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February 11, 1980

SUBJECT: IEEE/Nuclear Power Engineering Committee (NPEC)
Subcommittee SC-1, Working Group SC-1.2,
Control Rcom Criteria

TO: Mr. R. B. Minogue
Director of NRC Office of Standards Development
U.S. Nuclear Regulatory Commission
Washington, DC 20535 |

You or your representative are invited to attend the initial
meeting of the subject recently reorganized IEEE/NPEC
working group on February 20, 1980. The meeting will be
held at Sargent & Lundy offices, 55 East Monroe, Chicago,
I1linois, 60603 (in the 26th floor conference room - 26018)
and will convene at 9:00 a.m. Please plan on attending a
full-day session.

The following is a partial listing of the items that will
be addressed at the meeting:

1. General discussion of the working group's organizational
relationship within the IEEE and the scope of the working
group's activities leading to the preparation of a
revision to IFEE Std. 566 (1977).

2. Establishment of a preliminary schedule for working group
meetings through the end of 1980.

3. Preparation of a draft project charter, for the revision
to IEEE Std. 566 (1977) tc be submitted to the IEEE/NPEC
Administrative Committee for approval at their March 4,
1980, meeting.

Should you have any questions or require additional informatic
please contact Mr. D. J. Cardinale who is the S&L representati
on the working group, acting as coordinator for this initial
meeting. His telephcne number is (312/269-6930)

I request that you confirm your attendance to him by
February 15, 1980.
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ORGANIZATIONAL MEETING - 2/20/80
IEEE PES/NPEC SC-1, C. M. Chiappetta - Chairman
Working Group 1.2

Scope & Purpose

(1) Question #1 How much specificity in the listing of
specific displays (parameters), and controls
in the main control room (MCR).

Choice 1A Do not address the cuestion of what
displays and controls should be available
in the MCR. Leave it to ANS 4.6

Choice 1B Provide criteria for selection of specific
displays and controls.

Choice 1C Provide lists of specific parameters for
display and control in the MCR (as in RG-1.97
Proposed Rev, 2)

(2) Questiorn #2 Principles of Human Engineering.

Choice 2A Address questions of Human Engineering
which impact on the MCR and MCZ2 design.

Choice 23 Restrict standard to address gquestion of
hardware design and system design.

(3) Question #3 Question of Instrument Ranges.

Choice 3A Address questions of instrument ranges upon
the operator-machine interface.

Choice 3B Delegate instrument range questions to the
RG-1.97.

Discussion in this area: Imposition of exvanded ranges intro-
duces substantial problems in the:
Human engineering layout of the MC3
in that multiple instruments may be
required for individual parameters:
acreage of MC3 required for display
devices.

(4) Question #4 Conventional control room designs vs. advanced
control room designs.

Choice 4A Prepare the standard to be equally applicable
- to both designs.



Choice 43 Prepare standard for applicability
principally to conventional design
since the bulk of existing control
rooms are of this design.

Choice 4C Prepare the standard to be primarily
applicable to advanced control room
designs on the basis that this approach
can handle more data and is more amenable
to prioritizing the displays.

(5) Question #5 Operating and Emergency Procedures. What
) should be the role of the standard in this
Pt area?

Choice SA (Least Involved) Recognition of the interface
between MCR design and procedure/checklist
design. Remind the designer to iterate his
design with operating/emergency procedure
review.

Choice 53 (More involved) Preparation of criteria and
specific guidance on reviewing the interface
between procedures and physical MC3 design.

Choice 5C (Most Involved) Regquirements to include interface
review before MC3 designs are finalized.

(6) Question #6 Main Control Room design basis document.
, This reguirement is presently in 566,

Choice 6A Retain and expand the requirement,

Choice 6B Delete the requirement from Std. 566,



ORGANIZATIONAL MEETING - 2/20/1980
Liaison Activities for Working Group 1.2

Power Generation Committee - Control Room Activities Working Group

Liaison: W. J. Kerchner (3ill)
Gilbert Associates
525 Lancaster Avenue
Reading, Pennsylvania 19603

(215) 376-3873

Atomic Industrial Forum - Control Room Considerations Subcommitﬁee
Liaison: Temporary D. J. Cardinale

PES/NPEC SC-6 Safety Related Systems
Liaison: Open Ny “

ANS 4.6 Functional Criteria for On Line Monitoring For Light
Water Reactors. .

