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PREFACE

Task 1.D, Control Room Design, of NUREG-0660, the NRC Action Plan Developed
as a Result of the TMI-2 Accident, specifies that the Commission's Office of
Nuclear Reactor Regulation will require that operating reactor licensees and
applicants for operating licenses perform a detailed control room design re-
view to identify and correct design deficiencies. This review will include
an assessment of control room layout, the adequacy of the information pro-
vided, the arrangement and identification of important controls and instrumenta-
tion displays, the usefulness of the audio and visual alarm systems, the infor-
mation recording and recall capability, lighting, and other considerations of
human factors that have an impact on operating effectiveness. Prior to the
initiation of the detailed reviews, NRR will formulate design review guidelines
to be used by each lTicensee and applicant to assist in the identification of
design weaknesses. A contract was awarded to the Essex Corporation to develop
the review guidelines.

The following two-part report prepared by the Essex Corporation is a draft
version of the guidelines to be used in the detailed control room reviews. The
guidelines and procedures of this report were based on human factors evaluations
of nine nuclear power plant control rooms. As implied by the title, the report
is a suggested set of guidelines and procedures for control room evaluation,
and as such does not directly address all of the design review factors specified
in Task 1.D of NUREG-0660, The report is issued at this time for public review
and comment, and these comnents plus results of an internal NRC review will be used
to prepare the Commission's final design review aguidelines. These final guide-
Tines will be issued as NUREG-0700.

Some material not applicable to control room design review (e.g. guidelines
for procedure content, operator training) has been omitted from the Essex report
as submitted to the NRC. This material will be used in other NRC
reports and quidelines dealing with human factors issues not related



to control room design. Other modifications and revisions planned at this ‘
time include the addition of material addressing the remainder of the

Task I.d issuc., such as guidelines to support task analyses to determine

if the control room provides adequate plant status information to the
operator. We also expect that the format will be revised to simplify appli-
cation of the guidelines and procedures to a control room design review.

Comments on these draft guidelines are requested from the following:

Federal Agencies with expertise in human factors analysis
Electric Utilities
Architect/Engineer Organizations

Nuclear Industry Service Organizations
Human Factors Analysts
Interested members of the public

A1l comments will be considered in developing the final control room design
review quidelines.

Single copies of these draft guidelines may be obtained by writing the:

Director, Division of Technical Information and
Document Control

Office of Administration

U.S. Nuclear Regulatory Commission

Washington, DC 20555

Mr. Richard Froelich is the NRC Task Manager for these guidelires. Should
there be specific questions regarding the guidelines or their content,
Mr. Froelich may be contacted by calling (301) 492-8442 or by writing to
the following address:

Division of Human Factors Safety

Office of Nuclear Reactor Regqulation

U.S. Nuclear Regulatory Commission

Washington, DC 20555
ATTN: R.W. Froelich
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V. A. Moore, Acting Deputy Director
Division of Human Factors Safety
Office of Nuclear Reactor Regulation
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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.

Part 1 suggests a procedure for applying the guidelines (Part I1I) to un-
cover potential human engineering problems, and for identifying critical
problems by estimating the impact of the potential 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 ~ould be jeopardized should the hardware or procedure problem be
considered serious.

Many of the guidelines in Part II can be applied to control room design.
However, many human engineering guidelines addressing design issues, and not
evaluation, have been intentionally omitted 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 not be completely appropriate
or sufficiert for plants of a later vintage.

The Essex Corporation
June, 1980
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1.0 INTRODUCTION

il Ceneral

From the point of view of control room evaluation, humen 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 a mears

to locate and remove causes for operator error in nuclear power plant control rooms.

Many studies have been performed which attempt to quantify the effect of human
error on nuclear power systems' safety and reliability. Results show that 15 to 66 percent

of plant safety failures are attributoble to human failure. For example, IEEE Spectrum

(1) reports some of these findings to be: a) "Between |1/2 and 2/3 of hypothesized reactor
accidents are caused by human error," b) "20 to 50 percent of all LER foilures are due to
human error;" ¢) "About half of the accidents that lead to any release of radiation are
caused by human error;" and d) "In about one percent of the LERs (examined by the
investigators), or about 35 a year, there are indications that a safety feature has been
severely comprormised or made unavailoble by human error." Further, a report issved by
the Aerospace Corporation (2) states that "personne! 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 risks to public health.

Research has also been performed on the effects of human error on power plant
outages. Results of these studies are in general agreement that upwards of 20 percent of
plant outages cre 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 toke the necessary action," (5) anad "A study of
major power system disturbances frund thot “uman factors problems either initiated or

compounded about 20 percent of the events" (6).

Reviews of nuclear power plants have repeatedly demonstrated 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). Baosed on extensive militery and
aerospace experience with complex systems, operator error will be reduced if control
panels and procedures are brought into agreement with human engineering practices. The

procedures (Volume 1) and guidelines (Volume [I) that make up this Cuide 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 control rooms were examined for compliance
with a large sample of human engineering quidelines 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 control room applications, military and
aerospace guidelines were used. In most cases, these guidelines appeared to be valid since
they are applied quite successfully to systems containing the same types of operational

requirements, components, personnel and procedures.

The control room evaluation process suggested in these volumes car be charac-

terized in five steps (Figure [-1).
is Plan the evaluation.

2. Locate all instances where the control room differs from the Human Engi-

neering Guidelines.
5 5 Evaluate the impact ot 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 surmmarized below.

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

- to locate and record all control room interfaces (e.qg., controls,
displays, labels) where design or operation do not meet human
engineering guidelines

- to suggest potential backfits.

e Phase I}
- 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.

LA™




FIGURE 1-1. PROCESS FOR HUMAN ENGINEERING
REVIEW OF NUCLEAR POWER PLANT CONTROL ROOMS
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e Phase IV
- to prepare reports documenting the scope, methods, objectives
an.: 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 ftraining, etc. are often satisfactory in lieu of moving
components, This being the case, each guideline in Volume Il contains a range of backfits
that might be satisfactory, depending on the specific circumstances. In fact, each

guideline in Volume 1l gives:

The evaluation guideline itself

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

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

Backfits that may be suitable for correcting discrepancies (e.g., Switch
guording)
When this Guide is applied throughout the nuclear power industry needs for revised
or new guidelines or evaluation procedures will be discovered. Such needs shouid be
referred to the Division of Human Factors Safety, U.S. Nuclear Regulatory Commission,

Washington, D.C. 20555.

1.2 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
Sequoyah - 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 generai

categories:

Control errors — errors in activating controls
Display errors — errors in reading displays
Annunciator errors — errors in reading aninunciators

Labeling 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 PLAIINING

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 statue needed to identify, aqualify, and correct human
engineering discrepancies. A project library as well as data collection instruments (e.q.,
checklists) and instrumentation (e.qg., 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.

2.1 Select Evaluation Team

The first step in the CR evaluation process is to organize a tear: of technical
specialists and managers. This team must be capable of performing a thorough job in the
control room review and of making technicaliy 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 sy;term and organization; therefore, the evaluation team must be multidisci-
plinary, ~ While humaon engineers can identify CR problem areas, engineering and
operations pe:sonnel 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
multidisciplinary team capable of performing the control room human engineering

evaluation.

2.1.2 Method

Before team members can be selected, the organization of the team must be

specified along with the responsibilities {or functions) of each position in the organization.




Then, the qualifications for team members can be determined for each position.
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 found in

Appendix |-a.

FIGURE 2—1
TYPICAL CONTROL ROOM EVALUATION MANAGEMENT PLAN

EVALUATION
DIRECTOR
OPERATIONS ENGINEERING
COORDINATOR COORDINATOR
DOCUMENT?Z (ION TRAINING
SPECIAL'ST COORDINATOR
DATA HED
COLLECTION PROCESSING
MANAGER MANAGER
T
—  Senior Reactor Operator (Advisor) — Senior Reactor Operator
HED
REVIEW
| 1&C Engineer (Advisor) COMMITTEE b— !&C Engineer
L Data Collection Specialists ( ~3) L Senior Human Engineer
2.2 Prepare Project Library

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

to plani safety.

2.1 Objectives

The result of this task will be a centralized project library svitable for use

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



y o B g Methods

The first step 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 Materials and Aids.
Final Safety Analysis Report

Outage Analysis Reports

Panel Layout Drawings

Control Room Floor Plans

Lists of Acronyms and At Creviations
Samples of Computer Printouts
Annunciator Response Procedures

Fault Trees and Failure Modes and E ffects Analyses

Photographs of Panel

2.3 Prepare 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 for conducting the evaluation. Defining detailed data collection anu HED
review procedures at all levels of management will help to assure that each operator-
control room interface is given adequate attention during evaluation, prioritization and
backfit 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 produce a detailed flow chart of the entire human engineering review
ot the control rcom. Each function in the chart will be assigned to one prsition in the

team organization (Figure 2-1).




2.3:.2 Method

A time-based prucess 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 maoke each type of decision
(Figure 2-2). The positions responsible for performing each function and decision will be

identified.

FIGURE 22
EXAMPLE OF FUNCTIONS IN PLANNING PROCESS FLOW

Immadiate
Data Collection Data Collection
—_— e Near Tarm
Long Term
- o ol Eng & Cper Recom
Determine Priority Backlits Deveiop Backtit Backiit Costs
" of Human Engineering Recommandations
e s Discrepancy HED and HED Priority
Safety & Priority
Reliability [
Eng & (-)povmom Low Priority
MED's dropped
from con. deration
2.4 Schedule Data Collection and Reporting Activities

Dovetailing evaluation activities with simulator and control room schedules will help
to assure that all evalvation 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 scheduied. The time required to

complete each task will depend on several factors, including:



o [lumher of man-system interfaces considered in the evaluatica

e [umber of personnel involved in data collection

e Human engineering quidelines considered to be applicable

e Numbers und types of situations and cosualties considered in estab-
lishing HED priorities

e Amount of applied research performed in support of evaluation

Breadth of procedural evaluations (e.q., emergency, abnormal, opera-
tional) as well as range of cantingencies considered within each
procedure,

The sequence and duration of tasks should 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 eveluatiors materials, a complete listing of all operator-control

room evaluations should be made. One copy of the Human Engineering Evaluation Report

(Appendix 1-b) should be filed, by panel or procedures, for each interface. The surveys,
checklists and walk-throughs contained in Appendix IV, V and VIl respectively should be
reviewed for applicability to the interface and recorded on the HEER as appropriate,

Interfaces could be:

Individual components
Environmental characteristics
Groups of components operated together

Systems or subsystems

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 streamline the data collection process by tailoring the general methodology to the
specific control room under review:

e [xamine generic problems and operator interviews for applicability
to control room

e Develop human encineering surveys and checklists matched to the
systems, layout and components of the control room
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e Prepare for walk-throughs of plant-specific procedures
e Select and acquire necessary instrumentation

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 the control room design and operations to problem areas (called
generic problems) characterizing a number of existing plants (Appendix 11), 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 identi,y engineering
and procedure problems during operation. A rather extensive operator interview, included
as Appendix Ill, assures that shortcomings krown to 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 plant under review.

