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ABSTRACT 

An extensive analysis of two test power reactors 
and two commercial pressurized water reactors 
uncovered serious problems associated with nuclear 
control room annunciators. MIL-STD-1472-B was 
used as referent criteria for onsite inspections. In 
addition, 39 individual interviews were conducted 
with operators, shift supervisors, managers, and 
maintenance workers. Specific as well as generic 
recommendations were generated for solving the 

problems. In addition, a number of short- and 
long-term suggestions are offered to NRC, which 
are congruent with the problems identified and the 
recommendations. The authors urge that prompt, 
systematic action be directed toward eliminating 
inadequacies of current operational annunciator 
systems, and providing specific criteria for 
annunciator acceptance now and in the future. 
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SUMMARY 

The purposes of this study were to (a) identify 
problem areas in nuclear control rooms associated 
with annunciator display systems, (b) provide 
specific and generic solutions to the problems 
identified, and (c) provide recommendations and 
direction for future improvements and research 
focused on the man/display interface from a 
human factors engineering perspective. 

The method used to collect the data consisted of 
a multidisciplinary team of investigators visiting 
nuclear control rooms to visually examine 
annunciator systems and evaluate them using 
MIL-STD-1472-B as a criterion. Extensive infor
mation was also obtained from structured inter
views with 39 licensed nuclear plant operators 
who had over 170 years of aggregate nuclear 
operations experience. These structured interviews 
in combination with on-site inspections and 
evaluations produced an effective and comprehen
sive medium for identification of specific 
problems associated with annunciators. 

The conclusions generated from this study 
indicate that serious inadequacies exist with 
presently installed nuclear control room annun
ciators. These inadequacies should be corrected to 
enhance operator detection, recognition, decision
making, and response to off-normal plant 
operating conditions. We recommend prompt, 
aggressive action to develop and implement stand
ardized, systems-engineered alarm systems that 
are directly structured to eliminate most of the 
following problems: 

1. Generally, annunciators were found to be 
inadequately organized and structured with 
regard to importance, function, system 
impact, or response immediacy. 

2. Little or no systems engineering was 
apparent in the design and placement of 
annunciators in relationship to a rational, 
logical, or consistent design philosophy. 

3. A total lack of standardization in point 
design, labeling, contrast, abbreviations, 
script, script size, operating logic 
sequences, color coding, acoustic alarm 
frequency, and timbre is apparent, not only 
between facilities, but often within the 
same control room. 
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4. During a major system malfunction, many 
collateral alarms indirectly associated with 
the primary cause are triggered. This tends 
to increase the operators' cognitive proc
essing load, since operators must filter out 
secondary alarms and attend only to those 
alarms directly caused by the off-normal 
condition. Currently, most filtering of 
alarms is accomplished by operators 
without any automatic assistance. 

5. Lettering on annunciator points often does 
not conform to MIL-STD-1472-B regarding 
the relationship between viewing distance 
and letter height-to-width ratios. 

6. Labeling on annunciator points is often 
cryptic, with nonstandard jargon and 
abbreviations. In some cases the abbrevia
tions were plant specific. 

7. Alarm color codes, color sequencing, and 
operational sequence are inconsistent 
between plants, and sometimes within the 
same plant. 

8. Some annunciator "nuisance alarms" are 
triggered to indicate that a particular 
subsystem is working normally. This serves 
only to distract operators (in the commer
cial plants studied). This alarm philosophy 
is totally unsatisfactory, since these alarms 
are not needed. 

9. Operators must design and fabricate a 
special tool for changing bulbs on some 
annunciator systems where point recep
tacles are too small to accommodate the 
adult male hand. Manufacturers of some 
annunciatior systems do not supply any 
tool for bulb removal. 

10. Functional color meanings for annun
ciators are often inconsistent within the 
same plant. 

11. Some types of annunciator systems have no 
press-to-test circuits or other system
checking circuits. 

12. At one particular commercial plant, ther
mal stress associated with logic cards was a 



major problem (later corrected) that may 
indicate serious problems with system 
design of either the annunciators or the 
control room cooling/ventilation system. 

13. Alarm-disabling procedures used during 
the course of maintenance actions are 
totally unsatisfactory. (For example, at one 
plant, paper clips were inserted into the 
acknowledge buttons.) 

14. In dual reactor control rooms, multiple 
acoustic alarm frequencies and timbre 
often mask themselves when simultan
eously activated and create acoustic 
discrimination problems for operators. 

15. Operators report that occasionally alarms 
have sounded without any apparent cause. 
While these false alarms do not activate or 
light the points, they may constitute a 
serious design flaw in the alarm system. 

Numerous other problems are documented in 
this report and require careful, attentive reading 
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by NRC management. The information/evidence 
of this report and others (EPRI NP-1118, 1980 
and NUREG/CR-1270-3) represents a high degree 
of consensus and should now justify more detailed 
investigations oriented toward systems solutions. 
Without hesitation, the authors recommend a top
down engineering (systems) analysis that would 
include 

• A safety mission statement 

• A functional analysis 

• A task analysis to determine priority of the 
information required by the operators. 

The authors call attention to at least one poten
tially viable and generic solution to alleviate the 
problems documented in this report by suggesting 
the benefits/flexibility of a CRT /computer-based 
alarm system. This alternative approach to alarm 
display may provide a significant degree of 
assistance to operators if thorough planning and 
systems analysis are rigorously performed as an 
initial effort. 

I 
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NUCLEAR CONTROL ROOM ANNUNCIATORS: 
PROBLEMS AND RECOMMENDATIONS 

INTRODUCTION 

In a typical commercial nuclear power plant 
control room, it is not uncommon to find 
anywhere from 1000 to 2000 annunciator points 
or windows. These systems inform and alert the 
operator to plant systems conditions. In essence, 
annunciators provide the operator with informa
tion required to safely operate the plant. Since 
these devices are activated whenever a setpoint 
limit has been exceeded, they function as a major 
line of safety defense, and should be of 
paramount importance in system safety design 
considerations. 

The purpose of this report is to provide an 
initial broad-brush review of annunciator prob
lems, primarily from a human factors engineering 
point of view. Other objectives of this report are 
to provide 

• Background information concerning the 
different types of annunciators 

• A summary of existing human factors 
problems uncovered during the course of 
on-site field inspections 

• Alternative recommendations on how 
existing problems can be solved 

• Recommendations for future improvement 
of annunciators at the man/ display 
interface 

• Some ideas on how new technology may be 
applied to annunciator systems to enhance 
flexibility, increase reliability, and enhance 
human performance. 

Appendix A contains a brief summary of the 
method used for this investigation. Appendix B is 
a copy of the questionnaire used in structured 
interviews with plant operators during the course 
of the investigation. Appendix C of this report 
contains the necessary background information 
on the nomenclature, operation, description, and 
classification of annunciator systems. 

This study concentrated on four nuclear power 
control room annunciator systems-two test reac
tor facilities and two commercial power (nuclear) 
stations. At one of these commercial plants, two 
reactors were operated from one main control 
room. 

Background1 

The need for greater amounts of information to 
control industrial processes has closely paralleled 
the increase in complexity of these processes. 
Early systems designers quickly recognized the 
limitations of the human operator's ability to cope 
with large amounts of simultaneous information. 
It was not possible for the operator to watch all 
dials and meters all the time. A parameter that 
exceeded a specified value might easily be over
looked. Setpoints were then instituted to take 
advantage of a rudimentary "report by 
exception" technique that was redundant to the 
standard instrumentation. This quickly grew to an 
information system in its own right (i.e., an alarm 
system) and manifested itself in the myriad 
number of annunciators and error-loggers now 
found in process control rooms. 

This system is now taxing the operator's ability 
to cope with large amounts of information 
because conventional control room annunciators 
do not provide the information in an acceptable or 
satisfactory way that is conducive to efficient 
response. The advent of computer-generated CRT 
displays in control rooms provides a potential for 
rectifying this situation. The CRT, already incor
porated in many military and aerospace designs, 
has many advantages in nuclear application; but it 
also may have serious reliability/availability 
disadvantages. To determine the suitability of the 
CRT for control room alarm systems, we need to 
answer some fundamental questions, such as the 
mission/function requirements of man and alarm 
display. 



The primary . functions of an alarm system 
should be to: 

• Notify the operator of an undesirable 
abnormality (qualitative information) 

• Provide operators a means of evaluating 
the degree of the abnormality (quantitative 
information) 

• Provide an initial structure of information 
that aids operators in determining correc
tive action (postscriptive instruction). 

The ideal display would satisfy all three elements. 
Although this ideal may be impractical within the 

2 

one alarm display, all these elements are 
necessary. These functions, in turn prompt further 
questions. First and fore most, one must decide 
what information is necessary for the operator to 
detect, recognize, and respond to each occurring 
event. Given this determination, one can then ask: 

• How is information best formatted, 
arranged, and displayed to the operator? 

• How many alarms and in what order 
should alarm information be displayed? 

• How are alarms best filtered, processed, 
prioritized, inserted, and eliminated from 
the display? 

I 
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PROBLEMS AND RECOMMENDATIONS 

During the course of on-site control room 
inspection of annunciators, two nuclear test 
facilities were visited. The following major section 
provides a summary of existing problems or defi
ciencies uncovered during our inspection that 
relate directly to human factors. engineering con
cerns. We also present our recommendations for 
correcting these problems. 

Test Reactor Plant A (TR-A) 

Virtually all of the annunciator displays at the 
TR-A contained blank or nonfunctional windows 
(elements). The percentage of these nonfunctional 
elements varied from 5 to 45 OJo, depending on the 
particular annunciator panel. Table 1 shows the 
number of windows currently in u.se and those that 
are blank. 

From a human factors engineering viewpoint, 
these nonfunctional elements constitute visual 
noise, take up space, and provide no direct, 
positive assistance to operators. An examination 
of Figure 1, for example, shows that Panel No. 7 
has 14 blank or nonfunctional elements. Nonfunc
tional elements should be removed from the panel. 

Lack of Functional Grouping. Only one annun
ciator grouping, the plant protective system (PPS) 
annunciator, was totally integrated by function. 
All common elements that could scram the reactor 
were grouped on the PPS annunciator panel. The 
elements on all other annunciator panels were not 
grouped by any common function or rationale, 
and none of the panels were labeled with any text 
or symbol that might aid in identifying some 
common function or classification. 

