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I. INTRODUCTION

The Palisades Nuclear Plant is a Combustion Engineering
designed, pressurized water reactor located on Lake Michigan
near Covert, Michigan. It was designed and built in the
late 1960's and was placed in operation in 1971. 1Its early
operating availability record was not particularly good,
largely because of equipment failures rather than operator
errors. However, subsequently the availability has improwved
and there is little evidence of serious human factors
problems. Because Palisades is a relatively old plant, many
members of the control room operating staff have a great
deal of operating experience.

Consumers Power initiated a detailed control room review
effort  in late 1980. A full scale mockup was constructed
and the review effort, including the initial walkthroughs of
procedures, were begun in 1981, After the requirements for
a program plan were issued by the NRC, a program plan
(Reference 1) was prepared and forwarded to the NRC in early
1982, In late 1983 and early 1984 the main console and back
panels in the control room were relabeled. 1In 1986 the
majority of the other panels were relabeled.

The NRC staff reviewed the Program Plan for the control room
review in late 1983 and a meeting was held with the NRC
staff in February 1984 to review CPCo response to the NRC
comments. At that meeting the large amount of completed
review work, the completed portions of the relabeling and
demaration, and other completed and planned corrective
action were reviewed with the NRC, As a result of this
meeting no major changes in the review program were made
except that CPCo agreed to perform an additional, formal
function and task analysis to supplement the numerous
walkthroughs of procedures which had aleady been ‘
completed. The results of this function and task analysis
are reported separately as Appendix F.

This report summarizes the results of the detailed control
room design review and describes the organization and
approach used (Section II). The report summary (Section
ITI) outlines the major findings of the review. Following
the summary, the report discusses the individual findings in
detail in Sections IV and V. The assessment of each finding
is presented in Section VI. Where appropriate, the schedule




for completion of modifications to correct human factors
deficiencies is also presented in Section VI or in the
various appendices.

The findings are presented in terms of comparison to
the guidelines which are given in Appendix A. These
findings are divided into:

(1) operational review findings (Section IV), e.qg.,
comparison to operational guidelines, review of
operator's responsibilities, and the results of
procedure walk-throughs, and

(2) human engineering findings (Section V), e.g., detailed
reviews of panels, alarms, and environment.

The report includes appendices for detailed information. 1In
addition to the guidelines, the appendices include results
of operator interviews and the results of environmental and
emergency lighting surveys. The human factors review of the
Remote Shutdown Panel (C-33), which is not in the control
room, and Panel CllA, which was added to the control room,
are covered by self-contained appendices.

The detailed function and task analysis of the emergency
procedure guidelines is described and the major results
summarized as a self-contained appendix.



IT. APPROACH

Management And Staffing

The performance of the human factors review was the
responsibility of a team made up of personnel from
Consumers Power (both engineering and operations), MPR
Associates, and an independent outside consultant, Dr.
T. B. Sheridan of the Massachusetts Institute of
Technology (MIT). The responsibility and functions of
the members of the team are described below; resumes
are included in Appendix E of this report.

MPR Associates, Inc.

MPR was responsible to provide the major portion of the
detail management and review effort. This included
providing the full scale mock-up and control room
drawings, conducting the procedure walk-throughs,
interviewing operators, comparing the control room to
the detail guidelines, coordinating the identification
and assessment of the human engineering discrepancies,
and establishing potential modifications. For this
purpose MPR assembled a working group consisting of
Messrs. H. Estrada, D. H. Harrison, J. Hibbard,

C. Schlaseman and A. Zarechnak, with supporting
services such as drafting. It was augmented by other
MPR staff personnel where special skills or experience
were required.

Consumetrs Power Company

Plant operations was initially represented on the
review team by Mr. W. S. Skibitsky, Operations
Superintendent and holder of a senior reactor operators
license at the Palisades Plant until late 1982, He
participated in planning, reviewing results, and
ensured that plant operators' input was provided.
Beginning in early 1983 Mr. C. Kozup replaced Mr.
Skibitsky as Operations Superintendent and member of
the review team. Mr. Kozup also participated in
assessing the findings and identifying potential
modifications. 1Individual licensed operators
participated in several aspects of the review including
for example the procedure walk-throughs, environmental
survey, and review of operating experience,




Engineering was represented on the review team by four
individuals: Mr. R. L. Muzzi from the plant
engineering staff and Messrs. R. R. Biggs, and K. A,
Toner from the general office engineering staff. 1In
early 1985 Mr. Muzzi left the plant staff and was
replaced by Mr. R. M. Hamm. Messrs. Muzzi, Skibitsky,
Biggs and Toner participated in the planning, reviewing
results, assessing findings, and identifying potential
solutions. They also assured that engineering input
from various sources was incorporated. This included
other ongoing plant modifications and obtaining
necessary information from the architect-engineer and
other contractors to Consumers Power., Messrs Muzzi,
Biggs, Toner, and Hamm participated in the Consumer's
Power Human Factors Training Seminar in January, 1982.

The detailed function and task analysis based on the
emergency procedure guidelines was prepared by
Consumers Power engineering and operations staff. MPR
personnel reviewed this analysis and then reviewed the
evaluation and the suitability from a human factors
viewpoint of the control room equipment to carry out
the defined tasks. The staff, methodology, and results
of the task analysis are described in Appendix F.

Outside Consultant

Dr. T. B. Sheridan, professor of engineering and
applied psychology at MIT provided the review team with
assistance and participation in the human factors
aspects of the review: methodology, interpretation of
guidelines, review of environmental survey, review of
control room and control panels, interviews with
control room operators, assessment of human engineering
discrepancies, and evaluation of potential
improvements.

Information Sources

The Palisades Nuclear Plant has been operating since
1971. Consequently its operating procedures were
considered to be a relatively accurate representation
of how the plant was operated. These operating
procedures were, therefore, the primary source of
information for control room operator activities.
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In addition to these procedures, other sources of
information which were used in the control room review
included:

° plant piping and instrumentation drawings and
electrical diagrams,

° operator training manuals and other training
material,

° - the Final Safety Analysis Report and the plant
technical specifications,

° drawings of the control room and the control
panels,

° licensee event reports and internal plant reports

on reactor trips and other events, and
° plant logs.

In addition, the review team had access to the plant
operators through interviews and participation in the
walk—-throughs. Access was also provided to other
members of the plant staff - operations, maintenance,
and engineering. The review team was provided access
to the actual control room as appropriate for
photographs of control panels, surwveys, special
observations, and specific questions subject to the
normal constraints on control room access exercised by
the Shift Supervisor.

Review Processes

The objectives of the Palisades control room review
were the same as those stated in NUREG-0700 (Reference
3):

"To determine whether the control room provides
the system status information, control
capabilities, feedback, and performance aids
necessary for control room operators to accomplish
their functions and tasks effectively" and

"To identify characteristics of the existing
control room instrumentation, controls, other
equipment, and physical arrangements that may
detract from operator performance."
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The review processes used in the review of the
Palisades control room are described below. The
methodology differs somewhat in its organization from
the methodology described in NUREG-0700; but each
element of a thorough human factors review is
covered. Figure II-1 shows how the review processes
described in NUREG-0700 were covered by the Palisades
review processes described below. It should be noted
that the separate items described below were not in a
time sequence and portions of the various processes
took place in parallel.

1.

Review of Operating Experience

The objective of the review of operating
experience was to make sure that problems actually
encountered in operation of the Palisades plant
were identified and factored into the review of

the control room.

A most useful source of information on operating
experience was the detailed comments, solicited as
well as unsolicited, from the operating staff in
the course of the walk-throughs and talk-throughs
on the control-room mock-up.

A formal survey of control room operators was also
conducted. The objective of this surwvey is to
identify problems and strengths of the control
room that have been noted by the control room
operators in the course of operations. Questions
were based on a written questionnaire and
interview protocol prepared beforehand and agreed
to by the Review Team. The recommendations for
protocol and interview questions listed in
Appendix C to NUREG-0700 served as one of the
inputs to this questionnaire. Additional walk-
throughs were identified to investigate further
any significant problems which were identified
during these interviews.

Operations staff with a range of experience was
involved. The interviews were conducted by
personnel on the review team who are not members
of Consumers Power Company: Dr. T. Sheridan, Dr.
D. Harrison and A. Zarechnak. The personnel
conducting the operator interviews had previously
participated in other aspects of the Palisades
control room review and in that process had
already established cooperative professional
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relationships with the control room operators. 1In
the course of the interviews the control room
operators answered freely and volunteered detailed
technical examples of specific operator

concerns. Results of the operator survey are
documented in Appendix B,

The review of experience also included a review of
the Licensee Event Reports, the Nuclear Power
Experience summaries, operator's logs, and
discussions with plant maintenance personnel.

Inventory of Control Room Instrumentation and

Equipment

The objective of the control room inventory was to
identify all instrumentation, controls and equip-
ment within the control room. All components with
which the operators interface were included in the
inventory.

In the Palisades control room review, the
construction of a full-scale mock-up of all main
control room panels (including annunciator alarms)
used by the operators was part of the inventory
process. The displays and controls for the mock-
up panels were reproduced by a combination of
photographic and Xerox reproductions of a grid
work of high quality photographs.

The actual inventory was contained in a complete
set of reproducible drawings of the control panels
based on the same photographs used for the
mock—-up. The drawings and the mock-up allowed
identification and review of the panel components
without disruption of control room activities. 1In
the course of the review some modifications were
made to the control room. The drawings and the
full-scale mock-up were revised to incorporate
these changes.