Liaison: G. Grant
Combustion EZngineering Company



& ezt

Standards Project Authorization.

Date of Request

Project No
Approved:

Date
For Standards Committes Use Only

2. [ ) New Standard
[ ] Revision of

[ ] Reaffirmation of

[ ] Withdrawal of

Standard No Standard No
3. Project Title: 3
4. Scope and Purpose of Proposed Standard:
5. Sponsor ]
|
. Technical Commuttee Society [

5a. Proposed ANSI Commiitee:

ANSI Project =
Date Approved

6. Proposed Coordination:

Method ot Coordination

7. Name of Group that will Write the Standard

Subcommittee

Working Group

8. Estimated Final Ballot Date:

To Technical Commuttee

To Standards Board

9. Person Delegated to Receive Communications and Conduct Liaison with Interested Bodies:

Name

Company

Street address

City State Zip Code T lephone
10. Submitted by
Name
Company s
Street address
City State Zip Code Telephone

Form SF1.1A.1978




of oy NSID PCS _ 3/

NUCLEAR STANDARD PROJECT CHARTER

Be < ¥ ' ' ' Date /979 - 12,5y

J1 : . Punctional Criteria for On-Line Honitoring in LWR's, ANS-4.6

1

SCOPE:

This standard defines the criteria for on-line monitoring for nuclear power gencrating
stations and the functional requirecments for use of this data in rmonicoring important
plant paramcters and perforning advisory functions for the operator. The standard
includes requirezents for verification of monitored paramecters.

SPONSOR: ORGANIZATION  American Nuclear Sociaty
COMMITTEE: ANS=4.6 (NUPPSCO)

D USE OF STANDARD: 3

JUSTIFICATIO!: f

This standard provides criteria for plant designers and operators to determine which
parameters should be monitored in the control room (and elsewhere), and the frequency
of monitoring, for all plant conditions. The standard also provides criteria on the
extent and methods for use of a computer or other device in providing diajnostic and
advisory aid to operators. : . “~

PRIORITY STATEMENT: ANS Category I
: NSMB Category A

-

COORDINATION AMD INTEPFACES ANS-3, ANS-51, ANS-52; 1EES 566-1977; IECE SC-6;
Instrument Society of America; Health Physics Society

PROPOSED SCHEDULE (MUST BE COMPLETED FOR CATECORY A PROJECTS)

Initiaticn date: September 1979 .

charter approval date: November 1979 . i
kelease of first drafti by Working Group:

Consensus becdy approva) date: To be established

NISI/BSR approval date: !

UNRKING GROUP CHATIRMAN: W. J. Harris, Combustion Engincering, Inc.

SFFILIATIONS OF HORKING CROUP MENIERS: Speeific affiliations to be established, but
will be drawn from:

#SSS Designers U.S. Nuclear Regulatory Commission
ilities National laboratorics

AlE's Consultants

STAFF ONLY

<+ Planning Committee approval DATC: %SM3 Approval

S —— e — -

..

- ——



g o i | : : PROJECTNOG: - 5(,(.

- July 12, 1974 = For Standards " “v...utice Use Onty
¢ , g . - 2 T RIS
Tk iy . . L ot ol g . '
. IEEE STANDARDS PROJECT AUTHORIZATICN REQUEST _
'—2. Sponiar

Y Muclear Poucr Eaginenring Commities
: Enaincs g Societn]
Povier Bérerato it

Techmcal Comenutiee

Group/Sonety —.

