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Abstract - Alarm rationalization is a structured and
systematic process used to evaluate alarms within an Industrial
Automation system to ensure that each alarm is meaningful,
actionable, and properly justified. The objective is to confirm
that every alarm has a valid reason to exist, that it alerts the
operator to a real operating condition requiring attention, and
that its setpoint, priority, and response timing are appropriately
defined. Through rationalization, unnecessary, duplicate, and
nuisance alarms are identified and removed, reducing alarm
floods and improving operator awareness, situational
understanding, and response performance. In accordance with
ISA 18.2, alarm rationalization is an integral part of the alarm
management lifecycle and is typically performed during the
detailed design phase of a project, before commissioning. The
principal deliverable of the process is the Master Alarm
Database, which contains the approved alarm set together with
the rationale, classification, priority, setpoint, and associated
operator action for each alarm.
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I. INTRODUCTION

Alarm systems are essential components of Industrial
Automation environments because they notify operators of
abnormal process conditions and support timely intervention.
However, alarm systems that are poorly designed or
insufficiently managed can create excessive alarm traffic,
obscure important information, and increase the likelihood of
delayed or incorrect operator response. For this reason, alarm
rationalization is used to ensure that alarms are purposeful,
technically justified, and operationally useful.

Alarm rationalization is a structured and systematic review
of alarms to determine whether each alarm is necessary,
meaningful, and actionable. Rather than treating alarms as
mere notifications, the process evaluates whether an alarm
adds operational value and whether it contributes to safe and
efficient plant operation. Under ISA 18.2, alarm
rationalization is recognized as a core activity in the alarm
management lifecycle and is generally performed during the
detailed design phase of a project, when alarm settings can
still be refined before the system is commissioned.

This process is typically guided by the Alarm Philosophy
Document and a preliminary alarm list. The Alarm Philosophy
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establishes the principles for alarm design, classification,
prioritization, and lifecycle management. The preliminary
alarm list provides the initial population of alarms derived
from process design and control logic. Together, these inputs
form the basis for evaluating the need, function, and
configuration of each alarm.
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Figurel. ANSI/ISA-18.2 Alarm management life cycle
II. BACKGROUND AND SIGNIFICANCE

In modern Industrial Automation systems, the number of
alarms can be very large, and not all alarms contribute equally
to safe operation. Some alarms are essential for preventing
equipment damage, safety incidents, or environmental
releases, while others may be redundant, poorly configured, or
operationally insignificant. =When nonessential alarms
accumulate, operators can become desensitized to alarm
notifications, especially during upset conditions when alarm
volumes increase rapidly.

The rationale for alarm rationalization is therefore rooted
in human factors, process safety, and operational reliability.
By ensuring that each alarm serves a defined purpose,
organizations can reduce operator burden, improve alarm
response quality, and strengthen the overall performance of
the control system. A rationalized alarm system supports
clearer communication between the process and the operator,
leading to improved decision-making and safer operation.
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III. OBJECTIVE OF ALARM RATIONALIZATION

The principal objective of alarm rationalization is to ensure
that every alarm in the system is justified, properly configured,
and aligned with the operational requirement it is intended to
address. This includes verifying that alarm setpoints,
priorities, and timing are defined so that the alarm activates at
the appropriate process condition and with the correct level of
urgency. Additional objectives include:

e Eliminating unnecessary, duplicate, and redundant
alarms

e Reducing alarm floods and nuisance alarms

e Improving operator situational awareness

e Documenting the consequence of alarm inaction
e Defining the required operator response

OBJECTIVES OF ALARM RATIONALIZATION

Consequence :Documenting the consequence of alarm inaction
Relevant

. Abnormal  :Shall indicate abnormal conditions of the process
. Actionable :Shall have operation action
. Unique :Eliminating unnecessary, duplicate, and redundant alarms

:Aligned with the operational requirement

Figure2. Objectives of Alarm Rationalization

The process also provides a controlled basis for future
alarm management by creating a formal record of alarm intent
and configuration.

IV. METHODOLOGY

A. Alarm Justification: Each alarm is reviewed to determine
whether it is truly needed. The review considers whether the
alarm is associated with a safety, environmental, or
operational risk, whether it provides the operator with an
opportunity to take meaningful action, and whether it
duplicates another alarm or can be replaced by a more
effective alarm elsewhere in the system. Alarms that do not
satisfy these criteria are considered candidates for removal,
modification, or consolidation.

B. Determination of Setpoint, Consequence & Operator
Action: For alarms that are deemed valid, the next step is to
define the setpoint, consequence, and operator response. The
setpoint is selected based on the process condition at which
the alarm should activate. The consequence describes the
impact of failing to respond, such as equipment damage,
production loss, safety compromise, or environmental release.
The operator action identifies the specific response required to
mitigate the situation. This ensures that each alarm is tied to a
clear operational purpose.

C. Prioritization: Each alarm is assigned a priority level
based on the severity of the consequence and the time
available for the operator to respond. Alarms with high-
consequence outcomes and limited response time are given a
higher priority, while alarms with less severe outcomes or
longer response windows are assigned lower priority levels.
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Priority assignment is essential for helping operators recognize
what demands immediate attention and what can be addressed
in a more controlled manner.

