several technical papers in the

fossil fired power generation area.

J.E. Baker, W.A., Associate (part time

member)

PhD, Industrial and Systems Engineering, with
specialization in Human Faccors Engineering.
MS, Industrial and Systems Engineer.ng

BSME, Registered Professional Engineer in
California

Nine years Human Factors Engineering Consul-
ting experience for various energy, manufac-
turing and aerospace firms.

Positions held include project manager,
management consultant, university lecturer
and product and design engineering.
University lectur:r at USC and 3an Jose State

University.
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Training was provided for the CRDR Working Grcup and

participating line organizations to familiarize personnel

with the principles of human factors engineering and
their application to the CRDR. The importance of
proper preparation and training for all CRPR activities
was recognized. During the course of the CRDR, as

specific areas of training were identified, appropriate

training or orientation were provided to meet thes

needs.




3.0 DOCUMENTATION COMNTROL

3.1 INTRODUCTION

Maintaining an efficient means of documenting all

phases of the review effort was necessary to support a
meaningful CRDR. The CRDR Program’'s approach to documen-
tation is further discussed under the headings of
Reference Documents, Documents Generated by the CRDR

Working Group and Correspondence.

3.2 DOCUMENT TYPES -~ INPUT DATA/OUTPUT DATA

During the CRDR a substantial amount of reference
£

material was used for guidance. The following is a

list of the types of material that were used:

el Reference Documents
6] Regulatory Juides
0 San Onofre Station Manuals
0 EPRI Reports
(6} NUREGs
o MILSPECS
0 Final Safety Analysis Report
o afety descriptions
0 Piping and instrumentation drawings
o Control room floor plan
0 Panel layout drawings
o Panel photographs
O List of acronyms and abbreviations used in

the control room
G Descriptions of coding conventions used in

he control room

o Technical Specifications

o Licensee Event Reports

5} Startup Problem Reports

o) NRC Audits of other Utilities
3-1



0 Software descriptions
Typical computer printouts

?rocedures (emergency, operating, etc.)

5] Operator training materials
0 Human factors information and criteria
(o) Combustion Engineering Procedure Guidelines (CEN=-
152)
(o) INPO/NUTAC guidelines documents
o Whitston Human Factors Criteria end Studies
3.2:2 Documents Generated by the CRDR Working Group
0 Control Room Design Review Plan
(&) Control Room Design Review Report for

San Onofre Units 2 ard 3
o Human Factors Design Criteria
o Crecklists (that record control room compo-

nents design discrepancies)

o

Human Engineering Discrepancy (HED) forms
[6) Special measurement forms (for sound levels,
ambient lighting, display lighting, climate)

5] Whitston Color Scheme Study
0 Photographic logs
Sedsd correspondence

All correspondence generated or received by the
CRDR Working Group were filed in the temporary
CRDR Working Group files. In addition, all corre-
spondence was retained in existing project files
in accordance with established project internal

procedures.
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4.0

DES I(

o 3 4

N REVIEW PHASE

‘1-1

OBJECTIVE

The major goal of the CRDR was to identify Human Engineer-
ing Discrepancies (HEDs) that existed in the Control

Room which may have created unnecessary difficulty or
confusion for the operators in the performance of their
duties or in recognizing and understanding existing and

developing plant conditions.

HEDs were usually identified due to the control systems'
failure to meet some criterion or standard of suitability
or desirability. In some cases, an HED may have been
noted simply because it embodied something less than

optimal design.

The review was corcentrated on the following subjects:

p) Control Panel Instrumentation, Controls and Equip-
ment
0 Control Room Layout and Envirounmental Review
0 System Function Identification
0 Control Room Function Validation
0 Normal and Emergency Operating Procedures
0 Computer Systems
0 Annunciator Systems
0 Remote Shutdown Panel
4-1



4.2

REVIEW OF OPERATING EXPERIENCE

Plant Operating Experience

At the time of the original CRDR, the plant was in
the late construction and initial =tartup phases.
The actual operating experience gained was fimited
mainly to iLhe operation of equipment or systems

that had been scheduled for early startup. However,
the panel instrument and annunciator layouts had
been stuiied for several menths prior to the CRDR
Yorking Group's start of activity by plant operating
personnel in their training programs. During the
CRDR, observations and suggestions from the plant
operators were provided through the reactor operator
who was an active member of the CRDR Working

Group. Informal contacts were made and comments
were solicited from other plant operators. All of
their comments and criticisms were taken into
consideration during the Finding and Assessment
Phase of the CRDR.

Since the original CRDR, during the completion of
startup, continuing through low power operation,
full power operation and up to the present,

actual onerating experience has been gained. Two
formal procedures exist which enable the operators
to provide on-going input to identify HEDs or
problems in the Control Room. They are Startup
Problem Reports (SPRs) and Instruction Resolution
Requests (IRRs). For further discussion of these

procedures, refer to paragrapns 4.7.9.1 and 5.7.






Workspace layout and environment
Panel design
Annunciator warning system

Cormunications

O © 0 0 O

Process computers

o

Lighting

Noise

Cerrective and preventive maintenance
Procedures

Staffing and job requirements

© 0 0 ©0 O

Training

All responses were examined for both positive
control room features as well as problem areas,
identified by the respondents. Their conrcerns

are summarized below:

Annunciators: Three concerns expressed.
Storage space:. Six concerns expressed.

Console design: Three concerns expressed.

© O O ©

Communications equipme:t: Four concerns
expressed.
Acoustical noise: Two con~cerns expressed.

Lighting: Three concerns expressed.

O ©0 © ©O

Plant computer (PMS): One concern expressed.

o Operator comfort: One concern expressed.

A total of 26 concerns were 2xpressed during the
plant interviews. These concerns were reviewed,
assessed and received consideration for implemen-
tation in accordance with the assessment criteria

established in section 5.1.

j-4

Console pushbuttons: Three concorns expressed.






Development of Cuidelines and Criteria

Guidelines to be used in this review were generated
after reviewing the results of the various YRC
control room audit findings, NUREGs 585 and 660,
and discussions with the Human Factors Engineering

Consultant.

Based on NUREG 680 - NRC Action Plrns Developed is a

Result of the TMI-2 accident (5/80) and NUREG 585~
TMI-2 Lessons Learned Task Force Fiaal Report
(10/79), the San Onofre CRDPR Working Group addressed

the following tasks in their survey of the control

roor .

o Identification of potential and real problem
areas in control room and ranel design.
0 Recommendations {or on-going study of other

provblem areas.

Additional insight on a method for conducting a
human factors review of a control r om was guined

from EPi.I NP-1118 - Human Factors Methods for

Nuclear Control Room Design - Final Report 11/79

and 2/80.

An sudit summary of the following control room
reviews was compiled to reveal common problems or

deficiencies in other plants.

(5) NMRC Review - VEPCO North Anna Unit 2 - Essex

Corporation - Consultants

(6} NRC Review - TVA Sequoyah Plant -~ Essex
Corporation - Concultants
4-6
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SAFETY CONTROL SYSTEMS

CRITICAL SAFETY FUNCTIONS F

POWER PR

HUMAN FACTORS EVALUATION
CRITERIA

CONTROLS
Location, Movement, Spacing,
Coding, Acciden:al Activation

VISUAL DISFLAYS
Orientation, Location, Viewing
Distance, Coding, Scale Ranges,
Scale Coding, Lamp Test

CIONTROL /DiSPLAY INTEGRATION
Location, Grouping, Group
Layout, ..oup Identification

LABELING
Abbreviations, Consistency of
Location, Functional, Viewing
Distance, Coding

AUDITORY COMMUNICATIONS
Types, Signal Variations,
Discrimination

STATIC ANTHROPOMETRICS
Structural, Passageway &
Accesses, Reach, Movement,
Position

ENVIRONMENT
Ventilation, Temperature,
Humidity, Dust, Odors,
Illuminatior, Noise

WORKSPACE DESICN
Kickspace, Handles, Work Surface,
Storage Space, Knee Rrom,
Armrests

HAZARDS AND SAFETY
Safety Labels, Emergency
Exits, Stairs Obstructions,
Access, Edge Rounding, Electrical,
Mechanical, Toxic

DESIGN FOR MAINTAINABTILITY
Maifunction Identification,
Removal, Repair, Adjustnents,
Access, Instructions

INFORMATION ENTRY, ACCESS, STORACE
& RETRIEVAL
Visual or Auditory, Type of
Display, Stimulus Dimension

DESIGN FOR PERSONAL REQUIREMENTS
Seunsory/Perceptual, Intellectual,
Output, Physical Skills










CONTROL ROOM INVENTORY

it was unnecessaryv to make a new actual inventory of control
room instruments since complete documentation and description
of the instruments existed for use by the CRDR Working

Group.

The instruments are shown to scale on panel drawings *“.hat

had been issued for fabrication and installatior. These
drawings had been kept up-to-date with changes that occurred
since panel installation by issuance of Drawing Change
Notices (DCNs) and subsequent drawing revisions. Instruments
were identified on the drawings by instrument tag number
which could be traced through the Instrument Index to indivi-
dual Instrument Data Sheets which provided complete details.
The Instrument Index also provided references to Piping and
Instrumentation Diagrams (P%IDs) and Electrical Elementary
Diagrams so the appliczation of the instrument in its system
could be fully understood. Thus, the "official” panel
drawings provided an ideal Lool for use in Verification of
Task Performance Capabilities (section 4.9) and Control Room

Functions Validation (section 4.7)
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4.7.3

Deviations from the criteria were examined on an
exception basis by the CRDR Working Group. All
significant deviations were assessed for HED

impact.

Of approximately 300 operating prercedures, six

representative procedurer were examined. They

were .

O 23=3=5.1 Fmergency Plart Shutdown

0 S023=-2-4 Auxiliary Feedwater Pump
Operstion

5 5623-3-2.9 Containment Spray System
Operation

0 5023=-3=-2.1 CVCS Charging and Letdown

O AM23=3-5.16 Reactor Regulating System
Failure

O S023=2-1 Main Feedwater Pump and

Turbine Operation

Emergency Response Tasks

Of particular concern to the control room fusctions

validation rsnalysis are operator actions and ncseds

my

during an unusual event. The primary emphasis for

study in this area was an analysis of the emnrgency

response capabilities of the ontrol room and

rh

operations staf
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4.7.4

'107.5

Satety Function Analysis

An analysis of the safety functions was performed
t0o deternine the flow path of unusual events,
plant response, and operator actions necessary to

mitigate any severe connsequences.

A significant assumption used in this analysis and
the resultant operational guidelines is that
emergency events are readily categorized into two
types. In the first type, the operator can asrer-
tain the general type of event by recognition of
the symptoms as displayed on the control parel.
This gives a logical starting point in carrying
¢cit the mitigating function. However, the second
type of emergency event is characterized by unrecog-
nizable symptoms for the disturbance. 1In this
case classical procedurec can be of littlz or no

help.

Recovery Methods

To address this finding the CE EPGs provide guidance
for the development of two procedure types. The
first is an Optimal Recovery Method (ORM) where
events are recognized and specific operator

actions are described. In this case, the operator
knows "where to step" into the procedures and is
presented with clean cut tasks to carry out. The
second case, where no specific event can be recog-
nized trom the correlated symptoms the EPGs pre-
scribe a Functiconal Recovery Method (FRM). The

FRM offers specific tasks to maintain the previously
mentioned safety functions. Use of the FRM acti-
vities is a significant departure from the previous-

ly mentioned event-oriented appronach.



Emergency Event Classification

The CE CEN=-152 classified all o” the emergency

events into six classes. They are:

1s Steam Line Break (SLR)

. 19 Loss of Coolant Accident (LOCA)

3 Steam Generator Tube Rupture (SGTR)
1. Loss of Feedwater (LOF)

;1 Loss of Forced Circulation (LOFC)
G Reactor Trip kecovery (RTR)

Fach class of events bounds a group of plant

1

ely to occur at a

specific events that are 1i
v‘ *

K
nuclear facility. The results and symptoms o
many events have such similarity that it is neces-

sary *o group the events as done here.

Event Activities Analysis

The primary emphasis of this examination was on

LTl A

the emergency related tasks. SCE has relied on
the task analysis activities conducted by its NSSS
vendor and other utilities for the bulk of the
analytical analysis. An analysis of eacn event
was conducted by an expert team consisting of
senior personnel from the Design, Operations,
Training, and Maintenance organizations of the
NSSS vendor (CE) and the participating utilities.
Each event class was analyzed by examination of
plant hardware data, licensing analysis, transient
analysis, incident reports, sequence of events

diagrams and operating experience.

