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ABSTRACT

In nuclear power plants many alarms are activated under major plant transients. During such
conditions, operators' work loads increase because they have to identify the important alarms
from among the many activated alarms and they have to recognize causes of anomalies and the
anomalies' effects upon plant components. Two methods relating to alarm handling were
developed, alarm selection and presentation, with the aim of minimizing the potential for human
errors.

From among the many generated alarms, it is effective for operation support to select the most
important alarms according to the plant status. A method was developed to select important
alarms in two steps: first, selection is based on the physical relationship between the alarms,
and second, selection is according to the initial event. An approach combining a neural network
and knowledge processing was proposed to identify the event rapidly. A prototype system was
evaluated in the Kashiwazaki/Kariwa-4 Nuclear Power Plant during the startup test. The
evaluation test confirmed that about 30% of the alarms are selected from among the many
activated alarms.

The second method, dealing with presentation, supports operators in their selection and
confirmation of the required information for plant operation. The method selects and offers
plant information in response to plant status changes and operators' demands. The selection
procedure is based on the knowledge and data as structured by the plant functional structure;
i.e. a means-ends abstraction hierarchy model. A prototype system was evaluated using a BWR
simulator. The results showed that appropriate information items are automatically selected
according to plant status changes and information on generated alarms is presented to operators
together with the related trend graph and system diagram. Answers are generated in reply to the
operators' demands and operators can confirm the generated alarms on each plant Junction,
such as systems and components.

1. INTRODUCTION

Human factors play an important role in operation under transient conditions in nuclear power
plants. Consequently minimizing the potential for human errors is essential to enhance the plant
availability. Many investigations have been devoted to providing support for operators.
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To support operators under transient conditions, alarm handling is one of most important
approaches. In nuclear power plants many alarms are activated during major plant transients.
Under such conditions, operators' mental work loads increase because they have to identify the
important alarms from all the activated alarms and they have to recognize the cause of anomalies
and the influence upon plant components from the alarm and other plant information. Therefore,
many investigations are being made on alarm handling. For example, the Halden Reactor Project
is developing a new alarm system called CASH [1] and a toolbox for building specific alarm
systems for different plants called COAST [2]. AECL developed an improved computerized
annunciation system CAMLS for CANDU plants [3].

As one approach to handling alarms, we have developed two methods for alarm selection and
presentation. The alarm selection method selects important alarms according to the plant status.
As for alarm presentation, the information offering method was proposed which selects and
offers plant information including alarm information in response to plant status changes and
operators' demands. In the paper, evaluation results using prototype systems are described after
presentations about the features of two methods. The concept of a new man-machine system
applying these two methods is also shown.

2. ALARM SELECTION METHOD [4,5]

2.1 Method

2.1.1 Basic Concept

When a major transient occurs in nuclear power plants, many alarms are activated within a short
period. Immediately after a transient occurs, it is considered that operators recognize a cause and
influences of an anomaly mainly from alarm information. Therefore the alarms indicating cause
and major influences to plant components should be selected as important alarms. The basic
concept of alarm selection is shown in Figure 1.

To select alarms indicating anomaly cause, selection is performed using physical and logical
relations between alarms. In the figure, ANN 12 certainly occurs when ANN11 occurs. On this
occasion, ANN 12 is recognized as a secondary alarm and ANN11 is selected as a causal-side
important alarm. In the selection process, the alarms on major plant components and process
variables, such as "reactor scram," are determined beforehand as important alarms. They are
always regarded as important even if they are decided as secondary alarms. These alarms
indicate major influences of an anomaly.
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To further decrease operators' work loads, it is effective to offer them the transient cause, namely
the initial event, directly. The alarm selection method identifies the initial event and displays it
to operators. Additionally, alarms are further selected based on the identified event. Alarms
which certainly occur when the identified initial event occurs are regarded as secondary alarms.
For example, alarms ANN21 and ANN31 always occur when the initial event is EVENT-A, so
that these alarms, once selected as important ones in the selection using the relations between
alarms, are set as not an important alarm when the initial event is EVENT-A. This alarm
selection is performed only for major plant transients accompanying a reactor scram when many
alarms are activated.

2.1.2 Functional Composition

A functional composition of the alarm handling system is shown in Fig. 2. The system selects
important alarms in two steps. In the first step, alarms are selected based on the logical and
physical relations between them. This alarm selection is performed periodically. In the second
step, alarms are further selected based on the initial event. This second alarm selection part is
activated when the event identification result is input from the initial event identification part
which identifies kinds of initial events causing a reactor scram. When a reactor scram does not
occur or the event identification fails, only the selection in the first step is performed.

