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ABSTRACT

The Pacific Northwest Laboratory has completed a project to identify
human factors deficiencies in safety-significant control stations
outside the control room of a nuclear power plant and to determine
whether NUREG-0700, "Guidelines for Control Room Design Reviews,"
would be sufficient for ruviewing those local control stations (LCSs).
The project accomplished this task by first, reviewing existing data
pertaining to human factors deficiencies in LCSs involved in signifi-
cant safety actions; second, surveying LCSs environments and design
features at several operating nuclear power plants; and third, assess-
ing the results of that survey relative to the contents of NUREG-0700.
The study's conclusions are 1) a definitive list of safety-significant
local control stations cannot be specified because power plant desians
vary significantly; 2) most, if not all, local control stations have
design deficiencies that could be corrected by applying human factors
engineering principles; and 3) NUREG-0700 is generally applicable to
LCSs but that guidence is needed to address the desion of manually
operated valves and the design requirements of LCSs in extreme environ-
mental conditions. Finally, the study recommends an approach for
improving present LCSs to reduce the likelihood that operator error
will occur.
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EXECUTIVE SUMMARY

The Pacific Northwest Laboratory has completed a project to identify
human factors deficiencies in safety-significant control stations
outside the control room of a nuclear power plant and to determine
whether NUREG-0700, "Guidelines for Control Room Design Reviews,"
provides a methodology sufficient for reviewing those local control
stations (LCSs). The first step of the project was to establish a
knowledge base by identifying which local control stations or other
interfaces are involved in significant safety actions, identifying
transient and accident scenarios that may affect environmental con-
ditions at local control stations, and determining what human factors
deficiencies exist in the design of those interfaces.

The identification of those LCSs involved in significant safety actions
was established by examining NRC regulatory documents and systems
manuals, interviewing operator licensing examiners, and visiting one
operating nuclear power plant. Transient and accident scenarios were
established by reviewing a recent report on abnormal and emergency
Nuclear Power Plant (NPP) operating events. Background information on
human factors deficiencies related to local control stations was es-
tablished by reviewing documents from the Institute of Nuclear Power
Operations (INPO), the Electric Power Research Institute (EPRI), the
Nuclear Regulatory Commission (NRC), and the U.S. Department of Labor
(DOL).

This review of existing data resulted ir the conclusion that a defini-
tive list of safety-significant iocai control stations cannot be spec-
ified because power generating system desiagns vary significantly from
plant to plant. The local control stations having safety s gniticance
are 1) those that are manned when the control room is evacuated, 2)
those required to monitor and control postaccident Hp levels or routine
plant radiation releases, or 3) those that may affect reactor contain-
ment integrity, shutdown, and accident mitigation. Some examples of
local control station functions that would fit this general definition
(in most cases) are remote shutdown, remote reactor scrar, diesel
generator, vital electrical systems (switchgear), emergency coolant
injection, containment Hy sampling, and radwaste monitoring and
control.

The second project step was to survey local control stations at several
representative nuclear power plants. The survey method used was to
interview a local control station operator at each LCS visited and to
make environment measurements and take photographs for later analysis.
Eleven different LCSs were examined at four different plants (1 BWR

and 3 PWRs). The survey results revealed that local environmental
conditions of noise, temperature, and humidity tended to fall outside
of accepted values for comfort zones, though not generally at extremes.
These conditions do not present operational problems unless the station
must be manned for long periods or unless protective garments must be



worn to reduce radiation exposure. Only sound levels at the diesel
generator panels could be considered to be hazardous to the health of
the unprotected operator. A number of human factors design deficiencies
of local control stations were discovered from the interviews and
photographic analysis. These deficiencies tended to be common to all
types of local control stations: poor labeling practices, poor LCS
maintenance and housekeeping, and component designs that did not comply
with accepted human factors standards. In addition, a number of spec-
ific deficiencies were noted at the individual LCSs studied.

The third project step was to assess the adequacy of NUREG-0700 for
application to local control stations and the human factors deficiencies
found at LCSs. To accomplish this, each section of NUREG-0700 was
evaluated in relation to the results of the plant survey. Most parts
of NUREG-0700 were judged to be at least partially applicable to LCSs.
Only two areas of deficiency were found: first, the NUREG does not
provide design guidance for manually-controlled valves; and second,
the NUREG does not present information on design adaptations dictated
by extreme environmental conditions. Alternative sources of guidance
covering these two deficiencies were found in the Human Engineerin
Guide for Equipment Design (VanCott and Kinkade, 1972) and a military
standard L-5TD- :

Several suggestions for making quick fixes are detailed in Section
6.1. These suggestions include analyzing the operator's job to ac-
curately assess workload aind eguipment needs; improving the workspace
by providing seating, laydown areas for written procedures, and close
access to auxiiiary compenents; improving the control panel design by
fixing labels and aaghering to population stereotypes; improving con-
ditions and equipment for better communications; providing procedures
at the LCS; installing equipment to improve environmmental conditiors;
and upgrading LCS maintenance and housekeeping.

A reasonable long-term approach to improving the human factors design
of local control stations 1s to require the involvement of human factors
experts throughout the design and life cycles of future plants.

One area of future concern for local control station human factors is
the allocation of system functions between the operator and machines
in semi-automated systems. As more and more functions are given to
the machine, the operator's role in the system changes so that he may
no longer be able to effectively respond to emergency conditions when
they occur. New research should be performed to aid future nuclear
power plant designers and regulators in assessing the hazards that may
develop in high-technology local control stations installed as retro-
fits in old plants or incorporated into new plant designs.
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To eliminate much of the human error in the operation of existing
safety-related LCSs, this study recommends the following actions:

1.

Each plant should be analyzed to determine which local
control stations are safety related.

Appropriate human factors design guidelines should be
applied to correct the human factors deficiencies of those
safety-related LCSs.

Such guidelines should be applied through a "quick fix"

approach that addresses the commonly occurring LCS defi-
ciencies identified in this study. :
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POTENTIAL HUMAN FACTORS DEFICIENCIES IN THE DESIGN
OF LOCAL CONTROL STATIONS AND OPERATOR INTERFACES
IN NUCLEAR POWER PLANTS

1.0 INTRCDUCTION

The Nuclear Regulatory Commission (NRC) published NUREG-0700, "Guide-
lines for Contro' Room Design weviews," for evaluating the human factors
engineering (HFE) of rain control rcoms in nuclear power plants. Many
control stations and operator interfaces necessary for plant operations
are placed outside of the main -ontrol room -- local control stations
(L€Ss). These lucal control stations, which may range from a single
valve wheel to a multinle-function control panel, are not specifically
addressed by NURET-070U0 or any other HFE guidance concerning the inter-
face between the operator (usually an auxiliary reactor operator) and
the corntrol egquipment.

The experience of the Human Factors Engineering Branch of the NRC's
Division of uman Factors Safety suggests that some local control
<tations are poorly designed and may cause operators to commit errors.
Errors in the operation of some local control stations (a radiation
waste control pane! or remote reactor shutdown panel, for instance)
could have serious consequer-es for public safety. The NRC asked the
Pacific Northwest Laboratory (PNL, to examine local centrol stations
having safety significance and to determine whether the HFE standards
of NUREG-0700 could be applied to these LCSs as well as to the main
control room of 2 nuclear puwer piant. The Pacific Northwest Lab-
oratory is operated for the !I.S, Department of Energy by Battelle
Memoria. institute.

The principal goals of this study were. 1) to search out existing
data on human factors deficiencies in LCSs that involve significant
safety actic~; Z) to assess whether the human factors design of these
safety-<".,icant LCSs is indeed a prchlem at current nuclear power
plant., and 3) to determine whe*her NURTG-0700 cou.d be used in eval-
uating <nd improving these LCSs.

fhe study focused on the LUSs that zre judged to be significant to
plant and public safety. These L(3: were identified by reviewing
existing studies and regulations to fird information relating local
control stations, auxiliary operator interfaces, and human factors.
This Review of Existing Data is described in Section 3.0 of this
report.

Once the data review had indicated what xinds of LCSs were likely to
be significant to safety. we visited several power plants to examine a
sample of lo.al control stations and identify any deficiencies in the
human factors design of these statiors. This Survey of Local Control

1.1



Stations at Several Power Plants is reported in Section 4.0.

Section 5.0 of this report assesses the adequacy of NUREG-0700 for
application to local control stations. The discussion relates the
kinds of HFE deficiencies we found to the standards presented in
NUREG-0700 and el<ewhere. Section 6.0 outlines some suggestions for
improving the human factors design of local control stations, includ-
ing some relatively "quick fixes" that could solve many of the HFE
deficiency problems identified during the plant visits.

As utilities make more use of human factors evaluations during plant
design, the kinds of LCS design deficiencies we found during our sur-
vey should occur less frequently at future power plants. One area
that is likely to generate more problems in the future is increased
automation. Section 6.3 discusses the implications of Problems An-
ticipated with Future Local Control Stations.

Section 2.0 of this document summarizes the principal Conclusions and
Recommendations that have resulted from the above tasks.

1.2
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allow the utilities to systematically design and develop a variety of
performance-based t. _ining programs for selected operational and main-
tenance jobs. It does nevertheless provide extensive information
about the conditions under which tasks are performed, the nature of
the action itself, the procedures and equipment used, and the per-
sonnel with whom the worker interacts during task performance. If it
were available, all of this information could prove useful in develop-
ing an understanding of how local control stations function within the
plant system as a whole.

Since the INPO job task amalysis was not available, we decided to
obtain general AO task analysis information during the course of our
plant visits reported in Section 4.0. Even if INPO had provided a
complete task analysis form, it would still have been necessary to
relate that task information to LCSs having safety significance. Our
plan was to obtain detailed task information from a person who was
knowiedgeable about the operation of each of the LCSs that we would
actually be examining. It should be emphasized that this planned task
analysis was not intended to approach the INPO effort in breadth and
detail, nor was it planned to result in a separate task amalysis docu-
ment. Instead, its focus was only on the man/machine interface between
the A0 and each LCS and on the communications interface between the A0
and the control room. Its only purpose was to support the human factors
evaluation of those particular LCSs.

We subsequently obtained a set of Job Analysis Schedules from the U.S.
Department of Labor's Occupational Analysis Field Center in Raleigh,
North Carolina. These schedules, descrited the jobs of Auxiliary
Control Operator, Auxiliary Equipment Operator, and Plant Equipment
Operator. One of these schedules, that for Auxiliary Control Operator,
is presented in Appendix D. Like the INPO task analyses, these job
analyses were prepared for a very different purpose than our study.
Nevertheless, because the schedules are closely keyed to benchmarks
found in the Handbook for Analyzing Jobs (U.S. Dept. of Labor, 1972),
they did provide useful background information for our data collection
effort.

3.4.1.3 Licensee Event Reports (LERs)

Licensee Event Reports are probably the most commonly used source of
information about plant performance. They are reports produced by
utilities as required in Regulatory Guide 1.6, "Reporting and Operating
Information, Appendix A--Technical Specifications," whenever viola-
tions of plant technical specifications or other events of potential
public interest occur. The reports fall into two categories: first,
those requiring immediate reporting because they involve plant shut-
down or nonoperational safety-related systems, and second, those re-
quiring a report within 30 days because they involve degraded operation
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of a system for which a substitute, redundant system is available.
LERs may also be prepared when a plant event involves some king of
property damage or release of radioactivity.

The primary sources of LER data for evaluating human factors related
to LCSs are individual items within the LERs. The-e items include six
codes that indicate the cause of the event, a subcode, a narrative
"event description and probable consequences," and a narrative "cause
description and corrective action.” The single cause code most appli-
cable to the purpose of analyzing human factors features of LCSs is
"personnel error," although some information might be obtainable from
other categories. For events occurring between June 1, 1981 and Decem-
ber 17, 1982, we found 24 LERs of LCS-related events. All 24 LERs
recorded "personnel error" as a cause code. Few of these LERs yielded
information about the underlying human factors deficiencies of the
LCSs. Unfortunately, a major deficiency of using the LER system for
our purposes is that the LERs provide general characterizations of an
event rather than specific human factors information.

In a survey of potential performance indicators for assessing NRC
licensees, McLaughlin (1983, p. 15) identified five sources of varia-
tions in the frequency of LER coming from a particular plant. These
are summarized below.

A Technical specifications and license provisions for old plants
are more lenient than those for new plants. These variations
cause differences in the reporting requirements that relate to
violations of technical specifications.

ra

"There may be a tendency at some facilities to report some events
more readily than others. This tendency can also change with
time." These variations in reporting practices result from the
fact that the regulations leave room for interpretation. Since
the licensee event report process involves the utility reporting
on itself, some companies may issue LERs for trivial problems so
they appear to be in compliance while not reporting more serious
probliems.

3. "The occurrence of an event may affect the probability of a future
event. The repair of a component may increase the likelihood of
an associated event. On the other hand, an ineffective action
following an event may result in repeated occurrence."”

4. “The mode of operation (e.g., on-line or in a shutdown) influences
the susceptibility of the systems of LER events. The amount of
downtime may affect the frequency of LERs."

5. "When doing comparisons between units at the same facility, LERs
that involve generic plant systems or components common to all
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units are reported by the NRC under the docket number of the
first unit.”