4--24



Event Sequence Generation and Analysis

Following the identification of the event classes,
event sequences were generated for each class.

The event sequence charts provide strategy for

us.ng the Optimal Recovery Procec res (ORPs)

(figure 4.7-1 typical) and provid~s for success

paths for maintaining the safety functions under

the Functional Recovery Procedures (FRPs). This
activity resulted in a functional system examination
and a logical classification of equipment and

components needed to accomplish these functions.

A major objective of the Event Sequence Generation
and Analysis was to determine che general charac-
teristics and possible causes of eath event and
potential effects of the event on the reactor,
plant equipment, and the environment. As a product
of this, key parameters were ideuntified that

shoulcd be available in the control room for monitor-
ng, controlling and trending during the events.
These items, when taken to the plant specific
level, constitute the task performance parameters
that are required to accomplish the emergency

response function.

The generalized satety-furction list is given in
table 4.7-2. As part of the ongoing effort by

SCE to respond to NUREG 07357, Supplement 1 (sec-
tion 7), the generalized list will be incorpcrated
into the revised Lmergency Operating Procedures

and the specific instrumentation ana ccitrols
required will be paired against the control room
drawings. Any discrepancies would then be subjected
to the se2me criteria as applied under the program
plan of this CRDR and implementation of a change
will be made on a priority basis as deemed necessary.
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STEAM LINE BREAK RECOVERY
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1

oY

SAFETY FUNCTION STATUS CHECK
(EXIT TO FRG)

1

ISOLATE LEAK (5/G)

{

INSTRUCTIONS ON RCPs,
SIS TERMINATION/RESTART,
VOIDS, NC, CONTAINMENT

LATION

154
|

REGAIN CONTROL OF
PRESSURE, INVENTORY,
AND HEAT REMOVAL

l

DETERMINE IF
COOLDOWN NECESSARY

T cooL

DOWN REQUIRED

[_* MAINTAIN PLANT IN COOLDOWN
| STABLE CONDITION (FORCED QR NATURAL
CIRCULATION)
— -
ENTER SHUTDOWN COOLING

Figure 4.7-1 OPTIMUM RECOVERY PROCEDURE, STEAM

LINE BREAK RECOVERY
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STEAM LINI

ION STATU!
BREAK |

sheet 1 ¢

HECK BASES

|

T™he safaty ®enctions 1isted below and their respective criteria re those used to confirm the sdequacy

of the 518 wmitigetion.

overall plant states.

Additional safaty functicns should be monitored as sppropriats to evaluate

SAFETY
FURCT 10N

ACCEPTANCE
CRITERIA

INDICATION

BASES

Reactivity
Control

If Pressurizer Level {s

Reactor hnrm Decreas ag
[Megati e ﬁ"” Rate)

o mors than | CEA Bottom
Light Mot L1 or Borated
per Tech Specs

If Pressurizer Level 13
between [35°) and [245°),
charging and letdown are
being operated manually or
sutomatically 0o maintain
or restore pressurizer
leve]

ao
RCS > [20]°F subcooled
OR

< [35"],[at least one
charging pump 1s rating
and] the SIS pump(s) are
lnjcctlnz waler into the
RCS per Figure 7-9, unless
SIS terminaiion cr‘terla
are met

Power Range
Power Rate

CEA Status
Display

{0-125%]

[-1-o7dpa]

1On/0ff U!M
for Each CEA

For all smergency cvents, the
ractor mus® be shutdow~,

The criteris thst mo more
than one CEA be stuck owt or the
RCS borated observes typical
technical specification require-
ments. :

A :uln of [245%) ([1!:1" of range

chosen as an wppe mit for
pressurizer level to account for
instrument accuracies and other
uncertainties. A value of [35*)
([10%]) of renge wei chosen as @
lower 1imit to accoumt for
instrument accuracy.

A [203% subcooling mergin
coexisting with a pressurizer lavel
Letween [34") and [245°) Indicates
adequate RCS pressure control via
& saturated bubble in the
pressurizer.




SAFETY FUN(

STEAM LINE BREAK (Sheet 2 of

lable 4.

TION STATUS

CHE

CK BASE!

&)

The safet> fumctions Visted below and their respective criterfa are those used to confirm the adequacy

of the SLB witigation.

overall plant status.

Additional safety functions should be monitored as appropriats to eveluate

SAFETY
FuNC1 108

ACCEPTANCE
CRITERIA

INDICATION

—

~

BASES

RCS Pressure
Contro)

If Pressurizer Pressure

» [1600 psia), heaters
and pressurizer spray are
being operated manually
or avtomstically to main-
tain or restore pressuriz-
er pressure within the
HHmits of t: P/T curves
If Pressurizer Pressure
< [1600 psia).[2t least
one charging is
operating and] the SIS
mts{ are injecting
water into the RCS per
Figure 7-9, unless SIS

termination criteria are

me '

Core Exit Thermocouples

| <« [800°F)

Ao

Subcooled Margin > [0“F)
Subcooling

Pressure

kubcooled

Margin
Monitor

Pressurizer

[ 1500-2500

tal/
[5-’1230 psial

[1600 psia] 1s the SIAS setpoint.
The rengs of the selected svents
are very dmad, thersfore the
scceptance criteria is written
to cover the expected range which
|2y result from the events noted.

[800°F] 13 a plant specific tesp-
rature based on enginezring judge-
ment. Best estimate analyses have
shown that [B00°F] CEY temperasture
will not be exceeded for a S!B
without multiple equipment
fatlures or coincident other
sccidents.

The value of [0°F] subcooling is
sed cn keeping the core covered
nd thus ensuring adequate core
ooling. If the core is covered
ith fluid, the RCS will not

= indicate wrhe“d comu% h

-




lable 4.7-2

SAFETY FUNCTION STATUS CHECK BASE

STEAM LINE BREAK (Sheet 3 i 4)

The safety functions Vistod below and thair respective criteria are those wsed to confire the aJdequacy
of the 518 wmitigetion. Additional safsty functions should be monitored as appropriate to evaluate

everall plant states.
S s

SAFETY
FUNCTION

ACCEPTANCE
CRITERIA

INDICATION

BASES

RCS Mect
Resoval

Co..tainment
isolation

Level in the waffected
S/6 13 either:

a) Within the zero power
leve)l banc with feed-
watar aveilable to
maintain the lavel

OR
b) being restored by a
fowdwater flow > [150]
e
RCS Tave s < [5459F )
and controlled

% containment or stesw
plant radiatiod monitors
slamming

Conta!mnment pressure

1< [4 psig)
@

CiAS shouid be present or
manually fnitiated

Stem
Generator
Level

Contaiment
Pressure

Contaimment
Isolation
Valve
Position
Indication

Alarming-
Mot Alarming

[0-60 psig)

Shut/Open

Decay heat levals may mot be high

onoor to reduire & feedwater flow
f [150) gpm.

Once steam
turned to

retor level 13 re-
zero power level band

dand fesdwater remains available to

maintain that level, then the SIS
contribution to RCS heat resoval
is being satisfied.

[5451°F 1s bascd om mot 11fting
a steam generator safety valve.

During SIB, 1t is mot expected that
there wil)l be radiation inside
containment or in the steam plant.
The monitors should not be alarsing
[4 psig] 1s the CIAS setpoint. If
pressure goes sbove [¢ psig],
containment 1solation valves should
shut (1.e. CIAS should be present).
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SAFETY Fu

Table 4.7-2

L {ON STATUS CHECK BASES
STEAM LiINE BREAX (Sheet 4 of §)

functions Tisted below and their respective criteria are those wsed to confirm the

witigetion. Additional safaty functions should be monitored as appropriats to evaluate

overall plant states.

.

" SAFETY ACCEPTAACE r
FUNCTION | CRITE" * INDICATION RANGE BASES

Contairment Containment Pressure Cont>{vment [o-so psig] |['D psig) 15 based on CSAS setpoint

Temperature < [10 psig) Pressure 0-1% psig)-

and Pressure ANO ° '

Control Containment Tesperaturs [Con*aimsent [[50°-300°F] |[240°F) corrasponds to the

- < [240°F) Tem-erature . |saturacion tesperatur: for
(10 psig).
(i} .
Contaliament Spray Flow [Containment |[0-5000 gpm] |Durisg the selected event,
» [1500 gym) Spray Flow containment tesperature and
* jpressure may exceed (hase Vimfits (f

the break s inside contaimment.
If this happens, a CSAS should be
present and the CSP should be
injocted spray solution ot 1500
gp=].

Contairment W, « [x)s - [Plant [Specifi:]

Combustible

Gss Contol







Table 4.7-3

EMERGENCY OPERATING PROCEDURES (Sheet 1 of 2)

Procedure No.

5023-23-5.1

S023-3=5.2

5023-3-5.3
5023-3-5.4

S023-3-5.5
5023=3=-5.6
S023-3-5.7

S023-3-5.8

85023-3-5.9

5023-3-5.10

S023-3-5.11

S023-3-5.12

5023-3-5.13

5023-3-5.14

S023-3-5.15

85023-3-5.16

S023-3-5.17

S023-3-5.18
5023-3-5.19

8023-3-5.20

5023-3-5.21

5023-3-5.22

Procedure

Fmergency Plant Shutdown

Turbine Shutdown with Reactor
Power Below 55%

Reacior Protection System Failure
Complete Loss of Offsite Flectrical
Power

Loss of Reactor Coolant Flow

Loss of Coolant Accident

Reactor Coolant Leak

Slipped or Dropped Control Element
Assembly

Steam Line Rupture

fmergency Boration of Reactor
Coolant System

Loss of Containment Integrity

Loss of Shutdown Cooling

Loss of one or more Linear Power
Safety Channels

High Activity in Reactor Coolant
System

Recovery from Inadvertent Safety
Injection/Containment Isolation
Reacter Regulating System Failure
Pressurizer Pressure Control
System Malfunction

Shutdown from Outside Control Room
Loss of Boron Concentration Control/
Excess Dilution

Loss of Reactor Coolant Makeup
Malfunction of Reactor Coolant
Letdown/Purification System

Loss of lLoad/Reactor - Generator

Mismatch

-
|
% |
re



Table 4.7-3

ZMERCENCY OPERATING PROCEDURES (Sheet 2 of 2)

[rocedure lio. Procedure
8023=3-5.23 Damage of Spent Fuel
S022-3-5.24 Loss of Pressurizer Pressure Control
5023-3-5.25 Loss of Offsite Power
5023-3-5.26 Reactor Coolant Pump Seal Failure
5025-3-5.27 Earthquake
S023-3-5.28 CVCS Loss of Coolant Accident
S5023-3-5.29 Steam Generator Tube Rupture
5023-3-5.30 Loss of Feedwater
S023-3-5.31 Loss of Instrurent Air
S023=3=5.32 Loss of Saltwater Cooling
S023-3-5.33 Loss of Component Cooling Water
5023-3-5.34 Loss of Protective System Channel
5023-3-5.35 Plant Fires
3023-3-5.36 Abnormal Release of Radioactive

Liquids

S023-3-5.37 Waste Gas Accident
5023-3-5.38 Loss of Nen-1lE Instrument Buses
Hote:

These procedures have been reviewed against the
criteria established for the previous subsection
‘1.7.2 on r‘OpS.

'1.7010

Evaluatica of Control Room Layout

To evaluate the adequacy of the physical control
rocom laycut during emergency events, two ECPs were
walked through and operator flow paths documented.

The specific procedures were:

o) Emergency Plant Shutdown, Procedure No. S023-
3-5.1
o) Steam Line Rupture, Procedure No. S023-3-5.9

4-33




5.0 FINDINGS, ASSESSMENTS AND RECOMMENDATIONS

5.1

METHODOLOGY

There were several phases of human factor reviews
which were accomplished by different organizational
entities such as the NRC CRDR Audit Team, CPDR VWorking
Group, and SCE Apparatus Group. As a result, there
were some overlaps in scope as well as differences in
the timing of the assessments of the Human Engineering
Discrepancies (HEDs) and the prioritizing, scheduling
and implementing the recommended modifications. As
the various HEDs were identified 6 they were assessed
and classified as to their severity and likelinood of
precipitating or contributing to operator errors during

various operating modes of the plant.

HEDs identified by the NRC in their audit were assessed
and assigned to one of the following three categories
which are defined below with the commitment period for

implementation.

Category 1. Serious Concern - luman/System perfor-
mance degradation with serious potential
safety consequences, (implementation

prior to fuel load).

Category 2. Moderate Concern - Human/System perfor-
mance degradation with moderate potential
safety consequences, (implementation

prior to 5% power).