The data base for alarm selection is made based on three rules shown in the figure. As for multi-
level alarms, the severer alarm is regarded as important. For example, the "Low-Low" alarm is
selected when "Low" and "Low-Low" alarms are both activated. For cause-consequence alarms,
the causal alarm is regarded as important. When "Pump Trip" alarm and downstream "Flow Rate
Low" alarm are both activated, the "Flow Rate Low" alarm is regarded as a secondary alarm. As
for the initial event and alarms, an alarm which certainly activates when the initial event occurs
is regarded as a secondary alarm.

To have proper alarm selection, events must be identified rapidly and the results must be reliable.
A method combining a neural network and knowledge processing [6] is used to realize this.

C Operator

Initial Event
Selected Important Alarms

Alarm Handling System

Initial Event
Identification

Alarm Selection

Selection Based
on Initial Event

Selection Based
on Relation
between Alarms

Data Base for
Alarm Selection
• Multi-level alarms
• Cause-

consequence
alarms

• Initial event and
.^alarms

c
Plant Signals Alarms

Plant

Composition of Alarm Handling System



143

2.1.3 Event Identification Method

The event identification method is shown in Figure 3. Identification is performed by using a
neural network and knowledge processing. The neural network can rapidly identify the events
from the change pattern of the analog data. Knowledge processing increases the reliability of
results by confirming them based on different types of data.

In the method, analog trend data are sampled and input to the neural network after normalization.
Five kinds of analog data are selected for neural network input: reactor pressure, reactor water
level, neutron flux, main steam flow rate, and feedwater flow rate. The data are sampled based
on the trigger signal for data sampling to get a similar change pattern for each kind of event. For
the signal a reactor scram signal is used. The data normalization is performed based on the value
at the first sampling time to cope with the difference in the initial conditions before a transient
occurrence. The neural network outputs the event code which corresponds to the candidate
initial event.

The knowledge processing part confirms the neural network result using digital data on plant
status, such as a valve open signal. This part compares the plant statuses with the knowledge
base which prepares the values of digital data when each event occurs. Events that have similar
change patterns of analog data and cannot be discriminated by the neural network can also be
distinguished.

2.2 EVALUATION TEST

2.2.1 Test Condition

The prototype system for alarm selection was tested in Kashiwazaki/Kariwa-4 Nuclear Power
Plant of Tokyo Electric Power Company during the plant startup test. In the evaluation, the test
apparatus was connected to the plant facilities and the on-line performance was evaluated.

Analog Signal

Trend Data
• Reactor water level signal
• Reactor pressure signal

Data Sampling
Data Normalization

Neural Network )

• Identify Kind of Initial Event
from Data Change Pattern

Event
Code

Digital Signal
Plant Status

• Valve open signal
• Water level low signal

Knowledge Base
Event vs.

_Data status J

\ Knowledge Processing ) —
1 Confirm Result
1 Distinguish Similar Events

initial Event

Event Identification Method



144

The evaluation tests were performed for three kinds of transients initiated deliberately during the
plant startup test. These events are generator load rejection (initial power: 100, 75, 50%), the
turbine trip (50%) and the MSIV closure (100%) events as shown in Table I. To confirm the
performance of the event identification method, typical abnormal events, which include events in
the plant startup test, are selected and trained by the neural network. The training events and
event codes are summarized in Table I. Nine kinds of events are trained by the neural network
using the simulated results of a transient analysis program for boiling water reactors (BWRs).

2.2.2 Result

The tests confirmed that events are identified and alarms are selected correctly. The change in
number of alarms is shown in Figure 4 for the generator load rejection event with the processing
status of the prototype system. The number of activated alarms rapidly increases after the reactor
scram. The alarm handling system selects important alarms periodically based on the relations
between alarms. After scram, the data for the event identification are acquired. The data from -
10s to 5 s based on the scram time are required. After the data are obtained the event
identification is performed. When the initial event is identified, this result is displayed to the
operator and alarm selection based on the initial event begins. At 120s the number of selected
alarms is 24 which is about 30% of the total number of activated alarms, 88. In the other tests
about 30% of the alarms are also selected from among the many activated alarms. The selected
alarms were evaluated by the startup test operator of Tokyo Electric Power Company. As a
result the selected alarms were judged adequate and the alarm selection and event identification
results were effective to recognize the plant anomaly status rapidly.

As for event identification, three kinds of tested events were correctly identified from nine kinds
of events in Table I by the neural network. In the tests, the output of the neural network was very
close to the trained event code. The difference between the trained event code and calculated
output using the plant data was less than 0.03. As for knowledge processing, the event

Table 1: Training Events and Tested Events

No.