2.5.1.2 Methods — The list of generic problems (Appendix Il) and the standard
operator interview (Appendex Ill) should be reviewed by Instrumentation and Control
Engineering and Operations Speciclists. During this review generic problems not related
to the plant (if any) would be purged « ‘om 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 Data Collection.

2.5.2 Development of Surveys

The surveys combined in Appendix IV cover aspects of the control room not well
suited to checklist evaluation. For example, noise, illumination, and use of design

conventions throughout the control room.

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 Objectives — 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 — Whi'e the sample surveys included in Appendix IV have been
designed based on reviews of severai plants, there may be some items that are
inappropraite for a particular control room. Instrumentation and Control Engineers and
Operations Specialists should recornmend survey changes to the Data Collegtion Manager
(Section 2.1). In turn, the Data Collection Manager should review, discuss and, where
appropriate, implement these changes,

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

2.5.3 Development of Checklists

Checklists are probably 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 1), In turn,

these discrepancies become candidates for backfits.

2.5.3.1 Objectives — The results of this task will be several checklists which, when
applied collectively, thoroughly compare the control room to the guiaeliaes 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 ingppropriate items, Instru-
mentation and Control Engineers and Operations Specialists should review all checklist
itermns with respect 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 resuits can be assumed for all components of the same type. For
instance: handle dimensions, size of legend pushbuttons, size of lettering on switch
position labels. For these parameters, one measurement on a typical component will
suffice for the entire control room. Other measurements, such as the push force on o
"ull-to-Defeat" J-hondle switch, may require several measurements of components to
determine both the means and varionce of the force across switches. Finally, many
checklist items must be applied to every component of the type indicated. For instance,
the distonce 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 shall be used to
facilitate:
1. Discrimination between individual displays.
2. Identification of functionally related displays.
3. Indication of relationship between displays.
4, |dentitication of critica: information within a display.

ot
s

Techniques —Displays snall be coded by color, size, location, shape,
flash rate, alphanumerics, brightness, motion, or inclination, as
applicable.

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

2. If two or more kinds of information are to be coded, the same number
of coding methods should be used; do not use one coding method to
code two or more kinds of inforration.

POTENTIAL SURVEY QUESTIONS

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

Are annunciators grouped, say by system? |f yes, please show arrangement.

Are annunciators above the system they monitor?



L

FIGURE 2-4 DEVELOPMENT OF CHECKLIST
ITEMS FROM GUIDELINES

GUIDELINE

A. TITLE: TOGGLE SWITCHES AND PREVENTION OF INADVERTENT
ACTIVATION —

B. GUIDELINES: When it is critical to prevent inadvertent activation cf a
toggle switch, a guard should be provided. This guard may be a lift-to-
unlock mechanism, a safety cover or any equivalent method. If a lift-to.
unlock mechanism is used, resistance should not exceed 48 oz. If a
cover guard is used, its location should not interfere with the activation

_ of the guarded control or any adjacent controls.

C. HUMAN ERROR: Inadvertent activation of a critical control, inability to
activate a control within a given time limit,

D. DOCUMENTATION: 14728 (1974); 1472C (1980); Wooauson (1964)

E. TYPICAL BACKFIT: Installing an appropriate guard, replacing a guard

| with appropriate guard.

POTENTIAL CHECKLIST ITEMS

i
i TOGGLE SWITCHES
{

l L Evaluation Guidelins l Check

1. Are critical toggle switches provided w.ih

guards to prevent accidental activation?

Sy ———

-
|
2. Does the guard interfere with the 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 checkiists 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.

Operational features that can induce error include:

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

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-througts is threefold. One
objective is to validate the completeness of task analyses of operating procedures.
Another is to gain data on the use of particular controi/display components during normal
and 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 ond 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
casualty 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 all emer-
gency and abnormal procedures which require CR operator response as wel! as sample
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 operators'

responses differ. For example: for a Loss of Coolant Accident procedure, scenarios



should be developed which address actions ioken during a smail, slow lead; those taken
during a large break; and, if the operator response differs, during a leak 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 assuimes 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 teamn
should be coiposed of SRO and RO licensed personnel as would normally staff the CR,

and should include experienced and knowledgeable operators.

r AN Instrumentation Requirements

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

engineeri g guidelines are written with physical measurements as a basis.

2.5.5.1 Objective — The objective of this section is to provide the evaluc’
planrier and conductor with guidance for selecting appropriate measuring instruments for

the control room human engineering evaluation.

2.5.5.2 Method — Certain evaluation procedures require the physical measurement
of a perameter. 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 necessary instrumentation. The instrumentation should have

been calibrated, if required, within the past year.




TABLE 2-1: INSTRUMENTATION FOR HFE EVALUATIONS

Parameter to be
Measured

I. Ambient lHumination

2. lLuminance Contrast

3. Distance, Panel/
Room Uimensions

4. Control Size,
Separation

5  Control Resistance
(Force Required to
Activate)

6. Control Displacement

7.  Sound/Noise Levels

Instrument Type

Photometer

Spot Brightness Meter
Tape Measure -
Nonmetallic

Ruler - Nonmetallic

Spring Gauge (Push-Pull)
Torque Gauge

Ruler - Nonmetallic
Protractor

Sound LLeve| Meters

Range/Accuracy/
Characteristics

| to 300 ft. Candles

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

Up to 20 feet
Up to 5 inches

Up to 5 Ibs

Upto 5 inghes
Up to 180

50 to 120 dB3 with Flat
Response, A Weighting
and C Weighting

2.5.6 Prepare and Develop Task Analyses

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 simultaneously?

Ihese question:, and others, are answered through a process called "task analysis."
While all of the evaluation's Data Collection Tasks should be performed by human
engineering specialists, the task analyses must be performed by (c. + 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 be 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 will be listed in sufficient detail in a format like the sample form

in Figure 2-5. Analyses will focus on the following characteristics:
a. Task — task designation
b. Activity — action(s) required by the operator to complete a task
Ce [ime — estimated or observed time required to complete each activity
d.  Frequency (f) — frequency of each activity

e, Information — information required by the operator to complete an activity
(i.e., signai to initiate activity, indication that activity is progressing as

required, feedback that activity has been successfully completed)

f. Control — control capabilities required by the operator to complete the

activity
Q. Indication/Display — feedback of system response to operator actions

h. Concurrent /Shared tasks — tasks which must be performed simultaneously to

the subject task or tasks requiring assistance from one or more other

operators, including field operators

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

(e.q., reading errors, control errors, sequence errors, etc.)
je Error impact — affect of potential error on task or system performance.

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

methods:
a Review of emergency and normal operating procedures
b. Interviews with experienced conirol room operators

[0 Review of videotaped walk-throughs of procedures
d. Where possible, observation of actual 11sk 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 roie a. .

18



6l

CRANIT

procepune _Loss of Secondary Coolant, EP-4

TASK

HNuclear Plant - |

Diegnose Condition

Verify Reactor Trip

=,

FIGURE 2.5 EXAMPLE OF CONTROL ROOM OPERATIONS TASK ANALYSIS
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EST
TIME
(MIN )
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Check Reactor Trip
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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.

&:3.7 Photographic Support

2.5.7.1 Objective — The objective of compiling a photo log is twofold. First, it
will provide the evaluation tenam 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
Discrepancy 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 28mm 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 consists of general control room and generic problem photographs.
[he second phase consists of a detailed mosaic of the control room panels. 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
camera settings necessary to compensate for lighting peculiarities in the contrel room.
The use of 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 a 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 ond Generic Problems — Color slides should be
taken in this phase which includes the following types of photographs:

Control room panoramas

Pracedure and document storage facilities
System and panel shots

Itermns the operators report as problematic

A sample of each type of control, display and label

Any generic problems identified.

The slides should be taken from as close as possible. Visual cues such as hands, rulers and
coins should be included in the slides to supply a size reference. If 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 ¢ similar but

not identical units.

2.5.7.3.2 Mosaic — The mosaic (used to support checklisting and HED evaluation)
should be shot with black and vrhite 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 at predetermined coordinates on the panel surface numbered as
reference points for each mosaic segment. These should be placed about every 20"
vertically and 24" horizontally., FEach of the mosaic segment rectangles should be
photog-aphed 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.
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3.0 CONTROL ROOM EVALUATION

The following sections detail the data coliection procedures necessary for the
cortrol room HFE evaluation. The order of data collection methodology should be as
follows: review of generic problems, operator 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 control 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.

Sutal 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 issves listed as generic industry problems is to
p ide the reviewer with a pecint 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.

3.1.2 Method

Using the list of generic discrepancies in Appendix ll, conduct a panel by panel and
system by system review. Note by label or description, every control, display, equipment
item or CR characteristic which violates human engineering practices listed in
Appendix _. 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 cuestionnaire is designed to solicit qualitative comments
from control room operators. Those who operate the plant and interface with the control
room on a day-to-day basis offer the best sources of identifying 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.

3.2.1 Objective

The objective of the operator interviews is to provide an opportunity for anonymous
input regarding CI2 workspace and panel design. The questionnaires will document

operator reports and the frequency with which a particular problem is reported.

3.2 Instruments

The Operator Human Engineering Questionnaire provided in Appendix Il may be
utilized as presented or revised (Section 2.5.1) to reflect specific concerns for the

particular CR design.

3.2.3 Method

Every licensed operator »mployed by the plant should be interviewed individually
concerning design and procedural problems impacting 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 comme~t 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 environmental feature. A count should be made of

the frequency with which each problem is reported and those reported by two or more




operators should receive further review. Relevant checklists and surveys should be
applied. The impact of human error, noted on a 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 checkl’s.s (Appendix IV). Environmental
surveys include Ambient Illumination and Noise. Jesign Convention and Emergency

Garment Surveys provide baseline data to the checklists.

3.3.1 MNoise Survey

3.3.1.1 Objective — The objective of this survey is to measure the ambient noise
levels in the control room from various operator positions and to assess its impact on the

»perators' ability to verbally 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 peak

levels.

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

This is the ambient ncise 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 contro! 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
direct.d towards the panel surface and one 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"), and 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 IV-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 Report should be completed.

L & L.ighting Survey

3.3.2.1 Objectives — The objective of this evaluation is twofold. One is to
measure the ambient illumination in the control room and to assess its impact on the
operator's ability to read and interpret displays, controls, 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 phoiometer. The display illumination measurements should be taken with an
appropriate spot briahtness meter. Both instruments should conform to the requirements

established in Section 2.5.5.