McLaughlin concludes that analysis of LER data can be of value if a
number of controls are applied to the selection of cases and if only
?eneral results are sought. Unfortunately, human factors analysis of
ocal control stations demands very specific data about causal rela-
tionships between the operator and his control panel.

We did, nevertheless, conduct a general analysis of LER data to as-
certain if there were any human factors deficiencies we should par-
ticularly look for during our plant visits.

Our examination of LERS for events occurring between June 1, 1981 and
December 17. 1982 revealed 24 LERS in which personnel errors affected
the performance of safety-related systems. Seventeen of these LERs
involved misalignment of valves, and seven involved misalignment of
breakers/control switches. Appendix E lists the 24 events.

The events involving valves consisted of the following:

e valve misalignment that resulted in the isolation of indi-
cators, transmitters, or switches--for pressure, flow, or
level - 10 LERs

e« equalizing valves left open so that system parameters became
unknown or safety system functions became inoperable - 3 'ERs

o« offgas system sample valves misaligned so that radioactivity
discharge from the plant was unknown - 3 LERs

e« instrument line test tee cap missing so that containment in-
tegrity was violated - 1 LER

The events involving breakers/control switches consisted of the follow-
ing:

e« breakers tripped open, leading to inoperability, spurious
signals, unknown states of safety systems, or reactor trips -
6 LERS

e three containment air radiation monitors inoperable because
control switches were left in "test" position - 1 LER

Our analysis of these LERs reinforced our belief, however, that they
are not useful for the purpose of analyzing specific human factors
design problems in local control stations because they provide no
clear information about the human factors design deficiencies that
underlie the events.
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On the other hand, LERs can, as indicated above, have some limited

capacity to identify global human factors problems associated with

specifically targeted local control stations. They might also confirm
the results of the analyses already performed to identify critical
LCSs or to identify events not already listed as safety-related. If
this information became important, a general survey of LER data could
be conducted using the computerized RECON data base compiled by the
Oak Ridge National Laboratory. Such a detailed survey was not con-

ducted as part of this study but may constitute a logical follow-on

project that builds upon the results of the plant survey presented in
Section 4.0.

3.4.1.4 Electric Power Research Institute (EPRI) Reports

Reports produced by EPRI were reviewed to obtain general human factors
information that could apply to this project. None of the reviewed
EPRI documents pertain specifically to local control stations, although
several have sections that were helpful in preparing the interview
guide for Lhe plant visits and in subsequently evaluating the LCSs.
These documents and their contributions are listed below.

o EPRI NP-1918-SR, "Anthropometric Data Base for Power Plant Design"

This document provides basic anthropometric information about nuclear
power plant workers. The information can be used in the evaluation
of the physical layout of local control stations.

« EPRI C5-1760, "Assessment of the Use of Human Factors in the Design
of Fossil-Fired Steam Generating Systems"

This document contains a detailed human factors check list for con-
trol panels and relates the check list items to human error prob-
abilities.

o EPRI NP-1118 "Human Factors Methods for Nuclear Control Room Design,"
Vols. I, II, 11l and IV

This series of volumes describes existing problems common in nuclear
power plant main control room panels and suggests solutions. Volume

3 15 especially interesting because it describes human factors methods
applied in developing and evaluating conventional, hard-wired control
panels. Velume 2 is a survey of control board design practices as
determined through structured interviews of panel designers.

o EPRI NP-2411, "Human Engineering Guide for Enhancing Nuclear Control
Rooms "

This document contains a useful collection of human engineering

problems that may apply to some local control stations. Each prob-
lem is well documented and illustrated and includes sections on
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"significance"” and "backfit objectives" for readers interested in
upgrading their control rooms.

o EPRI draft document, "Guide of Systemmatic Evaluation of Human Factors
in Nuclear Power Plant Development"

This document is now being prepared by EPRI and portions of it were
used in draft form in support of this project. Some of the general
human factors information in this document is applicable to the
evaluation of local control stations.

3.4.1.5 Nuclear Regulatory Commission (NRC) Contractor Reports

Three major NRC contractor reports contained information directly
applicable to the goals of this data review. These NRC contractor
reports (listed below) contain information that is central to the task
of evaluating safety-related interfaces. This information was used in
devising the interview guide used to collect information during the
plant visits described in Section 4.0.

o NUREG-0700, "Guidelines for Control Room Design Review"

This document is the primary source for the human factors evaluation
of control stations and safety-related interfaces. However , because
it is designed for control room design reviews, it may not be ideal
for use in assessing problems in the harsh environmental conditions
and lower-level technologies commonly found at some LCSs in the
plant. (One purpose of the present study is to assess the adcquacy
of applying NUREG-0700 to LCSs. Refer to Section 5.0.) The docu-
ment provides useful procedures and forms for measuring local en-
vironmental conditions and conducting a systematic control room
review.

o NUREG/CR-2623, "The Allocation of Functions in Man-Machine Systems:
A Perspective and Literature Review"

This report describes basic issues in allocating functions between
humans and machines. These ideas can be applied to the human factors
assessment of local control station functions once a very detailed,
applicable task analysis is developed. Much of the report covers
sophisticated computer systems that can automatically allocate func-
tions, but parts of the report describe the allocation of functions
in at least partially automated systems, such as those found at
radioactive waste control stations.

o NUREG/CR-1278, "Handbook of Human Reliability Analysis With Emphasis
on Nuclear Power Plant Applications”
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This is the basic text on assessing the probability of human error.
For the purposes of this project, the section on performance shaping
factors proved useful in assessing possible problem areas that
should be on the interview guide developed and used in the plant
visits described in Section 4.0.

3.4.2 Conclusions of the Review of Human Factors Data

We found no human factors data related specifically to local control
stations or safety-related man-machine interfaces outside of the

main control room. However, several EPRI and NRC reports did present
information about human factors design problems observed in nuclear
power plant control rooms. This information is applicable to inter-
faces throughout the plant. On the other hand, plant evaluations
conducted by INPO add little, for our purposes, to the generally avail-
able information about human factors problems, so analysis of the

INPO plant evaluations was not pursued further. Since the INPO task
analysis information was not available in time for use by this project,
general job analysis information was obtained from the U.S. Department
of Labor, and interviews of LCS operators about their tasks were con-
ducted during the plant visits. Analysis of LER data is useful in
identifying broad areas of human factors concern and aids in determin-
ing which plant interfaces have the most problems. However, these
data do not indicate specific human factors design problems or pos-
sible solutions but only support actual onsite investigations that can
determine underlying causes and appropriate solutions.



4.0 SURVEY AND HFE ANALYSIS OF LOCAL CONTROL STATIONS AT
SEVERAL POWER PLANTS

The planned activities of this task were to visit a representative
sample of nuclear power plants and to examine local control stations
within the plants. The purpose of these activities was to identify
deficiencies in the human factors engineering (HFE) of local control
stations if such deficiencies existed. Ouring the plant visits, these
local control stations were studied:

1) remote shutdown (auxiliary feedwater) panel
2) radwaste control panel

3) emergency diesel generator panel

4) containment hydrogen recombiner control panel

5) manually operated makeup control switch for the high-pressure
injection system

6) manually operated valve for the main feedwater line
7) manually operated control valve for the primary makeup water

No plant contained all of these stations, and only a few stations were
surveyed at each plant.

The following discussions present the methods of the survey and the
survey results and analysis.

4.1 METHODS OF THE SURVEY

The selection of nuclear power plants was planned to include two rep-
resentative plants (one modern, one older) for each of the reactor
vendors: General Electric, Babcock and Wilcox, Combustion Engineering,
and Westinghouse. We contacted a representative group of plants but
were turned down by some utilities because several plants were too

busy to support our effort (because of refueling outages or NRC-related
work) during the period when plant visits were planned; others were

not receptive to a visit in any case. The final selection of four
plants included one General Electric BWR, one Babcock and Wilcox PWR,
and two Westinghouse PWRs. Table 4.1 shows the selection of plants
that were visited early in 1983 and the specific local control stations
examined at each plant.
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A two-person team from PNL spent one day at each plant. The initial
discussion during each visit determined the selection of local control
stations to be studied at that particular plant. This selection was
made based on the definition of safety-significant LCSs described in
Section 3.0. Uzility personnel were asked to identify those local
control stations that would be manned if the main control room had to
be evacuated. Once these were identified, utility personnel were
asked to suggest which of this subset of stations they considered to
have troublesome features based on our discussion. The PNL team

then selected two or three target local control stations from those
suggested.

TABLE 4.1. Local Control Stations Examined at the Visited Plants

Plant
Type Vendor Local Control Stations Examined

BWR General Electric Radwaste control panel
Emergency diesel generator

PWR Babcock & Wilcox Remote shutdown panel
Manually operated makeup control
valve for high-pressure injection
system
Injection-side isolation valve for
emergency feedwater system

PWR Westinghouse Remote shutdown panel
Manually operated valve for
main feedwater line
Hydrogen recombiner panel

P WH Westinghouse Remote shutdown panel
Radwaste control pane)
Manually operated control valve for
primary makeup water

4.1.1 Interviews

To assess any HFE design deficiencies at each local control station,
Interviews were conducted using a previously prepared interview guide.
This interview guide was derived primarily from two sources: Appendix
C, "Control Room Operating Personnel Interview Protocol” from EG-
0700; and our pilot investigation of an operating PWR power plant
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described in Section 3.2.1.3. In some cases, NUREG-0700 questions
were deleted, added, or modified slightly to make the guide better
suited to the evaluation cf local control stations rather than main
control rooms. Section Ci, "Guidelines for Operator Interviews" from
NUREG-0700 was used as a guide for actually conducting the interviews,
although it is important to note that not al) questions applied to
every type of local control station. The interviewer used his judg-
ment to decide which questions to ask relative to each control sta-
tion. Among the topics on the interview quide were:

. Operator familiarity with the local control station
. Panel design

. Annunciator warning system

. Workspace layout and environment

. Communications

. Operator comfort.

Appendix F is a copy of a blank interview guide. s mentioned earlier,
all interview topics were not relevant to each local control station,
50 only a subset of questions were asked at any particular panel or
control.

While the interviewer covered these topics with the utility personnel,
the second team member measured environmental conditions at the station
inciuding lighting, noise level, air flow, temperature, and humidity.
The check list for the environmental measurements is presented in
Appendix G. This check list and all the measurement procedures used
(including photography) were adapted as directly as possible from
NUREG-0700.

4.1.2 Photography

Appendix D, "Photography Guidelines" of NUREG-0700 served as a gquide
for taking pictures of each local control station. This photography
was used to record panel design information for later human factors
assessment and analysis. Some of the photographic mosaics made of the
control panels appear as illustrations in the Survey Results and
Analysis, Section 4.2. We were not able to construct perfectly
accurate panel-by-panel mosaics because of our particular need to work
quickly and because obstructions sometimes made it impossible to set
up a camera for precisely overlapping photographs. We were, neverthe-
less, successful in obtaining adequate (for our purposes) photographs
of every local control station we visited.
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4.1.3 Environmental Measurements

The sound survey we conducted closely followed Section El, "Sound
Survey Procedures” from NUREG-0700. A1l sound measurements were made
using a General Radio Model 1933 Precision Sound Meter Analyzer. The
sound level meter was calibrated immediately before each plant visit
by using a General Radio Model 1562-A calibrator in accordance with
the recommended procedure in the user's manual.

Similarly, the lighting survey followed Section E2, "Lighting Survey
Procedures," except that we we-e not able to obtain measurements of
full dc emergency lighting from the plants. In a few instances we
made estimates of the emergency lighting adequacy, particularly with
respect to the direction in which the emergency lights were pointed.
For light measures we used a professional photographer's light meter,
that was calibrated in foot candles.

Temperature measurements were obtained by taking readings at the op-
erator's position at each local control station using a simple manual
psychrometer. The dual thermometers on this device yielded both wet
and dry bulb temperatures. Relative humidity was then derived from
the two temperature measures using a psychrometric chart developed by
H.W. Carrier (Eshbach, 1975).

Wwe did not, as suggested in Section E3 of NUREG-0700, set up meters in
undisturbed areas and take readings every hour for 24 hours. The
scope of our study did not warrant that kind of effort. Our air ve-
locity survey, conducted along with the temperature measurements,
consisted of making subjective estimates at two heights: 4 ft and 6
ft using a form similar to the "Air Velocity Survey Record" presented
on page E-6 of NUREG-0700.

4.2 SURVEY RESULTS AND ANALYSIS

The interviews, photographs, and environmental measures were analyzed

to establish the kinds of HFE design deficiencies present in the con-
trol stations we examined. This analysis is described in Section

4.2.2. Detailed reproductions of the interview and photographic results
are not included in this report; rather, specific examples of these
results are incorporated in the analysis in Section 4.2.2. The detailed
measures of environmental conditions are included in Section 4.2.1,
which not only presents the environmental data but also discusses some
current standards for working environments,

4.2.1 Environmental Conditions

People have a substantial ability to adapt to changing environmental
conditions. However, there is also a range for which optimum per-
formance is achieved. A< departure from this optimum occurs, human
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performance, comfort, and ulitimately, health, can be affected.

Environmental factors discussed in this section include air variables
(temperature, humidity, velocity), illumination and noise. Although
these conditions are discussed separately here, one must be aware of
interactive effects that can be detrimental to human performance. All
of these conditions must be addressed to assure the safety, accuracy
and efficiency of performance required at local control stations while
personnel execute critical plant functions.