3. Other Concerns - These HEDS require

(&%)

Category
additional evaluation by licensee for

future resolution. (implementation

indeterminate)



HEDs which were identified by the CRDR Working Group

were evaluated as to their safety aspects and were
assigned to categories related to time of implementation.
The pr.ncipa) criteria in assessing HEDs were to deter-
mine which modification could contribuia more effectively
to safety of the plant. Criteria to accomplish this

were required to rieet the following two conditions:

0 HED was associated with a safetr systen,

0 HED would obviously decrease the opportunity for
the operator to effectively monitor and control

the necessary safety system parameters.

1f these tw-. conditions existed, HEDs were classified
as safety-related and would require a short-term
correction. These needed to be implemented prior to
fuel load. Irf the two conditions were not met, HEDs
were considered for long-terns corrective measures
which, if required, could be implemented prior to comple-
tion of the first refueling outage.

In addition, there was a third group of HEDs which
resulted from the CRDR Working Group assessment. These
HEDs, largely in the environmental areas, needed addi-
tional evaluation dependent upon completion of the
contro! room upgrade, operating instructions, or other
developments, including operating the units, to allow
empirical measurements or observations. Implemen-
tation time of corrections for these HEDs will be

establishes after evaluation of this data.

4]
I
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5.2 CONTROL PANEL

Panel Arrangement

Panel Arrangement Criteria

The basic criterion for component arrangement on
control boards and panels is to improve opera-
bility, i.e., man/macuine interface, by proper

integration of the controls and displays.

A review was made of components arrangement on
panel sections CR-57, CR-56, CR-58, CR-50, CR=-51,
CR-52, CR-53, CR-54, CR-64, CR-61, and CR-A0 for
the purpose of identifying potential rearrange-
ment whicn would acirieve the purpose described
abcve. Since construction was well along and the
panels had already been installed in the control
room, it was generally accepted to consider re-
arrangement only to the extent that present cutouts
be utilized without the requirement for filling
existing cutouts or making new cutouts. When
excepiions were made, it was related to cases

where

(o) A deficiency was judged to be significant as

related to a safety system.

The control and its related display were

Q

unreasonably separated or had improper orien-

tation.

6] Considerable improvement could be achieved in
.he area or section related to a functional

group identified for demarcation.






5:2:1.3

Panel Arrangement Findings

The

result of the control room survey determined

control and display locations that would increase

the opportunity for the operator to effectively

monitor and control process systems parameters.

These fell within two major grcupings.

Functional groups, when depicted on the
control panel layout drawings with lines of
demarcation revealed islands and jagged lines
of demarcation. To mitigrte these two unde-
sirable aspects, a number of component

relocations have been listed as HEDs.,

Within each functional group, the location of
individual controls and displays were studied
in relation to one another and in relation to
the sequence in which an operator would
interface with an individual control and
display in order to monitor and control a
particular function. The results of this
effort revealed that for certain operatioaal
sequences, individual component locetions
within a particular functional ares often did
not complement the flow path for the equipment
being controlled. The resulting recommenda-
tions were to make the correlation between
the flow path and the control panel devices
more effective for the operator by panel

component relocations.
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CLAND STEAM
FROM P&ID '
GLAND
SEAL HOR.
2883 DRAIN TO '
4 CONDENSOK
MAIN \ £0e8 2 . e STH POINT
\ SEPARATOR
H.P. STEAM /7~ l
- P HEATER
MAIN EXISTING LAYOUT ON
STEAM NRAIN TO CONTROL BOARD CR54-64
\r CONDENSOR
’ TO 5TH POINT
L b p o
EJ
TO GLAND l
.SEALS
IDEAL l
REARRANGEMENT
4 TO GLAND SEALS l
13 P 4
—»1 1
MAIN —-’l
STEAM |y TO 5TH POINT I
HEATER
P 12 ﬁ —Pf 49 l
DRAIN T0
—P 8 ———P CONDENSOR l
RECOMMENDED l
REARRANGEMENT
r— 70 GLAND SEALS I
| _m DRAINTO
a2 P 83 P CONDENSOR
MAIN l
STEAM ‘
LY S— 49 "".| ol
$ TOSTH POINT I
HEATER
Figure 5.2-2 PANEL ARRANGEMENT ASSESSMENT, GLAND STEAM SYSTEM l
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Additional relocations were a~sessed to determine
if optimal arrangements could be made to improve

operator movements in performing tasks.

To optimally rearrange the present panel to obtain
strajght lines of functional demarcation, massive
movements of display instruments and controls we.e
required. The assessment showed this could be

accomplished without the movement of panel struc-

tural bracing.

Further optimization by providing added spaciag
between functional groups as well as improvements
in component locations can be achieved with addi-
tional movement of display instruments and controls
plus the movement of structural bracing within the

panel.

Assessing these relative improvements of the
additional spacing between functional groups could
not justify the cost for panel structural bracing
or massive movements of display instrumentation

to provide minimal improvement in system demarca-

tion and the incremental operator performance.

Further study has shown that due to the interdepen-
dence of certain systems, straight line functional
demarcation could be operationally misleading.
Careful consideration of these aspects resulted in
CRDR Working Group acceptance of bold line demar-
cation utilizing straight line or grouped functions
where there could be a safety concern. The remain-
der of the panels were functionally demarcated in
accordance with the human factors consultant's

recommendations described in subsection 5.2.2.

5-12




Y LSRN, |

8% s . . . T




ND. OF PAGES \ ——
RIASON
[ PAGE LIEGBRE |
D #ARD COPY FLED AL POR C
OHER —
D TR COPY REQUESTED O — g
pASE 100 LARGE 1O RLM
) HARD COPY FUED AL POR @ .
OHER

D FuVED ON APERIVRE CARD N

> o QDabﬁ 604



=
.
.

Relocation of auxiliary feedwater pump instru-
ments to permit the operator to more readily
determine that the auxiliary feedwater system
is functicaing properly. (4 moves, no new

cutouts. )

Relocation of the steam generator level and
pressure indicators to permit the operator to
more readily determine the status of the

steam generators. ( 9 moves, 8 new cutouts.)

Electrical Energy and Wacte Heat Panel (CR-

54, 64)

Relocation of the component cooling system
controls and indicators to eliminate a channel
A to B mirror image. Additionally, there was
a movement of instrumentation to provide for
easier comparison of like instruments (i.e.,
component cooling water heat exchanger tempe-
rature instruments.) (46 moves, 6 new cutouts,

9 modified cutouts.)

Emergency HV&AC (CR-60)

Relocation of heating, ventilating, and air
conditioning controls to make Unit 2 and
Unit 3 arrangements identical. (10 moves, 8

new cutouts.)



5.2.1.5.2 Long-Term Recommendations

There were approximately 300 long-term relocations
which were initially identified for further evalu-
ation. Further a-sessment has determined that
implementation of any of the 300 long-term reloca-
tions will be done only if operating experience
confirms that the current locaticn is res®ric-

tive to operations.

As the plant operators gain experience, their
familiarity with the various panel arrangements
continues to increase. As a result, any future
relocation of devices could have a negative effect
on the operability of t'ie plant and should be
carefully evaluated with regards to its potential

benefits.



Demarcation

Demarcation Criteria

To make clearly identifiable those functional

groups of visual displa;s and control devices

which provide for operability of a specific process

function, the following demarcation criteria was

developed:

O

Bach identified group should have a func-
tionally oriented name.

The group name should not violate accepted
power industry practice, and the word "system"
is considered vnderstocd and omitted.

The group name should be included on a name-
plate to clearly identify the group to which
it applies.

Where a group is a part of a larger group,
the demarcation should be in a manner so as
not to detract from readily ideatifying the
larger group of whizh it is & part.

Visual displays and/or control devices not
included in groups identified for demarcation
should be given separate consideration for

coding.



»
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Demarcation Methodology

The methodology for defining the panel demarcation
by identification of the functional groups of
components was a two-step process. First each
horseshoe panel section had a distinct orientation
and hence inherent demarcation. Therefore, each
was considered as an identified group, and the
criteria were applied to each individual panel
section. In this manner, a functionally oriented
name assignment could be derived for each panel
section. This was a result of the original design
process which employed a full-scale mockup which
was reviewed by SCE operating and engineering

personnel.

Secondly, identification of functional groups
within panel sections could be readily achieved
inr some panel sections by visual inspection of

the panel section layouts.

For other panel sections, it was found that visual
inspection was insufficient to achieve meaningful
separation into functional groups. Therefore, a
process flow diagram specific to each of these
panel sections was developed as an aid to identify-
ing the potential functional groups inherent

within each of these panel sections. See figure

4.5-1 for a typical example.

These process flow diagrams were then used in
conjunction with the panel section layout drawings
to achieve definition of functional groups for

demarcation.

5-20



In addition, Whitston Associates made a separate
study to determine "how" tc achieve the benefits

of demarcation for the defined functional groups.

Four half-scale partial models of the Primary
Energy Panel (CR-5¢, 50, 51) were fabricated and
used to evaluate various schemes and demarcation
techniques along with demonstration of hierarchical
labeling. Four alternative control panel color
schemes were proposed which differed from each

other in the following six respec:s:

0 Function demarcation approach

5} Control and display bezel color
0 Control and display nameplates
() Control panel background color
6] Control/display arrangement

o} Control panel titles

The four color schemes of the models are summarized

as fellows:

Color Scheme One: Original layout and existing
background color with colored
tape demarcation (figure 5.2-
4),

Color Scheme Two: Original layout and existing
[
background color with demarca-
tion achieved by means of

component bezel colors,






heme Three: Origipral layout with new back-

4

Color S

o

ground color and demarcation
by means of component bhezel
colors modified to coordinate
with the new background color

(figure 5.2-5),

Color Scheme Four: Pevised layout using the
background and bezel colors
included as a part of Color

Scheme Three.

Color Schemes Two, Three, and Four also demonstrate
the application of hierarchical labeling consistent

with the defined functional groups.

Seven visual task variables defined below were
selected to evaluate and rank the four proposed

color schemes.

0 Luminance Contrast - differ¢nce in lumi-
nance of object compared to its background.
0 Illumination Type and Level - type of lumirance

and the level of light incident on a surface.

() Coding - use of a particular color to convey

information.

0 Esthetics - pleasantness derived from famili-
arity and personal experience of color patterns

and combinations.
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San Onofre 2 and 3

Figure 5.2=6

FUNCTIOI'AL DESCRIPTION

PRIMARY ENERGY

1..

=

Chemical and Volume C.unatrol

Charging and Letdown

Function =- Mzintain reactor coolant system inventory

How Measured -- Pressurizer level

Boric Acid

Function -- Maintain proper boron concentration
3

How Measured -- Boron Concentration
Reactor Coolant

Fun~tion -- Heat Removal
Maintain fluid system in proper state,
pressure con:rol

How Measured -- Z;t Inferred from T, and T

Reactivity Control
Function =-.- Control Heat Produciion

How Measured -- Pover Level

Temperature
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PRIMARY ENERCY

( CHEMICAL & VOLUME
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Charging & Let-Dowr

Boric Acid Make-Us
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The four color schemes were evaluated to vield the
following results: Color Scheme Four attained the
highest score, closely followed by Color Scheme

-

Three (figure 5.2-5). Both schemes scored high in
visual task variables such as coding and visual
noise absence which are needed for quick, accurate
discrimination of demarcated systems. Color
Schemes Two and One were judged to be low in these
variables. However, it was observed that there
was an insignificant improvement from Color Scheme
Three to Color Scheme Four for the variables
required for demarcation. The complexity of
implementing Color Scheme Four could not be
justified by the slight incremental benefit that

would be derived.

Demarcation Recommendations

Recommendations resulting from the assessment were
to implement the following modifications prior to
fuel load.

0 Demarcate the panel sections by functional
groups showing the hierarchy developed during

the review.

0 Demarcate control panels using Color Scheme

Three.



9:2:+3 Labeling
8:2:3s1 Labeling Criteria

The principel criterion in control panel labeling
is to optimize the operator's ability to easily
locat: and .identify the displays and controls
withir .he control room. The labeling should be
conzistent and uniform from panel to panel through-
out the control room. Identification of various
systems and components should be achieved easily
and quickly by the operators to guide them in
sorting from the general to the specific within

any panel. To assist the operator, the hierarchical
labeling should be graduated in decreasing size

from the system to the component level.