On the basis of the drawings and mock-up, special
tabular listings of controls and displays were
generated and used in the process of making
comparisons of specific detailed human factors
guidelines. These special listings were used, for
example, for verification of the adequacy of the
scale ranges of meters.
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Detailed Review of Control Room Components and

Environmental Survey

The objective of the control room component review
was to identify any characteristics of instru-
ments, equipment, layout and ambient conditions
that did not conform to good human engineering
practice. The review was performed in three
stages: the detailed control panel review, the
alarm review, and the environmental survey, as
described below:

a. Panel review

This included review of the following:
° controls,
displays,

process computers,

panel layout including anthropometric
considerations, and

control/display relations.

b. Alarm system review

This included review of the following:
° selection of alarms and
presentation (human factors) of alarms.

c. Environmental survey

This included review of the following:

° overall ambient conditions, including

temperature, humidity, and ventilation;
lighting levels;

sound levels;

control room workspace;

communications;
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° emergency equipment and clothing; and

° administrative practices such as
transfer of information during operator
shift changes, control of key-lock
switches, etc.

The control panel, alarm system and environmental
conditions surveyed were compared to detailed
human engineering guidelines prepared for the
Palisades control room. These guidelines were
developed before the guidelines of NUREG-0700 were
available and are presented in Appendix A. After
corrective actions have been defined, the control
room as it will be with those improvements was
compared to the detailed human factors guidelines
in Section 6 of NUREG-0700. This provided a cross
check that all important factors had been
addressed and that no significant human factors
problems had been overlooked.

Review Based on Operator Responsibilities

The responsibilities of the control room operators
at Palisades, divorced from any specific event,
were identified. These responsibilities are
listed in the review guidelines (Appendix A, Part
IT.A.) It should be noted that each operator
responsibility involves a number of tasks and each
task in turn may require the operator to take a
number of specific actions.

The detailed manner, i.e., the specific actions by
which each of these operator responsibilities is
discharged in the Palisades control room, was
reviewed. This process established the display
and control requirements for each general operator
responsibility (e.g. control of secondary water
inventory) which may not be obvious from analysis
of particular operating events or from existing
plant procedures. These requirements were
compared to the existing instrumentation.

This effort was in addition to the separate .
function and task analysis of emergency procedures
described in Section II.C.6, below, and in
Appendix F.
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Review Based on Existing Plant Procedures and

Walkthrough of Expected Operational Evolutions and

Postulated Off Normal Events

A set of operational evolutions was selected for
analysis of operator actions. These included:

Normal Operational Evolutions

-]

heatup and startup,

shutdown and cooldown,

operation at power (including automatic and
manual operations of reactor, steam generator

and main turbine),

refueling,

Transient and Emergency

-]

reactor and turbine trips from a variety of
mechanistic causes,

primary coolant leaks small enough so that
the charging system can maintain coolan
inventory, :

primary coolant leaks too large for normal
charging system makeup (including transients
leading to core conditions with inadequate
core cooling or core degradation),

various size secondary system leaks within
the makeup capability and exceeding the make-
up capability,

loss of feedwater flow,

various losses of off-site and on-site power
(including losses of instrumentation power
sources),

loss of instrumentation air, and

postulated failures of systems and components
(such as the main steam isolation valves,

steam generator tube ruptures, safety valves,
etc).

I1.8




For each of the normal evolutions qualified
Palisades operating personnel performed the simu-
lated operations on the mock-up using the
appropriate plant operating procedures with the
evaluations being performed by the review team. A
talk-through technique was generally used in these
procedure walk-throughs. On the basis of the
information obtained from the walk-throughs,
operator tasks were identified for each of the
evolutions considered. These walk-throughs also
served to familiarize the review team members with
the Palisades Plant,

A similar approach was followed at the mock-up for
the emergency and abnormal events with the
following exceptions: The analysis of these
events was initiated by postulating a set of
symptoms consistent with a possible plant
condition, including system or component
malfunctions. The symptoms were in the nature of
specific meter readings, alarms, noises, etc. and
were presented (described) to the operators. For
example, one walk-through postulated a sequential
loss of primary coolant pump seals resulting in a
small loss-of-coolant accident (LOCA). Initial
symptoms included an intermediate seal pressure .
oscillating with an amplitude of 700 psi, and a
seal high temperature alarm. Subsequently, the
leakage flow increased beyond the capability of
the charging pumps, the primary pressure dropped,
and the radwaste panel alarm came on. Responding
to the stated symptoms, the operator then made a
determination of what specific event was in
progress, and which (if any) plant procedures were
applicable to the perceived event. The operator,
if he wished, asked for information on the
readings of other meters and the status of other
indicators. In the postulated small LOCA
discussed above, if the operator asked, he was
told that the level in the reactor coolant drain
tank was rising. For some events, additional
symptoms were presented to the operator,
consistent with the postulated event. In this
way, information was elicited regarding the actual
operator tasks including the displays which the
operator used to diagnose a problem, initiate a
course of action and confirm the results of his
action.
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Toward the latter part of the human factor control
room review a complete full-size active simulator
of the Palisades control room was completed for
the purpose of training control room operators.
This simulator was used in lieu of the original
(passive) mock—up to conduct the latter walk-
throughs including electrical upsets and
instrument air malfunctions. During these
walk-throughs special attention was paid to the
ability of the operator to diagnose complex
malfunctions in "real time" and respond properly.

The plant normal and emergency procedures define a
set of control and display requirements. These
control and display requirements were compared to
existing instrumentation and any discrepancies
were documented, utilizing appropriate criteria.
These criteria include consideration of guestions
such as:

° Is required input information available?

N

Is required equipment, e.g., controls, tools,
charts, lists, communication links, etc.
available?

Is this task physically and mentally
practical to perform? For example, is
control too high to reach easily or does
operator need to have memorized too much
information?

Is required system response indication avail-
able?

Is required component response indication
available?

Does this task conflict with other control
room operations in progress?

Are there potential errors in this task which
have serious consequences?

Would a simultaneous fire or medical
emergency have a serious impact on this task?
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° Do controls and displays used in this task
meet appropriate human factors guidelines,
e.g., control/display relationships, display
units, label/procedure nomenclature
consistency?

° Is manning level consistent with the assign-
ment of responsibilities for this task?

As a result of the walk-throughs, those tasks
which were difficult to perform were identified.
The review team then determined the course of
action for further more detailed evaluation of the
particular task involved.

An additional function of the walk-throughs was to
compare the nomenclature of control console and
panel labeling with that of plant procedures and
appropriate piping and instrumentation schematic
diagrams. Where discrepancies were found, appro-
priate changes to console labeling, diagrams, or
procedures were recommended.

Function and Task Analysis of Emergency Procedure

Guidelines

A detailed function and task analysis of the
generic Emergency Procedure Guidelines (Reference
2) was conducted by Consumers Power Engineering
and Operations staff. The results were
independently reviewed by MPR. MPR also performed
a detailed evaluation of the human factors of the
control room equipment used to perform the defined
tasks. This function and task analysis and its
interrelation with the detailed control room
design review is described in Appendix F.

In addition, new emergency operating procedures
are being developed by CPCo operations personnel
which use the results of the function and task
analysis as a reference. This effort is not part
of the detailed control room design review;

howe ver, personnel from the human factors review
team observed the operators in the Palisades
simulator when the revised emergency procedures
were validated.
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Documentation of Review Data

During each phase of the control room review, data
were recorded in the form most conwvenient to the
particular task to minimize the fraction of the
review effort which was devoted to assembling,
programming, recording, and storing data on
deficiencies. Emphasis was placed on using
existing documents, for example, copies of the
guidelines or procedures, marked up to record
problems as they were observed. Special forms
were used, however, in some instances to record
data. These initial notes and raw data were
further consolidated so that generic problems were
identified.

For example, the control room survey was performed
in a systematic panel-by-panel sequence.
Individual copies of the human factors guidelines
were made for each panel. Each specific guideline
was applied to each individual display and control
on the panel being reviewed; each guideline was
marked as being met or not met for the panel being
reviewed. If practical, guideline discrepancies
were documented next to the specific guideline
being applied; when necessry detailed lists were
generated which documented all instances of
deviations from the specific guidelines. In this
manner defficiences which were generic to the
control room, i.e. appeared for many components,
were easily compiled and resolution of such
discrepancies could often be addressed in a
systematic manner on a control room-wide basis.
The results of this compilation of deviations from
a specific guideline are included in the tables in
Section VI of this report.

All discrepancies are documented and discussed in
this control room review report. Detailed tables
in Section VI of this report or in the appendices
identify each discrepancy and document its
resolution.

Examples of specific types of documentation which
were used are as follows:
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Copies of the detailed human factors guide-
lines were used to record compliance with
specific guidelines and to identify instances
where guidelines are not met.

Tables were prepared for findings that are
generic, i.e. for multiple, similar
departures from a single guideline.

Tabular listings of controls or displays were
used to evaluate certain attributes such as
units and ranges on displays and position
indications for valve switches.

Drawings of the control room panels were
produced from detailed photographs of the
existing control room and are used as part of
the record of the control room inventory.

Copies of procedures were marked up to keep
notes on walk-~-through observations. These
are augmented by collected notes after a
walk—-through session. These data are further
reviewed and evaluated to identify particular
problems.

Forms for recording control room light
measurements and sound measurements were
prepared to plan the data taking, minimize
the disruption of the control room, and used
to document these measurements.

