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. PROLOCUE

NUREG-0578, "TMI-2 Lessons Learned Task Force Status Report, Short Term
Recommendations,” requires that Nuclear Power Piant Licensees:

Perform comprehensive review of controi room using NRC human
factors design guidelines and evaluation criteria. Modify to
correct significant deficiencies. Issue report describing methods of
review, results of review, including bases for findings made, and
implementation schedule. Applicents to ce granted operating
licenses prior to September [981 must perform a preliminary

assessment of their control rooms to identify and correct signifi-
cant human factors and instrumentation deficiencies.

Licensees and applicants will complete review and implement short
lead-time revisions by September |73| or prier to issuance of
operating license, whichever is lcter. Long lecd-time revisions
will be completed by April 1982 or prior to issuance of operating
license, whichever is later.

The two volumes of this document contain the NRC guidelines and evaluation
. criteria to be applied in performing control room reviews.
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FOREWORD

This document contains guidelines for a human engineering evaluation of nuclear
power plant control rooms. These guidelines are intended to help in identifying potential
human engineering problem areas in control room design, documentation, and operations
and should not be construed to be NRC standards, criteria or regulations.

Volume | suggests a procedure for applying the guideiines (Volume II) to uncover
potential human engineering problems, and for identifying critical problems by estimating
the impact of the potentiai problems on safe control room operations. This procedure is
suggested and should not be considered as an NRC requirement.

It should be recognized from the outset that hardware or procedures that fail to
meet one or more of the guidelines are not necessarily in violation of NRC criteria or
regulations. Only where operator performance of a safety-related task could be
jeopardized should rhe hardware or procedure problem be considered serious.

Many of the guidelines in Volume Il can be applied to control room design. However,
many human engineering guidelines addressing design issues, and not evaluation, have been
intentionally wnitted from this document.

Finally, these guidelines and evaluation procedures were validated on nuclear power
plants that were operating or ready for licensing prior to May, 1980. Thus, these
guidelines and procedures may rot be completely appropriate or suffic «nt for plants of a
later vintage.
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1.0 INTRODUCTION

l.1 Ceneral

From the point of view of control room evaluation, human engineering seeks to
locate and remove causes for operator error. While this definition depicts only a small
part of the general discipline of human engineering, it focuses on the primary thrust of
the information presented in the two volumes of this Guide — namely, to provide ¢ means
to locate and remove causes for operator error in nuclear power plant control rooms.

Many studies have been perform 3d which attempt to quantify the effect of human
error on nuclear power systems' safety and reliability. Results show that |5 to 66 percent
of plant safety failures cre attributable to human failure. For example, |EEE Spectrum

(1) reports some of these findings to be: a) "Between |/2 and 2/3 of hypothesized reactor
accidents are coused by human error,” b) "20 to 50 percent of ail LER failures are due to
human error;" c) "About half of the accidents that lead to any release of radiation re
caused by human error;" and d) "In about one percent of the LERs (examined by the
investigators), or about 35 a vear, there are indications that a safety feature has been
severely compromised or made unavailable by human error." Further, a report issued by
the Aerospace Corporation (2) states that "personnel errors constitute |5 to 20 percent of
all reportable occurrences in a nuclear power plant." Lastly, according to a report based
on WASH 1400 (3), human errors in nuclear power plants present one of the most
significant potential ' ks to public health.

Research has also been performed on the effects of human error or power plant
outages. Results of these studies are in general agreement that upwards of 20 percent of
plant outages are caused or contributed to by operator error (4). Representative
statements include: "The single most important cause of the July |13, 1977, power failure
was the failure of the system operator to take the necessary action,” (5) and "A study of
major power system disturbances found that human ‘actors problems either initiated or
compounded about 20 percent of the events" (8).

Reviews of nuclear power plants have repeatedly demon:'rated that most of the
control rooms designed prior to the TMI-2 accident were not in compliance with human
engineering standards and principles (2, 7, 8, 9). Based o extensive military and
aerospace exparience with complex systems, operator error will be reduces if control
panels and procedures are brough into agreement with human engineering practices. The
procedures (Volume 1) and guidelines (Voiume II) that make up this Guide will assist the



user in determining which components, labels, procedures, etc. are at variance with
established guidelines and provide a means to determine whether or not this variance is
likely to result in a significant operator error.

As part of developing this Guide, nine ~ontrol rcoms were examined for compliance
with a large sample of hurnan engineering quidelires and to test the control room and
evaluation process covered in Volume |. Since no human engineering standards had been
developed specifically for the nuclear power plant coiatrol rcom applications, military and
qerospace guidelines were used. In most cases, these guidelines cppeared to be valid since
they are applied quite successfully to systems containing the same types of operationai
requirements, components, personnel and procedures.

The control room evaluation fprocess suggested in these volumes can be charac-
terized in five steps (Figure |-1).

b Plan the evaluatior.

2. Locate all instunces where the control room differs from the Human Engi-
neering Guidelines.

h 3 Evaluate the impact of each instance on safety and reliability.
4, Prepare Evaluation Reports.

5. Develop means (engineering, procedures, etc.) to correct the high priority
discrepancies.

The general objectives of each Phase are summarized below.

o Phase |
- to gather all of the resources needed to complete the evalua-
tion
- to develop duta collection and evaluation checklists, surveys,
ete.
- to schedule all subsequent activities and prepare management
plans.
e Phase |l

- to locate and record ci! control room interfaces (e.g., controls,
displays, labels) where design or operatiorn do not meet human
engineering guidelines

- to suggest potential Lackfits.

e Phase Il
- to determine which of the interfaces cited in human engineer-

ing discrepancies have an impact on plant safety or reliability
- to select most cost-effective backfits.
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e Phase |V
- to prepare reports documenting the scope, methods, objectives
and results of the review.

e PhaseV
- to implement control room backfits that correct high priority
human engineering discrepancies.

As pointed out by an EPRI study (7), backfits for human engineering discrepancies do
not necessarily involve hardware modifications. Demarcation lines, special emphasis
markings, relabeling, special training, etc. are often satisfactory in lieu of moving
components. This being the case, each guideline in Volume Il contains a range of backfits
that night be satisfactory, depencding on the specific circumstances. In fact, each
guideline in Volume Il gives:

e The evaluation guideline itself

e The type of operator error that can result from violation of the guidelines
(e.g., inadvertent switch actuation)

e The source for the guideline (e.g., MIL STD-14728B)

e Bockfits that may be suvitable for correcting discrepancies (e.g., Switch
guarding)

When this Guide is applied throughout the nuclear power industry needs for revised
or new guidelines or evaluation procedures will be discovered. Such needs should be
referred to the Division of Human Factors Safety, U.S. Nuclear Regulatory Commission,
Washington, D.C. 20555.

bl Human Error as a Function of Control Room Design

During the development of these guidelines Essex conducted a human factors
engineering evaluation at nine plants. These were:

Crystal River - Unit 3
Zion - Unit |

Dresden - Unit |
Dresden - Unit 2
Indian Point - Unit 2
Diablo Canyon - Unit 2
Sequoych - Unit |
Salem - Unit 2

North Anna - Unit 2

=



A number of design discrepancies were identified during these surveys. These
discrepancies were categorized by the types of errors that they could be expected to
cause or contribute to. The taxonomy of errors is based on the following general
categories:

Control errors — errors in activating controls
Display errors — errors in reading displays
Annunciator errors — errors in reading annunciators
Labeiing errors — errors in reading labels

Procedural errors - errors in reading or following procedures.

The control room design features associated with general types of error are listed in
Appendix |-c.



2.0 CONTROL ROOM EVALUATION PLANNING

Timely completion of a thorough human engineering control room evaluation can be
aided by conscientious planning prior to actual data collection. Evaluation team members
should be selected for the decisionmaking and judgmental skills as well as the technical
knowledge and management status needed to identify, qualify, and correct human
engineering discrepancies. A project library as well as data collection instruments (e.g.,
checklists) and instrumentation (e.g., video systems) tailored to the control room under
review will be quite useful to the evaluation team. Finally, well-coordinated data
collection schedules and administrative procedures for reviewing Human Engineering
Discrepancy Reports (HEDs) prepared during data collection will help to assure that every
man-system interface in the control room receives sufficient attention.

&l Select Evaluation Team

The first step in the CR evaluation process is to organize a team of technical
specialists and managers. This team must be capable of performing a thorough job in the
control room review and of making technically acceptable decisions with respect to
prioritizing human engineering problem areas and developing acceptable backfits. The
operator, through use of controls, displays and communications, interacts with virtually
every plant system and organization; *herefore, the evaluation team must be muitidisci-
plinary. While human engineers can identify CR problem areas, engineering and
operations personnel should participate in determining the priority of problems and in
reviewing the technical and operational acceptability of backfits suggested by human
engineers.

2.1.1 Objectives
The objective of this first step in the evaluation process is to organize a

muitidisciplinary team capable of performing the control room human engineering
evaluation.

Ll Method

Before team members can be seiected, the organization of the team must be
specified along with the responsibilities (or functions) of each position in the orgenization.



Then, the qualifications for team members can be determined for each Dposition.
Figure 2-1 gives a typical organization with a sample of some position descriptions. A
complete listing of descriptions for the positions named in Figure 2-1 can be faund in
Appendix |-a.

FIGURE 2—1
TYPICAL CONTROL ROOM EVALUATION MANAGEMENT PLAN

EVALUATION
DIRECTOR
OPERATIONS ENGINEERING
COQRDINATOR COQRDINATOR
DOCUMENTATION TRAINING
SFECIALIST COCRDINATOR
DATA HED
COLLECTION PRCCESSING
MANAGER MANAGER
— Senior Reactor Operator (Advisor) —  Senior Reactor Oparator
. HED
. REVIEW
. |&C Engineer (Advisor) COMMITTEE = !&C Engineer
— Data Collection Specialists (~3) \— Senior Human Engineer

2.2 Prepare Project Library

Easy access to a variety of information sources will expedite the CR evaluation
process, minimize dependence on memory and imprcve the quality of results with respect

to plant safety.

2.2.1 Objectives
The result of this task will be a centralized project iibrary svitable for use

throughout all phases of the project by the entire project team.



2.2.2 Methods

The first steg is to identify sources of information that might prove useful in
identifying human engineering problems, prioritizing these problems, and evaluating
backfits. Such a list might include:

Licensee Event Reports

System Descriptions

Piping and Instrumentation Diagrams
Procedures (emergency, operating, etc.)
Software Descriptions

Operator Comments on Panel Design
Operator Training Matericls and Aids.
Final Safety Analysis Report

Qutage Analysis Reports

Panel Layout Drawings

Control Room Floor Plans

Lists of Acronyms and Abbreviations
Samples of Computer Printouts
Annunciator Response Procedures

Fault Trees and Failure Modes and Effects Analyses

Photographs of Panel

2.3 Prepcre Management Procedures

In many respects, the process and management organization presented in this Guide
is only a framework or perhaps a point of departure for developing a specific organization
and method ‘or conducting the evaluation. Defining detciled data collection and HED
review procr ures at all levels of management will help to assure that each operator-
control roorr interface is given adequate attention during evaluation, prioritization and
dackfit selection. Also, defining management procedures will help to clearly delineate
the roles and responsibilities of each team member.

2.3.1 Objective

This step will ucoduce a detailed flow chart of the entire human engineering review
of the control room. Each function in the chart will be assigned to one positiori in the
team organization (Figure 2-1).



2.3.2 Vethod

A time-based process for data collection and HED review should be designed for
implementation by the evaluation team. This process identifies data collection; HED
processing and reporting functions, decisions, the inputs to each function, the outputs
from each function and the information needed to make each type of decision
(Ficure 2-2). The positions responsible for performirg each function and decision will be
identified.

FIGURE 2-2
EXAMPLE OF FUNCTIONS IN PLANNING PROCESS FLOW

Oata Collection Oata Collection
e 5 el Eng. & Ooer. Recom.
— ————— Datermine Prionty Backiits Develop Backtit Backiit Costs
) of Human Engineering a
npoet on Discrapancy HED and HED Priority
Satety & Prionty
Retiatniity [
4 ations Low Priority
HED's dropped
rom consideration
2.4 Schedule Data Collection and Reporting Activities

Dovetailing evaluation activities with simulator and control room schedules will help
to assure that all evaluation data are collected, processed and reported in a timely

manner.

2.4.1 Objective
The goal of this task is to develop realistic schedules for all data collection, HED

evaluation and reporting tasks to be performed throughout the evaluation.