3.3.2.3 Methods — The ambient lighting survey should be ccnducted under normal
lighting and emergency lighting. The display illumination survey should be conducted

under normal lighting. The analyst conducting the test should be aware that ambient




TABLE 3-1 NOISE SURVEY

PLANT.  Nuclear Power — Unit 2 | pate.  April 27, 1980 TIME: 3:30 p.m.
TEST CONOUCTED By: B, Smith
SOUND LEVEL METER MODEL GenRad 1933 ?qcn?{;ioa;%é ugon, CALIBRATION DATE.
SERIAL NUMBER: I 546 SERIAL NUMBER:  |009 Jan 2, 1980
OPERATOR POSITION: Vertical Board 2
NOISE CONDITION/SOURCE/DIRECTION OF MEASUREMENT a8 aBIA) 4B(C) T REMARKS
|
I. Basal Level Towards Pane 65 60 62 |
Towards Benchboard 64 60 6l
2. Amnunciator Alarm Towards Annunciator Alarm 80 77 oo
Towards Panel 76 72 74
Towards Benchboard 72 64 70
3.  Alarm Printers and Towards Printers 75 71 73
Phones Ringing Towards Panel 4 68 69
Towards Benchboard 71 65 67
4.  Annunciators, CR2 Towards Annunciators 83 80 78
Alarms, All Other Towards Panel 78 16 73
Noise Sources Towards Benchboard 76 73 70
|
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. lighting, besides being too dim, can also 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 lllumination — Measurement of ambient illumination

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

minimum, the following:

Reactor Operator's work desk

Senior Reactor Operator's work desk

Each panel

Each point where reading of printed material might be required

Any area 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 IV-b. A completed form is illustrated by Table 3-2.

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

displays appear to be dim enough to warrant a measurement. The following are display

types that may require measurement:

Indicator and legend lights
CRT (video) characters
Projection display and light emitting diode (LE.D) characters

Mimic lines that are illuminated.

The spot brightness 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 display. Another reading should then be taken.
Several readings should be taken over the surface of a CRT, projection and LED
characters and mimic lines 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 boards to provide an adequate sampling of the brightness of the conti ol room displays.
The measurements should be recorded on a form similar to Appendix IV-c. Table 3-3

. provides a sample of a completed display illumination survey.
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TABLE 3-2 AMBIENT LIGHTING SURVEY

PLANT:  Nuclear Power — Unit 2 | baTe:  April 26, 1980 TIME: 11:00 a.m.

TEST CONDUCTED BY: M. Jones

PHOTOMETER MODEL: Photo Research Serial Number: CALIBRATION DATE:
SERIAL NUMBER FC-200 July 9, 1980
ELE LIGHTING CONDITIONS
OPERATOR/MEASUREMENT POSITION NORMAL EMERGENCY REMARKS
I. CCI - Towards Board , 65 FC 8 FC
; - Ceiling 69 FC i0 FC :
? Back of CC2 - Towards Board ' 63 FC & P Drawing on Board |
- Ceiling 69 FC | 10 FC |
3. VB3 - Towards Board 67 FC ' 8 FC Midpoint of Baard |
| - Ceiling 3 69 FC 10 FC
| :
4. VB - Towards Board | 51 FC 5 FC Shadowed Vertica! |
| - Towards Ceiling | 67 FC | 7 FC | Meters (Meter |
; : ; '~ Names) ;
5. CC2 - Small Writing Surface |
| - Panel .‘ 58 FC i1 FC |
- Ceiling -j 62 FC 15 FC




3.3.2.5 Data Reduction — The data from Section 3.3.2.3 should be compared to the
appropriate guidelines from Volume Il. The data from Section (b) of 3.3.2.4 should be sub-

stituted in the following formula to calculate luminance contrast:

L -LZ

L

LC= —

where LI = Bright area and L2 = Dark area
I

The values should be compared to the appropriate guidelines in Volume Il. If there
are any devictions from the guidelines, a Human Engineering Discrepancy Report should

be completec.

333 Design Conventions

Design conventions are rules used to standardize the operation of functionally

identical interface between the operator and the contro! 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 pin'. 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 yield a 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 IV-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 néoted 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




TABLE 3-3 DISPLAY LIGHTING SURVEY

PLANT. Nuclear Power — Unit 2 | DATE: April 11, 1980 TIME: 7:30 a.m.
TEST CONDUCTED B+: P, Turner
SPOT BRIGHTNESS METER MODEL:  SPECTRA UB-| CALIBRATION DATE
SERIAL NUMBER: 2631 Jan 5, 1980
BRIGHT AREA (L) DARK AREA (L,) LUMINANCE
DISPLAY TYPES LOCATION (FT. LAMBERTS) (FT. LAMBERTS) CONTRAST
Simple Indicator (name SAF 8 3 0.63
of indicator) ]
2. Valve protection display | Computer Console
- Top of Character (7) 7 5 0.29
- Midpoint 8 4 0.50
- Bottom 7 4 0.43
3. CRT Screen Computer Console
- Top Left 9 2 0.78
- Middle 8 2 0.75
- Bottom Right 9 3 0.67
4. Legend Light SB-1
- DBright is Right |
- Dim Phase ' 5 3 0.40
- Oright Phase 8 3 0.63
5. Annunciator Window Above SB-2 I 5 0.55




one major panel (e.qg., switch positiors on radiation monitoring equipment), some to one or
mor~ systems (e.qg., valve operations on NSS5S) and others to a particular type of display
(e.q., color coding of annunciators). 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 <ontrol panels should be

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

TABLE 3-4

Design Convention Array

Panel
Convention 1 2 3 o 5 P 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 given
in Appendix IV-e. It would be best if this survey could be conducted in a simulator where
the suited operators could perform selected procedures. If no simulator is available,

standard measurements described in Appendix 1V-e should be taken.
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3.3.4.4 Data Analysis

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

estimate the total number of man-minutes that will be dedicated to donning
protective equipment before all operators are fully equipped. Subtract this
number 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.

Cs Human Error Factors — List and describe factors that might reduce operator

reliability, for instance:

Visibiiity of breathing apparatus face mask
Tactile discrimination through gloves
Speech impairment through face plate

Hearing impairment (noise of breathing apparatus)

Size of gloved hand (inadvertent actuation).

3.4 Check list Procedures

The checklists described in Section 2.5.3 are the primary means for comparing panel
design to established human engineering practices. The checklists contained in
Appendix V incorporate the guidelines in Volume Il appropriate to the subject (e.qg.,

annunciators, rotary switches, process controllers, 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 allow for a comprehensive evaluation from the system, panel and generic

component level.

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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3.4.3 Methods

The completion of the checklists requires access to the control room, a basic
familiarity with the control room and the systems being evaluated, and the assistance of a
qualified operator. Certain checklists are more appropriate for the control room as a
whole, others more appropriate on a panel or system level, The sample checklists from
Appendix B3 that lend themselves to general control room evaluation are | through 6.
Checklist 12 con be appropriate for both the general control room and specific panels or
systems. The remainder of the checklist samples are appropriate for a panel system or

component level evaluaticn,

Once the appropriate checklists have been selected, a packet of checklists should be
made up for each panel or system to be evaluated. The checklists should then be
completed in the following manner. The panel or system name, if appropriate, should be
placed on each checklist. Then each checklist item should be considered. |f the item does
not apply, an "N/A" should be placed in the check column. If the item is complied with, a
"yes" shouid be placed in the check colurnn. If the item is not complied with, a "no"
should be placed in the check column and the discrepancy should be described in detail in
the notes column. The notes column should be used for any and all comments felt
necessary or appropriate. Table 3-5 illustrates a completed checklist.

TABLE 3-5
SAMPLE CHECKLIST

HUMAN ENGINEERING CHECKLIST
TYPICAL COMPONENT

VAL UATHON GUATILL Nk HECR
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The operator should be queried to zlicit full information on the checxlist items to

determine whether there is compliance. For example, on item 9 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 Cngineer: "What 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 Factors 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 on 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

Ihe 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

qguidelines.

3.3 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 si: < 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 equipment used.

A5 Objectives

Videotaped walk-throughs are to be conducied in order to document operator actions
as they interface with the control room panel and layout during normal and emergency

operations. The videotape will be used to identify and validate human engineering

discrepancies in workspace and procedure design.
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FeSed Instrumentation

For an authentic simulation of procedures, a plani-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 be filmed or videotaped
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.

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

be Prior to taping, have the contro! 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.

v 5 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. Be
sure that one operator narrates the action, describing all controls/displays

involved. Each control or display should be pointed out.

A 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 ndicated by an
increase on ti e meter; valve closed, green indicator light on). Camera
operator should interrupt te 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 labels with identi-
fying information (plant unit number, dcte of taping and sequential tape number). A form,
such as the Procedures Walk-Through Log form in Appendix Vil, may be used to log in
procedure name and number, first or second taped walk-through, tape number and

footage.

35



In taping, be sure to have the control room operator announce on tape which
procedure is being performed prior to taping. Allow several feet of leader tape between

walk-throughs.

3.5.4 Data Reduction

Videotapes will be reviewed against 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 controls/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
Lecisions based on multiple source inputs

Displays monitored over prolonged periods

Controls/displays being discriminated from among similar compo-
nents

Displays to be discriminated which change rapidly

Actions taken with inadequate visual or verbal feedback specified

® Actions where error-resolution interrupts task performance.

Where such factors occur n the procedures, the controls/displays, and other
equipment or components being operated are more likely to be involved in human error in
operation. They should therefore receive further scrutiny via applicable surveys and

checklists.
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3.6 Conduct Task Analyses

fhe tasks that the Operators 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 cnalysts"

can yield baseline requirements on:

Staffing (number, type, team structure)
Inforrmation display (type, rates)
Control

Task 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.

3.6.2 Method

Data for the task analyses will be collected u.d recorded in the appropriate row or

column.

a. Procedure — Procedure name and referencing/identifying number should be

filled in completely.

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

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



d.

h.

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

Activity — Actual behavior/action performed by the operator is listed in this
column. The analyst here describes what the operator must do to complete
the task. The description should contain an action verb which adequately

describes the operator's response (examples: monitors; act. ates; verifies).

Est. Time (rin.) — Under this heading, the analyst 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 operate within
established time constraints.

f (Frgguencz) — In this column, the analyst 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 stiinulus 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 operat. 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 wiiich 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 by 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 operator 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.
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‘ Task analysis data collection will be conducted and validated in four phases,

entering information on the form as described above.

4.

3.6.4

For each emergency and sample normal operations proced -e, record infor-
mation in the appropriate colur... 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.

t xperienced control room operators, as systems and subject experts, will be
needed to fill in much of the remaining data, 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 listed in the guidelines for each
component type involved. Operators will also provide information concerning
tasks not inciuded 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
real-time simulation should suustantiate estimated time requirements; if not,

further evaluation is required.

Where possible, observation of actual task performance is useful in validating
information listed on the forms. This should be easily accomplished with
normal operations such as startup or power reduction, but unlikely with

operations generally contained in emergency procedures.

Data Reduction

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

cation links (source and content) required by the operator. Control and display data will

aid in the determinatiorn of 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 panel configuration. Those components utilized

sequentially or simultaneously, frequently, or within constrained time periods, will be
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4.0 EVALUATION OF HUMAN ENGINEERING DISCREPANCIES

As each of the several human engineering reviews progresses, some of the operator-
control room interfaces re\iewed will not meet the guidelines quoted in Volume Il. Each
of these discrepancies should be documented and reviewed with respect to its importance
in plant safety (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 complete
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 actua! data collection to determine whether or not a particular

discrepancy is sufficiently important io report.

HEDs should be completed for al! discrepancies including environmental, layout,

instrumentation, job design, procedures, etc.

