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PREFACE

The contrcl room design review (CRDR) of the South Texas Project (STP) Nuclear
Generating Station was started in September 1982. This review is being performed by
Torrey Pines Technology for Houston Lighting & Power Company (iIL&P) with Bechtel
Energy Corporation (Bechtel) acting as agent.

Prior to completion of the CRDR, a decision was made by HL&P to redesign six of the ten
main control panels. This redesign effort is required to accommodate design changes
resulting from plant design evolution and Reg. Guide 1.97 requirements. Human
engineering discrepancies determined in the CRDR for the six panels will be corrected in
the redesign effort.

The CRDR is desecribed in the Program Plan document. It contains a detailed description
of the tasks to be performed and the reports documenting the overall results. Due to the
control room redesign effort, a modified approach is required to complete and document
the CRDR program. The following changes have been made in the CRDR:

A.  The documentation program described in the Program Plan was changed to
allow reporting of results on the individual CRDR tasks.

B. An Implementation Plan Report was written to describe the background
and reasons for the redesign effort. It outlines the approach to be used for
implementing panel layout changes.

C.  The tasks described in the Program Plan will be completed for the original
design. The SFTA and the control room survey will be updated to validate
any design revisions.

5.5/03253
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This report is one of several documents (See Figure l) that deseribe the CRDR and the
associated redesign effort on the STP control panels. The following is a deseription of

these documentis:

A. Program Plan - Defines the plan for performing the CRDR.

B. Criteria Report - Provides the ba~'; for the CRDR and deseribes the interface

between the control rooin and plant systems.

Operating Experience Review Report - Describes the review process results,
conclusions and recommendations of the operating experience review (OER)

task defined in the Program Plan.

System Function and Task Analysis Report - Descrioes the methodology,
results, conclusions and recommendations for the SFTA effort defined in the
Program Plan.

Control Room Survey Report - Describes the review process, results,
conclusions and recommendations of the control room survey task defined in
the Program Plan. This report also includes the final results and dispositions

for the human factor observations obtained from the OER and the SFTA.

Annunciator Report - Describes the review process, results, conclusions and

recommendation of the annunciator review task cefined in the Program Plan.

Special Studies Report - Describes details of any miscellaneous studies
performed as part of the CRDR. This will include the anthropometric study,

the hierarchial labeling study and the demarcation study.

3.0/03253
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Implementation Plan Report - Summarizes the CRDR, the control room

design changes, and the proposed methods of implementing the desigr. changes.

Executive Summary - Summarizes the CRDR, results, conclusions and
recommendations. Technical details are in the Operating Experience Review
Report, the System Function and Task Analysis Report, the Control Room

Survey Report, and the Annunciator Report.
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SUMMARY

I'he control room design review process, detailed in the program plan, includes as a very
important generic task the operating experience review (OER). This report documents the
work performed under the OER task of the CRDR. Included are sections covering the
OER methods and procedures, and the comments resulting from the operator
questionnaires and interviews. These comments ar~ tabulated in Section 3.1 and 3.3
respectively, and have not been evaluated as to severity, desirability, or internal

disagreement. The OER is consistent with the program plan.

lhe System Task Analysis Team will prepare, on checklist observation (CLO) forms,
>valuations of the observations, with recommended resolutions, for presentation to the
Project Review Team. In this report, no screening has been performed to eliminate
duplication, either between interviewed personnel, or with other checklisted items. It is
to be expected that not all operator concerns can result in control room revisions due to

yther constraints such as schedule, cost, ete.

Many ol the operator's comments were confirmed by the other operator interviews, and
lor statistical purposes, this duplication is retained in the sections dealing with results of
the various interviews. However, when preparing checklist forms for presentation to the
PRT for resolution, an attempt was made to eliminate duplications between operator
comments. Soine comments were broad in scope, and generaliy were not transeribed onto
the checklist forms, because these aspects are examined during the Human Factors
Review. For example, "some controls are above (rather than below) their corresponding
displays.” In the absance of any more specifie information, each display in the control

om would have to be checked to identify those to which the operator referred.

However, one of the human factors checklists verifies just this criteria for each display.

In the interest of reducing effort, no OER checklist item would be prepared for the above

example.

Y& 9
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Disposition of the operator comments that have been transeribed will be carried out

according to the methodology described in the Program Plan, Section 4.

s = y ¢ 1
2:.9/03253
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1.0 PURPOSE
'he operating experience review (OER) was designed to assess all safety- and efficiency-
related factors of the projected STP control room as identified by supervisors and
operators. Its major objective was to i“entify aspects of the control room that were
‘onsidered problematic relative to operator performarce, as well as potential solutions to
those problems. Additionally, operat‘onal inputs were sought regarding outstanding
features ol the projected control room complex from the users' standpoint. The use of
critical incident techniques was considered, but rejected, due to their limitations for
collecting accident/incident data. Such limitations are stated in Chapanis, 1960, and in
Review activities conducted to achieve these OER objectives included the following:

[nitial and followup interviews with operations and shift superviors

Visit and tour of the plant site

Orientation/indoctrination meetings on plant systems and procedures

Review of plant-specific training materia’s

Preparation, distribution, and completion of questionnaires

supervisor/operator control board orientation

Cenduetiion of structured interviews based on questionnaire responses

9.5/03253
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METHODS AND PROCEDURES

INITIAL INTERVIEW WITH SUPERVISORS

I'he principal purposes of this interview were to familiarize the members of the operating
experience and task analysis teams with plant-specific systems and procedures; to discuss
criteria for selecting normal and emergency events to be used for task analysis purposes:
and to Indentify other information requirements. Information derived from the
Westinghouse Emergency Response Guidelines (ERGs) and the Final Safety Analysis R port
(FSAR) was used to structure interview questions. Other topics discussed included staff
responsibility in carrying out normal and emergency procedures; the logisties involved in
generating and reviewing the procedures; operator training conducted at the simulator and
at the plant site; probabilistic operator decision/ response data used in the sclection of
emergency transients; identification of cues used to diagnose emergancy conditions;
factors used for determining whether ERGs are written for a given emergency condition;

and annunciator response procedures.

