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SUMMARY

This report details the implementation measures planned for the South Texas Project
control room, the status and results of the control room design review (CRDR) through
I ebruary 1983, and reviews the activities associated with the management team decision

to make major panel design changes.

The CR DR process has progressed principally in conformance with the Generic Letter No.
82-33, "Supplement 1 to NUREG-0737- Requirements for Emergency Response Capability"
and the Program Plan submitted to the NRC Oectober 20, 1982. Through the control room
review process, it became apparent that the status of engineering for the process systems,
iannunciator, and computer were undergoing revisions with a significant impact on the
control panels. The human factors checklist observations, operator interviews, and system
function and task analysis were also finding a number of observations that would have a
significant impact on the control panels. Because of these factors the management team

directed the DRT to review five alternatives as follow:

Alternative 1: Re-layout all panels with existing devices to meet all TMI, engineering,

and human factors requirements.

Alternative 2: Leave everything "as-is" and uce existing free space for the addition of

new devices required by TMI and engineering requirements.

Alternative 3: Re-layout all panels with new miniature devices to provide space for other

devices required to meet TMI and engineering requirements.

Alternative 4: Re-layout of the safety-related panels CP001 through CP006 with existing

devices, modify the remaining panels CP007 through CP010, to resolve human engineering

discrepancies and accomodate design evolution impacts.

3.1/03163
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Alternative 5: Re-design all panels on a modular concept using miniature devices.and

using a new and smaller foc
Alternative 4 was selected on the basis of schedule. Bechtel placed a hold on the control
boards ordered to the original panel layout and ordered new control boards based on a new

layout to be completed by July 1983, with panel deliveries starting in January 1984.

lhe following outlines the status and work remalning in the major program elements

covered in the following reports:

A. Criteria Report

This report includes all the NUREG-0700, Section 6 guidelines that have
direct applicability to this plant. In addition, it includes definitive
requirements for related subjects such as the Safety Parameter Display

System (SPDS) and the annunciator system.

his report is completed, reviewed by the Project Review Team (PRT),
and approved by the Management Team (MT). An additional revision is
planned for the final program stage to make minor corrections and

additions.

Operating Experience Review Report

T'his report covers the results of the operations personnel responses to
questionnaires and interviews. The results provided excellent correlation
with the observations noted in the control room survey, the annunciator

review, and the system function and task analysis (SFTA).
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The report is completed, reviewed by the PRT and approved by the MT.
One more revision will be made during the final program to incorporate

operations reaction to the implementation activities covered herein.

System Funection and Task Analysis Report:

This report covers the SFTA of six plant events. The guidelines of NUREG
0700 were closely followed. The analysis of six events provided graphic
evidence of the need to revise panel layouts; particularly those panels, for
Engineered Safety Features (ESF). This activity constituted a major
portion of the design review effort and promises to be a very useful tool in
the redesign effort.

lhe report is completed, reviewed by the PRT and approved by the MT.
An addendum to this report is planned to cover the pertinent

implementation activities.

Control Room Survey Report

Fhis report will include the results of the checklist observations, those

processed into HEDs, and corrective actions planned with a schedule for

such actions. It will contain a complete set of observations as processed

through the PRTand MT.
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All checklist forms have been completed for the original layouts of panels

CPGO1 through CP010 and are in the review cycle.

It will be necessary to recheck several criteria for the revised panels.

his work will proceed as each panel layout is developed.

Annunciator Studv Report

This report will include the review results of the annunciator study. This

will also include the plant computer alarm functions and the ESF Bypass
t J

and Inoperable Status.

lo date, the study results indicate a need for finalization of the
annunciator and /O input definition. Rearrangement, size and location of

window Doxes and tiles will be done when the control panel arrangements

are firmed-up.

\ preliminary annunciator review report, covering the current status. is
oeing reviewed by the PRT. The following work will be completed after
the input/output (I/O) lists are updated and the new panel layouts are
availlable: prioritization of alarms, recheck of appropriate checklist
items, rearrangement of tiles and window boxes, and final allocation of

alarms between the computer and main annuneciator.

3.1/03163
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Special Studies Report

I'his report will cover expanded human factors studies as needed such as

anthropometry, labeling, demareation, and console-desk design.