4.1.1 Objective

The objective of this task is to provide complete 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.

4.1.2 Method

As the control room is reviewed, data collection personnel will uncover a number of
operator-control room interfaces that do not meet the human engineering guidelines.
These discrepancies should be recorded on a form similar to Appendix VIll, Human

Engineering Discrepancy Report form, and should include:
Q. A short title for the discrepancy
b. Hardware or procedures items, nomenc lature (label) and panel locations
Ce Human engineering guidelines which were violated

d. Operator error(s) that might result from the discrepancy
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e. Procedures or operations that use the items listed in b.
Plant and system level 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 interfoces with the same discrepancy, the same
procedures involved, and the same consequences of operator error, one "generic" HED
might suffice. More likely there will be discrepancie; where some of the information is
identical from HED to HED. In this case photocopies can be used to reduce the
paperwork.

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

instance:

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

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

e Use of switch guards to reduce the likelihood of inadvertent or
accidental operation

Use of alarms or warnings to advise of a | »tential error
Use of switch or display color coding to iinprove operator localization

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

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

Use of procedural cautions requesting a double-check of a difficult
setting

e Use of shape coding on switch handles to tactually "separate"
switches that are frequently interchanged in operation

e Attention given during training to difficult or error-prone control/
dispiay operations

e Use 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 wnich might be possible with the addition .

of a graphic display; however, these backfits will not be considered here.
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As HEDs are completed they should be prioritized, reviewed and logged into the
appropriate Human Engineering Evaluation Report (Appendix |-b).

4.2 Prioritize Human Engineering Discrepancies

The method for prioritizing HEDs presented below is intended to capture all HEDs
that impact plont safety. Since estimates of operator reliability and frequency-of-
occurrenre of tasks 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 reliability might be important to the
utility; therefore, these errors are identified but assigned a lower priority than errors

impacting safety.

4.2.1 Objective

Determine the priority for backfit of each and every Human Engineering Discrep-
ancy. lo 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 I1X. This procedure is based on four fundamental determinations macd= initially

by the Data Collection Specialists during control room review (see Figure 2-1).

L Does the discrepancy-induced operator error degrade or jeopardize plant

safety?
b5 Does the operator error degrade or jeopardize plant reliability?

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

Category 3 — Reliabiiity Related, Minimum Opportunity to Correct
Error




e Category 4 — Reliability Related, Some Opportunity to Correct
Error

e Category 5 — MNo Impact on Safety or Reliability

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

categories.

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

In terms of backfit:

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 he
backfitted to remove or mitigate discrepancy.

Category 3 — To enhance reliable operation, the control room interface might be
backfitted to:

e [Remove or mitigate discrepancy

e Provide error feedback to the operator

e !ncrease 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 2-1 the panel would be chaired by the HED Processing Manager.
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4.3 Identification of Potential Back fits

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

who, in turn, 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
level the likelihood of the discrepancy-induced error.

/

4.3.2 Nethod

In most cases a simple cost-effectiveness matrix will be sufficient for selecting

among backfit alternatives. This matrix should contain data on:

Description of Backfit

e General Advantages (e.g., operator acceptance, no changes in pro-
cedures, etc.)

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

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

e Lstimated cost to implement.

At this point most of the less effective and more expensive alternatives will be
apparent, leaving only a few from which to choose. If a more sophisticated trade-off is
desired and warranted, the "Estimated Performance Afrer Backfit" could be a quantita-

tive estimate of error probability after backfit, which would be plotted against cost.
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5.0 REPORTING

As ncted in paragraph 2.4, the basic reporting 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 should be

prepared for NRC review.

5.1.1 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.
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FIGURE 5-|
AN OQUTLINE FOR A "CONTROL ROOM EVALUATION SUMMARY"

1.0 INTRODUCTION

.l Evaluatic'' 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 evaluation 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 remedial actions documents that this objective

will be met.

5.2.1 Objective

To prepare a listing and description of all Human Engineering Discrepancies found
f

during the control room evaluation.

-
/
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5.2.2 Method .

An overall outline for the "Summary of Discrepancies” is suggested in Figure 5-2.

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

1.0 INTRODUCTION

.l  Evaluation Objectives
1.2 Evaluation Bases (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 and, within priority, by \

system) ‘

The information to be presented in Section 2.1 (of Figure 5-2) on each discrepancy

includes:

I Human Lngineering Discrepancy Number

2. Label (as it reads on panel) or procedure title/sector/paragraph
% Components (or procedure steps) involved

4, Discrepancies found in components or procedures

3 Priority for back fit

64 Resolution of discrepancy

' stirmated back fit completion date.




Supporting Information

During in-house and NRC 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 nee.! be collected unless the review

described below locates oversights in the data set.

s} Objective
Review the component/group/system level data sheets (Appendix I-b), and identify

and correct any oversights in data set.

5.3.2 Method

tach data sheet should be examined to assure that prescribed checklists, surveys,
etc., have been performed; that all discrepancies have peen 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 IMPLEMENTATION

One of the most unfortunate misconceptions of human engineering evaluation is that

there exists some relatively small number of backfits which, if implemented, will "cure"

the human error problem. This view is patently incorrect. To substantially reduce the

likelihood of human error jeopardizing safety, hundreds (rather then tens) of backfits may

be implemented. This is caused by several facts:

a.

Human reliability on current interfaces, while subject to improvement, is
relatively high. Therefore it is unlikely that a few very poorly designed
interfaces wili be identified and backfitted with a resulting large improvement

in system reliability.

There are a large number of operator-control room interfaces where operator
performance would or could jeopardize safety. Therefore the opportunity for
a safety-related 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 <teps, notes, cautions,
addresses, etc. that the operator must use. Each is a potential source for

error.

"Safety related interfaces" does not mean only interfaces in safety systems.
For instance, some non-safety related actions may cause plant conditions
which challenge 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 labeling or marking in non-safety related
systems, could lead to inadvertent changes in the safety system. Thus, the
number of irterfaces thot must be considered .s so large as to embrace,

perhaps, the entire control room.

All of this underscores the need for the control room evaluation to be compre-

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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APPENDIX 1



TITLE

Control Room Evaluation Direc tor

1=

Engineering Coordinator (Staff to
Director)

APPENDIX l-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 adminis-
trative support as necessary

- purchasing
- obtain all documentation
needed

Determines project reporting and
documentation requirements

Coordinates implementation of
Engineering Backfits

Provides (secures) engineering
docurmentation for project library

Commuiiicates between evalua-
tion team and engineering

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

SUGGESTED
QUALIFICATIONS

Holds upper-middle management
position

Familiar with both operations 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 reli-
ability problems

Engineering management position
(I1&C engineer preferable)

Familiar with instrumentation and
control of pla-t

Knowledgeable of NRC regula-
tions on control rooms

Knowledqgeable 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-
ability problems



HITLE

Operations Coordinator (Staff  to
Jirector)

Iraining Coordinator {Staff to Direc-
tor)

-

TYPICAL RESPONSISILITIES

(Coordinates implementation  of
operations backfits

Secures operations documentation
for project library

Communicates  between  evalua-
tion team and operations

Advises (R Ewvaluvation Director
on final disposition of Human
Engineering Liscrepancies

Coordinates implementation of
training backfits

Secures training documentation
for project library

Communicates between evalua-
tion team and training

Advises CRR Lvaluation Director
on  final disposition of Human
Lngineering Liscrepanc ies

Sl I 1(0( ‘)‘[’ L
QUALIFICATIONS

Operation management position
(operator or ex-operator prefer-
able)

Familiar with operations in con-
trol room

Familiar with applicable [NIR(C
requlations

Recognizes role of design and
procedures in causing human
error, and human error in causing
safety and reliability problems

[raining management  position
(mcnager of  operator  training
preferable)

Familiar  with applicable  NitC
regulations

Familiar with all aspects of op-
erator selection and training

Recognizes role of design and
procedures in causig human error,
and human error in causing satety
and reljabihty problems

Recognizes impact of design and
procedural changes on Training.
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TirLe

Documentation Specialist (Staff to
iJirec tor)

Data Collection Manager (Reports to
irector)

TYPICAL RESPONSIBILITIES
Prepares specifications defining
the contents, formats, etc., for
each team report

Coordinates report preparation by
Data Collection manager and
HED  Processing Manager, with
publications personnel

Advises CR evaluation director or
publication schedules and con-
straints

Data collection scheduling and
pilanning

Develops data collection instru-
ments

Specifies data collection instru-
mentation

Manage s all data collection activ-
ities
Serves as human engineer on HED

review committee

Approves all backfit suggestions
for release to director

Provides advice to dircctor on
final disposition of HEDs

Approves HED and its priority for
examination by t+ HED review
committee

SUGGEST:D
QUALIFICATIONS

Publications manager

Familiar with preparing materials
for NRC review

Author, y to direct or coordir. te
all aspects ot gocument prepa,a-
tion, reprod tion and distribution
for review

Human  factors  engineer Dy
training (senior level is prefer-
able)

Experience in CR design or evalu-
ation or in design or evaluation of
comparable systems

Management (planning, adminis-
tration, supervision) experience in
interdisciplinary or systems engi-
neering activities

Familiar with the human engine-
ering guidelines applicable to TR
design and procedures

Familiar with the validity and re-
liability of hardware instrumenta-
tion and data collection instru-
ments suitable for CRR evaluation

Understands role of operator in
plant systems safety and relia-
bility
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TITLE

Data Collection Staff

Operator

1&C Engineer

Data Collection Specialists

TYPICAL RESPONSIBILITIES

Provides advice and information
to Data Collection Manager

Provides advice and information
to Data Collection Manager

Perform CR surveys
Perform CR checklists
Conduct task analyses

Conduct

throughs

Fill out Human Engineering Dis-
crepancy (HED) reports

procedures walk-

Recommend HED priority
Identify potential backfits

SUGGESTED
QUALIFICATIONS

Senior reactor operator level

Fully knowledgeable of plant and
CR design/operations

Advocate of improved CR design

Candidate for management might
be preferable

Senior I1&C engineer
Fully knowledgeable of 1&C

Interest in human engineering of
control rooms

Candidate for manacement 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, instruments and
instrumentation
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TITLE

HED Processing Manager

{

HED Review Committee

e Senior Reactor Operator (not ad-
vising the Data Collection Mana-
ger)

e Senior IAC Engincer (not advising
the Data Collection Manager)

TYPICAL RESPONSIBILITIES

Conducts reviews to establish
HED priority

Prepares HED review process for
director's approval

Chairs all meetings of HED re-
view (ommittee

Identifies od requests advice
from technical specialists as
necessary

Advises Director on final dispo-
sition

Reviews HEDs and participates in
the validation of priorities and
feasibility of backfits

Votes on the disposition of HEDs
leviews HEDs and participates in

the validation of priorities and
feasibility of backfits

Votes on disposition of HEDs

SUGGESTED
QUALIFICATIONS

Systems engineer or engineer
thoroughly familiar with I&C and
CiR operations

Knowledgeable of plant manage-
ment and senior-level technical
staff

Experience in decision making
groups

Familiar with NRC regulations
concerning CR design and opera-
tions

Thoroughly familic  with plant
systems and CiR ope "ations

Experience in decision making
groups

Thoroughl, familiar with the
design of plant I&C systems and
the 1&C requirements attached to
each system