[n addition to the ERGs and FSAR, other information sources to be acquired or considered

for inclusion in the operating experience review were identified, including:

westinghouse Plant Information Package (PIP)
Precautions, Limitations, and Setpoints
STP System Deseriptions

tquipment Technical Manuals

Licensee Event Reports (LERs) from related plants

03253
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F. Significant Operating Event Reports (SOERs) produced by the Institute of

Nuclear Power Operations (INPO)
Nuclear Power Experience Reports of the Petroleum Information Corporation

Eleetric Power Research Institute (EPRI) reports dealing with task analysis

and/or operating experience reviews.

The STF supeivisors were brieied on the planned approach for providing operators with

orientation on the mock-up, for distributing questionnaires to the operators, and f{or

conducting the follow-up interviews based on operators' questionnaire responses. They

also were informed of the general nature of information sought from supervisors and
operators. Job descriptions were requested and obtained on all operational personnel, and

staffing requirements were discussed.

VISIT OF PLANT SITE

Following the initial interview with supervisors, five members of the operating review and
task analysis teams traveled to the plant site. During the visit, a guided tour was
conducted of STP Unit One by a shift supervisor. Further information was acquired and
discussed pertaining to selected plant operating events. Inputs were obtained from the
STP management staff concerning content areas to be addressed by the questionnaires and

interviews, as well as the logisties for administering them.

REVIEW OF TRAINING MATERIAL

STP training materials were obtained from, and discussed with, the Operator Training

Supervisor. These materials concerned the following topies:

A. Conduction of formal classroom and on-the-job training for operator and

senior operator nandidates

5.9/02253

T460P/0692P




HOUSTON CONTROL ROOM

" ;mmmc DESIGN REVIEW
QT FOWER CO.

B. Training objectives and lesson plans
Content and duration of each phase of training
Coordination und sched"ling of simulator training
Preparation, administratior, and grading of examinations
Evaluation of each candidate's readiness for NRC license examination
Procedures for m aintenance of training records
Examination of document forms and audiovisual aids
PREPARATION OF QUESTIONNAIRES

A questionnaire (Appendix A) containing 66 items was prepared covering the content areas
included in NUREG-0700. Ail applicable guidelines contained in NUREG-0700 were used
to structure the questionnaire. Questions were posed such that eccentable aspects of the

control rocom or panels were indicated by "YES" responses and undesirable or regative

aspects by "NO" responses. This was done to faciiitate response analyses. For "NO"

answers, responcents were asked to indicate the specific protlem or deficiency and, if
applicable, the specific components or equipment in question. Recommendations
concerning actions that could be taken to correct or improve the defic'encies also were

sought. Confidentiality was assured and maintained for all respondents.
OPERATIONAL PERSONNEL AND CONTROL ROOM ORIENTATION
tleven operational personnel participated in the OER. Prior tc completing the

questionnaire, five supervisors (three of whom are designated Senior Reector Operators)

and six who are designateu Reactor Operators (two of whom are training instructors)

5.5/03253
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underwent a standard orientation on the mockup of the STP control panels located at the
Bechtel-Houston facilities. Background data on the supervisors and operators are shown iIn

l'able 2.5~1.

Mean total :xperience of these personnel is 15.7 years while their mean experience with
HL&P is 4.6 years. Ten of the eleven personnel are former Naval Reactor Operators. The
orientation consisted of the execution of a normal steam bubble startup procedure in Its
entirety using the HL&P/STP plant procedures manual. The procedure required
approximately three hours to complete, commencing with the establishment of nitrogen
pressure and terminating with main steam reheat temperature verification at 35% power.
Supervisors and operators worked in teams of three or four in conducting the procedure.
lhe startup procedure was selected to provide the supervisors and operators with
representative structured exposure to board components and overall laycut prior to
completing the questionnaire. This exposure was considered to be especially critical since

no STP operating experience could be used to guide responses to the questions.
COMPLETING THE QUESTIONNARIE

Having undergcne board orientation, respondents completed the questionnaire at the plant
site. They were permitted up to five days to complete the questionnaire. The mean
actual amount of time required to complete the questionnaire, as estimated by the
respondents, was 3.8 hours. Questionnaires were submitted to the Operating General

Supervisor who checked them for completeness before returning them for analysis to the

OER team. Prior to scheduling the follow-up interviews, cuestionnaire responses were

carefully reviewed and assessed on a preliminary basis. This review and assessment
enabled the OER teai cus the follow=up interview on questionnaire content areas
that were identified by respondents as potential problem sources. Thus, optimum use

could be made of follow=up interview time

9.5/03253
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CONDUCTING THE FOLLOW-UP INTERVIEW

Follow=-up group interviews (Appendix B) were conducted at the Bechtel-Houston facilities
>~10 days fo! ing board orientation and 3-5 days after questionnaires had been returned

to the OER team. Interview sessions required approximately three hours to conduct.

Fhree of the interviews included two respondents and one interview was comprised of four
respondents. The Operating General Supervisor was interviewed alone. Since interview
questions were compatible with those contained in the questionnaire, respondents were
encouraged to provide more detailed comments on problem areas they had noted on the
questionnaires. To facilitate this process, each respondent was provided with his
questionnaire which was used to s*ructure his interview response:. Additionally all
respondents were interviewed within the 57 mockup area. This permitted them to point
yut equipi.ent-specific problems on the panels as they responded to each question. This
procedure proved highly effective in eliciting ail pertinent operational inputs. Emphasis
was placed on iInterview questions that had produced "NO" responses and problem notations
on the questionnaire. "YES" responses on the questionnaire were addressed by interview
questions only if the

engineering concepts. As noted earlier, this optimized the use of interview time.
Interview data were evaluated immediately following the completion of each interview.
['his was done to assure that the information will not be misinterpreted by the OER Team

» of final data analysis.

T460P/0692P
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QUESTIONNAIRE/INTERVIEW RESULTS

General problem areas relating to the STP panel design were identified by
tabulating questionnaire responses and summarizing those responses by
NUREG-0700 content area. The purpose of this approach was to provide summary
data that could easily be compared with dsta produced by the human factors
survey and checklist evaluations. More detailed data on problem areas were

derived from the fol’ow-up interviews.