Each of the discussions includes a table of the environmental data
gathered during the plant visits.

4.2.1.1 Air Temperature, Humidity and Velocity

Conditions of air temperature, humidity and velocity can produce en-
vironments that are stressful to personnel attempting to perform even
the simplest of job requirements. Discomfort, degraded task perfor-
mance, and even damage to health can result when environmental demands
exceed the individual's capability to adjust, or in this case, regulate
body temperature.

This section discusses the data collected at specific local control
stations and indicates action that could improve the thermal environ-
ment. Appendix H addresses in more detail the importance of providing
an optimum thermal environment to assure task completion at local
control stations; body temperature regulation and external factors
affecting temperature regulation are included in the discussion.

Local Control Station Data - Air Temperature, Humidity, and Velocity

Wet-bulb and dry-bulb temperatures, relative humidity, and air ve-
locity for 10 different local control station locations are presented
in Table 4.2. The air velocity data were obtained at two heights
using subjective measures as explained in Section 4.1.3. Because air
temperature, humidity, and velocity interact to affect body tempera-
ture regulation, it is useful to refer to an index that integrates
these factors--an effective temperature (ET) scale. Figure 4.1 shows
an effective temperature scale that was developed under the sponsor-
ship of the American Society of Heating, Refrigeration, and Air Con-
ditioning Engineers (McCormick, 1976). The scale indicates thermal
zones of relative comfort and discomfort. The intersection of the
dry-bulb and wet-bulb temperatures give the relative humidity and also
the corresponding effective temperature as desired. Our local control
station data (the open circles) are plotted onto the effective tem-
perature scale.

The data obtained from 10 different local control stations do not, for
the most part, fall within the narrow comfort zone outlined in Figure
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TABLE 4.2. Local Control Station Air Temperature, Humidity, and Velocity Data

Temperature (°C,OF)

10 ¢ Local Control Stations Dry Bulb Wet Bulb
Multi-Function Panel
2-1 Remote Shutdown 32.9 91.2 25 77
3-1 Remote Shutdown 22.8 73.0 18.5 65.3
4-2 Remote Shutdown 23.5 74.3 17 62.6
1-2 Radwaste Control 29 84.2 22.5 72.5
4-1 Radwaste Control 21.5 70.7 16.5 61.7
3-2 Hydrogen Recombiner 23.1  73.6 17 62.6
1-1 Deisel Generator Ctrl 32 89.6 23 73.4
Diesel Engine Control 33.5 92.3 24 75.2
Single-Function Switch
2-2 HP1 Makeup Control
Valve Actuation 27.5 81.1 25.5 77.9
Single-Function Valves
4-3 Primary Makeup Water
Control 29 84.2 22 71.6

Humidity

53
69

61

53
46

87

53

Air Velocity

4-ft Height 6-ft Heiaht
slight slight
moder ate. moderate
slight slight
slight slight
slight slight
none none
slight slight
slight slight
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4.1. However, 40% of these values fall within the slightly warm or
cold zones, and all data points fall between zones considered to be
uncomfortably warm or cold as defined in Figure 4.1. At first glance
these results appear to be very acceptable, especially if it is con-
sidered that work would be performed at these locations infrequently.
However, several additional factors should be taken into considera-
tion. At nuclear power plant local control stations it is assumed
that temperature extremes are more likely to occur at the high end of
the scale than at the low end. In an emergency, radiation exposure
could necessitate the use of protective garments at specific local
control stations within the plant. Protective equipment can be re-
strictive and prevent evaporative and convective heat loss. In such
situations, heat stress may increase rapidly. In addition, personnel
may be required to man local control stations for 6 to & hours in the
event of an emergency shutdown. Increasing exposure to high tempera-
tures and humidity, and "stagnant" air may have a detrimental effect
on performance as well. Figure 4.2 illustrates this principle using
data obtained from 15 studies (3 sets of researchers) investigating
sedentary performance (Konz, 1979). At effective temperatures above
the three curves shown, some decrease in performance must be expected.
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Improving the Thermal Environment

While it is not feasible to set any single set of environmental con-
ditions that could be specified as acceptable to all situations,
several recommendations can be made in an attempt to reduce potential
heat stress associated with local control stations. In warm-moist
environments, excess water vapor can be removed through air condition-
ing. Insulation or shielding can be used to reduce thermal radiation
present. Circulating air coupled with a decrease in air temperature
can help to increase evaporation and maintain effective convective
cooling. Although it may not be feasible to modify environmental
conditions within the plants as a whole, it may be possible to provide
an isolated environment (microclimate) for personnel at local control
stations. This isolated environment could take the form of a envi-
ronmental chamber which would contain the local centrols or it could
take the form of protective garments such as that researched by Kamon
(EPRI-NP 2868).

4.2.1.2 1Illumination

[1lumination plays an important role in the safety and accuracy of
task performance. Not only can visual performance be negatively af-
fected by conditions of poor illumination, but the eye will attempt to
compensate or adapt to given illumination conditions, which can result
in an additional fatigue factor related to performance. This section
discusses illumination data obtained from specific local control sta-
tions. Appendix H addresses in more detaii the importance of provid-
ing adequate illumination to assure the safety and accuracy of task
completion at local control stations; factors affecting illumination
are presented in an effort to address total visual performance.

Local Control Station Data - Illumination

[Tlumination is a measure of the area density of light reaching a

target or surface. Illumination data, in foot candles, is presented

in Table 4.3 for 18 different locations associated with local control
stations. Meter readings were taken under normal conditions and in

four locations under emergency illumination conditions. The illumina-
tion data obtained from local control stations is plotted (open circles)
with minimum recommended levels of illumination (NUREG-0700) in Figure
4.3. Because a large percentage of the illumination data from local
control stations involved displays and controls, the minimum recommended
values selected from NUREG-0700 for comparative purposes were those

for auxiliary panels. Of the 18 data points available, approximately
45% of these data fell above the minimum recommended value for auxiliary
panels (20 ft-c). Another 45% of the data fell below the minimum
recommended values for control room emergency operating lighting.

While three of these values were in phone areas, three were also at
auxiliary control panels.
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TABLE 4.3.

10 # Local Control Stations

Multi-Function Panels

2-1 Remote Shutdown
3-1 Remote Shutdown
4-2 Remote Shutdown
1-2 Radwaste Control
2-2 Radwaste Control
4-1 Radwaste Control
3-2 Hydrogen Recombiner
1-1 Diesel Generator

Diesel Engine Ctrl

Single-Function Switch

2-3 HP1 Makeup Control
Valve Actuation

Single-Function Valve

4-3 Primary Makeup Water

Local Control Station Illumination Data

Description

Flat on panel surface

On sheet of paper held at 459 angle
in the phene booth

On sheet of paper held in light
using the phone

Surface of panel
At the phone

Panel face - right panel surface
Panel face - left panel surface

Flat on panel surface

At the phone at reading height
and angle

Panel surface

Surface of a book piaced on
angled lower panel

Surface of vertical panel

Panel surface

Panel surface
Panel surface

Surface of switch panel

At the valve
At the phone

Meter Reading (ft-c)

Normal

38
32

60
40

75
56
60
16

(est)

(est)

Emergency
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In power plant areas where single switches are actuated or valves are
opened or closed, one would not necessarily expect illumination levels
to exceed some set emergency lighting level. However, where auxiliary
controls needed for power maneuvering or system shutdown require oper-
ators to remain over long periods, adequate illumination levels should
be required to prevent fatigue and potential errors. Where fixed
illumination is not available, supplemental lighting should be provided.

4.2.1.3 Noise

Excessive noise levels can produce a stressful environment for per-
sonnel attempting to perform tasks which require high levels of con-
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centration. One cannot expect that noise could be greatly reduced at
local control stations within the nuclear power plant environment.
However it should be recognized that excessive noise can impair hear-
ing and interfere with communications, as well as contribute to fatigue,
irritability, and boredom. Therefore, steps should be taken to con-
trol noise levels in any working environment.

Although it is difficult to make the generalization that noise causes
a degradation in task performance, there is evidence that certain
tasks are affected by noise. Among these are certain mental tasks;
tasks requiring skill and speed (Roth, 1968); and tasks reguiring high
levels of perceptual capability (Boggs and Simon, 1968). Noise which
masks communication petween two points is of critical concern.

This section presents data obtained from (4 different local control
station locations. Appendix H addresses in more detail the problems
of noise encountered in the plant and discusses the relation of noise
and performance.

Local Control Station Data - Noise

The Occupational Safety and Health Administration (OSHA) has estab-
lished recommended levels of noise exposure for specific durations in
industry jobs. This information is presented in Table 4.4. The dB(A)
[or dB-A] measurements shown in Table 4.4 are weighted to account for
human hearing response at normal noise conditions and allow noise
level to be reported as a single number rather than many levels at
different frequencies. Sound level values, including the dB(A) value
and octave band center frequency values for 250 Hz, 500 Hz, 1 Hz, 2
kHz and 4 kHz, are included in Table 4.5 for 14 different local con-
trol station locations. In some situations readings were taken with
equipment operating and again when equipment was not operating to
provide a data range.

When comparing the noise level data obtained from local control sta-
tions to permissible noise exposures for industrial jobs as specified
by OSHA, less than 1% of the data exceeds the 8-hour day, 90-dB(A)
limit. The two measurements exceeding the 90-dB(A) limit were obtained
at the diesel generator and were considered upper bounds for those
locations. This upper bound was defined as that time when machinery
was in operation. These noise levels [110 dB(A) and 115 dB(A)] would
be considered permissible noise levels for durations of 1/2 hour and
1/4 hour, respectively. This equipment should be verified as an oc-
cassional noise producer and not equipment required for continuous
operation when local control stations are manned. If outside power
were lost, the diesel generator might be "on" continuously for many
hours. Standards exist for allowable exposure to intermittent noise
(refer to Appendix H, Figure H.3).
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TABLE 4.4. Permissible Noise Exposure for Industry Jobs (Federal
Register 1971)

Duration Per Day Sound Level
(hours) __(dB-A)

8 90

6 92

4 95

3 97

2 100

1 1/2 102

i 105

1/2 110

1/4 or less 115

Once a noise problem is established, several approaches to solving the
problem of excessive noise can be taken. They generally include con-
trolling the source (proper design, maintenance, lubrication) isolat-
ing the noise (barriers, proper layout), and diminishing the noise
(mufflers, baffles, sound absorbers). Ear protection devices are an
option when noise levels cannot be reduced to acceptable limits.

4.2.2 Human Factors Engineering Design Deficiencies Present in Local
Control Stations

The photographs, environmental measures, and interview results were
analyzed to establish the kinds of human factors design deficiencies
present in the control stations we examined. Examples from the inter-
view and photographic results are presented throughout this analysis
to highlight specific problems. The purpose of this analysis was to
discover what kinds of human factors deficiencies may be found in
local control stations and to judge (see Section 5.0) how sufficiently
NUREG-0700 would address these deficiencies if NUREG-0700 were applied
to local control stations. The local control stations we studied
appeared to reflect the fact that each nuclear power plant in the U.S.
is unique. The control panels we examined were so variable in their
quality and features that it was not even possible to compare two
panels with the same functions.
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TABLE 4.5. Local Control Station

10¢

-3

3-3

Local Control Stations dB{A)

Multi-Function Panels

Remote Shutdown az

In the Phone Booih 75-7
Remote Shutdown 73
Remote Shutdown 75
Radwaste Control - Pamel 63

At the Phone 62
Radwaste Contro) 85
Radwaste Control 68
Hydrogen Recombiner 64
Diesel Gen. Panel (off) 53

) - “  (on) 15

Diesel Engine Panel (off) 67
u - {on) 110

single-function Switch

HP | Makeup Control B6.

valve Actuation
Single-function Valves

1d-inch Manually Operated

Valve to Main feedwater &Y.

Primary Makeup Water (trl 83
At the Phone 6

r‘-yﬁ——s;&;s—é;;;écorded of f the scale.

Noise Data

d8 Value at Octave Band Center
Frequency (in Hz)

250 500 K x  &
80.5 B0.S 78 73 61.5
75-7818) 72.5 72 66.5 61.5

.5 73.5 68.5 68 61.5

7 69 65 65 65
64 60 58 54 47
62 61 57 52.5 47
89 81.5% 76 13.% &1.5
63 62 58 55 53

64.5 65 55 48.5 45
57.5 58.5 58 55 53

13.5 110 LAR} 104 101
62 62 62.5 59 58
107 104 102 97.5 96.5
&9 81 17 17 2.5

©4.5 85 83 80.5 81.5

Bl 82 78.% 75.% 70.5
&3 83.5 82 79 75

The assessment below is necessarily general. A detailed anal}sis of
the components on the panels was not conducted nor were the underlying

system requirements determined.

Since the plants were in operation

during our visits, manipulation of controls or changing the display

was not possible.

We were invited into the plants at the convenience

of the operating personnel, and our objective was limited to surveying
only a few local control stations at each plant to determine the gen-
eral nature and magnitude of any problems that might exist.