Figure 1 shows two separate Type na annun
ciator panels at the TR-A. Note the dark border 
around the PPS and the total absence of any 
distinguishing border on the No. 7 annunciator 
panel. A trainee might even assume the No. 7 
annunciators are all directly related to the process 
control strip chart meters located directly 
underneath the No. 7 annunciator panel. Such, 
however, is not the case; a border demarcation 
line would visually separate these two distinct 
systems. 

a. See Appendix C for an explanation of annunciator 
classifications. 

Table 1. Annunciator elements in the TR-A control room 

Number Blank 
Panel Number of of Blank Total Number Elements 

Identification Elements Used Elements of Elements (OJo) 

7 41 14 55 25 

8 66 4 70 6 

9 52 3 55 5 

10 44 6 50 12 

11 22 18 40 45 

13 30 10 40 25 

PPS 71 29 100 29 

TOTAL 326 84 410 20 

3 
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Figure 1. Example of first-out annunciators used in the plant protective system. 

Valid Information. Figure 2 depicts the data 
system alarm element on panel No. 10. The data 
system alarm element (shown by the arrow) can be 
"cleared" with the acknowledge button, even 
though the problem that caused the alarm has not 
been cleared, thus misleading the operator. The 
problem stems from the mechanism for activating 
the alarm signal. The plant computer (the source 
for the data system alarm) monitors a number of 
signals and activates a relay connected to the 
annunciator element each time any setpoint of the 
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monitored signals is exceeded. The relay can then 
be reset by pushing the acknowledge button, even 
though the setpoint may still be exceeded. 

Physical Control Layout and Grouping. The 
annunciator reset button is physically separated 
from the annunciator acknowledge button by 
approximately 33 in. (see Figure 3). Operators 
indicated that both of these devices are function
ally related to the annunciator system and that no 
specific rationale justified the degree of physical 
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• 
Figure 2. Data system alarm point on the TR-A No. 10 panel. 

separation present. It was also noted that 
operators often inadvertently press the reset 
switch when attempting to acknowledge an alarm 
because they expect the acknowledge switch to be 
on their right. It usually makes extremely good 
design sense to group these controls together and 
clearly label them since they are functionally 
related. 

The annunciator acknowledge switch should be 
relocated adjacent and to the right of the annun
ciator reset button. We also suggest the surface of 
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each push button be shape-coded to provide an 
extra degree of sensory feedback to the operator. 

Task Loading. The automatic resetting feature of 
the PPS panel can cause an audible alarm to 
sound repeatedly, thus distracting an operator 
whose attention is directed toward other activities. 
The PPS annunciator logic is designed so that 
each time a setpoint is exceeded, both a visual and 
audible alarm are initiated. Often, a condition will 
vacillate around a setpoint, going below and 
above the setpoint every few seconds. Each time 



Figure 3. Location of annunciator acknowledge control and reset button. 

such a vacillation occurs, the audible alarm is 
sounded. Even though the operator normally is 
fully aware the alarm condition exists, he/ she 
must continue to push the acknowledge button to 
silence the horn each time the setpoint is exceeded. 

During a scram recovery, this problem is par
ticularly noticeable. The continuous sounding of 
the horn ceases to provide the operator with addi
tional information and instead, adds unnecessarily 
to his/ her attention task load. We recommend 
that the design be modified so that pushing the 
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acknowledge button will silence the horn for a 
particular alarm until the reset button is pushed. 

Questionable Alarm Disabling Procedure. 
During the course of our evaluation, we observed 
a paper clip being inserted into the annunciator 
acknowledge button. The reactor was down and 
the operators were going through their normal PM 
(preventive maintenance) inspection lists. We 
inquired about the paper-clip procedure and 
found out the clip was used to prevent the audible 
alarm from sounding. During shutdown, when 

I 
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many setpoints are readjusted, the readjustment 
causes audible and visual alarms in the control 
room. These alarms are not always meaningful 
and are often distracting. 

If these alarms must be locked out during 
maintenance, a more formalized engineering 
procedure is needed. 

Color Coding. For some panels within the annun
ciator system, a red element display means that the 
operator must respond only when the reactor is 
ON. A green color indicates that the operator 
must respond immediately, regardless of reactor 
state. A white element indicates that a problem or 
malfunction has been cleared. However, accord
ing to MIL-STD-1472-B, the use of green in this 
instance would be unacceptable since its stan
dardized meaning is GO or an OK condition. 
Green would be more appropriate as an indication 
of a CLEARED condition. 

Labeling and Readability. All first-out reset, 
test, acknowledge, and reset buttons were labeled 
with differences in label type, lettering, and con
trast. We recommend that consistent labeling, 
font, and letter contrast be employed. 

Letter height on the annunciators was 1/ 4 in.; 
letter width was 1/8 in. For a viewing distances 
greater than 10 ft (operator-to-annunciator 
distance is greater than 12 ft), letters should be 
between 0.68 and 1.13 in. high and at least 3/5 of 
the letter height wide. For the letter "M," the 
width should be 4/5 of the h~ight. 

All letters, numerals, and symbols on annun
ciator elements should have the same contrast 
ratio. Four different levels of contrast (figure-to
background) were noted on the present annun
ciator elements. Examples of this may be found in 
Figures 3 and 4. Only one character size and con
trast ratio should be used on the annunciator 
panel. The luminance contrast ratio should be at 
least 85 OJo. a 

a. "Luminance contrast" refers to the difference in luminance 
of the features of the object being viewed, in particular of the 
feature to be discriminated by contrast with its background. 
The luminance contrast is expressed by the following 
relationship: 

Bl - B2 
Contrast = --- x 100 

Bl 

in which B 1 brighter of two contrasting areas 
Bz = darker of two contrasting areas. 

MIL-STD-1472-B 
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Finally, placement of labels in relation to con
trols and meters was inconsistent. Consistent 
placement is essential to minimize display function 
confusion for operators . 

Test Reactor Plant B (TR-8) 

Labeling and Contrast. In general, we found the 
annunciator system to have severely inadequate 
labeling relative to the criteria of rapid and 
accurate reading (see Figure 5). A seated operator 
has difficulty reading the imprinted black 
characters clearly and accurately. This is due to 
the letters' suboptimal height, stroke width, and 
spacing between characters, and the poor contrast 
between the lettering and background on the 
annunciator panels. Since the annunciator panel is 
considered to be extremely important to the 
operator, the following recommendations are 
made: 

• Letter width should be at least 3/5 of the 
letter height, with the exception of the let
ter "T," which should be one-stroke width 
wider, and the "M" and "W," which 
should be at least 4/5 of the letter height. 
(Optimum letter height is described in the 
TR-A discussion under "Labeling and 
Readability.'') 

• Character spacing should be a minimum of 
one-stroke width. 

The annunciator acknowledge and reset buttons 
had no label to indicate what each button's func
tion was. We recommend that these components 
be clearly labeled (see Figure 6). 

Very poor contrast was observed between the 
black letters and the ambient light source behind 
the display element on annunciators (see Figures 5 
and 6). We recommend that larger characters with 
greater contrast be used to improve this condition. 

Luminance. Another problem noted with the 
annunciators relates to variation in element 
luminance, caused by inconsistencies in bulb 
power. This condition causes visual noise and 
could be corrected by using lamps of equal 
wattage. 

Priority Marking. Thirty-fou r annunciator 
elements were marked with 1/4-in. red' tape to 
indicate priority shutdown alarm conditions. 
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Figure 4. TR-A control room annunciators-example of poor luminance contrast ratios. 
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Figure 5. Suboptimal letter size and symbol contrast on annunciators. 

These 34 annunciator elements so marked were 
scattered throughout panels R-5, R-6, R-8, and 
R-10. To improve visual access and enhance alarm 
identification, all of these shutdown priority 
annunciators should be grouped together on one 
centralized display panel. This would allow the 
operators to quickly detect a shutdown priority 
alarm without the degree of visual searching 
currently required, and also eliminate the need for 
makeshift tape markings. Another drawback to 
the current use of red tape is that one-half of the 
light source on the annunciator element is red. 
This a red-on-red (low contrast) visual condition is 
more difficult to visually detect than, for example, 
red-on-white. 

Positions of Acknowledge and Test Buttons. 
The annunciator acknowledge and test buttons 
were located too high and distant from the 
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operator's central desk in the process control 
room (see Figure 6). These buttons were not posi
tioned appropriately in relationship to their 
relatively high frequency of use by the operators. 
All bulkhead-positioned annunciator acknowl
edge and test buttons should be mounted on a unit 
that can be operated from the operator's desk. 
This should improve ease of access and reduce the 
level of irritation currently associated with these 
controls. 

Visual Access. The primary loop emergency low
flow annunciator element is presented only in the 
reactor control room. Reactor operators (ROs) 
transmit this emergency information to the 
process control room via telephone where the 
process control operators (PCOs) take appropri
ate action. For a short time after shutdown, when 



Figure 6. Suboptimal position of annunciator 
acknowledge button. 
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the PCOs must continue to maintain flow, the 
ROs may not be in the control room to receive the 
emergency signal (they are not required to stay in 
the control room after a shutdown). For this 
reason, this specific annunciator element should 
also be presented directly to the PCOs in the 
process control room. 

The core-deluge annunciator acknowledge and 
reset buttons are not in plain view, but are covered 
by a permanently installed blackboard (see 
Figure 7) . To access these buttons, the operator 
must reach around behind the blackboard, where 
he/ she cannot easily see and accurately select a 
specific control. These buttons should be 
relocated to the PCO's desk. 

On pre-1975 annunciators, when a setpoint 
value is momentarily exceeded, the red alarm light 
may go on and off before a PCO can detect what 
particular annunciator element alarmed. There 
should be some means of capturing information 
so that the PCO would know what element 
entered into the alarm threshold range. We recom
mend that once an alarm has been sounded, a 
signal persist until the operator acknowledges the 
alarm. This would allow the operator to make 
an accurate determination of what system 
malfunction caused the alarm. 

Setpoint Oscillation. Another problem noted 
was that once a setpoint value is exceeded, the 
horn will occasionally continue to alarm after the 
acknowledge button is released. This situation 
requires an operator to continually hold the 
acknowledge button in a depressed position, 
which cannot be done reliably. An audible alarm 
should be designed to cease after the acknowledge 
button is depressed the first time, and not sound 
again until after the alarm-indicating light is reset. 

Functional Grouping. Display instruments func
tionally related to specific annunciator points were 
not located close together nor were they marked so 
that one could easily see functional relationships. 
Furthermore, considerable variability in location 
and arrangement of displays indicated that new 
annunciator points were placed on the panel using 
"space available" as a placement criterion rather 
than human performance or functional/operation 
sequence. We recommend that all functionally 
related displays and alarms be grouped closer to 
each other and bounded by demarcation lines. 
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Figure 7. Core-deluge acknowledge buttons, obscured by a permanently installed blackboard. 
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Commercial PWR Plant A 

The following comments are directed toward 
problems identified during an examination of 
annunciator and annunciator systems in a com
mercial pressurized-water reactor (PWR) power 
plant, referred to in this report as PWR Plant A. 