PROBLEM AREAS IDENTIFIED FROM QUESTIONNAIRE RESPONSES

'hree major content problem areas were identilied from questionnaire responses
as shown in Table 3.1-1: annunciators, controls, and overaill panel
layout/integration. These content areas produced an average of 66.0, 50.4, and
49.3% "NO" responses, respectively. As noted earlier, "NO" responses indicated
perceived problem areas in all cases. To determine those questions (over all
content areas) that produced the highest percentage of "NO" responses, an item
analysis was conducted. Thirteen questions were identified as those which were
answered "NO" by nine (82%) or more of the 11 respondents. Each gquestion

includes the percentage (and number) of respondents answering "NO" as well as

some of the reasons or comments accompanying the response.

A. Workspace (Question No. 5 Appendix A)

Do you feel that all visual displays are located in a viewing area that provides for

efficient and comfortable monitoring?

82% (nine) of the respondents answered "NQ",

253
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T'ABLE 3.1-1

PERCENTAGE OF "YES" AND "NO" QUESTIONNAIRE RESPONSES =
Mean Mean Mean
% % %
NUREG-0700 Content Area No. of Questions "X ES" "NO" "UNCERTAIN"
Workspace 6 68.2 30.3 1.5
Controls 13 49.6 50.4 0
Displays 11 56.3 37.1 6.6 k
Annunciators 12 29.5 66.0 4.5
Labels/Location Aids 15 63.6 34.0 2.4
Process Computers 2 82.0 9.0 9.0
Panel Layout/Integration 7 49.5 49.3 1.2

o

5.3/03253
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Reasons given included:

Indicators (pressure, temperature, flow) too high on panels
Annunciators hard to read

Permissive panel hard to read from RO panel

Recorders too high on panel

Syneh. scope on 010 too high

Bistable status lights hard to read

Auxiliary feed flow indicators hard to read

B. Controls (Question No. 7, Appendix A)

Do you feel that controls are arranged to facilitate operator responses?

(ten) of the respondents answered "NO",

Reasons given included:

lTurbine controls and generator voltage and breaker controls are too far
apart
Auxiliary feedwater controls are scattered
Controls are not mimiced and hard to identify
VCT controls are poorly arranged
Main feedwater system controls not grouped properly
ESF controls inconsistent across 001, 002, and 003
Steam dump control switches are too far away from steam dump
controllers
One set of manual SI switches should be on ESF panels
HVAC spread all over panels
10. Controls require excessive operator movement

11. Controls are not standardized by control function

1 460P/0692P
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C. Controls (Question No. 9, Appendix A)

Do you feel that all controls will be easy to reach and manipulate by both small

and large operators?
82% (nine) of the respondents answered "NO",
Reasons given included:

Boards are too tall

Small operators will have problems reaching certain controls on vertical
panels

Some controls and all recorders are hard to reach, even for tall persons
DRPI controls on 005 impossible to reach

BT RS ecntrols on 004 hard to reach

Case-by-case evaluations should be done on operator reach

D, Controls (Question No. 10, Appendix A)

Do you feel that controls are well arranged with respect to plant systems?

82% (nine) of the respondents answered "NO",

Reasons given included:

004 illogically arranged

Turbine drain switches are scattered

Generator controls should be nearer turbine controls

Controls for same system are on different p¢ neis or spread too much on
one panel

Reset switches on ESF boards poorly arranged

CVCS system controls not integrated

Auxiliary feedwater system illogical

Feedpump master controller should be nearer the middle of 006

Controls are too scattered about the panels




HOUSTON CONTROL ROOM
LIGHTING

" DESIGN REVIEW
PROJECT POWER CO.

E. Annunciators (Question No. 20, Appendix A)
Do you like the design and overall layout of the annunciators?
91% (ten) of the respondents answered "NO",

Reasons given included:

l. Annunciators should be arranged by degree of importance (need
prioritization)
Layout is inconsistent with Westinghouse design for permissives and is
not labeled for clear understanding
Permissives should be on separate panel with permissive number
Permissives need auditory tone when actuated and when reset
Need first-out indications
Annunciators are hard to read
Common systems are not grouped together

Many alarms on 007 (e.g. RCB and loose parts monitoring) should be on
UuS

Layout is illogical with respect to systems

Should be able to silence an alarm from any panel and acknowledge from
system panel

Recommend color coded annunciator system

Panels contain too many miscellaneous alarms

Controls for a given system are on different panel from their

corresponding annunciator windows

F. Annunciators (Question No. 22, Appendix A)

Will each annunciator be dedicated to only one plant parameter set point?

100% (all eleven) of the respondents answered "NO",

5.5/03253
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Reasons given included:

l. Too many high/low inputs (need indication of status nearby if multiple

input alarms are to be used)

9

2. Common alarm annunciators should be carefully reviewed

3. There are several general catagory alarms
G. Annunicators (Question No. 23, Appendix A)

Do you feel that it will be possible to rapidly identify the initiating event

(first-out) for automatie plant shutdown?
100% (all eleven) of the respondents answered "NO",
Comments given included:
There are no first-outs (they are needed badly)
Highly recommend that first-out feature be incorporated into design
In the event of computer outage, operator has no way to diagnose what
caused a plant trip
4. No first-outs, prioritization poor
H. Annunciators (Question No. 25, Appendix A)
Are you satisfied with the prioritization of alarm levels?
1% (ten) of t"e responder*s answered "NO",
Comments given included:
What prioritization?
No prioritization exists

No priorities have been establishec

Annunciators need to be color-coded by priority

5.5/03253
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I. Annunciators (Question No. 27, Appendix A)

Do you feel that the annunciator tiles are properly and consistently labeled and

easy to read?

100% (all eleven) of the respondents answered "NO",

Reasons given included:

1. Tiles are too small and too cluttered
Too many letters in small area
Diflicult to distinguish among tiles
Poor labeling
Inconsistent abbreviations
Hard to read and identify

Labels are inconsistent within panels and across panels

J. Labels and Location Aids (Question No. 41, Appendix A)

Are controls, displays, and other equipment clearly and accurately labeled?

(nine) of the respondents answered "NO".

Reasons given included:

Labeling needs to be reviewed for accuracy and consistency with FSARs
ind Westinghouse tech manuals

Recorders (e.g. Steam Generator Level, Steam Flow) are poorly labeled
Need major system labels (especially on ESFs)

Labels on controllers need to inciude the system or funection being
controlled

Recorder labels do not indicate what is recorded (RCP and SG, e.g.)