TABLE 1
Maximum Time to Minor Moderate Major
Respond in Minutes

Time > 30 No Alarm Priority 3 Priority 2
10>Time>30 Priority 3 Priority 3 Priority 2
3>Time>10 Priority 3 Priority 2 Priority 2

Time<3 Priority 2 Priority 1 Priority 1

D. Classification: ~ Alarm classification groups alarms

according to their source or function, such as process alarms,
equipment alarms, safety system alarms, and system alarms.
Classification supports consistent alarm management, easier
interpretation, and more effective training. It also allows the
organization to apply different configuration or management
rules based on alarm type.

E. Cross-Functional Review: A multidisciplinary team
reviews the alarm rationalization output to ensure
completeness and consistency. This team generally includes
operations, process engineering, control systems engineering,
safety, and alarm management personnel. The review confirms
alignment with the Alarm Philosophy Document, validates the
correctness of alarm parameters, and ensures that the alarm set
reflects actual operating practices and training expectations.

V. INPUTS TO RATIONALIZATION PROCESS

A successful rationalization exercise requires accurate and
complete inputs. The principal inputs include:

A. Alarm Philosophy Document: This document defines the
principles and rules governing alarm management. It specifies
alarm classification, prioritization philosophy, lifecycle
expectations, and management responsibilities.

B. Piping and Instrumentation Diagrams (P&IDs): P&IDs
provide the process context for alarms by showing equipment,
instrumentation, and process relationships. They assist the
team in understanding alarm location and functional
relevance.

C. Hazard and Risk Assessments: Studies such as HAZOP (
Hazard and Operability Study) and PHA (Process Hazard
Analysis) identify hazards and risks associated with the
process. These assessments help determine which alarms are
critical from a safety or environmental perspective.

D. Preliminary Alarm List: The preliminary alarm list forms
the initial inventory of alarms derived from process design and
control logic. It serves as the starting point for the
rationalization study.

E. ESD and Process Control System Logic: Emergency
shutdown and control logic diagrams are reviewed to
understand alarm generation, interdependencies, and overlaps
with protective functions.

F. Operating Procedures and Training Materials: These
documents are used to validate that alarm responses are
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consistent with actual operating practice and that operators are
trained to respond appropriately.

VI. TEAM STRUCTURE

Alarm rationalization is most effective when performed by
a multidisciplinary team. Operations personnel provide
practical knowledge of how alarms are experienced in the
control room and field. They help assess alarm meaning,
operator workload, and the realism of response actions.

Process engineering contributes knowledge of process
behavior, operating limits, and the consequences of process
deviation. Control systems engineering is responsible for
implementing the approved alarm configuration within the
DCS (Distributed Control System) or SCADA (Supervisory
Control And Data Acquisition) system, including alarm logic,
priorities, and timing. Safety and HSE personnel ensure
alignment with hazard studies and protection requirements. An
alarm management specialist often leads the process,
maintaining consistency with alarm philosophy, standards, and
best practices.

VII. DELIVERABLES

The principal deliverable of the alarm rationalization
process is the Master Alarm Database. This database records
the approved alarm set and includes the rationale,
classification, priority, setpoint, consequence, operator action,
and other relevant attributes. It becomes a controlled project
deliverable and is typically submitted for approval as part of
the NMR 602 package. The Master Alarm Database serves as
the authoritative reference for subsequent alarm management
activities throughout the life of the facility.

Tag ID | Description | Alarm Type| Set Point | Units| Priority| Cause [ Con Operator Action

P-101 [Feed Pump Trip ON State |High Motor failure |Low Flow Switch to Standbsy
T-102  [Reactor Temp |High 150 C High Cooling loss  |Runaway Increase Cooling
L-103 [Drum Level Low-Low 10 % Criticall |Feedloss Damage Stop Feed Pump
P-104 |Line Press High 10 Bar  |Medium |Valve fail Pipe leak Open vent V2

Figure3. Master Alarm Database (MADB)

VIII. DISCUSSION

Alarm rationalization provides a disciplined framework for
improving alarm system quality. In practice, its effectiveness
depends on the quality of the underlying data, the clarity of the
alarm philosophy, and the capability of the review team to
assess operational relevance. When implemented correctly,
rationalization results in a more stable alarm environment,
fewer nuisance events, and improved operator confidence.

The process also supports long-term operational excellence
because it creates a clear record of why each alarm exists and
how it should be handled. This documentation is especially
valuable when system changes occur, when alarms must be
reviewed after incidents or near-misses, or when alarm
performance indicators show degradation over time. In this
sense, alarm rationalization is both a design-time activity and
an ongoing lifecycle discipline.
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IX. CONCLUSION

Alarm rationalization is a critical element of Industrial
Automation and alarm management. It ensures that alarms are
purposeful, technically justified, and operationally effective.
By validating each alarm’s necessity, defining its setpoint and
consequence, assigning appropriate priority, and documenting
the operator response, rationalization creates a more reliable
and manageable alarm system.

The process reduces nuisance alarms, improves operator
performance, supports safer operations, and provides a
controlled foundation for alarm lifecycle management. The
Master Alarm Database produced through rationalization
serves as a key deliverable for project execution and future
operational use. For these reasons, alarm rationalization
remains essential throughout both project implementation and
the operational life of the facility.
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