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too much emphasis and importance is placed on
the hardware of the system, which can encourage
a false sense of security. To eliminate this false
sense of security, many industry experts feel that
a F&GS should not comply with the IEC 61508 /

The advocates for classifying a F&GS as a SIS
claim that a system of gas and flame detectors is
an effective mitigation layer of protection and
should fall within the scope of IEC 61508 / 61511.
A F&GS that automatically initiates process
actions to prevent or mitigate a hazardous event
and subsequently takes the process to a safe state
can be considered a SIF or SIS. The F&GS would
need to be composed of appropriate logic
solver(s), sensor(s), and final element(s).

However, it is absolutely critical to ensure proper
sensor (fire &gas detectors) placement in a plant.
If there is incorrect placement of the gas or flame
detectors, and hazardous gases and flames are not

61511 standards. Rather, a new performance
standard should be developed specifically for
F&GS and adequately address the issue of
detector placement, coverage, and related issues.

adequately detected, then the SIF / SIS will not be
effective, regardless of the SIL capability of the
system. Correct sensor placement is more
important than deciding whether a F&GS should
be SIL 2 or SIL 3. The F&GS system must be
designed based on the unique requirements of each
plant and application. Just purchasing a SIL 3
logic solver, a SIL 2 sensor, and SIL 2 final
element, does not guarantee a SIL 2 system. To
mitigate the inappropriate location of F & G
devices, gas mapping studies and noise studies
must be carried out. There islicensed software
available to design the proper location of fire &
gas devices with required coverage.

Leak/Fire Detection Hardware Mitigation
Coverage Response Effectiveness
Yes: P=9 ﬁ
Yes: P=.99 /5%
No: P=.1
Yes: P=9
X [ year
No: P=.01
No: P=.1 :ﬁi

(Factors Effecting Fire and Gas System Performance)

PRESCRIPTIVE VERSUS For example, EN-54 contains a large number of

prescriptive requirements with respect to the
PERFORMANCE BASED SAFETY design and installation of fire &gas detection
STANDARDS

systems. This includes requirements on initiating
device circuit supervision, notification appliance
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circuit supervision, fire safety function circuit
supervision, suppression system designs, etc. The
concept of a safety instrumented fire & gas system
requires implementing both the prescriptive
requirements of a standard like EN-54, as well as
the requirements of a performance based standard
such as ANSI/ISA-84.00.01-2004.00.01-2004 in
an attempt to design a system that has the best of
both worlds.

FUNCTIONAL TESTING
REQUIREMENTS

EN-54 does not specifically mandate functional
testing of fire &gas detection systems based upon
the architecture of the system and desired
availability. SIS, on the other hand, has
underscored the importance of functional testing
and its relationship to overall probability of failure
on demand calculations. This fundamental
difference must be addressed for those intending to
apply performance-based requirements to a fire
&gas detection / mitigation system. By conducting
a functional test of the system, you are attempting
to identify any potential covert failures in the
system. This results in a resetting of the PFD
(Probability of Failure upon Demand) “clock”
back down to a minimal PFD.

FIELD DEVICE
DIFFERENCES

WIRING

Traditional fire &gas systems utilize wiring
schemes that allow many field devices to bedaisy
chained together on a single circuit. For instance,
this type of circuit typically usessome sort of end
of line device to monitor the contact state of
multiple sensors or it can evenuse an addressable
network / bus scheme. SIS on the other hand,tends
to have a single field device wired to a single I/O
channel on the safety PLC. However, as per the
latest developments, many industries prefer to
have direct wiring of F & G device to F&GS
system i.e. non-addressable type even for non
process area (i.e. buildings) fire &gas detection.
One shouldcarefully review the wiring schemes
required by the safety instrumented F&GS to
ensure the project’s scope.