1

2

3

4

5
6

7

8
9

Kind of Event

Generator load rejection with
bypass valve (BPV)
operational
Turbine trip

Main steam isolation valve
(MSIV) closure

Loss of feedwater heating

Loss of feedwater flow

Loss of off-site alternating
current (ac) Dower
Main steam pressure
regulator failure

Feedwater controller failure

Generator load rejection with
failure of BPV

Event Code

1 0 0 0

1 0 0 0

01 00

0 0 1 0

0 0 0 1

1 1 00

0 1 1 0

0 0 1 1

1 1 1 0

Initial Power (%)

100
75
50

100
50

100

105

105

105

105

105

105

Tested Event

Tested
Tested
Tested

Tested
Tested
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confirmation was correctly performed. The load rejection and turbine trip events, which had
been trained as one kind of event, were correctly discriminated.

3. INFORMATION OFFERING METHOD [7]

3.1 METHOD

3.1.1 Abstraction Hierarchy Model

Under transient conditions, operators identify plant status and operate components and systems
to mitigate influences of anomalies. The information required in the operation is not only the
status of the components and systems, but also influences and causes of the status. When a
malfunction occurs in a component, for example, operators must recognize the causes and
influences of the malfunction as well as the status of the failed component. Therefore three kinds
of information on status, influence and cause should be selected and offered to operators.

In the method knowledge and data required to select the information are structured using the
abstraction hierarchy concept [8]. Plant functions are represented hierarchically and knowledge
and data are prepared for each function element, namely node, as shown in Figure 5. In the paper
this is called the abstraction hierarchy model. Cold shutdown of a plant, namely the goal, is
achieved by tasks, such as reactor water level control and reactor pressure control. For water
level control, the reactor core isolation cooling system (RCIC), etc. are prepared in a plant.
Functioning of the RCIC system is realized by pump and valves, etc. As the knowledge,
judgement conditions of node status and method for information selection are prepared.
Information relating to the node includes the related alarms, system diagrams, trend graphs, etc.
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In the abstraction hierarchy, by paying attention to a function node on a certain level, the purpose
or "why" of the function is represented in the upper level. The implementation or "how" of the
function is represented in the lower level. When a function becomes abnormal, information on
the influence of the anomaly is retrieved from the upper level nodes. On the other hand
information on the anomaly cause is obtained from the lower level nodes. Therefore the
information on influences and causes can be automatically retrieved by referring to the upper and
lower level nodes if the knowledge and data on node status are prepared in each node. Another
merit of the abstraction hierarchy model is that plant data, such as alarms, are managed and can
be offered to operators hierarchically.

3.1.2 Information Selection Method

Plant information is selected by two parts using the abstraction hierarchy model and a plant data
table as shown in Figure 6. One selects information responding to the operator's demand. The
other selects information responding to plant status change such as anomaly occurrence.
The information selection responding to the operator's demand is activated when the operator's
demand is input. The node is searched corresponding to the demand. Then an answer is
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generated using the knowledge and data stored in the node. The related nodes, in upper and
lower levels, are referred to if required according to the kind of demand. When the demand
requires related information for a system, for example, related nodes in upper and lower levels
are referred to and information on status, influence and cause are selected.

The information selection in response to plant status change is activated periodically. Status of
nodes are monitored using the judgement condition in the abstraction hierarchy model. Based on
the monitoring results, the nodes for which the judgement condition is satisfied are obtained.
From the nodes, one node is selected to offer information automatically. Plant information, such
as the system diagram and generated alarms, is selected using the knowledge and data in the
related nodes including connected nodes in upper and lower levels.

3.2 EVALUATION TEST

3.2.1 Prototype System

The prototype system was evaluated using a real time simulator of a boiling water reactor
(BWR). The prototype system and test situation are shown in Figure 7. The prototype system is
composed of a process computer with touch sensitive CRT, a workstation, and speech input and
output devices. A microphone headset and a touch sensitive CRT are used for input devices.
Input from these devices are both transformed into words in natural language (Japanese) and
analyzed as a sentence to realize an arbitrary input mode combination. Output from the system is
offered by a loudspeaker and the CRT.

An example CRT display is shown in Figure 8. The displayed information includes a system
diagram, a trend graph and generated alarms, etc. In the input monitoring region, speech input
and touch input from operator are displayed in Japanese words. In the output monitoring region
an answer for the operator is displayed.

3.2.2 Result

The results of a system evaluation are shown for a case of an abnormal transient initiated by loss
of feedwater. An example dialog between the operator and the system is summarized in Table II.