We classified the LCSs we studied into three major categories. In the
first category are integrated multifunction control panels. The sample
in this category included remote shutdown panels, radiation waste
(radwaste) control panels, diesel generator panels, and containnent

hydrogen recombiner panels.

The second category included single-

function manual switches such as the high-pressure injection switch.
The third category included single-function manual valves. The valves



studied in this category were the large main feedwater valves and the
inuckh smaller primary makeup water control valves. In the section
below we describe each of the categories and the major human factors
deficiencies observed in each. As the lists indicate, many of the
deficiencies were present in more than one of the categories.

4.2.2.1 Integrated Multifunction Control Panels

The local control stations studied in this category included remote
shutdown panels, to which operators go in the event the control room
must be evacuated. From the remote shutdown panels, operators can
bring the plant to a safe condition following scram by controlling
primary cooling water flow.

This category also includes radwaste control panels, which are used to
monitor, handle, and treat radioactive by-products from the reactor
operation, and diesel generator panels, at which emergency diesel
function is monitored and Tocally controlled.

The final type of panel studied in this category was the containment
hydrogen recombiner panel at which hydrogen is monitored and con-
trolled to keep the mixture of gases in containment at safe levels
during transients.

A1l of the panels in the category of integrated multifunction control
panels are characterized by a large number of different controls and
displays arranged on control panels that are very similar in appear-
ance to those found in the main control room. In fact, several of the
panels studied (radwaste and hydrogen recombiners) were located in or
very near to main control rooms. In contrast, diesel generator panels
were located in a very noisy room containing the emergency diesel
generator engines, and some of the remote shutdown panels were in
locked closets off of plant corridors.

Remote Shutdown Panel

The check list items and interviews with operators at the various
multifunction control stations revealed several potential problem
areas that relate to the features required of this category of LCS.
For example, we found that only one of the three remote shutdown
panels visited had written emergency procedures stored at the panel.
The emergency shutdown procedures for the other two plants were stored
in the control room and would have to be carried to the LCS if the
control room ever had to be evacuated. Another problem noted at the
remote shutdown work stations was that the emergency lighting was not
aimed at the panel at two of the three plants. It was impossible to
determine if the lighting would be adequate during an emergency because
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the emergency lighting system was not exercised during our visit.
However, it did appear that emergency lighting would be marginal for
tasks such as reading procedures. Another problem at the remote shut-
down panel was the lack of seating. Operators could be standing,
sitting, or laying on the floor for the extended period of time re-
quired to mitigate an emergency situation. One interviewee also ex-
pressed the view that temperatures and humidity were too high for
sustained manning of the LCS.

Photographs of the remote shutdown panels revealed many, if not most,
of the common control panel deficiencies noted elsewhere (e.g., EPRI,
NP-2411). Figure 4.4 is a composite photograph of the best-designed
remote shutdown panel of thc ones examined. Some of the problems
noted on it were:

o lack of functional grouping

e« ambiguous placement of labels

o label lettering too small for the reading distance

o temporary labels to compensate for inadequate labeiing
e« poor maintenance that caused missing labels

e« inconsistent component names from unit to unit (in multi-unit
plants

e« unnecessarily detailed labels
e« controls with ambiguous pointers
« controls that obscure labels

e« parallax problems between the control and position indicator
labels

Interviewees noted that more systems and indications were needed to
fulfill the intended functions of the panels. An operator at one

of the plants noted that their system even required an operator to
remain in the contrel room to control make-up and letdown during a
control room evacuation. In addition, ‘abeling deficiencies were
noted in the plants. One interviewee suggested there is a need for
color coding labels for each unit's LCSs in a multi-unit plant. In
one case, he repcrted, an operator accidentally tripped Unit 1 instead
of Unit 2.

Communication problems noted included one case in which the operator
thought additional LCS communication equipment was needed for the

4.16



ane |l

D
¥

Shutdown

PWR Remote

of

ite Photograph

Compos

1.4,

4

cc
D

—



superintendent to be able to call off-shift personnel during an emer-
gency. At another plant, unauthorized use of the piant public address
(P.A.) system caused the local noise level to be excessive and could
result in interference with access to the P.A. during an emergency.

Radiation Waste Control Panels

Radiation waste (radwaste) control panels were studied at three dif-
ferent plants. These panels ranced from being relatively simple to
relatively large and complex. Their operational environments varied
according to their plant locations. One was located in the main
control room; a second was located in the slightly less controlled
envirenment of a room adjacent to the main control room; the third was
located in the noisy and hot environment of a caged-in area on the
plant floor. Although the panel located in the main control room was
not strictly a "local" control station, its functic is separate from
the main control room and not specifically addressed by NUREG-0700.

As with the other panels survey, qualified LCS operators were inter-
viewed at the LCS site. The radwaste control operators reported that
indicators on the panel are not sufficient to reflect all the impor-
tant processes going on during operations. One interviewee noted that
there was no indication on the panel of such parameters as valve status,
flow rates, or levels during centrifuging. Another noted that a private
radwaste disposal company was running a portion of the disposal process
for his power company. As a result, there was a need for especially
good intergroup communications between the radwaste personnel at the

two companies. It was also essential that both groups be provided

with instrumentation showing flow rates and paths between the two
neighboring facilities.

Ore complaint about annunciators was that they should be disabled when
they are flashing for secured, non-operational systems. The flashing
of meaningless annunciators masked the flashing of operational annun-
ciators that needed attention.

Human Factors Engineering deficiencies noted at the various radwaste
local control stations included:

« hand-drawn mimic and demarcation lines

« hand-printed control and display labels and instrumentation
limit values

e« poorly designed controls having indicator parallax problems
and indistinct pointer arrows

« panels with inconsistent arrangement of red and green in-

dicator light pairs (some switches had green on the left,
others had green on the right)
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e poor panel maintenance including missing, defaced, or mic-
placed labels; spilled ink on chart recorders.

Hydrogen Recombiner Panels

The hydrogen recombiner panels are shown in Figure 4.5. These panels
were located on flat wall panels in a control room adjacent to the
plant's main control room. The panels show obvicus signs of poor
maintenance. Several labels were missing; other were falling off.

The panels were arranged in reverse of the normal practice. Unit 1
panels should have been on the left instead of the right. It appeared
that the temperature indicators in the upper left hand corner of each
panel had replaced much larger units. As a result, the labels for
these displays were improperly located closer to the temperature chan-
nel selector switch than to the temperature readout. In addition, the
temperature gauge itself is not a well-designed component because its
design does not comply with accepted human factors standards. For
example, the pointer is much too thin; the scale does not have color
bands indicating safe and unsafe operating temperatures; the scale
numbering is inconsistent for adjacent equal intervals; and there is
no indication for the purpose of the glowing light inside the scale
markings on the lower left side of the dial face.

The labels on the panels also have numerous fauits. For example, the
label meanings are ambiguous. The large dial is marked "temperature
readout,"” but of what? Many labels appear to have fallen off and then
been replaced. Temporary plastic embossed labels with numbers 1like
“357" were pasted next to the control marked “power adjust" in the
center right area of each panel. It is not at all clear what these
values represent.

Also, there is no functional grouping clearly discernable in the panel
layout. The components vary greatly in size and, therefore, optimal
viewing distance. It is difficult to ascertain the temperature chan-
nel selector position because there is no contrast between the black
selector handle and the black switch background to set off the shape
of the selector handle.

Several positive features of this panel array are that a telephone was
mounted adjacent to the panels, the panels are mounted at a medium
height on the wall so that no controls or displays are out of reach or
sight, and the individual panel numbers (e.g., 2A, 1B) stand out clearly.

To summarize, these hydrogen vecombiner panels have a number of human
factors design deficiencies. The major categories are:

« poor panel maintenance
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« poor labeling practices
e« poorly designed panel components.

Emergency Diesel Generator Panel

The diesel generator panel that was examined was located in the harsh-
est noise environment in the plant. Noise levels with the generator
motors running was measured at 115 dB(A). As a result of the noise
and precautions to protect the operator against its effects, certain
special human factors engineering considerations must be given to the
local control station design. Noise warning features on annunciators
become worthless, and communications with coworkers in the diesel
generator room and in the plant may become difficult if not impossible.
One of the operators siressed the need for "first in" annunciators for
adequate trouble-shooting of problems. The panels sometimes show
multiple alarms, and when the emergency diesel generator shuts down,
the operators cannot tell which was the first alarm. That shows the
need for first-in annunciators; a first event may provide no auditory
clues.

Another operator reported that because of the noisy environment, the
P.A. speaker or phone is often located in another room. Therefore,

when problems require contact with the control room, real-time contact
is not possible.

The diesel generator panels examined were located next to the diesel
generator motor. Among the human engineering deficiencies observed at
these panels were:

e poor panel maintenance resulting in old tape marks and dirt
that could be mistaken for labels

e« handwritten labels including instrument limit values in lieu
of color-banded gauges

« 1nadequate label size hierarchies

e« calibration stickers on instrument faces that obscured the
dial pointer

e« poorly designed components that violated accepted human factors
guidelines

e lack of functional grouping

« regular labe! spacings that make it impossible to discern
which label applies to which control or display

e inadequate spacing between components.
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4.2.2.2 Single-Function Manual Switches

The only example studied in this category was a switch that actuates
the makeup control valve to the high-pressure injection system. This
switch is illustrated in Figures 4.6 and 4.7. The plant operators
stated that this switch would be manned durina any emergency that
would cause an evacuation of the main control room. The major en-
vironmental problem at this switch was the extremely low light level
(less than 3 ft-c). Also, as the figures show, this switch was not
properly labeled or maintained.
The major problems noted at this local control station were:

e poor maintenance of the switch and its associated panel

e failure to secure a locked switch

o handmade labeling covering permanent labeling

e sSwitch that lacks a distinct pointer

e only one labeled switch position

« no instructions about breaking glass to gain access

« inadequate lighting

o« failure to provide signs directing AOs to the obscurely
located switch.

4.2.2.3 Single-Function Manual Valves

These valves vary widely in size and may be found in a variety of
environments. The two valves examined in this category were a large
14-in. main feedwater control valve and a very small primary makeup
water control valve.

Manually Operated Feedwater Valve

The large main feedwater valve is shown in Figure 4.8. This valve was
not labeled, and no proper provision was made for a work platform or
other structure from which the valve could be manipulated. The major
environmental condition of concern at this valve was the high tempera-
ture, which was approximately 900F. As was pointed out in Section
4.2.1, workers could not be expected to perform for very long periods
at such a high-temperature environment. It is also possible that an
operator would be required to dress in protective clothing because
radiation could alsc be present if significant leaks developed.
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that he had two problems with plant communications. First, the five-
channel P.A. is easily tied up by multiple users. Second, the plant
amplifiers for the P.A. are usually turned down during an outage.
Then, during subsequent normal operations, communications cannot be
heard because the amplifiers usually are not turned back up.

The major human factors deficiencies associated with the single-
function manually operated valve LCSs were:

high ambient temperatures
potentially high radioactivity levels
inadequate illumination

failure to provide facilities (e.g., platforms) from which the
large valve could be manually operated

inadequate labeling of valves

failure to design the valves so their operational status (open
or closed) could be easily determined

poor communications due to inadequate P.A. system capacity

poor communications due to failure to restore P.A. system
volume following an outage

telephone located away from a primary LCS that requires com-
munications
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5.0 ADEQUACY OF NUREG-0700 FOR APPLICATIONS
TO LOCAL CONTROL STATIONS

In 1981 the NRC published NUREG-0700 for use as a guide in conducting
control rocm design reviews required by the NRC Action Plan developed
as a result of the TMI-2 Accident (NUREG-0660). The check list items
contained in the document cover almost every human factors aspect of
control room design. The NRC is also interested in alleviating op-
erator errors that might occur at other safety-related control sta-
tions. The purpose of this study was to assess the adequacy of NUREG-
0700 for application to local control stations. The results of that
determination are presented here.

5.1 APPLICABILITY OF NUREG-0700 SECTIONS

Section 4.2.2 of this document pointed out many examples of the va-
riety now present in local control station designs. This variety
makes it impossible to say uneguivocally that any particular section
of NUREG-0700 is not relevant to the design of LCSs. It is probable
that some part of every section could apply to some safety-related
workstation somewhere. Nevertheless, the various sections of NUREG-
0700 are summarized below based on our experience with the sample of
local control stations described in this study. These very brief
summaries attempt to point out the main strengths and weaknesses of
the document sections.

The first four sections of NUREG-0700 relate to the process, planning,
review, assessment, and implementation of control room human factors
improvements. These sections appear to be applicable to similar efforts
performed on local control stations; the major difference would be in
the scale of the effort.

NUREG-0700, Section 6.1 (Control Room Workspace) contains useful in-
formation about spacing required between pieces of equipment, document
organization, and storage. This information could apply to local
control stations requiring written procedures. The section also con-
tains information on the anthropometric basis for equipment dimensions
that should pertain as readily to local control stations as to main
control rooms. The section on standup console dimensions is particularly
valuable since many local control stations fall into this category
(e.g., remote shutdown panels). The section on sitdown consoles could
also prove valuable in some cases (e.g., some radwaste panels). One
useful part of the Sitdown Console Subcection (6.2.1.7) is information
on desk space requirements for laying down documents such as procedures.
NUREG-0700 information on sit-stand workstations is typical for human
factors guideline documents and is applicable because many types of
local control stations are sit-stand workstations. The section on

Unit Mirror Imaging could be useful in situations where the plant has
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two units and has located matched panels close to one another. Sec-
tion 6.) also contains subsections on temperature, humidity, venti-
lation, sound, illumination, and emergency lighting. Unfortunately,
however , many of these sections do not cover an adequate range of
conditions likely to be found at local! control stations (see Sections
4.2.) and 5.2.2 in this document for a more detailed discussion of
this issue).

