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APPENDIX A
TASK DESCRIPTIONS

This section describes each of the four tasks which comprised this investigation.
The tasks were:

TASK A Control Room Design at TMI-2

TASK B Analysis of Contrni Room Activity

TASK C Evaluation of Operator Performance

TASK D Application of Human Factors Principles to CR Design

A.l TASK A — Control Room Design At TMI-2

Using a two-phased approach, Essex examined thc degree to which human factors
engineering considerations were taken into account in the TMI]-2 design development
process and in the resulting Control Room design. In the first phase, TMI-2 development
and design were reviewed in light of human engineering criteria and practices existing at
the time when TMI-2 was undergoing development. In the second phase, TMI-2 design and

development processes were compared to two other nuclear power plants designed at
about the same time,

Results (Section 3.0) show marked differences in Control Room development and
design between the three Control Rooms selected. Furthermore, it is clearly indicated
that human factors standards and criteria extant in the nuclear power community during
the late '60's and early '70's were inadequate to properly guide Control Room design and
development. With few exceptions, the Control Room at TMI-2 met the existing human
engineering criteria.

A.l.l Objectives and Scope

Through an examination of reports, design documentation, and criteria, and through -
a review of as-built Control Room designs, TASK A activities identified the general
factors which influenced the human engineering design aspects of the TMI-2 Controi
Room. Factors included in the evaluations were: design bases; design philosophies;
operating logic; industry standards; AEC (NRC) regulations and other Federal regulations;
and human engineering involvement in Control Room planning design development, testing
and operation.



Taken broadly, the human engineering aspects of Control Room design included:
anthropometry; control/display integration; controls; displays; labeling; Human Factors
Engineering in systems; and procedural documentation (fidelity, accessability, legibility,
readability, usability).

Al Agmoach

The goal of human engineering is to design Control Room equipment and procedures
such that adequately trained operators can perform assigned tasks with ihe necessary
speed, precision, and reliability. The likelihood that this goal will be met depends largely
on the timely application of human engineering practices, principles and data throughout
all phases of CR development and use.

In this task, the uses of human engineering in TMI-2 planning, design, testing,
operations, criteria identification, and management were determined. Then these findings
were compared to Baltimore Gas and Electric Company's Calvert Cliffs - Unit | and Duke
Power Company's Oconee - Unit 3 Nuclear Power Plants to find if other plants of the
same vintage made similar use of Human Engineering.

For purposes of this evaluation, planning, design, testing and operations functions
are sequential, and management and criteria identification are parallel to all four as
shown below:

MANAGEMENT

Y ' Y Y

PLANNING . DESIGN > TESTING 2 OPERATION

} 1 1 1

CRITERIA IDENTIFICATION

The human engineering aspects embraced by each function are described below, together
with the means used to acquire data on each of the three plants.

Finally, some human engineering aspects of the TMI-2 as-built design were com-
pared to Calvert Cuffs - Unit | and Oconee - Unit 3 to determine if same-vintage plants



used similar design solutions for similar human engineering problems. Human engineering
aspects included: reach and visibility; prccedures design; panel complexity; coding and
conventions; rules and philosophies; and an assessment of well-human engineered features
of the Control Room.

A.1.2.1 Evaluation of TMI-2 Development Process — Interviews with engineers and

managers cognizant of plant development, source documentation produced during the
course of plant development, depositions and testimony where available, and a thorough
review of standards and criteria available during the late '60's and early '70's were used to
reconstruct the application of human engineering during the plant design development
process.

Criteria Identification

In designing a nuclear power plant, engineers during the late 1960's were (and are)
obliged to follow certain criteria, and advised to follow others, Federal Government
criteria were imposed or recommended by the AEC (NRC) using Title 10 Code of
Federal Regulations, Reactor Technology Memoranda, Safety Guides, Regulatory
Guides, and industry standards. Voluntary criteria were industry standards or
recommended practices issued primarily by the American Nuclear Society (ANS),
the Institute of Eiectrical and Electronics Engineers (IEEE), and the American
National Stancards Institute (ANSI). In 1975, the NRC consolidated its review
criteria in a Standard Review Plan aimed at providing a comprehensive approach to
the examination and approval of Power Plant Safety Analysis Reports submitted by
the utility constructing a nuclear power plant.

+ 10 CFR Criteria pe Present
v Industry Stancards [ —

+ Reactor. Tech. Viemo. [ S —
v afety Guides o

+ Regulatory Guides -—
v Standard Rev. Plan




In order to obtain an accurate picture of the human engineering criteria imposed on
CR design as well as the human engineering data widely publicized to the nuclear
power engineering community, the criterion documentation available from 1967 to
the present was identified and reviewed.

I0CFR Criteria - As noted in the figure above, 10 CFR Criteria were available
from 1967 to the present. The entire 10 CFR, Chapter | — Nuclear Regulatory
Commission was reviewed for human engineering criteria. Then each of the criteria

was traced to its genesis., Design criteria published during the period 1967-1973
were considered to be operative for TMI-2 (the TMI-2 FSAR was published in 1974).

Industry Standards — To identify currently-applicable standards, the 765 documents
named by the Nuclear Standards Management Board (NSMB) of the American
National Standards Institute were subjected to a title review by a Nuclear Engineer
and a Human Engineer who sorted out documents that might contain criteria
impacting the control room. Then 75 documents were reviewed and those containing

criteria within the domain of human engi-neering were set aside for further analysis.
Each criterion was classified and recorded according to its subject matter:

Operator/System Integration
Instrumentation and Control
Control Room Environment
Operator Procedures

Operator Supvort Equipment
Human Factors Test and Evaluation

Policy, Planning and Management.

NDocuments containing human engineering criteria were then traced back to "trial
use" standards, or to other predecessor documents which in turn were traced. This
process was facilitated by ANSI-NTAB Project Status Reports dating back to 1972
and listing standards and standards development projects for the Nuclear Industry.
Standards available during the 1967-1973 time frame were selected for closer
anal ysis.

Each of the criteria within the domain of human engineering was examined to
determine if its language imposed or suggested design features or principles that
would improve Operator Performance.



It should be noted that the completior of this review would not have beer: possible
without the continuing and patient cooperation of the American Nuclear Society,

the Institute of Electrical and Electronic Engineers, and the American National
Standards Institute.

Reactor Technology Memoranda (RTM) — RTM were the predecessors to Safety
Guides and Regulatory Guides, and were rather informal in nat.ire. As such, all of
the RTMs could not be located for review. Those reviewed included:

Recording Seismographs in Nuclear Facilities, RTM —
Combustible Gas Control System, RTM 8

Control Room Design Considerations, RTM 6

Emergency Core Cooling System Evaluation Guidelines, RTM &
Seismic Design Criteria, RTM 3.

During the review, five criteria were noted within the human engineering domain.

None of these impose or suggest features or principles that would improve operator
performance.

Safety Guides and Regulatory Guides — Safety Guides are the predecessors of
Regulatory Guides, and:

Regulatory Guides are issued to describe and make available to the
public methods acceptable to the NRC staff of implementing specific
parts of the Commission's regulations, to delineate techniques used by
the staff in evaluating specific problems or postulated accidents, or to
provide guidance to applicants. Regulatory Guides are not substitutes
for regulations, and compliance with them is not required. Methods aid
solutions different from those set out in the guides will be acceptable if
they provide a basis for the findings requisite to the issuance or
continuance of a permit or license by the Commission.
The titles to 324 Regulatory and Safety Guides were reviewed by a Control Room
Operator, a Nuclear Engineer and a Human Engineer with instructions to identify
those guides that will or might impact any aspect of Control Room design. Sixty
(60) guides were identified and reviewed to determine if any criteria were withi . the
human engineering domain. Twenty (20) such guides were located and their criteria

were identified using the same titles as in Industry Standards.

Guides were then traced to their origins. If their origin was 1973 or earlier (eight
Guides), each criterion was examined to determine if its 'angi.age imposed or

suggested design features or principles that would improve o~ sr. cr performance.



Standard Review Plan (SRP) — The entire 1,800 page SRP was reviewed by a
Nuclear Engineer and a Human Engineer to identify all criteria that impact Control
Room design. One hundred forty-two (142) criteria were located and each criterion

was classified according to the scheme outlined in Industry Standards.

Since the SRP was publis-»d in 1975, no additional analyses of SRP criteria were
performed.

Engineers and managers participating in the development at TMI-2, Oconee-3 and
Calvert Cliffs-1 were asked, during interviews discussed below, to identify standards
and other criteria important to plant design.

Management

Much like the disciplines of system safety and reliability, human engineering is not
effectively implemented when management is not sensitive to the operator and his

capabilities and limitations under all operational circumstances.

In the Nuclear Industry, NSSS, A-E, and utility requirements for the control room
must be integrated and an overall design philosophy acceptable to each must be
developed and implemented with each participating in the design.

The role of each member of this team in CR development was addressed by
questions asked of cognizant engineers and managers from the various firms:

TMI-2 Oconee-3 Calvert Cliffs-1
e Metropolitan Edison e Duke Power e Balt. Gas & Elec.
(Utility) (A-E & Utility) (Utility)
e Burns & Row (A-E) e Babcock & Wilcox e Combustion Eng. (NSSS)
(NSSS)*
e Babcock & Wilcox e Bechtel (A-E)
(NSSS)*

*Not interviewed — NSSS vendor specified equipment, but did not actively
participate in layout.

Questions dealt wi 1 the following issues:

e Coordination in CR Design
e Procedure for Design Changes
e Selection Criteria for the A-E (HE considerations?)



o Meetings/Reviews on Control Panel
e Documentation Requirements

e Personnel Experience.

Notes, memoranda, and letters pertaining to TMI-2, in addition to interviews,
were used to evaiuate management factors.

Planning

Decisions such as Control Room sizing, basic control board arrangement, speci-
fication of design bases, and determination of baseline Control Room Crew
complement are made during planning. Each of these has an important impact on
Operator performance on the resulting control panel.

The degree to which human engineering was taken into account in CR planning was
assessed by interviews with engineers from the several firms named above.
Interv.ew questions addressed:

Utility-imposed criteria or other constraints
Evaluation of alternate panel configurations
Role of precedent in selecting CR arrangement
Number of Operators in crew and role of each

Design Basis for:
- anthropometrics
- color coding conventior s
- control room lighting
- labeling conventions or rules
- control/display grouping
- annunciator grouping
- switch orientation conventions or rules
- acoustics
- readout vs, computer printout assignment of variables
- control selection
- display selection
- use of mimicking
- video displays
- separation of functions between primary and peripheral areas.

Design

Outside of mandatory criteria, the single most important factor during control panel
design is the design philosophy(ies) adopted by the A-E, utility, NSSS vendor, and the
AEC (NRC). The design philosophy usually stipulates the overall direction taken in
the organization of the control panel, the trade-off priorities (cost, reliability,



engineering, operator performance, etc.), and the basic approach taken to maxi-

mizing operator performance.

The design philosophies used during the development of the three plants were

determined through:

An examination of the control room As-Built Layouts (TMI-2; Calvert
Cliffs-1; Oconee-3)

A review of the FSAR (TMI-2; Calvert Cliffs-l; Oconee-3)
A review of background documentation (TMI-2)

A review  regulatory documentation (NRC)

Intervie TMI-2; Calvert Cliffs- 1; Oconee-3; NRC).

The role of human factors engineering in design includes the following (28):

To assure that the operator has sufficient information to perform his
task, and that he is not burdened with excessive, extraneous data

To design the control panels in such a way as to assure effective
operation by a full range of trained operators under all operational
conditions

To establish and, as importantly, maintain coventions and rules
incorporated in design (e.g., color coding)

To participate in the development of procw.dures

To develop training requirements based on procedures and control
panel design.

The actual role of human engineering in the development of TMI-2, Calvert

Cliffs- 1, and Oconee-3 was determined by interviews with engineers and managers

of the firms listed above. Topics covered in the interviews vere:

Review of panel operation with respect to design
Use of operator opinion during design
Determination of personnel training and selection requirements
Attempts to minimize the likelihood of human error
Selection of alarm & annuciator strategies

Use of video displays

Anthropometric ranges

Color coding

Display/background contrast (panel paint)

Labeling

Assessment of readability (displays & labels)



Control/display grouping
Auditory alarms
Switch position orientation

Design for operator wearing breathing apparatus and/or protective
garments

Operator recall/information processing requirements
Maintainability

Operator response times (considered in panel design?)
Design for separation and redundancy

Use of mockups, walk-throughs and simulators

Noise level (taken into account?)

Participation in developing procedures

Task analyses (were they performed?)

Design to protect expensive equipment.

Testing

Since the Operator is a critical "component" in the power plant systém, evaluating
the likelihood that he will be unable to perform properly under some conditions is a
critical part of any comprehensive test program. Finding "error prone" procedures

or control panels during testing can lead to corrective backfits before the plant is
operational.

Personnel from the A-E, NSSS and utilities involved in testing TMI-2, Calver:
Cliffs-1, and Oconee-3 were asked, during interviews, to describe any Human
Engineering Test and Evaluation performed during the testing phase of their plants.

Ogerauons

As in testing, the primary role of human engineering in Operations is to identify
backfits which, if applied, would reduce the likelihood of human error. Two means
to do this are apparent. First, backfit suggestions could be solicited (or accepted)
from the operators who know many of the weaknesses in panel design and
procedures. Second, a human performance surveillance program could be used to
identify design, procedura! and training problems.

To determine the role of human engineering in the Operations Phase, personnel from
the three utilities were asked to describe programs aimed at improving pane! designs
or procedures,



A.l1.2.2 Comparison of TMI-2 Control Room Design to Same Vintage Plant, — In

order to determine if other nuclear power plant designers arrived at the same solu ions to
hurnan engineering problems as did the d-signers of TMI-2, two same-vintage plants were
selected for comparison. Aside from date-of-design, other criteria used for selection
included: Pressurized Water Reactor Plant; different Architect-Engineer and Utility;
approximately the same plant output; and located on the east coast.

Two plants were chosen:

e Calvert Cliffs - Unit |
e Oconee - Unit 3.

Human Engineering personnel visited each of these plants and collected the

following information:

Photographic Data for Later Analysis
Procedures

Number of Switches/Displays in Primary Areas
Particular Control/Display Solutions to Specific Problems
Photos of Specific Control/Display Components
Description of Annuciator Procedures & Designs
Role of Automation

Description of Auditory Alarms

Description of Communications Network

Actual Color Coding Practice

Photos of CR and Panel Arrangements

Panel/Room Dimensions.
These data were synthesized into the following results:

e Control Room Descriptions
e Procedures Comparison

e Control Panel Human Engineering Comparisons
(Notable Human Engineering Features of Panels)

e Reach and Visibility Survey.

A.2 TASK B — Analysis Of Control Room Activity

Location and arrangement of workstations within the control room represent design

characteristics which can impact operator performance. Spatial arrangement within any



control space should be designed based on expected operator activity sequences. Location
of elements within the control room can facilitate operator performance to the extent
that:

e Physical Access
e Visual Access
e Operator Travel

are reflected in the design. Failure to design relative to these factors can result in
degraded performance primarily through:

e Excessive task time due to travel requirements between stations
e Lack of necessary information due to inappropriate location of
displays relative to workstations.

The intent of Task B was to describe and analyze operator activities in the
TMI-2 CR during the 150 minute period. Operator decisions, control actions, and
motiors were identified. These data were used to construct a timeline showing
operator activities in relation to time and plant events. A full-scale mockup of the
TMI-2 control room was constructed and used to reenact and video tape selected
activity sequences.

A.2.1 Objectives and Scope

The objectives of Task B were as follows:
e Construct a full-scale mockup of the TMI-2 CR for use in studying
operator activities.

e Develop a timeliine showing activity sequences for the on-duty crew
members during the first 150 minutes of the incident.

e Video tape selected activity sequences to analyze and demonstrate
CR design factors which impacted crew performance.

A.2.2 Development of Crew Activity Timeline

The timeline was developed by identifying activities performed by the principal
crew members during the 150 minute period. The primary sources of data used were:

GPU Sequence of Events dated July 16, 1979 (43)

NRC I&E Sequence of Events with revisions and updates by NRC
staff (33, 42)

Operator Interviews (44)
Reactimeter data
Plant stripcharts and computer printouts



e Reviews of timelines by NRC personnel and by the on-duty staff with
inputs and comments

e Observation of walk-throughs using the mockup by NRC personnel
and by the on-duty staff with inputs and comments.
Operator actions were initially identified using the available operator interviews.
These actions were listed in the order they were performed where operators were able to
recall sequence. Four main action types were noted:

e Action involving controls such as "starts makeup pumps MU-P- A"

e Monitoring/observing plant parameters such as "observes pressurizer
level on-scale"

e Decisions such as "decides to isolate OTSG"
e Travel within CR such as "moves from pressurizer station to makeup
station.,"
A listing of operator actions was prepared describing the operator location, displays
involved, and controls used. To locate these events in time, available plant event
chronologies and plant data were used to determine times for operator actions.

An initial version of the timeline was reviewed by the on-duty shift supervisor, shift
foreman, and control room operators. Their comments were included in the updated

timeline.

Following constructi~~ .l «we CR mockup, the timelines were used to walk-though
the sequence of activities to validate the sequence. At this point, the on-duty crew
visited the mockup and observed the walk-through, making comments as appropriate.
Data gathered by this process were then incorporated into the final timelines which were
reviewed by NRC personnel. The final timelines are included as Appendix C.

A problem arose in limiting the number of personnel represented in the timeline.
The purpose was to examine opera*or activities at the panels rather than to document the
total personnel activity. Consequent.y, the personnel addressed in detail were limited to:

The on-duty shift supervisor (shift supervisor E)
The on-duty shift foreman (shift foreman C)
The on-duty control room operators (CRO D and CRO C)

Shift supervisor A who was r~alled to the TMI-2 CR shortly after the
reactor trip.



Other personnel actions are indicated in a single column of the timeline where these
were directly involved in the sequence. These "other personnel" include two shift

supervisors, two control room operators, and a plant engineer who arrived during the 150
minute period.