Process Computer

Workstation

Touch Sensitive CRT V

Headset Mike

Figure 7: Prototype System
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When loss of feedwater occurs, the feedwater flow rate decreases to zero and the reactor water
level decreases. According to the reactor water level decrease, reactor scram occurs due to plant
interlock. The reactor water level further decreases. Then reactor core isolation cooling system
(RCIC) and high pressure core spray system (HPCS) begin coolant injection and closure of the
main steam isolation valves (MSIVs) occurs. The system detects these plant status changes and
selects and offers related information automatically. The system output shown in Table II is a
part of the speech output. Besides this system diagram, a trend graph and generated alarms, etc.,
are displayed on the CRT as Figure 8. Related messages are output from a loudspeaker. As for
alarms, related alarms are selected referring to the related nodes including connected nodes in
upper and lower levels. The system displays alarms after arranging them for each function.

System Diagram Trend Graph Alarms, etc.

Input Monitoring Output Monitoring

Figure 8: Example of CRT Display

Table 2: Dialog Between Operator and System
(Originally in Japanese)

Operator Input
• — • —

— —

— —

•

Show alarms on main steam
system.

Display alarms on MSIV.
•

Speech Output from System
Loss of feedwater occurs.

Reactor water level is less than L3 set point.

Reactor scram occurs.

Reactor water level is less than L2 set point.

RCIC starts up.

HPCS starts up.

MSIV closure occurs.

Alarms relating to main steam system are
displayed.

Alarms relating to MSIV are displayed.
•
•
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The operator inputs demands to confirm information required for deciding and performing the
anomaly mitigating operations. In the table the operator inputs two demands. First the demand
"Show alarms on main steam system." is input. In response to this alarms related to main steam
system and related components, such as MSIV, are selected referring to the main steam system
node and lower component level nodes. The next demand is "Display alarms on MSIV." In
answer the alarms only on MSIV are shown. Activated alarms are presented responding to
operator's demand as shown in Figure 9. Displayed alarms are selected from the node
corresponding to the demand and the lower level nodes connected.

From the test results, it is confirmed that related information is automatically selected in response
to the plant status change, such as component failure and cooling system activation, in real time.
The contents of the offered information are confirmed to be adequate based on reference to
emergency operation guidelines of the plant. In the method, information not only on status of the
plant function, but also on the influences and causes is offered to operators, which is useful for
anomaly mitigating operations. Automatically offered information in response to plant status
change is advantageous because the operator might not select and change the CRT displays to
identify the plant status changes. Another merit of the model is that it manages alarms in
functional hierarchy and the operator can confirm the activated alarms hierarchically. This
means the operator can confirm the generated alarms to the desired extent. He can selectively
monitor all the alarms relating to the main steam system or the alarms only for MSIV.

4. MAN-MACHINE SYSTEM APPLYING TWO METHOD

A new type man-machine system offering alarm and other plant information will be realized by
using the above mentioned two methods. The composition of the man-machine system is shown
in Figure 10. In the system the information to the operator is offered through the information
offering method. Namely the information responding to the plant status change and information
responding to operator's demand is offered after selection and arrangement by information
offering method. As for alarm information, important alarms selected by the alarm selection
method are stored in the data base on selected alarms. The information offering part refers to the
selected alarm data and offers alarm information considering the importance of alarms. Only
selected important alarms are displayed or selected alarms are displayed by using different colors
than unimportant alarms. This alarm presentation method requires further research.

Alarms Relating to
Node A Requested

Alarms Relating to
Node B Requested

Figure 9: Offered Alarms Responding to Operator's Demand
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Figure 10: Man-Machine System Using Two Methods

With the man-machine system, alarms are automatically presented with other related
information, such as system diagrams and trend graphs, according to the plant status change.
The initial event is also presented automatically. This supports operators in their recognition of
plant statuses immediately after the transient occurs when the plant status changes rapidly
according to anomaly and plant interlock actuation. In the long term after the transient occurs,
all information on activated alarms becomes important to confirm statuses of components and to
decide repair or re-startup procedures. Responding to this occasion, alarms are hierarchically
presented according to the operators' demands.

5. CONCLUSIONS

Two methods for alarm handling were developed to minimize the potential for human errors in
nuclear power plants. One is to select important alarms according to the plant status. The other
is to offer plant information including alarms in response to plant status changes and operators'
demands. The feasibility of two methods was confirmed by using prototype systems.

The new man-machine system concept was proposed applying these two methods. With the
system, alarm information as well as other plant information will be effectively offered to
operators. The system should be useful to support operators in their recognition of plant statuses
under transient conditions in nuclear power plants.
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