2.4.2 Method

The flow chart prepared as a result of developing management procedures (2.3
above) provides the basis for the sequence of tasks to be scheduled. The time required to
complete eacch task will depend on several factors, including:



Number of man-system interfaces considered in the evaluation
Number of personnel involved in data collection
Human engineering guidelines considered to be applicable

Numbers and types of situations and casualties considered in estab-
lishing HED priorities

e Amount of applied research performed in support of evaluation
Breadth of procedural evaluations (e.g., emergency, abnormal, opera-
tional) as well as range of contingencies considered within each
procedure,

The sequence ond duration of tasks shou!d be used in light of constraints to compile
an end-to-end project schedule complete with milestones and specific responsibilities. Of
course, scheduling constraints should be determined with respect to:

e Simulator availability

e Team commitments to other projects

e Control room scheduled and unscheduled activities.

Prior to revising the evaluation materials, a complete listing of all operator-control
room evaluations should be made. One copy of the Human Engineering Evaluation Report
(Appendix |-b) should be filed, by panel or procedures, for each interface. The surveys,
checklists and walk-throughs contuined in Appendix IV, V and Vi respectively should be
reviewed for applicapility to the interface and recorded on the HEER as appropriate.
interfaces could be:

Individual components

Environmental characteristics

Groups of components operatea together
Systems or subsystems

® o & &

Features of the control room layout, etc.

2.5 Preparation of Evaluation Materials

Prior to performing the control room data collection, certain steps should be taken
to strecn line the data collection process by tailoring the general methodology to the
specific control room under review:

e Examine generic problems and operator interviews for applicability
to control room

e Chevelop human engineering surveys and checklists matched to the
systems, [ayout and components of the control room

10



e Prepare for walk-throughs of plant-specific procedures
e Seiect and acquire necessary instru nentation
e Initiate task analyses.

2.5.1 Development of Generic Problem Reviews and Operator Interviews

The first two steps in control room evaluation were selected to provide an
immediate look at what could be some of the serious or more apparent human engineering
problems. By comparing ihe control room design and operations to problem areas (called
generic problems) charac*erizing a number of existing plants (Appendix Il), some problems
can be identified quickly for immediate action by the HED review committee
(Section 2.1).

Operator opinion has been used widely as a design aid, and to identify engineering
and procedure problems during operation. A rather extensive operator interview, included
as Appendix Ill, assures that shortcomings known tc the operators will be considered for
backfit early in the process.

2.5.1.1 Objectives — The results of this task will be a list of generic problems and
operator interviews directly related to the design and operation of the piant under review.

2.5.1.2 Methods — The list of generic problems (Aopendix i) and the standard
operator interview (Appendex Ill) should be reviewed by Irstrumentation and Control
Engineering end Operations Specialists. During this review generic problems not related
to the plant (if any) would be purged from the list, and inappropriate questionnaire items
(if any) would be dropped or modified.

Generic problems and operator interviews should be revised, together with their
instructions for use, for application during Dc:. Collection.

2.5.2 Development of Surveys

The surveys combined in Appendix |V cover aspects of the control room not well
suited to checklist evaluation. For excmple, noise, illumination, and use of design
conventions throughout the control ruom.

Since surveys can be performed quickly to identify human engineering discrepancies,
they are scheduled for early in the data collection phase.



2.5.2.1 QObjectives — The objective of this task is to tailor the survey items to the
specific configuration of the control room review.

2.5.2.2 Methods — While the sample surveys included in Appendix |V have been
desigred based on reviews of several plants, there may be some items that are
inappropraite for a particular control room. Instrumentation and Control Engineers and
Operations Specialists should recommend survey changes to the Data Collection Manager
(Section 2.1). In turn, the Data Collection Manager should review, discuss and, where
appropriate, implement these changes.

In sore cases, the Data Collection Manager may be required to develop specific
survey iten s (Figure 2-3) from the guidelines (Volume I1).

r A% Development of Checklists

Checklists are probcbly the most widely used tool for human engineering evaluation.
When properly designed and systematically and thoroughly applied throughout the control
room, checklists will enable the evaluator to pinpoint specific operator-control room
interfaces that do not agree with the human engineering guidelines (Volume I1). In turn,
these discrepancies become candidates for backfits.

2.5.3.1 bjectives — The results of this task will be several checklists which, when
cpplied collectively, thoroughly compare the control room to the guidelines in Volume Il.

2.5.3.2 Methods — The checklist samples given in Appendix V will often serve "as
is" for control room evaluations. However, to identify any inappropriate items, Instru-
mentation and Control Engineers and Operations Specialists should review all checklist
items with raspect to control room design and operator procedures. Figure 2-4 illustrates
how to develop a checklist item from a guideline.

Some characteristics of a control panel component need be examined for only one
component and then the results can be assumed for all components of the same type. For
instance: handle dimensions, size of |legend pushbuttons, size of lettering on switch
position labeis. For these parameters, one measurement an a typical component will
suffice for the entire control room. Other measurements, such as the push force on a
"Pull-to-Defeat" J-tiandle switch, may require several measurements of components to
determine both {he means and variance of the force across switches. Finally, many
checklist items must be applied to every component of the type indicated. For instance,
the distance between controls and related displays may change remarkably from control
to control.
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FIGURE 2-3 DEVELOPMENT OF SURVEY
QUESTIONS FROM GUIDELINES

GUIDELINE
A. TITLE: CODING—WARNING, CAUTION ANNUNCIATORS

B. GUIDELINES: Objectives—Coding techniques shail be used to
tacilitate:
1. Discrimination between individuai displays.
2. |dentification of functionally related dispiays.
3. Indicaiion of reiationship between dispiays.
4. |dentification of critical information within a display.

—_

=

s

Techniques—Displays shall be coded by color, size, location, shape,
flash rate, alphanumerics, brightness, mation, or inclination, as
apolicable.

1. Only one kind of information should be coded by one methed. Com-
pound coding for only one kind of information usually is less
satisfactory than singie coding if the single code used is the best
available.

2. If two ar more kinds of information are to be coded, the same number
of coding methods shouid be used; do nct use one ccding method ta
code two or mora kinds of information.

POTENTIAL SURVEY QUESTIONS

Are annunciators prioritized in some way? If yes, please describe.

Are annunciators grouped, say by system? If yes, piease show arrangement.

Are annunciators above the system they monitor?



FIGURE 2-4 DEVELOPMENT OF CHECKLIST

ITEMS FROM GUIDELINES

GUIDELINE

A.

mo

TITLE: TOGGLE SWITCHES AND PREVENTION OF INADVERTENT
ACTIVATION—

. GUIDELINES: When it is critical to prevent inadvertent activation of a

toggle switch, a guard should be provided. This guard may be a lift-to-
uniock mechanism, a safety cover or any equivalent method. If a lift-to-
uniock mechanism is used, resistance should not exceed 48 oz. It a
cover guard is used, its location should not interfere with the activation
of the guarded control or any adjacent controis.

-1UMAN ERROR: Inadvertent activation of a critical control, inability to
activate a control within a given time limit.

DOCUMENTATION: 14728 (1974); 1472C (1980); Wocedson (1364)
TYPICAL BACKFIT: Installing an appropriate guard, repiacing a guard
with appropriate guard.

POTENTIAL CHECKLIST ITEMS

TOGGLE SWITCHES

Evaluation Guideline | Chack

1.

2. Does the guard interfere with the activation

Are critical toggle switches provided with
guards to prevent accidental activation?

of the guarded control or any adjacent
controls?




It is suggested that the basic arrangement of checklist items in Appendix ¥V be
maintained even if the contents are changed somewhat. This will minimize the time and
effort required to complete the checklists.

2.5.4 Preparation of Procedures for 'Walk-Throughs

Surveys and checklists treat the engineering aspects of the control room. The
operational aspects are examined through walk-throughs of emergency, abnormal and
operating procedures using normal complements of trained and licensed operators.
Operationai features that can indure error include:

The time between reading a meter and taking an appropriate action
The number of personnel reading and sequencing actions

e The nature and structure of verbal (and nonverbal) communications
between operators

e The sequence of operations with respect to panel arrangement.

The purpose of conducting videotaped procedures walk-throughs is threefold. One
objective is to validate the completeness of task analyses of operating procedures.
Another is tc gain data on the use of particular control/display components during normal
end emergency operations. The frequency and criticality of use will influence and
validate the importance of human engineering discrepancies identified through the
application of surveys, checklists and operator interviews. The third objective is to
identify/tape procedural and operational factors which may lead to human error.

2.5.4.1 Objective — The purpose of this task is to select procedures, to develop
casuvalty scenarios for emergency procedures to be used in walk-throughs, and to select
operators for walk-throughs.

2.5.4.2 Method — Procedures selected for walk-throughs should include ail emer-
gency and abnormal procedures which require CR operator response as well as sampie
normal operation procedures. Normal operations sampled should include startup and
shutdown procedures, specific systems operation procedures, and those operating pro-
cedures identified by operators (in the operator interview portion of this evaluation) as
problematic.

Once procedures have been selected, scenarios should be developed for each
procedure. For emergency procedures, scenarios should be developed where the aperators’
responses differ. For example: for a Loss of Coolant Accident procedure, scenarios
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should be developed which address actions taken during a small, slow leak: those taken
during a large break; and, if the operator response differs, during a leck of intermediate
size. For each set of automatic actions (for example, one set would be those automatic
actions which occur any time a reactor trip occurs), at least one scenario should be
developed which assurnes that the automatic functions fail to actuate and the operator
must take corrective manual action.

A team of operators must be selected to perform the walk-throughs. A full
complement of operators should be chosen to represent normal staffing levels. This team
should be composed of SRO and RO licensed personnel as would normally staff the CR,
and should include experienced and knowledgeab'e operators.

r B8 Instrumentation Requirements

Human engineering evaluation of just about any complex system will invoive some
use of specialized instrumentation. Light levels, sound pressure levels, spot brightness,
force and torque are frequently measured during an evaluation, since many human

engineering guidelines are written with physical measurements as a basis.

2.5.5.1 Objective .- The objective of this section is to provide the evaluation
planner and conductor with guidance for selecting appropriate measuring instruments for
the control room human engineering evaiuation.

2.5.5.2 Method — Certain evaluation procedures require the physical measurement
of a parameter. The control room: evaluation planner should determine in advance what
instruments are required and take steps to procure them. The following table (Table 2-1),
in conjunction with the instrumentation paragraph of the specific procedures (Section 3.0),
should be used to select the nacessary instrumentation. 1he instrumentation should have
been calibrateg, if required, within the past year.



TABLE 2-1: INSTRUMENTATION FOR HFE EVALUATIONS

Parameter to be
Measured

i« Ambient |llumination

2. Luminance Contrast

3. Distance, Panei/
Room Dimensions

4. Control Size,
Separation

5. Control Resistance
(Force Required to
Activate)

6. Control Displacement

7. Sound/Noise Levels

Instrument Type

Range/Accuracy/
Characteristics

Photometer

Spot Brightness Meter
Tape Measure -
Nonmetallic

Ruler - Nonmetallic

Spring Gauge (Push-Pull)
Torque Gauge

Ruler - Nonmetallic
Protractor

Sound Level Meters

| to 300 ft. Candles

| to 300 ft. Lamberts;
Focus Down to 1/2

Up to 20 feet
Up to 5 inches

Up to 5 Ibs

Upto 5 inghes
Up to 180

S0 to 120 dB with Flat
Response, A Weighting
and C Weighting

2.5.8 Prepare and Develop Task Analvses

What specific information will the operator need and what control must be provided
to maintain the systems and plant in balance? How much time do the systems allow the
operator to collect information and make decisions? How many mental and physical tasks
must be performed simu!taneously?

These questions, and others, are answered through a process called "task analysis."”
While all of the evaluation's Data Collection Tasks should be performed by human
ingineering specialists, the task analyses riwst be perforined hy (or at least managed by)
human engineers experienced in task analysis on complex systems.

2.5.6.1 Objective — The objective for developing task analyses of operator
activities under emergency and normal operating conditions is to create a basis for the
evaluation of panel and workspace layout. With a detailed analysis of all operator tasks
and clearly defined performance requirements, design problems and potential human
errors can dDe identified.