2 /1 )& 12
Jed/ USLD9
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K. Labels and Location Aids (Question No. 56, Appendix A)

D]

Do you feel that demarcation is adequate

91% (ten) of the respondents answered "NO",

Reasons given included:

1. 004, 005 and 006, need demarcation
Very little demarcation is used
Demarcation is used only on ESF panels and it is not labeled
Demarcation is needed on 004, 005, 007, 008 and 009

1

L. Panel Layout/Integration (Question No. 60, Appendix A)

Do you feel that the panels are effectively designed with respect to the overall

layout of controls, displays, and other equipment?
82% (ninej of the respondents answered "NO".

Reasons given included:

Need more logical and functional groupings
Need better demarcation and better labeling

004, 005, 006 and 007 are especially poorly laid out

Many of peripheral panels that are outside of the primary operating area

need to be included in main panel layout

Electrical controls are much too far from turbine controls

Feed pump master controller should be located between individual
controls

Panels need extensive rearrangement

s .
5.9/03253
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M. Panel Layout/Integration (Question No. 61, Appendix A)

Are controls and displays that are used together grouped together otherwise

logically arranged?

nine) of the respondents answered "NO".

e following systems are illogically grouped:
RHR and CVCS
lurbine to Generator
Main Feedwater
Auxiliary Feedwater
0 EHC controls

Steam generator controls and dispiays are split

Rod position indication and controls could be better integrated

CORRELATES OF PROBLEM IDENTIFICATION ON QUESTIONNAIRES

]

No significant relationships were found between questionnaire responses ("YES" vs. "NO")

" ¢ n

ind variables related to respondents' background and experience. For example, "NO
responses were no more prevalent among those with more ( > 15 years) experience than
those with less ( < 15 years) experience. Similarly, while some response differentiation
occurred belween supervisors and operato:s and between SROs and ROs, these differences

were not statistically reliable,

INTERVIEW DATA

previously noted, the primary objective of the interview was to obtain detailed
*omments on the general problem areas identified in the questionnaire. Another objective
was to obtain safety and efficiency ratings of the STP control panel design with respect to
each NUREG-0700 content area.

3.2/03253

7460P/0692P




HOUSTON CONTROL ROOM
LIGHTING DESIGN REVIEW

SOUTHTOWS &

PROIECT POWER CO.

Table 3.4-1 shows a list of interview results by content area. Some of the findings relate

to commendable aspects of panel desigr id others to the respondents' xf)rvft,‘rmn'ﬂs

recommendations concerning the final STP control room design. In generating the

following list, no attempt was made to evaluate the criticality of a given problem or
recommendation in terms of its overall effect on plant operating conditions. Respondents
were asked to consider both number and eriticality of problems for a given content area in

ts overall safety and efficiency.

A. CONTROL ROOM WORKSPACE

Access t
8. Securty

yblem (excess traff

panels
space, "*:"““L“‘.:.' 105 ana U066 irea: recommend
i3 arrangement should permit
face panel while writing; fixed podium could be mounted
or extendable
rreat; generator breaker

with turbine-generator

servisors off P 1 1dequately located but could be nearer and

petter alig ] nary operating area. Supervisors' view

+

of the entire | n be limited given the present

ocation.
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Lighting, Acoustics, Temperature

o To be determined

0 Lighting placement, adjustability is critical

0 Recommend diffused, non-glare, egg-crate lighting
Recommend carpeted floors with heavily padded runner in front
of panels (will reduce fatigue and decrease noise)

0 Printers may be noisy unless covered

0 Control rooms are generally too cold (equipment purposes)

Anthropometry

o Panels are too tall (9 ft.) and too deep (31 in.)

0 Will have to administratively control operator size (this is not
considered problematic)
Panels contain many controls/displays that could be relocated
(backpanel) or removed (e.g., too many SG drains on 008; too
many chart recorders)
Annunciators are hard to read

Some vertical meters will be hard to read (parallax)

Contrcl Room Furniture and Equipment

a.

Furniture to be determined; chairs should be as shown in Exhibit
6.1-19 of NUREG 0700 except without arm rest

Additional desk or table is recommended (to be located away from
004, 005, 006)

Need ladder that enables ROs to change bulbs and paper without
standing on panels

Need portable cart for transporting procedures and writing materials
Protective and emergency equipment should be easilv accessible
within CR complex

Printers may need to be closer to primary operating area for

convenience
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Relocated Equipment

o CP 016 (Auxiliary Boiler Panel) could be out of control room

0 CP 011 (Nuclear Instrumentation) should be in primary
operating area
BA bateh tank controls (004) should be moved to Chemical
Operations panel
CP 018 may need to be in primary operating area (depending on
information it contains)

h. Kitehen and Restroom

0 Restroom and kitchen should be slightly closer to (or in) control
room envelope and should be designated for use by operational
personnel only. Need coffee pot in control room; otherwise one
RO will have to handle all panels while other RO leaves control

room.

4. Plant Shutdown

a. Given present control room equipment, safe plant shutdown can be

accomplished but could be facilitated with more efficient panel

layout
Plant-critical decisions (except fire- and seismic-related) can be
made within primary operating area

c. In some cases, status information cannot be determined (e.g.
pressurizer spray valves on 005)
Phone with outside line should be outside the control room unless
access to control room is limited to ROs only
Plant alarm system needs to be in control room (locations and

characteristics to be determined)

Annunciators

1s Arrangement is illogical
a. No first-outs are provided (need separate first-out panei)
)

No prioritization is provided (need coding by row or by color)

3=12
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Initiating events are hard to identify

Some multiple input alarms (e.g. CVCS) exist

Annunciators have to be silenced on the same panel as alarm. RO
should be required to go to that panel to acknowledge, but not to
silence, alarms

Common alarms should have reflash and repeat capability

Some controls are on different panel from corresponding windows
Some alarms cannot be controlled from the control room (e.g. sump
alarms on 005); these should be removed from the control room
annunciator system

Arnunciators should have one window for each alarm (not two alarms
per window). Light diffusion is potential problem (need dividers in

status indicator windows)

l'ile abbreviations are inconsistent and wordy
8. Need description of specifie nature of problem

|2

006 tile engravings should be alphanumeric

Many sump and bateh tank alarms could go on computer
Many alarms should be moved to bistable status system with controls
integrated into the displays