3. Project Title Cuide for the Design of Display and Control Facilitics.for Central
™

Control o5 of Muclear Pouwer Generatina Stations
4.Scoocandpuvpxeo(?mﬂosx75wndvd: This document establisnes guidance to Control roon
designars cn what information shall be made available to the operator, in what

fashion and where it shall be located, SO that the opcrator can most reliably
Tnterpret tae information_gnd take the proper course of 3ction. Purpose I1nis
docunent is intended to

snsure a design which Tnimizes potential for cperator
shair responsibilities®

__errog ond 20 qualnly S0 anahles operaiins persgenel fQ mesl
5. [x | New Stanzard . { ) Revision of IECE Std
B ; (NUmDCll
tunder all modes cf eporation
Method of Cocrdination

6. Proposad Coardination

C anst N4 : via J. T. Boettger

' ’ /O" . } et .
Docunrnt o Ae Sellells o ANPEE  Funmes 1275

7. Estimated Schesu'e

8. Person celugxted 1O reccive communications 3and conduct ligison with intcrested bodies:

J. T. Boettager

- Name
Public Service £Yoctric & Gas Co.,
80, Park Place
Strect Acdress .
¢ Newark, New Jersey 07101 '
Cuty State e & Cous

9. Name of working group thatwii write the standord:
Nuclear Power Enginecring ormittee Sub Committec 1.0 Working Group 2

10 Subnwutted Qy:

A. J. Spurain, Chairman of sC1.2
Lo N -
. Ceneral Atoaic Company )
_ _P.0. Box 81608 X ’ ' ~ .
i ‘n'u; Addes ' i
San Dicqgn, California 92128, o i asetiias
2w Conle

| mi Ziaw

(. -

.-




T SO

IEEE Recommended Practice for the
Design of Display and Control
Facilities for Central Control Rooms of
Nuclear Power Generating Stations

1. Scope

This document establishes guidelines to be
used by power plant system designers in select-
ing information and control devices to be made
available in the central control room, and in
determining how and where they shall be made
available so that they can most reliably and
quickly be used by the opcrator. The guide
addresses the functional requirements of the
information systems, controls, and displays,
but not the selection of specific devices or
equipment. It does not apply to the physical
design of the contro! room enclosure or struc-
tures mounted therein.

2. Purpose

To provide uniform guidelines for the func-
tional se'ection, coordination, and organization
of controi and information systems in a nuclear
power plant central control room.

3. References

The reference section is divided into two
parts. The first contains the references men-
tioned in this document, and the second con-
tains a set of related references to which
reference is not m>de

3.1 Specific ta Drocument

(1) [EEE S$+4 27 ~1€71 (ANSI N42.7-1972),
Criteria == 1 tion Syste~s; for
5 r Sty

[2) I[EEE Std 308-1974, Standard Criteria
for Class 1E Power Systems for Nuclear
Power Generating Stations.

3.2 Other References.

[3] Code of Federal Regulations, Title 10,
Part 50.

[4] General Design Criteria (Appendix A);
Criterion 13, Instrumentation and Con-
trols; Criterion 19, Control Room.

IEEE Standard: 'nd Guides:

[5] IEEE Std 336-1971 (ANSIN45.2.4-1972),
Installation, Inspection, and Testing Re-
quirements for Instrumentation and
Electric Equipment During the Construc-
tion of Nuclear Power Generating Stations.

[6] IEEE Std 338-1975, Trial-Use Criteria
for Periodic Testing of Nuclear Power
Generating Station Class 1E Power and
Protection Systems.

(7] IEEE Std 384-1974 (ANSI N14.14),
Trial-Use Standard Criteria for Separation
of Class 1E Equipment and Circuits.

(8] IEEE Std 420-1973, Trial-Use Guide for
Class 1E Control Switchboards for Nuclear
Power Generating Stations.

4. Deﬁnitions

4.1 accessibility. Relates to the accessibility
of information to the operator on a ‘“‘con-
tinuous,” ‘“‘sequenced,” or ‘“as called for”
basis.

4.2 central control room. A continuously
manned and protected enclosure from which
actions are normally taken to operate the
nuclear generating station under normal! and
abnormal conditions.