Control room operator survey forms were

prepared and used in conducting interviews
with the control room operating staff.
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III.. SUMMARY OF MAJOR FINDINGS

This section summarizes the major findings of the detailed
control room review., This summary groups the findings
generically wherever practical; more detailed discussions of
specific shortcomings are found in Sections IV, V and
Appendices B and C. The purpose of this section is to give
an overview of the results of the review and the major
approaches which are available for the correction of its
human factors shortcomings. All these findings and the
recommended specific corrective actions are summarized in
tabular form in Section VI of this report except those in
Appendices D, F, G, and H.

A. Strengths of the Present Control Room

This section describes those features of the Palisades
control room which appear to contribute strongly to
good human factors in the plant's operation. They are
not absolute in the sense there are instances where the
strong feature is not carried through in some

details. However, they represent overall features and
approaches where the basic Palisades control room
design is particularly sound, and should be preserved.

1. Locations of Major Groups of Controls and Displays

The control room separates the major groups of
related controls and displays into areas which
allow effective operation. For example,
reactivity control, primary system inventory,
safety injection, steam system, turbine—-generator,
service systems, and electrical distribution are
alloted more-or—-less separate areas. The normal
manning (two control room operators) and the
division of responsibility between these two
operators appear to match satisfactorily with the
locations of these grocups of controls.

2. Overall Room Layout

The Palisades control room is relatively compact,
quiet, and adequately lighted. There are no large
amounts of extraneous equipment or traffic. The
shift supervisor has direct access to the control
room operators. He can see and hear the activity
in the control room; visitors to the shift _
supervisor do not have to enter the control room.
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Main Alarm System

The main alarm system, for the most part, is well
located with respect to the related controls and
displays and the alarms for individual systems are
presented in orderly groups. It has a manageable
number of alarms, has some prioritization by
color, and, is designed to be "dark" at power.

The main audio alarm (a chime) is effective and
the acknowledgement scheme does not have a large
potential for missing a new alarm or inadvertent
acknowledgement,

Indication of "Normal" Status

The Palisades control room includes a system to
identify for the control operator the component
status which is defined as "normal" for power
operation. This is accomplished by distinctive
black dots (about a quarter inch in diameter)
which are applied to the console adjacent to
indicator lights or switch positions. The
operator can see at a glance by scanning the
console whether his status is "normal". This
system is particularly valuable in shift turnover.

Control Types

In almost all instances the type of control used
to operate a valve is different from a control
used to operate an electrical breaker, e.g., turn
on a pump. The operator, therefore, has
significantly less potential to confuse

controls. 1In at least two instances the plant
staff has taken steps to further avoid confusion
among important controls or displays: the primary
coolant pump switch handles have been painted
yellow and the bezels of the electrical meters for
the vital power (bus 1C and 1D) on panel C04 have
been painted red.

Active Full Size Simulator

A full size high fidelity active simulator of the
Palisades control room has been built and is being
used for operator training, evaluating operator
and plant response to off-normal conditions and
for evaluating human engineering discrepancies and
improvements.
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Generic Shortcomings of the Present Control Room

This section of the review report describes those
shortcomings of the control room which can be grouped
generically, either because they are an overall control
room problem or because they occur often on the console
and panels. Obviously many of these "generic" problems
are actually individual problems, each of which has
various degrees of importance when judged against the
consequences of the error which could result. These
problems are grouped generically, when possible, to
make it simpler to define a consistent approach to
improvements or corrective action.

l'

Local Arrangement

Although, as discussed above, the major related
groups of controls and displays are located
sensibly, within those major groups there are many
instances where the local arrangement is difficult
for the operator to work with. In some cases it
appears that modifications or additions to the
console and panels have resulted in separation of
related controls and displays. Electrical
separation has also contributed to some of the
fragmented subgroups. Examples and tabulations of
these local arrangement problems are discussed in
Sections V.B.1l and V.C.l.

Corrective action has included using relabeling
and demarcation to assist the operators to
identify related controls and displays. A limited
color code for demarcation lines of specific
functional groups has been instituted:
specifically orange for high pressure safety
injection, black for auxiliary feed water, blue
for service water, green for component cooling
water and red for emergency functions such as fire
and trips. Also, some moves of components have
been made and others are planned.

Backpanel Displays

The main control console at Palisades (C01l, cO02,
and C03) is separated from its associated
backpanels (Cll, C12, and C13) by an aisle which
is about 30 inches wide. This aisle allows access
to the controls on the backpanel and access to the
back of the main console. As a result of the
aisle arrangement the operator in front of the
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main console is approximately 7 feet from the
backpanel. Leaning over the console can reduce
this distance but not without some risk of
inadvertent actuation of controls on the main
console,

This distance is too great to read reliably the
labels on most of the controls and displays on the
backpanel, For certain operations, the operator
needs to get panel information from the backpanel
while he is in front of the console, e.g., trends
on a recorder, approximate meter position,
relation of a meter pointer to an alarm marker,
and indicator light status. It appears that the
operator can make these observations; however, to
do them from the front of the console the operator
must memorize the position of a display since its
identifying label is not legible. 1In some cases
this poses no particular problem because the
display is unique or easily identified, e.g.,
steam generator level recorders; however, in many
others, particularly groups of similar displays,
the operator may be forced to lean far over the
console or leave his normal station and go behind
the console if he has doubts as to whether he is
consulting the proper display.

Corrective action has included relabeling and
providing locating aids for the operators, such as
outlines, larger labels and group labels, etc., so
the identification of the displays on the
backpanel can be made reliably by an operator
standing in front of the main console.

Labeling and Demarcation

The control room consoles typically use black
labels with white letters for individual controls
and displays. Demarcation for functional
groupings is not used. Specific weaknesses of the
existing labeling are listed in Tables VI-8
through VI-14 and are discussed in Section V of
this report. These weaknesses include
inconsistent nomenclature and abbreviations,
unclear labels, missing or temporary labels and
labels with missing identifying numbers.
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A systematic relabeling and demarcation of the
control room panels has corrected essentially all
of these weaknesses.

Color Coding in Lights and Labels

The Palisades control room consistently uses red
and green lights in the same manner as
conventional power station practice: red
indicates "on" or electric current or fluid
flowing, green indicates "off" or electric current
or fluid stopped. This is consistent with the
original Consumer Power Company Plant Design Guide
(Reference 4 which has more recently been
recalled). Beyond this, however, colors of
indication and status lights may have several
different meanings, i.e., the meaning of white,
yellow, blue lights are inconsistent. There are
also some uses of red and green lights which do
not have the usual meaning.

A code for color of lights has been established
which is consistent with the Consumers Power Plant
Design Guide (Reference 4). The control room
lights' colors will be modified where practical to
comply with the color code. Where lights cannot
be changed, labeling has been added to assure the
meaning is unambiguous.

The Palisades Control Room uses predominately
black labels with white engraved letters. The
white letters tend to become filled with dirt and,
therefore, become illegible. 1In addition, the
original labeling makes differentiation difficult
between those plates which name the control and
display and those which provide secondary
information such as a instrument or switch
designation or general information. The current
labels also do not help the operators identify the
small number of emergency or critical controls or
displays. Both yellow and red warning label are
used.

This deficiency has been corrected by using a
consistent label color code to distinguish among
the various label types. The following is the
color code for label plates:

- Identification labels are white labels with
black letters.
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- Identification labels for a small number of
critical controls such as safety injection
and trip buttons are white labels with red
letters.

- Caution labels are yellow with black letters.

- Information of a reference nature is provided
on black labels with white letters.

- Labels used for identifying hand switch
numbers for controls and instrument numbers
for displays are small labels of a
distinctive, but unobtrusive color, i.e.
light brown with dark brown letters.

Meter Scales

Although most of the meter scales in the Palisades
control room are easy to use, a number of specific
weaknesses appear and are listed in Tables VI-17
through VI-20 and VI-22 and are discussed in
Section V. These include instance of undesirable
scale divisions, unidentified units and setpoints
and inadequate scale ranges.

Each of these instances has been evaluated on a
case basis and corrective action identified in
Section VI of this report.

Alarm Legend Readability

The basic sizes of the legends on the main alarm
windows (0.20 to 0.25 inch) are barely adequate to
permit reliable reading by an operator of normal
eyesight when standing at the front edge of the
main console directly in front of the particular
panel which is alarming. If the operator does not
"remember" the alarm position, he is forced to go
to that area of the console when the alarm comes
in. Although this is quite often close to where
he needs to be to take action, it does not permit
him to make any judgement as to what is happening
without leaving his current position if he has not
memorized the position of the alarming window.

It should be noted that quite often in a serious
upset of the plant, the regular control room
operators will be heavily occupied by the regular
controls and displays on the console and
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. backpanels. Consequently, the shift supervisor,
who will probably have entered the control room,
is the one most likely to have the time and the
necessary experience to assess the meaning of the
main alarm panel. 1In particular, he would be
likely to spot the unusual alarm which could be
the signal that the event was not routine, if he
could reliably read the alarm tiles as he enters
the control room.

Palisades is planning to conduct and to complete
by December 1987 a review of the entire alarm
system using the methods similar to those
described in Reference EPRI-NP-3448, The alarm
tile readability will be improved as part of that
overall alarm review process.

7. Non-Functioning Alarms

When an alarm is not functioning the alarm window
is tagged with a small yellow adhesive tag.
However, in some cases the non-functioning window
is lighted and in a few cases the non-functioning
window flashes. These lighted windows confuse the
operator and tend to mask the actual alarm

. situation. Furthermore the operator may mistake a
real alarm for one of the tagged, but lighted
alarms, and consequently ignore it.

cC. Specific Operational Shortcomings of the Present
Control Room

1. Wide Range Measurement of Hot Leg Temperature

Average primary coolant temperature is displayed
on a digital indicator and recorders on panel

C02. 1Individual hot leg and cold leg temperatures
are displayed on meters on backpanel Cl2. These
instruments also provide the input to the digital
subcooling margin meter located on backpanel Cl2.