I'he anthropometry study is completed. The ground rules for the labeling
and demarecation are completed and the console conceptual design is
completed. These will be completed concurrent with the planned main

panel layout changes.

Executive Summary Report

This report represents the principal document for reporting the results of
the CRDR. It includes an introduction, methodology, summary of the
review tasks and evaluation results, and tabulations of the disposition of

observations and corrective actions tied to plant schedule.

I'he outline for this report is completed. This report is in an early stage of

preparation and is seheduled for completion by September 1983.
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A considerable number of design changes were required on the STP control panels as a

result of Reg. Guide 1.97 requirements, engineering design requirements and the CRDR.

I}

nplementation Plan Report deseribes the plans fo mplementing these design

A discussion of the CRDR observations

A description of the engineering design changes.

A discussion of five implementation alternatives that were evaluated

presentation to the management review team.
i<l OBJECTIVE

In September 1982, the CRI f the South Texas Project (STP) Nuclear Generating

Station was started. This review was intended to accomplish the following:

A. Determine whether the control room provides the system status
information, control capabilities, feedback, and analytical aids necessary

for control room operators to accomplish their funetions effectively.
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[dentify characteristiecs of the existing control room instrumentation,

controls, physical arrangements, and other equipment that may impact

optimum operator performance.

C. Analyze and evaluate potential problems that could arise from this review.

D. Define and put into effect a plan of action that applies human factors

principles to enhance operator effectiveness. Particular emphasis is to be

placed on improvements affecting control room design and operator

performance under abnormal or emergency conditions.

E. Integrate the CRDR review with other areas of human factors inquiries

identified in the NRC Task Action Plan.

The CRDR was performed according to NUREG-0700 guidelines and in compliance with

the NRC letter, "Supplement 1 to NUREG 0737 - Requirements for Emergency Response

Capability (Generic Letter No. 82-33)."

3.1/03163
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IMPLEMENTATION

2.1 BACKGROUND

Approximately two months into the CRDR it was determined that a significant number of
control panel changes would be required to resolve the HEDs. Also, Bechtel Engineering
indicated that many other devices must be added to the panels. These additions were a

result of normal design evolution and the changes required to satisfy Reg. Guide 1.97

require ments.

In November 1982, a MT meeting was held to review the changes required for the econtrol
panels. At this meeting, a decision was made to evaluate five possible alternatives for
incorporating the required design changes. These alternatives are discussed in detail in

Section 5.0.

Evaluation of the five alternatives were presented to the MT December 20, 1982. The MT

decision was to proceed with Alternative 4, which consisted of a complete redesign of

panels CP001 through CP006 and retention of panels CP007 through CP010 to the extent

r

practicable. This decision was based on an evaluation of the feasibility, scheduling and

licensing factors influencing each alternative.

Alternative 2, adding the new devices in spare spaces created by removing HVAC, ete.. did
not create enough space on panels CP005 and CP006, and was discarded. The use of new
devices, as proposed in Alternatives 3 and 5 could not reliably meet scheduling
requirements. Alternatives | and 4 ranked equally in most respects, however, Alternative
4 preserves the panels that have been constructed, and was judged the more desirable. A
summary of the factors considered versus the relative impact of each is presented in Table

2.1-1.

The effeet of a proposed change to the overall plant construction schedule was considered

to be of primary importance by the MT. Bechtel engineering was directed to implement

3.1/03153
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\lternative 4. The CRDR, which was interrupted in order for the alternative studies to be

performed, was resumed. the time of this deecision, major sections of the CRDR

not complete. Completion of these studies will assure that the revised lavout satisfies the

criteria established for the control panels by providing a means for cheeking the changes.
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EXPANSION
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Table 2.1-1
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Alternative 4 provides the basis for implementing the changes identified by the CRDR and
)

yther requirements. The results and recommendations from the following sources are to

be incorporated into the new design:

Design Evolution

Post TMI Changes

SFT A Results

Control Room Survey (HEDs)
Operating Experience Reviews

Annunciator Study

Changes in the plant design have required additional controls and displays. There are
about 125 devices to be changed, affecting all control panels. Section 4.0 lists these
devices by panel and by system. Post-TMI regulatory changes (Reg. Guide 1.97) involve

the addition of about 100 devices, primarily for safety-related systems. hese changes are

also presented in Section 4.0.