D5e¢2+s3:2 Labeling Methodnlogy

The main effort of the CRDR Working Group was to
develop a systematic approach for lateling the
panels rather than evaluating the existing labeling
for good human factors practices. To perrtorm this
task, the CRDR Working Group developed criteria to
be used in providing a complete hierarchical
approach to labeling the existing control panels.
This hierarchy resulted in the following five
discrete levels of identifica*tion to assist the

operator in going from the general to the specific.

s} Panel section
o Systen
0 Subsystem
o Component group
] Component
5=30






-5o2-3.‘1

(5} Use of abbreviations was inconsistent.

0 Some "Dymo" tape labeling was being used
to augment operational instructions
which is unsatisfactory for permanent
labeling.

0 Nameplate lettering and lens legend

engraving were easily obscured by reflec-

ted light (glare) due to lamacoid material.

(6] Labels did not take into account component
beze. thickness and were "shadowed" in
some cases.

0 Yellow coded labels with white lettering

had poor readability.

Labeling Assessment

During the assessment phase, the following applica-
tion criteria for labeling were developed to be
used in correcting the existing findings of hier-
archical labeling plus nameplate locations, size,

shape, and lettering inconsistencies.

Hierarchical Labeling Nameplates and Locations

Fach panel section should be labeled using the
following guidelines as illustrated by figure

5.2—81

Level 1: Panel csection title nameplates should be
located at the top portion above the
annurciator window boxes of each major
panel section. The title should represent
the system(s) monitored and controlled

from the specific panel section.
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5.2.3.4.3 Nameplate Lines of Lettered Information

Lines of information will not exceed the following

numhers:
Max. Lines Character
Nameplate of Info. Size
Panel Section Title (Level-1) 1 18"
System Process (Level-=2) 1 1"
Subsystem Processes (Level-=0) 1 173"
Process Components Group 2 5/16"
(Level-4)
Component (Level-=5) 3* 1/8"

*5 for Dual Indicating Meters
Where applicable, nameplaties for dual indicating
meters, Level 5, will clearly identify each ° .dica-

tor scale by its related instrument "Tag Number".

5.2.3.4.4 Nameplate Content

A. The process component group nameplates,
Level 4, should identify the equipment or

process.

B. Nameplates for grouped components, Level 5,
should only identify the displayed parameter
or control function. Also, the instrument
"Tag Number" shall be included. Below is a

typical example.

DISCHARGE PRESSURE
2PI1-4703




Ca Nameplates for non-grouped components, Level

should identify the following:

O Related equipment or process on the
first line,
o The displayed parameters or control

functions on the second line, and

o) The instrument "Tag Number" on the third

line.

5.2.3.4.5 Lens lLegend

Lens legends for back-lighted pushbuttons and

status indicators should contain not more than two

lines of informati»n on each lens. Where practical,

the information should be limited to identify

control action or the status.

Lens legends for back-lighted push buttons and

status indicators should be visible and legible

whether or not the back-light is energized.

Labeling Recommendations

The conclusions reached from the assecsment of

control panel labeling were that the numerous

labeling deficiencies and inconsistencies should

be corrected in an orderly modification effort

that includes the following actions.

[ =4
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0 Implement a hierarchical system of labeling

to the component level.

(o} Correct errors, inconsistencies, shadowing,

and missing labels.

0 Eliminate redundancy of information wherever

possible.

0 Relocate labels from present bottom locations

to top of the components.

Scale Coding

Scale Coding Criteria

The following criteria contain those factors that,
when properly applie¢d to the face of scale indica-
tors, will provide a means of facilitating the
operator's role of verifying correct system perfor-
malice. Information to be conveyed includes desir-
able operating range, dangerous operating range,

cautions, uiidesirable and inefficient conditior:s.

0 llormal ranges should be identified and coded

by a marking scheme.

o Abnormal ranges should te identified and coded

by a marking scheme.

6] Meters having ranges with technical specifica-
tion lirmits require a set point marker on the
scale, capable of being repcsitioned upon

removal of the meter lens.




0

0]

Pump motor ammeters should have adjustable
markers for indicating the most restrictive

limit of motor and pump performance.

Dial gauges, should employ the same code
marking scheme as required for the horizontal

and vertical straight-scaled meters.

Where control is initiated automatically as a
consequence of a variable limit (level,
temperature, pressure) having been reached,
the meter (for such measured variables)
should have a marker capable of being reposi-

tioned upor removal of the instrument lens.

Recorders should employ, where practicable,
the same code marking scheme for ranges as
required for the horizontal and vertical

straight-scaled meters.

Co”?ing and markings must be applied in such a

fashion that

- the meter scales and parameter legends
will not be obscured, and

- parallax will be reduced to an acceptable

level.

Scale Coding Methocdology

The purpose of this review was to improve control

panel operability by the coding of quantitative

visual displays.

This effort consisted of reviewing

the various types of scales associated with panel

mounted devices aud preparation of applicable

criteria for follow-on analysis and implementation.
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A. Prior to Fuel Load

Add scale coding and set points in accordance
with the applicable criteria included in

subsection 5.2.4.1.

B. Prior to Commercial Operation
Correct scale coding based on operating
results for determination of normal versus
abnormal ranges and adjust automatic control

initiatiuin point as necessary.

5.2.5 Component Suitability

De2e841 Component Suitability Criteria

Instruments and panel mounted visual display/
control devices selected for control room utiliza-
tion must be suitable for the operational use

intended and the operational environment expected.

From an instrument suitability point of view,
visual display/control devices should be consistent
in their meaning and function in an acceptable and
expected manner, i.e., "cultural responses". For
example, switches performing a similar function
should, in general, "look" the same and "feel" the
same. Also, displays indicating identical pressure
ranges and requiring the same degree of precision,

should have iden..cally graduated scales.
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Component Suitability Methodology

Component deficiencies that appear to be not

suitable when compared to "cultural responses" or
standard human factors practices were identified

during the control room survey. Several situations
were identified, listed, and if required, criteria

for correcting the descrepancies were developed.

Component Suitability Findings

A significant outcome of the component review of

the CRDR was that no instruments were replaced
because of unsuitability. This means that scale
sizes were appropriate for thei. use, the proper
type of instrument {(indicator, recorder, controller,
etc.) was available, and, with few exceptions,

scale factors and ranges satisfied human factors
criteria. However, there were six areas which

were .nvestigated to determine if they could be

potential problems.

A, Nearly all pushbuttons exhibit a snap-into-
position when pressed and a second snap to
the restored position when released. However,
there are a few which snap when pressed but
not when released. The difference in feel
can be misleading to the operiztor causing
distraction and introduciag concern as to

possible malfunction.






F Aside from the device legend, there is no
distinction between control rushbuttons which
start or stop motor-driven equipment and

pushbuttons which open or close valves.

Compenent Suitability Assessment

In assessing these component suitabili<y HEDs, any
proposed modifications or improvements had to be
eveluated for positive gain versus deleterious

effects on other aspects of human factor engineering.

A, Dependent on the switch action, e.g., a
momentary contact versus a maintained contact
type, a different tactile response recognition
is acquired by the user. As the result of
the opzrator's training, conditioning, and
familiarity with these few switches, susequent
evaiuation did not indicate the need to

modify them.

B. For those pushbuttons controlling the auxiliary
feedwater valve, the requirement for modulating
the valve is the overriding consideration and

all operators are aware of this requirement.

Ce The assessment of controllers with inversely
proportional outputs resulted in recommending
that special instructions in accordance with
labeling criteria in paragraph 5.2.3.4.2 be

provided.
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Fs In assessing if a form of coding to distinguish

between actuation of different equipment

would be beneficial, it was felt that imple-

menting additional color or symbol coding

could increase visual noise or clutter on the

control room panels. It was concluded that
the improved hierarchical labeling with its

simplified labels at the component level

(fifth level) would best serve to assi. -he

operator in recognizing the type of equipment

which is controlled by a particular switch.

Component Suitability Recommendations

Based on the preceding assessments, the HEDs
related to component suitability are acceptable
as is, and chat human factors requirements are
satisfied without modifications. Also, since
operating familiarity had been established with
the existing components, it was felt with that

additicnal changes would not be beneficial.

)
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o Periodically, the operator could check to see
if any of the existing alarms in a control
panel section had returned to normal by
depressing the "Reset" switchlight of the
annunciator control station in the sane
control panel section as the alarm window.
Following a return to normal, the alarm
window would go dark when its "Reset" switch-

light was depressed.

) Each unit's annunciator system had two master
control switchlight stations, each with a
"Silence", "Acknowledge", and "Reset" push-
button. Any window in a unit's annunciator
system could be controlled irom that unit's

master station.

The annunciator system has no "first-out" feature.
This function is provided, as required, by the
unit's plant computer sequence-of-events capa-
bility. The annunciator system has reflash capa-
bility J(ability to annunciate subsequent alarms on
a single window) on approximately 17 percent of

its windows.

Annunciator/Alarm System Criteria

There are several basic human factors criteria for
annunicator/alarm systems to improve operability

by the operator.

o Annunciator windows should identify various

priorities of operator response.



o the switchlight control stations should only

control annunciator lights in their immediate

vicinity.

(s) All status changes, e.g., return to normal,

should be i1ndicated.

o] Annunciator windows should not be ambiguous
and should have a means to differentiate and

verify multiple input alarms.

0 Annunciator windows should be arranged with
respect to each other to reflect furctionally
related groups, vertical relationships to
other functionally related visual displays,

and groups related to coding priority.

Annunciator/Alarm System Methodology

The review process involved the evaluation of
individual alarm windows to assign a priority
classification, briefly stated below, to each
alarm window based on priority application criteria

developed during the review.

o All alarm windows were first classified as
(1) priority, or (2) low-priority in accordance
with the application criteria.

(s Priority alarms were then classified as (1}
system-oriented or (2) equipment-oriented 1in

accordance with the criteria.
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Low-priority alarms were classified as to
whether verification and assessment would
take place (1) within the control room, or
(2) outside the control room, in accordance

with the criteria.

Also reviewed were the suitability of relative

window locations within each box and whether a

window had been assigned to the appropriate window

box.

«.nnunciator/Alarm System Findings

The review of the annunciator/alarm systems revealed

both good features and potential HEDs.

Good Features

Abbreviations used were cuite cousistent and,
in general, were used only when space limita-
tions in the message engraving required it.
Readability at a distance was excellent.
Specific alarm windows were located in a
window box in the panel section containing

the related controls required to initiate
corrective action and, in most cases, directly
over the related subsystems.

Panel design and window box locations permitted
visual observation of all alarms by the
operator from any location within the central

control room area.



5.2.6.4.2 Potential Problem Areas or HEDs

O

O

Mo means existed to identify the relative

importance (prioritization) of individual

rlarms competing for the operator's attention.

Alarms were randomly located throughout the
individual window boxes. (More consistency
in relative locations of related alarms could

be employed.)

Two master "Acknowledge" and two master

"

"Reset" switchlights existed which contributed
to the possibility of the operator's missing
a simultaneous alarm status change in another

window box.

Quantity of windows may be excessive.

Annunciator control switchlights were not

easily distinguishable from other switchlights.

No means existed to identify multiple input
windows or to differentiate multiple windows

with and without reflash capability.

There was no indication on the window showing
a Plant Monitoring System (PMS) interface
where additional time-related hard copy

information might be available to the operator.
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5] There appeared to be inconsistent use of the
rmul .iple, with and without reflash, inputs

and retransmissions to the DPMS.

0 The annunciator list is a living document
that is incomplete and there were inconsis-
tencies witl. P%IDs, elementary diagrams, and
alarm response procedures.

8:.2+8:0 Annunciator/Alarm System Assessment

5+2.6.5.1 Alarm Window Prioritizacion and Associated Color Coding.

During the 2valuation of the annunciator/alarm
system, criteria were applied to each alarm window
to determine its priority. Red, yellow, blue, or
white color coding was recommended for each window
based upon its priority classification. The

criteria applied is as follows:

A, A priority classification (Priority 1 or 2)
was given to status alarm windows indicative
of a condition which requires operator inter-

vention and may require the operator to:

1. Interrupt other activity

2 Analyze the extent and rate of change of
process degradation

P Take corrective action as necessary Lo
stabilize, and if posszible, restore the

process.

B. A low-priority classification (Priority 3 or
4) was given to status alarm windows indicative
of a condition which introduces some degree
of constraint to total syst~ms capability but

does not, in itself, introduce process degra-

dation. Thi¢ operator response is:




1 Assess the degree to which the constraint
is a limit to present and projected
process operation.

2 If applicable, take action to alleviate
the constraint.

- I the constraint will necessarily
continue for some period of time, allow
for it as a part of planning for continued

process peration.