Thermal Stress. A number of operators men
tioned that the presence of many lamps and 
resistors behind the annunciator points causes 
thermal buildup, which in turn causes frequent 
failure of the annunciator logic cards (see 
Figure 8). Air-circulation fans that blow air in and 
around the logic cards, and bulbs of lower-rated 
wattage have been installed in attempts to remedy 
this problem. The impact of these modifications 
has not yet been fully evaluated by the plant 
engineers. While these quick-fix solutions may be 
adequate, more in-depth consideration should be 
focused on thermal failure relationships in future 
systems design for both power plant control 
rooms and annunciators. 

We recommend that plan_t engineering consult 
with the annunciator vendor who designed the 
system to determine whether the thermal problem 
is a design- or plant-specific problem. 

Cryptic Displays. Many annunciator points 
displayed incomplete abbreviated alpha-numeric 
information, which was confusing and illogical to 
a few operators. We suggest that all abbreviations 
used in nuclear control rooms be standardized and 
that the displayed alarm information be focused 
on either (a) what went wrong or (b) what action 
to take. 

The latter of these alternatives might be the best 
approach since many alarms can be activated by 
any number of different system-transducer 
sources. See Figures 9, 10, and 11 for examples of 
existing incomplete information on annunciator 
points . 

New Instrumentation. The nomenclature of dif
ferent annunciator points tends to change over 
time as a function of added new equipment, cir
cuits, pumps, etc. Very often, the older operators 
may continue to use an earlier set of oral descrip
tions during plant operations. Certain labels on 
annunciators, therefore, may be meaningful to 
some operators, but confusing to others. This 
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situation should be remedied by timely upgrading 
of annunciator-point nomenclature in training 
and procedure manuals to be consistent with new 
equipment and circuits as they are added. 

Inadequate Procedures. Some alarms remained 
in an ON or lighted status after a major plant 
modification was completed. For example, two 
pumps in the water-circulation loop were orig
inally designed so that only one pump would be 
pumping at any given point in time. The cor
responding annunciator circuit was originally 
designed to inform the operator that an 
anomalous condition existed if both pumps were 
ON. Later, after a modification of the operating 
philosophy to mandate that both pumps be 
operating at the same time, the operators ignored 
the ON condition of the alarm. This procedure, 
which is in direct conflict with the overall alarm 
philosophy (annunciator ON means take correc
tive action), can be corrected by eliminating this 
alarm element from the board or changing the 
logic circuit. In other similar situations the alarm 
was ON, but the plant was operating normally, 
e.g., boron cycle trouble alarm (see Figures 9, 10, 
and 11). 

Dual Mode Information. Some annunciator 
single-element windows served a dual alarm mode. 
For example, the Feedwater No. 7 alarm indicates 
either East-West or High-Low. Operations per
sonnel are remotely dispatched to find out which 
condition the alarm is referencing. This same 
situation exists for the Boron Injection 
annunciator. 

We strongly recommend that a single function 
be displayed on a single annunciator point to 
eliminate any possible confusion or ambiguity. 
Other recommendations related to this issue will 
be covered in the "Discussion" section. 

Documentation. A number of operators 
indicated that the "Annunciator Response 
Guide'' was incomplete, and in a few instances 
inaccurate, with regard to prescribing a "com
plete" course of action to be taken by operators in 
response to an alarm condition. Specific electrical 
schematics were said to be outdated within 
two years or less after the drawings had been 
originally completed. We recommend that these 
conditions be corrected immediately by a docu
ment review and update, and that a periodic 
review be mandated. 

' 



Figure 8. Annunciatior logic cards-layout and configuration. 
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Figure 9. Annunciator labels with nonstandard abbreviations and/ or cryptic messages. Some alarm lights were 
ON even though the plant was operating normally. 

Phantom Alarms. Several respondents reported 
that an occasional audible alarm will sound in the 
absence of a corresponding visual signal. Often, 
this may be caused by a failing bulb or logic card, 
but in some instances the cause cannot be dis
cerned. This problem should be thoroughly 
investigated to determine the specific cause so that 
immediate corrective action can be taken. 

Reflash. Some annunciator boards, remotely 
located from the control room, transmit informa
tion to a receiving annunciator point in the main 
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control room via a single flash. This signal does 
not tell operators specifically what has happened, 
but alerts them to send someone to the remote 
board to find out exactly what occurred. After the 
initial flash, if another alarm is triggered at the 
remote board, it will not be so indicated by the 
control room receiving alarm until the initial con
dition is cleared . In essence, this annunciator 
system precludes the presentation of secondary 
alarm conditions because the system is not 
designed with a reflash capability or "push down 
stack" logic. There are a number of solutions for 

l 
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Figure 10. Annunciator labels with nonstandard abbreviations and/ or cryptic messages. Some alarm lights were 
ON even though the plant was operating normally. 
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Figure 11. Annunciator labels with nonstandard abbreviations and/ or cryptic messages. Some alarm lights were 
ON even though the plant was operating normally. 

this problem. First, a reflash interrupt could be 
incorporated to inform the operator that a second 
anomalous condition exists at the remote board. 
An alternative method could be conceptually 
acceptable if a "queue" philosophy were adopted. 
In this situation, the second alarm would be 
stacked into a "queue" and then compared with 
the first alarm to determine whether or not the 
second alarm should have a display priority over 
the first. These issues will be covered more fully in 
the "Discussion" section. 

Absence of Ring Back. A number of operators 
mentioned that no ring-back logic is incorporated 
into the control room annunciators at this plant. 
In this instance, "ring back" refers to a situation 
where a setpoint value is momentarily exceeded 
(the annunciator alarms) and then the parameter 
returns to a "within limits" condition. However, 
the annunciator alarm in Plant A's control room 
does not change in any way to let the operator 
know of this change-to-normal condition until 
after the reset button is punched. Ring-back logic 
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would automatically modify the activated alarm 
(such as a change in color, flash, or brightness) 
without the reset button being activated, and thus 
let the operator know immediately that the 
parameter of interest had returned to an 
acceptable level of functioning . 

Distracting Alarms. In the main control room at 
least 46 annunciator points were dedicated to 
informing operators about the open or closed con
dition of doors (usually doors leading into the 
reactor containment room) . The operators 
indicated that these annunciators are the most fre
quently activated because of personnel traffic 
entering and leaving specific areas within the 
facility. Because these alarms are activated very 
frequently and also because they are not directly 
related to plant operation, the operators consider 
them nuisance alarms with very little credibility 
and relevance to their job. These alarms coµld be 
displayed to safety or security personnel, and thus 
removed from the reactor control room where 
they are currently perceived as "irritating and 
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distracting." Eliminating irrelevant or nuisance 
alarms usually reduces the time operators spend 
on system diagnosis and corresponding corrective 
action, and substantially reduces information 
noise. Other alarms that could be considered for 
elimination from the main reactor control room 
are: 

• Radiation Waste System Trouble 

• Screen Wash System Trouble 

• Demin Water System Trouble 

• Condensate System Trouble. 

Perceived Priority. There was very little agree
ment among operations personnel on what 
specific groups of alarms (annunciators) are most 
important or essential for plant operations . Some 
respondents indicated that any alarm connected 
with a reactor trip is most essential, while others 
reported turbine-trip alarms to be more impor
tant. Still others perceived various other groups of 
alarms to be most important. This lack of con
sistency regarding a heirarchy or perceived hierar
chy of importance may indicate one or more of the 
following underlying problems: 

• There is no structural alarm heirarchy or 
obvious philosophy of importance. 

• The issue of alarm importance is not 
addressed adequately in the operators' 
training program. 

• An operator's perception of alarm impor
tance is a purely subjective estimate not 
tied to the real world. 

• Each operator's responsibility may vary 
slightly enough to color or bias perception 
of importance toward his/ her specific 
orientation. 

• Alarm importance is totally dependent 
upon plant status and thus each operator is 
defining the importance of any group of 
alarms relative to some particular plant 
condition, i.e., steady state, power change, 
startup, etc. 

CRT Displays and Display Guidelines. While 
the majority of respondents found the CRT
generated alarm lists to be adequate, a few 
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remarked that the displays were "difficult to 
read ." Still others indicated that the CRTs often 
display "irrelevant" information that is ignored 
(e.g., voltages). At this particular plant, display 
guidelines or standards that relate to alpha
numeric presentation, format, or display con
figuration are not available. We recommend that 
such a document be made available to the utilities 
to assist in more effectively using CRT-generated 
alarm displays (see Figure 12). 

Remotely Placed Alarms. Since the smoke 
detector annunciators are not physically located in 
the reactor control room, operators must leave the 
main control room to have visual access to these 
displays. However, since operators are never 
allowed to leave the reactor control room 
unmanned, one individual is usually dispatched 
while the other(s) remain in the control room. If 
some other situation leaves a single operator in the 
control room and it is necessary to inspect the 
smoke alarm board, he/she cannot leave the 
assigned work area to do so, but must wait until 
other personnel are available to assist. 

One quick solution to the problem would be to 
focus a closed-circuit camera on the remote smoke 
detector annunciator board and display the board 
on a video display screen in the reactor control 
room. 

Auditory Discrimination. In some instances, 
control rooms are equipped with up to five dis
tinctly different auditory alarms. For example, a 
whistle may be used for fire, bells and horns for 
annunciators, and buzzers and other alarming 
sounds for various other equipment warnings. 
Meanings of acoustic alarms in various reactor 
control rooms are not standardized. In this par
ticular plant, it was noted that when the preferred 
instrument power buss loses power, all of the 
audible alarms are activated, with a resulting din, 
which adds another element of emotional stress to 
diagnostic operations. Acoustic alarms should be 
standardized in meaning for each of the subsystem 
warning functions, both within plants . and 
between plants. 

MTBF. The meantime between failures (MTBF) 
for the entire annunciator board appears to be 
unsatisfactory. Respondents said that approx
imately one card (logic circuit) is replaced per day 
(see Figure A on the color page for an example of 
a logic card). These card replacements, in addition 
to numerous bulb replacements required weekly 
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Figure 12. Examples of a CRT used in commercial PWR Plant A. 

(approximately 56 bulbs per week), appear to be 
very high, from an absolute cost and time perspec
tive. Further investigation is needed to establish 
MTBF requirements for annunciator bulb and 
logic cards. 