2.5.6.2 Method — Task analyses will be conducted on all emergency procedure

operations and sample normal operations (hot startup, reduction in power, etc.). Control

room operator functions wi!! De listed in sufficient detail in a fermat like the sample form

in Figure 2-5. Analyses wili focus on the following characteristics:

a.
b.
c.
d.

e.

jl

Task — task designation

Activity — action(s) required by the operator to complete a task

Time — estimated or observed time required to complete each activity
Frequency (f) — frequency of each activity

Information — information required by the operator to complete an activity
(i.e., signal to initiate activity, indication that activity is progressing as
required, feedback that activity has been successfully completed)

Control — control copabilities required by the operator to complete the
activity

Indication/Display — feedback of system response to operator actions

Concurrent/Shared tasks — tasks which must be performe simultaneously to
the subject task or tasks requiring assistance from one or more other
operators, including field operators

Potential errors — errors which may occur during the conduct of the activity

(e.g., reading errors, control errors, sequence errors, etc.)

Error iinpact — affect of potential error on task or system performance.

Data required to complete task analyses will be collested using four complementary

rmethods:

Q.
b.
c.

d.

Review of emergency and normal operating procedures
Interviews with experienced control room operators
Review of videotaped walk-throughs of procedures

Where possible, observation of actual tusk performance.

An appropriate format should be selected which will insure complete and detailed data

collection.

The form provided in Appendix VI, or a similar form, is recommended.

Experienced and knowledgeable operators should be selected and briefed on their role as
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reviewers. Operators will be expected to verify the completeness of the data listed,
supplying information regarding steps or information requirements not listed in the
procedures. Operators will also provide information concerning potential human error and
its affect on task or system performance. Potential error and its impact must be detailed
for every operator action.

AL By Photographic Support

2.5.7.1 Objective — The objective of compiling a photo log is twofold. First, it
will provide the evaluation team with photographs for mockup construction and verifi-
cation of control, display and panel configuration without physically returning to the
control room. Second, it will provide a photograph for each Human Engineering
Oiscrepancy Report. Photographs also offer a record of panel changes and corrective
measures taken,

2.5.7.2 Instrumentation — The following camera equipment and supplies will be

required for completion of the photo log:

35mm camera

50 to 55mm normal lens

24 to 78mm wide angle lens

Tripods, one standard sized and one small (12" to 18" range)
Tape measure

One (1) inch stick on dots

Film, Plus-X-ASA125-Black and White, and ASA400 Color Slide would
be suitable.

2.5.7.3 Method — The control room photography should be performed in three
phases. The first phase consisis of general control room and generic prchlem photographs.
The second phase consists of a detaiied mosaic of the control room paneis. The final
phase consists of photographing an example of each Human Engineering Discrepancy
Report. The photographer should shoot a test roll of each type of film to determine
camerc settings necessary to compensate for lighting peculiarities in the control room.
The use cf a flash is not recommended due to reflected glare. All items photographed
should be shot in color and black and white except the mosaic. During the evaluation,
every photograph and slide taken should have a designation to insure identification later.
Each designation and subject matter should be logged into @ master list of photographs. A
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method should be devised for storing, cataloguing and retrieving all negatives and
photographs.

2.5.7.3.1 General Control Room and Generic Problems — Color slides should be
taken in this phase which includes the following types of photographs:

Control room panoramas

Procedure and document storage facilities

System and panel shots

Items the operators report as problematic

A sample of each type of contrc’ splay and label

Any generic problems identifiec.

The slides should be taken from as close as possible. Visual cues such as hands, rulers and
coins should be included in the siides to suoply a size reference. |f any control and display
relationships are identified as problems, operators should be used to illustrate these
problems. Any alteration, addition, or retrofit change to the control room during the
course of the evaluation should be photographed, documented, and stored.

Photographs should be made documenting variations existing between control room
and simulator panels (assuming plant specific simulator) or between panels of similar but
not identical units.

2.5.7.3.2 Mosaic — The mesaic (used to support checklisting and HED svaluation)
should be shot with black and white film, a tripod and a normal lens. The camera, during
photography, should be kept perpendicular to the panel surface. All panels and systems
normally used by the operator should be photographed. A grid of easy on and off dots
should be applied =i predetermines coordinates on the panel surface numbered as
reference points for each mosaic segment. These should be placed about every 20"
vertically and 24" horizontally. Each of the mosaic segment rectangles should be
photographed with the dots well in the viewfinder to provide overlap. Each photograph
should be logged into the master file. It is very important that every label in a segment
photograph be readable. Once developed, the negatives should be printed full frame on
8" x 10" paper.

2.5.7.3.3 Human Engineering Discrepancy Reports — Near the end of the data

collection phase. a photograph of each Human Engineering Discrepancy Report should be
taken. The photograph should provide enough detail to clearly read all labeling and easily
identify the nature of the problem. Once again, each photograph, when taken, should be
entered into the master log.



3.0 CONTROL ROOM EVALUATION

The following sections detail the data collection procedures necessary for the
control room HFE evaluation. The order of data collection methodology should be as
follows: review of generic problems, ogerator interviews, surveys, checklists, and
procedure walk-throughs. By followng this order, the evaluator can progress from a
general understanding of the control room to a detailed understanding of each system and
component. Also, human engineering discrepancies will be identified throughout the data
collection process, thus enabling orderly prioritization and backfit decisionmaking.

3.1 Review of CR Design Against Generic Problems

A number of human engineering design and procedural problems have been identified
as common throughout the industry (Appendix II). Comparing the controi room to these
generic problems will enable the reviewer to determine quickly whether some important
aspects of control room design and operations are in agreement with the human

engineering guidelines.

G Objective

The objective of this review is to determine if the control room manifests human

engineering shortcomings characteristic of same-vintage nuclear power plants.

The objective in reviewing the issues listed as generic industry problems is to
provide the reviewer with a point of reference; a broad, general review of the control
room with emphasis on identifying major issues which are highly likely to occur based on
reviews of same-vintage plants. Problems identified in the generic problem review should
be given further scrutiny applying relevant surveys and checklists.

. 4 Method

Using the list of generic discrepancies in Appendix I, conduct a panel by panel and
system by system review. Note by label or description, every control, display, equioment
item or CR characteristic which violates human engineering practices listed in
Appendix C. Complete a Human Engineering Discrepancy Report form for each and refer
to appropriate guidelines for evaluative and backfit data.
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3.2 Conduct Operator Interviews

The operator interview questionnaire is designed to solicit qualitative comments
from control room operators. 1hose who operate the plant and interface with the control
room on a day-to-day basis offer the best sources of dentitying systems or components
where human error does occur. Operators should provide information on design and
operation problems in the CR as well as recommendations for improvement.

Y Objective

The objective of the operator interviews is to provide an opportunity for anonymous
input regarding CR workspace and panel design. The questionnaires will document
operator reports and the frequency with which a particular problem is reported.

3.2.2 Instruments

The Operator Human Engineering Questionnaire provided in Appendix Il may be
utilized as presented or revised (Section 2.5.!) to reflect specific concerns for the
particular CR design. ’

343 Method

Every licensed operator employed by the plant should be interviewed individually
concerning design and procedural problems impac’ing effective normal and safety plant
operations.

Operators should be briefed before starting the questionnaires as to their content,
purpose and use. More complete and objective responses will be received if participants
are assured of anonymity.

Briefings should be conducted by personnel familiar with interview techniques and
control room design. All comments should be recorded in writing, with the interviewer
repeating the written comment for concurrence by the operator. The operator should be
given as much time as needed to report each problem.

3.2.4 Data Reduction

Problems or potential for human error reported by operators should be listed by
system, component, component type or =nvironmental feature. A count should be made of

the frequency with which each protlem is reported and those reported by two or more
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operators should receive further review. Relevant checklists and surveys should be
applied. The impact of human error, noted on @ Human Engineering Discrepancy Report,
should be recorded.

3.3 Control Room Survey Procedures

Control room surveys are performed for two purposes: to evaluate control room
environmental features against human engineering guidelines; and to provide information
required to complete the human engineering checklists (Appendix IV). Environmental
surveys include Ambient lllumination and Noise. Design Convention and Emergency

Garment Surveys provide baseline data to the checklists.

3.3.1 Noise Survey

3.3.1.1 Objective — The objective of this survey is to measure the arnbient noise
levels in the control room from various operator positions and to assess its impact on the
operators' ability to verbaily communicate and/or discriminate audible signals.

3.3.1.2 Instrumentation — The performance of this study requires the use of an

appropriate sound level meter, selected to conform to the requirements established in
Section 2.5.5.2.

3.3.1.3 Method — The performance of this evaluation requires the consideration of
not just normal control room noise but any factors that can add to the overall noise level.
Included in this are the occassional noises of very short duration that can cause high peck

levels.

Q. Noise Conditions — The noise survey should start with a basal noise level.

This is the ambient noise without alarms, typers, or communications equip-
ment contributing. Once this measurement has been taken, each potential
noise source should be integrated into the ambient environment. The following
are potential noise sources:

Audible alarms
Typers and printers
Communications equipment (ringing telephones, P.A.s, radios)

Emergency or atypical environmental control systems (air con-
ditioning, exhaust fans)

e Loud conversation
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e Adjacent control room alarms
e Open doors leading out of the control room.

b. Survey Conduct — Noise measurements should be taken at each operator

position that requires verbal communication and/or auditory discrimination of
a signal. This will include, at a minimum, the Reactor Operator's desk
position, the Senior Reactor Operator's desk position, a point near the center
of each panel/board, and any position at back panels requiring communication.
Three measurements should be taken at each position, one with the micro-
phone directed towards the major noise source, one with the microphone
directed towards the parnel surface ard oné with the microphone directed
towards the furthest operator's position that would require communications.
Measurements should be taken flat (dB), in A weighting (dB"A"), end in C
weighting (dB"C"). Any instances of extreme peak values should be noted and
the source located. The result for each position should be recorded on a form
similar to Appendix [V-a. An example of a completed form is given in
Table 3-1.

3.3.1.4 Data Reduction — The collected data should be compared to the appro-

priate guidelines contained in Volume Il. Values that exceed the established limits should
be noted and a Human Engineering Discrepancy Regort should be completed.

3.3.2 Lighting Survey

3.3.2.1 Objectives — The objective of this evaluation is twofold. One is to
measure the ambient illumingtion in the control room ar” to assess its impact on the
operator's ability to read and interpret displays, controis, labeling, and printed matter
such as drawings and procedures. The second is to measure the brightness of display and
calculate the luminance contrast values to determine the adequacy of display lighting.

3.3.2.2 |Instrumentation — The ambient illumination should be measured using an

appropriate photometer. The display illumination measurements should be taken with an
appropriaie spot brightness meter. Both instruments shuuld conform to the requirements
establisi =d in Section 2.5.5.

3.3.2.3 Methods — The ambient lighting survey should be conducted under normal
lighting and emergency lighting. The display iliumination survey should be conducted
under normal lighting. The analyst conducting the test should be aware that amhient
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TABLE 3-1 NOISE SURVEY

NT:  Nuclear Power — Unit 2

oate: April 27, 1980

TIME:

3:30 p.m.

TEST CONODUCTED 8Y: B. Smith

SGUND LEVEL METER MooeL.GenRad 1933

‘MCAROPHONE MODEL:

CALIBRATION DATE:

SERIAL NUMBER: 1546 s%ﬁ?ﬁ%daaeéns: 1009 Jan 2, 1980
OPERATOR POSITION:  Vertical Board 3
NOISE CONDITION/SOURCE/DIRECTIO | OF MEASUREMENT 18 4B(A) 48(C) I REMARKS
. Basal Level Towards Panel 65 60 62 | !
Towards Benchboard 64 60 6l
2. Anrnunciater Alarm Towards Annunciator Alarm 80 7 79 | 1
Towards Panel 76 72 74 | |
Towards Benchboard 72 68 70 ‘
{ }
| 3. Alarm Printers and Towards Printers 75 71 73 i
’ Phones Ringing Towards Panel 74 6 | 69 {
6 Towards Benchboard 71 85 i 67 i
i ! {
| 4.  Annunciators, CR2 Towards Annunciators 83 80 | 78 !
Alarms, All Other Towards Panel 78 76 73 u
Noise Sources Towards Benchboard 76 73 70 '

-
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. lighting, besides being too dim, can aiso be too bright. Dim light makes reading difficult.
Lighting which is too bright can cause eye fatigue, reflected glare and poor display
luminance contrast.

Q. Test Conduct - Ambient llluminaticn — Measurement of ambient illumination

should be taken at all operator positions. These positions should include, at a

minimum, the following:

Reactor Operaior's work desk

Senior Reactor Uperator's work desk

Each panel

Each point where reading of printed material might be required

Any areqa that is perceived as a potential problem.