All status alarm windows were classified as
priority or low-priority in accordance with

criteria stated in A and B, above.

All priority alarm windows were categorized
as systems pricrity or equipment priority
alarms in accordance with criteria stated in
F and G, below.

All low-priority alarm win iows were categorized
as control room assessment low-priority

alarms, or delegated assessment low-priority
alarms in accordance with criteria stated in

H and I, below.

System Priority Alarms (Red - Priority 1)

Red alarms are those priority alarms indicative
of a degradation to systems functional capa-
bility sufficient to challenge safety, unit
availability, or the acceptable performance

of a major system.



Ge
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Equipment Priority Alarms (Yellow - Priority 2)

Yellcw alarms are those rriority aiarms
indicative of degradation to eaquipment func-
tional capability sufficient to introduce the
potential for, and, in some cases, high
probability of a resulting system priority

alarm.

Control Room Assessmznt - [ w=Priority

Alarms (White - Priority 3)

White alarms are those low=-priority alarms
for which the condition can be verified and
assessed from visual displays within the

control roon.

Delegated Assessment - Low-Priority Alarms

(Blue - Priority 4)

Blue alarmc are those low-priority alarms for
which there are no control room visual displays
available to verify and assess the alarmed
condition. The control room operator must,
therefore, delegate to operating personnel
outside the control room the resnonsibility

for condition verificaticn and assessment

which is then to be conveyed tack to the

control room operator.
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Je Although a number of low-priority alarm
conditions are available for verification
through the PMS Computer CRT, the CRT is not
considered to be a viable means for alarm
verification in and of itself since time
required for access and display may be imcom-
patible with need depending upon operating

conditions.

5.2.6.5.2 Alarm Window Rearrangement. In evaluating the

arrangement of the windows in the annunciator
systen, the following criteria were applied to
assess if operability could be improved by rearrang-
ing the windows with respect to each other to
reflect functiocnally related groups, vertical
relationship to other functionally related visual
displays, and groups related to color coding

priority.

A. Annunciator windows associated with a func-
tional group identified for demarcation
should be located within an area vertically
above the associated visual displays and

control devices.

B. If the number of windows associated with a
function exceed the capacity of window box or
the space availuble ii a box after accommodat-
ing some other function(s), the remaining
windows should be located in the adjacent box
on the same panel section such that they are
not separated beyond the unavoidable distance

between boxes.



5:¢2.6.5.3

Ca Within each functional group, red and yellow
windows should be located in the higher
portions of the box unless in conflict with

criterion D below,.

D. When a functional group has equipment priority
(yellow) windows together with a system
priority (red) window, the equipment priority
windows should be located directly below the

system priority window.
E. White windows for a proc~ss function should
be in the same relative positions as their

associated controls and indicators.

Fe Relative locations of identical windows

within redundant subsystems should be identical.

The overall assessment of the annuiciator windows
revealed that in general the alarms meet thzs above
criteria and consequently no windows are required

to be moved.

Master Switchlights

The evaluation of the two annunciator master
"Acknowledge" and "Reset" control switchlights
determined that a possibility existed for an
operator to miss an additional alarm simultan-
eously occurring in another panel section. In
addition, an annunciator master indicating light
mimic should be added to a centrally located panel
to preclude the possibility of operators missing

simultaneously occurring alarms.,



Review of the quantity of annunciator wirdows
indicated that the number is approximately equiva-
lent to similar sized plants. In additiocn, any
reduction in the quantity could result in an

increase of multiple input windows.

The problem of the annunciator control switchlights
not being easily distinguishable from other switch-
lights should be resolved by color demarcation per

subsection 5.2.2¢

Inconsistencies between the annunciator list and
other engineering documents will be resolved as

the details of the nlant design are completed.

A review concentrating mainly in the area of
multiple input window:, with and without reflash
capability, and retransmission of the alarms to
the PMS was performe« to determine the extent and
the necessity of modifying these alarms. Subse-
quently, an extensive effort by a task group was
undertaken to reduce the number of nuisance alarms.
As a result of this effort, many multiple inputs
which were ambiguous have been eliminated. Addi-
tionally, operational experience has not conecluded
that identifying those alarms retransmitted to the

PMS will be beneficial to operators.
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5.2.6.6.1

Annunciator/Alarm Sysiem Recommendations

As

the

result of the assessment, the following

recomnendations were proposed:

Prioritize individual windows in each box by

Red - Priority 1 Alarms - indicative of
a degradation to system functional
capability sufficient to c¢hallenge
safety, unit availability, or the accep-

table performance of a major system.

Yellow - Priority 2 Alarms - indicative

of a degradation to equipment functional
capability sufficient to introduce the
potential for and, in some cases, high
probability of a Priority 1 alarm.

3 Alarms (Low=Priority) -
indicative of an operating constraint

for which the condition can be verified

and assessed from visual displays within

Short Term Recommenda*ions
A .
color, as follows:
o
O
(5] White - Priorits
the control] room.
O

Blue - Priority 4 Alarms (Low-priority)
-indicative of an operating constraint
for which there are no control room

visual displays available to verify and

assess the alarmed condition.

Refer to figure 5.2-9 for a typical annunciator

functional group color coded per the above

criteria.
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San Onofre 2 and 3 makes use of red, green, yellow,
and blue for all of the above meanings. In addition,
these colors are used to provide component assign-

ments to safety channels.

The second aspect of color usage is to provide a
work environment that allows the operators to
perform visual tasks quickly and accurately with a
minimum of visual fatigue. In order to perform
these visual tasks without errors, seven variables,
described in paragraph 5.2.2.2, can affect the

operators' performance.
Color Usage Methodology

Due to the complex interrelationships, a separate
study was ordered undertaken by Whitston Associates
to evaluate the overall color coding effect on
control panels. Four half-scale partial models of
the Primary Energy Panel (CR-58, 50, 51) were
fabricated and used to evaluate various schemes

and demarcation techniques along with demonstratcion
of hierarchical labeling. Four alternative control
panel color schemes were proposed which differed
from each other in the six respects which are

listed in paragraph 5.2.2.2.

To rank the four proposed color schemes, seven
visual task variables defined in paragraph 5.2.2.2

were selected to evaluate and rank the schemes.

n
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5.?.7.4

Color Usage Findings

There were no HEDs identifed for color usage of

equipment coding status as described by the criteria

in paragraph 5.2.7.1.

The Color Scheme One, which used original control
and display bezels, nameplates, background color,
arrangemnent, and titles, was judged to be unaccep-
table. Color Scheme Two using some original
features such as background color and arrangement
was also unacceptable. For Color Schemes Three
and Four, those visual task variables which tend
to decrease operator's fatigue and provide an
cffective work environment, e.g., esthetics and
absence of visual noise, glare and shadows, had
significantly higher scores than Color Schemes One

and Two.

In summary, the original panel paint colors,
materials, and ccmbinations of these were judged
to be an inadequate use of color in the effective

performing of visual tasks.

Color Usage Assessment

The four proposed alternative control panel color
schemes were evaluated by assigning scores from
one to ten to each of the seven visual task vari-
ables. An overall score for each of the four
coler schemes was obtained using weighted values
for each of the seven variables. Color Scheme
Four attained the highest score, closely followed
by Color Scheme Three. Both were judged to be
conducive to successful visual task performance.
A sizeable gap separated Color Scheme Three from
Color Schemes Two and One, which were judged to be

unacceptable.
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5.2.8 Miscellaneous Related Items

.

The following items were considered to have rele-
vance to the man/machine interface and, therefore,
were surveyed for compliance with human factors

criteria during the CRDR.

DideBul Guard Rails for Operating Panels

5.2.8.1.1 Methodology. The survey reviewed the design

change of adding guard rails to the operating
panels to determine what human factors benefits

would be gained.

«8.1.2 Assessment of Guard Rail on the Operating Panels.

In their assessment, the CRDR Working Group con-
cluded that the addition of a guard rail on the

operating panel would provide the fcllowing benefits:

6] A barrier structure to prevent visiting
personnel from leauing or resting on the

control surfaces,

0 A work surface by accommodating a properly
designed clip board for use in conjunction
with operating instructions, maintenance
data, etc., which might otherwise be placed

on the control surface,

0 Further minimize the chance of inadvertent

controls activation.




5.2.8.1.3 Recommendation for Guard Rail. It was recommended

that a guard rail approximately 1 in. OD, of

ribbed tubular chrome or stainless steel, extending
approximately 6 inches from the control surface of
the operating panels be installed on the panels

prior to fuel load.

Dislocation of Control Feedback

Criteria and Methodologzy. For components which

were functionally located correctly to best
accormnodate normal operating requirements, disloca-
tion of control feedback components required for
execution of a particular instruction were identi-

fied and reviewed for acceptability.

Finding Regarding a Dislocated Control Feedback.

A review of operating instruction S023-3-2.1
revealed the need for adjustment of component
cooling water flow control valve TV0223 to increase
the rate ot tlow of component cooling water a
finite amount. Component coolines water flowrate
indicators FI6243 or FI6248 are located on the
Waste Heat Panel Section while the control station
for valve TV0223 is located one and one-half panel

sections to the lefi on the Primary Energy panel.
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5¢2.8.2.3

5.2.8Q2.4

5.2.8.3

$:2:.8.3.1

5.2I8.3.2

Assessment ¢’ the Dislocated Control Feedback.

The magnitude and acceptability of such dislocated
control ‘eedback was evaluated as a part of the
"walk through" of operating instructions by the
CRDR Working Group.

Recommenda cion for Correction of the Dislocated

Control Feedback. The recommendation resulting

from the "walk through” ssrisment of the operating
instructions was to leave the indicators and the
valve control in their present locations. (See
section 5.6.1)

Use of Indicating Graphics Panel

Criteria for Indicating Graphics Panels.

The use of indicating graphics panels for systems
such as NSSS, CCW Loops, etc., should improve the
operators performance and effectiveness in control-
ling the plant under all conditions. Any mimic
arrangement should be similar to the Electrical
Panel (CR-63).

Methodology for Indicating Graphics Panels.

The CRDR Working Group evaluated the extended use
of mimic, or graphics arrangements and markings on

the panels in the control room.



5.2.3.3.3

The evaluation addressed the subject on a system
and subsystem basis from the standpoint of improv-
ing the operators ability to control the plant
under all conditions. Each system was reviewed

with respect to the instruments used (recorders,

indicators, controllers, status lights, and switches)

and their locations on the panel as well as the

operators' use of the instruments in the system.

Findings for Indicating Craphics Panels.

As a result of this review, it was found that some
systems might benefit from a mimic arrangement to

assist the operator.

A separate review of the Electrical Mimic Panel
(CR-63) found several HEDs including widths of
mimic lines, their color, use of symbols and the

placement of symbols.

Assessnment of Indicating Graphics Pauels.

It was concluded that a mimic would be of marginal
benefit to the the operator in most of these
systems because of the recommendation to relocate
instruments in addition to employing color for
system demarcation. Furthermore, extensive modifi-
cations to the panels and replacement of some
instruments with different types would be required
to implement a mimic arrangement. In other systems
it was concluded that because of varying operating
modes, the use of a mimic could add significantly
to operator confusion during the stress of an

emergency situation.
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Tt should be noted that as a part of post TMI
requirements, a Critical Functions Monitorin~

System (CFMS) was implement=d and includes extensive
use of graphics on CRTs as an operator and engineer-
ing tool to evaluate and respond to emergency
conditions. These graphics provide a much greater
benefit to the operator than changes to the panels
would accomplish.

For the Electrical Mimic Panel (CR-63), the evalu-
ation concluded that some modificatioins should be

implemented.

5.2.8.3.5 Recommendations for Indicating Graphics Panels.

For the reasons given in the assessment, the CRDR
Working Group recommended no additional use of
mimics or graphics on the control panels in the
main control room area except for those identified
on the Electrical Mimic Panel (CR-63).

5:2.8.4 Valve Position Feedback

5.2.8.4.1 Criteria for Valve Position Feedback. Positive

indication requires that control roo . indication

of a valve open or closed position be nambiguous
so that the operator is not confused ab. 1t the
valve status. The signal source for the i1ndication
should be derived from the valve stem position by
means of limit switches, reed switches, or acoustic

sensors associated with the flow path.

A review of various regulating documents (Reg.
Guide 1.97, NUREG-694, NUREG-G660, NUREG-71Z2, etc.)
broadly implies a requirement for furnishing
position indication (positive indication or direct

indication) of the following categories of valves:



0o Containmert Isolation Valves except check
valves.