Too many tiles lit during normal operations (prefer black board)
l'iles are too high on panels (hard to read)
Plastic tiles and hinges break easily and often

Annunciator Controls
2. Need demareation
Pushbuttons could be replaced by joysticks (better touech

differentiation)

e 2/09027
ded/ UO &I
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Need more alarm CRTs

Interaction with PAMS is poor

Need more functional layout on 005 and 006

Location of tiles for given alarm is inconsistent from one panel to another

Need permissives on 006
Recommend auditory differentiation for each area alarm (but not per

panel)

panels contain too many controls (e.g. supply cooler fans, drain

controls on 007, and BA batch tank control on 004); one set ol

CIB/CVI econtrols on 005 could be moved to ESF; one Sl switeh & one
[A/CVI switeh on 005 could be moved to ESF; one Rx trip switeh on 005
could be moved to 007

ntrol types are not standard for valves and pumps (pumps, fans, and

'

breakers should be pistol grips; valves should be 2940s)

Some controls are hard to reach by smaller operators (e.g. BTRS controls
on 004 and bus selector switches on 010); eritical controls should be in

easily reachable locations

Layout for some controls is illogical (e.g. SGFW on 006 and HTR layout
on O rontrol arrangement is inconsistent on ESF panels (e.g. CRDM
vent )1 flow orientation on 004 is illogical; need more breaker

controls ¢n 010 from 13.8 busses, otherwise have to rely on AO to provide

information to return to normal conditions.
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5. Rod control switch will break easily (poorly designed)

6. Control positions (e.g. auto) should be standard from one panel to another

and within panels (e.g. Auto-Open vs. Close-Open 2940s)

&L

Some controls should be moved (e.g. one Rx trip and SI actuation control
on 005; controllers on 007 should be on 006). Feedpump master switch on

006 should be centrally located. FW reset switches on 001 should be on

006 (same for turbine-generator).

Need color or shape coding for switches for easy differentiation (e.g. 006

g

and 007); this is especially true for eritical controls (e.g. Rx trips).

Is used in conjunction with each other are separated by too

listance (e.g. generator controls on 007 and 010); auxiliary feed

pump controls, steam dump switches, and steam 2ump controller on 007.

sequencing of control operation within a svystem is poor; process flow

W

I be standardized and mimiced.

confusing. If they are to remain on panel,

drain switeh need demarcation; MSIV and bypasses should be

reoriented, Vi y above by

passes.

iump switeches on 007 should be direetly beneath their indicators
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13. Rx trip switches on 005 should be closer to their indicators; also

mid-position should be "Normal", not "Actuate"

Systems/subsystems relationships are unclear

Charge flow controls on 004 are above (rather than below) their indicators

Accidental actuation of some ecritical controls is possible (e.g. rod
control, turbine trip, steam line isolation, and steam dump); these need

covers 0. recessed pushbuttons
me switches are hard to operate (e.g. rod control switeh)

rollers need status i1ndications, otherwise easy L0 operate.

e
5 sl

ontrollers on 007 should be higher on panel (drain valves could be

oved); dual indications on controllers hard to interpret; buttons could be

il

vitches are easy to use except J-position (RO has to hold In

rood except controls should be lower

Recorder pen selector controls should be standardized (preferrably

knurled knobs for both controls)

'he operation of TAVG ] d At switcehes (005) may cause defeat

of other than intended I«

Need position indication of condensate polisher bypass somewhere on

panels (e.g. on 008)

ded/ UI LD
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RO has to go through "Man" from "Off" to "Auto" in operating the main

turbine turning gear control on 007
Need bearing lift pump control

Need precise status of valves open on 007; demand information is given

but need status

Pressurizer control on 004 needs indication of "Auto" values prior to

switehing from "Man" to "Auto"

Control actuations should be consistent across panels

Some displays are illogically arranged (e.g. shutdown counters, bypass

5

status, synch. meter on 010 should be directly above breakers or on

ivel at each end of panel, chart recorders on 004 and 005).

Meters should have hi/lo limits.

meters are located too high on boards (e.g. those on 010).

5 have inconsistent units of measurement (e.g. SG blow

e meters and controller set points require mental conversion
meters).
Some displays that are used in conjunction with each other are not

grouped functionally (e.g. 005).

Some displays do not (but should) indicate status of system or subsystem.

y -
=17
)
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8. Some chart recorders will produce information of very limited use (e.g.
007 and 009); 005-NR 45 recorder actually has three scales, when door is
closed, RO cannot see; scales are confusing, so ROs use meters; multiple
stamp recorders are hard to read, superimposed numbers, excess ink and

blur; multiple pen recorders produce superimposed lines, hard to read.
Some displays are too far removed from their associated control.

More alarm CRTs are needed.

Need bearing lift pumps indication.

Operating range on turbine shaft speed indicators is unrealistically large
(should be 0-2400 RPM). (For generator electrical load, should be 0-1500
viw.)

Remote digital displays (rear projection) may be hard to read.

LP Inlet Steam Temp Meters on 008 actually will have three 2-pen
neters rather than of six single-pen meters (this is better for matehing
values).

Colors on vertical meter pointers need to be standardized.

Switeh indicator lights on 004 should not both be red (one should be

another color).

Feed pump displays on 006 give no indication of the status of lube oil,

turning gear, and vibration eccentricity.

HCV 218 gives no feedback indication of valve status.

Need indication of Loop Delta T, Steam Flow, Feed Flow relative to

reactor power.

" e
oot ].n,l.l
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20. Digital clock on 009 should be on 004, 005, or 0086.

The nine vertical meters on the top right side of 006 (Segment B) are not

needed; the four meters to the left of those nine should be on 005.
Failed two-needle meters are hard to identify.
Recommend circular meter for wind direction.

Permissive status lamps (006) are cluttered and hard to interpret; not

logically arranged by rows and columns.

and Location Alds

1jor svstems are not labeled.

Labels are not above some indicator lights.

Some functional groups are not labeled (e.g. Rx coolant flow on 004)

No hierarchical labeling is provided.

NO |

Some labels are inconsistent with FSARs and technical manuals.

‘hart recorder labels should show what parameters are being recorded.

rend recorders are not labeled.

Abels should indicate the controlled device rather than (or in addition

to) the controller number.
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™Y

Labels are inconsistent with respect to wording, nomenclature, and

abbreviations.

