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Abstract

The process alarm interface has become one of ds important features of process
control systems. During shutdown, startup, orgaificant process failure, a shower of
unnecessary alarms can hinder the operator in stagheling and reacting to a significant
process upset.

The OMV-Deutschland ethylene plant provides a regmeative example of this
problem. The product separation units, which aghli flow and heat integrated,
require several critical compressors. This pamrudses a dynamic alarm management
system that has been installed to insure that omgningful alarms are annunciated.
Using Dynamic Configuration Software™, the unnecessary alarms are disabled or
inhibited when the shutdown of a particular sectidrthe plant is detected. Alarms are
enabled when operation has returned to normakelected shutdown or startup cases,
alarm trip points are changed and then restoredr aformal operation has been
established.

Prior to the installation of dynamic alarm managetna refrigeration shutdown could
generate more than 1450 alarms in a single araagdarseven hour period, rendering
the alarm summary useless. Withynamic Configuration Software™, the alarm
summary is able to provide a meaningful sourceriical operator information in all
circumstances. An analysis of a planned shutdawahstartup using this dynamic alarm
management system is included.

Preface

The proliferation of alarm conditions over the lagénty years is astounding. The cause
is rooted in the capabilities of digital based cohsystems, in which Honeywell became

an early leader. It is now possible to alarm éiligrevery process input signal without

any additional hardware cost. Additionally, alarocen be generated by higher level
control functions.

The process operators' responsibility to monitod aeact to alarms is normally a
reasonable task. During normal operating condstitime operator has time to respond to
the occasional alarm that warns him of a more gerg&tuation or off-spec material if
corrective action is not taken. However, whengaificant failure in the process occurs,
the occasional alarm can become a flood of alahat dauses the operator stress and
anxiety. At best, such a situation leads to annogaconfusion, frustration, and fatigue.
At worst, it can lead to disaster. This is contrr the basic objectives of an alarm-
driven interface.
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ProSys has long recognized this problem and, thratsgown initiative, developed the
first successful dynamic alarm management apptinatin 1990. To its credit, OMV
had similar opinions and became the first to béneém this alarm management
philosophy and technology. Since then many adwsahage been made.

This paper is intended to document the post irsgtali analysis of an application of the
most recent generation of dynamic alarm manageteehhology on an Ethylene Plant.
The general goals, as will be shown, were fairyde.

Project Objectives

The specific objective of the operations departmeas to “do something” about the
alarm flood that accompanies major process inc&deihe operators were simply being
overwhelmed. The resulting project objective wesnéd as:

» Safely mitigate the annunciation consequencesapdr process incidents by
- Dynamic suppression of unnecessary alarms dtin@gncidents,
- Dynamic activation of necessary alarms duringgdiet recovery;

The system design also required that the processatmps be able to comprehend and
interact with the system.

Project Solution

The decision was made to install the alarm manageroapabilities ofDynamic
Configuration Software™, or DCS, on all areas of the ethylene plant available @CT
3000. These three areas are Warm Fractionatioga(A), Cold Fractionation (Area B),
and Miscellaneous Units (Area C). The remaindethefethylene plant is currently on
TDC 2000 data highways.

The focus of the project centered around the etleyfgant compressors. Major process
incidents in the areas covered by this project liysirmvolve one of the compressors.

While failures are infrequent, they result in meassbroad-reaching consequences
throughout the plant. The resultant loss of prediesv and/or refrigeration in associated
equipment triggers an avalanche of alarms.

Specific attention was to be given to the operatterface as an integral part of the
solution. Operator displays were required to skdwch alarm points would be affected
by the system and under what conditions the alarable states would be changed. The
operator interface was also required to providepieta manual intervention to override
the systems.

As the project progressed and the€S system design philosophy emerged, it became
apparent that additional benefits could be achievethe DCS applications being
developed to handle compressor incidents also gedvian appropriate system for
managing alarm annunciation during startups anddskuns. Thus, the operator could
be relieved of meaningless alarms during thesatttus as well. As a result of the
ultimate system design philosophy, plant shutdoams startups were also encompassed
by the project.
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Introduction to Results

The project was completed prior to a planned pkEmitdown. As a result, it was
possible to gather actual data showing the affécthe DCS alarm management
applications. The following trend graph shows tingpact that theDCS alarm
management systems had on Areas A and B combined.