A.2.3 Fabrication of Control Room Mockup

A mockup was required for reenactment of operator activities and analysis of human
factors related design characteristics of the CR. Panels directly involved in the incident
were included in the mockup as follows:

e [rnner Consoles

2 Computer console

3 Auxiliary systems console
4 Plant control console

5 Turbine control console

6ABC Electric control console
e Vertical Panels

7 Fire detection panel

8 Coolant systems monitoring panel

9 Push-pull control panel

10 Plant equipment temperature recordin - panel
12 Radiation monitoring panel

13 Engineered safety features panel

14 Control rod drive panel

15 Containment isolation panel

16 Turbine supervisory panel

¥4 Turbine auxiliary monitoring panel

18 Station electric auxiliary monitoring panel
19 Vital power panel

I19A 500 KV control panel

26 Diesel generator No. | panel

29 Diesel generator Mo. 2 panel

e Back Panels located outside main control

8A Reactor coolant drain tank panel

20 Nuclear instrumentation cabinet No. |
21 Nuclear instrumentation cabinet No. 2
25 HV&AC panel.

The control room layout is shown in Figure A-1.

The mockup was constructed of % inch Foam-Core using photographs to represent
controls and displays. The TMI-2 control room was photographed from August 13-16. A
grid system was employed using horizontal steps of 2 feet for inner con<.ies and 3 feet

elsewhere. The grid was superimposed on the panels by use of rumbered dots which
represent intersection points.



Several shots were taken of each grid square using a Minolta SRT-202 (35 mm.) with
Kodak Plus-X film (ASA 125). Use of varying exposure yielded about 400 shots, 190 of
which were used in construction. Rokkor 50 inm. (f1.4) and 28 mm. (£2.8) lenses were
used. Due tc the space limitations between the front faces of the vertical panels and the
rear surfaces of the inner console (4 ft. | in.) it was necessary to use the wide lens for

these shots. The 50 mm. lens was used elsewhere.

The negatives were developed in normal D-76 by Image, Inc., Alexandria, Virginia.
The images were wall projected using a Beseler 23C-II enlarger with 100 mm. Schneider
Componon—S lens. Magnification was adjusted to obtain the proper horizontal dimension
for the grid square size originally used in shooting. Due to the lenses used and shooting
angle, some trapezoidal distortion was introduced. [t was necessary to adjust magnifi-
cation on a frame-by-frame basis to achieve the best combination of dimensional
accuracy and match between adjacent frames. Errors in locating controls and displays
and total panel dimensions were kept to * | inch. Images were printed on 20x24 Kodak
Polycontrast Rapid II RC paper (N surface) and were developed in Dektol 2:1. An
appropriate solycontrast filter and long exposure were used to heighten tonality and
detail. This process was adequate for all legends and instrument scales to be readable.

The back and vertical panel mockups were constructed in eight foot high by four
foot wide Foarn-Core sections with wooden frames. Only the front faces of these panels
were represented, Dimensionally accurate mockups of the inner consoles were con-
structed of Foam-Core using wooden supports and frames. The consoles were constructed
in eight foot long sections to allow transport.

Grid lines corresponding to the original grid were constructed on the mockup
sections ani the photographic prints were placed in the grid. Print positions were
adjusted to obtain the best dimensional accuracy and match between adjacent frames.

The prints were trimmed and glued to the Foam-Core sections.

The mockup sections were positioned in a 60x50 foot area as shown in Figure A-1.
Inaccuracies in the mockup include minor image distortion as noted above and changes in
panel features made in the CR between the time of the incident and the time of
photographing the panels. A major problem was encountered with regard to panel l4.
Since the incident, a core thermocouple display has been placed over it. The corres-
ponding panel in the Ta!-1 CR was used, therefore, to produce photographs.

A general view of the CR mockup is shown in Figure A-2.



A0°E 0TI

FIGURE A-1 PANEL ARRANGEMENTS

R D e e




FIGURE 2
THE ESSEX TMI-2 MOCK-UP



A.2.4 Operator Activity Videotape

Selected operator actions were video taped using the mockup. A Panasonic VHS
recorder, Panasonic Color Pilot monitor and Panasonic WV 3300 color camera were used.
Essex personnel acted the parts of operators. The tape shows operator activity sequences
which illustrate design problems in the control room including:

e Component placement requiring operator travel

e Display placement which interferes with acquisition of information
by the operator

e Placement, labeling, and functional inconsistencies within panels.

The taped sequences do not represent a reenactment of the incident but do illustrate
operator activities which took place during the incident. Narrative is included to describe
the design problems depicted and the relationships of these to the accident.

A.3 TASK C — Operator Performance

The accident at TMI-2 evolved from a complex interaction of equipment failures and
operator actions and inactions. Operator performance did significantly influence the
course and outcome of the accident.

A.3.1 Objectives & Scope

This endeavor was undertaken to determine the role of training, information
transfer and policy in the accident. The purpose of this task was to identify and analyze
the relative contributions of each of these to operator performance. The objectives were:

e Determine the adequacy of the training program to ensure the
operators' capaoility to diagnose problems and take appropriate

actions during normal and emergency conditions, emphasizing the
requirements which surfaced during the TMI-2 accident

e Identify the basis for each significant action/inaction resulting from
operator performance that cannot be attributed to inadequate
training.

A.3.2 Methods of Evaluating Selection Procedures

A thorough review was made of NRC requirements and regulations, as well as
industry guidelines and standards, and Met Ed policies were compared to these. The abyve
were also compared to FAA regulations regardin- air traffic controller specialists



A.3.3 Methods of Evaluating Control Room Manning

Met. Ed. policies regarding crew composition, task assignment procedures, skill
levels, shift change procedures and workload criteria were reviewed. Degositions and
interviews were read to determine the opinions of experts in nuclear engineering and the
approach advocated by a group of scientists in the Swedish nuclear power station industry
was reviewed.

A4 Methods of Evaluating Training Policies and Regulations

Policies and regulations affecting the crew on duty at the time of the accident were
reviewed to determine the impact of these upon operator performance. The organizations
responsible for these policies and regulations were the NRC, B&W and Met Ed

A5 Methods of Evaluating Training Programs

All available Met Ed and B&W training materials were reviewed and interviews were
conducted in order to determine training requirements and objectives, to compare
programs and objectives and to evaluate instructor skills, course content, training
coverage, tests, media and training management. In order to determine the relationship
between the training that these operators had and that others receive, the facilities and
programs at TVA, Duke Power and the Singer-link simulation facility were visited.
Training objectives for emergency procedures judged to be relevant to the March 28
accident were developed. Based on the objectives, training requirements were developed.

Problems for training invoived situations where available training failed to meet require-

ments.
A.4 TASK D — Application Of Human Factors Principles To Control Room Design
A.4.1 Problem

Human factors engineering test and evaluation (HFE T&E) encompasses the tech-
niques, methods, principles and data used to assess the adequacy of a system's design. In
general, effective system performance is dependent on the extent to which the system’s
design incorporates the requirements of its constituent elements. For the human factors
engineer, this tenet is expressed in terms of the capabilities and limitations of the human
operator as they relate to the operator's functions within the system. By corollary, the
crux of effective design, from an HFE perspective, is the translation of operator functions
into specific tasks and, subsequently, into quantifiable information and performance
requirements. These requirements are then used as standards against which the adequacy
of the design of the man-system interface is measured. For the nuclear power plant, the



keystone of this interface is the control room. As it relates to the incident at TMI-2, HFE
T&E provided the tools for estimating the degree to which the control room's design and
established operating procedures precipitated and/or compounded the sequence of events
and associated operator actions which led to the accident.

A.b.2 Objectives:

L Identify systems, components and procedures in the control room which played
a critical role during the first 150 minutes of the accident

A Identify relevant human factors considerations for each system, component
and procedure which had a critical relationship to the accident

3. Evaluate degree of compliance of critical systems, components and procedures
to applicable human factors principles and standards

4. Assess the impact on operator performance of specific system, component and
procedural features which fail to comply with human factors principles and
standards.

2.4.3 Method

This section describes the technical approach employed by Essex in the evaluation of
the human engineering aspects of the design of the TMI-2 control room. Each of the
major tasks will be described in terms of the methods and rationales used to collect,
organize and interpret the data contained in this report.

Identification of Critical Systems, Components and Operator Actions/Inactions

The core of this task involved the development of a timeline/decision-actior
sequence describing plant status and operator activities during the first 150 minutes ot
the accident. This sequence was developed through a comprehensive review of the
available documentation, including transcripts of operator interviews and various chrono-
logies, and interviews with TMI-2 control room operators. The sequence was validated
and revised during a walk-through of the accident, using a mockup of the control room, at
which time inputs were made by four of the operators who participated in the incident.

In the course of developing the sequence, principal operator tasks were analyzed to
identify critical systems, components and operator actions/inactions. Criticality was
defined in terms of the subject item's relationship to the course and outcome of the
accident,

Development of HFE Test and Evaluation Strategy

Each of the critical systems and components was analyzed to determine HFE
considerations relevant to its design. This analysis focused on the following
characteristics:



Control/display integration
- position relationships
- movement relationships
- control/display ratio

Visual displays
- information
- location and arrangement
- coding

Audio displays/warnings
- signal characteristics in relation to operational conditions and
objectives
- clarity of meaning

Controls
- selection (appropriateness)
- direction of movement
- arrangement of grouping
coding
prevention of accidental activation

Labeling
- orientation and location
- content
- design of characters

Workspace
- visual envelope
- reach envelope.

Operator actions/inactions were analyzed to identify the information and control require-

ments of the operator.

Based on the above analyses, applicable HFE design checklists were selected from

TOP-1-2-610, Human Factors Engineering Test Procedures (26). Checklists selected

included:

Labels, Markings
Controls
Displays
Workspace.

(Copies of the above checklists are contained in Appendix D.)

Data Acquisition

During the course of the evaluation, four separate visits were made to TMI to

collect data. The focus of these visits were as follows:

Visit 1: initial familiarization with control room layout, systems and
components



Visit 2: application of HFE design checklists
Visit 3: interviews with TMI-2 control room operators

Visit 4: analysis of control room design in relation to critical operator
tasks.

In addition, the full scale mock.p developed under Task B was used to evaluate
control-display design and workspace.

Data Analysis

Data collected during the evalution was analyzed to determine the following:

e General compliance of the control room design to established HFE
principles and criieria

e Relationship of design deficiencies to overall operator perforinance
during the first 150 minutes of the accident

e Relationship of specific design deficiencies to critical operator
actions/inactions during the first 150 minutes of the accident.
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APPENDIX B

OPERATOR ACTIONS, DECISIONS, AND RESPONSES DURING
THE FIRST 150 MINUTES OF THE
TMI-2 INCIDENT

This section describes the sequence of operator activities for the first 150 minutes
of the incident at TMI. The time of the turbine trip (0400:37) is taken as time zero as in
most chronologies. Time is expressed as minutes:seconds. More detailed information on

plant status and events is available from References (33), (42) and (43) which were used
extensively,

Throughou: the section, drawings are provided to indicate operator locations and
traffic patterns at selected points in time. Detailed time lines are included in
Appendix C. These show activities performed by each operator with respect to time.

Initial Trip of Turbine and Reactor (-0:01-0:08)

The TMI-2 accigent of 28 March 1979 apparently began with entry of water into the
service air system. Water was introduced to the instrument air lines via a faulty check
valve and resulted in closure of condensate polisher inlet and/or outlet valves isolating the
polisher. The main feedpumps tripped on low suction pressure and one condensate pump
(CO-P-1A) tripped. Both condensate booster pumps were subsequently found tripped but
the trip time is not entirely certain.

The turbine tripped according to plant design on loss of both main feedpumps. The
emergency feedwater pumps (EF-P-', EF-P-2A, and EF-P-2B) started by design on loss of
the main feedpumps. Flow to the Oice Through Steam Generators (OTSG's) was blocked
due to closed block valves EF-V12 A&E. Plant operation with these valves closed is not in
accordance with operating procedure. The reason for closure is still unclear although it is
obvious from later operator actions that the operators expected these valves to be open.

Following loss of the turbine, the Reactor Coolant System (RCS) pressure began to
increase as would be expected due to loss of the secondary system heat sink. At 3-6
seconds, the Pilot Operated Relief Valve (PORV, RC-R2) lifted as RCS pressure increased
to the setpoint of 2255 psig. At eight seconds, the reactor tripped on RCS pressure of
2355 psig. At 13 seconds, the PORV (RC-R2) closing setpoint of 2205 psig was reached.
The PORYV, however, failed to close resulting in a rapid depressurization of the primary



system and subsequent core damage. The status light for this valve shows the solenoid
command status rather than the physical status of the valve. Since the valve solenoid was
de-energized on 2205 psig. the closed indication was displayed in the control room (CR)
despite failure of the valve to close. Use of an extinguished light to indicate status
violates standard human engineering practice (24).

Initial Operator Actions (0:00-2:00)

Figure B-1 shows the control room (CR) layout with the panels numbered.
Table B-1 gives panel names. For purposes of analyzing operator activities, stations are
defined as in Figure B-2. Operator initial positions and selected initial alarms are shown
in Figure B-3., At the time of the trip, the shift foreman (SF C) was in the turbine
building basement attempting to rectify a problem in the condensate system. Control
Roorn Operator C (CRO C) noted annunciators on panel 18 associated with loss of the
generator and announced that there was a problem in the plant. He then noted the turbine
trip alarm on panel 17 and began moving ©° e make-up station to perform Emergency
Procedure (EP) actions associated with the trip. Control Room Operator D (CRO D) noted
the following alarms:

Condensate pump trip—panel 17
Turbine trip—panel 17
Feedwater pump trip—panel |7

Reactor limited by feedwater—panel 15

Prior to the trip, the pressurizer spray valve and pressurizer (PZR) heaters had been
operated in manual control to permit equalization of RCS and PZR boron concentrations.
CRO D immediately set these controls to automatic. Lack of a positive indication of PZR
spray valve auto/manual indication and inconsistency of pressurizer heater auto/manual
positions are noted in Section 3.1.7.

The shift supervisor (SS E) was in the office at the rear of the control room at the
time of the turbine trip. Viewing the panels through the office windows, he noted the
reactor limited by feedwater alarm and feedpump trip alarm. SS E entered the control

room heading for the center desks.

At 8-9 seconds, SS E noted the rod bottom indicators on panel |4 and channel trip
annunciators on panel 8 and announced the reactor trip. The CRO's also noted the rod
bottom lights as they were moving to the make-up and RCS stations. CRO D remained at
the RCS station monitoring PZR level which was expected to rise following the turbine



trip and then drop after the reactor trip. During the period from 8 to 13 seconds, CRO C
performed the following EP steps:

e Closed the letdown isolation valve (MU-V376)
e Opened one high pressure injection valve (MU-V16B)
e Attempted to start make-up pump MU-P- 1A,

Failure to start the makeup pumps was due to the requirement to hold the pump
control to the START position for 2-4 seconds before releasing it and/or a tendency of
these pumps to trip following startups. Two unsuccessful attempts were made by CRO C
to start MU-P-1A which delayed his arrival at the feedwater station,

SS E moved to the plant page phone and announced the turbine trip and reactor trip.
SF C noted the announcement and proceeded to the CR. SS E moved to the RCS station
to monitor the expected trends of RCS pressure and PZR level. During this time, the
PORYV opened and failed to close. The indicator showed the initial opening and then gave
an erroneous closed indication as discussed in Section 3.1.7. Per training, the operators
did not identify the PORV problem until 138 minutes due to the closed indication showing
on the panel.

Primary System Control Following Trip (0:41-3:13)

At 4] seconds, make-up pump MU-P-1A was started by CRO D. CRO C moved to
the secondary side to carry out EP steps associated with the turbine trip. CRO D and
SS E were at the RCS station. CRO D opened HPI valve MU-VI16B to the full-open
indication and then moved to panel 8 to line up the Borated Water Supply Tank (BWST) to
the make-up system. These actions are shown in Figure B-4. Opening the BWST supply
valve (DH-V5A) is required to provide adequate make-up supply. The location of the
DH-V5A control on the vertical panel (panel 8) vioiates standard human engineering
practice as discussed in Section 3.1.7. The travel required results in the absence of the
primary system operator from the primary system stations.

A PZR level minimum (158.5) in. was noted by SS E at 48 seconds. The PZR level
showed a rapid increase from this time on. CRO D returned to the make-up station at
about 56 seconds and joined SS E in monitoring PZR level and RCS pressure. The
operating staff have asserted that the reactor trip button was pressed within the first
minute but this is not supported by the alarm printer printout. The issue is not extremely
important since SS E and both CRO's hac verified rod bottom lights following the reactor
trip.



At about 1:40, SS E moved to the direct phone to the TMI-1 control room and
requested another shift supervisor (SS A) to assist in the TMI-2 post-trip activities. SSE
then moved to the secondary system area.

At 2:02, RCS pressure dropped to the High Pressure Injection (HPI) setpoint of 540
psig. and the Engineered Safeguards (ES) actuation took place as follows:

MU-P-1B was tripped

MU-P-1A&C were operating in the HPI mode
MU-VI16A, B, C,D open

Decay heat closed cooling pumps DH-P-1A&B start

Emergency diesels start.

CRO D noted ES actuation and moved to the feedwater station area to confirm all ES
features actuated as required by EP. The ES status lights are on vertical panel 13. Visual
access to these lights is blocked by panel 5 unless the operator moves behind panel 5. The
location of the ES features status lights and the arrangement of the indicators violates
human engineering practice as noted in Section >.1.7. CRO D returned to the RCS station
and noted PZR level at 250 in. and increasing and RC> nressure at less than 1600 psig. and
dropping rapidly.

At 2:28, SF C arrived in the control room and obtained the written EP's to review
the immediate actions already performed. SS E directed him to take control of the
primary system.

Based on the increasingly high PZR level, HPI was bypassed by CROD at 3:!3
following approval by SS E.

Primary System Control Following ES Bypass (3:13-6:00)

ES bypass permitted manual control of the HPI flow rate by means of MU-VI16A, B,
C, D. CRO D throttled these valves monitoring the HPI flow meters on panel 8 to achieve
a flow of 250 gpm per loop. This relationship is shown in Figure B-5. The location of the
HP! flow meters on panel 8 rather than in close association with the valve controls (MU-
V16A, B, C, D) violates human engineering practice as discussed in Section 3.1.7.