4.3 displays. Devices which convey informa-
tion tc .. erator.
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CENTRAL CONTROL ROOMS OF NUCLEAR POWER GENERATING STATIONS

tion of the device assignment and location based
on an analysis of these characteristics.

6.3 Evaluation of criteria to ensure consis-
tency with design bases,

(An example of one such systematic ap-
proach is described in Appendix A.)

7. Functional “Considerations”

7.1 General. The operator should be con-
sidered as one part of an integrated system that
is necessary for the proper and efficient opera-
tion of a nuclear power plant,

7.2 Display Facilities. In support of the op-
erator needs, the control room designer should
arrange the display facilities so that the op-
erator can readily observe the displays and
analyze the status of any system.

7.2.1 Accessibility. As appropriate, the op-
erator should have information available on a
“dedicated,” “intermittent - periodic,” or
“intermittent — as called for' basis. The need
for information to be displayed and its accessi-
bility to the operator depends on: (1) the
consequence of the operator not taking correc-
tive action, (2) the importance of the data to
the operator in determining the plant status,
(3) the degree of automation to be used in
centrol system design, and (4) the use of such
display techniques as “display by exception.”

7.2.2 Readability and Comprehension. The
display equipment should provide means to
facilitate operator comprehensicn. These in-
clude consistent use of the following: (1) Phys-
ical differentiation of data which are presented,
using such techniques as color coding, size, and
shape. (2) Formats keyed to and consistent
with the physical representation should be
used, for example, a vertical bar indicator for
level. (3) Graphic displays for: flow diagrams,
one-line electric diagrams, bar charts, etc.

7.2.3 Abnormal Conditions. The operator
should be alerted to a' aormal or unsafe condi-
tions or significant changes in the plant and its
process systems or safety systems or both.

72.3.1 Alarms. The alarm functio : should
be based (to the greatest extent possible) on a
true abnormal condition (for example, low oil
pressure on a shaftdriven oill pump on a
cen“ansate booster pump should be alarme!

e Dooster pun.g

[EEE
Std 566-1977

7.2.3.2 System Modes Alarms should also
be terminated or suppressed during modes of
operation when they would be meaningless,
due to changes in the operating mode (such as
startup, power operation, shutdown, etc), so
that information priority for the current mode
of operation can be readily assessed.

7.2.3.3 Limit Monitoring. In addition to
normal equipment protective limits, plant
operational limits established by technical
specifications and by plant administrative
procedures shall be monitored by the operator.
Provisions should be made to facilitate these
requirements,

7.3 Control Facilities,

7.3.1 Control devices and their functionally
associated displays should be located to facili-
tate operator action.

7.3.2 In determining whether control devices
should be made available to the operator in
the control room, the following factors should
be considered: (1) the safety functions of the
controlled equipment, (2) consequences of the
operator not being able to take necessary ac-
tion, (3) the degree of automation to be used
for control, (4) the frequency of usage of the
controls, and (5) the number of controls
required to accomplish a given function.

7.3.3 Where the controls of equipment or
devices which are part of safety systems can
be transferred to points of control outside the
control room, the mode of the active control
should be indicated in the control room.

7.4 Device and Display Identification. Identi-
fication of control and display functionsshould
be easily associated with the physical devices
being monitored or controlled. Where alpha-
numeric identification systems are used, they
should be supplementary to a functional
identification.

7.5 Convention for Control Devices, A con-
vention should be established to provide
consistency in the operation of controls that
perform similar functions, for example, control
switches are to be tumed clockwise to “close”
(for circuit breakers).

7.6 Display and Control Facilities — Special.

Special requirements such as safer; survell
lance, post accident monitorinz, an? remote
tdown . be considered I
bhe? : i S Tion )

3.1 8 Systern Status. Th
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should b& ! arly informed of the <*2*us of the
safety sy-'emn by means of a & Jluy This dise
play shovld be used to enhance ‘“e rormal

plant adn, nistrative procedures.