Familiar with NRC regulations
concerning 1&C

txperience in decision making
groups
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APPENDIX |-
DESIGN FEATURFES INFLUENCING HUMAN ERRORS

1.0 Control Errors

Inadvertent Actuation (Accidental Activation of a Control)

ol

.13

Control lecation/arrangement
.1 1.1 Location with respect to the operator's body

[.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 desian

I.1.2.1 No g.~ s or barriers

1.1.2.2 Too little force required to activate the control

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

Control visibility
[.1.3.1 Control is not easy ‘> vee and avoid

[.1.3.2 View of control is obscured by other controls or operator's hand

Substitution Errors (Selection of the Wrong Control)

1.2.1

2.2

Control location/arrangement

l.2.1.1 Control located in a strina of uther controls of the same shape
l.2.1.2 Mo consideration given to the sequence of control use

1.2.1.3 No functional arrangerrent of controls

Control desicn

1.2.2.1 Control shape not differentiated from adjacent controls
1.2.2.2 Control size not differentiated from adjacent controls

1.2.2.3 Control color not ditferentiated from adjacent controls

I.2.2.4 Control labelling/marking not readily distinguishable
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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

1.2.3.1 Control not readily visicle

1.2.3.2 Line of siaht to control is chscured

1.2.3.3 Control label not readily recdnble

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

1.3 Activation Errors (Selecting Wrong Position on Right Control)

1.3.1

1.3.2

Location/arrangement

1.3.1.1 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 desian

1.3.2.1 Direction of motion does not follow accepted stereotypes or
conventions

1.3.2.2 Direction of motion is not - insistent for similar type controls
1.3.2.3 Direction of motion is not labelled
1.3.2.4 No feedback of control activation

1.3.2.5 Control position arrangerment is not consistent across different
controls

1.3.2.6 Control positions are not reacily distinguishable

1.3.2.7 The associated di.nlay is not located with the control

1.3.2.8 The associated display motion does not follow convention

1.3.2.9 The control permits selection of positions which are not used
1.3.2.10 Labelling of control positions is difficult to read

1.3.2.11 There is not sufficient spatial separation of different switch
positions
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1.3.3 Control visibility

1.3.3.1 Control position indications are obscured by the control itself
or by the operator's hand

1.3.3.2 The feedba k cue to control activation is obscured

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

Control)
l.4.1 Location/arrangement of controls

I.4.2

l.4.1.1 Controls located out of reach of the operator

1.4.1.2 Access to the control requires excessive travel on the part of
the operator

1.4.1.3 Access to the control requires special effort on the part of the
operator

1.4.1.4 The contro. is located in an array of identical controls
Contrel desigr
1.4.2.! Force required to activate the control is excessive

1.4.2.2 Required direction of control motion is unexpacted or confusing

2.0 Disploy Errors

2.1 Reading Errors

2.1.1

2.1.2

Location/arrangement

. : : : : . 0
2.1.1.1 Display orientation to operator's line of sight is less than 45
2.1.1.2 Viewing distance makes reading difficult

2.1.1.3 Display located above the eye height of a 5th percentile
operator

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

2.1.2.1 Displays difficult to reacd due to poor brightness contrast
2.1.2.2 Display readability impaired by qglare

2.1.2.3 Scale increment size makes reoding difficult
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2.1.2.4 Scale graduations not stondard nor consistent

2.1.2.5 Pointer parcllax increased likelihood of readina errars
2.1.2.6 Strip chart pens leak

2.1.2.7 Strip charts use too porous paper

2.1.2.8 Strip chart pens do not alwoys contact paper

2.1.2.9 Strip chart parame.ors require ranges different from those
indicated

2.1.2.10 Pullout st-ip charts obscure view of other disploys
2.1.2.11 Impact recorders cifficult to recd or to identify trends
2.1.2.12 Conspicuity ¢f pointcers too low

2.2 Interpretation Errors

2.2.1 Display design
2.2.1.1 Displays do not incdicate in-tolerance and out-of-tolerance areas
2.2.1.2 Difficult to interpret trends
2.2.1.3 Process controllers display demand only — not 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/arrangement
2.3.1.1 Display located in a string of identical displays
2.3.1.2 Display lecated too close to adjacent displays
2.3.1.3 Display not located in a string by sequence
2.3.1.4 Displays not functionally grouped
2.3.1.5 Display arrangement is illogical or inconsistent
2.3.1.6 Displuy not located adjacent to its associated display

2.3.2 Display design
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2.3.3

2.3.2.1 Display shape not differentiated from adjocent displays .
2.3.2.2 Display size not differenticted from adjocent disploys

2.3.2.3 Display color not differentiated from adjocent disploys

2.3.2.4 Displcy labelling not readily readable

Display visibility

2.3.3.1 Display not adequately illuminated

2.3.3.2 Line of sight 1o the display is obstructed

2.4 Display Activation Errors

2.4.1

Dispiay design
2.4.1.1 No light test capability
2.4.1.2 No indicator lights are provided

2.4.1.3 Direction of display motion not conventional or stereotypical

2.4.1.54 It is possible to transpose legend light foces .

2.%4.1.5 Trend recorder s eed not controliable

2.58.1.6& A failure to ochieve required status is indicated by an extin-
guished light

2.4.1.7 There is no stondard procedure for checking failed lights
2.4,1.8 A meter con fail lecving the pointer at mid-ronge
2.4.1.9 Foilure of a meter is not readily detectable

2.4.1.10 Valve trovel is indicated by extinguishment of open and closed
lights

2.5 Display Temporcl Errors

r A

2.5.2

Location/arrangement

2.5.1.1 Display not located within visual occess from viewing position

N

5.1.2 Display is located in on array of identical disploys

N

3uls

W

Display located where field of view is obstructed

Cisplay design

]
'

(=)
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2.5.2.1
2.5.2.2
2.5.2.3
2.5.2.b

3.0 Annuncintor Errors

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

Displays not clearly coded

3.1 Reading Errors

3.i.1 Location/arrangement

3.1.1.1
3.1.1.2

Annunciator le jend cannot be read at viewing distance

Annuncictor legend cannot be read at viewing angle

3.:.2 Annunciator design

3.1.2.1
3.1.2.2

3.1.2.3

3.1.2.4

Luminance level of red annunciator too low

Annunciators have dyna-tape backfits which cannot be read
when illuminated

Annunciators have different type fonts

Annunciator legends are too complex

3.2 Annurciuater Activation Errors

3.2.1 Annunciator design

3edslsl
3.2.1,2
3.2.1.3
3.2.1.4
3.2.1.5
3.2.1.6

3.2.1.7

3.2.1.8

Annunciators not prioritized

Annunciators not functionally grouped

Annunciators not coded — as first out

High annunciator nuisance rate reduces operator readiness
Annunciator silence control is operated in a defeated mode
Different flash rates or duty cycles indicate different annun-
gg:;or status - and the indications are not readily distinguish-

Auditory alarms are not coded by location

No annunciator silence with visual display retention



3.2.1.9 Until an alarm is cleared, a second alarm is inhibited
3.2.1.10 Alarms c:e iess than 20 dB above ambient noise levels
3.2.1.11 Acknowledge control difficult to occess

3.2.1.12 Mo clear notification of alarm cleared

4.0 Label Reading Errors

4.1 Readability

4.1.1 Location/arrangement
4.1.1.1 Labels not located consistently
4.1.1.2 No labels provided
4.1.1.3 No panel designators provided
4.1.1.4 View of labels obscured
4.1.2 Design
4.1.2.1 Label font makes labels difficult to read
4.1.2.2 Functions mislabelled
4.1.2.3 Safety tags cover labels
4.1.2.4 Lubels have poor brightness contrast
4.1.2.5 Labels are cluttered
4.1.2.6 l.abels have low contrast to the panel
4.1.2.7 Labels are illegible
4.1.2.8 Color not used consistently
4.1.2.9 Inconsistent use of abbreviations
4.1.2.10 Labels have small fonts
4.1.3 Use of labels
4.1.3.1 Too many operatcr added backfits used

4.1.2.2 bockfits not consistent




4,1.3.3 Mo demarcations grouping panel elements

5.0 Procedure Errors

5.1 Access Errors

5.1.1

S.1.2

Procedures location and arrangement

5.1.1.1 Procedures are not located to be easily accessed
5.1.1.2 Procecures are not arranged to be easily accessed
5.1.1.3 Only are set of procedures provided in the CR
Procedures indexing

5.1.2.1 Procedures are not indexed for ease of access
5.1.2.2 Procedures are not tabbed for ecsy access
Procedures design

5.1.3.1 Procedure titles are not sufficiently discriminable

5.1.3.2 No gquidelines are provided to enable operators to establish
which procedures are applicable

5.1.3.3 Mo cross referencing of different procedures

5.1.3.4 Cross referencing sends the operator to some ancillary docu-
ment

5.2 HReading Errors

5.2.}

Procedures desian

5.2.1.1 Use of ambiguous language

5.2.1.2 Procedures text not clear and concise

2.2.1.3 Instruction too long

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

5.2.1.6 Excessive length of instructional steps cause operators to skim
rather than read these steps

5.2.1.7 Nultiple steps are nested in one instructional statement



5.2.1.8

Caution and warning notes not sufficiently highlighted

5.3 Procedures Following Errors

5.3.1

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

5.3.1.7

5.3.1.8

9:.3.1.9

5.3.1.10

5.3.1.11

5.3.1.12

5.3.1.13

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

Procedures do 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 schematics and diagrams are not incor-
porated in the text

Mo indications 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 cormmitted to
memory

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

Inconsistent use of acronyms and action verbs
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APPENDIX NI
GENFRIC HUMAN ENGINEERING DESIGN ISSUE S

Annunciator Design and Operation

Organization of windows — not above systemns they mor “tor
Low contrast between alarming and steady-on windows

Mo prioritization of alarms to aid in diagnosis

b ol size not consistent with reading distance requirements

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

Lack of positive indication of alarm condition cleared

Multi-channel annunciators which have no reflash capability and lock out

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

No alphanumeric displays whatsoever

Display and hardcopy alphanumeric outputs which are poorly spaced,

.
.
B
v
.
tionality correlates)
.
subsequent alarms.
Operator/Computer Interface
-
-
alarms that can be marnaged
B
.
organized, etc.
K

Printers obscured by cabinet.

Violations of Conventions and Stereotypes

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

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 controls/displays is vio'ated

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

Color meaning conventions are established aond then violated in
indicators.



Control/Display Strings

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

Positioned in string without regard to operationa’ sequence
Coding methods are not employed to enhance discriminability

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

. Discriminability is reduced by C/D similarity.

Lamp Testing
Application does not extend past annunciators/status lights

Alternate operational methods 1o test lamps include valve closures/
openings and lomp replacement

information omission increases operator/personnel workload

Failure states can remain unknown.