Bypass of HPI/ES and subsequent throttling of HPI flow was warranted by PZR level
but not warranted by RCS pressure which had not recovered to the 1640 psig. HPI
setpoint. This has been termed "poor operator judgment”. In fact, however, it is the
result of operator training, CR design, and inadequacies in emergency procedures.



e PZR level is not a positive indication of core coverage in the
situation which obtained but operators had been trained to consider it
to be a positive indication.

e Operators were trained to avoid a solid pressurizer, They followed
this training.

e The EP's do not address what action to take with a high PZR level
and low RCS pressure,
These inadequacies are addressed in Section 3.

SS E had returned from the secondary area to the primary side foilowing ES
actuation and now approved going to maximum letdown since throttling HPI flow failed to
halt the PZR level increase. In preparation for this CRO D started an intermediate closed
cooling pump (IC-P-1A). This required moving to panel 8 as shown in Figure B-5,
Placement of this control on the vertical panel requiring the operator to leave the
primary stations during emergency operations violates human engineering prictice as
noted in Section 3. At the same time SF C opened MU-V376 and MU-V5 to initiate

maximum letdown.

Other operator actions during this period were carried out at the make-up stations
by CRO D and were intended to halt the rise in PZR level including:

e Closing MU-V16 ABCD
e Shutting off make-up pump MU-P-IC.

SS C and CRO D continued to monitor PZR level which went off scale (400 in.) at 5:51.
The RCS hot leg temperature (Th) and RCS pressure reached saturation conditions at
about 6:00. Despite the importance of maintaining these parameters subcooled, no
integrated instrument showing this relationship is available in the CR. Operators were
clearly not trained to refer Th and RCS pressure to steam tables to determine saturation.
Failure to provide a positive indication of saturation in the core is a major instrument

deficiency.

Secondary System Immediate Actions and Feedwater Recovery (0:41-20:00)

Following immediate EP steps at the make-up station, CRO C moved to the
secondary side to carry out EP immediate steps associated with the turbine trip as shown
in Figures B-6 and B-7. CRO C proceeded to the feedwater (FW) panel and performed the
following checks:

e Verified main FW pumps tripped
e Noted OTSG levels decreasing on start-up range



e Verified emergency feedwater pumps on.

As noted previously, EFW pumps were not delivering flow to the OTSG's because of
closed block valves (EF-V12 A&B). The layout of the feedwater station violates standard
human engineering practice in terms of panel layout. There is no evidence of
control/display location based on sequence of use, frequency of use, criticality, or
function. It should be noted that the make-up station uses a minic format while the
feedwater station does not. The value of mimics in the design of CR's has not been
conclusively shown. The TMI-2 design, however, is inconsistent. If a mimic is of value
for the make-up station, then one would expect this principle to also be used at the
feedwater station. Due to the layout of the feedwater station recognition of the EF-VI12
A&B status among the numerous valve status lights precent would be difficult. Note that
the closed EF-V12 A&B status indicators has apparently gone unnoticed during normal
operation. CRO C was attempting to confirm EFW flow. No flow meter for EFW is
provided although there are flowmeters for main FW flow. At the time that CRO C
checked for EFW flow, the O13G's were below low level limits (30 in.) so the Integrated
Control System (ICS) should have opened the EF-V11 valves. Lack of flow under these
circumstances could not be directly detected by the operator. Failure to provide a
positive indication of EFW flow violates standard human engineering practice as noted in
Section 3.1.7.

CRO C verified EFW pump operation by means of pump discharge pressure
indication. Without a flow meter flow could only be verified by waiting for a change in
OTSG level. Since the available indications showed proper EFW operation, CRO C
continued with turbine trip EP steps.

CRO C proceeded to the turbine panel (panel 5) and performed the following EP

immediate steps:
e Verified throttle valves closing—three showed closed, one showed

erroneous open indication
Verified governor valves closed
Noted turbine bypass valves opening
Manually tripped turbine
Verified steam extraction valves closing

Moved turbine breakers and field breakers into pull-to-lock

Verified busses in normal line-up.



These steps are required by the EP for turbine trip. They require observing various
indicators on paneis 5, 6, and 17. Breaker controls are inconsistent in following standard
human engineering practice of clock-wise motion for shutting off (open) as noted in
Section 3.1.7. CRO C postponed the remaining steps which involve placing the turbine on
jacking gear and returned to the feedwater station as shown in Figure B-6 to check on
OSTG levels. He immediately noted that OTSG levels had not been held at 30 in. but had
dropped to approximately 10 in. on the startup range meter. CRO C announced that the
generators could be dry and sought the cause of the lack of feedwater beginning at about
2 minutes.

Following the call to the unit-1 CR at 1:40, SS E moved to the condensate system
station, then to the feedwater station and noted the following:

e Condensate pump CO-P-1A tripped
e Condensate booster pumps (CO-P-2A&B) tripped
e Main feedwater pumps tripped.

He then attended to the HPI actuation and bypass situation until about 4-5 minutes at
which time he returned to the condensate system station and carried out the following

activities:

e Noted hotwell level indication off scale high
Started condensate pump CO-P-1A

e Started condensate booster pump CO-P-2B twice—the pump tripped
off both times.

During this time, CRO C was at the feedwater attempting to restore EFW feed to
the OTSG's. He noted that the control valves EF-V-11 A&B were travelling whereas they
should have been full open. Consequently, he took the controllers to manual and opened
them. Without an EFW flow positive indication (as previously noted) it was necessary to
wait to observe a change in OTSG level.

Between about 2:00 and 5:00, CROC alternatively performed the following
activities:
® (ncreased the demands on EF-V-11A&B and monitored the OTSG level
start-up range meter for a level increase

e Monitored the Nuclear Instrumentation charts for a normal post-trip
down trend

® Monitored Aver.ge Temperature (Tave) noting 570°-580° and
increasing.



At about 5:00, CRO C decided that feedwater flow was blocked. During the next three
minutes, CRO C reviewed the FW line-up to discover the reason for lack of flow. The
closed block valves (EF-V12A&B) were discovered about 8:00. This time is clearly
excessive. Among the violations of standard human engineering practice associated with
this incident are the following:
e The layout of the feedwater station does not facilitate checking the
valve lineup. As noted previously, the panel organization does not

reflect plant configuration, sequence of operation, or component
criticality.

e EF-V-12A&B controls and indicators are |ocated in the extreme lower
right-hand corner of the station despite the fact that they are
normally open and are closed only for surveillance and maintenance.
CRO C reported that he had to lean over the panel in order to check
the valve line-up which caused the 12 valve indicators to be in a poor
position for visual access.

e One |2 valve indicator was obscured by a caution tag which was
attached to a control located above it.
CRO C was obliged to review the FW line-up twice before noting the EF-12 valves to be
closed. Upon noting this, he announced that the valves had been shut and opened them.

EFW flow was then quickly confirmed by a drop in the EFW pump discharge pressure
and noise heard from the loose parts monitor. Upon initiating EFW flow CRO C noted Th
decreasing, NI counts decreasing, and (later) OTSG levels increasing. As OTSG pressure
built up, it was noticed that the turbine bypass valves were not opening to modulate steam
pressure. CRO C then moved to the turbine station, switched the turbine bypass valves to
manual and opened them slightly. CRO C continued to manually control OTSG pressure
by means of the turbine bypass valves. This task is made difficult by the fact that the
OTSG pressure meters on panel 4 cannot accurately be read from the turbine station at
panel 5. This distance from the control and display violates standard human engineering
practice as noted in Section 3.1.7. CRO C continued to control OTSG level and pressure
until OTSG minimum levels were re-established.

During this time period, SS E was attempting to assess the problems in the
condensate system while also noting and approving operator actions. The condensate
hotwell level indication was off-scale high. Normal rejection from the hotwell was
precluded by the closed polisher bypass valve (CO-V12) and by a failed reject valve. Lack
of rejection capability was attributed to the polisher bypass valve since the operators
were unaware of the reject valve problem at this time.



SS E noted the EFW problem described earlier and the identification of the EF-V]2
A&B valve closure at 8 minutes. At this time Shift Supervisor A (SS A) arrived from the
TMI-1 CR and was requested by SS E to review the EP's, assist in primary system control,
and operate the computer console.

At about 10 minutes, the CR situation was as shown in Figure B-8, CRO C was
monitoring OTSG levels and assisting SS E who was trying to assess and rectify the
condensate system problem. These activities certainly distracted the attention of SS E
from the primary side where the major problem was located. In comparison with the
stuck PORV problem, the condensate system problem was of lesser priority. The
abnormal primary behavior (going solid with low pressure) should have alerted operators to
the existence of a major difficulty. Concentration of SS E on the condensate system
problem would appear to rest on several factors:

e The operators have stated that in the plant operating history, the
primary system was extremely reliable while problems were common
in the secondary system. Expecting the root cause of abnormal plant
behavior to lie in the secondary system and expecting the primary

system to recover would therefore be consistent with operator
experience.

e Restoration of the hotwell rejection capability would be necessary
prior to going back on line. Attention to restoring the system to
operation was not warranted given the primary system conditions. [t
should be noted, however, that the full hotwell was restricting the
ability to transfer heat out of the primary so that restoration of
hotwell level and condensate booster pump operation would also be
consistent with handling the emergency.
Between about 1| and 15 minutes, CRO C checked the high hotwell indication on panel 5.
SS E attempted to open the polisher bypass valve (CO-V12) to restore the normal
condensate flow path. The CO-V12 control is located on panel 17 as shown in Figure B-8.
Access requires moving around panel 6. Location of a frequently operated control on the
vertical panel rather than the front consol!e violates standard human engineering practice
as noted in Section 3.2. When the CR was being built, operators requested a walkway
between consoles 4 and 5 (as between consoles 2 and 3). This request was turned down.

Lack of input of operator task analysis data into the CR design is noted in Section 3.2.

The attempt by SSE to open CO-V12 was unsuccessful due to high differential
pressure. CRO C directed an Auxiliary Operator (AQ) to check locally on hotwell level
and to restore the normal hotwell reject line-up. SS E again started condensate pump CO-
P-1A. The AO reported high hotwell level and a condensa ¢ pump CO-P-2B leak between



16 and 19 minutes. Based on the condensate system situation, SS E left the CR at about
20 minutes to go to the turbine building basement to rectify these problems.

At about 20 minutes, the OTSG ievels were recovering toward low limits (30 in.).
CRO C had throttled EF-V1| A&B to control the rate of increase of level. This violates
procedures which call for maximum feedwater flow prior to reaching low limits. CROC
stated that he was concerned about potential tube damage which would result from
introducing cold feedwater to the hot OTSG's.

Primary System Control Foliowing Indication of Solid Pressurizer (6:00-73:00)

At about 6 minutes, the PZR level indication showed solid at 400 in. and saturation
conditions had been reached in the core. Maximum letdown had been initiated in an
attempt to slow down or reverse the PZR level increase. At 6:54 a letdown cooler high
temperature alarm was received. In response to this, CRO D throttled ietdown flow to 71

gpm using MU-V5 located at the make-up station. Actions during this time period are
shown in Figure B-9.

During this time, SF C checked the PZR level indication using the three different
instrument outputs. An instrument technician checked the level indication during the

same period. The possibuity of a faulty PZR level indication was considered and
investigated several times.

At about 10 minutes, the PZR level came back on scale, dropped to about 380 in.
and remained in the 375-390 in. range. RCS pressure continued to drop. Shortly after
this, CRO D stopped and restarted make-up pump MU-P-1A twice and secured the decay
heat removal pumps. CRO D and SF C continued to monitor PZR level and RCS pressure.
Operator actions at this point suggest uncertainty about what action to take in the
presence of the conflicting PZR level and RCS pressure data.

At about 14 minutes, the rupture diaphragm on the Reactor Coolant Drain Tank
(RCDT) burst at about 190 psig. The tank had filled due to flow from the stuck open
EMOV. Operators did not become aware of this until later due to the location of the
RCDT panel (panel 8A). RCDT parameters are critical to Loss of Coolant Accident
(LOCA) diagnosis and the location of this panel violates standard human engineering
practice as noted in Section 3.2. Overflow from the RCDT went into the Reactor Building
(RB) sump which resulted in an increase of sump level and increase of RB pressure to
about 1.2 psig.

Prior to the dump from the RCDT, the RB sump pumps had started. This
information is displayed to the operators only via the alarm printer which was running



considerably behind at the time. Operators have stated that the lag in the alarm printer
due to the volume of alarms rendered it relatively useless during the incident. lUse of the
alarm printer to present information which must be received in real-time to be of value
violates standard human engineering practice as noted in Section 3.2.

The flow path from the RB sump was thought by the operators to go to a radwaste
holding tank. In fact the RB sump was lined up to the Auxiliary Building (AB) with the
result that primary water was pumped to the AB until the RB sump pumps were turned
off. Dufficulty n determining flow paths is typically experienced by operators. Flow
paths as determined by valve status are not displayed in a rapidly assimilable fashion.
Inst.;ad, operators must establish line-up status by checking valve-by-valve. They are
obliged to remember plant configuration or to consult ‘rawings to do this. The error in
RB sump line-up and the excessive time required to identify the closed feedwater block
valve problem are results of lack of suitable line-up status displays.

At about 25 minutes, a high radiation alarm was received from the letdown cooler
radiation monitors IC-R-1091 & 1092. These were discounted because of low setpoint. A
number of other area radiation monitors showed increases during this period. However,
there is no firm evidence that fuel damage took place this early.

At about 36 minutes, a discussion was held concerning securing the RB sump pumps.
An AO had reported overflow of the RB sump. SS E briefly returned to the CR at this
time and approved shutting down the RB sump pumps and CRO D directed on AO to do so.
The pumps were secured at 38 minutes. At about this time, SS E checked the RCDT
panel. Observing high level and low pressure he concluded that the diaphragm 1'ad burst.

By 25 to 40 minutes, the operators were in possession of several data poiits which
were indicative of a LOCA generally and the stuck open PORV in particular:

e Low RCS pressure (1100-1300 psig) should have suggested loss of
coolant. Operators, however, relied on PZR level as a positive
indication of sufficient primary inventory per training.

e Hot leg temperature in relation to RCS pressure showed saturation
conditions. Operators, however, had no positive display of saturation
conditions and had apparently not been trained to refer these
parameters to steam tables

e The loss of coolant EP lists low RCS pressure and low PZR level as
LOCA symptoms. No guidance is given for high PZR level and low
RCS pressure,

e High RCDT level and flow to the RB sump are LOCA symptoms.
Operators, however, knew that the PORV had lifted and some water



would have been transferred to the RCDT. This LOCA clue is also
complicated by the fact that water is received by the RCDT from
other sources (such as RC pump seal water).

e The PORYV tailpipe temperatur% was at 285% while the code safety
valve temperatures were at 264 and 275 at about 27 minutes. This
condition is given in the EP as a symptom of a failed PORV.
However, no quantitative guidance is given. The operators inter-
preted the elevated temperi _ces as due to the initial opeiing of the
PORYV-particularly in view of the erroneous closed PORV indication.

During the period from 40 to 77 minutes, a second attempt was made to verify PZR
level instrument accuracy. By this time, the RC pumps were vibrating due to pumping
two-phase mixture with increasing steam voids. It is not clear at what point the RC pump
problem was noted by the operators. Pump vibration meters and annunciators are located
at panel 10. These data are not readable from the center consoles which is a violation of
standard human engineering practice as noted in Section 3.1.7. A high vibration alarm
annunciator is provided at panel 8; but it is probable that the operators did not notice
these alarms for some time due to the number of alarms in at the time. Alarm
annunciators are grouped by sub-system but within annunciator panels, there is no
organization by alarm priority. This clearly violates standard human engineering practice
as noted in Section 3.1.7. In some cases, operators have resorted to color coding critical
annunciators (turbine trip for example) using grease pencils and the like.

At about 70 minutes, SS A requested a computer print-out of current RC pump
alarms. A discussion of the RC pump problem was in progress at this time. The operators
realized that they were violating operating procedures in running the RC pumps at the
noted vibration levels. They were reluctant to secure the pumps and lose forced
circulation since RCS temperatures and the source range NI's were not dropping as
expected. On the other hand, the operators were concerned about potential pump failure
and realized that continued RC pump operation was an EP violation,

These conflicting factors resuited in a delay in securing the RC pumps. SSE
reviewed the pump operating curves and decided to secure the B loop pumps. This action
was carried out by CRO C at 73 minutes. Conditions then rapidly deteriorated in the
primary system.

Secondary System Control (20-150 minutes)

At 20 minutes, feedwater flow had been established to both OTSGs. The OTSG A
low level alarm cleared at 22:44. CRO C then throttled back on EF-VIlA to maintain a
30 in. level. Emergency feedpump EF-P-1 was secured shortly thereafter. The operator



was attempting to bring the secondary side to a normal shutdown condition although
securing the emergency feedpump violates procedure.

At 26:46 the B OTSG low level alarm cleared and CRO C throttled the EF-VIIB
valve shortly thereafter. EF-P-2B was secured at 36:08 following a phone discussion with
SS E who was in the turbine building. CRO C then secured the heater drain pumps and
placed the ICS stations in a shutdown condition. CRO C continued to control OTSG
pressure via the turbine bypass valves.

From 36 to about 60 minutes, CRO C noted that the OTSG B level continued to
increase despite the closed control valves. CRO C closed block valve EF-V12B and then
cross connect valves EF-V5A&B to hold the B OTSG level.

At about 59 minutes, SS E succeeded in opening the polisher bypass valve locally and
returned to the CR. Hotwell reject capability was not restored, however, due to a failed
reject valve. Upon SS E's return to the CR, it was decided to switch off the circulating
water pumps to permit steam control via the atmospheric dump valves. This required
CRO C to move to panel |7 as shown in Figure B-10. Steam control via atmospheric
dump valves is an abnormal procedure which is necessary to transfer heat from the
prirnary system when the normal condenser path is lost. The CW pump controls are used
to enable atmospheric dump valve control. Location of these controls on panel !7 rather
than on the front console violates standard human engineering practice as noted in Section
3.2.