These measurements should be taken for all positions selected under both lighting
conditions. The light meter should be held about eye height and pointed first at the
panel/desk and then a second reading should be taken with the meter pointed at the
ceiling. If the position requires reading a specific type of printed material, this should be
in place when the measurement is taken. The data should be recorded on a form similar

. to Appendix [V-b. A completed form is illustrated by Table 3-2.

3.3.2.4 Test Conduct - Display llluminotion — The evaluator should assess which

displays appear to be dim enough to warrant a measurement. The following are display
types thot may require measurement:

Indicator and legend lights
CRT (video) characters
Projection display and light emitting diode (LED) characters

Mimic lines that are illuminated.

The spot brighiness meter should be placed so that the light source fills the required
area (reticle) in the viewfinder. A reading should be taken, and then the reticle should be
positioned on the surface adjacent to the displ. . Another reading should then be taken.
Several readings should be taken over the surface of @ CRT, projection and LED
characters and mimic iines to verify uniformity of illumination. In addition to specific
areas that appear dim, measurements should be taken from a wide selection of displays on
the Doards 1o provide an adequate sampling of the brightness of the control room displays.
The measurements should be recorded on a form similar to Appendix [V-c. Table 3-3

‘ provides a sample of a completed display illumination survey.



TABLE 3-2 AMBIENT LIGHTING SURVEY

‘ T
ANT.

' Nuclear Power — Unit 2 | oate:  Aoril 26, 1980 | TME  11:00 o.m.
E TEST CONOUCTED BY: M. Jones
| PMOTOMETER MONEL:  Photo Research Serial Number: CALIBRATION DATE:
SERIAL NUMBER: FC.200 j July 9, 1980
LIGHTING CONDITIONS
OPERATOR/MEASUREMENT POSITION , NORMAL EMERGENCY . REMARKS

| i .
(. CClI - Towards Board | 65 FC ; 8 FC |

- Ceiling 69 FC ‘ 10 FC
' l

2. Back of CC2 - Towards Board 63 FC ' 7 FC Drawing on Board
: - Ceiling 69 FC | 10 FC
3. vB3 - Towards Board | 67 FC 3 5 °C Midpoint of Board
] - Ceiling ‘ 69 FC | 10 Fe
4, VB - Towards Board | 5| FC | $ FC Shadowed Vertical
‘ - Towards Ceiling | 67 FC 7 FC Meters (Meter
i Names)

| CC2 - Small Writing Surface 1

- Panel S8 FC Il FC
' - Ceiling 62 FC IS FC
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3.3.2.5 Data Reduction — The data from Section 3.3.2.3 should be compared to the
appropriate guidelines from Volume |l. The data from Section (b) of 3.3.2.4 should be sub-

stituted in the following formula to calculcte luminance contrast:

L~k
LCs= —IE—Z where Ll = Bright area and L‘Z = Dark area
|

The values should be compared to the appropriate guidelines in Volume Il. [f there
are any deviations from the guidelines, a Human Engineering Discrepancy Report should
be completed.

3.3.3 Design Conventions

Design conventions are rules used to standardize the operation of functionally
identical interface between the operator and the control panels. For instance:

Valve open = red; valve closed = green

To close valve turn counter clockwise; to open valve turn clockwise
"PRZR" always means "Pressurizer."

Panel background color pink is used for reactor control

Star handle rotaries are used for steam generator controls

Vertical Displays = "level" indication.

The advantage of a design convention, of course, is that the operator can learn a
fairly simple rule rather than memorize all of the operation of each interface covered by
the rule. Thus, design conventions reduce the operator memory load substantially.

3.3.3.1 Objective — This survey will yieid < listing of design conventions used in
the control room. This listing will be used later in checklists to identify any interfaces
that violate these rules.

3.3.3.2 Instrumentation — None.

3.3.3.3 Method — Using the survey form in Appendix |V-d, locate examples of
controls, displays, labels, etc., and record their designs. Where design conventions appear
to be used (most or all interfaces surveyed follow the same operational rules) the
convention should be noted for use with checklists.

For a particular interface design rule to qualify as a convention, it is not necessary
for the rule to be applicable throughout the control room. Some rules may apply only to
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TABLE 3-3 DISPLAY LIGHTING SURVEY

PLANT: MNuclear Power — Unit 2| oate:

April 11, 1780

TIME: 7:30 a.m.

TEST CONOUCTED 8Y: P, Turner

SPQOT BRIGHTNESS METER MODEL:
ljl!iAL NUMBER:

SPECTRA UB-|
2631

l

| CALIBRATION DATE.
!l.'cn S, 1980

‘ | BRIGHT AREA (L) | DARK AREA (L, LUMINANCE
i DISPLAY TYPES LOCATION | (FT.LAMBERYS) | (FT. LAMBERTS) CONTRAST |
f 1 3 !
! | |
!l. Simple Indicator (name | SAF 8 } 3 | 0.63 |
l of indicator) | |
?2. Valve protection display [ Computer Console | f !
- Top of Character (7) | | 7 | 5 0.29
- Midpoint { | 8 | 4 0.50
- Bottom ; ; 7 | 4 0.43
1 ! !
‘ |
3. CRT Screen :Computer Console | ‘
- Top Left | | 9 L2 0.78 |
-  Middle f ' 8 | 2 | 0.75 :
- Bottom Rigiit ‘ ﬁ 9 | 3 0.67 x
i | | ,
Legend Light | SB8-1 Z ;
- Bright is Rijnt f {;
- Dim Phase ' 5 | 3 | 0.40
| - Bright Phase . |3 | 0.63
ﬂ |
S. Annunciator Window Above SB-2 (1 ' 5 0.55

e —————




one major panel (e.g., switch positic.s on radiation monitoring equipment), some to one or
more systems (e.g., valve operations on NSSS) and others to a particular type of display
(e.g., color coding of annunciatars). While the universal convention is quite a powerful aid
to the operator, the local convention is useful (to the extent that it embraces several
interfaces, i.e., controls, displays, labels, etc.) even though the operator will be using
different local rules when addressing other interfaces. Therefore, the panels, systems,
etc., using a particular convention should be identified and noted.

3.3.3.4 Data Analysis — A matrix of design conventions x control paneis I'd be

prepared, and the conventions applicable to each panei (or subpanel, if necessary) cnecked
off (Table 3-4).

TABLE 3-4
Design Conventicn Array

Parel
Convention I £ 3 Y § Lses N
Viv Open = Red X X X
Viv Open CW X X X
Auto = White X X X
3.3.4 Emergency Garments

Most nuclear power plants provide some type of emergency garments for operator
use, including perhaps protective clothing and breathing apparatus. Since operators must
be able to don and use these garments during emergencies, it is necessary to review the
time needed to don and any operational restrictions or problems associated with their use.

3.3.4.1 Objective — This task will yield information needed to complete the human
engineering checklists. In general the results will indicate any problems in performing
control room operations while using the protective clothing and/or breathing apparatus.

3.3.4.2 |Instrumentation — Video tape recorder and camera to record garment

donning and operation sequences.

3.3.4.3 Method — The detail survey procedures and data recording forms are jiven
in Appendix |V-e. |t would e best if this survey could be conducted in g simulator where
the suvited operators could perform selected procedures. [f no simulator is available,
standard measurements described in Appendix |V -e should be taken.
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3.3.4.4 Data Analysis

Q. Impact on Staffing — Based on Technical Specifications requirements,

estimate the trtal number of man-minutes that will be dedicated to donning
protective equipment before all operatcrs are fully equipped. Subtract this
nurt.oer from the total number of man-minutes available during this period to
arrive at the man-minutes dedicated to plant operations.

b. Speed of Operations — Based on simulations, estimate the percentage differ-

ence in time to complete operations with and without protective garments.

- Human Error Foctors — List and describe factors that might reduce operator

reliability, for instance:

e Visibility of breathing cpparatus face mask
o Tactile discrimination through gloves
e Speech impairment through face plate
e Hearing impairment (noise of breathinc apparatus)
e Size of gloved hand (inadvertent actuation).
3.4 Checklist Procedures

The checklists described in Section 2.5.3 are the primary means for comparing pane!
design to established human engineering practices. The checklists contained in
Appendix V incorporate the guidelines in Volume Il cppropriate to the subject (e.g.,
annunciators, rotary switches, process coritrollers, etc.).

3.4.1 Objective

The objective of completing the checklist is to compare the details of the control
room design to the Human Factors Guidelines in Volume Il. The detailed items contained
in the checkists ailow for a comprehensive evaluction from the system, panel a"d generic
component |evel.

3.4.2 Instrumentation

Certain checklist items require that physical measurements be performed. Appro-
priate instrumentation should be selected from Table 2-1.
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3."‘03 ‘v'\ethdS

The compietion of the checklists requires access to the control room, a dasic
familiarity with the control room and the systems deing evaluated, and the assistance of a
qualified operator. Certain checklists are more oppropricte for the control room as a
whole, others more aporopriate on a panel or system level. The sample checklists from
Appendix 8 that lend themselves to general control room evaluation are | through 6.
Checklist |2 can be appropriate for both the general contral room and specific panels or
systems. The remacinder of the checklist samples are appropriate for a nanel system or

component level evaluation,

Once the appropriute che:klists have heen selected, c packet of checklists should de
made up for each panel or system to be evagluated. The checklists should then e
completed in the following manner. The panel or system name, if aporopricte, should Se
placed on each checklist, Then each checklist item should be considered. |f the item does

not apply, an "N/A" should oe placed in the check column. !f the item is complied with, a

" "

"ves" should De placed in the check column. I[f the item is not complied with, a "no
should de placed in the check column and the discrepancy should e described in detail in
the notes column. The notes column should be used for cny and all comments felt

necessary or appropriate. Table 3-5 illustrates o completed checkiist.

TABLE 3-5
SAMPLE CHECKLIST
HUMAN ENGINEERING CHECKLIST et ol indirators
- TYPICAL COMPONENT ~

Tene O

Sesiem Aerwe

{ EAALUATION GUIDELINE Cmkcn e nGTES

Dgintar extends 0, wt Oes of

WIICUTe, Bw mOras

Y Tanter rounted close o ‘iwlav
wiringce

| Yspiar "Sanghie v thout  JInoging,
Srret e
Sarniits Mo

Yhen off, sowter 5 oM oaie (ot at
rersi

vy el

Jiadigvs  “eodiable  fry Ao
Wer1hng POt W

bl 1 Ioversy L) o & e L
satOL e Clure

Yeries ecmi  conwsteat : SIS -
st FEy ot men by i

e ot T e levely

© Swsdenne Vongme 1 2age Sumasr
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‘ The operator should be queried to elicit full information on the checklist items to
deter~ine whether there is compliance. For example, on item ? above:
Human Factors Engineer: "Does the index on this scale provide you with
information that is as accurate as you need?"
Operator: "Well, yes and no."
Human Factors Engineer: "Whai do you mean?"

Operator: "The nominal position for the pointer on this scale is 120 volts.
This position actually means that the system is operating at 480 volts."”

Human Facturs Engineer: "This means that you must interpret the index?"
Operator: "That is correct."

If a checklist item is found to be inappropriate, this should be noted oi: the checklist
and the checklist should be included in the completed data package. This will preclude
later confusion. Every component, system, panel and operational grouping of components
in the control room should be examined and compared to all relevant checklist items.
This is an arduous process but it assures that most potential human factors engineering
problems will be revealed.

‘ 3.4.4 Data Reduction

The checklists should be reviewed for discrepancies (items marked "no") and each of

these should be compared to the relevant guidelines in Volume Il. A Human Engineering
Discrepancy Report should be completed for each item that does not comply with the
guidelines.

S Conduct Procedures ‘Walk-Throughs

While all controls and displays in the control room are sufficiently important to be
on the panels, some gain extra importance since they are used, perhaps frequently, in
emergency operations. Operators are trained to know all of the displays and controls
involved in performing procedures, but rarely do the written procedures contain a
complete complement of all equipraent used.

3.5.1 Objectives

Videotaped walk-throughs are to be conducted in order to document operator actions

. as they interface with, the control room panel and layout during normel and emergency

operations. The videotape will be used to identify and validate human engineering
discrepancies in workspace and procedure design.
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3.5.2 Instrumentation

For an authentic simulation of procedures, a plant-specific simulator presents the
ideal situation. If a plant-specific simulator is not available, the walk-throughs should be
performed in the control room.

As the walk-throughs are being performed they should De filmed or videotcped
utilizing equipment which allows voice recording in sync with action. The camera used
should be capable of close-up shots, enabling identification of specific controls and
displays, and should be mobile encugh to follow the operators' actions throughout the CR.