.-1_
3

Readability is reduced by small font size

Low contrast of lettering to label decreases readabiiity

Nomenc lature is inconsistent or misleading

Labels are not conspicuous

Labels 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

- Nasks obscure visibility
Breathing apparatus interferes with voice communication

Operators are not practiced enough to don equipment withir 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

Ambient 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 completenecs
- steps missing
- steps out of crder from actual sequence of performance

Actions not included in procedures are assumed to be learned in training
Ambiguous language is used in instructional steps
Synonyms are frequently 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 within
immediate and subsequent operator actions

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

Instructional steps are nested in notes or cautionary staternents 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 'ong-term memory

Field operations (not performed by control room operator) 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 operatfor'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 controls/displays.

Positive Indication of System or Component Status

- Indicator lights indicate switch position rather than actual valve or
breaker position

. Pre-trip status indication of engineered safequards is lacking in a concise
form.

Process Controllers

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

. Stereotype is violated in that counterclockwise contro! movement and
increased display value (i.e., 100%) can signify a closed valve

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

Trend Recorders

Trends are smeared and unreadab le
Pen position is parallaxed, unreadable or obscured

Scaling increments do not agree with increments on paper

‘Nrong color ink in pens.

General Maintenance in Control Rooms

Bulbs burned out in indicator lights

-

. Labels rissing 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.







APPENDIX 1T
HUMAN ENGINEERING OPERATOR QUESTIONNAIRE

Dates HEE Analyst — Briefing: umea, PR e et
Unit: ST Interview: Rt - -l
Licensed Operator “Jow Long?

or
[rainee ~ How Long?

A, Stat fing and Work load

bs Please describe |ech. Spec. requirements for CR staffing.
a) If actual staffing differs from Tech. Specs., please describe actual
staffing.
F A In your opinion, under worst-case conditions, what is the n.aximum number of

operators actually needed to effectively operate the control room during each
of the following:

a) Normal operations
b) Startup/shutdown
c) [ransients/emergency operations
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How many units do yo. presently operate?

a)  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

Please describe your administrative or record keeping tasks (log entries,
reading of parameters, etc.).
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a) Have these responsibilities ever interfere with your operational duties,
especially during off-normal conditions? yes no

5. Have you observed any problems associated with shift turnove-”
yes no

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

B.  Workspace Design

l. Can the status of your plant be monitored fromm one central position?
____yes no

;.4 Are specific stations assigned to operators and watch foreman?
yes no
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During norma! or off-normal operations, do the actions or tasks of another
operator ever interfere with p “for mance of your tasks?
yes no

Have you ever experienced any difficulty in reaching a required control or
seeing/reading a required display? yes no

Have you 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 wit'in your CR in a manner which is logical for normal
and emergency operatir ns? yes no

Are controls and displays pertaining to systems or subsystems grouped
logically and distinctively within each panel? _ yes no
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Does your panel lack important information, controls or displays, which would
help you perform your job more effectively or safely? yes no

Are important data, controls or displays, inaccessible, or difficult to access,
LYecause of placement (for example, located in back panels out of operator's
view)? yes no

Does your CR contain controls, displays or other equipment which is
inoperative, not used, or unnecessary for you to do an effective job?
yes no

Do you find mimics or gruphic/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 make them more so.




|2, Have you ever inadvertently disturbed control settings (for example,
accidentally bumping a switch)? yes no
13. Have groups of controls or displays which look identical or very similar been
marked or coded to permit easy discrimingtion between them?
yes no
a) If "no," pleose describe areas where you feel marking or coding would
enhance your ability to discriminate between comporents.
4. Please describe the administrative procedure for adding operator-

recommended modifications tc labeling, demarcation lines, mimics, or for
adding quarding for certain controls, or otherwise modifying the panel.

15,

Do you find operator-added modifications Felpful? yes no
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a) If "no," please describe those modifications which you find to be a
hindrance.

l6. Are major panels, sub-panels and panel segments clearly and consistently
labeled? yes no

¥, Is the Control Room (CR) arranged to be effectively operated by the minimum
shift required?
During normal operations yes no

During transients/emergency operations yes no

C.  Workspace Environment

I Do CR features ¢ an environmental nature, such as listed below, ever
interfere with effec rive performance of your job? If "yes," please describe the
nature and source ot each problem and their =ffects on job performance.

a) Ventilation yes no

b) Temperature/humidity yes no
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c) IHlumination yes no

d)  Noise levels _____yes ____no
e) Excessive traffic through the CR g yes— o
f) Other environmental factors _____yes ____no
& Are there problems with time and distance involved in leaving CR to prepare
food or use facilities? __ yes no ‘

. Communications

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

a) CR to field/auxiliary operators yes no

b) Field to CR yes no
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c)  CR to supervisor yes no

d) Between units N/A yes ne
e) CR to NRC yes no
f) CR to others (please specify) yes no

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

3. Does the operation of communications ejquipment, or requirements for com-
mur: = ations inter fere with operations: (Please describe if "yes.")

o) During normal operations yes no
b) During off-normal operations yes no
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c)

During transients/emergercies yes no

4. 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
b)  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 ves no

Annunciator/Warning System

Please describe your alarm annunciator system and its operation from
incoming alarm to acknowledge to condition cleared.
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8. Are the auditory warning signals differentiated to provide meanings, such as
priority alarms or locality of system components? ____Yyes no
, A Do "nuisance" or "false" alarms ever interfere with your performing your job
effectively?
Under normal conditions _____yes "o
Under emergency conditions _____yes RO .
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 accessibie from oll panels _ ves _____nho
it Are alarm annunciators provided with a test capability?
For visual/lamps —_——Yes ____no
For audible _____yes _____no
12, Do you have any recommendations which would enhance the operator usability

of your annunciator system?
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Operator Protective Equipment

Please describe the operator protective equipment available in your CRR.

2. Please describe the quantity and location of the equipment.

3. 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 ves no

2 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 fr:l you could don it easily and quickly?

yes no
F Do you have any other comments or suggestions concerning the suitability of

the available protective equipment or its use?
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G. Computers

s Plegse describe the functions performed by the computer to assist you in
operating the system.

¢ Do you find the computer useful and reliable? yes no

. ¥ Do you feel th~t operctors are odegquately trained to use the computer?
R . ____no

. What chenges or additions in computer usage wou id you recommend?

H. Procedures/Documentation

i Do you find that your procedures documents are difficult to aoccess becguse of
labeling, indexing or storoge? ves no
TTT 4

b
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3.  Can you suggest examples where automatic control would be preferable, where '
not currently provided? yes no

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

Please describe any reccmmendations you would make in design or procedure
which would enhance the effectiveness of the operator's job.

Operator Work Scheduling

b 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?

F Have you ever experienced any negative effects in changing from one shift to
another, in yourself or in other operators? ___ yes no
a) If "ves," has this effected operating abilities? yes no
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b)

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 degrades your ability to
perform your job effectively? yes no
b) Have you ever experienced any problems in operating the plant as o
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

a)

Any comments?
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APPENDIX IV-a NOISE SURVEY

o

PLANT DATE:

l TIME

TEST CONDUCTED BY

SOUND LEVEL METER MODEL
SERIAL NUMEER:

MICROPHONE MODEL
SERIAL NUMBER.

CALIBRATION DATE:

OPERATOR POSITION:

NOISE CONDITION/SOURCE/DIRECTION OF MEASUREMENT

dB

dB(A)

dB(C) REMARKS
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NOISE SURVEY INSTRUCTIONS

Complete information at top of form.

Using a control room floor plan, have twoc or more operators identify positions or
worksites throughout the control room.

Using a sound level meter, take several noise samples to establish an average basal

noise level.

Using a sound leve! meter, take and record three measurements at each position in
JdB(A); dB(C); dB(flat):

e Measurement | — microphone toward primary noise source
¢ Measurement 2 — microphone toward panel surface
e Measurement 3 — microphone towards furthest operator's position

with which voice communications must be maintained.

Compare to human engineering guidelines.
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APPENDIX IV-b AMBIENT LIGHTING SURVEY

PLANT.

DATE:

TIME:

TEST CONDUCTED BY:

-

PHOTOMETER MODEL:
SERIAL NUMBER

CALIBRATION DATE:

b —

OPERATOR/MEASUREMENT POSITION

LIGHTING CONDITIONS

NORMAL

EMERGENCY

REMARXS
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AMBIENT ILLUMINATION SURVEY INSTRUCTIONS

Coimplete information at top of form.

Using a contro! room floor plan, have two or more operators identify positions or

worksites throughout the control room.

Using a light meter (photometer) held near eye level, measure and record ambient
light levels:

o Towards the control panel used from that position

e Towards the ceiling.

Compare to human engineering guidelines.
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APPENDIX IV-c DISPLAY LIGHTING SURVEY

PLANT: DATE: TIME:
e
TEST CONDUCTED BY:
SPOT BRIGHTNESS METER MODEL. CALIBRATION DATE
SERIAL NUMBER:
BRIGHT AREA (L) DARK AREA (L, LUMINANCE
DISPLAY TYPES LOCATION (FT. LAMBERTS) (FT. LAMBERTS) CONTRAST
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DISPL Y ILLUMINATION SURVEY INSTRUCTIONS

Have operators locate all displays that are difficult to read.
Select from these the displays that might be too dim to be easily read.
Conduct the display illumination survey on the dimly lit displays.

Place the spot brightness meter so that the display fills the reticle, and take a
reading (foot-candles).

Then take a reading on the surface adjacent to the display.

For CRTs, mimics, LEDs, and projection displays several readings over the surface

of the display should be taken to assure uniformity of illuminatiori.

Then calculate Luminance Contrast (LC) .

L,-L
LC= -—lL—Z where L| = Bright area and L2 = Dark area
I

Compare to human engineering guidelines.
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DESIGN CONVENTION SURVEY INSTRUCTIONS

The objective of this survey is to identify the conventions (or rules) used to

standardize the operation of functionally similar controls and displays. For instance, "to

open valve, turn switch clockwise;" "to stop pump, tum switch counterclockwise;" etc.

I Prepare one Design Convention Survey form for each operation performed by the

operator on functionally similar systems. Some examples include:

Open or close valve — verify valve open or closed

Trip or close breaker — verify breaker tripped or closed
Start or stop pump — verify pump started or stopped

Select manual or auto mode — verify manual or auto mode
Determine annunciator importance

Determine "|st-out" system

Determine display (incr. or decr.) response to conirol motion
Equipment off/on — verify equipment off/on

Select channel or train

Verify operational status.

2. Review all panels for examples of each operation and record the design of inter face

(sketches are useful). It is not unlikely that several "local" conventions will be

found.
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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 to obtain garments/apparatus?
e How many operators are needed to suit one operator?
e How long does it take to suit one operator?
e Can CR operators suit up simultaneously?
e How long will the air last before new tanks are needed?
e How long does it take to replace tanks?
e How 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 a normal voice and then shouting. Have the second operator
attempt to repeat the number after normal loudness and shouting. Move the
operators closer until the number can be heard shouting then record the distance
between the operators. 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
Normal

Shouting

Check face mask for visual obstructions. Use the space below to describe 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 extended) with and without gloves.
Have the operator close his eyes and discriminate among a number of small
relatively common objects with the gloves on.