Much of the NUREG section on communications (Section 6.2) appears to
be applicable to local control station usage. The only category that
may need tc be added would be a special section dealing with communi-
cations in extremely noisy environments. In addition, appropriate
subsections should have warnings that they might not be applicable in
certain environments. For example, the section on auditory coding
techniques could not be applied to every local control station since
auditory coding would be impossible in a noisy environment. Section
5.2.2 of this report discusses this problem in more detail.

NUREA-0700, Secticn 6.3 deals with annunciator warning systems. In
the context of the comments made in the section above, there should be
warnings regarding use of annunciators in unusual environments. Audi-
tory alarms may not be workable. Moreover, visual alarms may need
special provisions such as brighter intensities and greater contrast
to make the alarms more noticeable when emergency situations occur.

NUREG-0700, Section 6.4 1s concerned with controls. Many of the same
controls used in control rooms may be used at local control stations,
especially those in the first category of integrated multifunction
control panels (see Section 4.2.2.1 of this report). However, many
local control stations involve the operation of hydraulic valves.
Section 6.4 does not address this type of control at all. (This prob-
lem is discussed in more detail in Section 5.2.1 of this document.)

NUREG-0700, Section 6.5 deals with displays. Most of this section
would apply to local control stations (the major exception in existing
plants would be use of CRTs). Many of the subsections relate to the
design of components; these discussions could be useful aids in select-
ing well-designed parts for use in local control stations.

Section 6.6 on labels and location aids is probably the most useful
part of NUREG-0700 because labeling is one of the most common faults
of local contro)l station designs and also one of the easiest to fix.
The only additions to this section for application to LCSs might re-
late to changes in labels (size and color) in situations where the
lighting level is low.

Section 6.7, which refers to process computers, was not judged to be
relevant to local control stations. However, the section might relate
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to LCSs in the future should LCSs become more sophisticated.

Sections 6.8 (Panel Layout) and 6.9 (Control-Display Integration) both
appear applicable to local control stations. However, many of the
recommendations contained in these two sections could involve the
redesign or at least substantial modification of existing control
panels.

5.2 DEFICIENCIES OF NUREG-0700 RELATIVE TO ITS APPLICATION TO LCSs

Only two clear areas of deficiency were found in NUREG-0700 relative
to its application to LCSs. First, the document does not adequately
address the human factors design criteria of manually controlled
valves. Second, it does not adequately address human factors design
requirements for workstations that are subjected to extreme environ-
mental conditions.

5.2.1 Single-Function Manually Controlled Valves

The NUREG-0700 secticn on controls (Section 6.5) does not address the
design of manually controlled valves. However, many safety-related
local centrol stations consist solely of valves (see Section 4.2.2.3
of this document). Two good sources of information about the design
of manual valves are the Human Engineering Guide to Equipment Design

. (VanCott and Kinkade, 1972] and MiTitary Standard 1472C (U.S. Depart-

ment of Defense, 1681).

Section 8.3.1 of VanCott and Kinkade contains some general principles
of control design that apply to valves. These include recommendations
on control forces and operator anthropometry; "natural® control move-
ment; "feel" and resistance; design to withstand abuse; indication of
control position (in very general terms); and surfaces to prevent
slipping. In the same document, Section 8.3.2 contains a subsection
on “"valve controls" (p. 356). In addition, Section 8.5.2 contains a
subsection on "handwheels" that can be applied to manually operated
valves.

A military standard (MIL-STD-1472C, Section 5.4.1.2.4) describes rotary
valve motion stereotypes. It recommends valve opening with a counter-
clockwise motion and also recommends that valve controls be provided
with double-ended arrows showing the direction of operations. The
arrows should be labeled at each end to indicate the functional result
(e.g., open and close). Another section of MIL-STD-1472C (Section
5.4.2.2.5) deals with two-hand operated hand wheels such as those
commonly found on manually operated valves in nuclear power plants.
That section presents guidelines for when such controls should be

used; types of turning aids (e.g., knurling, indentation, high-friction
covering) that can be used to improve application of torque; and dimen-
sions, resistance, displacement, and separation of handwheel controls.
Table 5.1 shows MIL-STD-1742C, design recommendations for handwheels
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like those used on nuclear power plant valves.

A subject not found in either NUREG-0700 or MIL-STD-1472C is the de-
sign of valves so operators can easily tell whether they are open or
closed. Such a information could make a major contribution to nuclear
power plant safety if it were widely adopted by component manufacturers
and workstation designers.

§.2.2 Design Requirements of Workstations in Extreme Environmental
Conditions

NUREG-0700 does not address the human factors design requirements for
workstations in extreme environmental conditions. As pointed out in
Section 4.2.1 of this document, some local control stations are sub-
Jected to temperature, humidity, illumination, and noise conditions
that vary significantly from normal control room environments. NUREG-
0700, Section 6.1.5 (Environment) only describes desirable environ-
mental condition ranges and some of the consequences of values that
fall out of normal bounds. No part of the section provides guidance
for effecting solutions or design modifications that adapt the work-
station to unsatisfactory conditions. However, this kind of infor-
mation is available from common human factors reference sources such
as VanCott and Kinkade (1972) and MIL-STD-1472C (U.S. Dept. of Defense,
1961). VanCott and Kinkade, for example, suggest that in noisy en-
vironments loud speakers should be placed near the operator's ears so
that he or she can adjust speaker gain so as not to contribute to
overall noise level (Section 9.5.6). For another example, MIL-STD-
1472C suggests adaptations in label size for various luminance levels
as shown in Table 5.2 (MIL-STD-1472C, p. 121). Both of these examples
point out the kinds of adaptations to guidelines or check lists that
are required to help designers produce workstations that are less
likely to induce operator errors in hostile environments.

Iﬂ§£§_§;§- Guidelines for Label Size Versus Luminance
(From MIL-STD-1472C)

MARKINGS HEIGHT *
3.5 cd/m? (1 f1-L) ABOVE 35 ed/m?
OR BELOW (1 fr—L)
For eritical markings, with position
variable (e g, numerals on counters
5-8mm 3-5mm
o by ey cve e (0.20-0 31 in ) 012-0.20in )
For eritical markings, with position
fixed (e.g, numerals on fixed scales,
controls, and switch markings, or
emergency instructions) 4 -8mm 25 - 5mm
016-0.31in) 0.10--0.20 in)

For noneritical markings
(e.q , wdentification labels, routine
FRSSanS, o0 Marhing o9 13 -5mm 13 -5mm

only for tamibanization) # (0.05-0 20 in.) (0.05-020in)
—_ e —

*Values assume a 710 mm (28 in ) wiewing distance. For a
distance, D, other than 710 mm (28 in ), multiply the
above values by D/710 mm (D/28 in ).
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6.0 APPROACHES TO SOLVING THE PROBLEM OF POOR LCS DESIGN

This section presents strategies for effecting improvements on work-
stations in both existing and future plants. One of the strategies
for improving existing plants--making simple and inexpensive modifi-
cations--is presented in more detail so that a utility using this
document can see which kinds of changes are judged to be least ex-
pensive and most likely to reduce human error.

6.1 SIMPLE LCS IMPROVEMENTS THAT COULD REDUCE OPERATOR ERRORS AT
EXTSTING POWER PLANTS

Several simple modifications to control panels and workspaces can
produce significant reductions in the prcbability that human error
will occur in conjunction with the operation of local control sta-
tions. The modifications fall into the six major categories detailed
in the following discussions: workspace improvements, control panel
improvements, communications, procedures, environment, and maintenance
and housekeegin?. R Timited task analysis of the LCS operator’s job
wou e helpfu

in determining what modifications would be most bene-

ficial.

The process of designing and implementing these modifications should
employ one of the most important precepts of human factors engineer-
ing: users of the the system should be thoroughly involved in the
modification process. This means that users should be consulted about
their working experience with the local control station; they should
be asked to suggest improvements for mitigating any deficiencies they
have experienced; and, following implementation of their suggestions
in conjunction with the gquidance in NUREG-0700 and similar documents,
they should be asked to evaluate all proposed changes. This procedure
would serve three purposes: the new changes would better meet the
needs of the system users; it would increase user acceptance of the
modifications to the existing system; it would reduce the retraining
time to reach or surpass original operating performance levels.

6.1.1 Understand the Operator's Job

It is highly unlikely that existing local control station designs were
based on thorough task analysis. Therefore some effort should be made
to assess the operator workload that is likely to occur during local
control station operations to be sure that, in fact, the tasks can be
performea under the expected conditions and with the expected staff.
Section B4.3.2.6 of NUREG-0700 provides a general description of work-
load assessment. [t may be necessary to perform a form of task analysis
on the operator's job in order to make workload determinations in
support of human factors assessment of LCSs. This task anmalysis need
not be very elaborate or detailed, only adequate for the purpose.
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[t should be understood that task analysis is a technique that is
usually customized to gather organized information that satisfies a
particular need. In this case, the adequate task analysis information
could probably be collected through user interviews based on a simple
walk- through of the existing emergency procedures that apply to each
particular LCS. The end product of such a task analysis would be a
timeline (or step-by-step) listing of tasks the LCS operator must
perform. This listing would then be studied to determine if any con-
flicts or demands placed on the operator would preclude him from meet-
ing his operational responsibilities. The primary benefit of this
analysis would be to define some basic workstation needs. For example,
if the operator is required to watch and report on a display but the
only means of communication is located on the other side of a locked
door, he may not be able to perform his task quickly enough. Such
findings can help guide the types of changes that might be most effec-
tive in reducing operator error probabilities.

6.1.2 Improve the Workspace

In general, all aspects of the workspace that are likely to be used by
the operator as he performs his tasks should be integrated into a
single workspace design. None of the local control stations we studied
provided seating for the operator, nor was it common to find a writing
surface or laydown area for procedures manuals or other reference
materials. At the same time, it appears that many of the emergency
scenarios that might require operators to man safety-related local
control stations are also likely to require them to stay at their
posts for long periods of time. For example, one operator expected
that he would have to sit on the floor near the local control station
during a real event because he would have to be there for such a long
time. Therefore, one of the simplest improvements that could be made
to LCSs wou'd be to provide a chair or stool. Laydown space for pro-
cedures is also essential because procedures must be relied upon in
bringing the plant to safe shutdown, especially under conditions of
stress that might be expected during an emergency. Therefore, a con-
venient, well-1it, writing surface should be added to workstations
requiring use of written procedures. Another simple workspace improve-
ment would be to move auxiliary components like telephones and book-
shelves to within reach of the working operator. These workspace
improvements should increase the probability that the operator will
maintain his alertness, follow his procedures, and communicate with
others more effectively and expeditiously.

6.1.3 Improve the Control Panel

A number of simple, inexpensive improvements can be made to control
panels to improve their usability. Section 6.6 in NUREG-0700 can be
used as a guide to improve labels on all panels, controls, and dis-
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plays. These labels should be developed jointly with the control
station operators to ensure their accuracy and applicability, and then
they should be affixed temporarily to allow a user evaluation. Once
the users agree on the new labels, they should be made permanent.

Special attention should be paid to evaluating any temporary labels
presently found on the panels since these may constitute unsatisfied
needs already identified by the user.

Another improvement is to add lines that clarify the panel controls
and displays. These might be merely demarcation lines that separate
functional groups, or "mimic" lines that better identify system func-
tions by using shapes or by indicating the direction or order of
processes. In some cases it may also be prudent to use distinctive
color coding of labels, controls, displays, or panel sections to
denote separate systems or units. In general, it is desirable to use
multiple techniques for control and display coding (e.g., labels,
functional grouping, shape, and color) as long as they aid the op-
erator's task and do not interfere with one another.

A final, and potentially very valuable, control panel improvement is
to check the local control station for controls, displays, or labels
that violate "population stereotypes" and then correct any deficien-
cies. Population stereotypes may be thought of as "what most opera-
tors expect” when they use a control or display or when they try to
locate a component on a panel. It should be noted that some stereo-
types are natural, e.g., turning a wheel clockwise to turn right;
others are traditional, e.g., turning a faucet clockwise to shut off
water. The best way to assess the population stereotypes applicable
to a lecal control station is to consult with the users and reference
sources for the user population (e.g., U.S. Military Standards for
U.S. populations).

Table 6.1 provides come common stereotypes for direction of control
movements. Other stereotypes exist for colors (e.g., green for safe
or go, red for danger or stop), display movements (e.g., clockwise or
up to increase, counterclockwise or down to decrease), panel layouts
(e.g., arranging sequential compcnents from top to bottom and left to
right), and even relationships between components (e.g., the display
that goes with a particular control is the one closest to it). It
should be noted that Table 6.1 does not apply to rotary valves. Tra-
ditional direction of movement for rotary valves is clockwise to close
(stop flow) and counterclockwise to open (start flow).