Area A&B Shutdown - Cumulative Alarm Comparison
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The vertical scale represents the cumulative nundfeannunciated alarms. The
horizontal scale is the twelve hour period begignBt00 AM on the morning of
shutdown. The upper trend line shows the annwgtiatarm count without any alarm
management systems active. The lower trend hogvs the annunciated alarm count
with the installedCS alarm management systems active. In other windsjifference
between the two lines represents the annunciatethatount which the operator never
saw because of alarm management.

At the end of the 12 hours, the console operatbthase two areas were spared more
than 2000 alarms that would have otherwise beeoraniated. Those were unnecessary
alarms which the operator never had to deal with.

These results were accomplished with only 40% bpassible alarm points included
under theDCS alarm management systems. Therein lie both thedemand the
disappointment of the project, i.e., the resultsemesry impressive, but they could have
been much better!
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Alarm Management Concepts

The fundamental purpose of alarm annunciation islést the operator to deviations
from normal operating conditions, i.e. abnormal rafiag situations. The ultimate
objective is to prevent, or at least minimize, pbglsand economic loss through operator
intervention in response to the condition that vaéesmed. For most digital control
system users, losses can result from situations ttiv@aten environmental safety,
personnel safety, equipment integrity, economyparation, and product quality control
as well as plant throughput. A key factor in operaesponse effectiveness is the speed
and accuracy with which the operator can identifg alarms that require immediate
action.

By default, the assignment of alarm trip points afedm priorities constitute basic alarm

management. Each individual alarm is designedrovige an alert when that process

indication deviates from normal. The main problsith basic alarm management is that
these features are static. The resultant alarmaremaion does not respond to changes
in the mode of operation or the operating condgion

When a major piece of process equipment like ageh@ump, compressor, or fired
heater shuts down, many alarms become unnecessHmgse alarms are no longer
independent exceptions from normal operation. Thwadicate, in that situation,
secondary, non-critical effects and no longer mtevihe operator with important
information. Similarly, during startup or shutdowha process unit, many alarms are
not meaningful. This is often the case becausestttéec alarm conditions conflict with
the required operating criteria for startup anddbuwn.

In all cases of major equipment failure, start@psl shutdowns, the operator must search
alarm annunciation displays and analyze which aaare significant. This wastes
valuable time when the operator needs to make it@mpboperating decisions and take
swift action. If the resultant flood of alarms betwes to great for the operator to
comprehend, then the basic alarm management systerfailed as a system that allows
the operator to respond quickly and accuratelyh® alarms that require immediate
action. In such cases, the operator has virtmallghance to minimize, let alone prevent,
a significant loss.

In short, one needs to extend the objectives ofrataanagement beyond the basic level.
It is not sufficient to utilize multiple priorityelvels because priority itself is often
dynamic. Likewise, alarm disabling based on us#gaogiation or suppressing audible
annunciation based on priority do not provide dymarselective alarm annunciation.
The solution must be an alarm management systetnctra dynamically filter the
process alarms based on the current plant operatoinconditions so that only the
currently significant alarms are annunciated.

The fundamental purpose of dynamic alarm annumwciais to alert the operator to
relevantabnormal operating situations. They include sikms that have a necessary or
possible operator response to insure:

» Personnel and Environmental Safety,

* Equipment Integrity,

* Product Quality Control.

The ultimate objectives are no different than thievipus basic alarm annunciation
management objectives. Dynamic alarm annunciatianagement focuses the
operator’'s attention by eliminating extraneous rakgr providing better recognition of

critical problems, and insuring swifter, more a@taroperator response. This project
demonstrates the practical benefits provided bgfective dynamic alarm management
system.
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Process Incident Analysis

The following graph shows two relationships invalyithe impact of process incidents.
The solid black curve shows the characteristicticrlahip between the impact of
incidents and their frequency of occurrence. Thaygshaded curve shows the
characteristic relationship between the impactngidents and the complexity of the
associated alarm management analysis.
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Impact can be defined in many different ways, sashoperator stress level, lost
production, maintenance costs, equipment damage, elowever, the characteristic
relationships remain the same.