If possible, have the operators perform one emergency procedure with and without
the garments/breathing apparatus on (video tape).




APPENDIX V

The checklists are not available at this time, and will be

pu',lished separately. A sample checklist is shown in Table 3-5

of Section 3.4.3.
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APPENDIX VI CONTROL ROOM OPERATIONS TASK ANALYSIS

CRUNIT ANALYSTS
PROCEDURE
ST INFORMATION/ .
TASK ACTIVITY TIME 1 COMMUNICATION CONTROL CONCURRENT/ POTENTIAL ERROR
MIN ) REQUIREMENTS DISPLAY SHARED TASKS ERROR IMPACT







APPENDIX VII
PROCEDURES WALK-THROUGH LOG

Plant Name: Date:

Camera Operator: Analysts:

Procedure Name & Number Walk-Through Number Tape Number Footage




APPENDIX VII
PROCEDURES WALK-THROUGH LOG

Plant Name: Date:

Camera Operator: Analysts:

Procedure Name & Number Walk-Through Number Tape Number Footage
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APPENDIX Vil
HUMAN ENGINEERING DISCREPANCY

o SO PLANT-UNIT: . DATE:

REVIEWER NAME :

a) HED TITLE:

b) ITEMS INVOLVED:

ITEMTYPE NOMENCLATURE LOCATION PHOTO NO.

-

e ———————————————————— —

e ——

c) PROBLEM DESCRIPTION (GUIDELINES VIOLATED):

d) SPECIFIC OPERATOR ERROR(S) THAT COULD RESULT FROM HED:
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e) LIST THE PROCEDURES OR OPERATIONS THAT USE THE LISTED ITEMS
IN A MANNER TO INDUCE THE OPERATOR ERROR:

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

VIII-2



g) SUGGESTIONS FOR POTENTIAL BACKFITS:

NAME DATE

REVIEWER

CATA COLL. MGR.

HED PROC. MGR.

EVAL DIR
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HED PRIORITY DETERMINATION GUESTIONS

A. INSTRUCTIONS

Every question should be answered far eoch Procedural Step where the “Specified Error™ might
occur. Steps with identical operctar tasks ¢ De reviewed once.

Results should be recorded in the "Guestions” section of the "ERROR CONSEGUENCE
EVALUATION" table, in the row with the Procedure and Step under review,

The following questions assume that the operctor commits the "Specified Error” while performing
the Procedure and Step under review,

B. QUESTIONS

If this error occurred, couid plant scfety be jeopardized or degroded?
o es — Enter g "1" in Guestion |
e No — Enter g "0" in Guestion |
If this error occurred, could plant reliability be reducea?
o Yes — Enter g "1" in Guestion 2
e No — Enter a 0" in Question 2

Would the piant's respanse to the error both

a. Provide the operator sufficient time to correct it
and

B. Provide a positive warning (e.g., alarm) that the error hod been committed?
o Yes — Enter a "0" in Question 3
e Mo — Enter o "I" in Guestion 3

To correctly perform the step under review, is the operator required fo reccl! long sequences of
actions (say 5 or more in o pecific order) or several seftings or check readings’

e Yes — Enter g "1 in Question 4

e MNo — Enter g 0" in Guestion 4

Toes the operator ever perform this step while at the some time performing another task (e.g..
timing, or gwaiting a change in stotus of onother system, etc.)?

o Yes — Enter g "!™ in Question 5

e MNo — Enter o "U" in Guestion 5

Do existing procedures or fraining coution the operator concerning the noted Human Engineering
Discrepancy?

o Yes — Enter g 0" in Guestion &

o No — Enter 2 "i" in QGuestion &
Would the likelihood of the specified error be increased Dy the operator weoring breathing
apoaratus, gloves, or protective garments?

o Yes — Erter o "I" in Guestion 7

o No — Enter a "0" in Guestion 7

C. PRIORITIZATION OF ERRORS

Each of the steps reviewed and listed in the ERROR CONSEGUENCE EVALUATICN table shoula
be assigned o two-digit Error Priority number

Error Priorities range from (.0 (highest oriority for corrective action) through 5.5 (lowest
priarity).

Jse the foliowing tables to determine priarity (X means ¢ vaive con be "1" or "0")\

GQUESTION
e S TR ST Priarity Type
i X i X X X X = .0 Safety Relgted
| X 0 X X X X = 2.0 Safety Reigted
0 i | % X X x B 10 Raiigbility Relcted
i) | 0 X X ) 4 X = &0 Reiiability Reicted
3 0 X X X X = 5.0 Performance Prodlem

Questions & through 7 are used fo determine the least significant digit.

e

Priority

OO = =
OO == n
© = 3 2 % 1o
© =X XK KK I
H B NN
plnpluiv

0

Record the E-digit priarity in the "8" column of the ERROR CONSEGQUENCE EVALUATION
TABLE.

While most safety-related (Categary 1.X and 2.X) HEDs should be corrected, the user may find it
economical %o correct HEDs that significantly reduce piont relianility (Cotegory 3.X ond 4.X). 8y
estimating and recording, in the "Freq." column, frequency of use of soch discrepant nter face,
the importance o eoch discrepancy can be cssessec.
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1.0 INTROD!JCTION

The primary objective of the human engineering evaluation described in Volume | is
to identify operator-control room inter faces that pose risks to safe operation.

.1 Means to Identify Human Engineering Problems

Since the second world war human engineers have taken two distinctly different
approaches to identifying interfaces that might cause operational problems — namely,
testing and evaluation.

Testing can be conducted during actual operations or during simulations and, in most
cases, human performance or human error is recorded on one or more tasks. Those tasks
where errors occur repeatedly are identified for backfit. Operational testing is perhaps
the most valid means to identify interface problems, but it suffers low reliability, since
there are few opportunities to repeat a particular task under similar conditions Gr 4 can be
quite costly if non-intrusive measurements are taken. On the other hand, simulation can
have reasonably high reliability, but validity is always a question since it is difficult to
durticate the psychological environment found in operations. In addition, the high cost or
simulation testing is a modern legend.

One means to identify problems which received support in the nuclear power
community is the use of operator opinion (see Volume I, Sections 2.0 & 3.0). While this
means is fruitful and of very low cost, it is also quite limited in scope and of questionable
(interoperator) reliability. First, operators rarely, if ever, perform in an emergency
situation except in simulations; thus, there would be little basis in real experience to
identify problems during these activities. Second, operators often do not know when they
have made an observational mistake, e.g., reading the wrong meter. Third, operators like
everyone else will forget some of the tasks that caused problems. Finally, some operators

are reluctant to admit their errors.

This is not to say that the operator opinion should be ignored. Operators should have
adminstrative channels through which design and proredural recommendations can be
made and implemented. However, by limiting huinan engineering data to operator
opinion, many and perhaps most of the interface problems will go undetected until a

failure during operations, such as TMI-2.



The second method for identifying human engineering problem areas is evaluation,
which is the type of method described in this guide. Evaluations involve comparing
operator-control room interfaces with established standards, criteria, and/or quidelines
and identifying real or potential problem areas when interfaces don't agree with the
guidelines. Like the other methods, evaluation has its problems. First, validity is always
questionable since the conditions under which guidelines were developed never duplicate
the operational conditions of the control room. Second, the applicability of specific
guidelines is of fen questioned, since the severity of the outcome of an error differs among

systems, as does the opportunity for error (frequency of task per formance).

Unlike testing, the weaknesses of evaluation can be reduced at little cost. As
outlined in Volume |, guidelines are only used to identify interfaces that might benefit
from backfit. Then, a variety of technical and management determinations are used to

determine whether a particular backfit would improve system safety or reliability.

As an adjunct to evaluation, some testing can be performed to tailor specific
guidelines to cenditions in the control room. For instance, guidelines on display and label
readability can be supplemented by tests yielding readability envelopes for displays and

labels found in the control room. In general, testing can be used:

To develop label readability envelopes

To determine accessibility (reach) of controls to the 5th percentile
operator

e To identify displays with parallox problems, when viewed by 5th
percentile operators.

b4 Guideline Selection

The process for selecting the guidelines contained in this document was:

bs To collect all potential human engineering guidelines as stated in recognized,

authoritative sources (see References).

Y A To remove guidelines that were totally irrelevant to control room operations

or design (e.g., Arctic dress).
3. To synthesize similar guidelines into one and list.

4.  To draft guideline statements (text).




S. To determine genera! types of human error that would result from a

discrepancy.

6. To develop suggestions for backfits that would mitigate the effects of, or

correct discrepancies from the guideline.

y To develop guidebook organization (table of contents), as well as format,
typography, and graphics guidelines.

8. To nrepare and review guidelines.

As can be seen, unless a guideline is iotally irrelevant to control room design
operations, it *+as included in the guidebook. This was done to ensure completeness.
Guidelines with little or no applicability to control rooms but included in the guide will
noi impact the evaluation or its results. However, guidelines incorrectly omitted may

prevent the identification of important discrepancies.



2.0 HUMAN ENGINEERING GUIDELINES ‘

Described below are guidelines to be applied in human engineering evaluations of

nuclear power plants. Each guideline contains:

The general category of the guidelines (controls; operator/computer
interface; and dialog)

A descriptive title

The text of the guideline

Human errors that might result from violating the guideline
The source (documentation) of the guidelines

Typical backfits that would correct the operator-control room inter-
face design or mitigate the error consequences of violating the
guidelines.
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HUMAN ENGINEERING GUIDELINES FOR NUCLEAR
POWER PLANT CONTROL ROOMS

TITLE: COMFORT ZONE
TEMPERATURE /HUMIDITY
GUIDELINES: Temperature and hu-

midity requirements shall not exceed
the limits (comfort zone) given in the

Optimal

conditions occur when the effective

figure at right. thermal
temperature is between 72 and 78°F
with
tween 20 and 60%. Under no condi-

tions shall the temperature of the air

relative humidity values be-

at floor level and head level differ by

more than 10°F.

HUMAN ERROR: Errors due to im-

paired judgment, reduced decision

mak ing capability.

DOCUMENTATION:  Woodson and
Conover (1964); Kubokawa (1969);
MIL-STD-14728 (1974);
(1976).

McCormick

TYPICAL BACKFIT: Modify or
replace air conditioning, humidifier,
dehumidifier, or heating system, to
meet comfort zone criteria on the

following page.

RELATIVE riUMIDITY (%)

CONTROL ROOM ENVIRONMENT

g1 ¥ j 1
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New effective temperature (ET) scale. Each ET* line represents combinations of dry-bulb
temperature and relative humidity that generally produce the same ievel of skin “wettedness”
caused by regulatory sweating. The figure also shows areas of various thermal sensations.

.o ‘

Wet-bulb temperature

Dry-bulb temperature
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Water vapor pressure, mm Hg




HUMAN ENGINEERING GUIDELINES FOR NUCLEAR
POWER PLANT CONTROL. ROOMS

TITLE: GLARL

GUIDELINES:

[‘c

6.

Several low intensity light

sources shall be used instead of a

few bright ones.