353 Method
The walk-throughs/simulation will be accomplished in three phases.

Is Prior to taping, have the centrol room operator describe the event to be
simulated, indicating which systems will be involved and generally where
action will take place on the panel. This will allow the camera operator and
analysts to anticipate operator actions during the walk-throughs.

F A For the first taped walk-through, allow a full complement of operators to
perform the procedural actions in as close to a real-time mode as possible. Se
sure that one operator narrates the action, describing all controls/displays
involved. Each control or display should be pointed out.

. The second taped walk-through should be performed by one operator, step-by-
step, describing all actions performed as part of the procedure. Each control
or display should be pointed out, identified by label name and its use described
(i.e., switch to the off position to the left; a rise in level indicated by an
increase on the meter; valve closed, green indicator light on). Camera
operator should interrupt to clarify which control/display is involved. Analysts
should interrupt with questions on procedural actions, controls/displays,
system response, etc.

To facilitate recordkeeping, on the outside of each tape, affix Iabels with identi-
fying informaticn (plant unit number, date of taping and sequential tape number). A form,
such as the Procedures Waik-Through Log form in Appendix Vll, may be used to log in
procedure name and number, first or second taped walk-through, tape number and
footage.
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In taping, be sure to have the contirol room operator announce on tape which
procedure is being performed prior to taping. Allow several feet of lecder tape between

walk=-throughs.

3.5.4 Data Reduction

Videotap~s will be reviewed agains* the results of the task analyses and any operator
actions not identified in a procedures task analysis should be recorded, insuring complete-

ness of the task analysis.

Human engineering discrepancies should be validated against the walk-throughs. For
any component identified as discrepant, a count should be made for the number of times it
is used in emergency operations, during immediate actions, supplementary actions and
during normal operations procedures. Those used frequently and during immediate actions

under emergency conditions will be more critical in evaluating human reliability.

A third review of procedures walk-through videotapes will yield identification of
procedural and operational factors which may lead to human error. The following lists

such factors:

Vital communications — sent or received
Accessibility of controis/displays

Traffic pattern/panel operability

Fidelity of procedure to CRO actions

Steps performed at high speed

Steps performed with timing requirements
Comparison of two or more displays in rapid fashion
Decisions based on multiple source inputs

Oisplays monitored over prolonged periods

Controls/displays being discriminated from among similar compo-
nents

Displays to be discriminated which change ropidly
Actions taken with inadequate visual or verbal feedback specified
® Actions where error-resolution interrupts task performance.

Where such factors occur in the procedures, the controls/displays, and other
equipment or components being operated are more likely to be invoilved in human error in
operation. They should therefore receive further scrutiny via appolicable surveys and
check lists.
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3.6 Conduct Task Analyses

The tas«s that the Operc'ors are required to perform when compared to their
physical and cognitive capabilities, will define the displays and controls needed to
maintain the plant in balance and to respond to emergency conditions. "Task analysts"

can yield baseline requirements on:

Staffing (number, type, team structure)
Informetion display (type, rotes)
Control

To<k timing

Training

Procedures.

3.6.1 Objective

The purpose of developing a detailed task analysis for each emergency procedure
and sample normal operations is to provide detailed documentation of all operator actions,
information requirements, controls and displays used under these conditions. Through the
task analysis, critical controls and displays, those used during emergency operations will
be identified along with their sequence of operation and impact of potential operational

error.

3.6.2 Instrumentation

The sample form illustrated in Section 2.5.6.2 and included in Appendix VI may be
used to collect task analysis data. An alternative format may be used as long as it
provides space for recording all the pertinent data.

3.6.3 Method

Ocia for the task analyses will be collected and recorded in the appropriate row or

columr.

a. Procedure — Procedure name and referencing/identifying number should be
filled in :ompletely.

b. CR and Unit — List plant name and unit number for complete recordkeeping.

S Analyst — Analyst's name(s) should be noted.



Task — This column is used to identify the specific task to be accomplished.
Entries in this column are to be ordered sequentially to enable the analyst to
identify operational sequence.

Activity — Actual benavior/action performed by the operator is list=d in this
column., The analyst here describes what the operator must do ', complete
the task. The description should contain an action verb whict adequately
describes the operator's response (examples: monitors; actuates; verifies).

Est. Time (Min.) — Under this heading, the anaiyst records the estimated

amount of time required for the operator to complete each activity. These
data are useful in evaluating the ability of the system to cperate within
established time constraints.

f (Frequency) — In this column, the anc 'yst records the number of times an
activity is performed for each specific task.

Information/Communication Requirements — Under this heading, the analyst

describes the information or communications needed to perform the task
cueing the operator to take action. The stimulus may be annunciator alarms
or other out-of-tolerance display indications, a signal from another operator,
or any input indicating a need for control room operator response.

Control — In this column, the analyst enters the name or description of the

control used for the activity. Precise labeling text should be used for clarity.

indication/Display — Under this heading, the analyst describes the source of

feedback available to the operator which indicates that the necessary system
response has occurred. Again, precise labeling text should be used in listing
displays.

Concurrent /Shared Tasks — Tasks that require more than one operator or are

initiated Dy the control room operator but performed by field operators are
described under this heading.

Potential Error — In this column, the analyst lists probable sources of error

based on the type of response required of the operater and characteristics of
the equipment used. Probable sources of error are referenced in the guidelines
for each equipment type.

Error _Impact — Under this heading, the analyst describes the effect of

possible errors on the system or task performance.

38



3.6.4

Task analysis data collection will be conducted and validated in four phases,

l.

entaring information on the form as described above.

For each emergency and sampie normal operations procedure, record infor-
mation in the appropriate column on the data form. From the procedures, list
tasks and operator actions. As they are provided by procedures, list also
controls, displays and other information requirements for each task.

Experienced control room operators, as systems and subject experts, will be
needed to fill in much of the remaining datg, such as estimated time to
perform a task; frequency of each activity; tasks performed concurrently or
shared; potential errors; and error impact. Potential errors, as suggested by
operators, should be checked against those listes in the guidelines for each
component type involved. Operators will also provide information concerning
tasks not included in procedures documents but performed by operators in the
execution of the procedures.

A review of the videotaped walk-throughs should be used to validate steps
listed as well as controls, displays and information requirement involved. The
regl-time simulation should substantiate estimated time requirements; if not,
further evaluation is required.

Where possible, observat.on of actual task performance is useful in validating
inforn.ation listed on the forms. This should be easily accomplished with
normal operations such as startup or pover reduction, but unlikely with
operations generally contained in emergency procedures.

Data Reduction

Data generated by the task analysis will identify critical information and communi-

sequentially or simuitcneously, frequently, or within constrained time periods, will be

cation links (source and content) required by the operator. Controi and display data will
aid in the determination »f the sufficiency of equipment provided the operator. The
sequential ordering of the tasks and frequency of each activity will aid in determining the
efficiency of workstation design and panei configuration. Those components utilized




identified in the task analyses. |f such components are not functionally grouped, the
mpact of potential error should be evaluated. If such error is likely and impact affects
safety, a dDackfit to enhance human religbility is required. A Human Engineering
Ciscrepancy Report should be completed for problematic control/display arrangements

identified.



4.0 EVALUATION OF HUMAN ENGINEERING DISCREPANCIES

As each of the several human engineering reviews progresses, some of the operator-
control room interfaces reviewed will not meet the guidelines quoted in Volume Il. Each
of these discrepancies should He documented and reviewed with respect to iis importance
in plant ~afety (and, perhaps, reliability), and then, if of sufficient importance, backfit

alternatives should be investigated.

4.1 Prepare Human Engineering Discrepancy Reports

Personnel involved in the Data Collection task (3.0) should be instructed to compiete
a Human Engineering Discrepancy (HED) form for each and every incidence where the
control room design does not comply with human engineering guidelines. No attempt
should be made during actucl data coilection to determine whether or not a particular

discrepancy is sufficiently important to repor!’
HEDs should be completed for -all discrepancies including environmental, layout,

instrumentation, job design, procedu-es, :1 ..

!

4.1.1 Objective

The objective of this task is to provide corplete and accurate documentation of all
human engineering discrepancies in the control room; to anticipate the specific human
errors that might result from the discrepancy; and to record the likely response of the
plant systems to this error.

3.1.2 Me thod

As the contral room is reviewed, data collection personnel will uncover a number of
operator-control room interfcces that do not meet the human engineering guidelines.
These discrepancies should be recorded on a form similar to Appendix V!il, Human
Engineering Discrepancy Report form, and should inciude:

a. A short title for the discrepancy
b. Hardware or procedures items, nomenclature (label) and panel locations
C. Human engineering guidelines which were violated

d. Operator error(s) that might result from the discrepancy
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a, Procedures or operations that use the items listed in b.
fs Plant and system leve| consequences of these errors.

An HED report should be prepared for each and every discrepancy and a photograph
or photocopy of the equipment or procedure, respectively, should be kept (where
appropriate) to document specific discrepancies.

‘Where there are a number of interfaces with the same discrepancy, the same
procedures involved, and the same cons  2ances of operator error, one "generic" HED
might suffice. More likely there will be discrepancies where some of the information is
identical from HED to HED. In this case photocopies can be used to reduce the

paperworx,

The final step in HED preparation is the identification of suitable backfits (Part (g)
of Appendix Vill). Most discrepancies can be corrected by any of several backfits with
different potentials for reducing operator error |ikelihood and different costs. For
instance:

e Change of instrumentation type or location
Addition of repeating displays to improve control/display relationship

e Demarcation lines to improve operator localization of controls and/or
displays

o Use of switch guards to reduce tne iil“z!lkzzu ot inadverien~t or
accidentcl operation

Use of alarms or warnings to advise of a potential error
e U2 of switch or display color coding to improve operator localization

Use of display range markings (e.g., normal, emergency) tc improve
display discriminability at a distance

e Use of mimic lines to improve sequential control/display operations
e Use of warning labels to caution against specific actions

e Use of procedurcl cautions requesting a double-check of a difficult
setting

e Use of shope coding on switch handles to tactuali, "separate"
switches that are frequently interchanged in operation

e Attentior given during training to difficu't or error-prone control/
display ~perations

e Ls¢ of indications with set points and out-of-tolerance alarm lights
to improve discriminability at a distance.

Of course there are a number of backfits which might be possible with the addition
of a graphic display; however, these backfits will not be considered here.
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BACKFITS




»

As HEDs ore completed they should be prioritized, reviewed and logged into *he
approgriate Humen Engineering Svaluation Report (Appendix |-b).

I Pricritize Hum~n Engineering Discrepancies

The method for priocitizing HEDs presented below is intended to capture all HEDs
thet impact plant safety. Since estimates of operator reliability and frequency-of-
cccurrence of taosks are sometimes undependable, these two factors are secondary to the
safety impact if the operator commits the error(s) resulting from the discrepancy.

Errors that would significantly reduce plant religbility might be important to the
utility; therefore, these errors are identified but assigned a lower priority than errors
impccting safety.

4.2.1 Objective

Oetermine he priority for backfit of each and every Human Engineering Discrep-
ancy. To the extent that dependable information is present, determine the priority and,
perhaps, the likelihood that the discrepancy-induced error will occur.

4.2.2 Method

The procedure for assigning backfit priorities to HED is described in detail in
Appendix |X. This procedure is based on four fundamental determinations made initially
by the Data Collection Specialists during control room review (see Figure 2-1).

bs Does the discrepancy-induced operator error degrade or jeopardize piant
safety?

2. Does the operator error degrade o: ‘eor irdize plant reliability?

X & What features of the task or equipment would increase or reduce the chance of
operator error?

4, How often does the operator/system interface occur in procedures?
These four basic questions are used to divide HEDs into five major categories.

e Category | — Safety Related, Minimum Opportunity to Correct
Error

e Category 2 — 3afety Related, Some Opportunity to Correct Error

Category 3 — Reliability Related, Minimum Opporturity to Correct
Error




. o Category 4 — Reliability Reiated, Some Opportunity to Correct
Error

o Category 5 — No Impact on Safety or Reliability

Each category may be subdivided into six steps according to the features of the task
the.t could reduce operator reliability (e.g., performing two tasks simultaneously). While
*rese steps could be applied to all five categories, use with categories | and, perhaps, 2
might be unnecessary since prudence would suggest o backfit for every HED in these
categories.

Within categories 3, 4 and 5, prioritizing of HEDs beycond the six steps can De
obtained by determining the frequency of the operator-control room interface producing
the error.

In terms of back fit:

Category | — To enhance safe operation, the control room interfaces should be
backfitted to:
e Remove or mitigate discrepancy

e Provide error feedback to the operator

. e Increase time to respond to error.
>

Category 2 — To enhance safe operation, the control room interface should be
backfitted to remove or mitigate discrepancy.