The frequency - impact curve is based on the fotigwobservations. Alarms that are
generally considered to be annoying or nuisancemaldend to be the ones that occur
when greater frequency. They are "tolerated" srafors because they have little or no
impact on the process operation. Therefore, thguire little or no response. Examples
of low impact - high frequency incidents includeclsuhings as a low pump discharge
pressure alarm each time a pump motor is stop@idce the vast majority of pump

stops are intentional, there is no response raedj@fe¢he operator and the alarm has no
significance.

At the high impact - low frequency end of the spatt, one finds compressor, blower,
reactor, and fired-heater shutdowns. The losslldead pumps would also be a low
frequency though high impact incident. These heeimcidents that lead to secondary
effect alarms. Hopefully, they occur very infregthe. When they do occur, the impact
on the operator can be tremendous.

In the middle of the spectrum, one finds such evest reflux or pumparound pump

shutdowns, as well as valve or instrumentatiorufad. These incidents alone may be
minor, but they often can cascade and combinennaiee significant incidents.
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The complexity - impact curve shows that both lompact and high impact incidents
have a relatively lower analysis complexity thacidents in the middle of the spectrum.
By way of the previous examples, the low-impactsaaoce alarm from the pump
discharge pressure is easy to analyze. When thg ps not running the operator
doesn’t need the alarm.

The analysis of high-impact major incidents is aéssier than it may at first seem.
When the refrigeration compressor fails, there Wwdlmany obvious alarm conditions
which provide the operator no essential safety mdypct quality information. The
analysis is pretty obvious and the reaction procesitnave probably been established
long ago.

However, the failure of a distillation column reflijpump can be more difficult to
analyze. The alarm management reactions will grlgbdepend on the length of time
the pump is out of service. It will also depend lmsw many and which derivative
consequences appear. Combinations of relativelpmnincidents are the most difficult
to analyze.

Limited Dynamic Options

If one looks for dynamic alarm management tools paxmeters within the TDC 3000

system, several options appear. These optionsomaypplicable to low-impact incidents

which require a speedy response, such as the amgnpyimp discharge pressure alarm.
Unfortunately, they are generally limited due tidiconfiguration, scope of points that
can be affected, or both.

» Contact Cutout - provides an alarm suppressitierse that is fixed by point
configuration rather than operating conditions dods not have any operator
override.

* Logic Points, Device Controllers, and APM/CL Prags - all provide
discretionary logic functions. However, APM resmiavailability may restrict
the number of points that can be managed and pineatical overall scope is
limited to points in the same APM.

» Unit Alarm Disable and Priority-based Audible $ogssion - are very non-
selective alarm suppression options that requiezadpr action.

While these options represent steps in the rigteicton, they still have limitations, and
because of that, these options are not widely asabih addition, because of their
“horsepower” demands, they may not be practical.

On a broader scope, disabling all of the points umit can only be done safely after that
unit is shutdown. Further dividing a unit into suhits just to give the operator the
opportunity to disable part of his alarms has aoldil implications to be considered.
Point unit assignment is fixed by configuration astthnges impact many other area
database files, displays, history groups, prograets, Suppressing the audible
annunciation does not remove alarms from the alarmmary displays. These options
also put the burden on the operator to decide whsmeasonable to take such an action.

Effective Dynamic Options

Effective dynamic alarm management requires mae ttgid configuration or APM/CL
programs, all of which have limited practical scopejusting and fine tuning the alarm
summary display and audible annunciation beliesptioblems but does not address the
major issues and objectives of dynamic alarm managé

Effective dynamic alarm management requires an rexgpestem that is flexible and
reliable. It must empower operations supervisioth @rocess engineers to truly filter the
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alarms by designing applications that determinectvlalarms should be managed and
when they need to annunciate. It must also giveraiprs easy access to and control of
the system, along with an understanding of whaoés.

Dynamic Configuration Software

With a sufficiently powerful system, one can attale& high-impact incidents that give
every process operator and engineer nightmares.