These instruments are narrow range; they do not
read temperatures below about 515°F., As a
consequence, none of these displays can be used to
control reactor coolant temperature during
cooldowns (normal or emergency).

Wide range cold leg temperature is displayed on a
recorder on panel Cl2, No display of wide range
hot leg temperature is available in the control




room; however, it may be needed during natural
circulation. The only means available to the 3.
operator for determining hot leg temperatures

below 515°F is to query the individual exit core
thermocouples from the Primary Data Logger (PIP).

This deficiency will be corrected by providing
wide range hot leg temperature indications to the
operator and to the subcooled margin monitor.

Steam Generator Control

Control of steam generator water level is effected
by the operators with main feed and auxiliary feed
controls on panel CO0l. Water level meters are

provided on COl while the water level recorder is

“on backpanel Cl2,.

Control of steam generator level at low power is
the only task reported to be demanding by the
operators. Specifically, transition from
auxiliary feed flow to main feed flow can result
in a rapidly rising water level unless the turbine
demand is increased simultaneously. The primary
cause of difficulty in maintaining water level at
low power with main feed appears to be poor
mechanical isolation of the feedwater regulating
valves (CVv-0701 and CV-0703) and the operational
practice to keep the isolation valves (CV-0742 and
Cv-0744) open.

In addition, manual control of steam generator
water level involves repetitive near-far seeing
tasks; the operator uses the recorder on the
backpanel for rate feedback to stabilize his
response, Operators open the recorder door to
obtain the necessary visibility and must leave
their station at COl and walk to the recorder to
change recorder speeds or observe the level trends
more closely.

The operators now get training of steam generator
water level control at low power on the Palisades
simulator.

Control of Primary Coolant Inventory

The operator can follow the inventory of the
primary coolant under normal and accident
conditions by knowing the levels (volumes) in
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several vessels, tanks, and sumps (See Section
IV.A.3) and the letdown and make-up flows.
Although the levels for most of these vessels,
tanks, and sumps are displayed in the control
room, most are calibrated in percent and the
operator has no means to integrate this level
information to determine guickly whether there may
be a small primary coolant leak.

Control of Liquid Inventory in the Steam Plant

The liquid inventory in the steam plant resides
primarily in the steam generator, the feedwater
heaters and drain tanks, the condenser hot well
and the condensate storge tank. The levels for
most of these are provided in the control room.
However, these levels are usually in percent and
do not allow the operator to easily track shifts

in liquid inventory in order to identify small to

moderate leaks in the steam plant.

Isolating Steam Dumps and Opening the Main Steam

Isolation Valves

Very few plant evolutions require the control room
operator to leave the control room. The following
two exceptions are noted:

- opening the individual main steam isolation
valves and

- isolating a stuck-open atmospheric steam
dump.

It is Operation's policy to assign these tasks to
an auxiliary operator.

Electrical Power Distribution

The C04 panel, which includes the majority of the
inplant electrical distribution controls and
displays as well as those for diesel generators,
presents special difficulties for the control room
operators. This panel appears to have a number of
human factors problems; for example,

° The left side of the panel is not visible
from the main console.
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The handles for some breakers are potentially
subject to inadvertent actuation because of
their location on a vertical panel in a
narrow passageway.

The operators have to perform a "flag
matching" operation which has a high
potential for error - see Section IV.A.5.a(5)
for a detailed discussion.

The meters are installed in a array which
makes their relationships difficult to
recognize quickly.

Based on walkthroughs of wvarious electrical
distribution upsets conducted at the Paliades'’
simulator the following difficulties were noted:
° Various losses of DC buses challenge the
ability of the operators to control the
plant; current procedural guidance and
diagnostic assistance provided to the
operators under loss of DC buses does not
appear to be adequate.

Several postulated losses of AC buses are
difficult to diagnose quickly, partly because
of multiple simultaneous alarm indications.

Identification of powered/not powered status
of various equipment is difficult under
various losses of power; status indicating
lights are sometimes powered by a different
source than associated equipment.

D. Specific Human Factors Shortcomings of the Present

Control Room

1.

Visibility of Green and Blue Indicator Lamps

Both qualitative and quantitative evaluations have
shown that many of the green and blue indicator
lamps (GE sguare type R103C) are only marginally
distinguishable as being illuminated. By leaning
over and looking at a thin area in the front side
of the molded plastic cap, the operator can tell
if a light is on.
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Failure Position of Sigma Meters

Some recently added edgewise panel meters (Sigma
Instruments), although specially designed for the
nuclear power industry (seismically qualified),
operate in a different manner from the older
visually similar Sigma meters. The "new" meters
are stepping motor, servo-powered units which fail
"as—-is" when power to them is lost. The meter is
provided with a green neon light which is
illuminated when the power is on. The older and
virtually identical appearing Sigma meters have
more conventional movements and fail down-scale
when power is lost.

In the long term a modified meter design could
become available which would operate in a more
ccnventional manner. For the short term,
corrective action has been taken which insures
that each of the new Sigma meters has an unpainted
(aluminum) bezel so that the operators can tell
at—-a-glance whether it should have a power-on
light.

Heating, Ventilation and Air Conditioning of the

Control Room

A number of significant problems with the heating,
ventilation and air conditioning (HVAC) in the
control room were identified by the environmental
survey (Appendix C). Specifically,

° Temperature control is not always reliable.

The humidity control evidently does not
function leading to excessively dry air in
the winter and some problems with static
electricity.

Diesel fumes can be drawn into the control
room,

Since the initial survey, the HVAC system has been
extensively modified to increase reliablity and to
help meet its design requirements for temperature
and humidity. The operators can now select an
alternate air intake location when diesel fumes
contaminate the normal air intake.
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IV. OPERATIONAL FINDINGS AND OBSERVATIONS

This section of the report presents the operational findings
and observations made by the review team in the course of
the human factors review. The operational findings are
largely based on the results of procedure walk-throughs at
the full scale control room mockup and at the Palisades
simulator and a review of the control room design against
the . operators' responsibilities. It will be presented in
the same order as the related parts of the guidelines
(Appendix A, Section II). A general layout of the control
room showing the locations of the major equipment and giving
the alphanumeric panel designations will be found at the end
of the next section as Figure V-1, Some of the findings and
observations in this section are also noted in Section V,
under the discussion of specific human factors
considerations.

The specific findings of this section are summarized in
Table VI-1l, These findings are based on the configuration
or conditions when the review was conducted. Corrective
action has been taken on many of the items. The action
taken or planned is summarized in Table VI-1, It will not
generally be described in the body of the chapter to avoid
unnecessary repetition.

A. Functions Performed in Control Room

AJl,* Core Neutron Production Control

Guideline II. A. 1. "Maintain control of the
reactivity of the reactor core and monitor the
shape of the neutron flux profile in the core.”

The controls and displays required for the short
term and long term control of reactivity are
clustered effectively on the right hand section of
the center console (C02). A few additional dis-
plays are located, less visibly, on the back panel
(Cl12) behind the CO02 panel.

* In this section and in Section V, the identification of
subsections will be expanded to facilitate reference
from the tables in Section VI.



Control of reactivity at Palisades can be in
either of two modes depending on plant operating
conditions. '

° During an approach to criticality, and during
operations at relatively low power levels,
reactivity is controlled by changing the
position of control rods.

° During operations at high power, operating
policy at Palisades results in all control
rod groups fully withdrawn and reactivity
control effected by controlling the
concentration of boric acid in the reactor
core. In the latter mode, short term
reactivity changes brought about, for
example, by the build up or decay of fission
product poisons, or by changes in coolant
temperature, or by changes in reactor power,
are compensated by adjusting boric acid con-
centration.

A.l.a. Rod control

When reactivity is being controlled by the
rods, the reactor operator receives immediate
visual feedback of the results of a control
action (i.e., the withdrawal or insertion of
the controlling group of rods) from a rod
position indicator. Seven position
indicators are arrayed above and to the left
of the master raise-and-lower control switch,
the switch used for positioning all rod
groups. The control-display relationship
between the raise-lower switch and the group
position indicators is generally satis-
factory. As will be discussed below, how-
ever, the labeling of the position indicators
and the switches which select the rods whose
positions are displayed have shortcomings.

Discussions of Shortcomings

(1) Displays indicating individual rod posi-
tions are used as indicators of the
position of an entire rod group. The
selection of the rod whose position is
to be used as representative of the
group is made by a switch below each
position indicator. The position indi-




(2)

(3)

cators and the corresponding selector
switches are not tied together with
either sufficiently large labels or
demarcation to make their relationship
obvious. (An experienced operator is
not likely to err as a result of these
labeling deficiences, but an inex-
perienced one could be confused).

Immediately above each position
indicator is a small 4 element matrix of
indicating lights. The two right-hand
side lights are labeled with arrows, one
pointing up, the other down. The two
left-hand side lights are labeled "SEL"
and "DEV"., The upward pointing arrow
indicates that the rods are being
raised; the downward pointing arrow
indicates that the rods are being
lowered. The "SEL" light indicates
which of the seven groups has been
selected for control by the rod drive
group selector switch. The "DEV" light
is 1lit if the position of any rod in the
group to which the light pertains
deviates from the average for that group
by more than a pre-selected amount. The
deviation indication is the fundamental
indication that there is adequate
control of the flux shape when the rods
are being used to control reactivity.
The labels for this 4-element matrix of
lights are abbreviated and do not
clearly indicate the meaning of each
light. In addition, the lights
themselves are very small, unbefitting
their importance.