Category 2 — To enhance reliable operation, the control room interface might be
backfitted to:

e Remove cr mitigate discrepancy
e Provide error feedback to the operator
e Increase time to respond to error.

Category 4 — To enhance reliable operation, the control room interface might be
backfitted to remove or mitigate discrepancy.

Category 5 — Backfits may improve operations.

As a second phase of prioritizing, an independent panel of plant experts should examine
the data used to assign priorities to HEDs to assure that all relevant facts have been
considered. In Figure 2-| the panel would be chaired by the HED Processing Manager.
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4.3 Identification of Potential SBackfits

As part of HED preparation, the reviewer and the Data Collection Manager suggest
backfits that would reduce the likelihood of the discrepancy-inauced operator error. For
most HEDs there will be several potential back fits of varying degrees of effectiveness and
cost (see Section 4.1.2). In this task the HED Review Committee selects, for each high-
priori.» “4ED, the most cost-effective backfit for presentation to the Evaluation Director

who, in t yrn, recommends its implementation or its further study.

4.3.1 Objective
To select a backfit for each high-priority HED that will reduce to an acceptable
leve| the likelinoed of the discrepancy-induced er:or.

4.3.2 Method

In most cases a simp 2 cost-effectiveness matrix will be sufficient for selecting
among backfit alternatives. This matrix should contain data on:

e Description of Backfit

e GCeneral Advantages {e.g., operator acceptance, no changes in pro-
cedures, etc.)

e General Disadvantages (e.g., retraining, requires outage .2 imple-
ment, etc.)

e Estimated Performance after backfit (a rank order across potential
backfits would suffice)

e Estimated cost to implement.

At this point most of the less effective and more expensive alternatives will be
apparent, leaving only o few from which to choose. |f @ more sophisticated trade-off is
desired and warranted, the "Estimated Performance After Backfit" could be a quantita-
tive estimate of error probability after backfit, which would be plotted against cost. The
point of inflection gives the mini-min solution (Figure 4-1),



COST-EFFECTIVENESS
Example of Back!it Tradeof!
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PRUBABILITY OF ERROR
FIGURE 4-1
)f course it is unlikely that manotonic curves will be found, dut the mini-min

Jtion is usually apparent,



5.0 REPCRTING

As noted in paragraph 2.4, the basic reportino requirements should be established in
the Planning Phase to assure that Data Collection and HED Processing activities produce
all of the information needed to prepare comprehensive evaluation reports.

-

5.1 Summary Report

An overview of all evaluation bases, activities, results, and findings shculd Se

prepared for NRC review.

Sul.l Objective

The objective of this task is to prepare a report summarizing the control room
evaluation in enough detail to demonstrate the thoroughness of the review, the validity of
the evaluation and prioritization bases, and the action to be taken to correct significant
deficiencies.

5.1.2 Method

A sample outline for a Control Room Evaluation Summary Report is shown in Figure

5-1 below.



. FIGURE 5-|

AN OUTLINE FOR A "CONTROL ROOM EVALUATION SUMMARY"

1.0 INTRODUCTION

l.1  Evaluation Objectives
1.2 Evaluation Bases & Guidelines
1.3 Evaluation Activities

.4 Management

2.0 APPROACH

2.1 ldentification of Discrepancies
2.2 Prioritization of Discrepancies
2.3 Selection of Discrepancies for Backfit

3.0 RESULTS

3.1 High Priority Discrepancies and Backfits
. 3.2 Documentation Available for Review

4.0 REMEDIAL ACTIONS

4.1 Specifications for Changes
4.2 Schedule for Implementation

5.2 Summary of Discrepancies

The primary objective of this evaluatior. is to identify and remove the causes for
operator error in nuclear power plant control room design and operations. A comprehen-
sive list of discrepancies, priorities, and remediai actions documents that this objective
will be met.

5.2.1 Objective
To prepare a listing and description of all Human Engineering Discrepancies found
. during the control room eva'uation.
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An overall outline for the "Summary of Discrepancies” is suggested in Figure 5-2.

FICURE 5-2
AN OUTLINE FOR THE "SUMMARY OF DISCREPANCIES"

.0 INTRODUCTION

.1 Evaluation Objectives
1.2 Evealuation Boses (Summary)
1.3 Evaluation Approach (Summary)

2.0 HUMAN ENGINEERING DISCREPANCIES

2.1 HED Descriptions
2.2 HED Priority by System
(Sort HED numbers by priority end, within priority, by
. system)

The information to be presented in Section 2.| (of Figure 5-2) on each discrepancy

includes:
i+  Human Engineering Discrepancy Number
2.  Label (as it reads on panel) or procedure title/sector/paragraph
3. Components (or procedure steps) involved
4, Discrepancies found in components or procedures
. A Priority for backfit
8. Resolution of discrepancy

7. Estimated back fit completion date.



5.3 Supporting Information

During in-houze and NFR.C reviews of the evaluation, it is likely that questions will
arise that require details beyond the two summary reports. For instance, what specific
guidelines were used to evaluate a given display? Or, perhaps, was control "X" examined?

Supporting information of this type was prepared as part of several planning and
data collection activities; therefore, no new data need be collected unless the review
described below locates oversights in the data set.

5.3.1 Objective
Review the component/group/system level data sheets (Appendix |-b), and identify
and correct any oversights in data set.

5.3.2 Method

Each data sheet should be examined to assure that prescrived checklists, surveys,
etc., have been performed; that all discrepancies have been prioritized; and that where,
necessary, backfits have been developed. Also, at this point, it is prudent to review the
data sheets against component titles to assure that all operator-control room interfaces
have been examined.
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. 6.0 IMPLCMENTATION

One of the most unfortunate misconceptions of humen engineering evaluation is that
there exists some relativeiy small number of backfits which, if implemented, will "cure"
the human error problem. This view is patently incorrect. To substantially reduce the
lixelihood of human error jeopardizing safety, hundreds (rather than tens) of backfits may
oe implemented. This is caused by several facts:

a. Human reliability on current interfaces, while subject to impruveme: ¢, is
relatively high. Therefcre it is unlikely that a few very poorly designed
interfaces will be identified and backfitted with a resulting large improvement
in system reliaoility.

b. There are a large number of operator-control room interfaces where operate.
performance would or could jeopardize scfety. Therefore the opportunity for
a safety-releted human error is spread among large numbers of interfaces. In
thinking of the number of interfaces, consider controls, displays, control-
. display functional groups, annunciators, and procedural steps, notes, cautions,
addresses, etc. that the operator must use. Each s a potential source for
error.

Ce "Safety related interfaces" does not mean only interfaces in safety systems.
For instance, some non-safety related actions may cause plant conditions
which chall 1ge safety systems. The layout of non-safety related systems
could interfere with the performance of safety related tasks, or switch
selection errors, caused by poor lapeling or marking in non-safety related
systems, could lecd to inadvertent changes in the safety system. Thus, the
number of interfaces that must be considered is so large as to emorace,
pe-haps, the entire control room.

All of this underscores the need for the control room evaluation to be cornpre-
hensive in the interfaces examined, in anticipating the possible human errors resulting
from specific discrepancies, and in determining the consequences of errors on system
safety and reliability.
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TITLE

Control Room Evaluation Direc tor

Engineering Coordinator (Staff to
Director)

APPENDIX Y-a

TYPICAL POSITION DESCRIPTIONS

TYPICAL RESPONSIBILITIES

Communicates between evalua-
tion team and top management

Overall project scheduling
Approves HED review process

Final approval of HED priority
and backfit selection

Provides authority to:

- secure instrumentation

- obtain technical and admiris-
trative support as necessary

- purchasing

- obtain all documentation
needed

Determines project reporting and
documentation requirements

Coordinates implementation of
Engineering Backfits

Provides (secures) engineering
documentation for project library

Communicates between evalua-
tion team and engineering

Advises CR Evaluation Director
on final disposition of Human
Engineering Discrepancies (HEDs)

SUGGESTED
QUALIF ICATIONS

Holds upper-middle management
position

Familiar with both aperations and
engineering  departments  and
functions

Familiar with control room

Knows NRC regulations con-
cerning control room design and
operations

Recognizes the role of design in
causing human error, and human
error in causing safety and rali-
ability problems

Engineering management position
(IAC engineer preferable)

Familiar with instrumentation and
control of plant

Knowledgeable of NRC regula-
tions on control rooms

Knowledgeable of all steps and
costs in backfit process

Recognizes the role of design in
causing human error, and human
error in causing safety and reli-
abitity problems
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TITLE

Data Collec tion Staff

Operator

1&C Engineer

Data Collection Specialists

TYPICAL RESPONSIBILITIES

Provides advice and infor nation
to Data Callection Manages

Provides advice and information
to Data Collection Manager

Pet form CR surveys
Per form CR checklists
Conduct task analyses

Conduct
throughs

procedures walk-

Fill out Human Engineering Dis-
crepancy (HED) repoits

Rev immend HED priority
Identify potential backfits

SUGGESTED
QUALIFICATIONS

Senior reactor operator level

Fully knowledgeable of plant and
CR design/operations

Advocate of improved CR design

Caondidate for management might
be preferable

Senior 1&C engineer
Fully knowledgeable of 1&C

Interest in human engineering of
controi rooms

Candidate for management might
be preferable

Junior and intermediate level
human engineers are preferable;
or operators/engineers trained to
conduct the data collection ac-
tivities

Specific understanding of evalua-
tion procedures, instruinents and
instrumentation
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APPENDIX l-¢

. DESIGN FEATURES INFLUENCING HUMAN ERRORS

1.0 Control Errors

Inadvertent Actuation (Accidental Activation of a Control)

ol

1.1.2

1.3

Control lccation/arrangement
l.1.1.1 Location with respect to the operator's body

I.1.1.2 Location with respect to the operator's hand while controlling
other controls

I.1.1.3 Location with respect to other controls
Control design

l.1.2.1 No guards or barriers

l.1.2.2 Too little force required to activate the control

1.1.2.3 Type of motion required to coctivate makes accidental acti-
vation likely — e.g., toggle switch — up/down

Contrel visibility
1.1.3.1 Control is not easy to see and avoid

1.1.3.2 View of control is obscured by other controls or operator's hand

Substitution Errors (Selection cf the Wrong Contro!)

l.2.1

1.2.2

Control location/arran jement

l.2.1.1 Control located n a string of other controls of the same shape
1.2.1.2 No consideration given t» the sequence of control use

1.2.1.3 No functional arrangement of controis

Control design

1.2.2.1 Control shape n~ differentiated from adjacent controls
1.2.2.2 Control size not differentiated from adjocent controls

1.2.2.3 Control color not differentiated from adjacent controls

1.2.2.4 Control labelling/marking not readily distinguishcble



1.2.3

1.2.2.5 Control location not differentiated from other controls
1.2.2.6 Difficult to distinguish pushbutton from legend light
Control visilibity

|.2.3.1 Control not readily visible

1.2.3.2 Line of sight to controi is obscured

{.2.3.3 Control label not readily readable

1.2.3.4 Control label obscured by the control itself or by operator's
hand

1.3 Activation Errors (Selecting Wrong Position on Right Control)

l.3.1

1.3.2

Location/arrangement

[.3.1.1 Control is located such that operator reach can result in mis-
settings

[.3.1.2 Control is located or oriented such that selection of some
positions is difficult

Control design

[.3.2.] Direction of motion does not follow accepted stereotypes or
conventions

1.3.2.2 Direction of motion is not consistent for similar type contreols
1.3.2.3 Direction of motion is not labelled
1.3.2.4% No feedback of control activation

1.3.2.5 Control positicn arrangement is not consistent across different
controls

1.3.2.6 Control positions are not readily distinguishable

1.3.2.7 The associated display is not located with the control

1.3.2.8 The associated display motion does not follow cenvention

1.3.2.9 The control permits selection of positions which cre not used
1.3.2.10 Lcbelling of control positions is difficu't o reac

1.3.2.11 T'ere is not sufficient spatial separation of different switch
ositions



[.3.3 Control visibility

[.3.3.] Contral susition indications are obscured by the control itself
or by the operator's hand

1.3.3.2 The feedback cue to control activation is ocbscured

.4 Temporal Errors (Taking Too Much Time to Locate, Acquire and Activate a

Control)

[.4.1

1.4.2

Location/arrangement of controis

l.4.1.1 Controls located out of reach of the operator

l.4.1.2 Access to the control requires excessive trcsel on the part of
the orerator