TheDCS system employed at OMV-D has many of the desirebégacteristics. It is the
result of development efforts that began over 5rg/emo with the installation of a
predecessor alarm suppression systB@S has the general features listed below.

» The software modules are generic Application Medti programs.
» The applications are highly flexible, easily nfeeti and maintained.
» The applications can access any point on the LCN.

» The system design has proven to be highly rediabl

The software is area specific and, thereby, has ateess protection to prevent access
from any other area. Not even an engineer keywarride this protection.

The system also utilizes standardized subpictunelscwerlays for operator as well as
engineer access. All engineer configuration chamg®& be done from schematics.

DCS Modules

The software consists of three compatible modullb® case selector, the alarm block,
and the configuration block. The case selectorul® central to all applications. It

contains any optional case logic to control whitdrra and configuration blocks need to
be activated. The case selector provides thewollp features.

» Default Safe Case Definition - establishes theebalarm annunciation status
for all managed points when no other case canfleé/sketermined.

» Area Security and Keylock Protection - insureegrity of alarm management
applications by restricting operator access tdastatloaded with the assigned
area database.

* Manual, Semi-, Automatic Modes - allow operatemplete control of the
alarm management system. In manual mode, the topedatermines and
activates the currently effective case. In seno@atic mode, the operator
must confirm the case selection before it beconséisea In automatic mode,
the selector will determine and activate the curease without any operator
intervention.

» User-written Case Logic - provides customizedddgr automating the case
selection process.

* Inputs - accept operator input of manually seléatases.
» Outputs - activate the associated Alarm and/arfigaration Blocks.

The case selector execution is scheduled and sanbal executed by event-initiated-
processing (EIP). A minimum of either one alarntonfiguration block is required for
each logical case. Any number of blocks may belioed to achieve the objectives.

The alarm block module is case specific. It camdtedefinitions of the initial and time-

delayed final alarm enable state parameter (ALENBSTup to 20 alarm points. The
alarm block provides the following features.
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* Inputs - accept user specified definitions of #i@grm points to be managed,
along with the corresponding initial ALENBST, thandl ALENBST with
optional time-delay, and an optional intelligent ABLE state definition for
the final ALENBST.

* Outputs - set the ALENBST parameter to the appatp state for each alarm
point and activate any associated Alarm and/or iQardtion Blocks.

The configuration block module is case specific pralides the following features.

» Sequential List Processing - allows sequence pafraiion definition for all
specified parameter manipulations.

» Parameter Read/Write - provides the ability tadrand/or write any parameter
accessible to the Application Module.

* Inputs - accepts user specified definitions fargoeter reads and writes.

» Outputs - write the appropriate parameter valu@efined for each point and
activate any associated Alarm and/or ConfiguraBtocks.

The implementation of th®CS alarm management systems conforms to a simple
philosophy. All selector modules have a safe aefmed. All points manipulated in
any case definition are included by all cases withat selector. The operator interface
provides the operator with easy access to thetselewdules. The operator has easy
access to displays that show the logic and strectieach case.

OMV-D Project
Project Organization

The project organization included representativesnfthe OMV-D Operations and
Engineering Departments to work with ProSys persbniProSys was responsible for
the development, installation, and implementatibralbstandard and custom software
packages and interface displays. ProSys was asponsible for the design and
implementation of alDCS systems.

The engineering department was involved througti@iproject. Engineering personnel
participated in the systems design and review itieSv They also provided project
coordination between ProSys and OMV-D. The engingeersonnel have the residual
responsibility to maintain and expand hes system.

Operations personnel had very limited availabitityring the 4 month duration of the
project due to a scheduled plant shutdown. Thees@nd conservative nature of the
project systems were impacted by the limited albditg of Operations personnel to

review the systems design.