7.6.2 Rediundant and Diverse [nforination.
Where a number of critical parameters require
redundant or diverse displays as a means of
checking the reasonability of information, the
alternative information sources should be
located to allow the operator to use both
sources in arriving at a conclusion,

7.7 Area Arrangement. The normal operations
aiea should be centrally arranged within the
control room to provide the operator with
surveillance and access capability to other
operating areas within the control room. The
emergency operations area should be readily
accessible and visible from the normal opera-
tions area. This area siiould not be in a separate
room or enclosure from the normal operations

area.

7.8 Device Arras: nt. Individual devices or
groups of individua, ¢« _e2s should be arranged
to mirimize operator motion including changes
in direction of vision.

7.9 FEquipment or System Status. Considera-
tion should be given to provide indication when
non-safety-related equipment is taken out of
service for maintenance, calibration, or
inspection, and when it is returned to service.

7.10 Communications. The methods provided
for communication between the operator and
various other personnel should not divert the
operator from his principal duties.

7.11 Intemal Security, Where display and
alarm devices are provided within the central
control room to alert the operator to
unauthorized entry into vital areas, the devices
should be clearly differentiated frcm any
devices provided for plant functions by color,
arrangement, or location.
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Appendix A

(This appendix is not part of IEEE Std 566-1977, Recommended Practice for the Design of Display and Control
Facilities for Central Control Rooms of Nuclear Power Generating Stations.)

Implementation of a Usage Analysis Method

Introduction

The prerequisites required for the perfor-
mance of any usage analysis are:

(1) The determination of the plant display
and control requirements to be included in the
design basis (see Section 5).

(2) The determination of a set of character-
istics which will subsequently be used to
convert the plant control and display require-
ments into specific determinations of devices
and their locations. Table 1 shows one possible
set of characteristics. The columns show the
characteristics and the rows show the various
systems or subsystems. In deciding the appro-
priate characteristics to be recorded such
questions as what is the system involved, what
are its constituent parts, when does the opera-
tor need access to the systems controls, etc.,
have to be answered.

(A) The first step in the approach is, there-
fore, to identify the characteristics of the
matrix and then fill in the matrix appropriately
for each system and subsystem.

(B) The criteria for assignment or location
of the display and control devices or both are

then established to ensure that a consistent
design results.
Typical criteria are:

(1) All control devices used frequently dur-
ing startup, power, or hot standby modes
of operation shall be located in the
normal operations area.

(2) Functional controls shall be laid out on
a system or subsystem basis.

(3) Safety system control devices shall be
located in the emergency operations
area,

(C) The selection and application of appro-
priate devices plus the specific layout of the
control boards can proceed on a logical basis.

(D) A digital computer can be used ad-
vantageously to manipulate the developed data
base to:

(1) store the characteristics of the system
functions

(2) apply the criteria to the above char-
acteristics, implementing the analysis
by sorting techniques

(3) document any portion of the results.

Appendix B

(This appendix is not part of [EEE Std 566-1977, Recommended Practice for the Design of Display and Control
Facilities for Central Control Rooms of Nuclear Power Generating Stations.)

Example of Operator Sensory Saturation

B.1 Steam Generator Tube Rupture on a
Pressurized Water Reactor. In the event of a
steam generator Lube rupture the operator will
be required to evaluate the information provided
following e in :dent and take effective action

to: (1) ensure that the plant is safely shut down
and (2) minimize primary to secondary plant
leakage. His response could be impaired by the
number of displays to which he may be sub-
jected. The alarms, indicato . ard status [gits
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which will confront him in the event of the
incident are listed below. The symbols *, T,
and S are used to indicate which information
will be presented after the rupture and prior to
the trip (*), after the trip (T), and following
safety injection (S).

B.2 Alarms — (Annunciator Window Engrav-
ings).

PSZR CONTROL HI/LO PRESSURE DEVIATION

PSZR CONTROL LO LEVEL

PSZR PROTECTIGN LO LEVEL

PSZR PRESS LO/BACKUP HTRS ON

PSZR LO LEVEL HTR CUTOFF AND LD ISOLA-
TION

VCT HI/LO LEVEL

VCT HILO PRESS

CENT CHG PUMP 1 AUTO START

CENT CHG PUMP 2 AUTO START

PSZR PROT LO PRESS.