At about 75 to 80 minutes, the possibility of a B OTSG tube leak was discussed.
CRO C had noted the increase in OTSG B level despite FW isolation. The possibility was
discussed that a tube leak could have developed with leakage to the RB sump. This would
account (at least qualitatively) for the increase in B OTSG level, the low RCS pressure,
the RB sum . level, and the increased RB pressure. Following this discussion, SS E
directed the “RO's to isolate the B OTSG. CRO D carried out this action by moving to
pane!l 15 and closing isolation valves MS-V4B and MS-V7B as shown in Figure B-10. Since
these isolation valve controls are not used frequently, the location is acceptable,

At approximately 90 minutes, CRO C noted that the source range NI's increased and
that the intermediate range NI's came on scale. This combined with the decreasing RCS
boron concentrations was a problem which concerned the operators since it clearly
contradicted normal cooldown trends. CRO C had been alternatively steaming down and
feeding OTSG A. The A OTSG level was rapidly decreasing at 90 minutes. At 92 minutes
CRO C opened up on EF-VIIB. At about 94 minutes, A OTSG boiled dry and CRO C



immediately opened EF-VIIA restoring EFW flow. Opening EF-VIIB would have no
effect on feed since the B OTSG was isolated. This series of events appears to represent
a control confusion which further illustrates human engineering problems associated with
the feedwater station as previously noted.

By 100 minutes, the A loop RC pumps had been secured and a discussion was held of
going to natural circulation following loss of forced circulation. CRO C opened on EF-
VIIA to feed up OTSG A at 112 minutes. The A OTSG reached 50% level on the operating
range at |25 minutes and CRO C continued to control OTSG A level and pressure via the
turbine bypass controller (now controlling atmospheric dump valves) and EF-V11A through
the rest of the 150 minute period.

Primary System Control (73 to 150 minutes)

Following securing of the B loop RC pumps at 73 minutes, an RCS sample showing
700 ppm boron was received. Since make-up water from the bWST was at a concentration
of over 1000 ppm, operators became concerned about possible alternate MU paths, boron
dilution, and NI indications. At 90 minutes a second sample showed 400-500 ppm boron
and the intermediate range NI's came on scale. These data caused concern about
shutdown margin and a possible restart. During this period, increased steam void
formation was taking place.

At about 80 minutes, SS A requested a computer print-out of RCS parameters and
PORYV outlet temperatures. The PORV outlet temperature was 2813° compared with 21 1°
for the code safeties. These data clearly point to an open PORYV but this was not realized
at the time. Either the operators were uncertain of the quantitative difference to expect
or the 283° was misread as 233. The latter interpretation is supported by interviews with
a plant engineer who stated that SS A interpreted the PORV temperature as having
dropped from the previous reading (285°). RC pump alarms and flow fluctuations
continued to be noted due to the operating A loop RC pumps. The A loop pumps were
secured by CRO C at about 100 minutes as shown in Figure B-11. Emergency boration

was conducted by CRO D at 100 minutes and again at 102 minutes.

Emergency boration requires setting up boric acid volume at one end of panel 3 and
then moving to the other end to control pump operation. This layout is a violation of
standard human engineering practice as noted in Section 3.2. If the intent is to prevent
inadvertent addition of boron, this precaution should be incorporated in some manner
which permits more effective operator action when boration is required.



Following shutdown of the A loop RC pumps, NI's stowed increasing counts and hot
and cold leg temperatures diverged rapidly. At 105-110 minutes SS D and SS F arrived in
the CR and discussed the situation with the on-duty operators.

At about 137 minutes, PORV and code safety discharge temperatures were
requested by SS F. Based on PORV temperature of 228° versus code safety temperatures
of 190° and 194°, he suggested blocking the PORYV. This action was carried out by SF C
at 138 minutes.

Following blocking the PORV, RB pressure decreased and RCS pressure rose
confirming PORV leakage as the major problem. Discussions were held concerning the
location of the bubble in the RCS and entry into the containment to vent the hot legs.
This option was lost at 144 minutes when the RB air sample gas monitor (HP-R-227)
increased and went off scale high. By 150 minutes, Th had gone off scale high (750°). The
site emergency was declared shortly thereafter,
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TABLE B-1
TMI-2 PANEL DESIGNATIONS

e [nner Consoles

2
3
4
5

Computer console
Auxiliary systems console
Plant control console
Turbine control console

6ABC Electric control console
e Vertical Panels

7
8
9
10
12
13
14
15
16
17
18
19
19A
26
29

Fire detection panel

Coolant systems monitoring panel
Push-pull control panel

Plant equipment temperature recording panel
Radiation monitoring panel

Engineered safety features panel

Control rod drive panel

Containment isolation panel

Turbine supervisory panel

Turbine auxiliary monitoring panel

Station electric auxiliary monitoring panel
Vital power panel

500 KV control panel

Niesel generator No. | panel

Diesel generator No. 2 panel

® Back Panels Located Outside ‘lain Control Area

8§A
20
21
25

Reactor coolant drain tank panel
Nuclear instrumentation cabinet No. |
Nuclear instrumentation cabinet No. 2
HV&AC panel
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20 December 1977 TOP |-2-610

DESIGN CIHECKLIST

LABELS, MANUALS, MARKINGS

Test Title __ MiHe o Panel - 3
(
Test Project No. Date

Detailed Design Considerations YES| NO [N/A COMMENTS

l. Controls, displays and other items |,/
of equipment are ciearly marked
and labeled except in cases where
use is obvious to the operator.

2. Labels are on or near the item ‘/
to be identified.

3. Labels do not cover any other v Labels located behind controls
information and are not located
behind controls. They can be
seen easily by the operator and
are not obscured by the operator's
hand activating a control.

4. Labels gre located in the same V4
manner throughout the equipment
and system.

5. Labels are not covered by other /
equipment and are located on
the flattest, least cluttered
and cleanest surface available.

o
-

Labels are mounted so that they 4
cannot be accidentally damaged
or removed.

7. Where instructions are lettered v
on hinged door, lettering is set ’
so that it can be read when the
door is open.

8. Labels are graduated in size. %,
Group label characters are at
least 25% larger than those of
individual controls and displays.

YES = Adequate NO = Inadequate N/A = Not Applicable
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TOP |-2-610

20 December 1977

Detailed Design Considerations

YES

NO [N/A

Comments

Control and display characters,
in turn, are at least 25% larger
than those identifying control
positions.

Spacing between characters
is a minimum of one stroke;
between words is @ minimum
of one character.

Abbreviations are capital letters,
periods being omitted except
when there is a possibility of
misinterpretaion.

. Extended copy (instructions)

is in lower case |etters.

l.abel| characteristics are deter-
mined by illumination level
and color.

. Lapels are easily read at opera-

tional reading distances with
vibration/motion and lighting
levels taken into consideration.

. Labels are sharp with high con-

trast.

With illumination less than |
1-C, white, white florescent,
or torch-lighted characters on
a dark background are used.

With illumination above | ft-
C, black letters against a light
background are used.

. For dark adaptation, letters

are visible and do not interfere
with night vision.

When |letters, etc., are viewed
by means of television, they are
light against a dark background.

Some of each

C-4



20 December 1977

TOP [-2-610

Detailed Design Considerations

YESINO

N/A

Comments

20.

21.

22.

23.

24,

25,

26.

27,

28.

30.

Labels on production equipment
are as durable as the equipment.

LLabels for prototype equipment
are easily affixed, altered and
removed.

Markings and tags are as perma-
nent as the equipment to which
applied and able to withstand
environmental and cleaning
conditions.

LLabels are accessible and visible
during maintenance.

Load capacity is marked on lift-
ing equipment.

Roman numerails are not used,
if possible.

Vertical labels are used only
when the labels are not critical
for personal safety and perform-
ance, and space is |imited.

Electrical receptacles are clearly
marked with voitage, phase and
frequency characteristics.

Pipe, hose, and tube lines ure
clearly labeled as to contents,
pressure, temperature, and
hazards.

‘Warning placards are well illu-
minated.

Warning notices are clear and
direct. Characters are 25%
larger than any following in-
structions.

Placards are placed adjacent
to hazards.

Replaced by label maker labels
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TOP |-2-610 20 December 1977

Detailed Design Considerations YES|NO IN/A Comments

31. Circuit bredkers cre |abeled \/
and easily accessible.

32. Trade names and other irrelevant v
information do not appear on
labeling.

33. Labels are concise with @ mini- /
mum of repetitive information.

34. An abstract symbol is used only v
if meaningful.

35. Each assembly, component, and ’/ Mimic leaves out a lot of
part is labeled with a visible controls
and meaningful name, number,
and symbaol.

36. Printed information is directly v
useable with @ minimum of de- '
coding and interpolation.

37. Labels do not describe the engi-
neering characteristics or nomen-
clature of the piece of equipment,
if at all possible.

38. Labels are etched, embossed,
or engraved into the component
or chassis.




20 December 1977 TOP |-2-610

DESIGN CGI'IECKLIST

CONTROLS

Test Title __MAHe o0 PA~el -3
T
Test Project No. Date

Detailed Design Considerations YES| NO [N/A COMMENTS

I. Control relotionship to its display

Displays of flow, press., etc.
is apparent.

not related to mimic

2. Functionaily related controls
and displays are grouped together.

o W, R el

3. Control groups, sewential opera-
tions have left-to -ight order
of use or top-to-bd tom order
of use.

4. Controls in functional groups v
are located in accordance with
operational sequence and/or
function.

5. Lifting equipment controls are Y
within easy reach with the load
visible.

6. Controls are located so that V4
they cannot be accidentally
moved.

7. Groups with similar functions l v
are similar throughout the system.

8. Controls are marked to indicate v l
in which direction to operate s
the control.

9. Control/display groups used v
only for maintenance are not
located in prime operating space.

10. Controls used most often are v
located in the best position for
ease of reaching and grasping.

YES = Adequate NO = Inadequate N/A = Not Applicable

C 2l



TOP |-2-610

20 December (977

Detailed Design Considerations

YES|NO |N/A

Comments

. Controls operated without visual

reference are |ocated in front
rather than to the side or behind
the operator.

. Internally mounted controls

are located away from dangerous
voltage.

. Sensitive adjustments are located

or guarded to prevent accidental
activation.

. Controls used for same function

on different types of equipment
nre of the same size and shape.

Rotary Control
DIMENSIONS:
Length
min |.0 inches (25mm)
max 4.0 inches (10Cmm)
Width
max |.0 inches (25mm)
Depth
min 0.625 inches (16mm)
max 3.0 inches (75mm)
RESISTANCE
min 1.0 inch=lb (113 miN-
m)
rm)xx 6.0 inch-lb (678mN-
m
DISPLACEMENT
For facilitating performance
rin 30 degrees
max 90 degrees
SEPARATION
One Hand Random
min 1.0 inches (25 mm)
preferred 2.0 in. (50 mm)

Two-Hand Qgerm ion
min 3.0 inches .'5 mm)

preferred 5.0 in. (125 mm)

. Key Operated Switch

DISPLACEMENT
min 8C degrees

C-22



20 December 1977

TOP 1-2-610

Detailed Design Considerations

YES

N/A

Comments

max 70 degrees
HEIGHT

min 0.5 inches (| 3mm)

max 3.0 inches (75mm)
RESISTANCE

min | in/lb ({13 mNm)

max 6 in/lb (678 mNm)

. Discrete Thumbwheel Control

DIMENSIONS:
Diameter

min 1.5 in. (38mm)
: max 2.5 in. (65 mm)

rough

min 0.45 inches (| | mm)
Distance

max 0.75 inches (19 mm)
Width

min 0.1 inches (3 mm)
Depth

min 0.12S inches (3 mm)

max 0.5 inches (13 mm)

Separation
min 0.4 inches (10 mm)
RESISTANCE:

min 6 0z. (165 mN)
max 20 oz. (560 mN)

. Continuous Adjustment Rotary

Knobs
DIMENSIONS:

Fingertip Gr Height
min 8.3 inches ”5 mm)
max |.0 inches (25 mm)
Diameter
min 0.375 inches (10 mm)
max 4.0 inches (100 mm)
Thumb and Finger Encircled
Diameter
min 1.0 inches (25 mm)
max 3.0 inches (75mm)
Palm Gr
Diameter
min 1.5 inches (38 mm)
max 3.0 inches (75 mm)

Cc-23



TOP 1-2-610

20 December 1977

L Detailed Design Considerations YES|NO [N/A Comments
Length
min 3.0 inches (75 mm)
TORQUE:
Height
max 4.5 in-0z (32 mN-m)
Diameter
max 6.0 in-0z (42 mN-m)
SEPARATION:
One Hand Individuall
min 1.0 inches (25 mm)
max 2.0 i wches (50 mm)
Two Hands >imultaneously
min 2.0 inches (50 mm)
max 5.0 inches (125 mm)
19. Cranks v
DIMEN'IONS:
Handle
Diameter (rpm-dia)

none - 1.0 inches (25 mm)
175 - 1.0 inches (25 mm)
275 - 0.5 inches (13 mm)

Length (rpm-length)
none - 3.;5 inches (95 mm)

|75 -« 3.75 inches (95 mm)
275 -« 1.5 inches (38 mm)
Radius (rpm-radius)
none - min 2.0 in. (230 mm)

max 6.0 in. (410 mm)
175 -« min 5.0 in. (125 mm)

max 8.0 in. (200 mm)
275 - min 0.5 in. (13 mm)

max 4.5 in. (115 mm)
RESISTANCE: (rpm-resistance)
none - min 2.0 Ib (3N)

max 50 Ib. (220N)
175 - min 6.0 Ib. (27N)

max |5 1b (67N)
275« min 2.0 Ib (9N)

max S b (22N)
SEPARATION: (rpm-separation)
none - min 3.0 inches (75mm)
175 -« min 3.0 inches (75mm)
275 -« min 3.0 inches (75mm)
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TOP [-2-610

2l.

T min 2.0 inches (50 mm)
max 4.25 inches (1 10 mm)
Two Hands
min /.0 inches (180 mm)
max 2!.0 inches (530 mm)
Rim Digmeter:
min J./3 inches (| 9mm)
max 2.0 inches (50 mm)
RESISTANCE:
Cne Hand
min 5 Ib. (22N)
max 30 Ib. (133N)
Two Hands
min 5 b (22 N)
max 50 |b. (220 N)
DISPLACEMENT:
Two Hands
max |20 deg.
SEPARATION:
Two Hands - Simultaneousily

min 3.0 inches (75 mm)

max 5.0 inches (|25 mm)

Pushbuttons (Finger or Hand
Operated)
DIMENSIONS:
Diameter
Fingertip Operation
min 0.385 inches (10 mm)
max 0.75 inches (19 mm)

Thumb or Hee| of Hand Operation

min U.75 inches (19 mm)
RESISTANCE:

Finger Operation
min l% oz. (2.8N)
max 40 oz. (1 1.0N)

Little Finger %ercﬁon
min 3 oz. (l.

max 20 oz. (5.6N)
DISPLACEMENT:

Thumb or Finger Operation
min 0.125 inches i! mm)

max |.5 inches (38 mm)

Detailed Design Considerations | YES| NO |N/A Comments
20. Handwheels ‘ v

DIMENSIONS:

Whee| Diameter

OUne Hand

C-25
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20 December |977

TOP |-2-610

Detailed Design Considerations

YESINO

N/A

Comments

24,

Numeric
min 3.5 oz. (IN)
max 4.0 oz. (4N)
Alphanumeric
min 0.9 o0z. (250 mN)
max 5.3 oz. (1.5 N)
Dual Function
min 0.9 oz. (250 mN)
max 5.3 oz. (1.5N)
DISPLACEMENT:
Numeric
min 0.03 inches (0.8 mm)
max 0.19 inches 4.8 mm)
Alphanumeric
min 0.05 inches (1.3 mm)
max 0.25 inches (6.3 mm)
Dual Function
min 0.03 inches (0.8 mm)
max 0.19 inches (4.8 mm)
SEPARATION:
Between adjacent key tops
min 0.25 inches (6.4 mm)
preferred 0.25 in. (6.4 mm)

Toggle Switches

DIMENSIONS:

Arm Length (Bare finger)
min 0.3 inches (13 mm)
max 2.0 inches (50 mm)

Arm Length (Cloved finger)
min i.3 inches (38 mm)
max 2.0 inches (50 mm)

Control Ti

min G.I’25 inches (3 mm)

max |.0 inches (25 mm)
RESISTANCE:
Small Switch

min 10 oz. (2.8N)

max |6 oz. (4.5N)
Large Switch

min 10 oz. (2.8N)

max 40 oz. (1 IN)
DISPLACEMENT:
2 Position

min 30 deg

max |20 deg.
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TOP 1-2-610

20 December |977

26.

DIMENSIONS:
min 0.75 inches (19 mm)
max |.5 inches (38 mm)

DISPLACEMENT:
min 0.125 inches (3 mm)
max 0.250 inches (6 mm)
positive position switch 3/16
in. (5 mm)

BARRIERS:

Barrier Width
min 0. inches (3 mm)
max 0.250 inches (6 mm)

Barrier %‘E'h
min 0.88 inches (5 mm)

max 0.250 inches (§ mm)
RESISTANCE

min 10 oz (280 mN)

max 40 oz. (1 IN)

Lever
DIMENSIONS:
Diameter

Finger Gr
‘ min U.g inches (13 mm)

max 3.0 inches (75 mm)

Hand Gr
min i? inches (38 mm)

max 3.0 inches (75 mm)

Detailed Design Considerations YES N/A Comments

3 Position
min 18 deg.
max 60 deg.
desired 25 deg.

SEPARATION:

Single Finger ration
min 0./5 inches mm)
optimum 2.0 in. (50 mm)

Single Finger Operation-lever

lock toggle switch
min 1.0 inches (25 mm)
optimum 1.0 in. (50 mm)

Simultaneous Operation by Dif-

erent Finger
min U.E&S inches (16 mm)
optimum 0.75 in. (19 mm)

25. Legend Switch v/

c-28



20 December 1977

TOP 1-2-610

Detailed Design Considerations

YES

NO

N/A

Comments

27.

RESISTANCE:
One Hand (d-1)
min 2 Ib. (9N)
max 30 Ib. (135N)
Two Hands
T min 2 Ib. (9N)
max 50 Ib. (220N)
One Hand (d-2)
min 2 |b. (ON)
max 20 |b. (30N)
Two Hands
min 2 b, (9N)
max 30 |b. (135N)
DISPLACEMENT:
Forward (d-1)
max | 4.0 inches (360 mm)
Lateral (d-2)
max 38.0 inches (970 mm)
SEPARATION:
One Hand Random
min 3.0 inches (75 mm)
preferred 5.0 in. (125 mm)

Pedals
DIMENSIONS:
Height
min |0 inches (25 mm)
Width
min 3.0 inches (75 mm)
DISPLACEMENT:
Normal ration
min 0.5 inches (13 mm)
max 2.5 inches (65 mm)
Ankle Flexion
min 1.0 inches (25 mm)
max 2.5 inches (65 mm)
[otal Leg Movement
min 1.0 inches (25 mm)
max 7.0 inches (180 mm)
RESISTANCE:
Foot Not Resting on Pedal
min 4 |b. (]
max 20 |b. (90 N)

Foot Resting on Pedal
min 10 Ib. (43 N)

max 20 |b. (90N)
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TOP 1-2-610

20 December 977

Detailed Design Considerations

YES

N/A

Comments

.28.