LLight sources shall be positioned

at least 6G° from the viewer's

line of sight.

Liatt baffles or diffuse indirect

lighting shall be useu.

Instrument consoles shall have a

dull matte finish.

If reflection or glare is a prob-

lem, the glass covers of the in-

struments and displays should be

sloped slightly off perpendicular

to the line of sight.

Reflected glare from the CRT

shall be minimized through one

or more of the following meth-

ods.

a. Proper placement of the CRT
relative to the light source.

b, Directional or spectrum fil-
ters.

c. Use of a hood or shield.

d. Optical coatings or filters

over the light source,

CONTROL ROOM ENVIRONMENT
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Eye Line of sight

Tes! object Reducticn Visus
paraliel dars) in visual sttecliveness
aftectiveness

Efiects of direct glare on visual effectiveness. The effects
cf glare become worse as the glare source gets closer to

the line of sight

HUMAN ERROR: Failure to respond
to displayed information; misreading

a display.

DOCUMENTATION: Woodson and
Conover (1964); Van Cott and
Kinkade (1972); Bioastronautics Data

Book (1973).

TYPICAL BACKFIT: Add more "less
intense" luminaires; slope glass
covers on the instruments and dis-
plays; paint consoles a dull matte
color; use a hood or shield on CRTs;
place optical filters or coatings over

the light source.
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HUMAN ENGINEERING GUIDELINES FOR NUCLEAR
POWER PLANT CONTROL ROOMS

TITLE:  SHADOW AND SURFACE
COLOR

GUIDE LINES:

. Ambient illumination shall be
provided via indirect or diffuse
lighting; direct lighting shall be
uvoided.

2. Dark shades of gray, green, blue,
red, and brown shali not be used
on ceilings, walls or consoles;
pastels and light grays are rec-

ommended.

HUMAN ERROR: Misreading a dis-

play; misreading a label.

DOCUMENTATION: Van Cott and
Kinkade (1972)

TYPICAL BACKFIT: Install new
lighting fixtures; repaint ceilings,

walls, and/or consoles.

CONTROL ROOM ENVIRONMENT
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HUMAN ENGINEERING GUIDELINES FOR NUCLEAR
POWER PLANT CONTROL ROOMS

CONTROL ROOM ENVIRONMENT

A. TITLE: REFLECTANCE

B. GUIDELINES: Workplace reflec-
tances shall conform to those recom-

mendations listed in the tabie below.

Reflectances
Surface Preferred Permissibie

'Ceiling 80% 80-90%

Upper Wall 50% 50-60%
Lower Wall 15-20%
Instruments/Displays 80-100%
Cabinet/Consoles 20-40%

Floor 30% 15-30%

Furniture 35% 25-45%

Chalkboards 8% l 15-20%

' Recommended reflectances are fo' finish only. Over-all
average reflectance of acoustic materials ma' “e
somewhat lower. The upper walls one to two 1. .t below
the ceiling) may be painted with t' 2 same paint as is
used on the ceiling.

" In-service “‘chalked" value. Reflectance of clean board
should be as least 5% lower.

The table on the following page
con be wused in determining an
approximate estimate of reflectance

values for various surface colors.




Approximate Retlectance Factors for Various Surface Colors

Color

White

Light:
Cream
Gray
Yellow
Buff
Green
Blue

Medium:
Yeliow
Buff
Gray
Green
Blue

C. HUMAN ERROR:

Reflectance

85

75
75
75
70
65
55

" ———

Color

Reflect-nce

Dark:
Gray
Red .
Brown
Blue
Green

Wood Finish:
Maple :
Satinwood
English Oak .
Walnut
Mahogany

42

17
16
12

Misreading a dis-

play; misreading a label.

D, DOCUMENTATION:

Kubokawa

(1969); Van Cott and Kinkade (1972).

£. TYPICAL BACKFIT:

necessary.

Repaint as

CRE-7



HUMAN ENGINEERING GUIDELINES FOR NUCLEAR
POWER PLANT CONTROL ROOMS

CONTROL ROOM ENVIRONMENT

A. TITLE: LUMINANCE RATIO

£, GUIDELINES: To insure uniform
light distribution and thus legibility,
the following luminance ratio shall

not be exceeded.

RECOMMENDED LUMINANCE RATIOS

Recommended
maximum luminance
Areas ratio

Task and adjacent darker

surroundings 31
Task and adjacent lighter

surroundings 13
Task and more remote darker

surfaces 10:1
Task and more remote lighter

surfaces 1:10
Luminaires (or windows, etc.) and

surfaces adjacent to them 201
Anywhere within normal field

of view 401

C. HUMAN ERROR: Misreading a dis-
play.
D. DOCUMENTATION: Von Cott and

Kinkade (1972); McCormick (1978)

£. TYPICAL BACKFIT: Adjust light

sources Qs necessary.

CRE-8



HUMAN ENGINEERING GUIDELINES FOR NUCLEAR

POWER PLANT CONTROL ROOMS

TITLE: DISPLAY LIGHTING

GUIDELINES:
should

Indicator and panel
lighting conform to the

recornmendations outlined below:

CONTROL ROOM ENVIRONMENT

HUMAN ERROR: Misreading labels
and/or displays.

DOCUMENTATION: Woodson and
Conover (1964); Van Cott and
Kinkade (1972); MIL-STD-14728
(1974),

TYPICAL BACKFIT: Modify or

replace light sources as necessary.

Luminance
Condition Lighting of Markings Brightnass
of Use Technique (Ft-L) Adjustment
Indicator Reading White Flood 1-20 Fixed or Continuous
Panel Monitoring White Flood 10-20 Fixed or Continuous
Chart Reading White Flood 5-20 Fixed or Continuous

CRE-9



HUMAN ENGINEERING GUIDELINES FOR NUCLEAR
POWER PLANT CONTROL ROOMS

Work Area or Type of Task

Lighting (fout-candies*)

Console Surface
Dials

Gages
Meters

Panels:
front
rear

Reading:
handwritten reports,
in pencil
large print
smali type

Scales

Recommended | Minimum
50 30
50 30
50 30
50 30
50 30
30 10
70 50
30 10
70 50
50 30

* As measured on the task object or 30 inches

above floor.

CRE-I10

CONTROL ROOM ENVIRONMENT

TITLE: ILLUMINATION LEVELS

GUIDELINES:

. Portable lights shall be provided
for personnel performing visual
tasks in areas where fixed il-
lumination is not provided.

2. llumination levels shall be in ac-
cordance with the recommenda-
tions in the table io the left.

HUMAN ERROR: Misreading a dis-
play or label.

DOCUMENTATION: Chapanis (1965);
Kubokawa (1969); Van Cott and
Kinkade (1972); MIL-STD-14728B
(1974).

TYPICAL BACKFIT:

naires as necessary.

Adjust lumi-




D.

HUMAN ENGINEERING GUIDELINES FOR NUCLEAR
POWER PLANT CONTROL ROOMS

TITLE: ACOUSTICAL NOISE

GUIDELINES: Acoustic materials
with high sound-absorption coef-
ficients hould be provided as neces-
sary in the construction of floors,
walls, and ceiling to effect the re-
quired sound control. in the physical
layout of rooms and work stations,
excessive noise should be attenuated
by such means as staggered construc-
tion of walls, staggering of doors in
corridors or between rooms, and use
of thick-paned or double-paned win-
dows. Under normal operating condi-
tions the ambient noise level shall
not exceed 65 dB(A), or 58 dB PSIL.

HUMAN ERROR: Failure to respond

to auditory signals.

DOCUMENTATION: MIL-STD-
14728; MIL-HDBK-759 (1975);
Kubokawa (1969); Woodson and

Conover (1964).

F'YPICAL BACKFIT: Provide attenu-

ation as necessary.

CONTROL ROOM ENVIRONMENT
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HUMAN ENGINEERING GUIDELINES FOR NUCLEAR
POWER PLANT CONTROL ROOMS

CONTROL ROOM ENVIRONMENT

A. TITLE: REVERBERATION

H. GUIDELINES: The acoustical treat-
ment of control rooms shall be suf-
ficient to reduce reverberation time
to the applicable limits in accordance

vith the figure below.

4

N E AUDITORIUMS /
) | /p,_-_ / e

oe _ /
/ TONVENTIONAL
SPEECH mmanmaa
Gt o S S FRRPSRE AP I, —SSNo

\

|

! |
. | | ,
0 b 4 absahsdiaed | - A i i :
: 3 . § 8§ 7 8% 2 3 4 S 8789 2 3 4 5 8789
1000 10.000 100,000 1,000 000

VO UME OF ROOM icu 1)

R NGE OF ACCEPTABLE REVERL (ATION TIME
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HUMAN ERROR: Failure to respond
to auditory signals.
DOCUMENTATION: MIL-STD- 14728
(1974)

TYPICAL BACKFIT: Install acoustic

sound absorption materials.

CRE-I13
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HUMAN ENGINEERING GUIDELINES FOR NUCLEAR
POWER PLANT CONTROL ROOMS

o

o

m

CONTROL ROOM F NVIRONMENT

TITLE: SOUND COMOITIONING

GUIDELINES. [he average room
sound abscrption coefficient shall be

at least 0.20.

HUMAN ERROR: Failure to respond
to auditory signals.
DOCUMENTATION: MIL-S5TD-14728
TYPICAL BACKFIT: Install acorziic

sound absorption materials.
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HUMAN ENGINELRING GUIDELINES FOR NUCLEAR
POWER PLANT CONTROL ROOMS

TITLE: VENTILATION

GUIDELINES: Air shall be introduced
into the control room at a minimum
rate of 30 cubic feet per minute per
man; approximately two-thirds of
which should be outside air. Air shall
be moved past the man at a velocity
no greater than 100 feet per minute,
65 feet per minute if possible. In-
takes for ventilation systems shall be
so located as to preclude/prevent the
introduction of contaminated air.
Air shall not blow directly on opera-

tors.

HUMAN ERROR: Increased likeli-
hood of error due to fatigue,

DOCUMENTATION: Woodson and
Conover (1964); Kubokawa (1969);
MIL-STD-14728 (1274).

TYPICAL BACKFIT: Modify or

replace system as necessary.

CONTROL ROOM ENVIRONMENT
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HUMAN ENGINEERING GUIDELINES FOR NUCLEAR
POWER PLANT CONTROL ROOMS

TITLE: GENERAL WORKSPACE
HAZARDS

GUIDELINES:

(¥ 4]
.

Handrails shall be affixed to
platforms, stairs, and around
floor openings, wherever person-
nel may fall from an elevation.
Emergency doors and exits shall
be readily accessible and quick
to open. The design should allow
the door or hatch to be opened
by a single motion of hand or
foot. Provisons should be made
for emergency exit from secure
or classified areas.

Areas shall be specifically iden-
tified where protective clothing,
tools, or equipment, such as in-
sulated shoes, nonsparking tools,
gloves, or suits, are necessary.
Adequate illumination shall be
provi® 1 in all work and work
access areas. Work areas should
be illuminated by at least 20 ft.-
c., access areas by at least 8 ft.-
Ce
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