SG HI-HILO-LO LEVEL

FEEDWATER ISOL

$G ACTUAL LEVEL — SETPOINT HI/LO DEVIATION

$G FLOW MISMATCH FS > FW

CONDENSER 1 CONDUCTIVITY HI

CONDENSER 2 CONDUCTIVITY HI

HI TURB BLDG RADIATION

HI RAD AIR EJECTOR

ROD BOTTOM

TWO OR MORE RODS AT BOTTOM

ROD BOTTOM — ROD DROP AUTO WITHDRAWL
sTOP

TURBINE STM STOP VALVE CLOSED

REACTOR TRIP FROM TURBINE TRIP

REACTOR TRIP PSZR LO PRESS

REACTOR TRIP BKR A/B TRIPPED

S$G HI HI LEVEL TURBINE TRIP

TURBINE TRIP REACTOR TRIP

GENERATOR MOTORING

FAST CLOS INTERCEPT VALVE ON

UNIT TRANS 1| TRIP

UNIT TRANS 2 TRIP

GENERATOR TRIP

TRIP OF 4kV BKRS TO UT

CLOSURE OF 4kV BKRS TO ST

TRIP OF 480V BKRE TO UT

CLOSURE OF 480V BKRS TO ST

TURBINE EXH LO VAC

RHR PUMP 1 AUTO START
RHR PUMP 2 AUTO START
RHR PUMP 1 DISCH HI PRESS
RHR PUMP 2 DISCH HI PRESS
REACTOR TRIP PSZR SAF INJ
CONDENSATE PUMP 1 TRIPPED
CONDENSATE PUMP 2 TRIPPED
DIESEL GEN 1 START

DIESEL GEN 2 START

AUX FEED PUMP START
PHASE A CONT ISOL

CENTRAL CONTROL ROOMS OF NUCLEAR POWER GENERATING STATIONS

w
w

P ] "R R E R

- 4 - : i
N = N Pt :
S 2 R g -

fhowi o
A SV

[EEE
Std 566-1977

VENT ISOL

CCW PMP 1| AUTO START

CCW PMP 2 AUTO START
REACTOR TRIP PSZR SAF INJ (SD

Analog Indicators.

INCR CHG FLOW

DECR PSZR VAPR TEMP

DECR PSZR LIQ TEMP

DECR PSZR LEV (4)

DECR PSZR PRESS (4)

INCR CHG PMP AMPS

DECR WIDF RANGE PRESS (RECORDER)
INCR SG LEV (3)

DECR SG FW FLOW (4)

DECR SG WIDE RANGE LEVEL (R)
INCR CONDENSATE CONDUCT (R)
DECR COND VAC (R)

DECR FW VALVE PGS

DECR RCS TEMP

DECR NEUT FLUX (4)

DECR IMPULSE CHAMBER PRESS (2)

INCR/DECR SG HDR PRESS

DECR FW TEMP (R)

DECR COND FLOW (R)

INCR SG REL VALVE FLOW

INCR/DECR STEAM LINE PRESS (12)

OECR ELEC OUTPUT

DECR TUR~GEN SPEED

PWR DIST SYSM STATUS (UNIT/STARTUP TRANS —
AMPS, WATTS, VARS VOLTS ~30 INDICATORS)

INCR SI FLOW

INCR 51 DISCH PRESS

DECR RWST LEVEL

AUX FEED PUMP FLCW (2)

CCW PMP AMPS

S1 PMP AMPS

AUX FW PMP AMPS (2)

COND PMP AMPS (3)

COND BOOSTER PMP AMPS (3)

D/GEN STATUS (~80 INDICATIONS OF PWR, VOLTS,
ETC)

CONT FAN COOLER AMPS

B.4 Breakers/Valves Position Indicators
(~200).