29.

30.

31,

32.

33.

34,

35,

6.

prigte legends.

Ankle Flexion Only
max 10 Ib. (45 N)
Total Leq Movement
min ib Ib. (G5 N)
max |80 Ib. (800 N)
SEPARATION:
One Foot Random
min 4.0 inches (100 mm)
preferred 6.0 in. (150 mm)
One Foot Sequential
min 2.0 inches (50 mm)
preferred 4.0 in. (100 mm)

Adequate control response feed-
back is provided.

Rotary valves open counterclock-
wise.

Control movement conforms
with corresponding related dis-
play.

Rotary controls turn to the right
(clockwise) to increase, and

left (counterclockwise) to
decrecse.

Stops are provided at the begin-
ning and end of the control
movement travel.

In right-hand operations, knobs
are placed below or to the right
of displays.

For left-hand operations knabs
are placed below or to the left
of displays.

Controls meant to have a limited
degree of motion have adequate
mechanical stops.

Controls are |abeled as to func-
tion and method of operation
b means of arrows and appro-
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YES

NO |IN/A

Comments

ST

38.

39.

40.

41,

42.

43.

44,

45.

46.

47.

48.

Selector switches have sufficient
spring loading to keep from stop-
ping between detents.

Range of control action does
not interfere with other controls.

Shape coded controls are visually
and tactually identifiable.

Control color has high contrast
with background.

Ambient light color determines
useable control colors.

Switch legend is legible with
or without internal illumination.

Legend switch lamps are replace-
able from the front of the panel
by hand and the legends or covers
are keyed to prevent the pessibil-
ity of interchanging the legend
covers.

Controls are selected and dis-
tributed so that none of the
operator's limbs are overburdened.

Coding is uniform throughout
the system.

Controls are useable in the time
required despite inadvertent
operation protection (guards).

Controls are not adversely af-
fected by distortion, shock and
vibration.

Control motion is minimized,
not cycled through ON/OFF
unnecessarily.

. Latches on levers do not cause

delay in operation.

4
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IYES

N/A

Comments

50.

51.

52.

53.

54.

55.

7.

58.

59.
60.

6l.

62.

Minimum use made of heorizontal
or 3 position toggle switches.

Shape coded controls are free
of sharp edges.

Critical controls are designed
and located so that they are
not susceptible to being moved
accidentally.

If there is a possiblity of inad-
vertent activation causing a
hazardous condition, controls
are recessed or shielded by a
physical barrier.

"Dead man" controls are used
when operator incapacity can
produce a critical condition.

The main power ON/OFF switch
cuts all power to the complete
equipment.

Main Power switch is labeled.

Failure of power steering does
not incapacitate steering.

Resistance is built in so that
definite or sustained effort is
required for activation.

Controls are black or gray.

Controls are |abeled with basic
information for proper identi-

fication, utilization, actuation,
or manipulation of the element.

Opercting instructions are pro-
vided except where use is obvious.

Diagrams are used wherever
possible.
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YES

NO [N/A

Comments

63.

64.

65.

66.

Calibration instructions are
placed as close to the calibrating
control as possible.

Adjustment controls are easy
to set and lock.

All controls have apptopriate
scales or indexing.

If red lighting is used, red is
not used for coding. Use black
and yellow striping.
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L Detailed Design Considerations
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DISPLAYS
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Test Project No.

ﬂMG ”{y‘{b PAnvel - K

Date

Detailed Design Considerations

YES|{ NO IN/A COMMENTS

. Relationship between the display

and its associated controls is
unmistakable in terms of:

a) The proper control to use.

b) Direction of movement of
the control.

c) Rate and limits ¢f movement
of the control,

Controls are located adjacent
to (either under or to right of)
associated displays.

Functionally related units are
grouped together and are similar
from panel to panel.

Displays in groups are located
from left-to-right and/or top-
to-bottom order of use.

Displays used in system checkout
are located so they can be ob-
served from one position.

All displays are arranged in the
sequence in which they are
used.

Meters, dials, and instruments are o

so sized/arranged that they can
be read from the normal operat-
ing position.

W M

Makeup flow on panel 8

YES = Adequcte

NO = Inadequate

N/A = Not Applicable
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YESINO

N/A

Comments

|17,

In standing positions, the most
frequently used displays are
located approximately at the
eye leve| of the operator.

Frequently used displays are
grouped together.

Displays are located where they
can be read to the required degree
of accuracy.

If on separate panels, positions
of related controls and displays
correspond and the panels do
not face each other.

Control display groups for main-
tenance use only are not located
in prime operating space.

Display arrangement is consistent
from one situation to another.

Unusual aids such as ladders,
extra lighting, etc., are not
needed to read or gain access
to a display.

Display scales are limited to
only information needed to make
a decision or take action. All
needed information is presented.

Information is presented in such
form that no interpretation or
decoding is necessary.

Information for different types
of activities is not combined
unless the activities require
the same information.

Failure in the unit is clearly
shown or the operator is other-
wise warned.
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YES|NO

N/A

Comments

20.

21.

22.

23.

26,

25.

26.

27.

28.
29.

. Trademarks, company names,

and other unnecessa.y informa-
tion are not on the panel face.

Job aids (graphic overliays) are
provided when a plotter operator
is required to interpret graphic
data.

On units having operator displays,
maintenance displays are located
behind access doors on the opera-
tor's panel.

On units without operator panel,
maintenance displays are located
on one face accessible in normal
installation.

Viewing distance from the eye
to the displays located close

to controls is 28 inches (71 0mm)
maximum and |3 inches (510mm)
minimum.

The display pointer extends to
but does not obscure the index
mark width.

Display ~uinter is mounted as
clo<- as paossible to dial face
to eliminate paraillax and shadows.

Counters and flags are mounted
close to the panel surface.

CRT target visual angle exceeds
2.0 minutes and 10 lines of reso-
lution; viewing distance is | 6
inches (10 in. minimum).

Illumination is uniform.

Multiple displays grouped together
will have brightness uniformity
across the range of full "ON"

to full "OFF."

C-4l



TOP |-2-610

20 December 1977

Detailed Design Considerations

YES|NO

N/A

Comments

30.

3.

32.

33.

Thg display face is not less than
45" from the operator's normal
line of sight.

There is a high degree of contrast
between the scale face and mark-

ings.

Frequently used displays are
grouped together and are placed
in the optimal visual zone. Limits
are as follows:

Eye Rotation Alone
Horizontal Plane

352 maximum

159 optimum
Vertical Plane
Horizgntal Line of Sight

407 maximum

(5% optirnum
Normgl Line of Sight

207 maximum

15° optimum
4and Rotation Alone
Horiz%ntal Plane

60" maximum

0" optimurn
Vertical Plane
Horizontal Line of Sight

65”7 maximum
Normal Line of Sight

357 maximum
Head and Eye Rotation
Horizgnfol lane

957 maximum

15° optimum
Vertical Plane

90" maximum

|5° optimum
Normal Line of Sight

|57 optimum

Glare does not interfere with
reaaability of the display at
a location.
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YES|NO

N/A

Comments

34,

3s.

3é.

3%

38.

39,

40.

41.

Indicator lights show equipment
response, not merely control
position; are used sparingly and
only show information needed
for effective system cperation.

Luminance contrast exceeds
S50%

Flashing lights have a flash rate
of 3 to 5 flashes per second;

in case of flasher failure, the
light illuminates and burns steadily.

Color coding is used where pos-
sible; unused scales are covered.

Indicators used at night are dim-
mle (0002" 00 ft‘L)o

if faint signal detection is required
and ambient illumination is above
0.25 ft-C (2-7 lux) the CRT is
hooded, shielded, or recessed.

Printed matter is visible. |f
ambient illumination inadequate,
matter is illuminated by the
printer. Plotted matter is also
readily visible.

Projection display rates for group
viewing are as follows:

FACTOR:. . "

n viewing distance
Ratio of screen diagonal
OPTIMUM:

4
PREFERRED LIMITS:

3-6
ACCEPTABLE LIMTS:

2-8
FACTOR:

Angle off centerline
OPTIAV\UM:
0

N
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YES|NO

N/A

Cominents

[ Detailed Design Considerations

paergganeo LIMITS:

2

ACCEPTABLE LIMITS:
30°

FACTOR:
Image luminance (no film in oper-
ating projector) (for still projec-
tions higher values may be used)
OPTIMUM: )

10 ft-L (34 cd/m*)
PREFERRED LIMITS: .

8-14 ft-L (27-48 cd/m*)
ACCEPTABLE LIMITS: 2

5-20 ft-L (17-69 cd/m®)

FACTOR:

Luminance variation across
screen (ratio of .naximum to
minimum luminance)
OPTIMUM:

|

PREFERRED LIMITS:
1.5

ACCEPTABLE LIMITS:
3.0

FACTOR:
Luminance variations cs a func-
tion of viewing location (ratio
of maximum to minimum lumi-
nance)
OPTIMUM:

|
PREFERRED LIMITS:

2.0
ACCEPTABLE LIMITS:

4.0

e O ambient light
right part of image
OPTIMUM:
0
PREFERRED LIMITS:
0.002-0.01

ACCEPTABLE LIMITS:
0.1 max
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YES|NO

N/A

Comments

42.

43.

49,

50.

51,

For presentation not involving
gray scale or color (e.g., line
drawings, tabies) 0.2 may be
used.

Supplemental viewing system
is provided for remote handling
situations.

LED are red only and not near
red warning lights. Dimming
is compatible.

Critical warning lights are iso-
lated from other less important
lights for best effectiveness.

Internal instrurent lighting
is provided vhere effective,

Indicator lights are immediately
and unavoidably associated with
the proper control.

. Legend lights are used in prefer-

ence to simple instructor lights.

Indicator lights are capable of
providing flashing red for emar-
gency or malfunction conditions.

The information displayed is
clear, specific, and useable.

It is not redundant or degraded
by vibration. It is at a level
of accuracy required for the
operator's action or decision.

The provision of the display
presentation is consistent with
system precision.

The display indicator ceases
to move after the control move-
ment stops.

N

<

- N
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YES| NOIN/A

Comments

52.

53.

54.

5S5.

56.

57.

58.

59.

Displays which cannot or may
not be watched continuously,

but need continuous monitoring,
have q suitable auditory or visual
warning backup.

Counter numbers change by
snap action, follow each other
not faster than 2 per second

if read consecutively, increase
with clockwise rotation of the
reset knob, and automatically
reset sequencing as well as
having @ manual reset.

Material in printer is easily
changed and indicates remaining
supply of printing materials.

Failure of a display circuit is
immediately apparent.

Failure of the aisplay circuit
does not affect display equipment.

Most important displays are
placed in the optimum visual
Zone,

A signal absence does not denote
"go ahead," "ready," etc., only
a power of f condition.

Transilluminated, LED and incan-
descent displays conform to

the following color code, except
that training equipment colors
can be approximate:

a. Flashing red denotes only
emergency conditions which
require operator action with-
out undue delay to avert
personnel injury and/or equip-
ment damage.

4

¥

% %
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YES

N/A

Comments

60.

6l.

62.

63.

b. Red alerts an operator that
a system or any of its parts
is inoperative or that a suc-
cessful mission is not possible
unless corrective action is
taken.

¢c. Yellow advises an operator
of a marginal condition or
alerts him to situations of
caution, recheck or unex-
pected delay.

d. Green indicates that moni-
tored equipment is in toler-
ance or that a state of readi-
ness exists.

e. White shows system conditions
that do not have "right" or
"wrong" implicatons such
as alternating functions
except that white is not used
in aircraft flight stations.

f. Blue is used for advisory
lights only, except that blue
is not used in aircraft flight
stations.

Flashing lights are used only
to call the operator's attention
to a condition requiring action.

Legend lights signifying danger
are larger than other legend
lights.

If operator is wearing earphones
during normal operations, audio
warning signals are directed

to both earphones and work arec.

Audio signal action specifies

the nature of the problem (main-
tenance, emergency, heaith
hazard).
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Detailed Cesign Considerations

Audio signals denoting emergen-
cies are notably different from
routine signals.

The following types of signals
may not be used as warning
devices:

a. Modulated or interrupted
tones that resemble naviga-
tion signals or coded radio
transmissions.

b. Steady signals that resemble
hisses, static, or sporadic
radio signals.

¢. Trains of impulses that resem-
ble electrical interference
whether regularly or irreguiarly
spaced in time.

d. Simple warbies which may
be confused with the type I
made by two carriers when ,
one is being shifted in fre- | '
quency (beat-frequency-
oscillator effect).

e. Scrambled speech effects
that may be confused with
cross modulation signals
from adjacent channels.

f. Signals that resemble random
noise, periodic pulses, steady
or fraquency modulated sim-
ple tones, or any other signais
generated by standard counter-
measure devices (e.g., "bag-
pipes").

g. Signals similar to random
noise generated by air con-
ditioning or any other equip-
ment.
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YES

N/A

Comments

66.

67.

68.

69.

70.

71,

72.

73.

h. Signals that resemble sounds
likely to occur accidentally
under operational conditions.

The first 0.5 seconds of an
audio signal is discriminable
from the first 0.5 second of
any other signal. The |length
of the warning is @ minimum
of 1/2 second until corrective
action is taken.

The audio device and circuit
design preciude false alarms.

The height to width ratio of
all labeling is acceptable for
fast and accurate reading.

Counters are horizontally posi-
tioned.

The same numerical progression
is used on all scales of combined
displays.

In sequential displays, the se-
quence progresses from left to
right.

Scale values and their indexes
are consistent in directions of
increase or decrease.

The dispiay can be read quickly
in the manner desired (quantita-

tive, qualitative, or check reading).
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DESIGN (l:OHECKLIST

WORKSPACE

Test Title  /MMANe p [(Ph~el 2
£
Test Project No. Date

Detailed Design Considerations ES| NO [N/A COMMENTS

|. Design and sizing insures accom- /
modation, compatibility, opera-
bility and maintainability by
at least 90 percent of the user
population (a range from the
Sth percentile to the 95th per-
centile for single dimensions).

2. Cabinets, consoles, and work }/
surfaces that require an operator
to stand or sit close to their
front surfaces contain a kick
space at the base at least 4
inches (100 mm) deep and 4
inches (100 mm) high to allow
for protective or specialized
apparel.

3. Panel Dimensions - seated - /
with vision over top.

a) Seat height 18" (460 mm)
from floor

writing surface-25.5" (650
mm) above the floor

vertical dimension of nanel-
22" (56 mm) above writing
surface

maximum console width -
44" (1.120 m)

b) Seat height 23" (580 mm)

writing surface - 32" (810
mm)

vertical dimension of panel
- 22" (560 mm)

YES = Adequate NO = Incdequate N/A = Not Applicable
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YESINO

N/A

Comments

c)

a)

b)

c)

maximum console width -
44" (1.120 m)

Seat height 28.5" (725 mm)

writing surface - 36" (910
mm)

vertical dimension of panel
22" (560 mm)

Mcximum console width -
44" (1.120 m)

4. Panel Dimensions - sented -
without vision over taop.

Seat height - 18" (460 mm)
writing surface 25.5" (650

mm)

vertical dimension of panel
26" (660 mm)

maximum console width 36"
(910 mm)

Seat height - 23" (580 mm)
writing surface - 32" (810
mm)

vertical dimension of panel
26" (660 mm)

maximum console width 36"
(910 mm)

Seat height - 28.5" (720 mm)

writing surface - 36" (210
mm)

vertical dimension of panel
26" (660 mm)

maximum console width -
36" (910 mm)

5. Panel Dimensions - seated or
standing with standing vision
over top.

seat height - 28.5" (720 mm)
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Detailed Design Considerations

YES|NO

N/A

Comments

writing surface - 36" (310 mm)

vertical dimension of panei 26"
(660 mm)

maximum console width 36"
(910 mm)

Panel Dimensions - standing with
vision over top.
writing surface - 36" (910 mm)

vertical dimension of panels
26" (660 mm)

maximum console width - 44"
(1.120 m)

Panel Dimensions - standing
(without vision over top).
writing surface - 36" (910 mm)

vertical dimension of panel -
36" (910 mm)

maximum console width - 36"
(210 mm)

. Consoles have at least 4 feet

(1.220 m) of free floor space
in front whenever feasible.

The seated operator has free
pedal access and use of foot
pedals.

Compartment design allows

equipment sharing and good
communication.

. Workspace allows ease of weapon

handling, aiming, loading, firing,
and field stripping.

. User is oriented to work site.
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YES

NO

N/A

Comments

13.

14.

la.

20.

21.

22.

Crane controls are easily reached
and afford load visibility.

Display reading location is identi-
fied.

Equipment is designed and in-
stalled with workspace require-
ments in mind.

Armrests are at least 2 inches
(50 mm) wide and 8 inch s (200
mm) long.

. Knee and foot room should exceed

the following dimensions beneath
work surfaces:

a) Height: 25 inches (640

mm)

b) Width: 20 inches (510
mm)

c) Cepth: |18 inches (460
mm)

Back and seat of chair have
[" minimum padding.

. Lateral work space is 30" wide

x | 6" deep; writing space is 24"
wide x | 6" deep.

Armrests do not interfere with
work, eqgress or emergency pro-
cedures.

Vertical seat adjustments are
[5-21" (18-2!" for male use
exclusively) in | inch maximum
incremer: ts.

The seat backrest reclines |03-
115° and supports the torso so
that the operator's eyes are
within 3" of the "eye-|ine."

N

s e wRRecese

C-56



20 December 1977

TOP |-2-610

Detailed Design Censiderations

YESINO

N/A

Comments

23.

25.

26.

27.

28.

29.

30.

24,

Rotating seats have 8 iocking
positions minimum and support
250 Ibs. The seat adjusts fore
and aft at least 4" minimum.

The operator does not have to
lift self to adjust the seat.

Easy access s provided to and
from a station.