Four of the control rods (designated
"power shaping group") are designed to
be used for power shaping; neutron ab-
sorbing poison is provided only over the
lower 1/4 of these rods. Though this
feature is not used, the rods remain
operable and are withdrawn with other
groups. Unlike other position indicator
selector switches, the position
indicator selector switch for the power
shaping group has a "group" position, as
well as switch positions for displaying
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the position of each of the four control
rods, 42, 43, 44, and 45. The rod
position displayed when this switch is
in the "group position" is actually the
rod position for rod number 42,

(4) The positions of the rod drive control
group selector switch are labeled A, B,
l, 2, 3, 4, P, and OFF. These positions
signify shutdown groups A and B,
regulating groups 1, 2, 3, 4, and the
power shaping group.

(5) The positions of the rod drive control
mode selector switch are labeled: "MI"
for Manual Individual, "MG" for Manual
Group, "MS" for Manual Sequential (in
this mode, the rod groups are withdrawn
and inserted in accordance with a pre-
defined program), "BAL" for balance
(used in transferring from the "Manual
Sequential"” to the "automatic mode", -
in BAL the system functions exactly as
in "MS" mode) "A"™ for "automatic" (no
longer used, but originally used to
obtain the preselected program sequence
when reactor power and temperature were
controlled automatically), and "EM OFF"
standing for Emergency Off which cuts
of f control power to the rod drive con-
trol system. :

A.l1l.b. Intermediate Visual Feedback for

Reactivity Control: Nuclear
Instrumentation

When controlling the reactivity using the
control rods, longer term feedback -- showing
the results of a change in rod position -- is
provided to the operator visually via the
neutron flux detectors. 1In the power range
this information is displayed on six similar
vertical meters, each showing the output of
six power range nuclear instruments, and
located immediately above the rod position
indicators on the backboard section of C02.
Logarithmic startup (source) range meters and
wide (intermediate) range meters are
immediately above the power range meters.
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The source and intermediate range instruments
are used during plant startup, in the
approach to power. Immediately adjacent to
each source and intermediate range meter is a
meter displaying the rate of change of the
log of the flux level (expressed in decades
per minute). These displays are particularly
useful since the rate of change of flux
rather than the flux itself is the essential
feedback variable during startup.

Two start-up channel meters, two log power
meters and four linear power meters are also
displayed on side panel C06, Additional
startup and log power recorders are located
on panel Cl2, Finally, reactor power is also
indicated on four digital displays on side
panel CO07,

Discussions of Shortcomings

(1) To the right of the array of source and
intermediate range instruments on C02 is
a reactivity meter, This instrument is
used during core physics testing by the
reactor engineer. It is not used by the
operators,

(2) The human factors of the meters dis-
playing the outputs of the nuclear
instrumentation are generally satis-
factory. The meters themselves are of
good design. Labeling is deficient in
terms of readability.

(3) Power range information of the nuclear
instrumentation system is obtained from
ionization chambers which are arrayed
radially around the exterior of the
reactor vessel. Each radial location
houses two uncompensated ion chambers,
one atop the other. Flux tilt informa-
tion is derived by comparing the output
of the chamber in a specific radial
location to the average of the four
locations used in the reactor protective
system. Two levels of flux tilt
information are alarmed; i.e., indica-
tions corresponding to 5% (lewvel 1) and
10% (level 2) core flux tilt.

Indicating lights on the linear power
channel drawers on C06 identify the
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level of deviation (1 or 2) and the
associated channel.

There are six unlabeled indicator lights
immediately below each of the six power
range meters as well as below the power
range flux recorder on Cl2, These
lights indicate the scale range selected
for each of the six channels; i.e., the
times one or the times 10,

(4) The four linear power channel drawers on
side panel C06 have a green "power on"
light. This violates the red-energized,
green—-not—-energized convention for
indicating lights.

(5) Readability of digital power indicators
on side panel C07 is marginal from
operator station at CO02 (approximately
0.4 inch tall neon-type digits).
Previous indicators were bigger, easier
to read.

A.l.c. Long term Visual Feedback for Reactivity

Control

The operator obtains long term feedback of
the results of a change in the reactivity
balance from the average primary coolant
temperature displays.

If a change in reactivity causes reactor
power to exceed the power consumed by the
steam plant, average temperature will rise at
a rate dependent on the difference. On the
other hand, if reactor power is less than the
power consumed by the steam plant, average
temperature will fall, again at a rate
dependent on the difference. Average temper-
ature is displayed digitally on a display
immediately to the left of the nuclear
instrumentation displays and also on
recorders above and below the digital dis-
play. The recorders are useful in deter-
mining rate of temperature change ~- hence
the amount of the power mismatch. These
displays are also fundamental to the control
of the energy flow from the reactor to the
steam generators.



The location of the T_,, displays relative to
the rod controls, and aiso relative to the
controls for the soluble poison (boric acid),
- also used for reactivity control, is satis-
factory. However, the displays have a number
of deficiencies as discussed below.

Discussion of Shortcomings

(1) The digital T, indicator is unlabeled.

(2) The T, indicator has a limited wvalid
range ¥T5°F to 615°F). If the average
temperature is above or below these
values, the Tﬁve indicator will indicate
"615" or "515%; there is nothing to
indicate to the operator that the
instrument is at the end of its useful
range.

(3) The selector switch used to select the
average temperature displayed on the
digital indicator is correctly but con-
fusingly labeled. It has two positions
-- "Unit 1" and "Unit 2" -- which denote
the names given to the two (redundant)
automatic temperature controllers from
which the (computed) T_,, signal is
derived. [Although the automatic rod
control is no longer used, portions of
the circuitry associated with this con-
trol still arel. 1In the Unit 1
position, the average temperature of
Loop 1 (containing steam generator A) is
displayed. The Unit 2 position selects
the Loop 2 average temperature. The
reactor regulating system selector
switch also determines whether Loop 1 or
Loop 2 T, is used for the steam dump
and bypass system.

(4) The T, recorders are equipped with
2-speed drives: Speed is selected by an
internal selector switch. The speed at
which a recorder is operating cannot be
determined without opening the
recorder. The two recorders which dis-
play T,ve €ach include two pens. On the
upper recorder a red pen displays the
average temperature of Loop No. 1. On



the lower recorder, the red pen displays
the average temperature for Loop 2. The
blue pen on each of the recorders dis-
plays the demanded average temperature,
computed by the control system.
Redundant automatic controls are
provided; hence two demanded Tave
are displayed. Even though the
automatic control does not position the
rods, the T_,, demand computed by it is
used by the operators for long-term
reactivity control decision-making.
However, the labeling of the recorders
is small and not readable except at
close range. This is a deficiency of
most recorders in the control room.
Also, the use of color coding to distin-
guish between the demanded and average
temperatures, with no other visual cue,
would put an unnecessary burden on
colorblind operators. It is noted that
currently there are no colorblind con-
trol room operators at Palisades; tests
for colorblindness are administered
periodically for operator relicensing.

values

Immediately adjacent to the two T_,,
recorders is an illuminated arrow dis-
play. The arrows, unlabeled, represent
the direction of rod motion that the
automatic control would call for if it
were in operation. For example, if
average temperature or reactor power is
low, the arrow pointing up (rods out)
would be illuminated. If average
temperature is high, or power is
excessive, the down (rods in) arrow
would be illuminated. If average tem-
perature and power are within limits,
neither arrow is illuminated; in this
case a circular indicator 1light between
the two arrows would be lit. The
circular light is also unlabeled. The
operators use the arrows to assist them
in manual control of the rods and in
planning boric acid additions or
dilutions.
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A.l.d. Control of Reactivity by Means of Boric
Acid

When the reactor is operating at high power,
all control rod groups are fully withdrawn
and compensation of reactivity changes are
accomplished by changing the concentration of
the boric acid, a neutron absorbing poison,
in the reactor coolant. An increase in con-
centration is effected by injecting a con-
centrated solution of boric acid through the
makeup system. A reduction in concentration
is effected by injecting pure water through
the makeup system.

The operator controls reactivity with boric
acid changes as follows:

Most reactivity perturbations are brought
about by a requirement to change the plant
operating power. Suppose the load dispatcher
requests an increase in generator output of,
say, 40 megawatts. This increase is brought
about by the following process:

° The operator commences reducing boric
acid concentration by diluting the
reactor coolant with pure water through
the makeup system. Because the coolant
volume is large and because the injec-
tion flow is small, the rate of change
in concentration is very slow.

As the concentration of boron in the
reactor coolant slowly diminishes,
reactor power increases.

The small and slow increase in reactor
power upsets the balance between the
power produced by the reactor and the
power delivered to the steam plant by
the steam generator. As a consequence,
the average coolant temperature rises.

As the operator observes the average
coolant temperature rising, he slowly
opens turbine control valves. He does
so until he reverses the climb in aver-
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age temperature. He then allows average
temperature to fall slowly toward the
bottom of its control band.

° But as the dilution continues, average
temperature will again commence rising,
again reaching the top of its control
band, where the process described above
will be repeated. 1In this stepwise
fashion, the control valve position on
the turbine generator is gradually increased
and as a consequence, the electrical
power dgenerated by the unit is increased.