I.4.1.3 Access to the coritrol requires special effort on the part of the
operator

l.4.1.4 The control is located in an array of identical controls
Control design
1.4.2.1 F. ce required to activate the control is excessive

1.4.2.2 Required cirection of control motion is urexpected or confusing

2.0 Display Errors

2.| Reading Errors

1.1

Location/arrangement
2.1.1.1 Display orientation to operator's line of sight is less than 45°
2.1.1.2 Viewing distance makes reading difficuit

2.1.1.3 Display loc~*ed above the eye height of a S5th percentile
operator

2.1.1.4 Cisplay located such that operator's view is obscured
Display design

2.1.2.0 Displays difficult to read due to pocr brightness contrast
2.1.2.2 Display readability impaired by giare

2.1.2.5 Scale increment size makes reading difficult



. 2.1.2.4 Scale graduations not standard nor consistent
2.1.2.5 Pointer parcllax ircreased likelihood of reading errors
2.1.2.6 Strip chart pens leck
2.1.2.7 Strip charts use tco porous paper
2.1.2.8 Strip chart pens do not always contact paper

2.1.2.9 Strip chart parameters require ranges different from those
indicated

2.1.2.10 Pullout strip charts obscure view of cther displays
2.1.2.11 Impact recorders difficult to read or to identify trends
2.1.2.12 Conspicuity of pointers too low

2.2 Interpretatio~ Errors

2.2.1 Display desian
2.2.1.1 Displays do not indicate in-tolerance and out-of-tolerance arecs
. 2.2.1.2 Difficult to interpret trencs
2.2.1.3 Process controllers display demand only — nct actual valve
2.2.1.4 Required values not displayed on trend displays
2.2.1.5 Patterns of lights are confusing

2.3 Display Substitution Errors

2.3.1 Location/arrange nent
2.3.1.1 Display located in a string of identical displays
2.3.1.2 Display located too close to adjacent displays
2.3.1.3 Display not located in a string by s juence
2.3.1.4 Displays not functionally grouped
2.3.1.5 Display arrangement is illogical or inconsistent

2.3.1.6 Display not located adjocent iu its associated display

. 2.3.2 Disploy cesign



2.3.3

2.3.2.1
2.3.2.2
2.3.2.3
2.3.2.4

Display shape not ifferentiated from adjacent displays
Display size not differentiated from adjacent displ s
Cisplay color not differentiated from adjacent dispiays

Cisplay labelling not reacily reaccble

Display -isibility

2.3.3.1
2.3.3.2

Display not adequately illuminated

Line of sight to the display is obstructed

2.4 Display Activation Errors

2.4.1

Display design

2.4.1.1
2.4.1.2
2.4.1.3
2.4.1.4
2.4.1.5
2.4.1.6

2.4.1.7
2.4.1.8
2.4.1.9
2.4.1.10

No light test capability

No indicator lights are provided

Direction of dispiay motion not conventional or stereotypical
It is possible to transpose legend light faces

Trend re- order speed not controllable

A failure to achieve required status is indicated by an extin-
guished light

There is no standard procedure for checkina failed lights
A meter can fail leaving the pointer at mid-runge
Failure of @ meter is not readily detectable

Vaive travel is indicated by extinguishment of open and closed
lights

2.5 Displas Temporal Errors

2.5.1

Location/arrangement

2.5.1.1
2.5.1.2
2.5.1.3

Display not located within visual access from viewing position
Display is located in an array of identical displays

Display located where field of view is obstructed

2.5.2 Display design



2.5.2.1
2.5.2.2
2.5.2.3
2.5.2.4

3.0 Annunciator Errors

3. Reading Errors

Displays not functionally grouped
Displays not grouped by sequence of use
Displays not clearly labelled

Displays not clear!y coded

3.1.1 Location/arrangement

3.1.1.1
3.1.1.2

Annunciator legend cannot be read at viewing distance

Annunciator legend cannot be read at viewing angle

3.1.2 Annunciator design

3.1.2.1
3.1.2.2

3.1.2.3
3.1.2.4

Luminance level of red annunciator toc low

Annunciators have dyna-tape backfits which cannot be read
when i!luminated

Annunciators have different type fonts

Annuncia*-r legends are too complex

3.2 Annunciator Activation Errors

3.2.1 Annunciator desigri

3ol
3.2.1.2
NP
3.2.1.4

o Jshe

3.2.1.6

3.2.1.7
3.2.1.8

Annunciators not prioritized

Annunciators not funciionally grouped

Annunciators nct coded — as first out

High annunciatnr nuisance rate reduces operator recdiness
Annunciator silence control is operated in ¢ defeated mode
Different flash rates or duty cycles indicate different annun-
:Lol:or status — and the indications are not readily distinguish-

Auditory alarms are not coder. “y location

Mo ¢nnunciatar silence with visual display retention



3.2.1.9 Until an alarm is cleared, a second alarm is inhibited

3.2.1.10
3.2.1.11
3.2.1.12

Alarms are less than 20 dB above ambient noise levels
Acknowledge control difficult to access

No ciear notification of alarm clegred

4.0 Label Reading Errors

4. Readability

4.1.1 Location/arrangement

4.1.1.1
4.1.1.2
4.1.1.3
4.1.1.4
4.1.2 Design
4.1.2.1
4.1.2.2
4.1.2.3
4.1.2.4
4.1.2.5
4.1.2.6
4.1.2.7
5.1.2.8
4.1.2.9
4.1.2.10

Labels not located consistently
No labels provided
No panel designators provided

View of labels obscured

Label font makes labeis difficult to read
Functions mislabelled

Safety tags cover |abels

Labels have poor brightness cot.i. ast
Labels are cluttered

Labels have low contrast to the panel
Labels are illegible

Color not used consistently

Inconsistent use of abbreviations

Labels have smali fonts

4.1.3 Use of labels

4.1.3.1
4.1.3.2

Too rnany sperator added backfits used

Backfits not consistent



5.0 Procedure Errors

5.l Access Errors

Mo demarcations grouping panel elements

5.1.1 Procedures location and arrangement

S.0.1.1
5.1.1.2
Selel.3

Procedures are not located *o be egsily accessed
Procedures are not arranged to be easily accessed

Only are set of procedures provided in the CR

5.1.2 Procedures indexing

5.1.2.1
5.1.2.2

Procedures are not indexed for ease of access

Procedures are not tabbed for easy access

5.1.3 Procedures design

Seledel

© 5132

5.1.3.3
5.1.3.4

Procedure titles are not sufficiently discriminable

No guidelines are provided to enable operators to establish
which procedures are applicable

No cross referencing of different procedures

Cross referencing sends the cperator to some ancillary docu-
ment

5.2 Reading Errors

5.2.1 Procedures design

5.2.1.1
5.2.1.2
3.2.1.3
5.2.1.4
5.2.1.5
5.2.1.6

. 5‘2.'.7

Use of ambiguous language

Procedures text not clear and concise
Instruction too long

Use of overly precise control processor settings
Phrasing of instruction is ambiguous

Excessive length of ins*~uctional steps couse operators to skim
rather than read these s1¢ps

Multiple steps are nested in one instructional statement



5.2.1.8

Caution ond warning notes not sufficiently righlighted

5.3 Procedures Following Errors

3.3.1

Procedures design

5.3.1.1
5.3.1.2
$5.3.1.3

5.3.1.4

5.3.1.5

5.3.1.6

S.d.1.7

5.3.1.8

5.3.1.9

5.3.1.10

5.3.1.11

Sudelel2

S.3.1.13

Procedures are not complete — steps are missing
Procedural steps are out of order

Procedures co not inform the operator when to stop using the
document

Emergency procedures do not indicate the feedback for the
system which should cue the operator on what to do next, or
even that he is on the right procedure

Procedure nomenclature different from labels and component
designations

Information on component location and function left to opera-
tor's memory

Procedural steps in emergency procedures not structured to
support diagnosis of problems

Charts, graphs and schemgatics and diagrams are not incor-
porated in the text

Ne indicctions are provided on system response to operator
action

Procedures are not anumerable to a checklist format allowing
operator checkoff of each step as completed

Too many steps of emergency procedures must be committed to
memory

Arrangement of notes is confusing — not clear to which step
the note applies

Inconsistent use of acronyms and action verbs



APPENDIX II
GENERIC HUMAN ENGINEERING DESIGN ISSUES

Annunciator Design and Operation

Organization of windows — not above systems they monitor
Low contrast between alarming and steady-on windows

No prioritization of alarms to aid in diagnosis

Font size not consistent with reading distance requirements

Difficulty in localization (low flash rates, no auditory alarm direc-
tionality correlates)

Lack of positive indication of alarm condition cleared

Multi-channe! annunciators which have no reflash capability and lock out
st )sequent alarms.

Operator/Computer Interfcce

No graphic trending capability on displays

Computer operation requires lengthy searches for data point addresses
(operators often substitute memory)

Alarm computers that are limited in the number of near-simultaneous
alarmg that can be managed

No alphanumeric displays whatsoever

Display and hardcopy alphanumeric outputs which are poorly spaced,
organized, etc.

Printers obscured by cabinet.

Violations of Conventions and Stereotypes

Switch position conventions (within plant) established and then violated
on panel

Switch and display organization by channel, bus, etc., varies within and
between systems

Stereotypic left-to-right and top-to-bottom organization of alphabetic-
or numeric-ordered controis/displays is violated

On-off, increase-decrease movement stereotypes are not followed

Color mecning conventions are established and then violated in
indicators.
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Control/Qisplay Strings

Vertical meters, process controllers or switches are arranged in vertical
or horizontal strings of 5 or more making location of mid-string
components difficult

Positioned in string without regard tc operational sequence
Coding methods are not employed to enhance discriminadility

Confusion in locating specific controi/display is induced by layout or
clustering

Discriminability is reduced oy C/D similarity.

Lamp Testing

Labeling

Application does not extend past annunciators/status lights

Alternate operational methods to test lamps include valve closures/
openings and lamp replacement

Information omission increases operator/personnel workload

Failure states can remain unknown.

Readability is reduced by small font size

Low contrast of lettering to label decreases readability

Nomenc lature is inconsistent or misleading

Labels are not conspicuous

LLabels are not present

Little use of summary labeling of functionally grouped components
contractions, abbreviations are not uniform

Control and display label associations are obscure

Obscured by switch handles, or other equipment.

Operator Protective Equipment

Masks obscure visibility
Breathing apparatus interferes with voice communication

Operators are not practiced enough to don equipment within an
acceptable period of time

Accessibility is poor
- supply insufficient equipment for the number of operators
required to be in CR
- store emergency equipment in locked cabinets or in obscure
locations.



Intra-CR Communications

Amoient noise levels are very high (60-70d3)
- interferes with communications from back panels or across the
CR

Communications impossible when wearing protective breathing apparatus

Emergency procedures are read by one operator while another takes
required actions (high fidelity voice communications are required
throughout the CR).

Procedures Content and Format

Procedures are difficult to access due to storage and indexing

Procedures lack completeness
- steps missing
- steps out of order from actual sequence of performance

Actions not included in procedures are assumed to be learned in training
Airbiguous language is used in instructional steps
Synonyms are frequent!y used

Information on system feedback is lacking
= no instruction on operator requirements or recourse if system
fails to respond

Offer lack diagnostic aids

Cross-referencing to other procedures or documents occurs wH’hm
immediate and subsequent operator actions

Procedures lack clarity and conciseness of text
- instructional steps are wordy or discussional in nature

Instructional steps are nested in notes or cautionary statements or in
other steps

Format does not agree with modern job performance aid technology

- font size, style (10 or |2 pitch, non-ceriphed type)

- column width (optimum width for eye scan, 3 inches)

- sentence structure and length (10 words or less, simple sentence
structure)

- constrained vocabulary (use words of high familiarity; eliminate
synonyms)

- supplementary information (use of diagrams or pictures)

Information on component location and function is left to operator
memory

Long lists of immediate actions tax operator long-term memory

Field operations (not performed by control roem operctor) are not
clearly identified as such.



‘Workspace Layout

Primary panel space is cluttered with unused/inoperative controls and
displays

Accessibility of panel is obstructed by desks, computer consoles
Critical displays are placed below the operator's line-of-sight
Displays are located without regard for parallax or glare.

Control/Display Relationships

Functionally related controls and displays are not colocated
Control/display relationships are unclear

Mimic panels, when used, are composed of overlapping, multi-colored
lines which do not clearly associate contrauls/displays.

Positive Indication of System or Component Status

Indicator lights indicate switch position rather than actual valve or
breakar position

Pre-trip status indication of engineered safeguards is lacking in a con: 1se
form.