Significant changes to the control panels would be required to accommodate the Reg.
Guide 1.97 and the engineering design changes. It was determined that panels 005 and 006

4

did not have sufficient available free space to mount the new devices. On the other

panels, the addition of new devices involved either moving existing devices to make a

logical arrangement, or adding the new devices in existing space without regard to
functional grouping. Relocation of the HVAC econtrols and the recorders to two new
panels outside the primary control would result in enough gained area to acecommodate the

new identified devices, with adequate spare space.

I'he most significant observation obtained from the SFTA was excessive onerator
movement resulting from the train-oriented layout of parels 001, 002, and 003. Other
observations included the charging and letdown system devices not arranged by funetion on

CP004; the pressurizer and reactor devices not arranged by function on CP005; the
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iuxiliary feedwater control from CP006 and the ESI panels not grouped by task: and the

controls from panels 006 and 007 not grouped bv task. Other SFT A observations
the funetional grouping of specifie subsystems to conform with the sequences of

s perfor it each work station.

survey, the opers I experience review,

innunciator study have been detailed in separate reports. The discrepancies noted in those

rm of checklists, are being resolved bv the methodology deseribed in the

the resulting changes will be incorporated into the control board during

) the recomn endatio (the above described studies requires

functional allo« I the avallable space, to properly orient the

. ~ ] v . ) N 4 o
lant controls in relation t L une n and [(requency-of-use. aragraphs

the observations [rom all sources as

describe the proposed panel ot anges to ¢ ymmodate

described above.

" D j
15 = rroposed

riginal train-oriented | f t Lot panels can be revised to a system=-oriented

yout as illustrated reas identified in the figure has space

electriesl

the three ESF trains

auxiliaries section on CPO003 is part of additions required by design evolution.

\uxiliary feedwater controls are to be relocated to CP0O06 as indicated by operations ind

results. The indicators on CPN0?2 used for post accident nonitoring are

Igh on the panel section for accurate operator viewing and were poorly

ited for use during an event. These can be Integrated into the systems so that safety

e instrumentation is available at a work station when needed.
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n the proposed allocation, as suggested

'f

HL&P operational staff.

Controls (C

_I_’_‘_"H through 006) - Proposed

)

yanels CP004, 005, and 006 is illustrated in Figure 2.2

controls for rac nonitoring are to be relocated to the operator's console and the

recorder panel. The CRT and associated keyboard that were dedicated to radiation

nonitoring functions will be removed. The remaining devices will be shifted to the left,

jor revision In arrangement between systems Changes within systems, to

functional grouping, will be made to satisfy the observations from the SFT A

ind the operators. Also, the pressurizer functions will be moved

vide added space on CP00S,

feedwater controls will be oved from CPOOL, 002 and 003 t« P0O06, and

from CPO0O0O7 to CP0O06 to provide the

VSIV controls will be relocated
necessary controls in a functional arrangement better suited for control

1

lons. Post accident monitoring instruments will be integrated into

nore convenient usage.

|

secondary Plant and Eleetrical Distribution (CP007 through 010) - Propo

Changes
L4

sed systems layout for panels CP007 through CPO10 is illustrated in Figure

['hese panels have been completely constructed at the panel fabrication shop.
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[ he ind MSIV controls will be grouped

‘ renerator breaker controls added, as indicated

eases operation during placing the turbine

"P0O08 as part of the identilled design
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ANNUNCIATORS AND PLANT COMPUTER

'he Annunciator Report identified 17 recommendations for upgrading the usability of the
annunclator and computer alarm systems. These are detailed in Section 3.9. The
annunciator study is incomplete. Work is scheduied to resume after the control board

layou® is firmed up. The tasks remaining are:
Prioritize the alarms in the annunciator and computer systems

Complete the remaining checklist items that relate to hardware

evaluation and final layout
Rearrange the individual alarm tiles.
OPERATCR'S/SUPERVISOR'S CONSOLES

lhese consoles were not a part of the mock-up; however, a conceptual arrangement 1Is

presented on sheet 5 of SK-STP-JS006 (Figure 2.4-1). As envisioned, there should be two

consoles, one for each of the two operators. The back of one of them will have adequate

work space for the supervisor. Plant operations normally consist of

steady state

conditions with the unit at base load and all control systems in automatie. The operator

should be seated at a desk supervising operations. Yet he must have direct access to the

controls to take immediate action in case of an unexpected transient. The supervisory

console is a means of combining computer interface and ecommunications functions that

are the nucleus of total plant supervision. The video functions on the supervisory console
must coordinate the SPDS, Regulatory Guide 1.97 requirements, and the plant computer.