° The concentration change needed to bring
about a specified increase in generated
power will be calculated before
initiating the power change. For the
‘example under discussion, when
sufficient pure water to effect the
power change has been injected, the
injection will be terminated. But
because of the wvery long mixing time
constant, the changing reactivity will
persist, perhaps for several hours after
the injection is terminated. Likewise,
the desired power level may not be
reached for several hours after the
start of the change (exactly how long
depends on the time in the fuel cycle;
if the fuel is new and concentration is
high, the time required is short. 1If
the fuel is o0ld and concentration is
low, a small power change can require
more than a day). Finally, changes in
power also result in Xenon transients;
boron concentration must also be
adjusted to take these into account.

Controls associated with the boric acid feed
valves and the makeup control mode selection
for makeup controls are clustered below the
batch controllers and logs. Controls and
displays for the boric acid feed pumps are
approximately four feet to the left, together
with the letdown and charging controls. All
controls are located conveniently with
respect to the T,,. displays used in
connection with the above described
evolution. Controls for the turbine control
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valves are more remote —-—- on console COl., A
second operator typically will man the
turbine controls and coordinate his
activities with the reactor operator orally.
Discussion of Shortcomings

(1)

(2)

The Palisades plant designers intended
that the operator obtain short-term
feedback of the effects of a change in
boric acid concentration from a display
of the concentration of boric acid in
the reactor coolant system. This mea-
surement was to be accomplished by a
boronometer, the recorded output of
which is displayed on console CO02
backboard, about two feet to the left of
the average temperature recorders.

While the idea is a good one, the
boronometer has proven unreliable and
inaccurate. The operators often can not
use it. As a consequence, the operators
rely on the effects of a change of boric
acid concentration (in terms of changes
in reactor power and temperature) to
confirm reductions or increases in boric
acid concentration, as appropriate. In
this regard, the operation at Palisades
is like many other PWRs,

The total amount of makeup injected is
kept track of by two flow integrators:
one for the concentrated boric acid
solution, the other for the pure

water. These integrators are located
centrally in console C02. In order to
know how much water or poison has been
injected, the operator maintains a
running written log of how much water or
concentrate have been added. There are
also batch controllers for boric acid
and water. These indicators are said to
be out of calibration, but they are also
used as a check in the process.

A.2. Control of Energy Production and Transfer

Guideline:

IT.A.2. "Maintain control of the

energy production and transfer™, including:
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production of energy in the reactor core,

transfer of energy to the reactor coolant
systen,

transfer of energy through the steam
generators to the steam system,

conversion of some energy to electricity in
the turbine generator, and

rejection of the remaimder through the con-
denser and circulating water system."”

A.2.a. Reactor Power/Steam Generator Power

The displays and controls involved in the
control of reactor power and the reactor
power—-steam generator power match have been
discussed in the preceding section. The
reactor power is the direct result of the
specifics of the reactivity balance; a mis-
match in reactor power and steam generator
power manifests itself in an increasing or
decreasing average reactor coolant temper-
ature,

Discussion of Shortcomings

(1) The difficulty in controlling coolant
temperature and its rate of change
during cooldown is discussed in a later
section. In part, the difficulty
derives from the poor location for the
wide range cold leg temperature
recorders; they are below the field of
vision of an operator of median height.

(2) A second difficulty involved in this

control is that the cooldown rate is set

by manually positioning the turbine
bypass valve using the manual control
mode for this valve. The operator is
not given any guidance as to the valve
position required for a specified rate,
and the correct position is apparently
found on a trial and error basis during
the first 15-20 minutes of cooldown.
Operating procedure requires that the

operator manually plot the cooldown rate
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(temperature versus time). During this
period, the operator must shuttle back
and forth between the valve controller
centrally located on panel CO01l, and the
wide range temperature recorder on
backpanel Cl12.

A.2.b. Turbine Generator Power

The control of the energy delivered by the
steam generator to the turbine is effected
during power operations by controlling the
position of the turbine control wvalves.
These valves are controlled by an
electrical/hydraulic control system provided
by the turbine vendor. The principal
governor controls are located in a packaged
assembly on console C02, Deficiencies in the
displays and controls of this package are as
discussed below.

Discussion of Shortcomings

(1) The visibility of backlighted push-
buttons and indicators on the turbine
control panel is poor, due to a lack of
contrast between the light emanating
from the pushbuttons and the sur-
roundings (the surroundings pick up
reflected light from the overhead
lighting in the room).

(2) The "reference" and "setter" digital
indicators on the turbine control panel
read in percent power when the plant is
in the load control mode (that is,
synchronized), and in revolutions per
minute when the unit is in the speed
control mode (before synchronization).
Indicating lights to the left and right
of the reference and setter digital
indicators identify which mode the plant
is in (speed or load). However, there
is no indication of this change in units
for the reference and setter digital
displays (rpm or percent power) when the
control mode changes.

(3) The "setter" indicator shows the
percentage power which the turbine is
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(5)

(6)

ultimately programmed to reach (subject
to rate of change and other limitations
imposed by the automatic control). The
"reference" indicator displays the
present value of the demand signal to
the governor valwve control system. If
the unit is in the "impulse pressure in"
mode, this amounts to a demand for
percent of rated full power impulse
chamber pressure. If the unit is in the
"impulse pressure out" mode, this
amounts to a demand for a specific
linearized control valve position.
Backlighted pushbuttons indicate which
mode is selected, but there is no
specific indication of the changed
nature of the reference signals.

he actual impulse chamber pressure is
ead on a circular scale meter on the
turbine control section of the panel.
The calibration of the transmitter or
the amplifying circuit feeding the meter
is in error. The meter reads 93% of
rating, when the actual pressure is
98.5% of rating.

T
r

A thumb wheel is used to select a
loading rate for the turbine. The thumb -
wheel calibration requires multiplica-
tion by a factor of 0.1. A piece of
Dymo tape affixed to the control panel
is used to indicate this.

The control of the electrical energy
transferred from the generator to the
grid is set by control valve position
when the unit is synchronized. Reactive
power is controlled by controlling the
amount of excitation supplied to the
generator. Exciter and wltage
regulator controls for the generator are
on the right end of panel C0l adjoining
the turbine controls. The design of
these controls and displays appears
generally satisfactory. One deficiency
should be noted. A label plate in the
vicinity of the main output bus
voltmeter indicates that voltage is to
be maintained on this bus at 357 Kv,
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The implication is that the voltage is
to be maintained within meter accuracy:
no tolerance is given. This requirement
is inconsistent with a second require-
ment (not stated on a label plate) to
keep the amount of reactive power
generated by the unit within 200
megavars of 0, In fact, the megavar
requirement overrides and the operators
indicate that they will occasionally
deviate from the specified wvoltage with
the permission of the load dispatcher.

A.2.c. Steam Generator Mass Balance

To ensure that the steam generators deliver
the steam power demanded by the turbine, a
dynamic mass balance around the steam
generator must be maintained. This is ac-
complished, in the power range, by a conven-
tional three element steam generator water
level control. The control matches water fed
to the steam generator to steam flow, in the
short term, and "trims" water flow so that
water level (hence, in effect, steam
generator liquid inventory) is maintained at
a preset value in the long term. The
necessary feedwater regulating valve position
controls are at the left end of console

CO0l. Operation of these controls (one per
steam generator) is normally automatic.
Manual control is necessary at very low
power, or if the automatic system
malfunctions. The instrument displays which
the operator needs to monitor operation of
the automatic control (and to control
manually) are as follows:

° Steam generator level is displayed both
on recorders and vertical meters.
Specifics on these displays are
described below under Section A.4,
"Liquid Inventory in the Steam Plant"
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Feedwater and steam flows for each steam
generator are displayed on recorders
located on backpanel Cl2, Although they
are in the general vicinity of related
controls, the indications of the
recorders are not readable with
precision from the control station at
the console.

The feedwater flow measurement indicates
promptly the result of a change in the
feedwater regulating valve position. At
low power, however, water flow
indication is imprecise, and valve posi-
tion can be useful as a feedback signal
for manual control. Valve position is
displayed on indicators adjacent to the
controllers. In addition, the position
demanded of the valwve(s) by the con-
trollers is displayed on the controllers
themselves.

Discussion of Shortcomings

(1)

(2)

(3)

The position indicator on the
controllers is demanded rather than
actual valve position.

Under certain conditions, feed to the
steam generators is supplied by an
auxiliary feedwater system. The con-—
trols and displays for the pumps and
valves associated with this system are
located near the main feed controls on
console C0l. The response of steam
generator water level to auxiliary feed
changes can lead to instability if the
operators are inexperienced.

On the controllers for the auxiliary
feedwater the manual "close" button is
on the right and the "open"™ button is on
the left side of the controller,
different from other nearby
controllers.The position indication is
"closed" at 100% on the right, and
"open" at 0% on the left. Position
indicators for nearby controllers are
closed at 0% on the left and open at
100% on the right.
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(4)

(5)

(6)

A.2.d.

The manual control of steam generator
water level involves repetitive,
near-far seeing tasks which are
difficult for some operators. The steam
generator water level recorder is
located on the back panel, operator
controls are on the front panel. The
recorder is used for the rate feedback
the operator needs to stabilize his
response. Operators open the recorder
door to obtain necessary visibility. 1In
addition, they must leave their station
and walk to the recorder to change
recorder speed. Fast speed is used for
spotting trends.

The operators received no effective
training on control of steam generator
water lewvel at low power on the generic
CE simulator. The new Palisades
simulator provides the capability to
perform this training. The Foxboro
auxiliary feedwater controller on that
simulator was different from the Bailey
controller recently installed at
Palisades, however, it has been replaced
so that the plant and simulator are the
same.