Once violations of stereotypes are discovered, they should be elim-
inated if possible. Studies report that operators are at least 10
times more likely to commit errors if their controls or displays violate
strong populational stereotypes (Swain and Guttman, 1981, p. 3-72).
Unfortunately, it may be very costly or even impossible to correct
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some violations on existing panels. In such cases, special coding and
operator training should bz applied to mitigate the problem as much as
possible.

TABLE 6.1. Direction-of-Movement Stereotypes for U.S. Popu]ations(a)

Function Control Action

a. On, Start, Run, Open Up, right, forward, clockwise,
pull

b. Off, Stop, Close Down, left, backward, counter-
clockwise, push

c. Right Clockwise, right

dg. Left Counterclockwise, left

e. Raise Up

f. Lower Down

4. Increase Forward, up, right, clockwise

h. Decrease Eackward, down, left counter-
clockwise

1a)F om NUREG-0700, Section 6.4.2.1

£.1.4 Enhance Cosmunications

Communications are especially important in the operation of the major
safety-related local conirol stations (e.g., remote shutdown panels)
because they are fregquently used as command posts from which the ac-
tivities of other cper.tors “re controlled. One communications prob-
lem we obsaerved was the unauthorized nse of the P.A. system by tem-
porary personnei. This use took the form of verbal graffiti and was
very disruptive to plant activities. It is conceivable that such
disruptions could occur during emergency ir critical LCS operations
and cause them to lack proper coordination. It is, therefore, recom-
mendea that the telephone/P.A. system be made secure from unauthorized
users.
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Amplifiers should be added to telephones that are located in noisy
environments; telephone bells in such environments should be supple-
mented with properly placed flashing lights. If headsets are used,
the headsets should be adjustable to a total range of users and com-
fortable when worn for long periods. Relevant telephone numbers and
call signs should also be displayed adjacent to the phone dials,
switches, or jacks.

6.1.5 Increase the Availability of Procedures

A complete set of applicable operating procedures should be perma-
nently located at each local control station within easy reach of the
operator's position. In several of the plants we studied, operators
were required to bring the appropriate emergency procedures with them
from the main control room to the local control station when an emer-
gency occurs. This deficiency creates one more opportunity for human
error during a serious event. In many cases, it may also be possible
to display abbreviated versions of procedures, graphs, or check lists
adjacent to relevant controls and/or displays to function as job per-
formance aids.

6.1.6 Improve the Operating Environment

Many environmental conditions constitute performance shaping factors
that can increase the probability of human error. Fixes should be
made to local control stations and their environments to minimize
adverse effects of such factors. For example, every effort should be
made to mitigate temperature extremes at local control stations by
providing insulation, heaters, or fans to improve conditions at the
workspace. Similarly, when loud noise sources are present, noise-
absorbing material should be installed around the source. Lighting is
important: emergency lighting should be tested to ensure its adequacy
under worst-case emergency scenarios. A commonly observed fault of
emergency lighting was that it was not properly aimed to support the
local contro!l station operation.

6.1.7 Upgrade Maintenance and Housekeeping

Even the best human factors design can be neutralized by poor main-
tenance that allows bulbs to burn out, labels to fall off, or dirt to
jam controls or obscure labels or displays. Maintenance should be
performed on local control stations to bring them up to the original
design standard and keep them there.

6.2 IMPROVEMENTS TO LOCAL CONTROL STATIONS IN FUTURE POWER PLANTS

A1l future nuclear ncwer plants should require comprehensive human
factors involvement from the earliest phases of design through the
entire life cycle of the plant. Designers should ensure the total



integration of humans into the system operation and maintenance. All
workstation designs should comply with accepted human factors stan-
dards such as those presented in NUREG-0700.

Moreover, the individual control or display components incorporated in
the construction of local contrel stations (or any other workstations
for that matter) should also comply with human factors standards. No
matter how much a human factors designer might wish to produce a good
integrated contro) panel, he or she may not succeed because of prob-
lems resulting from the use of poor compcnents. Most of the work-
station components currently being used have been derived from poorly
designed antecedents that never were designed to conform with human
factors quidelines. Good e¢xamples of this phenomena are the unreces-
sarily large switches and displays that are commonly used on nuclear
power plant contro! panels. Meny of these large switches are hold-
overs from the days when large switches in the first focsi] fuel plants
were required to directly switch large voitages. The probiem with
poor components that do not meet :ccepted wuman factors design criteria
is not unique to the nuclear power industry. The mining industry, for
example, also typically emplcys poorly designed and antiquated com-
ponents. What distinguishes nuclear power workstation components from
those in other industries are the consequences of operator error. The
best panel designs only lead the operator to the right control or
display. If that control or dicplay is itself poorly designed, the
user may still be trapped into committing an error.

The notion that individual components should compl, with humen factors
standards may merit special NRC reseirch to identify control/display
problems that are unique to the nuc'ear industry. A useful goal of
this type of research would be to produce a st of standard designs
for the mo-t commonly used cortrols and displays. Other studies con-
ducted by FNL researchers (Lewis, 1983) have shown that poor human
factors desicii of manually cortroiled valves out in the plants may
similarly lead to human errors that cause systems to be inoperable.
Many current valve designs make it impossibie for auxiliary operators
to tell whether valves are open Jr closed just by looking 2t ihem. [t
appears, then, that components in the balance of the plant (alse local
control stations if & broad detinition is used) may suffer deficiencies
similar to those commonly associated with the local control stations
we studied. Since valves throughout the plant may aifecl all of the

safety systems, these components shouid "% reet human factors standards

in future plants.

6.3 PROBLEMS AWTICIPATED WITH FU' U~ @ CONTROL STATIONS

During the course of the praject, (.cal cont, ol stations were dis-
cussed with knewledgeable human factors professionals. One problem
that was menticned on several occasions concerned the allocation of
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are training, boredom, and design adequacy. Personnel using automated
systems must have dual training that enables them to function as super-
visors when the system is working automatically or as manual controllers
when the system is operating during emergency or degraded conditions.
The two roles are not necessarily compatible or complementary. They
may require different sets of knowledges and skills. Another problem
involves boredom. When the system is operating automatically, the
operator has little to do and may become bored or complacent. Then
when an emergency occurs, he or she is prone to committing errors.
Another problem is that automatic systems may not display enough in-
formation to enable the operator to know what is going on at any given
time. It, therefore, becomes impossible for him to respond properly
when an emergency develops.

By way of real life examples, one of the operators we interviewed for
this project described a radwaste control panel that did not display
valve status, flow rates, or levels during centrifuging. He complained
that it was impossible for him to know what was going on inside the
system during critical operations. One foreign radioactive waste
control accident that resulted in a spill of radioactive water into
the ocean was caused by a very similar situation. In that case, the
automatic system failed to make a proper transfer of waste material
from one tank to arother. A combination of human factors problems
(e.g., an annunciator light that was always on happened to be near the
critical annunciator light) led to the initial failure to quickly
detect the event. But the most critical aspect was that once the
problem was discovered, the operators apparently were unable to
diagnose what was happening because so many of the functions had been
automated and their training did not prepare them to make a rapid
diagnosis using the information that was available. These two ex-
amples point out the fact that function allocation problems are even
found in current-generation models of local control stations and that
the problems are not trivial.

Future local control stations are even more likely to face these kinds
of problems as computers are incorporated into more and more systems.

There already are theoretically approaches to solving the problem. For
example, one possible solution to these problems is dynamic allocation

of tasks instead of static allocation of tasks. This allocation approach

is based on the premise that there are many tasks that can be handled
by either the human or the computer system. The idea is that a partic-
ular task would be allocated to the controller (human or machine) with
the most resources available at the time. However, it may take some
new technologies--artificial intelligence, for example--to actually
put this approach fully into practice.

The human factors profession at present has little understanding of
the impact of computer techrnology on functional allocation between
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humans and automated systems even though the problem looms over many
industries. For example, the latest generation of passenger aircraft
employs two-man cockpits instead of three-man cockpits; almost all of
the flight operations are automated from just after lift-off at the
start of the flight until roll-out on the surface of the destination
runway. The Federal Aviation Administration is increasingly concerned
with the possibility that the pilots of the new aircraft may not be
able to respond to emergencies when they are required to do so. Such
cockpits may weil be the prototypes for the power plant local control
stations of the future. The challenge for human factors engineers and
the nuclear power industry is to produce an operator/machine system
that optimizes the respective roles of the operator and the semi-
automatic system so they can function symbiotically. The challenge
for the NRC is to be ready to make rational judgments about such
systems so that public safety is protected.
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10.

1.

12.

13.
14,
15.

16.
17.

18.

SAFETY SYSTEMS FUNCTIONS

Emergency Core Coolingllc*)

Postaccident Containment Heat Removal(lc)
Postaccident Containment Atmosphere Cleanup(lc)
Reactor Shutdown(1d)

Residual Heat Removal(ld)

Spent Fuel Cooling(1d)

Monitoring of Systems Important to Safety(‘k)
Actuation of Systems Important to Safetyllk)

Reactivity Control (e.g., control rods, control rod drives, boron
injection)lim

Electrical and mechanical devices/circuitry between process and
input terminais of actuator sys??m3 involved in generating signals
that initiate protective action!!)

Cooling for systems functions (1), (2), (3), (5), (6) above by
cooling water, component cooling and auxiliary feedwater systems(19)

Cooling and seal water for functioning of reactor coolant sy?tem
components important to safety (e.g., reactor coolant pumps) h)

Supplying fuel for emergency equipment(1i)
Primary and secondary reactor containment(10)

Control safe habitability for personnel and sa[? ?nvironmental
limits for vital equipment in the control rooml!n

Control release of radioactive effluent

Supplying emergenC( e;ectric power needed for functioning of safety
systems 1-16 abovelld

Functioning of systems not otherwise required to continue except
that failure to do so could reduce functions included in items |-
16 above to an unacceptable safety level or could re?ggt in in-
capacitating injury to occupants of the control room

*References the numbering in USNRC Reg. Guide 1.29 (Rev 3, 9/78)

A-1



APPENDIX B

FORM USED TO DETERMINE LOCAL CONTROL STATIONS OR
INTERFACES INVOLVED IN SIGNIFICANCE SAFETY ACTIONS
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LOCAL CONTROL STATIONS OR INTERFACES INVOLVED IN SIGNIFICANT

SAFETY ACTIONS*

Transients/ 3
Safety Accidents for Anticipated Uperator
System LCS or Which LCS/ Environmental Uperator Constraints
Function System Interface Interface is Conditions at lask | Including Other
(Number*+) Name Name or 1.D. Required ! LCS/Interface Requirements | Communications Comments
| !
; ! + ;
| ] } '
: ? | :
! | f z
| l : |
S I f | .
| ! ? i
| | ? &
| :
; |
| | |
! : i
2 !
,- ! !
i | :
| |
| .
| ! |
‘ |
1
| ; |
* e.g., LCS that control or effect the control of safety systems, as well as release of radioactive effluent

** See accompanying list: “Safety Systems Functions"
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APPENDIX C

POWER PLANT EVENTS AND MALFUNCTINNS

Loss of coolant (LOCA)

Model the effects of various sized leaks caused by various ma)functions.
Examples of these malfunctions are:

a. Cracks and ruptures of major RCS, steamline, condensate, and feedwater
piping

b. Failure of instrumentation penetrations

c. Leaks into component coolina water from credihle sources

d. Leaks in the cleanup, makeun and letdown nipina outside of
containment,

Loss of instrument air

a. Loss of compressor
h. Variahle leaks

c. Accumulator failure
d. Loss of service air

Loss of electrical power

Loss of generator output / loss of single phase
Loss of normal offsite power / deqraded arid
loss of alternate offsite power

Loss of one/all emergency diesels

Loss of selected MCCs

Loss of selected M/G sets

Loss of 4160 VAC bus(es)

Loss of 480 VAC bus(es)

Loss of 250 VDC bus(es

Loss of 125 VDC bus(es

Loss of 120 VAC bus(es)

Loss of inverter(s)

Deenerqization of individua) instruments

-l et T MDD A T
- - - - - -

8

Loss of reactor coolant flow control

a. Recirculation flow control failure

b. RCP eccentricity / vibration

c. Loss of seal / loss of seal water / loss of lube of)

d. Sinale/multiple recirc pump/RCP trips

e. Sinale/multiple trips of feedwater, condensate, and condensate hooster

pumps
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1N,

1.