Equipment racks requiring main-
tenance have space available,
when feasible, as follows:

a)

b)

Allowances are made for heavy
clothing and protective equipment.

A loader can comfortably sit
in the closed hatch mode or
stand in the open hatch mode.

Waorkspace provides head, arm
and body clearance at any wegpon
position.

User space is not encroached
upon by others.

Minimum distance from the
front of the rack to the
opposite surface or obstacle
is 42 inches (1.070 m).

Minimum lateral workspace
for racks having drawers:

I) With drawers weighing
less than 45 pounds (20.4
kg); 18 inches (460 mm)
on one side and 4 inches
(100 mm) on the other.

2) With drawers weighing
aver 45 pounds (20.4 kg)
|8 inches on each side.
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YES

N/A

Comments

3.

32.

33.

34.

Reflection of instruments or
console in windows or windshields
is avoided,

Right-left viewing angle for
a wrap-around console is |9
maximum.

The forward field of view is
180" minimum.

Minimum illumination levels
for different work areas and
types of work are as follows
in Footcandles (LUX):

Console surface 30 (329)
Dials 30 (325)
Emergency lighting 3 (30)
Gauges 30 (325)

Meters 30 (325)

Missiles:
Repair/Service 60 (640)
Storage areas 10 (110)
Ceneral inspection 30

(329)

Panels:
Front 30 (325)
Rear 10(110)

Passageways 10 (110)

Reading
Large print 10(110)
News print 30 (325)
Pencil reports 50 (540)
Small type 50 (540)
Prolonged reading 50
(540)

Recording 50 (540)

Repair work:
General 30 (325)
Instrument 100 (1075)
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YESINO

N/A

Comments

3s.

36.

37.

38.

39.

4l.

42.
43.

45.

46.

47.

ae'

Qg.

Visors, etc., reduce external
glare.

Transparent areas are free from
color, distortion, etc.

Mulitireflections from multilayered
windows are minimized.

WEndacreen angle of incidence
is 60° maximum to undistorted
vision.

Windows or canopies have optimum
unobstructed vision.

Instrument reflection is avoided.

If possible there is a direct view
of work.

Distortion is avoided in windows.

Door posts or wiper motors do
not ocbscure vision.

Loader can see outside while
operating in close hatch mode.

Provisions for auxiliary power
and lighting are provided.

Seating is compatible with con-
sole.

Heating and air conditioning speci-
fications fgr mobile detail work
areas - 50°F t0 85°F. For perma-
nent details work areas - 65°F

to 85°F.

Air conditioning systems do
not discharge cold air directly
on personnel.

Adequate ventilation is provided
by @ minimum of 30 cubic f1.

4

b T R TR R,

N

N\
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YES

N/A

Comments

51

54.

55.

56.

58.
59.

50.

2.

53.

per minute per man minimum.
Air is moved past the operator
at a velocity of not more than
|00 feet (30 m) per minute -
65 feet (20 m) per minute if
possible.

The effective temperature within
enclosures for exgendeg periods
is at or below 85°F (297C).

The acoustical environment
does not degrade system effec-
tiveness.

The average room sound absorp-
tion coefficient is at least 0.20.

Facilities and equipment are
designed to control the trans-
mission of whole body vibration
to levels permitting safe opera-
tion and maintenance.

Test stands are part of the equip-
ment.

Handles are provided on units
which are removed or carried.

Vehicles have 8 minimum tem-
perature of 68°F (20°C)(unless
wearing cold regions clothing

and exposure less than 3 hours).

. Fresh air is provided at a minimum

of 20 cu. ft. (0.43 cu m)/minute/
person; in a hot climate, air
flow rates should be between

| 50 and 200 cu. ft. (4.25 and

5.66 cu m) / min./person.

Protective padding is used.

Mirrors are braced against vibra-
tion.

i
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L Detailed Design Consideratizns YES| NO [N/A Comments L
60. Ventilation or other protective v
meaqsures are provided within
limits.
61. Intakes for ventilation systems /
are located so as to minimize
the introduction of contaminated
air from exhaust pipes, etc. ' /
62. Cars have seat beits.
63. Windshields and windows are I/
shat terproof and do not distort
vision.
64. Hazard alerting devices are ‘/
provided.
65. lllumination is adequate, glare /
is reduced and capability for
dimming is provided.
66. Maintenance workspace is free /
of odstructions which could cause .
injury. ;
1
67. Equipment is guarded if tempera- [ | |/
ture exceeds |40°F (120°F if L
handled). { l
68. Exposed edges are rounded and , / i
have o .04" minimum radius. ! |
Exposed corners are also rounded | l ]
and have a 0.5" minimum radius. l , |
69. Guards are provided on moving g ‘ : /
parts. T ey
| | II
70. Radiation hazards are minimized. / ‘
71. Padding is non-abrasive and ‘ | ‘/
non-toxic. | l ‘
72. Exhausts are directed away from \/
compartments. |
|
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YESINO

N/a

Comments

13,

74,

75.

76.

77.

78.

79.
80.

8l.

82.

83.

84.

85s.

Adequate and suitable storage
is provided for manuals, work-
sheets, etc.

Standees have work surfaces
provided to support manuals,
etc.

Conspicuous placards are adjacent
to equipment which is hazardous
to the user.

Areas requiring special equipment
and/or clothing are specifically
identified.

Any structure which can be
chopped through in an emergency
is clearly marked, axes provided.

Emergency procedures are detailed,
Instructions are kept simple.

Fush-out escape windows are
marked.

Equipment is located so that
awkward working positions are
unnecessary.

Sufficient space Is provided
to use test equipment and oter
tools required during checkout.

Controls (switches, knobs, etc.)
are easily reached from the
working position.

Components are located so that
physical interference among
operators working on the same
areas is lessened.

The lines of sight to a display
are not obscured by poor arrange-
ment of people or equipment.

e . ¢

My

N

NN
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YES

N/A

Comments

86é.

87.

88.

Traffic flow between areas is
efficient.

Auditory alerting and warning
signals are loud enough to be
heard above environmental
noise.

Equipment is secured in order
to prevent shifting or overturning
accidentally.

N\ 13
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E Detailed Design Considerations

YESINO

N/A

Comments
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DESIGN (ZIOH ECKLIST

MEASURES

TOP |-2-610C

Test Title /n'fflfg_g'p /4.41 " |

Test Project No.

Date

Detailed Design Considerations

YES| NO

N/A COMMENTS

iin

6.

. Displays are located so they

can be read to the required
accuracy.

Display arrangement is consis-
tent from one application to
another.

Measuring marks on opaque
containers are placed inside.

Display viewing distance: |3-
28",

Minimum number of measuring
devices is used.

Canteen cup is useable as stand-
ard or emergency measuring
device for field use.

Item container used for measuring
where possible.

Measurement marks raised.
Containers allow for full hand,

finger, clearance when using open-
ing tool.

. Reflections minimized.

. Display precision, response is

consistent with that of system.

. Scales: linear, start at 0, use

whole numbers, 2 pointers max,
numerals oriented upright.

<

4
/

b

YES = Adequate NO = Inadequate

C-101
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Detailed Design Considerations

YES|NO IN/A

Comments

. Field items are non-corrosive,

easily cleaned or disposed.

Infarmation limited to that neces-
sary to take action.

Information is directly useable.

Specified measuring amounts are
consistent with measuring device.

Measures clearly detailed.

. For group use: multiple of food

components or general formula
for computation given.

|
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|
LABELS, MANUALS, MARKINGS
Test Title _ “JTup bimwe Cow 4vol Seystem - anal &
L)
Test Project No. Date
Detailed Design Considerations ES{NOIN/A|  COMMENTS

I. Cornirols, displays and other items v I.I Operators add clarifying
of equipment are clearly marked info on turb. bypass valve
and labeled except in cases where controllers A&B
use is obvious to the operator. 1.2 Clarifying info added to

Elec/Hqd Gov. oil cooler

2. Labels are on or near the item v/ cont.
to be identified. (.3 Turbine EHC  System

status, lines and ref. dis-

3. Labels do not cover any other " plays have extensive oper-
information and are not located ator supplied notation
behind controls. They can be 1.4 Turbine 'EH\._ system load
seen easily by the operator and rate display - operator
are not abscured by the operator's notation
hand activating a control.

4. Labels gre located in the same / 4.1 Turning gear oil and seal
manner throughout the equipment backup pump control label
and system. above control

4.2 Turning gear control label

5. Labels are not covered by other / above control
equipment and are located on 5. Low E.H. fluid level lock-
the flattest, least cluttered out contrel obscures its
and cleanest surface available. own status indicators

6. Labels are mounted so that they /
cannot be accidentally damaged
or removed.

7. Where instructions are lettered
on hinged door, iettering is set
so that it can be read when the
door is open.

8. Labels are graduated in size. v 8. Turbine EHC system ID
Group label characters are at same label as ind. compo-
least 25% larger than those of nents
individual controls and dispiays. 8.2 Turbine supervisory indi-

cation system label

YES = Adequate

NO = Inadeguate

C-3
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Detailed Design Considerations YESINO IN/A Comments
Control and display characters, 8.3 Turbine Iube oil temp
in turn, are at least 25% larger cont.; E/H Gov. oil cooler
than those identifying control temp cont.; Gen. Hydrogen
positions. temp. cont.; and Exciter
Cold Air temp cont. -
9. Spacing between characters V4 display characteristics
is a minimum of one stroke; smaller  than  position
between words is @ minimum identifiers '
of one character. 9.| Between word spacing
nearly always below min,
|0. Abbreviations are capital letters, /
periods being omitted except ,
when there is a possibility of
misinterpretaion.
|'|. Extended copy (instructions) v 4 I1.1 Turbine speed hold recom-
is in lower case letters. mendations in ali caps
|2. Label characteristics are deter- : v/
mined by illumination level
and color.
|3. Labels are easily read at opera- / 13.1 Turbine EHC system panel
tional reading distances with lindar scales are too small
vibration/motion and lighting , ¢
levels taken into consideration. e
i
|4, Labels are sharp with high con- 4 |
I5. With illumination less than | |/
ft-C, white, white florescent,
or torch-lighted characters on
a dark background are used.
|6. With illumination above | ft- |/ |6.] Except for backlight dis-
C, black letters against a light plays, this is never the
background are used. case
|7. For dark adaptation, letters 4
are visible and do not interfere
with night vision.
(8. Wnen letters, etc., are viewed /
by means of television, they are
light against a dark background.
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=

Detailed Design Considerations

YES

N/A

Comments

19,

20,

21.

22.

23.

24,

23.

26.

27.

28.

29.

30.

Labels on production equipment
are as durable as the equipment.

Labels for prototype equipment
are easily affixed, altered and
removed.

Markings and tags are as perma-
nent as the equipment to which
applied and able to withstand
environmental and cleaning
conditions.

Labels are accessible and visible
during maintenance.

Load capacity is marked on lift-
ing equipment.

Roman numerals are not used,
if possible.

Vertical labels are used only
when the labels are not critical
for personal safery and perform-
ance, and space is limited.

Electrical receptacles are clearly
marked with voltage, phase and
frequency characteristics.

Pipe, hose, and tube lines are
clearly |labeled as to contents,
pressure, temperature, and
hazards.

Warning placards are weil illu-
minated.

Warning notices are clear and
direct. Characters are 25%
larger than any following in-
structions.

Placards are placed adjacent
to hazards.

ey

21.1

Operator notations indi-
cated in |.1-1.4 above
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Detailed Design Considerations

YES

N/A

Comments

3.

32.

3.

34,

3s.

6.

37.

38'

Circuit bredkers are |labeled
and easily accessible.

Trade names and other irrelevant
informeation do not appear on
labeling.

Labels are concise with a mini-
mum of repetitive information.

An abstract symbol is used only
if meaningful.

Each assembly, component, and
part is labeled with a visible
and meaningful name, number,
and symbol.

Printed information is directly
useable with @ minimum of de-
coding and interpolation.

Labels do not describe the engi-
neering characteristics or nomen-
clature of the piece of equipment,
if at all possible.

Labels are etched, embossed,
or engraved into the component
or chassis.

32.1

33.1

38.1

Bailey and G.E. controls
are so labeled

Turb., lube oil temp.; E/H
gov. oil cooler temp.; Gen.
Hydrogen temp and Exciter
cold air temp controls have
redundant labeling

Except for operator nota-
tions already cited

Cc-6
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DESIGN CGHECKI.IST

CONTROLS
Test Title __“Turbmeg Condsol Susfom -3
Test Project No. Date
Detailed Design Considerations  [YES|NO[N/A|  COMMENTS

. Control relationship to its display

is apparent.

Functionally relo* -4 controls
and displays are yrouped together.

Control groups, sequential opera-
tions have left-to-right order

of use or top-to-bottom order

of use.

Controls in functional groups
are located in accordance with
operational sequence and/or
function.

Lifting equipment controls are
within easy reach with the load
visible.

Controls are located so that
they cannot be accidentally
moved,

Groups with similar functions
are similar throughout the system.

Controls are marked to indicate
in which direction to operate
the control.

Control/display groups used
only for maintenance are not
located in prime operating space.

Controls used most often are
located in the best position for
ease of reaching and grasping.

NO
v
4
v

v

v

l.1

6.1

Throttle valve controls and
position indicators might
be better arranged

Most controls can be
engaged by accidental
bumping

YES = Adequate NO = Inodequate N/A = Not Applicable
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Detailed Design Considerations

YES|NO

N/A

Comments

IS,

. Controls operated without visual

reference are located in front
rather than to the side or behind
the operator.

. Internally mounted controls

are located away from dangerous
voltage.

. Sensitive adjustments are located

or guarded to prevent accidental
activation.

. Controls used for same function

on different types of equipment
are of the same size and shape.

Rotary Control
LIMENSIONS:
Length
" min 1.0 inches (25mm)
max 4.0 inches (100mm)
Width
max |.0 inches (25mm)
Depth
min 0.625 inches (| 6mm)
max 3.0 inches (75mm)
RESISTANCE
min 1.0 inch=lb (113 rriN-
m)
m;xx 6.0 inch-lb (678mN-
m
DISPLACEMENT
For facilitating performance
min 30 degrees
max 90 degrees
SEPARATION
One Hand Random
min 1.0 inches (25 mm)
preferred 2.0 in. (50 mm)

Two-Hand Qgrofion
min 3.0 inches mm)

preferred 5.0 in. (125 mm)

. Key Operated Switch

DISPLACEMENT
min 80 degrees

15.1

16.1

Controls ref. in 8.3 use
rotary knobs !/2 in diam.
I" high

Overspeed protection con-
troller uses __ 45° displace-
ments

c-22
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Detailed Design Considerations

YES

N/A

Comments

max 70 degrees
HEIGHT

min 0.5 inches (| 3mm)

max 3.0 inches (75mm)
RESISTANCE

min | in/lb (113 mNm)

max 6 in/lb (678 mNm)

Discrete Thumbwheel Control
DIMENSIONS:
Diameter
min 1.5 in. (38mm)
. max 2.5 in. (65 mm)
rough
min 0.45 inches (1 | mm)
Distance

max C.75 inches (19 mm)
Width

min 0.1 inches (3 mm)
Depth

min 0.125 inches (3 mm)
max 0.5 inches (13 mm)

Separation
min 0.4 inches (10 mm)
RESISTANCE:

min 6 0z. (165 mN)
max 20 oz. (560 mN)

Continuous Adjustment Rotary
Knobs
DIMENSIONS:

Fingertip Gr Height
min 4;3 inches “s mm)
max |.0 inches (25 mm)
Digmeter
min 0.375 inches (10 mm)
max 4.0 inches (100 mm)
Thumb and Finger Encircled
Diameter
min 1.0 inches (25 mm)
max 2.0 inches (75mm)
Palm Gras
Diameter
min 1.5 inches (38 mm)
max 3.0 inches (75 mm)

7.1 Turbine EHC system low
ioad limit MW; accelera-
tion rate RPM per min.;
high load limit min.; load
rate MW per min. controls
use |" diam. thumb wheels
7.2 Above thumbwheels use =
25" ___ throughs
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Detailed Design Considerations

YES| NO IN/A

Comments

Length
min 3.0 inches (75 mm)
TORQUE:
Height
max 4.5 in-0z (32 mN-m)
Diameter
max 6.0 in-0z (42 mN-m)
SEPARATION:
One Hand Individually
min 1.0 inches (25 mm)
max 2.0 inches (50 mm)
Two Hands Simultaneously
min 2.0 inches (50 mm)
max 5.0 inches (125 mm)

. Cranks

DIMENSIONS:
Handle
Diameter (rpm-dia)
none - 1.0 inches (25 mm)
175 - 1.0 inches (25 mm)
275 - 0.5 inches (13 mm)
Length (rpm-length)
none - 3.55 inches (35 mm)
175 - 3.75 inches (95 mm)
275 - 1.5 inches (38 mm)
Radius (rpm-radius)
none - min 2.0 in. (230 mm)
max 6.0 in. (410 mm)
175 = min 5.0 in. (125 mm)
max 8.0 in. (200 mm)
275 - min 0.5 in. (13 mm)
max 4.5 in. (115 mm)
RESISTANCE: (rpm-resistance)
none - min 2.0 |b (9N)
max 50 |b. (220N)
175 = min 6.0 Ib. (27N)
max |5 Ib (67N)
275 - min 2.0 Ib (9N)
max S |b (22N)
SEPARATION: (rpm-separation)
none - min 3.0 inches (75mm)
|75 - min 3.0 inches (75mm)
275 - min 3.0 inches (75mm)
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Detailed Design Considerations

YESINO

N/A

Comments

20.

21.

Handwheels
DIMENSIONS:
Wheel Digmeter
One Hand

min 2.0 inches (50 mm)
max 4.25 inches (| |0 mm)
Two Hands
min 7.0 inches (180 mm)
max 21.0 inches (530 mm)
Rim Digmeter:
min 0.75 inches (1 9mm)
max 2.0 inches (50 mm)
RESISTANCE:
One Hand
min 3 1b. (22N)
max 30 Ib. (133N)
Two Hands
min 3 b (22 N)
max 50 |b. (220 N)
DISPLACEMENT.
Two Hands
max |20 deg.
SEPARATION:
Two Hands - Simultaneously
min 3.0 inches (75 mm)
max 5.0 inches (125 mm)

Pushbuttons (Finger or Hand
Operated)
DIMENSIONS:
Diameter
Fingerti ration
min U.285 inches (10 mm)
max 0.75 inches (19 mm)

Thumb or Heel of Hand Q%rqtion
min U./3 inches mm

RESISTANCE:

Finger ration
min i% 0z. (2.8N)
max 40 oz. (1 1.0N)
Little F i?ger r.Or%l'mion
mir 5 oz. (1.
max 20 oz. (5.6N)
DISPLACEMENT:

Thumb or Figger %roﬁon
min O. 123 inc mm

max |.5 inches (38 mm)
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YES

N/A

Comments

22.