CURRENT MARKET TRENDS
FOR FUNCTIONAL SAFETY FOR

FIRE & GAS
SYSTEM

DETECTION

Since last couple of years, there has been much
study done by the regulatory agencies to avoid or
prevent the major accident in the industries by
putting the regulations and laws mandatory to
follow and imposing a heavy fine to the industries
which are not complying to it. ARC Advisory
Group’s new "Fire and Gas Systems Global
Market Research Study" provides a detailed
analysis of this trend and forecasts the scenario in
the coming years. The study focuses on providing
suppliers with insights into the future of the fire
and gas systems market.

End users become more proactive To comply the
safety standard for F &GS according to the
requirement mentioned in IEC 61508 & IEC
61511. Apart from IEC committee, ISA has also
taken major initiative and provide the guidelines to
the industries to design the F & GS according to
standard ISA-84.00.01-2004.00.07. With all these
development by IEC and ISA end user now
become more familiar about the importance of
safety requirement for F & GS system and is
adhering the requirement while designing the F &
GS.

A wide variety of fire and gas related sensors have
had Failure Modes and Effects
DiagnosticsAnalysis (FMEDA) performed. Many
OEM like Det-tronics, Honeywell, Drager Safety,
Autronica, MSA, General Monitors, MEDC,
Emerson etc. is offering the fire & gas device with
SIL-2 certified according to IEC 61508. This
includes mainly the fire detectors and gas
detectors. Also logic solvers are now available to
SIL-3 certified according to IEC 61508 from many
OEM like Honeywell, Foxboro, ABB, Emerson
and so on. Several different OEM’s have
recognized the needto provide data for use in a
performance-based safety instrumented system
design. It is significant that sensor OEM’s are
beginning to provide data that could support the
overallsafety concept of F&GS.

CONCLUSION

"Fire and gas systems are excluded" is often heard
in discussions of the ISA standard on safety
instrumented systems. This can be true, or not,
depending wupon the specific application in
question. The exclusion that is often misquoted is
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from paragraph 1.2.14, which reads:"Systems
where operator action is the sole means required to
return the process to a safe state are not covered by
this standard (e.g., alarm systems, fire and gas
monitoring systems, etc.)."

The key concept in this paragraph is that the
exclusion applies to '"systems where operator
action is the sole means required to return the
process to a safe state." This exclusion does not,
therefore, address F&GS that automatically initiate
process actions, but those that only monitor and
generate alarms.

Another area of confusion surrounding the
applicability of ISA-84.00.01-2004 to F&GS is
whether the application of fire-mitigation materials
should be a part of the SIF. This is not an issue
that can be generally resolved, but instead requires
case-by-case consideration. Just as you can review
process-related SIFs to identify the actions
required to achieve functional safety, you can
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3D stockyard visualization, Material Tracking, Un-manned operation, Hotspot detection.

ABSTRACT

Thermal power plants contribute for about 60%
of the power generation in India. Coal is the
biggest cost component for these. Further,
managing coal is complex, as issues vary from
sourcing to logistic management, handling and
yard management and maintaining an overall
quality so that more power is produced with
less quantity of coal.

Generally most of the stockyards in India are
open type and face issues like spontaneous
combustion during summer months, fugitive
dust nuisance, erosion loses due to wind and
rain, lump formation and other issues which
mainly lead to losses in Gross Calorific Value
(GCV). The issue aggravates as the process of
detection of these hotspots and mitigation is
mainly manual. Further, for most of the power
generators the focus is generally on the timely
delivery of Coal at their respective stations,
which often takes away the attention from
other considerations like managing proper yard

layout and optimal use of stacker reclaimers so as
to minimize long travel and save energy.

In Indian power plants lot of work has been done
on improving efficiency and other parameters of
main plant but this attention is generally lacking
in the biggest and most challenging area of
power plant, i.e, Material Handling plants. If the
3D-profile of coal in the yard is available to
operator in remote location, Stacker/Reclaimer is
operated Un-manned and there is Hot-spot
detection of coal, linked to automatic operation
of sprinklers to quench fire, there could be
remarkable improvement in the operation of
Coal Handling Plants.