Markings on Annunciators. There were several 
types of markings on many of the annunciators. 
Dyno-Tape labels, which appeared to be used 
primarily for indicating setpoints, were predomi
nant. The lettering on these particular labels, 
measuring only 3/ 16 in. high, cannot be read from 
the control room operator's console. Several 
colors of tape (red, blue, and black) were used; 
however, there was no obvious meaning 
associated with the colors . One operator men-
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tioned that the setpoints were going to be engraved 
on the annunciator while another operator stated 
that the setpoints changed frequently, and that is 
why they use Dyno-Tape. Without further 
investigation, it would be difficult to say which of 
these two approaches is best or whether neither 
one is best. 

In a few instances, the Dyno-Tape was used to 
label the entire annunciator plate. Also, in one 
instance, hand-lettered masking tape was used to 
label a blank annunciator. The hand-lettered 
labels (grease pencil) were very difficult to read. 

We recommend a more formal engineering 
approach to marking the annunciators . 



Commerical (PWR) Plant B 

The second plant visited by the investigative 
team consisted of a nuclear power station where 
two pressurized water reactors (PWRs) were con
trolled from one centralized control room. 
Although there were two separate sets of control 
consoles, annunciators, etc., some annunciators 
shared a common functional link between the two 
PWRs. 

Many of the problems previously noted in past 
sections are directly applicable to this particular 
plant as well. However, the text that follows 
describes only those problems uniquely associated 
with this plant. 

Acoustic Disorientation. In this particular 
plant, there were two control panels, one for each 
of the two PWRs. At the onset of an alarm, the 
operator(s) often cannot immediately determine 
which control console the alarm is coming from. 
One way to remedy this situation is to change the 
frequency and/ or intensity of one of the annun
ciator systems so that it can be more readily 
associated with the appropriate PWR alarms. We 
recommend that this or a similar modification be 
considered. 

Labeling on Annunciators. Some annunciator 
points were ambiguously labeled. For example, 
annunciator point GB-5 reads "Computer 
Printout Rod Control System," which in reality 
means that there has been an abnormal or 
improper withdrawal or insertion sequence of a 
control rod if this alarm is activated. This alarm 
does not specifically pinpoint one common prob
lem. It is up to the operator to decide which of 
several potential problems exists. Other examples 
of ambiguity are: 

• High Level Waste Drain Tank A Hi-Lo 
Level 

• Waste Disposal Evaporation Lo Level 

• Contaminated Drain Tank A Hi-Lo Lev_:_l __ 

• Aftercooler Low Flow 

• Catalytic Recomb Hi-Lo Press. 

All labels on annunciator points should be 
phrased in a way that clearly reflects the specific 
abnormal condition being represented. 
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Inconsistent Format. Some annunciator element 
labels present the component name first, followed 
by the problem, whereas on other points, the 
problem is presented first and the subsystem name 
second. We recommend using a consistent for.mat 
in the labeling by noting the appropriate sub
system first, and the abnormal condition second. 

Unnecessary Alarms. The operator must 
acknowledge alarms for some conditions that will 
be corrected automatically. For instance, the 
operator must repeatedly acknowledge the 
"LUBE OIL CONDITION-LOW LEVEL" alarm 
even though a closed-loop, auto-compensating cir
cuit automatically corrects the condition. A 
similar situation exists within the screen well sup
port panel. Specifically stated, when the intake 
canal water level, which is used for the steam con
densers, drops below the setpoint value, a pump 
automatically activates to raise the water level. As 
soon as the pump cuts on, an annunciator sounds 
and a red light on the panel flashes on. The 
operator must acknowledge the alarm even though 
the pump is working normally,. During the course 
of a four-hour observation in the control room, 
this alarm was activated and acknowledged over 
23 times. This philosophy should be changed so 
that an alarm sounds only when the pump does 
not cut on or raise the water level to the proper 
level. 

Automatic control systems with their corres
ponding annunciator-activation philosophy 
should be carefully reviewed to ensure that impor
tant alarms sound only when some corrective 
action must be taken by the operator. This should 
be particularly important since many operators 
feel that there are too many "nuisance" alarms in 
the control room. 

Incidence of Repair. One circuit board logic 
card related to the annunciator system fails every 
three days; an average of 3.5 bulbs fail per day. 
This appears to be a very high frequency of repair. 
A special tool was developed by the operators to 
change the bulbs in the points. Removal of bulbs, 
as well as replacement, is extremely difficult 
without the aid of the tool (displayed in 
Figure 13). The difficulty stems primarily from 
the small size of the work space within the 
window. Without the special tool, one would need 
relatively long, slender fingers and good manual 
dexterity. We recommend that manufacturers of 
annunciators be required to consider ergonomic 
issues related to annunciator maintenance and 
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Figure 13. A special tool made by operators to remove/ install annunciator bulbs. 
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tool design and that they supply appropriate tools 
to plants that purchase annunciators. Further 
engineering analysis of this system is needed to 
remedy the high frequency of repairs and 
replacements. 

Asymmetrical Annunciator Placement. A 
number of operators indicated that the annun
ciator layout for power plant Bl was not identical 
to that for power plant B2 relative to the physical 
location of annunciator points. Since the 
operators of power plant Bl must also, at dif
ferent times, operate power plant B2, they tend to 
look for certain parameters of interest in the same 
relative location on each of the annunciator 
systems. The difference in annunciator placement 
for the two plants causes occasional confusion and 
extra time for the operators. This confusion could 
also possibly degrade operator performance, 
especially under the condition of task overload. 
Figure 14 is a photo of the control room for 
controlling the two PWRs. We recommend 
identical annunciator layout for Bl and B2. 

Discrimination Aides. High-priority (plant pro
tective and trip) systems of plants Bl and B2 were 
tagged with round, red, sticky-back, dots. Fig
ure C on the color page shows the red dots on one 
panel.We learned that the heat from the points 
(windows) usually causes these priority tags as well 
as maintenance tags to fall off the displays after 
five to ten days. These tags must be replaced fre
quently; the operator cannot immediately 
recognize which points were previously marked 
after the tag falls off. 

We strongly recommend that some more satis
factory means be used to tag-out annunciators or 
prioritize them. 

Alarm Disabling for Maintenance. Often, a 
particular annunciator point will remain lighted 
(in the ON condition) while the related subsystem 
is undergoing a maintenance function. For exam
ple, the "Reactor Coolant Shield-Low Pressure" 
annunciator was marked with a maintenance 
sticker but was left in the ON (lighted) condition 
because the logic circuit card is not independently 
tied to a single alarm point. Hence, if the card 
were pulled for maintenance to temporarily 
disable one alarm, another unrelated, but fully 
operational, alarm system would also be disabled. 
We recommend that a requirement be made to 
allow the single alarm disabling of a point without 
affecting other points or logic. 
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• 
Format Used for Grouping. While some of the 
annunciators were grouped together on the basis 
of common or similar functions, the format used 
for grouping was not consistent throughout the 
annunciator system. For example, some annun
ciators were grouped by common function on left 
to right (horizontal) arrangements, while others 
were grouped from top to bottom (vertical). 
Whichever format is determined to be best for a 
particular situation, the format adopted should be 
consistent throughout the plant. 

Separate Audible Alarm Cutoff. Currently, 
when three or more annunciator alarms come in at 
the same time, they all flash and the audible alarm 
sounds. (Depressing the acknowledge button turns 
off the audible alarm, and the annunciators stop 
flashing and come on steady.) The operators often 
let the audible alarm sound continuously so that 
they are aware of all the flashing alarms. There 
should be a separate cutoff or acknowledge con
trol only for the audible alarm, so that the annun
ciators can continue to flash as long as necessary 
without the irritating audible alarm. 

Excessive Audible Alarms. There are a total of 
12 different audible alarms within the control 
room. On most of the annunciator panels, there 
are second and third successively higher-pitched 
tones. When three or more alarms go off, it is dif
ficult to distinguish the alarm location. The 
overall noise level may actually add more uncer
tainty to alarm situations. 

We recommend that a thorough analysis be per
formed on all audible alarm requirements. This 
should include consideration for consolidating 
some alarms as well as using a sequence of spoken 
alarms with synthesized speech, where determined 
to be appropriate. 

Cleared Condition Not Adequately Indicated. 
After a number of annunciator alarms have come 
in and have been illuminated, any one of the 
annunciators can extinguish automatically when 
the condition clears. This occurs randomly and is 
very difficult to see unless one is looking at that 
particular annunciator point when it clears. 

We recommend that when a condition clears, 
the annunciator change to green (without the audi
ble alarm). This cleared condition can then be 
reset later. 
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Figure 14. Example of two PWRs controlled from one control room . 



Inappropriate Alarm Philosophy. A problem 
that seemed to be a significant concern of 
operators here just as it was in other control 
rooms is that numerous annunciators come on for 
a normal condition. These particular "nuisance" 
alarms do not provide any assistance to the 
operator in running the plant. In some instances, 
the too-narrow setpoint ranges cause frequent 
actuation of these particular annunciators. We 
recommend that a thorough systems analysis be 
performed on all these "nuisance" annunciators. 
Consideration should be given to adding the 
capability of disabling an annunciator; this dis
abled condition should be indicated on the annun
ciator with a different color (such as amber) or a 
very slow flash rate (with no audible alarm), 
depending upon the plant's alarm philosophy. 

Annunciator Readability. The legibility of most 
of the main annunciator panels with white 
illuminated letters on a black background is inade
quate. This applies to both illuminated and 
nonilluminated points. Most operators indicated 
that annunciators that have black letters on a 
white background are more easily read, than are 
white letters on black. 

Distinguishing Red and White "First-Out" 
Annunciators. Located on annunciator panels E 
and F are the high priority "first- out" annun
ciator alarms. These have black lettering on a 
white background and have both a white and red 
bulb behind each annunciator label. When several 
"first-out" annunciators come . on, the first 
indication to come on illuminates red. Since both 
the white and red bulbs can be on at the same 
time, the red tends to blend into the white, making 
it difficult for operators to distinguish which 
annunciator has this red light. We recommend 
that consideration be given to having greater 
separation that would preclude red light trans
mission to the white bulb element. 

Marking of Safety-Related Annunciators. 
Red dots have been placed on those annunciators 
that are safety related. Unfortunately, this has not 
been done consistently. On Unit 2 annunciator 
panels G, H, J, and K there are no red dots, while 
on Unit 1, red dots do appear on these same 
panels. We recommend that this marking process 
be complete and consistent, although, as previ
ously stated, we would discourage the continued 
use of the sticky back red dots. 
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• 
Fire-protection Annunciators. The fire
protection annunciators are located within the con
trol room in the two rear corners behind each one 
of the large vertical panels for units I and 2. There 
are several problems with these annunciators: 

• 

• 

• 

• 

As shown in Figure B on the color page, 
the annunciators are located too high for 
good readability. (Note that the operator 
must climb a ladder to read the annun
ciators.) We recommend that these annun
ciators be placed at eye level. 