23.

SEPARATION:

Single Finger ration
min U'g »'ncaa 13 mm)
preferred 2.0 in. (50 mm)
Single Fipger S%genﬁal _O’mion
min 0.25 inches (6 mm
preferred .00 in. (25 mm)
ration by Several Fingers

min 0.3 inches mm
max 0.5 inches (13 mm)

Pushbuttons (Foot Operated)
DIMENSIONS:
Digmeter
min 0.50 inches (13 mm)
RESISTANCE:
Foot will not rest on control
min 4.0 |b. N

max 20.0 |b. (30 N)
Foot will rest on control

min 0.0 Ib.

max 20 |b. (30N)
DISPLACEMENT:

Normal Boot Operation
min 0.50 inches (13 mm)

max 2.5 inches (65 mm)

Heavy Boot ration
min 1.0 inches (25 mm)
max 2.5 inches (65 mm)
Ankle Flexion Only
min 1.0 inches (25 mm)

max 2.5 inches (65 mm)

Total Leq Movement
min i.ﬁ inches (25 mm)

max 4.0 inches (100 mm)

Keyboards

DIMENSIONS:

Digmerer Bare-handed
min 0. inches (10 mm)
max 0.75 inches (19 mm)
preferred 0.5 in. (13 mm)

Cold Regicns mittens
min 5.75 inches (19 mm)
preferred 0.75 in. (19 mm)
RESISTANCE:

N

21.1 Never this great when two
or more are used
together - usually = .1".
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YES|NO |N/A

Comments

24.

Numeric

min 3.5 oz. (IN)

max | 4.0 oz. (4N)
Alphanumeric
min 0.9 oz. (250 mN)
max 5.3 oz. (1.5 N)
Dual Function
min 0.7 oz. (250 miN)
max 5.3 oz. (!.5N)
DISPLACEMENT:
Numeric
min 0.03 inches (0.8 mm)
max 0.!9 inches 4.8 mm)

Alphanumeric
min 0.05 inches (1.3 mm)

max 0.25 inches (6.3 mm)
Dual Function
min 0.03 inches (0.8 mm)
max 0.19 inches (4.8 mm)
SEPARATION:
Between adjacent key tops
min 0.25 inches (6.4 mm)
preferred 0.25 in. (6.4 mm)

Teqgle Switches

DIMENSIONS:

Arm Length (Bare finger)
min 0.5 inches (13 mm)
max 2.0 inches (50 mm)

Arm Length (Gloved finger)
min 1.5 inches (38 mm)
max 2.0 inches (50 mm)

Control Ti

min U.BS inches (3 mm)

max |.0 inches (25 mm)
RESISTANCE:
Small Switch

min 10 oz. (2.8N)

max |6 oz. (4.5N)
Large Switch

min 10 oz. (2.8N)

max 40 oz. (1 IN)
DISPLACEMENT:
2 Position

min 30 deg

max |20 deq.
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YES

N/A

Comments

25.

26.

3 Position

min 18 deg.

max 60 deg.
desired 25 deg.
SEPARATION:

ingle Fi r ration
min Ulig incEes (79 mm)

optimum 2.0 in. (50 mm)
Single Finger Operation-lever
lock toggle switch

min 1.0 inches (25 mm)

optimum 1.0 in. (50 mm)

Simultaneous Operation by Dif-
erent Finger
min U.EES inches (16 mm)

optimum 0.75 in. (19 mm)

Legend Switch
DIMENSIONS:
min 0.75 inches (19 mm)
max |.5 inches (38 mm)
DISPLACEMENT:
min 0.125 inches (3 mm)
max 0.250 inches (6 mm)
positive position switch 3/16
ive (5 mm)
BARRIERS:
Barrier Width
min 0.125 inches (3 mm)
max 0.250 inches (6 mm)

Barrier th
min 55% inches (5 mm)

max 0.250 inches (6 mm)
RESISTANCE

min 10 oz (280 mN)

max 40 oz. (1 IN)

Lever
DIMENSIONS:
Diameter

Finger Gr
min U.g inches (13 mm)

max 3.0 inches (75 mm)

Hand Gr
min ig inches (38 mm)

max 3.0 inches (75 mm)
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YES

N/A

Comments

27,

RESISTANCE:
One Hand (d-1)
min 2 Ib. (9N)
max 30 Ib. (135N)
Two Hands
min 2 Ib. (9N)
max 50 Ib. (220N)
One Hand (d-2)
min 2 |b. (9N)
max 20 |b. (30N)
Two Hands
min 2 1b. (9N)
max 30 |b. (135N)
DISPLACEMENT:
Forward (d-1)
max |4.0 inches (360 mm)
Lateral (d-2)
max 38.0 inches (270 mm)
SEPARATION:
One Hand Random
min 3.0 inches (75 mm)
preferred 5.0 in. (125 mm)

Pedals
DIMENSIONS:
Height
min |0 inches (25 mm)
Width
min 3.0 inches (75 mm)
DISPLACEMENT:
Normal Operation
min 0.5 inches (13 mm)
max 2.5 inches (65 mm)
Ankle Flexion
min 1.0 inches (25 mm)
max 2.5 inches (65 mm)
Total Leq Movement
min 1.0 inches (25 mm)
max 7.0 inches (180 mm)
RESISTANCE:

Foot Not Resting on Pedal
min & 1b. (18 h’

max 20 Ib. (90 N)
Foot Resting on Pedal

min 10 Ib. (43 N)

max 20 Ib. (90N)
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YES

NO |N/A

Comments

28.

29.

30.

31,

32.

33.

34,

35.

prigte legends.

Ankle Flexion Only
max 10 Ib. (45 N)
Total Leg Movement
min 10 Ib. (45 N)
max |80 Ib. (800 N)
SEPARATION:
One Foot Random
min 4.0 inches (100 mm)
preferred 6.0 in. (150 mm)
One Foot Sequential
min 2.0 inches (50 mm)
preferred 4.0 in. (100 mm)

Adequate control response feed-
back is provided.

Rotary valves open counterclock-
wise.

Control movement conforms
with corresponding related dis-
play.

Rotary controls turn to the right
(clockwise) to increase, and

left (counterclockwise) to
decrease.

Stops are provided at the begin-
ning and end of the control
movement travel.

In right-hand operations, knobs
are placed below or to the right
of displays.

For left-hand operations knobs
are placed below or to the |eft
of displays.

Controls meant to have a limited
degree of motion have adequate
mechanical stops.

Controls are labeled as to func-
tion and method of operation
by means of arrows and appro-

e

C-30



20 December 977

TOP 1-2-610

Detailed Design Considerations

Comments

37.

38.

39.

40.

41,

42.

43.

44.

45.

46.

48.

’49.

Selector switches have sufficient
spring loading to keep from stop-
ping between detents.

Range of control action does
not interfere with other controls.

Shape coded controls are visually
and tactually identifiable.

Control color has high contrast
with background.

Ambient light color determines
useable control colors.

Switch legend is legible with
or without internal illumination.

Legend switch lamps are replace-
able from the front of the panel
by hand and the legends or covers
are keyed to prevent the possibil-
ity of interchanging the legend
covers.

Controis are selected and dis-
tributed so that none of the

operator's limbs are overburdened. |

Coding is uniform throughout
the system.

Cont ols are useable in the time
requi' ed despite inadvertent
operation protection (guards).

Controls are not adversely af-
fected by distortion, shock and
vibration.

Control motion is minimized,
not cycled through ON/OFF
unnecessarily.

Latches on levers do not cause
delay in operation.

IYES

|

x

43.1

All pushbuttons on turbine
EHC system panel (= 54)
are interchangeable
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YES

NO

N/A

Comments

0.

51.

52.

53.

54.

55.

Sé.

58.

59.

6l.

62.

Minimum use made of horizontal
or 3 position toggle switches.

Shape coded controls are free
of sharp edges.

Critical controls are designed
and located so that they are
not susceptible to being moved
accidentally.

|f there is a possiblity of inad-
vertent activation causing a
hazardous condition, controls
are recessed or shielded by a
physical barrier.

"Dead man" controls are used
when operator incapacity can
produce a critical condition.

The main power ON/OFF switch
cuts all power to the complete
equipment.

Main Power switch is labeled.

Failure of power steering does
not incapacitate steering.

Resistance is built in so that
definite or sustained effort is
required for activation.

Controls are black or gray.

. Controls are labeled with basic

information for proper identi-
fication, utilization, actuation,
or manipulation of the element.

Operating instructions are pro-
vided except whers use is obvious.

Diagrams are used wherever
possible.

N

e T

s e

62.1

None used
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YES

N/A

Comments

63.

64.

65.

66.

Calibration instructions are
placed as close to the calibrating
control as possible.

Adjustment controls are easy
to set and lock.

All controls have appropriate
scales or indexing.

If red lighting is used, red is
not used for coding. Use black
and yellow striping.

o I |
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YES|NO

N/A

Comments
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DESIGN %HECKLIST

DISPLAYS

Test Title i gtélm{ Can }vul

sqjllm - 3/

Test Project No. Date v
Detailed Design Considerations 'YES| NO |N/A COMMENTS
|. Relationship between the display l.I Tracking meter; throttle
and its associated controls is valve position; governor
unmistakable in terms of: valve position; gov. cont.;
and valve position limit
a) The proper control to use. 4 displays on turbine EHC
b) Direction of movement of 4 system panel indicator _O to
the control. 100% - they do not indi-
c) Rate and limits of movement v cate open or closed

of the control.

Controls are located adjacent
to (either under or to right of)
associated displays.

Functionatly related units are
grouped together and are similar
from panel to panel.

Displays in groups are located
from left-to-right and/or top-
to-bottom order of use.

Displays used in system checkout
are located so they can be ob-
served from one position.

All displays are arranged in the
sequence in which they are
used.

Meters, dials, and instruments are
so sized/arranged that they can
be read from the normal operat-
ing position.

|

YES = Adequate NO = Inadequate

c-39
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Detailed Design Considerations

YES

N/A

Comments

In standing positions, the most
frequently used displays are
located gpproximately « the
eye |evel of the operator.

Frequently used displays are
grouped together.

Displays are located where they
can be read to the required degree
of accuracy.

If on separate panels, positions
of related controls and displays
correspond and the paneis do
not face each other.

Control display groups for main-
tenance use only are not located

in prime operating space.

Display arrangement is consistent
from one situation to another.

Unusual aids such as ladders,
extra lighting, etc., are not
needed to read or gain access
to a display.

isplay scales are limited to

nly information needed to make
a decision or take action. All
needed information is presented.

Information is presented in such
form that no interpretation or
decoding is necessary.

Information for different types
of activities is not combined
unless the activities require
the same information.

Failure in the unit is clearly
shown or the operator is other-
wise warned.

No indication of failed® unit
shown
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Detailed Design Considerations

YES|NO IN/A

Comments

20.

21.

22.

23.

24,

25.

28.
29.

Trademarks, company names,
and other unnecessary informa-
tion are not on the panel face.

Job aids (graphic overlays) are
provided when a plotter operator
is required to interpret graphic
data.

On units having operator displays,
maintenance displays are located
behind access doors on the opera-
tor's panel.

On units without operator panel,
maintenance displays are located
on one face accessible in normal
installation.

Viewing distance from the eye
to the displays located close

to controls is 28 inches (71 0mm)
maximum and |3 inches (51 0mm)
minimum.

The display pointer extends to
but does not obscure the index
mark width.

Display pointer is mounted as
close as possibie to dial face
to eliminate parallax and shadows.

Counters and flags are mounted
close to the panel surface.

CRT target visual angle exceeds
2.0 minutes and |0 lines of reso-
lution; viewing distance is |6
inches (10 in. minimum).

[llumination is uniform.

Muitiple displays grouped together
will have brightness uniformity
across the range of full "ON"

to full "OFF."

b,

Company names and trade-

marks al! over unit

Vaive test is right out in open

Viewing distance to display = ’

40 inches
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YES|NO

N/A

Comments

30.

31,

32.

33.

Detailed Design Considerations
display face is not less than

Th
QSS from the operator's normal
line of sight.

There is a high degree of contrast
between the scale face and mark-

ings.

Frequently used displays are
grouped together and are placed
in the optimal visual zone. Limits
are as follows:

Eye Rotation Alone
Horizontal Plane

35% maximum

152 optimum
Vertical Plane
Horizzntal Line of Sight

407 maximum

|57 optimum
Normgl Line of Sight

207 maximum

15° optimum
Head Rotation Alone
Horizsntol Plane

60”7 maximum

0" optimum
Vertical Plane
Horizontal Line of Sight

65" maximum
Normal Line of Sight

35" maximum
Head and Eye Rotation
Horizantal 5lane

957 maximum

|57 optimum
Vertical Plane

90™ maximum

15° optimum
Normal Line of Sight

5™ optimum

Glare does not interfere with
regaability of the display at
a location.

Glare is evident on Governor
and Throttle Valve Position
indicators
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YES|NO

N/A

Comments

34.

3S.

3é.

37.

38.

39.

“0.

4l.

Indicator lights show equipment
response, not merely control
position; are used sparingly and
only show information needed
for effective system operation.

Luminance contrast exceeds
50%.

Flashing lights have a flash rate
of 3 to 5 flashes per second;

in case of flasher failure, the
light illuminates and burns steadily.

Color coding is used where pos-
sible; unused scales are covered.

Indicators used at night are dim-

If faint signal detection is required
and ambient illumination is above
0.25 f1-C (2-7 lux) the CRT is
hooded, shielded, or recessed.

Printed matter is visible. If
ambient illumination inadequate,
matter is illuminated by the
printer. Plotted matter is also
readily visible.

Projection display rates for group
viewing are as follows:

;ﬁﬁg?ﬁ@mm ng distance
screen diagonal
OPTIMUM:
4
PREFERRED LIMITS:
3-6
ACCEPTABLE LIMTS:
2-8
FACTOR:
Angle off centerfine
OPTIMUM:
0°

34.1

37.1

Are used appropriately

Operating limits could be

indicated
are not

to advantage -
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Detailed Design Considerations YESINOQ |[N/A Comments

PREFERRED LIMITS:
20

ACCEPTABLE LIMITS:
30°

FACTOR:
Image luminance (no film in oper-
ating projector) (for still projec-
tions higher values may be used)
OPTIMUM: 2

10 ft-L (34 cd/m*)
PREFERRED LIMITS: P

8-14 ft-L (27-48 cd/m®)
ACCEPTABLE LIMITS: 2

5-20 ft-L (17-69 cd/m"”)

FACTOR:
Luminance variation across
screen (ratio of maximum to

minimum luminance)
OPTIMUM:
|

PREFERRED LIMITS:
1.5

ACCEPTABLE LIMITS:
3.0

FACTOR:
LLuminance variations as a func-
tion of viewing location (ratio
of maximum {2 minimum lumi-
nance)
OPTIMUM:

|
PREFERRED LIMITS:

2.0
ACCEPTABLE LIMITS:

4.0

o C TOR ymbient light

bright part of image
OPTIMUM:
0
PREFERRED LIMITS:
0.002-0.01
ACCEPTABLE LIMITS:

0.1 max
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Detailed Design Considerations

YES|NO

N/A

Comments

42.

43.

44.

1‘5.

49.

51,

For presentation not involving
gray scale or color (e.g., line
drawings, tables) 0.2 may be
used.

Supplemental viewing system
is provided for remote handling
situations.

LED are red oniy and not near
red warning lights. Dimming
is compatible.

Critical warning lights cre iso-
lated from other less important
lights for best effectiveness.

Internal instrument lighting
is provided where effective,

Indicator lights are immediately
and unavoidably associated with
the proper control.

. Legend lights are used in prefer-

ence to simple instructor lights.

Indicator lights are capable of
providing flashing red for emer-
gency or malfunction conditions.

The information displayed is
clear, specific, and useable.

It is not redundant or degraded
by vibration. It is at a level
of accuracy requirad for the
operator's action or decision.

The provision of the display
presentation is consistent with
system precision.

The display indicator ceases
to move after the control move-
ment stops.

o S T T

o

47.1

Both are used
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Detailed Design Considerations

YES|NO

N/A

Comments

52.

53.

55.

56.

57.

S8.

59.

54.

Displays which cannot or may
not be watched continuously,

but need continuous monitoring,
have aq suitable auditory or visual
warning backup.

C viter numbers change by

st . action, follow each other
not faster than 2 per second

if read consecutively, increase
with clockwise rotation of the
reset knob, and automatically
reset sequencing as well as
having a manual reset.

Material in printer is easily
changed and indicates remaining
supply of printing materials.

Failure of a display circuit is
immediately apparent.

Failure of the display circuit

does not affect display equipment.

Most important displays are
placed in the optimum visual
Zone.

A signal absence does not denote
"go ahead," "ready," etc., only
1 power off condition.

Transilluminated, LED and incan-
descent displays conform to

the following colior code, excapt
that training equipment colors
can be approximate:

a. Flashing red denotes only
emergency conditions which
require operator action with-
out undue delay to avert
personnel injury and/or equip-
ment damage.

e N LR T

52.1

56.|

58.1

Auditory and sup. visual
alarm system could be bet-
ter

Normal condition may be
with all indicator lights out

See 56.|
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b. Red alerts an operator that / 59.1 b. red indicates operating

60.

6l.

63.

a system or any of its parts
is inoperative or that a suc-
cessful mission is not possible
unless corrective action is
taken.

c. Yellow advises an operator
af a marginal condition or
alerts him to situations of
caution, recheck or unex-
pected delay.

d. Green indicates that moni-

tored equipment is in toler-

ance or that a state of readi-
ness exists.

e. White shows system conditions

that do not have "right" or

"wrong" implicatons such

as alternating functions

except that white is not used

in aircraft flight stations.

Blue is used for advisory
ﬁg-h_?s only, except that biue
is not used in aircraft flight
stations.