Process Controllers

Indication is given of signal sent rather than a positive indication of
valve status

Stereotype is violated in that counte:clockwise control novement and
increased display value (i.e., 100%) can signify a closed valve

Control/display relationship is inverted (e.g., increase in control value
produces decrease in display value).

Trend Recorders

Trends are smeared and unreadable

Hen position is parallaxed, unreadabie or obscured

Scaling increments do not agree with increments on paper
Wrong color ink in pens.

General Maintenance in Control Roomrs

Bulbs burned out in indicator lights
Labels missing or becoming unglued
Ladders, cables and other equipment obstructing passage between panels

Refilling of ink in trend recorders results in spillage; wrong color ink is
used.



Date:

APPENDIX 111
HUMAN ENGINEERING OPERATOR QUESTIONNAIRE

HFE Anclyst — Briefing:

Unit:

Interview:

Licensed Operator 1 fow Long?

or

Trainee

How Long?

A. Staffing and Workload

Please describe Tech. Spec. requirements for CR staffing.

a)

if actual staffing differs from Tech. Specs., please describe actual
staffing.

In your opinion, under worst-case conditions, what is the maximum number of
operators actually needed to effectively operate the control room during each
of the following:

a)
o)

c)

Normal operations
Startup/shutdown

Transients/emergency operations



3 How many units do you presently operate?

Q) If you operate two or more, are they: (check one)
—___ identical
____ nearly identical
mirror images of each other
— dissimilar

b) If you operate two or more units, have you ever experienced any
difficulties in shifting from one CR to another? yes no

’

4. Please describe your administrative or record keeping tasks (log entries,
reading of parameters, etc.).




a) Have these responsibilities ever interfere with your operational duties,
especially during off-normal conditions? yes no

3s Have you observed any problems associagted with shift turnover?
yes no

6. Please describe any recommendation you may have to improve shift turnover.

8. Workspace Design

ks Can the status of your plant be monitored frorn one central position?
yes no

> X Are specific stations assigned to operators and watch foreman?
yes no




During normal or off-normal operctions, do the actions or tasks of another
operator aver interfere with performance of your tasks?
yes no

4. Have you ever experienced any difficulty in reaching a required control or
seeing/recding a required display? yes no
- 1A Have vou ever experienced any problems locating the correct control or

display (for example, operating the wrong switch or inaccurately operating the
correct switch)? yes no

Are panels arranged within your CR in a manner which is logical for normal
and emergency operations? yes no

Are controls and displays pertaining to systems or sudsystems grouped
logically and distinctively within each panel? yes no




B. Ooes your panel lack important information, controls or displays, which would
heip you perform your job more effectively or safely? yes no

9. Are important data, controis or displays, inaccessit'e, or difficult to access,
because of placement (for example, located in back panels out of operator's
view)? yes no .

10, Does your CR centain controls, displays or other equiprment which is

inoperative, not used or unnecessary for you to do an effective job?
yes nu

Do you find mimics or graphic/pictorial panel arrangements, if used, helpful in
performing your job? yes no N/A

a) If "no," please describe why you feel they are not helpful and any
recommendations you may have to rnake them more so.




12, Have you ever inadvertently disturoed control settings (for example,
accidentaily bumping a switch)? yes _no

i3 Have groups of controls or displays which look identical or very similar been
marked or coded to permit easy discrimination between them?

yes no
a) If "no," please describe areas where you feel marking or coding would
enhance your ability to discriminate between components.

14, Please describe the administrative procedure for adding operator-
reccmmended medifications to labeling, demarcation lines, mimics, or for
adding guarding for certain controls, or otherwise modifying the panel.

15. Do you find operator-added modifications he!pful? yes no




al If "no," please describe those modifications which you find to be a
hindrance.

le.

Are major panels, sub-panels and panel segments clearly and consistently
labeled? yes no

Is the Control Room (CR) arranged to be effectively cperated by the minimum
shift required?

During normal operations yes no

During transients/emergency operations yes no

C. W\

rkspace Environment

Do CR features of an environmental nature, such as listed below, ever
interfere with effective performance of your job? If "yes," please describe the
nature and source of each problem and their effects on job performance.

a) Ventilation ves no

b) Ternperature/humidity yes no




c) [Hlumination ves no

d) Noise levels yes no
e) Excessive traffic through the CR yes no
f) Qther environmental factors yes no

& Are there problems with time and distance invoived in leaving CR to prepare
food or use facilities? yes no

0. Communications

ke Are there problenis with communications procedures or equipment which
interfere with receiving or transmitting required information in any of the
following instances? If "yes," piease describe.

a) CR to field/auxiliary operators ves no

B) Field to CR yes no




c) CR to supervisor ves no

d) Setween units N/A yes no
a) CR to NRC yes no
f) CR to others (please specify) yes no

Are you aware of any instances in which intra-control room (operator-to-
operator) communications have been lost or misheard due to distance or noise
levels? yes no

Does the operation of communications equipment, or requirements for com-
munications interfere with operations: (Please describe if "yes.")

a)  During normal operations yes no

b) During off-normal ocerations yes no




¢} During transients/emergencies yes no

"‘-

Have you experienced any problems with using communications equipment in
any of the following areas? (If "yes," please describe the problems.)

a) Location of the equipment yes no

D) Operation of the equipment yes no

c)  Ability to receive or transmit messages

(speech intelligibility) yes no
d) Number of transmitters/receivers yes no
e) Failed or broken equipment yes no

g.

Annuncigtor/Warning System

Please describe your alarm annunciator system and its operation from
incoming alarm to acknowiedge to condition cleared.




Doces the annunciator system in your CR provide you with specific information
aueut the nature of an abnormal event? ves no

3. Do alarm onnunciators provide you with information about the necessary
action to be taken in response”? yes no

4. Alerm annunciators located above the instrumentation of systems which they
monitor? always frequently infrequently

95 Are alarm annunciators prioritized in any way? _yes no

0. Please describe any use of color coding used in the annunciator system.

7 ™

Lo vou have any nroblems reading annunciator messages from any point in the
‘rom which these messages must be read? yes no




8.  Are the auditory warning signals differentiated to provide meanings, such as
priority alarms or locality of system components? __ yes no
9. Do "nuisance" or "false" alarms ever interfere with your performing your job
affectively?
\Under normal conditions —_—Yes —_no
Under emergency conditions yes no
a) If "yes," please identify frequent nuisance alarms and the problems they
present,
10. Are alarm acknowledge/silence/reset controls available to the operator?
Are there sufficient number . yes ____no
Are they easily accessible from all panels ___ yes __no
. Are alarm annunciators provided with a test capability?
For visual/lamps —__Yes "o
For audible yes no
14 Do you have any recommendations which would enhance the operator usability

of your annunciator system?




Juerator Protective Equipment

Please describe the operctor protective equipment available in your CR.

v Please describe the quantity and location of the equipment,

Je Does the face mask interfere with visibility? yes no

4. Does your protective breathing apparatus interfere with the following:
a) Operator-to-operator communications yes ___no
b)  Use of communications equipment yeE no

. 5 Have you ever encountered difficulty in performing required tasks as a result
of wearing protective equipment? yes no

6. Do you feel sufficiently practiced in donning protective equipment so that, if
the need arises, you feel you could don it easily and quickly?

yes no
s Oo you have any Jther comments or suggestions concerning the suitability of

the available protective equipment or its use?




. G. Computers

bs Please describe the functions performed oy tne computer (& assist you in
operating the system.

- A Do you find the computer useful and reliable? yes no

& Do you feel that operators are adequately trained to use the computer?
ves no

4, What changes or additions in computer usage would you recommend?

H. Procedures/Documentation

le Do you find that your procedures documents are difficult to access because of
labeling, indexing or storage? ves no




Are your procedures sufficiently detailed to permit effective operation of your
CR during normal and emergency operations? yes no

3. Are there Dprocedures which you find difficult to execute?
ves no

4, Plecse list the procedurss which address operation of the most difficult or

critical systems.
I Operations

I Do you feel that too many functions are performea automatically by the
system in controlling abnormal event? yes no

2. Can vou provide examples where direct control by the operator would be

preferable to automatic control? yes no




3. Can you suggest examples where automatic control would be preferaple, where
not currently provided? ves no

4.  Please describe any additional operational problems you have experienced with
the current panel design.

- Please descrioe any recommendations you would make in design or procedure

which would enhance the effectiveness of the operator's job.

Operator Work Scheduling

Would you prefer a different system of shift scheduling?
yes no

a) Do you have any comments or suggestions for improving the effects of
shift scheduling on the operator?

Have you ever experienced any negative effects in changing from one shift to
another, in yourself or in other operators? yes no

a)  If "yes," has this effacted operating abilities? yes no



|

D) Any comments or recommendations’

3. How many overtime hours do you generally work in a month?
a) Do you feel that extended shifts or overtime dearades your apility to
perform your job effectively? yes no
b) Mave yJu ever experienced any problems in operating the plant as a
result of working extensive overtime? _  yes no
c)  Any comments or suggestions?
4. Are you aware of any operators who have experienced personal problems as a

result of working shifts and/or overtime? yes no

Q) Any comments?
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PLANT: DATE:

TIME:
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APPENDIX IV-b AMBIENT LIGHTING SURVEY

PLANT: | DaATE. | TIME:

. TEST CONOUCTED 3Y:

; PHOTOMETER MCOEL. |

| SERIAL NUMBER: ‘

CALIBRATION DATE:

LIGHTING CONDITIONS l

OPERATOR/MEASUREMENT POSITION NORMAL EMERGENCY | REMARKS




APPENDIX [V-c DISPLAY LIGHTING SURVEY

‘.LANT DATE: TIME:
‘EST CONOUCTED 8Y:

1
SPOT BRIGHTNESS METER MODEL. | CALIBRATION DATE
i
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APPENDIX IV-e
EMERGENCY GARMENTS & BREATHING APPARATUS

Have one or more trained operators don emergency garments and breathing systems
(Video tape if possible)

e Where is emergency equipment stored (how far from main operating station)?
e How long does it take 1o obtain garments/apparatus?
e How many operators cre needed to suit cne operator”?
e How long does it take to suit one operator”?
e Can CR operators suit un simultaneously?
o HMow long will the air last before new tanks are needed?
e How long does it take to replace tanks?
e Mow many operators are needed for tank replacement”?
Have two operators don emergency garments and breathing systems and try to
communicate at various distances, Have one operator read a 4-digit number and
repeat it first in @ normal voice and then shouting. Have the second cperator
attempt to repeat the number after normal loudness and shouting. Move the
operators closer u~*i' the number can be heard shouting then record the distance
between the operure 5. Move the operators closer until a different number can be
heard with normal speech, then record the distance between the operators. Reverse
the roles of the two operators. Record results below,
Operator | Speaking Hearing Distance
Normal
Shouting
Operator 2 Speaking
Normai

Shouting

Check face mask for visual obstructions. Use the space below to deecrihe the
location and magnitude of any obstructions. Photograph mask.

Measure extent of operator's reach envelopes with and without protective garments.
Photograph positions (standard) at fixed distances.
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Photograph hand of operator (fingers spread and extendec) with and without gloves.
Have the operator close his eyes and discriminate among a number of small
relatively common cbjects with the gloves on.

If possible, have the operators perform one emergency procedure with and without
the garments/breathing apparatus on (video tape).
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APPENDIX VII
PROCEDURES WALK-THROUGH LOG

Plant Name: Date:

Camera Operator: Analysts:

Procedure Name & Number Walk-Through Number Tape Number

Footage



APPENDIX VIII

HUMAN ENGINEERING DIiSCREPANCY

PR (et PLANT-UNIT: CATE:
REVIEWER NAME:
a) HED TITLE:
b) ITEMS INVOLVED:
ITEMTYPE NOMENCLATURE LOCATION PHOTO NO.

¢) PROBLEM DESCRIPTION (GUIDELINES VIOLATED):

d) SPECIFIC OPERATOR ERROR(S) THAT COULD RESULT FROM HED:



e) LIST THE PROCEDURES OR OPERATIONS THAT USE THE LISTED ITEMS
. iIN A MANNER TO INDUCE THE OPERATOR ERROR:

. f) LIST THE CONSEQUENCES OF OPERATOR ERROR DURING ALL MODES OF OPERATION:



g) SUGGESTIONS FOR POTENTIAL BACKFITS:

NAME DATE

REVIEWER

CATA COLL. MGA.

| HED PROC. MGR.

‘ i EVAL DIR.
L
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