CHG PMP

PSZR HEATERS ON
PSZR HEATERS OFF
LETDOWN ISOL VALVE
$G REL VALVE

FAN COOLERS

CONT ISOL VALVES

SI VALVES

FW ISOL VALVES

AUX FW PUMP

COND SYST PMP
CONTRL ROOM VENT
CCW PMP

PWR DIST SYST BKR POS
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IEEE/NPEC/SC-1 Working Group
§C-1.2 "Control Room Criteria"

Organizational Relationship

IEEE Power Engineering Society (PES)
Technical Operations Department (TOD)
Committees

= Nuclear Power Engineering (NPEC)

— Power Ceneration (PGC) PEC Subcommittees
— 15 Others SC-1 General Plant Criteria
7 Others

SC-1 Working CGroups

= SC-1.0 Single Failure Criteria
4—= SC-1.1 Electric Penetration

! - e e _
k= SC-1.2 Control Room EEiE;;I;D

— SC-1.3 Classification Criteti,

— SC-1.4 Separation Criteria

—= SC~-1.5 Fire Protection




PAGE 0346
*hwe Tisex Corporation found that a significant cumber of
industry staniarids relating to huzan factors vere developed
dvring this tize. AS in the other cases discussed, however,
fow of these standards vere thought to be important by those at
vhoa they ver2 aised. The standards wvere tco vague to require
effactively the application of human engineering in the design
process. They were narrowly drawan guidelines addressing a ’
specific component or group of coamponents and did not
adequately adiress the aan-machine systes interface probleas.
The most significant industry gquidelines in existeance

FANTArL , "Becoanmende facts rere pestyrof Displays
SEI'EBETTEI”??EIlffiii_tbt Central‘ControI‘Foons'ot'NucIea:
T3ueC Generating Stations." 50 is standard coantalin
gaidance dire-tly related to human engineering, baut the IZssex
Cotrparation's reviev of it found secriocus deficiencies. “The
Zssex Corporation note at the standard vwas 10¢€O lete and
+hat it 4id not include guidance on the use of some Very
iaportant husan Factors tools 5L cuch as: ~ /A

o Analysis O *he tasks opera“®ots sust perfore.

,o »we use of existing human angineering standards. U5

|9 control and Display layout conventlions. \

s Alara placaament rules. < »

The Zssex Corporation concluded that tha generaliihtio:s,
agbiguities, and oversights of I2EE 566 result in little nore
+han an adzonishaent +hat the designer consider the cperator,
with lit%le guidance an just hos %o prevent operator error. 52

yearly all of the indystry standards vere published atfter
+he application for the operating kicense for TMI-2 had been
syhnitted to the NRC in_1976¢. THus, none of the msore recant
standards. vere applied to the TMI-2 4esign except as decned
necessary by the NRC or the utilicry to 2ddress significant
safaty issues. o

-

conformance of TMI-2 to Human Pactors criteria and standaris

As noted previously, the +41-2 design was found bY the AZC
+o neet the applicable criteria prior to issuance of the
construction permit in 1968, Purtherncre, the design
jevelopaent by the utility and its contcacters, and the revied
of this design by the AEC vere conducted with essentially no
husan engineering considerations. Thus, HRC found that 1922
satisfied the axisting criteria 2ven though a review of the
current desiga today by huzan engineering specialis®s against
these limited criteria would find serious deficiecncies.

4hen a nuclear powerplant application is received DY tae
wac for an operating license, the practice has been tO requite
conformsance of the design to the criteria specified at the tize
+he construction permit is issuyed, and to address the necessit?y
for meeting subsequent criteria on a case-by-case basis. --®
necessity to confors to post-CP criteria is deterained 3Y the
yRCc and the iandustIy on the basis of a perceived lavel of
safaty iaprovezent that can be achieved by such conforsasce: »e
Given the absence of any human engineering expertise on t ‘.;.;
staff, it is not surprising that the NRC had no petceptzoﬂ -
huaan factors eriteria could iaprove safety.

In summary, ¥e found a lack of substantive human
criteria and juidance both within the NBRC (AEC) and the

£3ctots |
:n:'&t' .