This paper presents a system through which
individual parts of coal stacking and reclaiming
process can be optimized with a real time full
terrain information of Stockyards with stock
accounting and blending possibilities. The Un-
manned

operation of  Stacker/Reclaimer
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machines will result in safer operation and better

stockpile management. Early detection of
Hotspot and prevention of fire and losses and
minimize emission of hazardous gases like
methane and carbon monoxide.

This will lead to proper stockyard planning,
material tracking, stock profiling and visualization
in 3D, detection of Hotspot and Un-manned
operation of Stacker/Reclaimer machines from
Coal Handling plant control room through an
integrated dash-board, thus ensuring safety of
operator in field. It presents a combination of

new technologies which will provide a paradigm

Most of the power producers have adopted the
following practices in their maintenance schedule
to minimize the losses due to the above

challenges. This include:

e Orienting the stockpiles width wise
e Erecting boundary walls with proper drainage

around periphery of Coal Stockyard

e Stacking good quality coal and bad quality

separately

e Covering the stockpiles before start of monsoon

with LDPE (low density polythene sheet)

All these techniques are quite labor and time

1sA)
-

shift from labor intensive and manual techniques intensive.

to advanced data based analysis and early

prediction techniques to prevent losses and

enabling safer operation.

1.0INTRODUCTION: 2.0 NEW TECHNIQUES IN STOCKYARD

MANAGEMENT:
Generally most of the coal stockyards in India are

open type and face issues like: In recent years, market focus has been on the

e Spontaneous combustion during summer months  optimization of individual parts of the coal

e Sliding of coal on to stacker reclaimer rails due to stacking and reclaiming process — such as

improper stacking practices material movement and

stockyard planning,

e Difficulty in following First In First Out in advanced automation solutions for seamless

Stacking/Reclaiming of coal integration of all subsystems and providing to
e Improper yard space management the operator the quintessential data in the most
simplified way so that he can take a judicious
decision. be

Stockyard Management System (SYMS).

e Fugitive dust nuisance

e Erosion loses due to wind and rain. This system shall referred as
e Lump formation

e Improper height and orientation of Stockpile

e Difficulty in selective Stacking and Reclaiming The  SYMS  shall  provide Real Time
and many other issues which mainly lead to Monitoring/operation of Stacker Reclaimer,
losses in Gross Calorific Value (GCV). Material  tracking, Stock  Profiling and

visualization in 3D including coal quality
management, detection of Hotspot and
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automatic operation of Stockpile Sprinklers along
with S/R ready for unmanned operation. SYMS
system comprises following subsystems:

a. 3D coal stock pile mapping and visualization:

This stockpile visualization component of the
SYMS offers a graphical representation of the
stockpiles in the stock yard area. The view can
be adjusted by operator at CHP Control Room
from different viewpoints and the individual
virtual piles can be selected for better
managing of coal in these heaps. Slice or cut
views can also be shown where the different
material types and their respective properties
are stored.

Stacker/ Reclaimer machines shall be
equipped with suitable scanners (high quality
Laser/Radar) enabling the system to map coal
profiles in stockyard accurately. This system
shall provide recording of material movement
to and from stockpile, shape of the profile,
distribution of material over profile as the
machine moves for performing stacking or
reclaiming operations. The data thus
generated would provide exact information in
form of a database.

b. Ready for Unmanned operation of
Stacker / Relaimer :

The SYMS is fully automatic and also has the
capability to perform unmanned operation of
stacker/ reclaimer which  will reduce
requirement of the highly skilled manpower
for S/R operation in hazardous area. This
system will have the capability to operate the

machines in man less mode while maintaining
all the safety aspects in to consideration. To
position the machine accurately and operate
the machine remotely the SYMS shall use the
RTK-GPS( Real time Kinematic GPS) system
with anti-collision detection system. Once
locked onto the phase signal these receivers
mounted on the Stacker Reclaimer machines
shall be able to provide accuracies in the range
of +/- 2 cm both in the horizontal and vertical
co-ordinates. This will prevent the cases of
accidents/ collision happening in our stockyard
and reduce the dependency of the CHP
Control Room operator on the Stacker
Reclaimer cabin operator.