About 20 parameters should be continuously displayed. These are:

Average Core Power Level
Auctioneered Hot Leg Temperature

Average Primary Coolant Temperature
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Auctioneered Cold Leg Temperature
Pressurizer Pressure and Level

Steam Generator Steam Flow (4 each)

Steam Generator Steam Water Level ( 4 each)
Steam Generator Feedwater Flow (4 each)

Turbine-Generator Megawatts

'he communications center for the plant should be the supervisory console, with a
telephone to the dispatcher, an intercom to health physics, radwaste, emergency
shutdown, support facilities, and guard stations. A sound powered phone system serves as
a backup. Alarms should be presented in a usable form, with prioritization to eliminate

confusion. Fire detection, alarm, and system status should also be present here.

3.1/03163
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ADDITIONAL STUDIES
[he MT authorized two additional special studies, hierarchial labeling and demarecation.
T'he relationships between labels for individual components, sub-systems, systems, and
groups of systems are stated in NUREG-0700 in terms of viewing distance and ratios
between classes of labels. A set of standard abbreviations for use on STP is given in the
Criteria Report. The size of each class of label needs to be chosen, and character size,
stroke width, separation, ete. determined. This study can be performed in parallel with

control board layout, and is not a limiting factor in the panel delivery schedule.

The present panel design uses demarcation on the ESF panels and on CP006 and uses
mimics only on the eleetrical distribution panel. The Criteria Report identifies
demarcation as a technique used to set apart groups of controls. Parameters such as size,

color and quantity need to be selected and incorporated into the new design.

I'he functional allocation of control board space determines the relation between work
stations. The location of systems within each work station, and of devices within each
system is an ongoing effort. This design effort must integrate the functional requirements
of a system, within the constraints of panel configuration (i.e. reach restraints of the
vertical sections), and must incorporate the results of all the CRDR studies. These

include both the SFTA results and the HEDs approved by the PRT,
SCHEDULE
\ project schedule for completion of the CRDR, panel design, fabrication, test, and

delivery that is consistent with the STP construction schedule was developed as illustrated

in Figure 2.6-1. Construction requires approximately six months to complete, and is

scheduled to start mid-July 1983, with main-frame design and construction preceding

3.1/03163
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this date. The detailed layout revision has started and will finish in

|

+3

layout will be assessed by the CRI team to verily compliance with ecriteria, and

assure that no new problems have been introduced into the design. his evaluation, with
the annunciator/computer tasks desceribed in Section 3.8, the special studies deseribed in
Section 2.5, and a validation walk-through with operations personnel, will complete

CRDR. The Executive Summary will document the results and summarize the

program, and will be issued in October 1983.
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CRDR SUMMARY

PROGRAM PLAN

CRDR effort started with the development and documentation
I'his plan was presented to the NRC at Bechtel, Houston on October

N

document was submitted to the NRC on October

I'he Program Plan presented a brief description of the objectives of the CRDR, a plant
description, a definition of the control room, and a description of the control room
design/fabrication status. Also, the plan presented a detailed list of the tasks that were to

be completed in the CRDR. These were as follows:

Preparation of control room design and review criteria which were to be

included in the Criteria Report.

An operating experience review that includes a review .of pertinent
operating experience documents and an interview with control room

perations personnel,

A systems function and task analysis (SFT A) of the control room co plex

during selected operational events.

An inventory of controls, instrumentation, displays and other equipment on

the control room man/machine interfaces.

A control room survey of the full scale mock-up (located in the
Bechtel-Houston engineering offices) with regard to the human factors

¢riteria presented in the Criteria Report (and in NUREG-0700),

3.1/03163
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F. A verification of the availability of instruments and equipment needed to

implement the tasks identified in the SFTA.