As shown in Figure 15, the annunciators 
themselves are hard to read since they are 
typed onto white paper. We recommend 
that more conventional annunciators be 
used with larger letters. 

Currently, there is no lamp test to check 
bulb illumination. We recommend that a 
lamp test be included in this annunciator 
system. 

When an annunciator is actuated on the 
fire-protection panel, an alarm sounds and 
a summary annunciator is illuminated on 
the main annunciator panel in the control 
room. On any subsequent alarm condition, 
there is no audible alarm. Therefore, very 
frequent checking is required by the 
operators. We recommend that every 
subsequent alarm following the first alarm 
be accompanied by an audible alarm. 

... - ---- ---
Printer Alarm. Units I and 2 each have a printer 
(Type IV annunciator) that provides software 
information as well as some information needed 
by the operators. A printer alarm, which has a 
high-pitch tone, goes off for both the software 
and other information. Most of the software 
information is of no interest to the operators. The 
combination of irrelevant information and the 
irritating alarm, has brought about instances 
where some important information has been 
overlooked. We, therefore, recommend that the 
alarm sound only when there is information on the 
printout that is important or critical for the 
operator. 

This printer, shown in Figure 16, has the 
following serious problems: 



Figure 15. Fire alarm labels, typed on white paper, cannot be read easily. 

Figure 16. A printer alarm (Type IV). 
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• 
• It prints much information that the 

operator does not need, including system 
software information. 

• No matter what is being printed out, a 
high-pitch alarm is activated. Note in the 
Figure 17 computer control panel that an 
acknowledge push button turns off the 
audible alarm (directly above the key 
switch). Note that the center of the push 
button is already getting worn from 
frequent actuations. 

• Considerable glare on the plastic cover 
makes reading what has been printed 
difficult. 

• Sometimes, certain points are taken out of 
the computer scan. The points taken out of 
scan are placed on various pieces of paper, 
which are Scotch-taped to the console, and 
can get lost. The computer should be able 
to provide an updated list, at any time, of 
those points taken out of scan. 

Other Annunciator Problems. Other annun
ciator problems based on observations and inter
views are listed briefly below. 

. . - - .. "" ~ ... .. ,: .. .. . .";: -
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• 
Placement of Annunciators on Individual Annunciator 

Panels. There are some instances where a series of 
annunciators are oriented vertically relative to a 
logical sequence for a specific system. Some 
columns of annunciators on some of the panels do 
not follow the proper logical sequence. We recom
mend that in those cases where annunciators are 
related to one another within a group, the same 
logical sequence be maintained in all columns. 
(For instance, on Panel E the proper sequence 
would be channels I, 2, 3, and 4 from top to 
bottom, not channels I, 3, 2, etc.) 

Two Annunciator Labels on One Card (Circuit Board). 

Two annunciator labels (or alarm indications) are 
tied to one circuit board. This causes a problem 
when one system has a malfunction or is disabled 
for maintenance. If the circuit board is pulled, the 
other active annunciator is deactivated, which is 
not acceptable. It is, therefore, necessary to keep 
the circuit board installed which causes frequent 
alarm indications. It is recommended that some 
type of switch be incorporated into each circuit 
board so that either one of the two annunciator 
alarms can be independently turned off. If this is 
done, there should be some indication on the 
annunciator itself that it has been deactivated. 

Figure 17. Computer control panel for the printer. 

25 



• • 
PROBLEM SUMMARY 

The following abbreviated summary calls atten
tion to serious problems associated with annun
ciator systems in nuclear control rooms. 

1. Lack of Organization and Consistency 

a. Annunciators are seldom grouped by 
function. 

b. Annunciators are not consistently 
organized by significance, response 
immediacy, or system impact. 

c. Inconsistent color-code practices are 
utilized within annunciators. 

2. Shortcomings of Equipment 

a . Too little information is provided on 
window faces to orient the operator 
toward proper corrective action. This 
is due to the physical space constraints 
of the window dimensions . 

b. Present annunciators do not fully 
utilize existing computer logic and 
display capability to: 

(1) Reduce the number of meaningless 
alarms 

(2) Help the operator focus attention 
on the primary cause of a given 
alarm. 

(3) Provide coded or written pro
cedures quickly to operators so 
that immediate corrective action 
can be taken 

(4) Provide automatic default action if 
the operator fails to take appropri
ate action. 

c. A few control-room annunciators have 
very low credibility with operators due 
to their number of false alarms. 

d. Current annunciators are not instru
mented with an alarm override switch 
that could be used during maintenance 
procedures to prevent constant and 
recurring false alarms. 
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e. In general, there is no systematic cor
respondence between annunciator dis
play elements and the controls used to 
rectify the alarm. 

f. Some annunciators are not equipped 
with a press-to-test device for bulb and 
circuit testing. 

3. Problems for Operators 

a. During a major system malfunction, 
many alarms that are only indirectly 
associated with the primary malfunc
tion are triggered. This m turn 
increases the amount of information 
that operators must process and in 
effect reduces the signal-to-noise ratio 
involved with correctly identifying the 
primary malfunction source. 

b. Labeling and letter sizing is not 
optimal for many operator-viewing 
distances. 

. c. Annunciator displays are often used as 
a medium for displaying various unim
portant or relatively minor conditions 
to operators. 

d. Phantom alarms have been reported 
with no known cause reported. 

4. Maintenance Problems 

a. Operators must make their own tools 
for changing bulbs in some alarm 
systems. 

b. In general, the incidence of repair and 
MTBF for bulbs and logic cards are 
unsatisfactory. 

c. In some plants, thermal stress is a 
serious problem for logic cards. 

d. There appears to be a high failure rate 
for logic cards. 

e. Tag-out procedures (during main
tenance) for annunciators are 
unsatisfactory. 

, 
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RECOMMENDATION SUMMARY 

The recommendations made throughout the 
previous sections of this report, were meant to 
correct specific annunciator deficiencies without 
focusing on a generic systems solution. In the 
"Discussion" section of this report we will 
attempt to review several conceptual approaches 
that have generic applicability across the vast 
majority of nuclear control rooms. What follows 
are short- and long-term recommendations 
directed toward the Nuclear Regulatory 
Commission concerning a plan of action. 

Short-Term Recommendations 

• NRC should publish a series of design 
standards/specifications to be used by the 
utilities in correcting annunciator deficien
cies wherever these deficiencies are noted . 
These standards should be tailored to the 
nuclear industry and be as specific and 
quantitative as possible. 

• NRC should provide some human factors 
engineering training to their on-site inspec
tion teams. This training should focus on 
how to identify human engineering design 
problems, not on how to correct them. 

• NRC should require the utilities to correct 
all human factors deficiencies associated 
with annunciator systems within a 
reasonable period of time after the issuance 
of annunciator design standards. 

• NRC should require all utilities to submit 
an action plan for proposed changes in 
annunciator display, coding, operations, 
logic, etc., which should be reviewed by 
NRC for compatability with their human 
engineering specifications, standards, or 
guidelines. 

• NRC should publish guidelines on 
acceptable levels of human performance 
concerning detection, recognition, and 
operator-response action. These guidelines 
should have an empirical base and be 
validated by using either simulated or 
actual control-room annunciators. 
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Long-Term Recommendations 

The major problems uncovered in this report 
center on four generic needs of control room 
operators for: 

1. An analytic tool which could assist them in 
prioritizing their corrective response 
actions to off-normal alarm conditions. 

2. An alarm screening or filtering tool that 
could significantly reduce the number of 
unimportant alarms they must cognitively 
process. 

3. Alarm information that tells them 
specifically what control action to take. 
Presently, they must get this information 
from supporting paper documents that are 
written and structured poorly, and are 
often ambiguous. 

4. Alarm information that is optimally for
matted, structured, or physically organized 
to aid in diagnostic response action to 
alarm conditions . 

These generic problems indicate that NRC 
should require the utilities to take the following 
long-term steps: 

• Investigate the applicability of utilizing a 
computer-based alarm system as either an 
adjunct or replacement for existing alarm 
systems 

• Prepare an action/ implementation plan 
based upon appropriate engineering 
(systems) and human factors engineering 
studies 

• Prepare a suitable and reasonable 
milestone document for submission to, and 
review by, NRC. 

It would appear that these requirements would 
encourage organizations such as INPO and EPRI 
to participate in the conduct of analytic studies 
and approaches aimed at upgrading the design of 
nuclear alarm/information systems. 
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DISCUSSION 

Plant Status Alarm Restriction 

During the course of nuclear power plant opera
tions, it is not uncommon for hundreds of alarms 
to be flashed to the operator(s). A control room 
designed on human engineering principles would 
typically omit displaying inactive visual alarms 
under normal operating conditions and display 
only anomalous plant conditions to the operator 
in a highly organized fashion, on the basis of 
importance and functional relationships (see 
Figure 18). 

Typically, the current logic of hard-wired 
annunciator circuits do not take into account the 
plant status when generating alarms under various 
plant conditions. For example, during startup, an 
alarm could sound even though the plant was 
operating normally for a startup condition. 
However, this same alarm could signify (under 
steady-state plant conditions) a very serious condi
tion. Normal plant operations such as startup, 
power change, steady state, and shutdown should 
automatically filter or attenuate annunciator 
alarm activation. Any alarm condition presented 
to the operator should be based upon the predeter
mined plant process status condition. Although 
this approach makes design logic appear more 

complex, it could be simplified conceptually if an 
alarm were displayed as a function of multi
s tepped Boolean logic. Thus, a Boolean 
moderating logic circuit would automatically 
reduce the number of false alarms that has tradi
tionally plagued nuclear plant operations 
personnel. 

Alarm Restriction. The concept described above 
would of course be of limited assistance to 
operators during a scram or major anomalous 
system condition. In this situation, it would still be 
difficult to determine which of many alarms is 
primarily associated with the detected malfunction 
and separate it from the stream of other incoming 
alarms. Bjorn Wahlstrom (1980-unpublished 
report) has proposed the following idea which 
should be examined as an adjunct to first-out 
annunciator logic: 

"One possibility to increase the detect
ability of a second primary event is to 
inhibit all the alarms of secondary events 
which are a direct consequence of the 
primary event. The cause- consequence 
relationship between the primary event and 
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Figure 18. Example of a layout for a group of annunciators according to function and priority. 
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• 
the secondary event could be either inten
tionally designed into the safety system or 
could be implied by the physics of the 
process . This inhibition scheme means that 
the coupling of the process events should 
be specified using cause consequence 
diagrams which are used for the inhibition 
logic. 