Flashing lights are used only
to call the operator's attention
to a condition requiring action.

Legend lights signifying danger
are |arger than other legend
lights.

If operator is wearing earphones
during normal operations, audio
warning signals are directed

to both earphones and work area.

Audio signal action specifies

the nature of the problem (main-
tenance, emergency, health
hazard).

or engaged

59.2 d. Green indicator absence
of power or not active

59.3 e. White indicates on
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YES

N/A

Comments

64.

65.

Audio signals denoting emergen-
cies are notably different from
routine signals.

The following types of signals
may not be used as warning
devices:

Q.

C.

d.

e.

Modulated or interrupted
tones that resemble naviga-
tion signals or coded radio
transmissions.

Steady signals that resembie
hisses, static, or sporadic
radio signals.

Trains of impulses that resem-
bie electrical interference
whether regularly or irregularly
spaced in time.

Simple warbles which may
be confused with the type
made by two carriers when
one is being shifted in fre-
quency (beat-frequency-
oscillator effect).

Scrambled speech effects
that may be confused with
cross modulation signals
from adjacent channels.

Signals that resemble random
noise, periodic pulses, steady
or frequency modulated sim-
ple tones, or any other signals
generated by standard counter-
measure devices (e.g., "bag-
pipes").

Signals similar to random
noise generated by air con-
ditioning or any other equip-
ment.

<. |8
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YES

NO |N/A

Comments

-

66.

67.

68.

69.

70.
71.
72.

13

h. Signals that resembie sounds
likely to occur accidentally
under operational conditions.

The first 0.5 seconds of an
audio signal is discriminable
from the first 0.5 second of
any other signal. The length
of the warning is @ minimum

of 1/2 second until corrective !

action is taken.

The audio device and circuit
design preclude false alarms.

The height to width ratio of
all labeling is acceptable for
fast and accurate reading.

Counters are horizontally posi-
tioned.

The same numerical progression
is used on all scaies of combined
displays.

In sequential displays, the se-
quence progresses from left to
right.

Scale values and their indexes
are consistent in directions of
increase or decrease.

The display can be read quickly
in the manner desired (quantita-
tive, qualitative, or check reading).

N

66.1

All are same
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Comments
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Test Project No.

DESIGN CISOH ECKLIST

WORKSPACE

-
Sy Shem -$

TOP 1-2-610

Date

Detailed Design Considerations

NO |N/A COMMENTS

. Design and sizing insures accom-

modation, compatibility, opera-
bility and maintainability by

at least 90 percent of the user
population (a range from the
5th percentile to the 95th per-
centile for single dimensions).

. Cabinets, consoles, and work

surfaces that require an operator
to stand or sit close to their
front surfaces contain a kick
space at the base at least 4
inches (100 mm) deep and 4
inches (100 mm) high to allow
for protective or specialized
apparei.

. Panei Dimensions - seated -

with vision over top.

a) Seat height 18" (460 mm)
from floor

writing surface-25.5" (650
mm) above the floor

vertical dimension of panel-
22" (56 mm) above writing
surface

maximum console width -
44" (1.120 m)

b) Seat height 23" (580 mm)

writing surface - 32" (810
mm)

vertical dimension of panel
- 22" (560 mm)

YES = Adequate NO = Inadequate

C-53
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Detailed Design Considerations

YES|NO

N/A

Comments

c)

a)

b)

c)

maximum console width -
44" (1.120 m)

Seat height 28.5" (725 mm)

writing surface - 36" (910
mm)

vertical dimension of panel
22" (560 mm)

Maximum console width -
44" (1,120 m)

4. Panel Dimensions - seated -
without vision over top.

Seat height - [8" (460 mm)
writing surface 25.5" (650

mm)

vertical dimension of panel
26" (660 mm)

maximum console width 36"
(910 mm)

Seat height - 23" (580 mm)
writing surface - 32" (810
mm)

vertical dimension of panel
26" (660 mm)

maximum console width 36"
(910 mm)

Seat height - 28.5" (720 mm)

writing surface - 36" (910
mm)

vertical dimension of panel
26" (660 mm)

maximum console width -
36" (910 mm)

. Panel Dimensions - seated or

standing with standing vision
over 'ap.

seat height - 28.5" (720 mm)
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Detailed Design Considerations

YES

N/A

Comments

6.

writing surface - 36" (31C mm)

vertical dimension of panel 26"
(660 mm)

maximum console width 36"
(910 mm)

Panel Dimensions - standing with
vision over top.
writing surface - 36" (910 mm)

vertical dimension of panels
26" (660 mm)

maximum console width - 44"
(1.120 m)

Panel Dimensions - standing
(without vision over top).
writing surface - 36" (310 mm)

vertical dimension of panel -
36" (910 mm)

meximum console width - 36"
(910 mm)

. Consoles have at least 4 feet

(1.220 m) of free floor space
in front whenever feasible.

The seated operator has free
pedal access and use of foot
pedais.

. Compartment design allows

equipment sharing and good
communication.

. Workspace allows ease of weapon

handling, aiming, loading, firing,
and field stripping.

. User is orierted to work site.

N |8

5.1

6.1

46" wide

46" wide
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Detailed Design Considerations

YES|NO

N/A

Comments

I3.

14.

i 5.

I 6.

20.

21.

Crane controls are easily reached
and afford load visibility.

Display reading location is identi-
fied.

Equipment is designed and in-
stalled with workspace require-
ments in mind.

Armrests are at least 2 inches
(50 mm) wide and 8 inches (200
mm) long.

. Knee and foot room should exceed

the following dimensions beneath
work surfaces:

a) Height: 25 inches (640

mm)

b) Width: 20 inches (510
mm)

¢) Depth: 18 inches (460
mm)

. Back and seat of chair have

" minimum padding.

. Lateral work space is 30" wide

x | 6" deep; writing space is 24"
wide x | 6" deep.

Armrests do not interfere with
work, agress or emergency pro-
cedures,

Vertical seat adjustments are
15-21" (16-21" for male use
exclusively) in | inch maximum
increments.

. The seat backrest reclines |03-

1 15° and supports the torso so
that the operator's eyes are
within 3" of the "eye-line."

™. NN %
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L Detailed Design Considerations IYES|NO IN/A Comments

'

23. Rotating seats have 8 iocking /
positions minimum and support
250 Ibs. The seat adjusts fore
and aft at least 4" minimum.

24, The operator does not have to /
lift self to adjust the scat.

25. Easy access is provided to and \/
from a station.

26. Equipment racks requiring main- /
tenance have space available,
when feasible, as follows:

a) Minimum distance from the
front of the rack to the
opposite surface or obstacle
is 42 inches (1.070 m).

b) Minimum lateral workspace
for racks having drawers:

[) With drawers weighing ‘
less than 45 pounds (20.4 .
kg); 18 inches (460 mm)
on one side and 4 inches
(100 mm) on the other. f

2) With drawers weighing l
aver 45 pounds (20.4 kq) |
I8 inches on a2ach side. i

27. Allowances are made for heavy ' /
clothing and protective equipment.

28. A loader can comfortably sit | /
in the closed hatch mode or
stand in the cpen hatch mode.

29. Workspace provides head, arm /
and body clearance at any weapon
position.

30, User space is not encroached
upon by others.

)
w
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Detailed Design Considerations

YES

N/A

Comments

3.

32.

33.

34,

Reflection of instruments or
console in windows or windshields
is avoided,

Right-left viewing angle for
a wrap-around console is |
maximum.

The forward field of view is
1807 minimum.

Minimum illumination |levels
for different work areas and
types of work are as follows
in Footcandles (LUX):

Console surface 30 (325)
Dials 30 (329
Emergency lighting 3 (30)
Gauges 30 (325)

Meters 30 (325)

Missiles:
Repair/Service 60 (640)
Storage areas 10 (1 10)
General inspection 30

(325)

Panels:
Front 30 (325)
Rear 10(110)

Passageways 10 (1 10)

Reading
Large print 10(110)
News print 30 (325)
Pencil reports 50 (540)
Small type 50 (540)
Prolonged reading 50
(540)

Recording 50 (540)

Repair work:
General 30 (325)
Instrument |00 (1075)
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Comments

35.

3e.

37.

38.

39,

49.

Visors, etc., raduce external
glare.

Transparent areas are free from
color, distortion, etc.

Multireflections from multiloyered
windows are minimized.

W indacreen angle of incidence
is 60" maximum to undistorted
vision.

Windows or canopies have optimum
unobstructed vision.

Instrument reflection is avoided.

If possible there is a direct view
of work.

Distortion is avoided in windows.

. Door posts or wiper motors do

not obscure vision.

Loader can see outside while
operating in close hatch mode.

Provisions for auxiliary power
and lighting are provided.

. Seating is compatible with con-

sole.

Heating and air conditioning speci-
fications for mobile detai! work
areas - 50°F to 85°F. For perme-
nent details work areas - 65

to 85°F.

Air conditioning systems do
not discharge cold air directly
on personnel.

Adequate ventilation is provided
B a minimum of 30 cubic ft.

40.1

Linear scale gages produce
detrimental glare
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YES

NO

N/A

Comments

L

50.

51,

53.

54.
55.

56.

57.

58.
59.

52.

per minute per man minimum.
Air is moved past the operator
at a velocity of not more than
100 feet (30 m) per minute -
65 feet (20 m) per minute if
possible.

The effective temperature within
enclosures for exJendeg periods
is at or below 85°F (297°C).

The acoustical environmant
does not degrade system effec-
tiveness.

The average room sound absorp-
tion coefficient is at least 0.20.

Facilities and equipment are
designed to control the trans-
mission of whole body vibration
to levels permitting safe opera-
tion and maintenance.

Test stands are part of the equip-
ment.

Handles are provided on units
which are removed or carried.

Vehicles have 8 minimum tem-
perature of 68°F (20°C)(unless
wearing cold regions clothing

and exposure less than 3 hours).

Fresh air is provided at a minimum
of 20 cu. ft. (0.42 cu m)/minute/
person; in a hot climate, air

flow rates should be between

| 50 and 200 cu. ft. (4.25 and

5.66 cu m) / min./person.

Protective padding is used.

Mirrors are braced against vibra-
tion.

N

51.1 Auditory clutter is present

from competing sources
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60. Ventilation or other protective /
meaqsures are provided within
limits.

6l. Intakes for ventilation systems \/

are located so as to minimize
the introduction of contaminated
air from exhaust pipes, etc.

62. Cars have seat beits

SN

63. Windshieids and windows are
shat terproof and do not distort
vision.

64. Hazard alerting devices are

provided.
65. |llumination is adequate, glare / 65.1 With exceptions already
is reduced and capability for noted

dimming is provided.

~

66. Maintenance workspace is free
of obstructions which could cause
injury.

~

67. Equipment is guarded if tempera-
ture exceeds |40°F (| 20°F if
handled).

have a .04" minimum radius.
Exposed corners are also rounded
and have a 0.5" minimum radius.

69. Guards are provided on moving

68. Exposed edges are rounded and \/
parts.
70. Radiation hazards are minimized.
v

71. Padding is non-abrasive and
non-toxic.

72. Exhausts are directed away from \/
compartments.
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YES

N/A

Comments

73.

74,

76.

77.

78.

79‘
80.

81.

82.

83.

84,

8s.

Adequate and suitable storage
is provided for manuals, work-
sheets, etc.

Standees have work surfaces
provided to support manuals,
etc.

Conspicuous placards are adjacent
to equipment which is hazardous
to the user.

Areas requiring special equipment
and/or clothing are specifically
identified.

Any structure which can be
chopped through in an emergency
is clearly marked, axes provided.

Emergency procedures are detailed!
Instructions are kept simple.

Push-out escape windows are
marked.

Equipment is located so that
awkward working positions are
unnecessary.

Sufficient space Is provided
to use test equipment and other
tools required during checkout.

Controls (switches, knobs, etc.)
are easily reached from the
working position.

Components are located so that
physical interference among
operators working on the same
areas is lessened.

The lines of sight to a display
are not obscured by poor arrange-
ment of people or equipment.

b R .

B T
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N/A

Comments

Traffic flow between areas is
efficient.

Auditory alerting and warning
signals are loud enough to be
heard above environmental
noise.

Equipment is secured in order
to prevent shifting or overturning
accidentally.
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L Detailed Design Considerations
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MEASURES

Test Title T yubine Contol Soyshom -3~

Test Project No. Date
Detailed Design Considerations  [YESNO|N/A|  COMMENTS

5.

6.

8.

. Displays are located so they

can be read to the required
accuracy.

Display arrcngement is consis-
tent from one application to
another.

. Measuring marks on opaque

containers are placed inside.

Display viewing distance: |3-
28",

Minimum number of measuring
devices is used.

Canteen cup is useable as stand-
ard or emergency measuring
device for field use.

Item container used for measuring
where possible.

Measurement marks raised.
Containers allow for full hand,
finger, clearance when using open-
ing tool.

Reflections minimized.

. Display precision, response is

censistent with that of system.

. Scales: linear, start at 0, use

whole numbers, 2 pointers max,
numerals oriented upright.

NO
v

vV

/

s SR g, S %

4.1 As great as 40"

0.1 Already noted

YES = Adequate NO = Inadequate N/A = Not Applicable
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N/A

Comments

Field items are non-corrosive,
easily cleaned or disposed.

Information limited to that neces-
sary to take action.

. Information is directly useable.

Specified measuring amounts are
consistent with measuring device.

. Measures clearly detailed.

. For group use: multiple of food

components or general formula
for computation given.

e

7.1 See earlier ref. to % open
closed linear scales
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LABELS, MANUALS, MARKINGS

Test Title §ec;1u dAry Sq&m B PA~¢/ 4
Test Project No. Date
Detailed Design Considerations  [YES|NO|N/Al  COMMENTS bt
|. Centrols, displays and other items 7 o Upper RT __ -2 knobs and
of equipment are clearly marked lites -probably latching sys. -
and labeled except in cases where no labels at all!
use is obvious to the operator. e Labeling generally poor -
scribed letters not readily read-
2. Labels are on or near the item v able - too much info.
to be identified. e 2 transmation; $low totalizers -
no label
3. Labels do not cover any other o Latching sys. - labels hidden by
information and are not located \/ control.  Labels above and
behind controls. They can be below - not always consistent -
seen easily by the operator and different designations
are not obscured by the operator's » Numerous labels added. Bailey
hand activating a control. controls -labels above.
/ Meters - above. Pumpspeed -
4. Labels qre located in the same below
manner throughout the equipment
and system.
5. Labels are not covered by other
equipment and are located on / +A7 §
the flattest, least cluttered
and cleanest surface available.
6. Labels are mounted so that they /
cannot be accidentally damaged worw
or removed.
7. Where instructions are |ettered
on hinged door, ettering is set \/
so that it can be read when the
door is open.
8. Labels are graduated in size. / No groups
Group label characters are at
least 25% larger than those of
individual controls and displays.

YES = Adequate

NO : Inadequate

C-3
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Detailed Design Considerations

YES

N/A

Comments

18.

Control and display characters,
in turn, are at least 25% larger
than those identifying control
positions.

Spacing between characters

is @ minimum of one stroke;

between words is a minimum
of one character.

Abbreviations are capital letters,
periods being omitted except
when there is a possibility of
misinterpretaion.

. Extended copy (instructions)

is in lower case letters.

lLabel characteristics are deter-
mined Dy iliumination |evei
and color.

LLabels are easily read at opera-
tional reading distances with
vibration/motion and lighting
levels taken into con:ideration.

Labels are sharp with high con-
trast.

With illumination less than |
ft-C, white, white florescent,
or torch-lighted characters on
a dark background are used.

With illumination above | ft-
C, black letters against a light
background are used.

. For dark adaptation, letters

are visible and do not interfere
with night vision.

When letters, etc., are viewed
by means of television, they are
light against a dark background.

NN

Caution placard - white on
red - for discharge to condenser

Letters worn - poor; contrast -
glare

Poor contrast - some with none
at all, letters on labels too thin

White (or silver) on black
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YES

NO IN/A

Comments

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

. Labels on production equipment

are as durable as the equipment.

Labels for prototype equipment
are easily affixed, altered and
removed.

Markings and tags are as perma-
nent as the equipment to which
applied and able to withstand
environmental and cleaning
conditions.

L.abels are accessible and visible
during maintenance.

Load capacity is marked on lift-
ing equipment.

Roman numerals are not used,
if possible.

Vertical labels are used only
when the labels are not critical
for personal safety and perform-
ance, and space is limited.

Electrical receptacles are cleurly
marked with voltage, phase and
frequency characteristics.

Pipe, hose, and tube lines are
clearly labeled as to contents,
pressure, temperature, and
hazards.

Warning placards are welil illu-
minated.

Warning notices are clear and
direct. Characters are 25%
larger than any following in-
structions.

Placards are placed adjacent
to hazards.

N -

MNo consistent method of modi-
fying

28 ond 2A EMERE, Feed Pump
AMPs

Glare probs on caution placard

Same size
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32.

33.

34.

35.

36.

37,

38.

Detailed Design Considerations IYES

. Circuit breakers are /abeled

and easily accessible.

Trade names and other irrelevant
information do not appear on
labeling.

Labels are concise with a mini-
mum of repetitive information.

An abstract symbol is used only
if meaningful.

Each assembly, component, and
part is labeled with a visible
and meaningful name, number,
and symbol.

Printed information is directly
useable with @ minimum of de-
coding and interpolation.

Labels do not describe the engi-
neering characteristics or nomen-
clature of the piece of equipment,
if at all possible.

[Labels are etched, embossed,

or engraved into the component
or chassis.

NO |IN/A

Comments

Transmation, Bailey
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DESIGN CGHECKLIST

CONTROLS

- pANC‘ "/

Test Proje.. .vo. Date
Detailed Design Considerations ES‘ NO [N/A COMMENTS ‘1
|. Control relationship to its display / ATC Bailey control - 66" from
is apparent. meter RC inlet A™ "
2. Functionally related controls / Emzf g. F”SBTEBP disccf;fA %':‘Bfo
and displays are grouped together. condenser - -
- R . next to rod control, VB8C-V7C
3. Control groups, sequential opera- / on right edge
tions have left-to-right order
of use or top-to-bottom order
of use.
4. Controls in functional groups / No sequence of operation
are located in aczordance with
operational sequence and/or
function.
5. Lifting equipment controls are /
within eas<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>