A validation of whether the control room operating crew can perform
allocated functions within defined procedures using walk-through

talk-through techniques on the mock=up

A design review of the alarms of the main plant annunciator, plant

computer and ESF bypass and inoperable status system.

An overview of the relationship of the above tasks (from NUREG-0700) is shown in Figure

3.1/03163
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Figure 3.1-1
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DESIGN REVIEW

CRITERIA REPORT
'he Criteria Repert was established to accomplish the following:

Provide the CRDR team with a basis for reviewing the control room.
criteria include the human factors guidelines specified in NUREG 0700,
¢

vith minor modifications to account for plant specific features applicable

STP.

Provide project personnel with a document that would integrate the plant
systems and promote a unified and coordinated design with regard to the

control room interface.

The Criteria Report is divided into two major parts. The first part, or the main body,
contains criteria relevant to the control room design. The second part contains the human

factors guidelines relevant to the various design criteria as well as appendices.

'he main body deseribes the functions of the control room, the systems controlled from

the control room, and the control room layout features. In addition, it defines design

i 4

critena for the following topies:

vain control panels

factors

Human
Ccommunications
Control room annunciation
Post-accident monitoring
Bypassed and inoperable status
Safety parameter display
Plant computer
I'he appendices describe the human factors guidelines appropriate to the topies covered in

the main body of the document.

3.1/03163
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I he initial draft of the repo
l!if‘ locument S rwed J ) ¢ | omments were "o’\'"l‘.o‘u

ent was submitted to e MR u 983.

incorporated, and Rev. 0 of the document was formally issued Februarv
rO0OM INVENTORY

An inventory of the controls, instruments, displays, and other eq ent on the control
room panels was performed. The results served as a reference data base to verify that all

the devices were properlv renresented on the control rcom mockup. In adadition, the

inventory provided a means to verify that all of the devices required the SFTA (for

those emergency events analyzed) were available in the control room.

'entory consists ol a computer listing that identifies all the devices on the control

i | i

panels. The listing contains a unique component identification code, the panel number

where installed, the nameplate engraving, and certain characteristics appropriate for the

component. The inventory must be updated pecause several additions are required to meet

yost-accident monitoring requirements defined in Reg. Guide 1.97 In addition, a

| Y f» i
number ol additions have been identified by Bechtel engineering design disciplines. These

i

inventory changes are undergoing a design review.
OPERATING EXPERIENC

1in purpose of the operating experience review (OER) was to identify human faetors

concerns of the control roon operations personnel. second purpos: vas *
'ntity problems associated with systems operability on systems controlled from
te

control room. The latter information has been included w the SFT A and the control

survey as part of an overal! and comprehensive CI
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Questionnaires and interview sheets were prepared considering the special knowledge and

experience level of the operations personnel interviewed. The questionnaires were
structured to secure basic information and to help prepare the operations personnel for
Interviews with the human factors consultants. Eleven operations personnel participated

in the questionnaires and interviews; five were classified as senior reactor operators and

i

X as reactor operators. One of the eleven participants was classified as the Reactor

]
>1

Uperations Superintendent.

\pplicable guidelines contained N .G 0700 were used to structure the questionnaire

ind interviews,

'he content of the questionnaire fell into seven areas as follows:

Workspace

Controls

splays
Annunciators
Labels/Location Aids
Process Computers

Panel Layout/Integration

questionnaires were prepared and reviewed by TPT prior to the interviews. The
held at the STP control room mock-up following a period of mock-up

interviews were

familiarization.

OLR results were evaluated and a report was submitted t

s report 1s included in the transmittal covering this phase of the CR
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in the OER the control room operators expressed considerable concern over the human
factors aspects of the control room layout. Concerns were expressed in all seven on the

content areas noted above (workspace, controls, displays, ete.).

'he operator's concerns are discussed in the OER report. These concerns were reviewed
to confirm that they were covered by the control room survey. Thus, the CRDR

ybservations discussed in Section 3.9 are reinforced by the OER results.
SYSTEM FUNCTION AND TASK ANALYSIS

'he system function and task analysis (SFT A) represented a major effort within the overall
CRDR program. The method of analysis and results of the analysis are deseribed fully in

the SFTA report. A summary of this work is presented below.