Loss of condenser vacuum control

a. Loss of circ water

h. Loss of condenser hotwell level control

c. Steam jet air ejector failure

4. Condenser tube rupture

e. Condensate / condensate booster pump failure
f. Variable failure of vacuum breakers

q. Condenser

Loss of service water

a. Loss of non-safety system service water
b, Loss of circ water mzin makeup canability
¢. Loss of safety system (ESF) service water
4. Loss of RHR service water

Loss of shutdown coolina

a. Loss of RHR (residua) heat removal) systems
h. Loss of steam aenerator secondary heat removal capahility
c. Loss of spent fuel pool conlina

Loss of component coolina

a. Loss of containment equioment comnonent coolina
h. Loss of auxiliarvy equipment component coolina
¢. Loss of emeraency equipment component cooling

Loss of feedwater - excess feedwater

a. Loss of main feedwater - loss of MFP valve control, MFP turbine valve
failure, master feedwater flow control failure, steam generator level
control failure, nump trip

h. Loss of auxiliary/emeraency/standby feedwater - control or block valve
fatlures, turnine valve failures, pump trip

Loss of neutron flux indication

a. Malfunction of shutdown nuclear flux instruments
h. Malfunction of all neutron flux indication - failed high/low,
under/overcompensated

Mispositioned control rod(s)

a. Misalianed rods

b. Dropped rods

¢, Flected rods

d. Rod position indication failure
e, Rod worth minimizer failure
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Inability to drive one or more control rods

4. Stuck rod or rods

bh. Malfunctionina control rod drives

c. Control rod hydraulic flow control failure
4. Uncoupled rods

Failure of emergency core coolina system (ECCS) components

a. Passive systems failure--accumulators, core flood tanks, core fill
tanks, core injection tanks, ice condenser

b. Active system failure (includes both pump and valve failures)--core
spray, high head injection, low head injection, ADS, containment

14,
15.

16.

17,
18,

19.

spray, RWST/BWST

Fuel claddina failure or high activity in reactor coolant or offgas

Turhine faults

a. Turbine trip

bh. Failure of turbine to trip

c. Turbine runback / inadvertent power increase
4. Eccentricity / vibration

e. Stop, governor valve control failure

Failure of automatic reactivity control systems

a. Control rods positive reactivity addition control failure

h. Control rods negative reactivity addition control failure

¢. Inadvertent boration

4. Inadvertent dilution

e. Inadvertent cooldown / inadvertent reactor coolant pump start
f. Inadvertent standby liquid control system (SLCS) actustion

Sinale/multiple steam qenerator tube leaks/runtures

Secondary steam and water leaks

a.
L
C.
d.

Inside containment

Dutside containment

Steam line break without isolation

Water leaks - feedwater, AFW, SG blowdown

Fatlure of pressure/inventory control systems

a.
ho
C.
d.
e.

Solid plant--pressure increase exceeds limit

Solid plant--power operated relief valve opened

Pressurizer spray valve continuously open or closed
Pressurizer heater control faflure

Pressurizer power-operated relfef valve or safety valve open
continuously
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Pressure increase exceeds safety valve limit settina

Chargina / letdown failures

MSIV closure - partial/full, sinale/multiple

Pressure requlator failure

Stuck open or inoperable bynass, vent safety, and relief valves
Feedwater control failure

EHC failures

-l JU e e D O
- -

20, fGenerator faults
a. Generator trips / full/partial load rejection
h. Generator failure to trip
c. Hydrogen control failure
d. lsophase coolina malfunction
?21. Reactor trip/scram
a. Reactor trin/scram
h. Failure of reactor to trip/scram (auto and/or manual)
c¢. Scram accumulator malfunction
22. Loss of containment integrity - containment isolation system (CIS) failure
23, Radwaste system hreach/failures
24. Loss of protective system channe!
26. Non-nuclear instrumentation failures
a. Instrument failures
h. Interlock failures
c¢. Detector failures
26. Loss/malfunction of plant computer systems
27. Occurrence of valid/invalid alarms

?28. Inadvertent ECCS, CIS actuation
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* 0, S. Departrent of Labor OMB 44-R%0722
Manpower Administration

Bstab, & Sched, No.

WP

Rl JOB ANALYSIS SCHEDULE

1. BEstab, Job Title AUXILIARY CONTROL OPERATOR

2. 1Ind. Assign, chem, (atorie ennrov)

3. S8.1.,C, Code(s) and Title(s) 2819 Inor-~aniec Industrial Chemicals n.e.c,

(1972 SIC same)

4. JOB SUMMARY:
L]
-
o
K
3 H
(%] 5. WORL PERFORMED RATINGS:
J
& . .
G (ﬂ'// P T /
o Worker Functions Data Peonle Thines
5
1 6 | 2
Work Field pProcttIrnic.coseottnIic Code 147
MP.SMS, NMora), Forraus and Nanforrsus n.e.6, Code 529
6., WORKER TIITS RATINGS
GED 1 2 3(4 5 6 RAMALY
sVP xzsas&,‘vaq
| Aptitudes G 2V 2M 25 2P 31QAKALF 4M 4R SC 4
| -
| Temperaments 8 F £ 3 (’ﬁz r R 3;(?;/) v
| §O P e - »
| & -? Interests ila ‘16 2a (;3. Ja 3 ba G-_h Sa (5h.
- Vg N -
s ‘x‘ Phys, Dewands (S L M W VvV 2 3 C': (:S @
: o - i '
?§ o Environ, Cond, "l o B 2 3 4 5 6 7



7. General Education
a, Eleaentary __ 8 Rizh School 4 Courses
b. College __ rpone Courses

8. Vocational Preparstion

a, College none Courses

b. Vocational Education none Ceursea

¢. Apprenticeship none

d. In-plant Training Radiation and Safety Training 1 month

a, Onethe-job Training 18 months

f. Performance on Other Jobs 18-24 months as Utility Operator, Irradiated

Fuel Handler, and Charge COperator

9. DLxperionce 18-24 months combination experience as Utility Operator, Irradiated Fuel

Mandler, and Charge Operator

10, Orientation 4-8 hours

11; Licennes, ote. none - must be certified by company

12, TRelstion to Other Jobs end Workers

.
Promotion:t From Charpe Operator To Contrel Room Supervisor

Trmsfers: From none To none

Suporvision Reecived: Control Room Supervisor

Suparvision Given: none

13. Machines, Tools, Eqaipment, end Work Alids:
See Supplenmental Sheet

1k, Materials and Produstas
See Supplewvental Sheet D-2






15, Job Definition:

Operates and controls helium atmosphere system in dual purpose nuclear reactor,
producing plutonium and steam, using panel board console, and operates computer
to solve operating problems in nuclear reactor plant: Adjusts controls on panel
board to maintain specified levels of helium gas pressure and humidity in nuclear
reactor and prevent corrosion on surface of reactor tubes, Sele.ts and turns
designated control buttons to majintain water flow and temperature in internal
cooling loop of graphite shield, according to specifications, Adjusts blower
fan controls and monitors reactor confinement system to insure that radioactive
air is not blown into eclean zones, Observes and interprets readings of instru-
ments, such as temperature, pressure, and humidity indicators and recorders to
detect variances in helium atmosphere operation and evaluate trends, Inlttate’
corrective action, according to supervisor's instructions, own determination of
trends, and reports from other system reactor controllers, Operates computer to
obtain data to solve operating problems, such as variations in power level and
tube flow, for supervisor and other control room operators, Records data to

be used by professional and advisory staff for determination of iemediate or
future oper-tional procedures, Participates in charge activities during nuclear

maintenance shutdown,

16, Definition of Terns

none

17. Ceneral Coxments : Four certifiod Nuclear Reacter Operators are required to control
the operation of a dual purpose reactor, This vorker rotates assignments vith the
Pover Control Operctor, BN Nuclear Control Operator, and AA Nuclear Control Operator
vho are certified operators,

(cont'd Supplemental Sheet)
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U.S. DEPARTMENT OF LADZOR
MANPOWER ALMINISTRATICN

JBTAB. 408 TXTE_ Aunilisry Control Overator

Phynical [emandes and Invironmental Conditions

ESTMDe & OCHEDQ NQa

LL-ROT22

JOT TITLE AND CODE. 23,182
L PHYSICAL DEMANDS CQMENTS
1., OSTRINGTH
" a. Standtng _ 50 _%
walking _ 25 %
Sitting _ 25 %
b, lifting___ up |
Carrying up
Pushing np
Pulling. NP
2., CLI¥3ING i 5
e BALANCING I'p
Je  STCOPING EP
{EXLING 1 4
cHING up
C wum 40 4
REAL FAI.:G £ 4, Reaches for and handles dials, buttens, and
%ﬁﬁ;ﬁ&m m” switches on control panels, and computer controls,
... FEELING 1
S« TALLING 5. Talks and listens to other operators, supervisor,
. Ordinary 1’, and auxiliary system personnel, regarding vork
Other W problems,
HEARING
.Mmumn.mm_.ﬁg_‘
Other Sounds
;3. SEEING 6, HNear acuity required to read papges, dials,
__Aculty, Near F recorders, graphs, procedures, and computor
- Acu! Far I printouts, Color vision needed to distinsuish
| .Dapth Perception Hp colored ink on charts and wulti-colored lights
I =
T i:
'HMI P. Dt G, L M H “ 2 ) (‘ (r’) 6

Analysy M, Weinberg _ Date _8/74 _ |Estadb, Reviower
Fo8, Roviewer_A. Douglas ___ Date _£/74__ |Title

|
|

L', .

Date .




ENVIRCNMENTAL CONDITIONS COMMENTS

1.  ENVIKONMENT

Inside _ 100 %
Outside_ %

2. EXTREME COLD WITH OR
WITHOUT TEMPERATURE »
CHANGES

3.  EXTREME HEAT WITH OR
WITHOUT TEMPERATURE | o

_CHANGES
L. WET AND/OR HUMID NP
S. NOISE c

Estimated maximum 65 dbs,
nunber of decibels

VIBRATION NP
6. HAZARDS
Mechanical 1P
Electrical i1
Jumna o
-Explogives. Hd
Radiant Energy RIS
Other HE
7. AT™MOSPHERIC CONDITICNG
Junes NP
“Odors P
uate NP
Jidsts 13
Slages Ky
.Poor Ventilat.on P
Other i1

MATINGS: BuCot (1) O B 2 3 &k § 6 7

- -

0-6






APPENDIX E

LICENSEE EVENT REPORTS INVOLVING PERSONNEL

Licensee event reports (LERs) were examined for the period from June

1, 1981 to December 17, 1982. Twenty-four of the LERs involved per-
sonnel errors related to local control stations. Seventeen of these

24 LERs involved misalignment of valves caused by errors of maintenance
or instrumentation-and-control technicians. These are listed in Table

E.1. Seven of the LERs involved the misalignment of breakers or con-
trol switches. Table E.2 lists these.
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0020175573

0020175506

0020175218

0020175138

0020172758

0020172753

0020172732

TABLE E.1.

EVENT

82-008
Rey. !

82-016

82-015

82-083

82-052
82-030
82-035
fev. 1

82-002

8z-008

Equalizing valves left open on 3 steam
generator flow transmitters

Pressure switgh 1s0lated for turbine load
reject relay

Pressure switch 1sciated for emergendy
dresel generator (EDB) jackel cocling water

Pressure transmitler 1solated from remote
shutdown Mmonitor ing instrument

Drfferential pressure indicator 1s0lsted
for steam generator

Isolation valve partielly closed for
offgas stack sample line

Hi-flow trip transmitter isclated for
main steam line “A"

Cap missing on wnstrument test tee on
reactor building pemetration

Hi-flow trip transmitter isolated fors
main steam Vine “A*

Hi-flow trip tramsmitter isclated for
main steam line "B”

Reactor water level-lo/Migh pressure
core spray (WPCS) mitiation switch
solated

Low pressure corve spray (LPCS) discharge
pressure h1/lo switch isolated

Stack gas sample valve )ine 1s50lated
Sample lime uncoupled on stack gas filter
assembly

Pressure switch isolated to turbime fast
closure trip

Drywell pressure-ni switch solated

Differentia! pressure flow sensor 1solated
on auxiiiary feed pump

Events Related to Valves

Summer |

Quad Citres 7

Calvert Clafes 7

Seguoyah |

Sar Onatre 2

Armola

Le Salle 1

Oc omee 1

Peach Bottom 7

Peach Sottom 7

La Salle 1

La Salle 1

La Salle |

Dresden 7

Millstone |

Browns ferry |

Pomt Beach |

L. S

EVENT DOCKET/
DATE {DATE )

1717082 50-395
{12/ /82)

oiz7i5482 50265
(11 /08/82)

09/15/82 50-318
(Y0215 /82)

08/03/82 50-372
(09/30/87 )

07725482 50361
{08/28/87)

0r/e7i82 50-331
(OB /05 /67)

06721782 50-173
(07/20/82)

03723482 50-269
(07/2382)

07/09/87 50-277
{07/16/82)

07/03/82 §06-217
(67/16/82)

b/ 1182 50-373
(07714/82)

06/ 20/82 50-373
(07/20/83}

05/31/82 50-373
(0B/18/87)

06/01 /81 50-237
106/26/81)

N8 50-285
(01/13/82)

01/06/82 50-2%9
{0201 /82)

02 /06 /87 60- 266
(03-09/82)
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V00179674

0020176262

0020176139

0020175515

Q070175301

0020.72991

82-040

82-0e8

82-045

82-023

82-02¢

82-015

S~

OC feeder breake- tripped open by con-
tractor causin, . actor trap

Breaker opencd, possibly by being kicked,
for MOV fron service water to CCHX,
resulting 1n loss of COHX cooling water

Main steam hi flow switches hit by remo.able
handrail {due to contractor error) Causing

Three containment air radiation monitors
nogerable due to control switcnes being
left 1n "test” position By maintenance
persenne |

Breaker opened (assumed .ccidently knocked
open) to safety imjection sy-tem MOV -alue,
rander ing system inoperable

Inverter output breaker to RHR syctem
SUCLion precsure transmitter opened when
contractor dropped pirece of sneet metal
on it, causing 1t to farl migh leading to
sutrclosare of suction valve and tripping
of the running RHR pump

TABLF £.2. Everts Related to Breaker/Control Switches

Vital bus distribution center circuit
breaker crened when struck by conduit
carried by vontractor

Yankee Rowe

Calvert Cliffs |

Survy 7

Pirlaram |

Milistone 2

Yinkee Rowe

Zion }

V1712 /82

11 709/82

07176182

Os#12 /82

06/2378¢

06404 /72

03/17/82

50-029
(12/10/82)

5C-317
(12/08/82)
50-281
(08/24/82 ;
56-793
{03/13/82)

50-332
(07/23782)

50-079
167 702/82)

50-295
(03,25/82)
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ID #
Date
Time_

LCS INTERVIEW GUIDE AND CHECKLIST

i 4 Inicial Meeting Approach

Contact Name:

Job Title,/background:

Escort Name: B

Job Title/background:

XIX. Introduction:

__ ‘tress confidentiality (code #'s, sanitized photos)
Stress that our visit is not related to licensing
Stress research nature of our projects
tresent 3 proiects

Local Control Stations
NPP Mairtainabili%y [esign Guidelines
Safcty Systems Status Verification

) § & I Present Procedures
_Visit target L(38's

Obtain objective environmental m=asures
Noise
Light
Humidity/Temperalure

¥notograph paneis

Use checklists {uc presence/absence of environmental
conditions and features

Ask questions ArLut panel function and operation

Ask to see controls or displays of particular interest

F-1



VI.