This alarm inhibition could be further 
enhanced by temporarily altering the 
definition of the alarm for a secondary 
event, in such a way that an alarm is 
generated only if the secondary event has 
not occurred within a specified time. This 
will give the operator an excellent chance to 
ensure that required automatic actions are 
taken care of by the safety system." 

Advanced alarm designs could be installed in 
control rooms using either hard-wired alarm 
centers or advanced-design-programmed CRTs. 
The hard-wired alarm centers should not be used 
for very extensive alarm inhibition logic. This 
means that perhaps the hard-wired alarm centers 
should be used only for the most important or 
high-priority alarms. 

Tradeoffs and Approaches. In considering the use of 
alarm inhibition as an aid to operators, it should be 
noted that tradeoffs exist between the need for 
alarm inhibition and the need for plant informa
tion. Perhaps this could be resolved by using a con
ventional alarm center with a minimum number of 
important status alarms. Combination alarms, 
where several alarms have been combined into one 
status display, could also be used to reduce the 
amount of active information displayed in the con
trol room. Such alarms should, however, be equip
ped with some inquiry capability to allow the 
operator to obtain causal information, or request 
component level data (telescoping).a 

Another problem associated with most of the 
present alarm systems is preventing the alarms 
from oscillating. The problem is usually solved 
with some suitable alarm-filtering scheme, e.g., 
hysteresis for the limits of the analog signals or 
keeping the alarm blocked for a specified time. 

a. Before any change in display design, an information 
requirements analysis should be performed. 
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The use of computer prioritization could also be 
used to decrease the hazard of information 
overload on the operator during stressful situa
tions such as a scram. The alarm media selection 
should, however, be based on some logical perfor
mance criterion, e.g., priorities or functional 
hierarchies into subprocesses, which allows the 
operator to more easily make decisions on the 
applicabili ty of the alarm to a particular course of 
remedial action. 

Anyone attempting to handle incoming alarms 
by using a digital computer might fi nd that afirst
in first-out, queue or push down stack could effec
tively handle a sizable number of alarms, sort 
them for an operator, and then display them 
sequentially so that operators do not have to 
cognitively process and prioritize this informa
tion. There is, of course, one possible drawback to 
this approach: if too many alarms are stacked, a 
backlog will be created, which may impose some 
degree of delay for handling a large number of 
important alarms. Perhaps a combination of 
process methods, both filtering with Boolean logic 
and "stacking," might achieve some optimal solu
tion to this potential problem. Whatever the case, 
these approaches should be thoroughly explored, 
modeled, and tested. 

Computer Technology 
Solutions 

Many problems identified in this report could 
be solved with current state-of-the-art computer 
technology. This technology could significantly 
enhance operator performance if thorough func
tional and task analyses are initially performed 
before implementing a CRT-based alarm system. 
Other benefits could be derived, including: 

• Greater logic capability 

• Lower cost 

• Reduced requirement for physical space 

• Enhanced flexibility 

• Greater text capability 

• Redundant coding 

• Portability, 



• 
Need for Preparatory Review and Studies. If 
the nuclear industry is going to adapt computer 
technology for annunciator display, careful atten
tion to the man/ display and man/ process inter-

. face should be required and a set of ergonomic 
design specifications carefully reviewed before 
implementation. Clearly, the data collected in this 
report indicate a severe lack of ergonomic con
formity and standardization concerning annun
ciator di§plays and man/ process interaction. 

We recommend that a high-level effort be 
initiated by NRC to approach these problems 
from a "systems" point of yiew, which would 
include: 
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• Function analysis 

• Task analysis 

• Response action/ time studies 

• Information requirements analysis 

• Alarm supression/ screening studies using 
computer technology 

• Alarm stacking/ prioritization methods. 

In this manner, one could expect to develop a 
"systems solution" that is well founded, generic, 
and takes advantage of a more flexible (computer 
software) technology. 

, 
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Figure A. Example of an annunciator logic 
card. The connector pins are 
sometimes bent when the cards 
are inserted into the panel. 

Figure B. Example of unacceptable 
accessibility to f ire alarm 
information. For this system, 
the operator must climb a ladder 
to read the fire alarm. 

Figure C. The red dot tags used on some systems for prioritizing alarms frequently fall 
off the points.(This photo was purposely taken out of focus to emphasize 
the red dot tags.) 
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APPENDIX A 

METHODOLOGY 

Phase I 

Upon our arrival at each reactor facility, we met with the plant 

manager or his representative to explain the purpose of our study. During 

this meeting, we requested a guide from training or operations who could 

help us tour the plant and could answer questions. After the preliminary 

tour, we requested relevant documents such as the annunciators procedure 

guide, schematics, maintenance procedures, etc. Next, a two-to-three hour 

planning meeting was held to review some of these documents and t o schedule 

interviews with operators and maintenance personnel. 

Phas e II 

The nex t phase inc luded an i ntensive debriefing in the ma i n cont r ol 

room where each subsystem and c orresponding a larms we r e explained by plant 

pers onnel al ong with requ i r ed procedures . 

Phase III 

Operators and s h i ft supervisors were ind i vidually interviewed by us ing 

the forms included i n Appendix B as a guide. The number of formal 

interviews were as follows: 

TR-A TR-B PWRA PWRB 

N = 7 6 12 14 

The average time per interview was 2.15 hours, with a standard devia

tion of 0.57 hours. To ensure that a good cross section of respondents was 

selected, 20% of the interviews were conducted during the night shift 

(4 p.m.-midnight) and the graveyard shift (midnight-8 p.m.). 
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Figure A-1 is a block diagram schedule of the sequential activities 

performed by the research team of three people, along with the time 

associated with each phase. 

-

.__ 

Instruction to Respondents 

The introduction to each respondent was as follows: 

"We are from EG&G Idaho, Inc., at the Idaho National Engineering 

Laboratory. We are performing an evaluation of the effectiveness of 

1.5 hr 2-4 hr 2 hr 

Interview Plant tour Planning 

plant manager Request and session 

and explain - guide from - computer - and 

study purpose Training documentation document 
review 

4 hr 

Control room 
debriefing 

I 
-

Interview 
Interview managers Photograph Interview 

(shift super- - maintenance - equipment - operators 
visors and up) personnel 

\ 

4 days 

Joint 
Exit Documents 

summary - -meeting ~ebriefing collection 

2-4 hr 2 hr 1 hr 
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Figure A-1. Sequence of method . 
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annunciators at various nuclear plants. As part of this evaluation effort, 

we are interviewing a number of reactor operators to learn from their 

experience in using annunciators. The information we obtain will be 

treated confidentially with respect to the operators or plant locations. 

In other words, your name or the plant name will not be connected to the 

information you provide. In order to obtain independent responses, please 

do not discuss these questions or your answers with any other operators or 

personnel. We would greatly appreciate your answers to the following 

questions." 

Appendix B contains the structured questionnaire used to collect the 

data. 

Photographic Equipment 

After the interview, photographs were taken of each relevant subsystem 

(alarms) with a Nikon 35-mm camera and a Rolliflex 35-mm single lens reflex 

camera. The film used by the research team was ASA-400 Kodacolor film. 

The Rolliflex lens was 1.8 planar type. 
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APPENDIX B 

ANNUNCIATOR QUESTIONNAIRE 
Revised 9/7/80 

Subject Number Plant Name Date 
~~~~- -~~~~~ 

1. Education 

2. Years Experience as a Control Room Operator 

Interviewer 

~~~~~~~~~~~~~-

3. Number of Years at this plant 

4. Have you worked at other nuclear plants? YES NO 

If yes, Where 

5. Have you had any problems with any of the annunciator displays? 

6. Are any of the annunciator displays hard to read? (Other than meaning) 
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7. Is the wording of any of the annunciators hard to understand? 

8. What type of annunciator hardware do you like the best? 

9. Which annunciators do you feel are most important? 
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10. Have you ever run across a condition for which no annunciator exists: 

Yes No If yes, what condition? 

11.A. Are there any annunciators that could be eliminated with no impact on 
their control of the plant; if so, which ones? 

B. And Why would you eliminate them? 
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12. Do you feel the present number of annunciators are : (For the following 
10 questions, place a check mark at any point on the scale that reflects 
your true feelings.) 

Far too few Too few Just about right Too many Far too many 

13. How do you feel in general about the east of operation of the current 
annunciators relative to understanding what it says? 

Very Easy Easy Feel Natural 
Have no problems 

Difficult Very difficult 

14. How do you feel in general about the ease of operation of the current 
annunciators relative to readability? 

Very Easy Easy Feel Natural 
Have no problems 

Difficult Very difficult 

15. How do you feel in general about the east of operation of the current 
annunciators relative to location? 

Very Easy Easy Fee 1 Natura 1 
Have no problems 

Difficult Very difficult 

16. How useful are the annunciators in diagnosing plant conditions at an 
individual component level? 

Very 
Di s tr act i n g Distracting Feel Neutral Useful Very useful 
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17. How useful are the annunciators in diagnosing plant conditions of a 

system level? 

Very 
Distracting Distracting Feel Neutral Useful 

18. How often do you use the Annunciator Procedures? 

Use all Very 
the time/frequently 

Use 
Frequently 

Use 
Occasionally 

Rarely 
Use 

Very Useful 

Never 
Use 

19. What is your feeling about the ease of use of the Annunciator Procedures? 

Very 
Difficult 
To Find 

Difficult 
To Find 

No Feeling 
Either Way 

Easy to 
Find 

Very Easy 
To Find 

20. How easy is it to find a specific procedure in the Annunciator 
Procedures? 

Very 
Difficult 

To Find 
Difficult 

To Find 
No Feeling 
Either Way 

Easy 
To Find 

Very Easy 
To Find 

21. How easy is it to follow a procedure in the Annunciator procedures? 

Very 
Difficult 
To Follow 

Difficult 
To Fol low 

No Feeling 
Either Way 
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Easy 
To Follow 

Very Easy 
To Follow 
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22. Do you have any suggestions as to ways to improve the various 

annunciator systems? 

23. Can you think of ways to improve the methods and techniques used by 
operators? 

24. How easy is it to maintain the annunciators? 
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25. Do you like the present locations of all the annunciators? 

Yes No If No, explain . 