I'he SFTA was performed using the methodology deseribed in NUREG 070). The main

elements of the analysis are:

A, levelop system background information according to the fellowing:

P

Participate in a series of informal discussions in which the funetion

and operation of the major systems and subsystems were described.

Participants were the SFT A team members, Bechtel engineers from

the varous diseiplines, and a Westinghouse representative.

Review ST P plant documents such as the FSAR and the Westinghouse

'Plant Information Package."

Prepare system background data sheets which include svstem

descriptions and schematic process flow diagrams.
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Select the operating events to be analyzed. This was accomplished by
reviewing the emergency events given in the FSAR and selecting a number
of events that encompass & broad use of the controls and operator task

sequences. Six events were selected:

Normal startup from cold shutdown

Small break LOCA

Steamline break inside containment (loss of secondary coolant)
o>tvam generator tube rupture

Loss of all AC power

l'urbine load rejection

Perform a SFTA for each selected operating event (SOE)., This was

accomplihed by using the Westinghouse Owners Group "Emergency

Response Guidelines" (ERGs) to the extent of their applicability to the

ST P plant. The basic analysis consisted of the following:

Prepare a functional sequence response for the event.

Expand the functional sequence into a list of specific operator

tasks.

Prepare an operator decision - action diagram.

summarize the results of the operator tasks in the form of

illustrations which show the control room traffie from panel to

panel and the operator activity sequence on each panel.

Evaluate the results from the viewpoint of the CRDR eriteria

document.
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I'he SFT A was completed and the report was submitted to the P} February
) 1 )

report is part of the CRDR package transmitted to the ¢ preparation

1983 NRC Review.

nerous observations were made as a of the SFTA. Those are discussed in Section

control room survey represents the first level identification of potential human

engineering discrepancies (HEDs). The human factors criteria presented in the Criteria

Keport were applied in the preparation of specific checklists, one set of checklists
»

corresponding to each topic listed below, and a single checklist item for each human

factors criterion. The checklist topics are:

ontrol room workspace
iunications

Annunciator warning system

Controls

Visual displavs

LLabels and location aids

Process computers

Panel layout

Control-display integration
I'he control room survey consists of a review of each control panel for compliance with
ach checklist criterion. The review was performed using the full size nock-up of the STP
control room at the Bechtel engineering office, the computer located at the Westinghouse

offices in Pittsbugh and the simulator located at the Gould plant in Long Island.
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eriterion was reviewed. [f compliance was not met, an "observation"
levices not in compliance were listed on the checklist. The number riteria
nine checklists is approximately 600. Since there are 10 control panels to be analyzed,
wpproximately 6000 determinations were made. A computer program was developed with

Bechtel to compile and catalog ail of the information developed on the checklists,
control room survey is almost complete, except for certain checklist criteria
noise, illumination, and communication which will be performed after the control

put into operation. The report on this task is scheduled to be issued in Jul

)

progress for each checklist, as of April 11, 1983, is indicated below:

Wworkspace checklist - 100% complete
mmunication 100% will be determined on the [inal control room
Annunciator warning System - 100% complete
ontrols checklist - 100% complete
Visual Displays - 100% complete
Labels and Location aids - 100% complete
rocess Ccomputers - 100% cor iplete
inel Layout - 100% complete
ontrol - display integration - 100% complete
results ym the survey completed thus far have produced a large number of
ybservations. These observations which include recommendations by the Design Review

»am, are being reviewed by the PRT. They will recommer dispositions hased on the

naterial in the Program Plan. Many of the observations are readily correctable, e.g.,

standardizing switeh functions, labels and meter faces, or relocating a particular device to
a new location. However, a significant number of observations relate to grouping devices

system, funetion, or task sequence, which affects the panel lavout. These observations

have broader consequences and resuit in relocating large numbers of devices.
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Specific results and recommendations are given in Section 3.9

ANNUNCIATOR STUDY
I'he purpose of the annunciator studv was to perform a design review of the main plant
annunciator, the plant computer alarm funetions, and the ESF bypass and inoperable status
system. In addition, the objective was to Integrate these systems into a cohesive

an.''/melation system considering human factors principles.
i'he review consisted of the following:

\. Review the available results of annunciator studies performed by the NRC

ind EPRL

Develop criteria for the annunciator review, including prioritization and

categorization of annunciator displays.
Prepare annunciator review checklists.