VI.

ID #
Date
Time

Estimate Time Requirements
4-5 hr. total visit time

20 minutes/LCS visited

Thank Plant and Individuals for their help

Comments:

F-2




ID #

Date

Time

OPERATOR FAMILIARITY WITH LCS

What training have you received on the operation of this
local control station? (Probes: Where are the emergency pro-
cedures located? Who else can help you operate? How will con-
ditions change in an emergency?)

F-3



*This question was drawn from the BWR Owners Group Operator

\

Survey (Reference 4).




n was drawn
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(Reference &)
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ID #
Date
Time

ANNUNCIATOR WARNING SYSTEM

"Describe at least three features of your annunciator warning
system that you feel have resulted in inefficient or erroneous
fault isolation."”
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ID #

Date

Time

PANEL DESIGN

"Describe any changes to the local control station that
you feel would improve the operator's capability to recognize
and control normal and abnormal plant operating conditions."
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ID #
Date
Time

WORKSPACE LAYOUT AND ENVIRONMENT

"Describe at least three aspects of the workspace, furniture,
equipment layout, or environmental conditions that you find par-
ticularly bothersome. Describe specific incidents or ways in which
these have been ineffective and have interfered with job performance."

F-10



ID #
Date
Time

COMMUNICATIONS

"Describe at least three characteristics of the local control
station communications systems that you find most effective in
providing you timely, intelligible contact with other personnel."



ID #

Date
Time

COMMUNICATIONS

“Describe any problems with the local control station communi-
cations systems (phones, page phones, loudspeakers, radios, etc.)
that have prevented or interfered with your ability to communicate
with other personnel. Consider, for example, delays, interference."

F-12



ID ¢
Date
Time

PANEL DESIGN

"Can you think of any occurrences when an operator activated
the wrong control, activated a control inadvertently, or activated
a control incorrectly? (Probes: Why did this happen? What system
and panel were involved? How and when was the mistake discovered?
What was the consequence? Have there been other such occurrences?
If so, describe. What would you recommend to prevent a recurrence

of any of these problems?)"

Photograph any control that was inadvertently activated and check
items below: -

Traffic area?
Room for people or objects to pass?
Do people passing carry things or wear heavy clothes?

Would shielding help?
Is control relocation feasible?

RARR
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ID %
Date
Time

LOCAL STATION CONTROL ROOM LAYCUT DRAWING

Note in diagram where measurements taken:

N=Noise L=Lighting T=Temperature/humidity V=Air Velocity

What changes in environmental conditions are anticipated during

an emergency event?

General comments?

G-1



ID #
Date
Time

LIGHTING SURVFEY

Measurements made by:

Equipment/instrument used:

Serial # Calibration date:

Meter Reading

Location Description (be specific) Normal Emergency




SOUND SURVEY RECORD

Measurements made by:

ID #
Date
Time

Equipment/instrument used:

Serial #

Calibration date:

Location dB(A)

' 250 500 1K 2K 4K

Octave Band Center Fnamwnq;l ks/ liti !

. ———

- ———

Take measurements at center of each panel or console and at all

locations requiring communication with the primary operating area,
with alarms and without alarms.

G-3
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APPENDIX H

ENVIRONMENTAL CONDITIONS AND HUMAN PERFORMANCE







In nuclear power plant (NPP) local control stations it is assumed that
temperature extremes are more likely to occur at the high end of the
scale rather than at the low end. In this situation the temperature
regulating mechanisms work to maintain a constant core temperature
while dissipating heat. An increase in heat loss can be achieved
through shunting blood, which has a high heat capacity, to the periph-
eral circulation (vasodilation). This results in an increased skin
temperature which in turn results in higher heat conductance. Other
important regulating mechanisms which are activated at increased temp-
eratures include evaporative heat loss and increased respiratory rate.
These mechanisms serve to coo! the skin and blood circulating to the
pheriphery and to increase the saturation of air with water vapor,
respectively.

If heat gain is extreme and the body core temperature increases,
several consequences can result. Heat stress can result in initial
discomfort, and can lead to performance degradation, faintness, loss
of consciousness and, under extreme conditions, death. It 15, there-
fore, important to provide an environment where the temperature favor-
ably influences the efficiency and safety of the personnel performing
critical plant functions.

The external factors that affect the body's ability to regulate core
temperature include air temperature, air humidity, and air velocity.
Air temperature affects convective heat exchange and is easily measured
using a mercury thermometer. Relative humidity, which affects the

rate of evaporation, can be measured using a sling psychrometer or
determined using psychrometric charts when dry-bulb and wet-bulb temp-
eratures are known. Air velocity, which can affect both convective
heat exchange and evaporative heat loss, is measured using an anemo-
meter. Because these factors interact to affect temperature regulation,
several scales have been de' _.uped to integrate these factors into one
measurement or index. The effective temperature index is the most
widely accepted scale to date.

There are two acceptable effective temperature (ET) scales in use

today, both of which were developed under the sponsorship of the American
Society of Heating, Refrigeration and Air Conditioning Engineers (ASHRAE ) .
The original ET scale, which was applicable to a sedentary person,

has been shown to overemphasize the effects of humidity under cool
conditions and underestimate the effects of humidity in warm environ-
ments. In addition, air movement was not fully accounted for in hot

and humid conditions. Therefore, a new effective temperature scale

was developed, based in part on heat requlation physiology (McCormick,
1976). This new effective temperature scale is illustrated in Figure

H.1. Each ET line represents combinations of dry-bulb temperature and
relative humidity that would produce approximately the same skin "wettedness"
from regulatory heat loss due to sweating. At a dry-bulb temperature
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Ashrae comfort standard 55-74

.
The envelope applies for lightly clothed, sedentary individuals in
spaces with low air movement (less than 45 FPM)




creased comfort at decreased relative humidities which results in a
comfort zone spanning different dry-bulb temperatures at varying rel-
ative humidities. It should be noted, however, that the comfort zone
in Figure H.2 includes upper and lower relative humidity bounds which
are not included in the new effective temperature scale.

ILLUMINATION

A good interior lighting installation will have the following character-
istics:

1. The illumination is sufficient to enable one to accomplish
the seeing task satisfactorily.

2. The distribution of the illumination is uniform throughout
the seeing area.

3. The light is properly directed and diffused by the fixtures
and by proper painting of the surroundings.

4. The fixtures shield the light source so that a brightness
near the horizontal (to at least 30Cbelow) is low (1/2 candle
per square inch for large fixtures to 2 for small ones).

5. Shadows, although important in providing form and depth to
objects, are soft.

6. The color of the light source and that of the wall paint is
acceptable to the type of service and the preference of the
individuals involved.

7. Glare is entirely eliminated.

8. Centrasts in brightness are not too great, as they may be the
cause of glare and visual discomfort (Eshbach, 1975).

There should be an attempt to minimize illumination problems associated
with illumination quality as well as quantity. Because the contrast,
size o7 the object viewed and amount of viewing time are often inherent
in the task, typically the amount of illumination is increased. How-
ever, this is not always cost effective and can produce glare and
fatigue (Konz, 1979). Examples of recommended levels of illumination
are included in Table H.1.

The quality of light is determined by the distribution of brightness
and can be enhanced by controlling such things as contrast, glare and
orientation. To detect shapes, it is possible to maximize the con-
trast between the target or task and its background. On the other

H-5



hand, to detect surface characteristics like color and texture, one
should minimize the contrast. In addition, constant adjustments that
must be made when alternately viewing bright and dim areas should be
minimized to decrease fatigue. Glare, which is categorized into
direct and indirect glare, can be considered to be any brightness
which results in discomfort, visual interference or eye fatique. Sen-
sitivity to glare increases with age and is more pronounced in indi-
viduals with blue eyes. Direct glare is a result of a light source
within the field of view, whereas indirect glare is caused by a light
source reflected from a surface. Both types of glare can be controlled
by masking, filtering, redirecting light sources, etc. The proper
orientation of lights can be used effectively to sharpen or blur an
image and to reduce glare (Konz, 1979).

TABLE K. 1. Recommended Levels of
[Tlumination (NUREG-0700)

Task Uluminance, footcandies
Work Area

or Type of Task Mini Recom- | Max:
mum mended mum
Pani 's, primary operating area 20 30 50
Auxihiary panels 20 30 50
Scale indicator readn 20 30 50
Seated operator st2uons 50 7% 100

Reading:
® Mandwritten (pencill 50 4] 100
® Printed or typed 20 30 50
Writing and data recording 50 % 100
Maintenance and wiring areas 20 30 50

As above

Emergency operating nghting 10 o S

NOISE AND PERFORMANCE

Humans can perceive sounds over a wide range, usually between 2 Hz and
20 kHz, and are most sensitive to a middle range of approximately 0.5
kHz and 3 kHz. In a working environment, sounds that are considered
“unwanted” or disturbing, whether normal or otherwise, are usually
described as noise. Control of noise at lower levels [55 to 80 dB(A)]
serves primarily to eliminate annoyance, whereas noise control at

levels exceeding 90 dB(A) serves to protect the hearing ot personnel
(Konz 1979).
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The Occupat ‘onal Safety and Health Administration (OSHA) has estab-
lished reccinmended levels of noise exposure for specific durations in
industry jobs (McCormick 1976). This information is preserted in
Table H.2. If the noise is intermittent, tolerance limits are a func-
tion .f the intensity and the durations of exposure and nonexposure.
This relationship is presented in Figure H.3.

TABLE H.2. Permissible Noise Exposure for Industry Jobs
(Federal Register 1971)

Duration Per Day Sound Level
__{hours) _(dB-A)
8 90
6 92
4 95
3 97
Z 100
1 1/2 102
| 105
1/2 110

1/4 or less 115

480 )
T 8
- 11508 .
200 a g
11008 10648 10048 3%
100 4 2
B0 P~
§ o '
L o
i
w 20p
3 9548
10 b
Ll
Ll
al-
048
2 T 1
0285 10 14 0 28 30

ON TIME MiN

r IGURE H.3. Guide to Ailowable Exposure
Times for Intermittent Noise




Although it is difficult to make the generalization that noise causes
a degradation in task performance, there is evidence that certain
tasks are affected by noise. Among these are certain mental tasks;
tasks requiring skill and speed (Roth, 1968); and tasks requiring high
levels of perceptual capability (Boggs and Simon, 1968). In addition,
there is evidence to suggest that sensory overload, where noise
stimuli exceed the individual's information-handling capacity, can
cause degradation in task performance (Finkleman and Glass, 1970).

At local control stations one might expect noise to be of the con-
tinuous or intermittent type which would cause annoyance or mask com-
munication infcrmation vital to completing critical plant functions.
Noise can require personnel to increase their concentration, can cause
a reduced level of comfort, and consequently increase fatigue (Konz,
1979). Noise which masks communication between two points is of
critical concern. Figure H.4 illustrates voice levels required under
specified ambient noise levels and speaker to listener distance in a
control room atmosphere. Upper limits on background noise for this
environment have been put at 65 dB(A).

T - T
— 16
AREA WHERE UNAIDED
32— COMMUNICATIONS ARE
INADEQUATE —8
E‘ 16 b "
z -4 5
- -
2= Sl 3
- w :
o9 -2 2
- 3 o
-
5 M aRea wHeRE DIFFICULT z
%3 COMMUNICATION o
@ IN NORMAL VOICE »
o P -
b IS ADEQUATE 0 a
5
| | S—.
02%
L ! 1
30 40 50 60 70 80 90 100 110

AMBIENT NOISE LEVEL, dB(A)

FIGURE H.4. Voice Level as a Function of Distance Between Speaker
and Listener and Ambient Noise Level

Although hearing loss can be caused by high noise environments, it is
assumed that local control stations are not located in areas where
noise continuously exceeds 90 dB(A), and are not used frequently
enough to contribute significantly to these losses.
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