Control of steam generator water level
at low power can be demanding. Specifi-
cally, the transition from auxiliary
feed flow to main feed flow can result
in a rapidly rising water level unless
the turbine demand is increased simul-
taneously. The primary cause of diffi-
culty in maintaining water level at low
power with main feed may be poor
mechanical isolation of the feedwater
regulating valves (Cv-0701 and CvV-0703)
and the operational practice to keep the
isolation wvalves (CV-0742 and CV-0744)
open.

Control of Power Rejected to the

Surroundings.

Controls and displays for maintaining
condenser vacuum are divided between the
control room and local control stations.
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Vacuum itself, and two variables related to
the maintenance of this vacuum -- gland seal
pressure and gland seal condenser vacuum --
are displayed satisfactorily on vertical
meters on console CO1,

Discussion of Shortcomings

(1)

(2)

(4)

Operating status of the two (motor
driven) gland seal condenser exhausters
is displayed on backpanel Cll. Labels
for these displays are not readable from
the normal control station in front of
the console.

Condenser vacuum is trended on a
recorder on the back panel., This dis-
play, potentially useful in detecting
and diagnosing vacuum system upsets,
loses some of that usefulness by its
location. It is not readable from a
normal operator station in front of the
console.

Controls for the gland seal system and
for the air ejection systems are not in
the control room. Since the operation
of these controls is generally a delibe-
rate and planned operation, the local
location is considered satisfactory.
However, the absence of certain of the
displays normally associated with these
controls deprives the operator of early
warning of vacuum degradation. .Specifi-
cally, there is no indication in the
control room of air ejector exhaust gas
flow. Loss of this flow is indicative
of an inoperative air ejector which will
generally lead to a loss of vacuum. A
major increase in this flow is indica-
tive of a large air leak, which will
lead to oxygenation of the condensate,
loss of vacuum, and, in the long term,
damage to the condenser, or possibly,
the steam generator tubes.

Controls and displays for the
circulating water (cooling tower) system
whereby heat rejected through the con-
denser is transported to the atmosphere

Iv.18



A.3.

(5)

are on panels Cl26 and C106., These are

located on the right side of the control
room (when facing the main console).

The panels are not in the normal line of
sight of the operator and are partially

obscured by the recently installed C1llA

panel. Interpretation of any indication
requires the operator to leave his nor-

mal station and approach the panel.

Excepting labeling and demarcation
deficiencies common to most of the con-
trols and displays, the human factors
associated with displays and controls of
the valves and pumps of the water cir-
cuit are satisfactory. A particular
problem is clearly dividing the 'A' and
'B' parts of this circuit from one
another.

The pushbuttons controls for the cooling
tower fans, and the displays of fan
status are arrayed on panel Cl06.
Labeling of the multiple status
pushbuttons is potentially confusing.
Also, the selection of fans to run is
based on equalizing load distribution
among the electric power feeders which
supply them. The electrical information
is also displayed on C106, but the
relationships between a specific
electrical feeder and a specific fan
group is not clear.

Control of Reactor Coolant Inventory and Thermo-

dynamic State

A.3.a.

GUIDELINE II.A.3. "Maintain an adequate inwventory
of chemically suitable water at the proper
pressure and temperature in the primary (reactor
coolant) system.”

Pressurizer and Volume Control Tank

Levels

Under normal conditions, the wvolumetric
inventory of reactor coolant liquid is
inferred by the operator from measurements of
pressurizer level and volume control tank
level., Pressurizer level is displayed in the
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center section of central control console CO02
on redundant recorders. Supplementing the
recorder displays are controller displays.
The controller displays are immediately
adjacent to each of the level recorders.

Four additional (redundant)} level displays
are provided by four vertical meters located
on backpanel Cl2, to the rear and left of the
benchboard displays.

Volume control tank level is also displayed
on console C02, about two feet away from the
level recorders.

Discussion of Shortcomings

(1) The units of pressurizer level as dis-
played both on the recorders and the
level meters are percent of full scale
in the pressurizer. There is nothing to
tie this indication to a meaningful
volumetric unit such as gallons,.

(2) The human factors of the volume control
tank level display are satisfactory,
except for the units. Again the meter
is calibrated in percent; there is
nothing to tie a change in this level to
a change in pressurizer level or a
specific deficiency in makeup, etc.

A.3.b. Charging and Letdown Flow

Influx and efflux of liquid from the reactor
coolant system is measured by charging and
letdown flow measurements. Results are dis-
played on side-by-side meters located on the
left center of panel C02. Human factors of
these displays are generally satisfactory.
Units are in GPM; a discrepancy of a few GPM,
-~ indicative of a small leak -- can be
detected. The meters are appropriately
located near the charging pump and letdown
controls.

A.3.c. Subcooling Margin Monitor

In certain of f-normal situations steam voids
may form in the top of the reactor vessel or
in the upper portion of the U-bends in the

Iv.20



steam generator. In such situations, the
pressurizer level and volume control tank
levels together do not constitute an accurate
measurement of the volumetric inventory of
reactor coolant liquid. The operator should
be alerted to this loss by the approach of
reactor outlet temperature to saturation for
the then-prevailing pressure. Two subcooling
margin monitor are intended to fulfill this
function. The outputs of these monitors are
displayed in digital format on Back Panel
Cl2. Either monitor can display margin in
degrees Fahrenheit or in psi.

Discussion of Shortcomings

(1) It is not obvious from a station at the
main console which of the monitors reads
temperature margin and which reads pres-
sure margin: the back lighted push-
button which displays this information
cannot be read from the normal control
station.

(2) The meaning of a positive or a negative
sign with respect to the subcooling
margin is not obvious.

(3) The temperature instruments which feed
the subcooled margin monitor are of
limited range. As a consequence, if
reactor coolant temperature drops below
about 515°F, the output of the monitor
is meaningless, although the operator
knows that the temperature is below
515°F because the digital display
flashes. Furthermore, there are
not—-improbable situations wherein
temperature is below 515°F and a know-
ledge of subcooled margin is important
to the safety of the unit.

(4) The current setpoint for subcooling
margin alarm is 50°F which is near
normal subcooling at full power. The
alarm clear setpoint is 55°F.
Consequently once actuated, this alarm
will not normally clear itself unless
reactor power is reduced
substantially, Manual clearing of alarm
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at subcooling monitor is possible but
operators do not appear to be trained in
this operation,

A.3.d. Safety Injection Tank Levels

In the event of a loss of coolant
sufficiently large to cause reactor coolant
pressure to drop below about 250 psi, liquid
may be injected into the reactor coolant
system itself from any or all of four safety
injection tanks. Knowledge of the levels in
these tanks is necessary to account for all
the liquid which has been put into the
reactor coolant system under such circum-
stances. The levels of the four safety
injection tanks are displayed on four meters
located on backpanel C13.

Discussion of Shortcomings

(1) The units are in percent. There is
nothing to tie a specific increment in
tank lewvel as measured on the meter to a
change in, say, pressurizer level.

(2) The back panel location of the meters
makes them unreadable with precision
from a normal station in front of the
console,

A.3.e. Makeup Tank Levels and Flows

A.total accounting of reactor coolant
inventory requires a knowledge not only of
the free surfaces in the reactor coolant
system and the volume control system; it also
requires a knowledge of the levels of liquid
in the tanks from which makeup is drawn, and
also the lewvels in the tanks, sumps, and
other receptacles to which letdown may be
directed or to which leaks or other abnormal
liquid discharge make their way. This re-
quirement derives from:

° the large (approximately 30%) volumetric
change of reactor coolant associated
with heating and cooldown,
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° the large turnover of reactor coolant
necessary to effect the boric acid con-
centration changes associated with chem—
ical control of reactivity, and

° the desire to detect reactor coolant
system leaks as soon as possible. (A
small reactor coolant system leak -- and
most leaks start small —-- would increase
the makeup to the reactor coolant
system).

In addition to the makeup tanks discussed
below (which contain pure water), makeup is
drawn from the concentrated boric acid tanks;
the liquid from these tanks is blended with
that from the primary system makeup storage
tanks to obtain a desired concentration of
boric acid in the makeup to the Reactor
Coolant System. The levels of the boric acid
tanks are displayed in the control room; like
the pure water from the makeup tank, flow
from these tanks is displayed on a recorder
and on a vertical meter on the concentrated
boric acid flow controller. These
instruments adjoin those for pure water

flow. Except for labels which are difficult
to read, they are satisfactory from a human
factors standpoint.

Discussion of Shortcomings

(1) Makeup typically originates in the
primary system makeup storage tank T90
or in a similarly named tank, T81, in
which case its path is through T90.

Such makeup is injected into the reactor
coolant system via the charging pumps.
The levels of the two makeup water
storage tanks are not displayed in the
control room (though levels are readable
by auxiliary operators). Offsetting
this deficiency, flow from the tanks is
measured and displayed in the control
room., A recorder plus a vertical meter
on the makeup flow controller are
provided. These are located centrally
on console C02, and bear a generally
satisfactory relationship to related
controls.

V.23




A.3.f.

Emergency Makeup

Discussion of Shortcomings

(1)

(2)

Under certain accident conditions, a
large amount of makeup to the reactor
coolant system can be drawn from the
"SIRW" tank (Safety Injection and
Refueling Water) (T58) and/or the
containment sump. Levels for the SIRW
tank and the containment sump are dis-
played on vertical meters located on
backpanel C13, The location, though
sensible from a fluid systems viewpoint,
is remote from the other displays
related to reactor coolant inventory.
The meters cannot be read with precision
from the normal operating station in
front of the control console.