Labels are not consistently located above controls/displays.

Labels should be color coded by system or function.

Panels need more (and better) demarcation and mimies (especially 04,

005, and 006).

Many labels do not include functions (e.g. vent fans and RHR HX; on 001

main FW on 006).

viany labels do not (but should) provide measure ment units.

Controllers for specific valves should indicate what is being controlled.

"Manual” vs. "Auto" control not differentaited on some 2940s.

Cross connect valves (001) mislabeled; needs clarification concerning

origin vs. destination.

Rx coolant pump recorders (004) need more specific and complete

labeling (same for SG1A recorder).

Need row/column designator matrix format for annunciator labels.

Switeh on chart pen recorder (005) will cover some labels in any given

position.

"T' Error” vertical meter on 005-a mbiguous.

M'urbine Control Panel (008) "Loss" should be "Low",

3=210)
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Reactor Coolant Pump Recorders (004) should have "Seal Leakoff" on

labels.
Need clearer demarcation between panels (wider lines).
Panel numbers should be top-center.

5 Mimies on 010 wrong color-emergency transformers should be red;

generator/auxiliary should be blue; standby transformers should be amber.

Labels on PRT Vent Control Isolation Valves need indication of "inside"

or "outside" containment.

Panel Layout
[llogical and inefficient arrangements (e.g. CVCS; 004, 005, and 0086) in
general; shutdown counters should be arranged bottom to top since rods

are withdrawn that way; not funetionally grouped.

Some controls used in conjunction with each other are separated by too

great a distance (e.g. generator controls on 007 and 010).
re and better demarcation and mimiecs are needed.

A4, 1 . 1
viore Color coding 1s needed.

5. Some controls are above (rather than below) their corresponding displays

(e.g. charging flow on 004).

Need more alarm CRTs.

3.9/03253
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Some controls are separated from their corresponding displays by too
great a distance (e.g. some selector switches on 005 give indications on
006 and on ESF panels); meters are too far away from controls within
006; PZR level (005) control and display are on separate panels; steam

header pressure and feedwater header pressure are split.

Sequencing of control operation is not optimized within a panel in some

cases; need arrangement by logical flow.

Control arrays on 007 are confusing.

System/subsystem relationships are unclear.

ESF panels need standardized arrangement (002 different).

007 and 010 should be closer, or need additional controls on 010 to mateh

frequencies.

For the PZR heaters on 005, the uackups should be grouped together with

he main control isolated from that group.

Condensate pumps optimally located.

VMost eritical equipment is located as it should be on 004, 005, and 006.

\ll auxiliary feedwater pump flow meters on ESF should be on 008,

SG levels on ESF should be on 006,
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18. Need indication of control position in eclose proximity to the

corresponding control; e.g. level PZR record selector on 005 contains

three positions on controls, but only one of these is indicated on adjacent

meters. On 006, SG1A level selector has two positions but only one is

indicated on adjacent display.

Control - Display Integration

Separation of controls and displays is too great in many cases (both
’ Pia) P) \

within panels and among panels); e.g. turbine-generator controls-displays

are split.

lationships are unclear (e.g. SG, CVCS, and Rx)

Systems/subsystems rels
3 are above (rather than below’ their corresponding displays.
Doards are inconsistently arranged and poorly integrated.

e controls are above or to the side of corresponding displays. BA

on 007, controls-displays

tank controls-displays are split; steam dumps

are split laterally; auxiliary feedwater pump to SG1D controls-displays

are split (control on 006, display on 001); BTRS system (004) controls are

above displays.

Generator ntro on 007; synch scope used in conjunction witl

renerator controls is on 010.
SG vertical meters need to be integrated with controller on 007.
Steam pressure indications on 006 and 007 should be together.

Rod eontrol switeh is too far away from vertical meter on 005.

Jadd IJ )

7460P/0692P




HOUSTON CONTROL ROOM

;ncmmc DESIGN REVIEW

N

™ TOWS
ROJECT POWER CO.

EFFICIENCY AND SAFETY RATINGS BY RESPONDENTS

At the completion of each interview session, respondents were asked to subjectively rate

he overall efficiency and safety of the STP control room with respect to each

NUREG-0700 content area. Three general categories were used to generate the ratings:

)

unsatisfactory, questionable, and satisfactory. Table 3.4-1 presents these efficiency and

salety

ratings by category for the eleven respondents. Table values represent the

b).“

frequency of ratings (humber of respondents) contained in each category separately
content area. All of the content areas except two were rated inefficient by the majority
of the respondents, and the exceptions (workspace and control-display integration) were
rated of questionable efficiency. The overall safety ratings of the control room are less
clear. In general, the respondents reserved judgment on safety aspects of the control
room until the plant becomes operational. This is reflected in the preponderance of

"Questionable" ratings as applied to most of the con However, it is interesting

to note that f the eleven respondents rated the pane ayout unsafe as designed
relative to overall pl .t operations. The conclusion to be drawn [rom the eilliciency and

safety ratings 1s that fron operational standpoint, substantial improvements need to be

made to the design and arrangement of the control panels.

1lso wa YUg concerning control room procedures

ft rotation schedules, training, and management

determined 1at Si control orocedures ire currently under

are being generated by the operational management staff. Preliminary

vVersions ¢ ome procedures (e.z. those for plant startup) have already been written and
ire undergoing revision. The startup procedures were used land modified as required) for
rontrol panel orientations described in Section 2 Respondents were asked for

suggestions concerning procedures or policies that could be used to improve overall plant
] g | [
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control (relative to erdati plants with which they were familiar). Following is a

such suggestions

. Access to tt itrol n s e restricted and

Policy con~erning pers« sh be establishe«
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extending the control panels horizontally and increasing the physical space required to
accommodate the panels. This increase in size may create as many human factors
problems as it solves. Thus, human factors design trade-offs and constraints must

considered in the evaluation of all previously-cited OER results.

5.9/03253
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CONCLUSIONS AND RECOMMENDATIONS

Data obtained from the OER stuay indicates that modificati ire necessary to

the present control panel design if the final arrangement is to be optimized

from the standpoint of operator use. The extent of such modifications cannot
be determined entirely on the basis of the OER results. However, based on the
number and potential severity of the human factors problems identified by
operational personnel, extensive modifications in panel layout (or a complete

redesign of the panels) would seem to be warranted.