Perform an evaluation of the ST P annunciator design based on the review

criteria, and compile the observations and recommendations.

'he annunciator study was not completed because the annunciator system design is not

finalized. The development of criteria for the annunciator review was compieted and

checklists were prepared and completed on the original design. The

design evaluation

phase was initiated but a large fraction of the effort remains Lo be done. The remaining

tasks are:

Review the latest annunriator and computer 1/0 lists,
Develop annunciator window assignments,

Prioritize the annunciator list.
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» significant results of the annunciator study thus far

ire discussed in Section

CRDR OBSERVATIONS

\Ithough the CRDR is not yet completed several observations of potential HEDs were

e

obtained from the initial review. The following sections discuss the observations from the

iajor CRDR analyses.

SFT A Observations

An SFT A was performed for the following six operational events:
L™

Small break loss of coolant acecident (LOCCA)
Steam line break

Steam generator tube rupture

Loss of offsite power (LOSP)

Plant startup

l'urbine load rejection

I'his analysis included a functional review, a traffic flow analysis, and an operational

sequence analysis of each event for ten control panels in the control room. These events
were selected on the basis of criteria that provided a good cross section of operator

ictions for expected normal and emergency plant operating events.

['he SFTA was based on human factor principles whiech specify that controls and displays

should be placed within the control room at locations which promote efficient procedures,
saf e operation, and maximum operator awareness of the current system condition. There

are three general principles that were considered in the arrangement of components:

\. Grouping by task sequence

3. 1/03163
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Grouping by tasks sequence is, from a man tactors ol view, the first priority

Ping by syste

not consistent

riented. Hased o 10 guidellnes

CPUO03, to CPOO1 28 1es during t

ESF panels is the major factor

Following & ! yther SFT A observations:

uring the turbine 1on tas the operator nakes
etween panels CPO07 and 010, These panels are approximately
ipart.
llesel-generator controls and lights are located on 3 panels spanning
0 feet. During a loss of offsite power and other events, these devices

it be checked for successful start and sequencing

three high-head, and three low-head, safety injection pumps controls

are located on three panels spanning 30 feet, During the recovery
operations Ifrom an event the controls must be attended t

In the recovery operation for certain events, reset controls for each
system must be attended to. These devices are located on anels that

span 30 feet,
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ipplication of sw vs [unction throughout the control roon
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nundred and [orty six i tal « 349 controls (about
vith e lished guidelines. 1S total the most significant

contributors w cases w » SBM sy 1J9 cases) and R=2940

switehes (51 cases) should have been used.

iumber ol observations concerning labels will require total relabeling of
the control panels. A labeling specification will be written to incorporate
ertinent human factors erieria,

)

found with

ight too small
iboreviation or inconsistent use of abbreviations

(raving on simulator labels.

oservations concerning the meter } $ will require

ents or replacement of meter faces,

nany graduations between numerals
iraduation marks too short or narrow making the different size
graduations hard to distinguis!

erical progressions do not conform to eriteria for progressing by

)'s, or 10's or multiples of 10

narkings are not provided to indicate operating ranges.

related controls and display are not co~located.

Arrangements of similar equipment are not the same fros panel-to-panel

on the LSYF nanels,




HOUSTON CONTROL ROOM

;IGHTING DESIGN REVIEW

POWER CO

\.
SOU ™™ T WS

NO lamp test, dual-filament bulbs, or dual bulbs are provided for indieator

lights associated with switches,

Legend lights on the status light boxes on CP001l, 002, 003 and 005 are

verv hard to read. Legends contain too nany words, lines of text and the

engraving 1s too narrow.

Many systems are not functionally grouped. Due to the train separations,
many systems are spread across many panels,
ontrols on the vertical section Jf the control boards are hard to

reach/access by nall people.

NO enhancement or demarcation techniques are evident on panels CP004,

005 and CPOO7 through 209,

Anthropometry Study

'try study discusses a number of observations related to the location of

lisplays., Some of these are outlined below:

hundred controls located above the lower panel surface do not
iccommodate 5-20th percentile operators using extended funetional reach

limensions devel