Primary System Safety Relief Valves.
Accunmulator Isolation Valves.

o

Main Steam Relief Valves.
Reactor Coolant System Vents.

Other valves actuated by safety signals.

@ 0.0 O 0 8

Other safety-related valves not actuated by

safety signals.

Methodology for Valve Position Feedback.

Safety-related valves (excluding check valves and
manually-operated valves) were reviewed for their
positive or direct indication in the control roonm.
Valvas to b2 reviewed were compiled on the basis
of the project criteria, design documents such as
P4&IDs, elementary diagrams, vendor diagrams,
specifications, instrument index, FSAR, data

sheets, and DCPs.

Findings of Valve Position Feedback. Most of

the valves reviewed have positive indication in

the control room or acoustic pickup of signals

with control room annunciation. The position
indication {(positive indication or direct indication)
is furnished for the following categories of the

valves (manually-operated valves are excluded):

«_)“A..
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0 Containment isolation, except check valves

(stop-check valves are .ncluced).

o Actuated by a safety signal.
0 Power locked-out.
(6} Other valves operated by handswitch from the

control roon.

0 Valves required by NRC.

The only valves that do not have such indication
in the control room, but require control
indication in accordance with the criteria, are

the Main Steam Relief Valves.

issessment of Valve Position Feedback. 3JSubsequent

evaluation of the valve position feedback HED was
that the Main Steam Relief valves positioun would
be known to the operators except in cases when

they don't reseat properly.

Recommendation of Valve Position Feedback.

Based on the above assessment, position-indicating
lights for the Main Steam Reljef valves will not

be added in the Control Rcom.
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5¢2.8.5

5:2.8.5.1

e2e8:5.2

N

Remote Shutdown Panel (RSP)

Criteria and Jdethodology

The evaluation of the Remote Shutdown Panel (L-42)
was accomplished using the human factors criteria
developed by the CRDR Working Group. The review

addressed:

(6} Tdentification of component relocations

required;

0 Identification and demarcation of functionrs '
systems,
0 Labeling requirements.

Findings for Remote Shutdown Panel

For optimal arrangement of the RSP, moves for
sixteen devices were identified. The review
indicated that line demarcation could be used
rather than coler coding of instruments to provide
the necessary identification of the function
systems. No specific labeling HEDs other than

hierarchical labeling were identified.

Assessment of the Remote Shutdown Panel

The remote shutdown panel is designed to be used
only in the event the control room is unavailable
and is required to permit the operator to bring
the plant to hot shutdown. For this reason, there
is a minimal number of devices required on this
panel and the panel arrangement is relatively

simple and straightforward. Although the CRDR




Working Group identified HEDs for rearrangement
and demarcation for potential improvement, the
existing RSP was evaluated to be adequate. Sub-
sequent evaluation during startup testing did not
indicate that resulting operational benefits would

warrant rearrangement or demarcation modifications.

Furthernore, the existing panel is used for periodic
operator training, on a 30 day basis, and modifi-
cation could lead to potential operator errors
resulting from lack of familiarity with a revised

I
D e

Recommendations for the Remote Shutdown Panel

The existing design of the RSP was reviewed for
clarity and ease of operation. Assessment of the
component suitability and operability has determined
that any additional rearrangement or demarcation
would be of little benefit. This is due to the
simplicity of the panel design layout. Based on
this, no modifications of the RSP are currently

planned.
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5.3 COMPUTER SYSTEMS

5.3.1 Introduction/Overview

Plant operators make use of three computer systems

that are located in the control roor.

Plant Monitoring System - PMS

Critical Function Monitoring System - CFMS
Qualified Safety Parameter Displayv System -
QSPDS

A. The Plant Monitoring System (P¥S) is a computer

data acquisition, processing, and display
svstem provided as a part of the NSSS. The
unit Computer Console 2CR-55 in the control
room contains three CRTs, a keyboard, five 2-
pen trend recorders, system alarm indicators,
and system control switches. Two printers
for each unit are located behind the common
Electrical Mimic Bus Panel (CR-63). See

figures 1.2-2 and 5.3-1.

The PMS monitors NSSS and BOP system perfor-
mance and provides alpha-numeric displays on
the monochrome CRTs and hard copy on the
printers. The PMS functions include reactor
core operating limit supervision, alarm
status, sequence of events, post trip review,
trend recording, logging, and plant system
status monitoring. The PMS functions provide
operators with information that allows more
convenient and efficient plant opera n.
Plant control and protection functions re
not performed. The PMS is not required ‘o
permit plant operation or to ensure plant

safety.
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The Critical Function Monitoring System (CFMS)

is a computer data acquisition, processing,
and display system provided to satisfy the
requirements of NUREGs 0G9C and 0737. It
displays critical plant safety parameters in
a concise and integrated manner. The Operators
Console for Jnit 3 (3CR-65) includes one CRT
and a keyboard. The CRT and keyboard for
Unit 2 are presently located on a temporary
stand, but will be installed in a new Unit 2
Operators Console (2CR-65) prior to startup
following first refueling. One CRT and a
keyboard for Unit 3 are installed at one end
of the Common Operators Console (2/3CR=66).
The Unit 2 CRT and keyboard will be installed
at the other end of this console during the
prior to startup following firs. refueling.

See figures 1.2-2, 5.3-2, and 5.3-2,

The CFMS monitors reactor and steam generator
control, core heat removal, coolant system,

and containment parameters that include the
Safety Parameter Display System (SPDS) require-
ments. The CRT displays are organized and

make use of color and graphics to optimize
comprehension by plant operators. The CFMS
provides critical function algorithms, histori-
cal data storage and retrieval, real timo
trends, and alarm status. The CRTs, keyboards,
and printers in the Technical Suppocrt Center
(TSC) and the Emergency Operations Facility

(EOF) also operate from the CFMS. To a large

n
|

~J
el



6L-S

CONTROL

48"
CLEARANCE

565"

5" ——

PANE!

428
j————————— 42"
CLEARANCE

NOTE: ALL DIMENSIONS
ARE APPROXIMATE

ReTOTMTMCODD

Figure 5.3-2

LEGEND

QSPDS DISPLAY

QSPDS PAGE CONTROL
CFMS DISPLAY

CFMS KEYBOARD
TELEPHONE TURRET
RADIO CONTROL CONSOLE
INTERCOM

LOCAL EELL TELEPHONE
DRAWERS

BOOK SHELF

OPERATOR'S CONSOLE
SONGS 2 & 3

e

29"

|
|
i
|
|
1

TYPICAL PROFILE
(CR-65)



€ % Z SHNOS
(99-4D €/7) TANVd ONILVHZJO NOWWOD €-£°G @an8yg

INOHAITIL MOTT3A
INOHd3 131 AHOAI
INOHd3 131 034
INOH4IT3IL 7438 VIO
H3Imvr o

310SNOD Ol0VH
L3HUNL INOH4IIL
OHVO8AIN SW4D
AV1dSIO SW4)
T0HLINOD 39vd SO4SD
AV14S10 SO4S0

€9HO £/Z QHVO8 TvIIH10313 \“

JLVWNIXOHddY 2 £
JHV SNOISN3IWIO ‘310N

—NMme OO~ DOE D

aN3oNn

99HI £/2

5-80

m e —

)

: :

| v

— c

m -4

Iz -

o o
; | g |

.nlv LB EL — lull-li nmv

m ™~

x Ok m

~N

X 2]

% b

o

o

— »er —
\ 1960 £/2 ,.w,_:a JOHINGD /



extent, CFMS inputs are also monitored by the
PMS. While designed for high reliability for
use during both normal and abnormal plant
conditions, the CFMS does not perform control
or protection functions and is not required

for plant operation or safety.

The Qualified Safety Parameter Display System
(QSPDS) is a microprocessor data acquisition

and display system provided to satisfy the
requirements of NUREGs 0696 and 0737 and

Reg. Guide 1.97. It displays critical plant
safety parameters and uses redundant components
that are qualified to nuclear Class 1lE safety
standards. The Operators Console for Unit 3
(3CR-65) includes the Channel A plasma display
and page control unit. The Channel B plasma
display and page control unit are installed

at one end of the Common Operators Console
(2/3CR-66). The Unit 2 devices will be
installed on a new Operators Console (2CR-€5)
and on the other end of the Common Operators
Console (2/3CR-G6) prior to startup following
first refueling. See figures 1.2-2, 5.3-2,

and 5;3-3-

The QSPDS meets the Safety Parameter Display
Syscem (SPDS) requirements and provides a
reliable backup to the CFMS. The plasma
displays provide monochrome displays of
alpha-numeric data that is organized to
optimize comprehension by plant operators.
The QSPDS does not perform control or protec-
tion functions and is not required for plant

operation or safety.
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5.3+2

Computer Svstems Methodology

The PMS design review was implemented in sceveral
phases. HEDs related to the PMS were developed by
the NRC Control Room Design Review Audit Tean
during the NRC control room audit in 1980. The
Control Room Design Review Working Group reviewed
the PMS as a part of the overall Control Room
Design Review. These reviews took place prior to
the issue of NUREG CR-1580 and NUREG-0700. At a
later date, a report was prepared evaluating the
PMS reliability, maintainability, and suitability
for continued operation over the life of the
plant. The hardware obsolescence identificzd in
this report may lead to an eventual upgrade of the
PMS computer using current technology. The func-
tional shortcomings identified by the evaluation
have been offset by the recent installation of the
CFMS and QSPDS capabilities.

A computer system design review was performed

after the CFMS and QSPDS were installed in the

Unit 3 control room and the CFMS was 1in use in a
temporary location in the Unit 2 control room.

This comprehensive review of all computer systems

in the contrcl room assumed that the Unit 2 installa-
tion will be the same as the present arrangement

for Unit 2. This review included PMS, CFMS, and
QSPDS components in the control room and compared

features of the three systems for consistency.




'

The methods used in this review included ar engi-
neering survey of available drawings and specifi-
cations, a physical survey of computer system
features and workspace, an operator survey to
identify problem areas relating to both normal and
upset plant conditions, and an operating tiistory

survey of Startup Problem Reports (SFRs).

The computer system review was simplified for
several reasons. The CFMS is the only system of
the three that makes use of color and graphic
displays. The CFMS and QSPDS were both designed
using human factors techniques developed in recent
vears. The designs and workspace arrangement of
these two systems were revicwed for human factors
in design meetings that included the participation
of an independent consultant. The human engineering
guidelines for control room workspace and process
computers from NUREG-0700 were used in this review.
The functional features of the CFMS and QSPDS to
meet the requirements of NUREG-0835 were conducted
by the CFMS and QSPDS supplier.

Computer Systems HED Identification Assessment

and Recommendations

0 General Conclusions

The survey of the Computer, Operator, and
Common Operator Consoles indicated adequate
operator accessibility and compliance with
antnropometric requirements for work station
design. The shelf added above the Computer
Console for laying out drawings does not

create an obstruction for plant operators
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since this console faces away from panels
used for unit operations. While checked
primarily for seated operation, the three
consoles provided satisfactcry display posi-
tioning for viewing from standing positions

in nearby areas.

In addition to HEDs that were identified, the
NRC Audit Team noted favorably that the PMS
CRT displays were clear and readable with
some glare evident, PMS cleared alarms are
displayed in reverse video, the PMS can trend
up to 10 parameters on strip chart recorders,
and that PMS alarms actuate an annunciator

system window.

The CRDR did not concentrate on the PMS, but
did determine that the system lacks features
available with current technology, the PMS

is not considered useful for annunciator

alarm verification because of delayed response,
and that the PMS should be reviewed further

in relation to computer/ operator relationships.

The PMS Evaluation report indicates the
considerable value of the PMS to plant opera-
tors and also indicates in detail how this
value is limited by significant reliability,
maintainability, and suitability problems.
The problems that relate to plant operators
have been developed into HEDs. The report
suggests that any replacement for the PMS
should include CRTs on the Common Operators
Console (2/3CR-66) and should use human
factors methods that are consistient with

those used elsewhere in the control room.
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Software security is ensured by administrative
control.. Computer system database changes

are accomplished at a location away from the
control room. Formal Engineering Procedures
have been established to contrcl the develop-
ment and review of changes. One copy of the
current software is stored in a remote secure

location.

HEDs related to the PMS printers are not
considered to be significant since the plant
operating criteria indicates use of the
printers for later analysis of important data
and alarms only. While several HEDs were
identified relating to consistency of operation
of the three systems, plant operators did not
mention these items when question=d about

operating deficiencies.