• 

26. Do you have any comments concerning the CRT Disp l ays? 

27. Do you have any comments concerning the Printer? 
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28. Do you have any comments regarding the training you have received? 

29. Is there a mechanism or procedure within your organization for 
submitting suggestions for specific improvements? 

30. Any other comments: 
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APPENDIX C 

OPERATION AND CLASSIFICATION OF ANNUNCIATORS 

DEFINITIONS 

"Throughout this document, nomenclature specific to annunciators is used • 

The following words are defined to aid the reader: 

Acknowledge--That action taken to inform the annunciator circuitry that an 

indicated condition has been observed by attendants. This feature silences 

the audible alarm and changes the visual indication in accordance with a 

selected sequence. 

Alarm--The action taken to alert attendants that a monitored signal has 

changed from a normal to an abnormal condition. 

Audible device--Uses sound to call attention to changes in process conditions. 

Bistable signal--A signal capable of switching between two distinct and stable 

states in response to a controlling parameter. 

Field contact--Switching contacts that are not part of the annunciator and 

that, when energized by an output from the annunciator, provide bistable input 

signals to the annunciator. 

First-out indication--A feature of a multipoint annunciator that indicates the 

first abnormal condition to occur in a manner distinguishable from subsequent 

indications of abnormal conditions that occur on other channels. The 

first-out indication is normally shown by one of the following: 

• The first-alarm window flashes; the windows for all subsequent 

alarms emit a steady light 

• The first alarm flashes at a rate different from that for subsequent 

alarms 
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• The first alarm lights a window in ? different color, either 

flashing or steady. 

Flasher--A device that causes visual displays to turn on and off 

repeatedly. Flash rates include fast, normal, slow, and intermittent. 

Integral Logic Annunciator--An annunciator in which visual displays and 

sequence logic circuits are located in one assembly. 

Lock In--This feature retains the alarm state until it is acknowledged; 

typically applied to momentary alarms. 

Program--Same as sequence, but usually applied to more complex (e.g., 

computerized) operations than is the term "sequence." 

Push Button--A manual switch that causes a change from one sequence state 

to another. Push-button actions may include: silence, acknowledge, reset, 

first-out reset, and test. 

Reflash--Refers to on/off and flash functions when multiple process 

variables are connected to a single visual display. The display flashes 

when an alarm occurs, stops flashing on acknowledge, and remains on 

(steady) until all related process conditions return to normal. If another 

alarm occurs while the display is on, the display will flash again 

(reflash). 

Reset--The action taken after passage of an event to return the annunciator 

to a preexisting condition. 

Ring-back--A feature of an annunciator to alert attendants to the return to 

normal of a previously abnormal condition of a monitored signal. This 

feature employs signals that are distinguishable from those that indicate 

the occurrence or existence of an abnormal condition. 

Sequence--The selected chain of events that occurs in the operation of an 

annunciator as the monitored signals change state and are manually or 

automatically responded to by the equipment or by attendants. 
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Test--An annunciator sequence or function initiated by the test push button. 

Lighted Visual Display--A window, lamp, or other device that uses light to 

call attention to process conditions. 

Window--The translucent, back-lighted, and usually labeled portion of a 

lighted visual display. 

Smart Terminal--A CRT with microprocessor-based logic. 

Annunciator Inputs 

The annunciator's sources of information are field inputs derived from 

the output signal of primary sensors such as pressure or flow switches and 

temperature-sensing devices. Two primary kinds of signals are fed to 

annunciators: 

1. Contact Inputs--The most common type of input from the plant to 

the general-purpose annunciator is a dry contact: the on/off 

action of a relay, pressure switch, or temperature trip. Annun

ciator action may be initiated by either the normally open or 

normally closed position of the contacts. Many systems allow the 

user to select normally open or normally closed alarm action, 

usually through a jumper arrangement on the logic module. 

2. Analog Input--Analog signals such as currents, voltages, and 

outputs from resistance temperature detectors or thermocouples 

are produced by many plant processes. Annunciator circuits designed to 

directly accept these analog signals eliminate the need for interposing 

devices such as signal conditioners, servo-actuated alarms, trips, meter 

relay, etc., to convert the analog signals into an on/off form acceptable 

to a contact input annunciator. 

Annunciator logic modules for analog inputs are equipped with 

set-point potentiometers for adjusting trip levels. Loop-protection 

resistors, cold-junction compensation for thermocouple inputs, and other 
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provisions unique to analog inputs generally are also incorporated in the 

logic modules. Frequently, light-emitting diode (LED) indication is 

offered. This feature makes calibration easy because it permits the trip 

action to be viewed while the setpoint is adjusted. 

Cl . f . . f A . C- l assi 1cat1on o nnunciators 

Annunciators have traditionally been classified on the basis of 

display type and arrangement. The following classification scheme was 

developed by the Atomic Energy Commission: 

Classification. The annunciator shall have one of the following types 

of display, and shall be assembled in one of the following arrangements 

(e.g., Type IC, Type II D, Type II A, etc.). 

Display Type--

• The Type I annunciator has a separate visual indicator assembly 

for individual mounting for each channel to provide a lighted 

display of the status for the associated channel, and is capable 

of status-display of all channels simultaneously. 

• The Type II annunciator has visual indicators similar to Type I, 

except that the indicators are in a common assembly for mounting 

as a unit. 

• The Type III annunciator has one visual display device that is 

common to all channels, providing a status-display of all 

channels, but not necessarily simultaneously, and including a 

capability to provide a lighted display of channel identifica

tion, status indication, and other messages in accordance with an 

established program. 

o The Type IV annunciator is similar to Type III, except that the 

visual indicator does not necessarily provide a lighted display 

but does provide a printed record of the displayed information. 
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(Other types may include a printer or recorder as auxiliary 

equipment, but the Type IV is distinctively different in that the 

printed record is also the primary display for individual 

channels. Conversely, Type IV may include indicating lights for 

auxiliary purposes.) 

Arrangement--

o The Type A annunciator 1s complete as one integral assembly and, 

for operation, requires electrical connections only to a power 

source, a control signal for each channel, and any applicable 

auxiliary equipment. Display Type I is not applicable to this 

arrangement type. 

o The Type B annunciator is similar to Type A, except that it 

includes a power supply as a separate assembly for remote 

mounting. Display Type I is also not applicable to this 

arrangement type. 

• The Type C annunciator is also similar to Type A, except that the 

logic circuits and the visual display are each supplied as a 

separate assembly (or assemblies, for Type I) for separate 

mounting; the power supply is included with either the 

visual-display assembly or the logic-circuits assembly, as 

specified in the ordering data. 

o The Type D annunciator consists of two or more separate assem

blies for individual mounting in accordance with arrangement 

requirements as specified in the ordering data. 

According to this scheme of classification, the vast majority of 

annunciators in nuclear power plants are of the Type II A and Type II B 

variety. These annunciators are normally found on the upper portion of 

control consoles. Due to the profusion of Type II annunciators in control 

rooms, the major emphasis of this report is primarily on annunciators of 

the Type II variety; however, a more detailed description of each type is 

presented. 
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escn.ption 

Type I and II Annunciators. Type I and II annunciators are dif

ferentiated by the way they are grouped. Type I annunciators are placed by 

themselves next to a meter or control, whereas Type II annunciators are 

grouped together in a matrix most often located on the upper portion of the 

control room panels. The appearance and logic modules of the two types can 

be identical; however, the majority of Type I annunciators are indicator 

lights with legends, and the majority of Type II annunciators are 

back-lighted window units. 

The back-lighted window annunciators normally consist of a window 

display mounted to a lamp-box assembly that usually provides two lamps for 

e ach window. The windows are lighted in various operational sequences-

steady or flashing modes--in response to abnormal (alarm) condi- tions. In 

simple sequence, the window would be dark under normal conditions, and a 

lamp would flash when an alarm was received, light steadily when the alarm 

was acknowledged, and go off when the condition returned to normal. 

Typically, the alarm phase of the sequence is accompanied by an audible 

warning. 

More advanced logic circuits for Type II annunciators are available 

for application where it is necessary for an operator to know which of 

several alarms was triggered first. These annunciator circuits are 

commonly known as "first-out" annunciators. If several setpoints are 

exceeded during a specific temporal range, the alarm that entered the 

system "first" is displayed to the operator in one of the ways described in 

the definition section. 

Operational sequences usually are standardized, but custom sequences 

are available from most manufacturers. Many of the sequences are based on 

ISA-RP18.1, "Specification and Guides for the Use of General Purpose Annun

ciators," 1965. However, a new standard, S 18.1 "Annunciator Sequence·s and 

Specifications" 1980, is now being used by some manufacturers. 

Annunciator windows normally are made of translucent plastic material 

that is engraved to identify or describe the equipment or function 
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monitored. Most manufacturers offer windows in various colors for priority 

alarm coding and functional grouping. Windows corrnnonly are called points 

and indicate an input from the monitored process into the annunciator. A 

20-point annunciator consists of 20 windows, each representing one input 

from the process. Logic modules containing electronic circuitry to sense 

abnormal conditions, establish operational sequence, and provide memory, 

are supplied for each window. 

A series of windows assembled together in a panel or instrument rack 

is referred to as an annunciator configuration (Type II). This can have 

100 or more windows in a single assembly; the number of windows is 

determined by the application. It is common to calculate the number of 

inputs in the monitoring function and to specify the next higher capacity 

standard configuration to allow for expansion. 

Additional windows are often furnished either as spares (lamps and 

logic but no window engraving) or as futures (wired into the system without 

lamps or logic). Points are added to the system as expansion dictates. In 

many cases, full-sized annunciator windows are replaced with subdivided 

windows, adding capacity to the system without increasing physical dimen

sions, but simultaneously decreasing label height/width, which in turn 

reduces readability. 

Power supplies required to operate the annunciator are placed within 

the lamp-box assembly or mounted separately. Electronics logic also may be 

mounted in a separate cabinet or instrument rack. 

One alternative to the back-lighted window is the light-emitting diode 

(LED) display. The status information provided by these annunciators is 

basically the same as window types. However, the description of the func

tion being monitored is on a tag near the LED rather than engraved on a 

window. LED annunciators are highly reliable. The lighted diode uses 

relatively little power and is not subject to the thermal stress or burnout 

of filament bulbs. On the other hand, LED annunciators have reduced 

luminance and visibility and are susceptible to wash-out from ambient 

light. Because the purpose of annunciators is to provide a commanding 
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visual alert for operators, care must be taken when an LED annunciator is 

installed to ensure that its ability to attract attention is not diluted. 

Typically, LED annunciators are not frequently used in nuclear control 

rooms. 