Systems Definition

For dynamic alarm management, the process is divigeinto logically related sub-units
which will be affected by their own set of logic nabtions (referred to herein as a
system). This does not preclude dependenciesastapvbetween systems. In fact that
is a very important part of the analysis. The dogiust define the possible modes of
operations to be considered. Each mode then becanease. The following
hypothetical process flow diagram illustrates #mnalytical procedure.
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This process of sub-unit definition is much the saas defining units for alarming.
However, there is no necessary relationship betyeant unit assignment and dynamic
alarm management system assignment. Once thendisbaue identified, the systems
and cases can be defined. The following diagrlustrates the appliedCS structure.
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For this project, the system definition began vidkbntifying the types of sub-units to be

covered. The plant was then sub-divided into cesgwrs, reactors, and columns.
After defining the boundaries of the systems, imtlial alarm points were selected to be
included in the appropriate sub-units. The casggclovas defined based on digital,

analog and other system case inputs. The logicdeagned to be redundant such that,
in most cases, an individual input did not deteeniire case.

Sel ALMI CNF
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It was determined that three standardized caseedon system would be sufficient to
achieve the project objectives. These cases Wergified as :

» Safe Case - all alarms are enabled immediately,

* Normal Operation Case - point ALENBST parametans enabled after the
alarm has cleared or after a specified time de¢esydxpired,

» Shutdown - all alarms are disabled immediately.

Points were included in the systems based on gmiectiteria that were extremely
conservative. Points falling into any one of thloiwing categories were excluded:

» Pressure Controllers to Flare

Nearly All Analog and Digital Levels

Digital Pressures, Equipment Failures, Flame @ets, Vibrations
* Motor Amps and Temperatures

Utility/Auxiliary Systems (steam, MEA, caustic)

If there was any doubt about the possible consexguehincluding an individual point in
a system, it was excluded. All other alarm powése included.

These criteria were extremely conservative bec#useuld have required serious and
lengthy discussions between operations and engige¢o expand the scope of the
systems. However, the availability of the necesgagrsonnel during this project
prohibited a more encompassing selection.

The resulting number @CS alarm management systems, their content and gteuate
shown below by process area.
» Area A - Warm Fractionation
- 198 of 584 Alarm Points (34%)
- 9 Selectors, 42 Alarm Blocks

* Area B - Cold Fractionation
- 227 of 477 Alarm Points (48%)
- 11 Selectors, 51 Alarm Blocks

* Area C - Miscellaneous Units
- 249 of 681 Alarm Points (37%)
- 17 Selectors, 66 Alarm Blocks

What is most important to recognize is the limitcentage of points included in the
systems. In no area did the percentage of alaimispoicluded in theDCS systems
exceed 50%. In total, only 40% percent of the lalsé alarm points were selected for
alarm management.

Project Results

In the following series of graphs, show the impthett dynamic alarm management had
on the alarm annunciation in Areas A and B duringeeent planned shutdown and
startup. The alarm point data are accumulatedpéotted at 15 minute intervals for the
10 and 12 hour graphs and at 5 minute intervalth®2 hour graphs. On all graphs, the
upper trend line shows the annunciated alarm cauthiout any alarm management
systems active. The lower trend line shows theuaciated alarm count with the
installedDCS alarm management systems active.
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Area A Shutdown - Summary Display Analysis
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This graph shows the total active alarms on the @ealarm summary display as a
function of time. The alarm counts start out egbat as time passes and various sub-
systems in the plant are shut down, the dynamicrataanagement systems suppress
unnecessary alarms.

A key point to note is that without dynamic alarmamagement, the total alarms
exceeded the 95-100 alarm limit which can be digalaon the area alarm summary.
However, this was not true with dynamic alarm segpion.

Area A Shutdown - Total Annunciated Alarms
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This graph shows the total annunciated alarms ea &r as a function of time. The
initial slope indicates oscillating alarms when sidered in conjunction with the
previous graph. The final alarm counts after 1@reshow that the operator was spared
approximately 1200 alarms because they were suggaes

Area B Shutdown - Summary Display Analysis
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This graph shows the total active alarms on tha &alarm summary as a function of
time. The alarm counts start out equal one-halir fpoior to the start of this graph. At

that time the first dynamic alarm management systsappressed a number of alarms.
Again as time passes and additional sub-systerteiplant are shutdown, the dynamic
alarm management systems suppress more unnecelssang.