The more important of the HEDs identified by
the several reviews of the PMS are related to
technical limitations of the present system.
Replacement of the PMS would be required to

allow improvement in these areas.
Specific HED Identification and Assessments

The following are the HEDs identified during
computer system design reviews and the assess-
ment: response for each HED. The abreviations
below are used to identify the source of each

HED.



NRC Control Room Design Review
Audit

- Contiol Room Design Review
Evaluation of the Plant Monitoring
System Reliability, Maintainability,
and Suitability

Computer System Design Review

The PMS computer data base is not up-to-
date. (NRC)

Response: Cat. 1 - To be updated prior
to fuel load revising nomenclature for
consistency with new control panel

legends and to be updated periodically

as required.

The PMS data point IDs are not cross-
indexed by name, system/subsystem or

functionally grouped. (NRC)

Response: Cat. 2 - A cross-ind‘'x by

name, system/subsystem, and functional
grouping was proposed in the form of a
notebook available in the control room
prior to fuel load. On later analysis

it was determined that the notebook was
not required, since operators first
locate the desired measurement instrument
on the P%ID and the related cata point

ID is made up of the instrument number,

loop number and the measurement type.







10.

The PMS has no graphic trending capability.

(NRC, CRDR)

Response: Cat., 3 - Five 2-pen trend
recorders are provided on the Computer
Consoles to indicate and record PMS
data. Replacement of the PMS will be
studied to provide CRT graphic trend

displays.

PMS alarm displays are not prioritized.
(NRC, CRDR, PMS)

Response: Cat. 3 - The PMS alarm point

ID designation will be revised to include
letters, R, Y, W ardi B to correspond to
the red, yellow, white, and blue colors
used to prioritize individual annunciator

windows.

PMS alarm displays are not grouped by

priority. (NRC)

Response: Cat. 3 - Replacement of the
PMS will be studied to provide grouping

of alarm displays by priority.

PMS alarm displays are not grouped by
system/subsystem. (PMS, CSR)

Response: Cat. 3 - Replacement of the

PMS will be studied to provide grouping

of alarm displays by system/ subsysten.
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11.
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PMS alarms displays are delayed during

upset conditions because of the number
of alcrms and the display method.
(CRDR, PMS, CSR)

Response: Cat. 3 - Replacement of t'e
PMS will be studied to provide display

of alarms in real time.

PMS printers do not utilize color coded

printing (NRC)

Response: Cat. 3 - Replacement of the
PMS will be studied to provide color

coded printing.

PMS printers do not record all annunciator

alarms. (CSR)

Response: Cat. 3 - The annunciator
system is the primary plant alarm system.
Many alarms are also displayed and

logged on PMS CRTs and printers. It is
not considered necessary c¢o display and
log on the PMS the low priority alarms
that are not related to safety, unit
availability, or performance of major
systems. Additional system inputs will

be available i{ the PMS is replaced.
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The PMS is out-of-service frequently.

(PM3, CSR)

Response: Cat. 3 - Replacement of the
PMS will be studied to provide more

reliable operation.

The PMS program to cut out nuisance
alarms based on plant operating ccndition

does not work. (CSR)

Response: Cat. 3 - Many nuisance alarms
have been eliminated by modifications to
alarm logic circuits connected to the
annunciator and repeated to the PMS.

The PMS alarm cutout program will be
studied to «etermine whether putting it

in service is practicable.

The CFMS and QSPDS numeric keyboard
numeral arrangements are not consistent.
(CSR)

Response: Cat. 3 - the effect of the
different numeral arrangements on operator
performance will ke studied to deter-
mine if replacement of one of the two

numeric keyboards is required.

The PMS and CFMS alpha-numeric keyboard
auxiliary key arrangements are not

consistent. (CSR)




Response: Cat. 3 - the difference in the
location of the auxiliary keys is not
considered to affect operator performance
in a significant way. A more consistent
arrangement will be investigated when

the replacement of the PMS is studied.

The PMS and CFMS alarm display, acknow-
ledge, and reset methods are not consis-
tent. (CSR)

Response: Cat. 3 - The effect of the
different alarm methods is not considered
to affect operator performance in a
significant way. A more consistent
method will be obtained when the replace-

ment of the PMS is studied.

PMS and CFMS points operating from the
same analog inputs do not display the
same digital values and do not alarm at

the same time. (CSR)

Response: Cat. 3 - The differences are
inherent when redundant measurement
systems are used. Differences in cali-
bration of the PMS and CFMS A/D converters
will produce slightly different digital
values. Uniformity can be achieved if

a replacement computer system includes
both PMS and CFMS functions.
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5.4 CONTROL ROOM

Communications Survey

Communications Survey Criteria and lethodology

The Communication Survey of the control room con-
sisted of measurement and collection of data and
its evaluation. In each segment, survey principles
were addressed in the communication systems review

as follows:

1s Data required for each system were collected;

2 The data were recorded on the appropriate

data form;

3. Checklists were completed using the recorded

communication survey data;

4, HEDs were identified on the checklist.

Communication system adequacy was examined in
relation to specific task requirements. The
survey addressed the six kinds of voice communica-

tion equipment that are used in the control roon.

Communication systems guidelines were established
for the survey of each system, as applicable, from
a component perspective. Performance tests were
developed to establish ccmpliance with the various

guidelines.
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Control room lighting was evaluatea with considera-
tion to the guidelines for normal and emergency
ighting discussed in NUREG-0700, Section G.1.5.3,
on "Illuminatiorn”, which recommends the following
illumination levels:
Task Illuminance,

Footcandles

Recom

1. Normal Lighting Min. mended Max.
Panel Ares 20 30 50
Seated Operator Stations 50 75 100
Reading & Writing Areas 50 75 100

< e Emergency Lighting Minimum illumination

34 4
level of 10 footcan-

dles at all work
statiors in the
primary operating

area.

Based on the control room layout drawing, figure
5.4-1, used to select and identify locaticns,
several types of readings were taken to ensure

that every relevant aspect of the lighting environ-
ment was recorded and available for analysis.
Readings were taken both for normal AC lighting,
and emergency DC lighting with the following types

of readings.
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Light
Measurad At

Main Control
Panels

Seated Operator

Station Areas
"Z" on Enclosure

Mimic Panels
Only

Notes: (1) All lights were functioning normally for both normal and emergency surveys.
(2) ®All values in footcandles.

Table 5.4-1
LIGHTING SURVEY RESULTS

Location of Normal Lighting Emergency Lighting
Meter /Sensor ®Average *Range fiverage/®Range
a. 66" from floor, flat 42 34.8-50.5 6.5 5.5-7.2

against vertical panel

b. 66" from floor, 1' from i7.6 13.7=24.5 2.9 2.3-3.9
panel facing panel (Measure
reflected lignt)

¢. Flat on panel at (B) ¢n 56.3 45.0-76.2 8.5 7.3-9.8
Enclosures 1 and 2,
Section B-B

d. Flat on handrail at (C) €9.5 57.3-96.5 i0.2 8.7=11.9
on Enclosures 1 and 2, '
Section B-B

e. 66" from floor, 6" from 62.2  44,3=90.1 9.2  7.9=10.9 '

panel pointing up

f. Flat on surface 100 83.6-115 14.6 13.8-17.6
(See Enclosures 2 and 3 .
for actual readings)

g. 66" from floor, flat 45.9 41.9-49 7.5 6.7-8.3 .
against vertical panels

h. 66" from floor, 1' from 18.5  15.5-22.2 2.8  2.4=3.3
panel facing panel
(Measure reflected lignht)

i. 66" from floor 6" 68.4 65.9-T1.4 12.2 10.4=1 .1 '
from panel facing up

j. Flat on handrail at (D) 77.5 73.7-80.1 11.9 10.6-13.5.

on Enclosures 1 and 2,
Section CC.
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Lighting System Assessment

To reduce the reflected glare, tue following
corrective actions were considered for reducing

zlare, reflections and shadows.

l. Replacement of pushbutton switch lenses with

anti-glare lenses.

24 Replacement of all Lamicoid legend plates

with antiglare plate material.

i Evaluation of anti-glare sprays and optical
films for, or repliacement of lens covers,

instrument windows, etc.

4, Treatment of glossy surfaces with flat
paint.
o Addition of hood covers for CRTs.

Based on the results of the lighting survey,
subsequent to the anti-glare modifications, it was
concluded that the normal and emergency lighting
levels in the control room are consistent with the
guidelines of NUREG-0700 and that no further

lightirg modifications are necessary.
Lighting System Recommendatioas

The glare conditions existing in the control rcom
were derived from a combination of lighting,
equipment paint, glossy surfaces, and location of
instruments. In order to alleviate these condi-
tions, it was recommended that the following

modifications be performed prior to fuel load:
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5.4.3

5.4.3.1

5.4.3.2

Sound Survey

Sound Survey Basis

The intent of the review of acoustic conditions
was to ensure that, under "worst case" situations
in the control room, ambient background noise ard
acoustic reverberation would not significantly
impair voice communication between personnel

within the control room.

There are a numbher of acoustic sources, including
speaking, with their distinctive spectrai, temporal
and spatial characteristics, which interact with
the room volume and boundaries to produce the
composite acoustic signal to the listener's ears.
The interfering noise sources, which together made
up the background noise in the coatrol room, are
located both outside the control room (line printers
and other equipment) and inside (ventilating duct
outlets, cooling fans in equipment cabinets,

etc.). The signal (spoken message) level and the
noise (all other acoustic sources) level, and also
the sentence intelligibility, are influenced by
parameters of the room such as volume and acoustic

absorption at the boundaries.
Sound Survey Methodology
The following locations, where sound survey measure-

ments were to be taken, were selected and marked on

a control room layout drawing:
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SYSTEM FUNCTION IDENTIFICATION AND ANALYSIS FINDINGS

The objective of the System Function Identification and
Analysis review activity was to establish and quantify
the function of each major system and subsystem in the
plant. In meeting this objective functional grouping

of components and systems was performed. Process flow
diagrams were developed based on the functional grouping

activity.

The functional grouping and process flow diagrams were
compared to the layout of the instruments and controls
on the various main control panels to determine the
relationship between the system functions, process

flow, and parel layout. In keeping with the recommenda-
tions of the human factors consultant, the control

panel instruments were relocated on a photo mosaic
mockup. Various instrument layouts were examined and

an analysis of each conducted.

Several cases were noted where the functional grouping
was somewhat disorganized and less than optimal. These
occurences were recorded and subjected to assessment of
impact on operator/plant performance. In summary
however, most of the disorganized groupings were correc-

ted by instrument relocation.






5.6.2

1t was also found that for a given operating task

a Flow Controller and relative indicators were 1-1/2
panel sections apart. This, at first, appeared

to require relocation but further investigation
determined that for all other normal and emergency
activities the components were located properly

and functionally. Based on this, no implementation

was performed.

The remaining element of this activity will be
performed during the verification and validation

of the plant specific parameter list to be generated
from the function oriented Emergency Opsarating

Procedure Generation.

Annunciator System

The examination o' tne annunciator system showed
that the annunciator windows needed prioritization
by color, to be most effective. Also, the alarm
messages were meaningfu:l, the operator cculd take
corrective action given the existing instrumentation
and controls, and all windows were located on the
proper respective panels. Further discussion of
the annunciator system is made in subsection

5.2.6 of this report. No annunciator windows
needed panel relocation which compliments the
original Control Room Design criteria as it

affects the annunciators.

In responding to the objectives of this aspect of
the annunciator study, it became clear that overall
the alarm meanings were well understood and that
corrective or miticating actions 2ould be taken on

the control board adjacent to the alarm window.
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The walk-through of the current EOPs has shown no
inadequate or misplaced controls or instrumentation.
The operators work statious support the activities
necassary to perform normal and emergency operating

tasks.
The walk-~through conducted on the normal operating
procedure subset was considered acceptable and supported

the functional grouping activities.

Ta summary, the review otf these procedures determined

that:

The instrumentation and controls required to
accomplish these procedures are available in the
control room and they are of suffi:cient adequacy
to allow the operator to perform the required
function.

2. A consistent format was not evident in the NOPs

and all NOPs should be reworked.

With regard to Finding No. 1 it was expected that no
signific:1t deficiencies would be discovered as these
procedures are constantly walkec-through in the operator
training program on the SONGS Simulator. As part of
this program, any problems, deficiencies, discrepancies
or improvements to the operator functions are conveyed

to the station engineering staff by means of an Instruction

Resolution Request (IRR). The IRR ic a forum for

operators to air requests and has proved to be an
cutstanding tool for identifying weaknesses in the
procedures and equipment in the control room. Addition-
ally, the Startup Problem Reports (SPRs) also provide
direct means for the operations staff to correct defi-

ciencies of equipment in the control roon.