5.5/03253
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APPENDIX A

SUPERVISOR/OPERATOR

QUESTIONNAIRE
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STP CONTROL ROOM DESIGN REVIEW

SUPERVSOR/OPERATOR QUESTION N AIRE

Your Job Title:

Operating Experience:
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Purpose

This questionnaire is intended to gather information from STP plant supervisors and
] b v
operators. This information will be used in conjunction with data from other sources in

the STP Control Room Design Review. The interest is in obtaining your opinion about

both desirable and undesirable aspect of the control room. Please be sure that you have

obtained appropriate experience on the mockup located at the Bechtel-Houston fanilities

before completing the questionnaire. A review of this questionnaire is recomnended

prior to your mockup orientation. While your experience with other.operating) plants

will probably influence some of your responses, please confine your responses to the STP
Control Rooni.

Completing this Questionnaire
—— -~ 8

Each question should be answered with either a "Yes" or "No" response.

uestions are posed such that acceptable aspects of the control room

panels are indicated by"YES" responses and undesirable aspects are

signified .y "NO" responses. For "NO" responses, please indicate the
nature of problems or deficiencies, and, if applicable, the components or

equipment below the response. An example of such a response is provided

on the tirst page of the questionnaire. If you know of actions that could

be taken to correct deficiencies, piease include a brief deseription of

them. Feel free to comment on"YES" responses also, if vou wish. If

additional space is needed, use supplemental sheets of paper. Include the

question number on each supplemental sheet. Questions are posed for the

content areas contained in NUREG-700. Please consider the content

area shown at the top of each page before responding to a given question.

6804P /0659P
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To minimize writing and avoid redundancy, it is recommended that you read
over all the questions for a given content area before responding to any of
them. This questionnaire contains only content area questions that can be
answered given the present state of STP construction. For example,
communications and process computer content areas cannot be fully addressed

until the plant becomes operational.

It is preferable to include brief deseriptions of multiple problems rather than
detailed descriptions of a single problem. It will be possible to go into more
detail for a given problem during the upcoming interview.

ob title is needed so your responses on this quest ionnaire can be used to

ure your interview. All information obtained from questionnaires and

nterviews will remain confidential. No information will be linked to specific

Individuals for future licensing or performance evaluation purposes.

Information will not be released for HL&P review. All questions are designed
to assess the control room only. Your complete and candid inputs via this
questionnaire and the interview will hopefully result in an operator-orient ed

control room. Thank you for your cooperation.

6804P /0659P
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Do you feel that the data entry keyboards are well-designed and will they be easy to

use?

YES (Keyboards Well-Designed And Easy To Use)

N O (Keyboards Poorly Designed Or Hard To Use)
V|

|. EFIS Keys too cmall and tro c?t‘}p toﬁi',‘ﬂ\er

. “oku&ml Lo data eniry emors, esPemaLL,
f\r theee with large G QJ weder furbule
comdi4ioms A\/
S
2.Clivacions ©1 kzqf,kv\*u‘ 4o read
froma pilot

Poar Contrag b€+w0¢n ]-'ql«f ?”An% Keune
L 7

e A white Cl'\aucfers
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' Workspace Considerations

Does the projected control room contain all the instrumentation and equipment

needed to detect and arrest abnormal plant conditions?

YES (nstrumentation/Equipment Is Sufficient)

NO (Insufficient Instrumentation/Equipment;

6804P/0659P
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STP Workspace Considerations

Do you think it will be possible to bring the plant to a sate and undelayea shutdown

given the projected instrumentation and equipment?

YES (Shutdown Safe And Undelayed)

NO (Potential Unsafe Or Delayed Shutdown)

6804P/0659P
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STP Workspace Considerations

3. Will it be possible to make all plant-critical decisions and responses within the
projected primary operating area’

YES (Decisions/Responses Can Be Made)

vecisions/Responses May Have To Be Made

ary Operating Area)

6804P/0659P




HOUSTON CONTROL ROOM

fl;IGHNNG DESIGN REVIEW
POWER CO

STP Workspace Considerations

Is the shift supervisor's office conveniently located to the primary operating area?

YES (Conveniently Located)

NO (Inconveniently

6804P/0659P




HOUSTON CONTROL ROOM

;ucmmc DESIGN REVIEW
IPROJECT  POWER CO.

STP Workspace Considerations

Do you feel that all visual displays are located in a viewing area that provides for
efficient and comfortable monitoring?

YES (Displays Are Easy To Monitor)

NO (Some Displays Difficult To Monitor)

6804P /0659P




HOUSTON CONTROL ROOM

;IGHTING DESIGN REVIEW

\
PROJECT POWER CO.

STP Workspace Considerations

6. Given the present control room design, is there adequate writing space?

YES (Adequate Writing Space)

NO (W l‘ltl!,;: .\5)«1\."‘ l[,.j(:t,"igl;‘it'f,

6804P/0659P




HOUSTON CONTROL ROOM
LIGHTING DESIGN REVIEW

5 THTEARS &
IPROJECT POWER CO

STP Controls
Do you feel that controls are arranged to facilitate operator responses?

YES (Good Arrangement)

NO (Undesirable Arrangemen

6804P/0659P




HOUSTON CONTROL ROOM
;'GHT'NG 'ESIGN REVIEW

STP Controls
8. Are controls easy to identify?

YES (Easily Icentitied)

6804P/0659P




HOUSTON CONTROL ROOM
LIGHTING DESIGN REVIEW

STP Workspace Considerations

Do you feel that all controls will be easy to reach and manipulat e by both small and

large operators?

YES (All Controls Reachable And Easy To Manipulate)

NO (Some Controls Difficult To React * Manipulate)

6804P /0659P




HOUSTON CONTROL ROOM

;lGHTING DESIGN REVIEW
PROJECT POWER CO.

STP Controls

10. Do you feel that controls are well-arranged with respect to plant systems?

YES (Optimal Arrangement For Systems)

b804P/0659P




HOUSTON CONTROL ROOM

glGHTlNG DESIGN REVIEW

TH TERR®

PROJECT POWER CO

STP Controls

Il. Withir a given system (steam generator, e.gl), do you feel that controls are

well-arranged for subsystems (feedwater turbine pump, e.g. )"

YES (Optimal System Arrangement)

6804P /0659P




HOUSTON CONTROL ROOM
LIGHTING

s DESIGN REVIEW
POWER CO.