If high or low pressure coolant injec-
tion systems are called upon to operate,
the high and low pressure injection
coolant flows are measured. Four high
pressure and four low pressure flow
measurements are made, corresponding to
the four separate branches of each sys-
tem. The indications are displayed on
vertical meters on backpanel Cl13. The
meters cannot be read with precision
from a normal position at the console.
Although there may be a functional
requirement for the four measurements,
asking the operator to sum the four
measurements in his head is
unreasonable., What the operator really
wants to know in the event of a serious
leak is:

° whether or not the total flow into
the reactor system accords with his
expectations -- this tells him that
the HPSI (or LPSI) system is
operating as intended and combined
with other information may giwve him
an indication of the leak rate, and

° the integral of the total flow --

ultimately, all the water injected
must reside either in the coolant
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A.3.9.

system itself or in one of the
repositories to which it can
escape. (The integral information
is needed to reconcile information
from other displays as to the
current in-system coolant inventory
and leakage pathways.)

The controls and displays do not assist
the operator in keeping track of how
much water he has put into the reactor
coolant system under these conditions.

Effluent Repositories

Reactor coolant exiting the reactor coolant
system can reside in a limited number of
repositories. The displays associated with
these repositories and their shortcomings are
discussed below.

Discussion of Shortcomings

(1)

The primary system drain tank (T74) is
the collecting place for uncontrolled
pump seal leakage flow and miscellaneous
in-containment drains. The lewel for
this drain tank is not displayed in the
control room. The most likely path by
which coolant would make its way to this
tank is via a leaking pump seal.
Controlled seal leakoff flow to the
volume control tank for each pump is
displayed on recorders on backpanel

Cll. These flows are normally small,
hence the flow recorders are ranged such
that if there is a substantial leak in
one of the seals, the recorder is likely
to be offscale, up. Nonetheless the
recorders are useful for detecting an
incipient seal failure.

The primary pump seal leakoff recorders
are not visible from a normal operating
station in front of the console; how-
ever, operators indicated that the
recorders are inspected at least sewveral
times a shift.
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(2)

(3)

(4)

The reactor coolant quench tank, T73,
also located in the containment, is a
repository for liquid and wvapor exiting
the reactor coolant system via
pressurizer relief and safety valves, as
well as other miscellaneous sources.

Its level is displayed prominently on
center console C02 adjacent to the
reactor coolant pressure controller and
near the pressurizer level displays.
Human factors of this display are satis-
factory. '

Should pressurizer safety valves lift
and fail to seat, a flow path between
the reactor coolant system and the
guench tank is established. The
presence of this flow —-- but not the
amount -- is detected and the operator
alerted to it by means of an acoustic
flow detection system. The outputs of
this system are not displayed within the
reactor operator's field of view (they
are located on the back of panel Cl1lA in
the rear of the control room). However,
an audible alarm alerts the operator to
the presence of an unusual noise level,
hence flow, in this circuit.

The containment sump, which can receive
leakage from a variety of sources as
well as overflow from the quench tank
and from the primary system drain tank,
has level indicators on backpanel C13.
The level is not easily read with
precision from the usual operating
station in.front of the console, nor is
the level expressed in units which allow
it to be readily correlated with other
displays.

There are seweral auxiliary building
sumps and drain tanks. Leakage in the
area of the emergency safeguards equip-
ment in the auxiliary building is
collected in sumps, the levels for which
are measured and displayed on C03. The
engineered safeguards rooms sump pumps
discharge to the equipment drain tank
(T80). The level for this tank is not
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(5)

(6)

displayed in the main control room.
Reactor coolant leakage in other parts
of the auxiliary building can make its
way to two other sumps, the levels for
which are not displayed in the control
room. ‘

The component cooling system surge tank,
(T3), would collect coolant leaking
through the shutdown cooling heat
exchangers, the reactor coolant pump
cooling coils, or the letdown heat
exchanger. An increase in the component
cooling surge tank lewvel can be evidence
of a reactor coolant system leak. The
component cooling surge tank level is
displayed in an array of related meters
on console CO03, The level is expressed
in percent of range; there is no tie
between the units of this meter and
other meters related to reactor coolant
volumetric inventory.

Leaks in steam generator tubes can
result in the transfer of reactor
coolant to the steam plant. If the leak
is small, it will result in a reduction
in the amount of makeup required by the
steam plant. If the leak is a bit
larger, there will arise a need to dump
surplus condensate to the condensate
water storage tank.

Discussions of the ability to monitor
secondary plant inventory are covered in
Section A.4, below. A unique,
additional symptom of a steam generator
tube leak is the presence of radioactiwve
material in the condenser air ejector
stack. Concentration of radioactive
material in the air ejector exhaust is
measured, but is not displayed in the
operator's field of view. Radiation
monitors are on the back of panel

Cll). A generalized radiation
monitoring alarm on the main annunciator
panel is intended to alert the operator
to a problem of this kind. Since many
diverse monitors annunciate this alarm,
it is of limited effectiveness.
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(7)

(8)

A.3.h.

The clean waste receiver tanks (T64A, B,

C, D) are not likely repositories for
leaking coolant, but are the tanks to
which the surplus liquid generated by
the volumetric expansion of reactor
coolant during startup is directed. The
tank levels are not displayed in the
control room.

The volume control tank is discussed in
Section A.3.a, above,.

Controls for Reactor Coolant System
Inventory.

Normally used controls for reactor coolant
inventory are grouped on the left end of the
bench board section of center console CO02.
The controls bear a generally satisfactory
relationship with respect to the location to
the displays associated with them.

Discussion of Shortcomings

(1)

(2)

The relationships of the controls to one
another and to the fluid systems to
which they are related are not reflected
in their arrangement on the control
panel, For example, the three control
switches for the three coolant charging
pumps form an inverted "L". On the
horizonal leg are controls for Pumps C
and B in that order. Below the controls
for Pump B is the control for Pump A.
The controls for valves associated with
directing liquid to suctions of the
charging pump are likewise confusingly
arranged. As a result, following a high
pressure coolant injection and in
restoring valves and pumps to normal
line-up, there appears to be a risk of
isolating the charging pump suction.

The controls also hawve significant
labeling deficiencies.

Makeup following substantial coolant
leaks is effected by operation of the
high and low pressure coolant injection
pumps. Controls for these systems are
located on the right hand end of console
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.i.

C03. Again, the controls are located in
the same general area as related
displays (though in this case many of
the displays are on backpanel C13 and
are marginally readable). Specifics of
the arrangement are confusing. It is

difficult to determine from the labeling -

or the arrangement the precise functions
of each control and display. In
addition, controls for certain of the
safety injection valves utilize a
modified rotary switch. The operating
handle for the switch apparently is
easily broken., After it has been
broken, the control is difficult to
operate and does not comply with human
factors torque guidelines.

Coolant Thermodynamic State

Thermodynamic state of the reactor coclant is
monitored by a large number of pressure and
temperature instruments.

Discussion of Shortcomings

(1)

Narrow range temperatures. The two

reactor outlet (hot leg) temperatures
and the four reactor inlet (cold leg)
temperatures are displayed on a series
of vertical meters located on backpanel
Cl2, The meters are incorporated in a
mimic of the reactor coolant system at
this location. Eight hot 1leg
temperature measurements -- two sets of
four redundant measurements each -- are
displayed. Eight cold leg temperature
measurements -- four sets of two
redundant measurements each -- are dis-
played. The human factors of the
vertical meters themselwves are generally
acceptable. However, none of the dis-
plays is readable with precision from
the normal operating station in front of
the main console. The existing displays
are, on this account, only marginally
useful, Additionally, all of the
indicators incorporated in the mimic are
narrow—-ranged -- they do not read
temperatures below about 515°F. As a
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(2)

(3)

(4)

(5)

(6)

consequence, none of these displays can
be used to control reactor coolant
temperature during cooldown,

Wide range hot leg temperatures -~ Wide

range hot leg temperatures can be
determined from the individual exit core
thermocouple readings which can be
obtained from the PIP computer. The
sequence of commands for obtaining this
information is somewhat involved and not
easily remembered by all operators.

Wide range cold leg temperatures -

Recorded displays of two wide range cold
leg temperatures measurements are also
located on backpanel Cl12. These
recorders are essential to the control
of reactor coolant temperature during
cooldown. Because they are below the
line of sight for most operators at
their normal control station, operators
must shuttle back and forth between the
console and the backpanel during a
cooldown to monitor the cooldown rate.

Average reactor coolant temperature -

The displays of average reactor coolant
temperature have been discussed
previously in Section A.l.c, abowve.

Subcooling Margin - Deficiencies of the

displays of subcooling margin have been
discussed previously in Section A.3.c.

Reactor Coolant Pressure - Reactor

coolant pressure is monitored by instru-
ments connected to the pressurizer. The
output of these instruments is displayed
on two narrow range pressure recorders,
and one wide range vertical meter cen-
trally located on Panel C02, Human
factors of these displays are generally
satisfactory (except for generic
labeling deficiencies). In addition,
there is a digital display of reactor
coolant pressure in the center of the
console, The digital display has both
the wide range and a narrow range. The
selection of range is made by a small
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A.4.

toggle switch immediately below the
digital display. In the wide range
position, the display reads pressures
from 0 to approximately 2500 psi. In
the narrow range position, the display
reads pressure only in the range 1500 to
2500 psi. In the latter case, there is
no indication on the display itself that
the display is at the end of its

range. That is, if coolant pressure 1is
below 1500 psi and the switch is in the
narrow range positi<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>