Once more, without dynamic alarm management, tted &darms exceeded the 95-100

alarm limit which can be displayed on the areamlaummary. However, this was not
true with dynamic alarm suppression.
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Area B Shutdown - Total Annunciated Alarms
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This graph shows the total annunciated alarms ea & as a function of time. A
combination of this slide and the correspondingesifor area A was shown at the
beginning of the paper. The final alarm counteraf? hours show that the operator was
spared approximately 900 alarms because they wepressed.

Area A' Startup - Summary Display Analysis
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This graph shows the total active alarms on tha @&elarm summary for the quench
column, gas compressor and wash column/dryer sgsasna function of time. Without
dynamic alarm management, the total alarms for rob#te startup period would have
been nearly double those with dynamic alarm sugpes
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Just prior to 3:00 PM, the quench column case lohase the normal operation case. At
this point all system alarm points which were moglarm condition were enabled. As
other alarm points cleared their alarm conditicgyttoo were enabled. However, after 5
minutes all remaining alarms were enabled. Thepsimarease in alarms followed by a
decrease as the column lined out at normal comditiodicates that the case definition
was extremely conservative. This analysis suppersss conservative delay time for
this system.

At about 4:30 PM both the compressor and wash aollogic decided that the
compressor was in service and alarms should belezhallherefore, the alarm count
ends up equal at the end of this period.

Area A' Startup - Total Annunciated Alarms
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This graph shows the total annunciated alarms ea Arfor the same 3 selected systems
as a function of time. The final alarm counts i@ hours show that the operator was
spared approximately 70 alarms because they weppressed. Nearly all of these
alarms occurred during one 15 minute period 2 hquisr to the 3:00 PM quench
column startup. The slope at the end indicates sloane points may have been
prematurely enabled and/or there again were sonidating alarms.

The following graphs present a retrospective amalg a lightning-induced incident
which occurred prior to the installation of dynamai@arm management. The event has
been analyzed for the simulated affects which wcudde been seen if the current
systems had been in affect at that time. For tlygraphs, the alarm point data are
accumulated and plotted at 5 minute intervals.

OMV Deutschland GmbH & ProSys GmbH Page 14



Area B Retrospective - Alarm Summary Analysis
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This graph shows the total active alarms on tha Br@alarm summary as a function of
time. As time passes and sub-systems in the @hAnt down, the dynamic alarm
management systems would have suppressed unngcaissars.

Once more, without dynamic alarm management, tted &darms exceeded the 95-100
alarm limit which can be displayed on the areamalsmmmary. However, this would not
have occurred with dynamic alarm suppression.

Area B Retrospective - Total Annunciated Alarms

1000
9004
800 -
7004
600 -
500
400 3
3004
2004 -
100 -

0- .

21:40 22:20 23:00 23:40

OMV Deutschland GmbH & ProSys GmbH Page 15



This graph shows the total annunciated alarms ea Bras a function of time. The final
alarm counts after 2 hours show that the operataldvhave been spared approximately
700 alarms because they would have been suppressed.

It is important to understand that the compress@ restarted within this period and
that as a result, some alarm management systemshenay returned to the normal
operation case. In that case, alarms would haee keabled. This would reduce the
indicated difference if they would have been premedy enabled. Unfortunately, both
digital and analog historical values are necessarngimulate the restart effects on
individual systems and that information was notilabde. Nonetheless, within the first
3/4 hour, it is nearly certain that the operatouldohave been spared several hundred
unnecessary alarms.

SUMMARY

The benefits of this investment depend upon impiogperator performance and a
corresponding reduction of incident losses. Therafjors are required to analyze and
diagnose problems and failures and to respond immporopriate and swift manner.
Sometimes, they are expected to perform their jolaer the most unbelievable stress at
the most unexpected times. Operator responseottegs incidents will be speedier and
more accurate, with reduced stress, using dynalaimananagement systems.

When the operators' response performance is enthatioe losses arising from poor
product quality, equipment damage, personnel injand environmental damage will
also be reduced.

Future Developments

Future developments in the areas of internaticaraglage and generic selector logic are
envisioned to enhance the capabilities of dynaracma management on TDC 3000.
Additionally, AxM applications are being developed to provide autgmi for high
complexity alarm management applications.
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