Immediate Operator Actions Subsequent Operator Actions
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Figure 5.7-1 OPERATOR FLOW PATH DURING AN
EMERGENCY PLANT SHUTDOWN
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NRC AUDIT FINDINGS

The MRC Human Factors Engineering Staff conducted a
4-day audit of the SONGS Unit 2 Control Room during
the week of August 4-8, 1980. The evaluation focused

on the following:

0 Control and display design and locatiocn

0 Work station layout, ircluding visibility and
reach

o Control room environment, specifically noise and

illumination

The NRC Audit resulted in findings in the following
control room design review evaluation criteria areas:
Process Computer, .abeling Errors, General, Annunciators,
Control Room Environment, Labels, Lamp Test, Communica-
tions, Minor Deficiencies, and Incore Thermocouple

Instrument Display.

The NRC August 4-8, 198C Audit findings were additionally
documented by the NRC in Item 1.D.1 of Supplement No. 1
to the Safety Evaluation Report (SER) for EONGS 2 and

3, dated February 1081, The NRC concluded in the SEI
tnat in general:

"..sthe control room was designed to promot:
effectivie and efficient operator actions. The
controls and displays are, in most cases, function-
ally grcuped and generally well integrated. Alarm
displays have good visibility and are easily
readable {rom the main control area. Alarm displays
are located over appropriate system controls and

displays. The physical design of the vertical







Prior to exceeding five percent power, SCE

shall:

Prioritize the control room annunciator

windows.

2. Delete master acknowledge capabilities of the

annunciator system.,

3. Incorporate a second flash note/audible

scheme into the annunciator system to alert

the operator of an alarm returned to normal.

4. Identify changes required to correct control

room lighting for optimum operator performance.

O Revise control room labeling according to a
hierarchical scheme.

Label Foxboro containment spray controller.

Te Replace RC loop hot leg temperature scales
with appropriate scale divisions.

8. Eliminate 10X multiplier from RC loop hot leg
and cold leg temperature.

9. Make all iabels flush with the face of the

instrumernt bezel.






3ER Section B:

Deficiencies to be Corrected prior to Fuel Loading

1.0 Process Computer

a. The process computer data base is

not up-to-date.

De Operator training is not completed.

Ca A window fan is used to cool the
process computer console (operators
:se the top of the console to lay
out drawings, causing reduction in

air circulation).
d,. Data point addresses are not cross
indexed by name,. system/subsysten

or functionally grouped.

e. Glare on the CRT display causes

degradation in readability.

2.0 Labeling [Errors

a. Containment spray actuation system

(CSAS) is mislabeled CCAS.

b. Refueling water flow controller and
recorder is mislabeled. Should be

primary maXkXeup pump.
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The lack of an alarm clear signal
requires operators to periodically
reset annunciators to clear alarms
that are back within limits in
order for operators to receive

current plant status information.

2.0 Control Room Environment

it appears that the lighting was
arranged without regard for specific
task lighting needs for optimum
opel.tor performance, readability

is impaired on displays due to

excessive glare.

6.0 Labels

b.

In general, labeling is incomplete
and inconsistent. However, the
applicants will redo the labeling
according to a hierarchical scheme.
The exanples already in place are

clearly an improvement.

Foxboro controller for containment
spray is not labeled for control

(increase, decrease).

Scales for reactor coolant (RC)

loops hot leg temperature on plant
protection panel are not optimally
marked (e.g., major numbers are 54,

60, 66).




Scales for RC loop hot leg tempera-
ture and cold leg temperature on
reactor coclant system panel are
different from those on plant
protection for same parameter (one

has an X10 multiplier).

SIGMA vertical meters protrude from
the board and shaadow or obscure
labeling below 5 feet and the
"White on Red" (Train A) labels.

There are some makeshift techniques
for indicating normal operating
ranges (e.g., pressurizer pressure

and setpoint).

There is considerabtle use of Dymo
tape and some other temporary

labeling.

There is no demarcation or color

coding of systems or functions.

Emergency feedwater system activation

controls are not labeled by channel.

Dual function vertical scales are
not clearly labeled to identify the
function of each scale (e.g., RC

loops 1-2 temperatures).



k. Containment spray chemical addition
(Foxboro controller). The increase
or decrease manual position level
is labeled where you cannot see it.
Also, flow scale does not identify

units of measure.

7.0 Lamp Test

There is no separate lamp test for

legend switch pushbuttons. These normally
have two bulbs and depend on the operator
observing the change in intensity to

indicate the need for a new bulb.

8.0 Comnunications

There are no back-panel phone jacks for
communications with the main control

room area.

SER Section C:

Minor Deficiencies

Our review identified a number of minor
deficiencies, which we belive offer no sigzni-
ficant risk to full-power operation. However,
to ensure that the additional modifications
are made to the control room in the most
effective and efficient manner, the staff

will not require implementation of the minor
design deficiencies until SCE has completed
the detailed control-room design review to be
required of all operating reactors. As a

part of this design review, we will require




SCE to evaluate the benefits of installing
data recording and logging equipment in the
control room to correct the deficiencies
associated with trending of important para-
meters on strip chart recorders in use at

most nuclear power plants.

SER Section D:

Incore Thermocouple Instrumentation Display

There are 56 groups of incore detectors, each
group having 6 or more detectors (1 detector
in each group is a thermocouple). Individual
readouts (one group of 5 detectors) or group
trending, utilizing 35 predetermined groups,
can be provided via the process computer and
CRT display. One group at a time can be
displayed; from this each of the 5 individual
detectors can be read. For the group-trending
capabilities, 35 groups are monitored and any
12 detectors can be displayed. The computer
provides thermocouple readouts up to 1650°F.
The incore thermocouple system is not consis-
tent with the requirements of Item II.F.2 of
NUREG-0737, "Clarification of TMI Action Plan
Requirements." SCE is evaluating the require-
ments of NUREG-0737, which requires, among
other things, a display of temperature to
1800°F and a backup display to be implemented

by January 1, 1982 as required by NUREG-0737.
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6.2.1

CONTROL PANEL

Implementation of corrective actions to resolve the
control panel HED's are in the following major areas:
arrangement, demarcation, labeling, scale coding,

component suitability, annunciator, and miscellaneous.

The control panel arrangement recommendations,
summarized in paragraph 5.2.1.5, that are identified
as Short Term have all been implemented and were

completed prior to fuel load.

Following is a summary of the implementation of
the Short-Term corrective actions grouped by

control room panel:

A, Engineered Safety Features Panel (CR-£7)

Relocation of safety injection boric acid and
containment purge instrumentation to provide
for easier comparison of like sets of instru-
mentation (25 moves, 7 new cutouts). This
implementation was completed by DCPs-777,
78J, and 79J, prior to fuel load.

B. Reactor Support Panel (CR-56)

Relocation of containment sump pump controls
to an area underneath associated indicators
(2 moves, 2 new cutouts). This implementation

was completed by DCP-80J, prior to fuel load.
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6.2.6

‘3.2."3'1

panels; Engineered Safety Features Panel (CR-57),
Reactor Support Panel (CR-56G), Primary Energy
Panel (CR-58, 50, and 51), Secondary Energy Panel
(CR=-52, 53), Electrical Energy and Waste Heat
Panel (CR-54, 64), Emergency HV&AC Pan~1 (CR-60),
Electrical Mimic Panel (CR-63), and Plant Services
Panel (CR-61).

Component Suitability

The component suitability review summarized in
paragraph 5.2.5.5 indicated that the instrument
components satisfy the human factors requirements
and no recommendations for corrective action were

made.

Annunciator

The annunciator recommendations, summarized in
paragraph 5.2.6.6, have been identified as short
term implementations. paragraph 5.2.6.6.1, and long
term implementations, paragraph 5.2.6.6.2. Certain
short term and long term recommendations have been
implemented and are discussed in the following

sections.

Short Term Recommendations and Implementation

A. Prioritize the annunciator by color. Implemen-
tation of this recommendation for a four
color prioritization of the control roonm
annunciators on main control room paneis CR-
57, CR-56, CR-58, 50 and 51, CR-52, 53, CR-
54, 64, CR-60, CR-63, and CR-61 was completed
by DCP-96J, prior to fuel load.






' 6.2.7
l 6.2.8
' 6.2.8.1

Color Usage

The Scheme Three color usage recommendation summa-

rized in paragraph 5.2.7.5 was implemented for
all the control room panels. Implementation of
color Scheme Three was accomplished by the same

DCPs that accomplished the demarcation of the

control room panels and are as follows: Engineered

Safety Features Panel (CR-57)(DCP-109J), Reactor
Support Panel (CR-56)(DCP-108J), Primary Energy
Panel (CR-58, 50, and 51)(DCP-110J), Secondaryv
Energy Panel (CR-52, 53)(DCP-106J), Electrical
Energy and Waste Heat Panel (CR-54, 64)(DCP-107J),
Emergency HV & AC (CR-60)(DCP-111J), Electrical
Mimic Panel (CR-63)(DCP-113J), Plant Services
Panel (CR-61)(DCP-112J), Computer Console (CR-

55) (DCP-167J), and Operators Desk (CR-65)(DCP-
168J) .

Miscellaneous

Recommendations made by the CRDR Working Group to
correct certain miscellaneous related findings
are summarized in subsection 5.2.8. Furthermore,
several findings of the NRC Audit team fall into
this category. Implementation of both the CRDR

and NRC audit findings are discussed below:

Guard Rails for Operating Panels

The guard rail recommendation, summarized in
paragraph 5.2.8.1.3 was implemented for control
panels CR-56; CR-57; CR-58, 50, and 51; CR-52 and
53; CR-54 and 64, and CR-61. This was completed
by DCP-5A, prior to operation at 5% power level.
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6.4.3
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Sound Survey

Sound survey recommendation to add carpeting will
be implemented by SCE DCPs 2-1500SA and 3-1500SA
as the material is available, presently forecast
for implementation Jrior tc startup following the

refueling outage.

Possible addition of sound panels and control roonm
doors will be delayed until sound level measure-

ments are taken after both Units 2 and 3 achieve

commercial operating status. Data to date indicates

ro additional changes will be required to the

control room to meet the sound survey criteria.

Heating, Ventilating and Air Conditioning

The (L2mperature, humidity and air velocity survey
will be based on rieasurements taken by an environ-
mental survey tear consisting of SCE employees
familiar with the station and its equirment.

These personnel will consist of the following:

0 Instrument and Control Engineer
0 Industrial Hygienist
0 Station operating personnel

Other SCE personnel to assist in data collection

and recording as needed.
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1. Review all annunciator alarms and resolve
which alarms were valid and which were
non-valid (spurious or nuisance).

2s Determine the problem associated with
the non-valid alarms.

e Resolve the problems identified.

A list was prepared of the Unit 2 and common
alarms that were believed to be non-valid and
in need of investigation. A similar progranm
was initiated on Unit 3 and a list of the

Unit 3 alarms that merited investigation was
added to the Unit 2 and common list for a

total 243 windows. As the review of the

Units 2, 3, and common annunciator windows
progressed, the design problems were classified

into four areas:

1. Windows alarm with equipment out of
service, 60%.

2 Windows alarm because of low process
conditions present at low power levels
(Plant mcde), 20%.

3 "igh/low alarm windows that have no
means for operator to determine if alarm

is high or low, 1°%.

»

1. Inappropriate control logic, 4%.
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pushbutton light lense and 77 nameplates changed),
Emergency HV and AC (CR-60) (nine nameplates
changed), and Plant Services Panel (CR-61) (one
nameplate changed). Implementation of this DCP

is complete.

DCP-982.0J was issued to implement the human
factors improvements to the Secondary Energy Panel
(CR=52, 53) (two instrument relocations) per SCE
request. Engineering was compizted on this DCP,
and it is presently at the site awaiting implemen-

tation.

DCP-108GN is in preparation to implement labeling
and nomenclature revisions to the Reactor Support
Panel (CR-56) (cne annunciator window, four instru-
ment nameplates and four pushbutinn switchlight
lenses). Preparation of the DCP to implement

these revisions is in work.

DCP-219J was issued to implement installation of
scale coding on level indicators on the Emergency
HV and AC Panel (CR-60) (tab indicators) and the
Electrical Mimic Panel (CR-63) (one indicator).

Implementation of this DCP is complete.

DCP-279J was issued to change one instrument scale
on the Erfsential Plant Protection Monitoring
System Panel (L-411) from narrow range to wide

range. Implementation of this DCP is complete.
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