STP Controls

12,

To make the operator's job easier, there should not be too many or two few controls.
In

your opinion, do the STP boards contain an optimum number of controls to
- 4t

accomplish all required functions?

YES (Number Of Controls Is Optimum)

6804P/0659P




HOUSTON CONTROL ROOM

;lGHTING DESIGN REVIEW

POWER CO.

STP Controls

13. Does the arrangement of controls make accidental activation unlikely?

YES (Accidental Activation Is Unlikely)

NO (Some Controls May Be Accidentally Activa

6804P/0659P




HOUSTON CONTROL ROOM

;lcmwc DESIGN REVIEW
PROJECT POWER CO.

STP Controls

14. Is thz arrangement of controls consistent across boards and across systems?

YES (Consistent Arrangement)

6804P/0659P




HOUSTON CONTROL ROOM

;IGHTING DESIGN REVIEW
PROJECT POWER CO.

STP Controls

15. Are the physical characteristics of controls (shape, size, type) consistent across

boards and across systems?

YES (Characteristics Are Consistent)

~

NO (Inconsistent Characteristics)

6804P/0659P




HOUSTON CONTROL ROOM

;IGHTING DESIGN REVIEW
PROJECT POWER CO.

STP Ccntrols

16. Do y»u like the design and arrangement of pushbuttons?

YES (Good Design And Arrangement)

NO (Undesirable Design Or Arrangement)

6804P/0659P




HOUSTON CONTROL ROOM

. ;;lGHT'NG DESIGN REVIEW
PROJECT POWER CO.

STP Controls
17. Do you like the design and arrangement of the J-handles?

YES (Good Design And Arrangement)

NO (Undesirable Design Or Arrangement)

6804P/0659P




HOUSTON CONTROL ROOM

;IGHT&NG DESIGN REVIEW

PROJECT POWER CO

STP

C

ontrols

18. Do you like the design and arrangement of continuous adjustment rotary controls?

YES (Good Design And Arrangement)

6804P/0659P




HOUSTON CONTROL ROOM

LIGHTING DESIGN REVIEW
&

POWER CO

STP Controls

19. Do you like the design and arrangement of rotary selection controls?

YES (Good Design 4And Arrangement)

NO (Undesirable Design Or Arrangement)

o c— g———————— —————————————
- P ———
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LIGHTING

\ ~ %
PROJECT POWER CO

STP Annunciator Warning Systems
AR AL AV L il :

—

20. Do you like the design and

YES (Good |

1 overall layout of the

»annuncilators?

CONTROL ROOM
DESIGN REVIEW
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HOUSTON CONTROL ROOM

;mmmc DESIGN REVIEW

POWER CO.

STP Annunciator Warning Systems

22. Will each annunciator be dedicated to only one plant parameter set point?

YES (Only One Set Point Per Annunciator)

oint Per Annunciator)

6804P,0659P




HOUSTON CONTROL ROOM
;'G“T'NG DESIGN REVIEW

PROJECT POWER CO.

STP Annunciator Warning Systems

09

23. Do you feel that it will be possible to rapidly identify the initiating event (first-out)

for automatic plant shutdowns?

YES (Rapid Identification Of First-Out Is Possible)

NO (First-out Hard To Identify)

6804P/0658P




HOUSTON CONTROL ROOM

;IGHTING DESIGN REVIEW

PROJECT POWER CO

STP Annunciator Warning Systems

24. Given the project design, do you feel that it will be easy to differentiate more

critical alarms from less eritical ones?

YES (Easy To Distinguish Critical Alarms)

N O (Difficult To Distinguish Critical Alarms)

6804P/0659P




HOUSTON CONTROL ROOM

é;u;mmc DESIGN REVIEW

PROJECT POWER CO.

STP Annunciator Warning Systems

25. Are you satisfied with the prioritization of alarm levels?

YES (Alarm Priorities Are Good)

NO (Undesirable Alarm Priorities)

6804P/0659P




HOUSTON CONTROL ROOM
LIGHTING DESIGN REVIEW

e &
PROJECT POWER CO.

STP Annunciator Warning Systems

26. Do you consider it easy to identify alarms that have been cleared?

YES (Cleared Alarms Easy To Identify)

cult 1o Justily)

6804P/0659P




HOUSTON CONTROL ROOM

;ncmmc DESIGN REVIEW

POWER CO

STP Annunciator \\urr.mi.\\. stems

27. Do you feel that the annunciator tiles are properly and consistently labeled and easy

to read?

YES (Good Labeling And Easy To Read)

r Ditficult To

6804P/0654P




HOUSTON CONTROL ROOM
LIGHTING DESIGN REVIEW

™™ TEMRS &
PROJECT POWER CO

STP Annunciator Warning Systems

28. Under normal operating conditions, will all tiles be unlit’

YES (All Unlit During Normal Conditions)

mal Conditions)

K8u4d P N6549P




HOUSTON CONTROL ROOM
;'GHT'NG DESIGN REVIEW

PROJECT POWER CO

STP Annunciator Waming Systems

29.

Do you feel that controls to silence, acknowledge, reset, and test annunciators are

satistactory?

YES (All Controls Are Satisfactory)

» Unsatisfactory)

6804P /0659P




HOUSTON CONTROL ROOM

;IGHTINL’ DESIGN REVIEW
PROJECT POWER CO

STP Annunciator Warning Systems

30. Do you feel that the annunciator controls will be easy to use®

YES (Controls Will Be Easy To Use)

6804P/0659P




HOUSTON CONTROL ROOM

;'GHTING DESIGN REVIEW

PROJECT POWER CO.

STP Annunciator Warning Systems

Are the annunciator controls properly arranged and coded by color

YES (Controls Well-Arranged And Coded)
o

NO (Controls Poorly Arranged Or Coded)

6804P/0659P




HOUSTON CONTROL ROOM

;IGHTING DESIGN REVIEW
PROJECT POWER CO.

STP Visual Displays

32. Do you leel that control room displays will present complete and accurate
J pid) P

Information concerning plant status?

YES (Complete And Accurate Information Displayed)

Incomplete Or Inace

6804P/0659P
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