Type III Annunciators. The most common Type III display found in 

nuclear power plant control rooms is a cathode-ray tube (CRT), although 

plasmagraphs and large-scale projection systems also fit within this cate

gory. Signals from the plant (either contact or analog) are fed to a 

central processor, which in turn relays the signals to the display device. 

Type III devices have the flexibility to display information either 

alpha-numerically or graphically; however, the majority of operational 

Type III displays present only alpha-numeric information. Typically, 

information concerning an alarm condition will be presented on one or two 

lines of the CRT and scroll downward as new alarms are triggered. The 

scrolling may cause some information to be lost. The information provided 

will often be much more detailed than that provided by a Type I or II 

display. CRTs can display alarms in the order they occur, display the 

point number of an alarm, describe the function, and instruct the opera

tor's response with a full-language description. CRTs can also present 

data in various color forms for alarm coding, grouping, and sorting. The 

microprocessor-based logic of the CRT can be linked to a printer to provide 

a selective hard-copy record. The cathode-ray tube (CRT) annunciator was 

developed primarily to help reduce the need for large visual displays and 

conserve physical space. 

Most commonly, Type III annunciators are used to complement rather 

than substitute for Type II annunciators. Parallel inputs are run to the 

back-lighted windows and a plant computer. 

Type IV Annunciators. Type IV annunciators (printers) tend to exhibit 

more manufacturer's variety than the other types of annunciators. The 

number of manufacturers producing printers is large and the models produced 

by each manufacturer are diverse. Printers in operation at nuclear facil

ities range in speed from relatively slow (150 words per minute) to fast 

(greater than 5000 words per minute). The information printed is a 

function of the machine capacity and the programming wishes of the user 
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organization. Printouts can range in detail from a list of coded alarm 

signal numbers to full description of what course of action should be 

followed. 

Like CRT annunciators, the alarm signals for driving a printer are 

first fed to a plant computer, which in turn relays the message to the 

printer. The computer typically acts as a temporary store for the alarm 

signals until they can be printed. The alarms are often printed sequen

tially. If the printer cannot print as fast as the alarms come in, a back

log may develop, which may prevent operators from having an understanding 

of current plant conditions. On the other hand, the amount of information 

that can be delivered to an operator by way of a high-speed printer may be 

overwhelming. 

The disadvantages of Type IV annunciators are: 

• Relative slow response time 

o Low MTBF (meantime between failures) 

• High maintenance cost 

High frequency of maintenance 

• Requirement for supplies of ribbon and paper 

• Operator can be inundated with paper output 

o Legibility is dependent on format and font. 

The advantages are: 

• Real time records 

• Hard copy for historical analysis. 

It appears that the disadvantages of Type IV annunciators out-number 

the advantages, unless historical or sequential alarm records (hard copy) 
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are essential to operations. Type IV annunciators are most often seen in 

conjunction with a CRT or Type II annunciator system and are used to 

provide a hard copy of the alarm sequence for historical analysis. 

Operational Use 

Increased complexity of plants and processes has generated a cor

responding increase in the status-information requirements. Primarily, the 

increase is quantitative (more process variables need to be monitored), but 

it can also be qualitative (more information is needed about the varia

bles). This increase in plant sophistication, if not introduced through 

systems engineering techniques, can cause severe problems at the man/ 

machine (M/M) interface. Large numbers of status-monitoring displays 

require extensive panel space. In addition, window annunciator systems 

that monitor hundreds of points can and do create added visual and 

cognitive information processing tasks. 

The cathode-ray tube (CRT) annunciator (Type III) was developed 

primarily to help reduce the need for large visual displays and conserve 

physical space, but has other obvious advantages. The CRT performs all the 

functions and has most of the features inherent in conventional displays, 

but provides more status information with less space. A typical CRT annun

ciator display equipped to monitor 4000 points for example, is no bigger 

than a standard television set and may be mounted into about 150 square 

inches of panel space. A conventional 4000-point-capacity back-lighted 

window annunciator, on the other hand, would require as much as 500 square 

feet of space. 

Information control and logic are also available with a "smart" CRT. 

This type can display alarms in the order they occur; display the point 

number of an alarm, describe the function, and instruct using a full

language description. CRTs can also present color-coded data. The micro

processor-based logic of the CRT can be linked to a printer to provide a 

selective hard-copy record. 

Computer-driven logic annunciators are not yet widely utilized in 

nuclear control rooms. Part of the purpose of annunciators is to provide 
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reliability in an independent (multiple points) status-monitoring function, 

and redundancy is used to improve reliability. Inserting a single proc

essor in the monitoring loop may seem to forfeit this independence. More 

commonly, parallel inputs are run to the annunciator and the computer, 

providing security through redundancy • 

The operational sequence of Type II annunciators is started with the 

window in an unlighted (normal) condition. The window changes to a 

flashing mode and is followed with an audible alarm when a setpoint value 

is exceeded. The window light would normally change to "steady on" when 

the annunciator is acknowledged and then return to off (normal) when the 

reset button is activated, but only if the setpoint value does not exceed a 

predetermined (alarm) level. The logic flow diagram in Figure C-1 shows 

the standard operations mode of typical annunciator sequencing (serial). 

More advanced logic circuits for Type II annunciators are in control 

rooms where it is necessary for an operator to know which of several alarms 

was triggered first. These annunciator circuits are commonly known as 

"first-out" annunciators. The way these annunciators work is as follows: 

If several setpoints are exceeded during a specific temporal range, 

the alarm that entered the system first is displayed to the operator 

as flashing red, while the alarms that come in after the first are 

displayed as flashing white. Figure C-2 shows the different opera

tional sequences available with "first-out" annunciators and with 

standard logic. 

Figure C-3 shows a CRT of the general type often used to display alarm 

information to control operators. The alarm conditions are presented in a 

sequential, line-by-line manner, which will cause information present.ed 

initially to be lost if many alarms are triggered simultaneously (downward 

scrolling). Aside from this primary drawback, the CRT alarm displays 

afford one technique for solving problems associated with hard-wired 

annunciators if adequate software logic and graphic capabilities are 

extended. 
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Figure C-1. Typical annunciator logic flow diagram. 
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Standard Operational Sequences 

RiS ISA Alarm 
Normal Alert ACK 4 

Sequence Reference Device 

fSA-lB Visual @ -@- @ 
AN-102 

(ISA-1C)1 
Audible .... ....::- .... 

ISA-1 Visual @ -@- @ 
AN-104 

(ISA-1A)1 
Audible .... ....::- .... 
Visual @ * @ 

AN-107 ISA-283 

Audible .... .... ~ .... 
AN-122 ISA-2C Visual @ ~ @ 

(AN-0921 (ISA-2011 
Audible .... .... ::- .... 
Visual @ -@- Fast @ 

AN-071 ---
Audible .... .... ::- .... 
Visual @ -@- Bright @ 

AN-072 ISA-2A6 

Audible .... .... ::- .... 
NOTES: 1. ISA sequences IA, l C, an<J 20 are achieved by om1111119 1he fl asher module. 2. Many o ther sequences not !Is l ed 
here, inc; ludiny reflash sequences , are available. 3. ISA sequence 26 uses alarm aud ible ins tead o l ringbat:k audible lot 
111omen1ary alarms 4. If required, a separa,1e aul.J ible s1 1tmce can be provided tor all sequences. 5 A dist inctly d iflerenl 
rm gbi::ICk audi b le can be provided m most c<tses. 6. This A1 S st:qucnce uses dim llash o r s low flash !o r momentary alar ms. 
Lock-in version ava1 lablE:. 

Return to 
Return to Normal 
Normal Before ACK 

@ @ .... .... 
@ -@-.... .... ::-
* * .... ::- ....::-
@ * .... .... ::-

@-Slow 6 -@-Slow .... ::- 5 ....::-
@-Dim 6 ~Dim .... ::- 5 ....::-

First-Out Indication Operational Sequences 

Alert Acknowledge Return to Normal 
RiS ISA Alarm 

Normal 
Sequence Reference Device 

lnitlai N11xt Initial Next Initial 

AN-104F1 ISA-4 
Visual @ -@- Red -@- @Red @ @Red 

Audible .... .... ::- .... ::- .... .... .... 
Visual @ -@-Int -@-Fast ~Slow @ -@slow Fast 

AN-083 - -
Audible .... .... ::- .... ::- .... ..... .... 

AN-0902F ISA-4A3 
Visual @ -@- @ @ @ @ 

Audible .... .... ::- .... ::- .... .... .... 
AN-091 2F 

Visual @ * @ @ @ @ 
ISA-4A 

Audible ..... .... ::- .... ::- ..... .... .... 
AN-092 3F ISA-4A3 

Visual @ -@- @ @ @ @ 

Audible .... .... ::- .... ~ .... .... .... 
NOTES: 1. R1 S sequences 102, 107, ana 122 i;an be lurnish~d with red l1rs1 -out 1nd1ca11on . 2. Hus sequence lJoes no l require 
a separa te f irs l -oul resel. II requi red , a separate audible silence can be p1ovidecJ so a tus t·ou t indicat ion can be re tca ineu 
visually while the audible is s ilenced . 3. Modi lied ISA-4A sequences. 

Next 

@ .... 
@ .... 
@ .... 
@ .... 
@ 

..... 

Return to Normal 
Before ACK 

Initial Next 

-@-Red -@-.... ~ .... ::-
-@- Int 

Fast -@-Fast .... ::- .... ::-
-@- @ .... ::- .... ::-
-@- @ 

....::- ....::-
{OJ- @ .... ::- .... ::-

Figure C-2. Standard operational sequences for alarms. 

ACK Reset 

' 

@ .... 
@ .... ' 

@ .... 
@ @ e .... .... 

6 -@-Slow 6 @ legend 

5 .... ::- 5 .... 
6 -@-Dim 6 @ I@ I lamp Off 

5 .... ::- 5 .... [ID lamp 

Flashing 

I@ I lamp On 

~ Horn Off 

Acknowledge 
First-Out 

, .... ~1 Horn On 

Reset 
Initial Next 

@Red @ @ 1 .... ::: 1 Horn On 

(Warblel .... .... .... 
~Slow @ @ 

e 
.... .... .... 
@ @ .... .... 
@ @ .... .... 
@ @ @ .... .... .... 

INEL·B· 18 240 
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Figure C-3. Example of a CRT used in a test reactor control room. 
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"Smart terminals" could be integrated into control rooms as a 

replacement or extension of existing hard-wired annunciators. These 

terminals offer the advantage of flexibility and hierarchical structuring 

in alarm displays. 
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