c. Hot spot detection and Automatic
Sprinkler Operation :

This subsystem of SYMS will provide Hot Spot
Detection facility in coal stockyard and control
the damages due to hotspot formation by
automatic sprinkler operation in case of fire
detection. In this system, thermal imaging and
advanced thermography will provide the
operator a thermal image of the complete
stockyard all the time during day as well as in
night. The operator can monitor the surface
temperatures of the individual heaps and track
the sudden rising temperature gradient due to
spontaneous combustion and hotspots which
are formed inside the heaps which are
generally not visible to human eyes until
fumes or flames start rising from the surface.

In this system, high resolution pan and tilt
based Thermal Imaging cameras shall be
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mounted on high masts (20-25 m) in and
around stockyard. The number of cameras and
location of these masts and cameras shall be
decided such that, they offer no hindrance to
movement of machine and material and also
provide more than 90% coverage of all the
coal piles.

On detection of hotspot, Automatic Sprinkler
system is being envisaged to quench the fire in
its earliest stage. The Stockyard is generally
provided with Sprinklers for Dust Suppression
during Stacking and reclaiming operations.
Currently, these are manually operated. In this
system, these are to be modified to Solenoids
that
automatically through PLC being envisaged in

operated, so they can operated
the Hotspot Detection system. In case of
detection of hotspot in any area of Stockyard
the respective Sprinkler can run in auto mode
or manually by operator from CHP control
room to suppress the fire instantaneously. The
shall reduced/

optimized by automatic operation of sprinkler

usage of water also be

system instead of continuous manual

sprinkling.
3.0 BENEFITS:
Major Benefits of adopting the Stockyard

Stock
and

Management System comprising of 3D
Yard Modelling,
Automatic Sprinkler Operation are as follows:

Hotspot Detection

of the
stockyards and Material tracking with stock

e Real-time, full-terrain information

accounting and blending possibilities

e Uniform stockpile construction with a smooth
surface in a trapezoidal form

e Enhancement of safety using un-manned
operation of Stacker/Reclaimers

be

integrated into ERP through Pi-server leading to

e Power plant coal requirements can
a more informed and judicious procurement of

Coal and scheduling of wagons so that
optimum levels of coal is always available at
site

e Reduced labor cost, constant/ optimized belt
load, optimized material throughput, energy
savings by smooth and continuous operation
through unmanned operation of stacker /
Reclaimer

e Early detection of Hotspot and prevention of
fire and losses due to spontaneous coal
combustion in stockyards

e Minimizing emission of hazardous gases like
methane/ carbon monoxide

e To nullify fire accidents and save huge amount
of revenue and production loss in case of fire

e Automatic opening and closing operation of
sprinklers leading to reduce wastage of water
during hot summer months

e Improved equipment efficiency and reduced

labor costs

4.0 CONSIDERATIONS
DESIGN:

DURING SYSTEM

Following considerations are to be kept while
finalizing the system design:

e These system are state of the art and quite
sophisticated. The operators available at field
have to be trained and expertise is required to be

Copyright [2018] by ISA, DELHI SECTION
Presented at “ISA(D) Petroleum & Power Automation Meet 2018”

147

1sA)
-



I The International Society of Automation

handling  and

developed for  properly
maintenance of the sensors and cameras.

e The location of the thermal cameras and poles
for the same will have to be strategically erected
so that movement of Stacker Reclaimer Machine,
Dozer etc. is not hampered and maximum area of
stockyard is covered.

e The inputs from scanner (laser /radar) selected
has to be properly integrated with the software

5.0 CONCLUSION:

These technologies are already in use in some of
the ports and coal stockyards worldwide. In
Indian context, it has been seen that mixed
technologies have been used depending upon
the individual plant/ process requirements.

and the readings have to be co-related through

local survey initially for proper tuning of
scanners.
e The Global Positioning System has to be

configured carefully as any error in predicting
the machine position and scanner location would

result in erroneous results.

Integration of individual systems into an
effective Stockyard Management System will
result in following benefits:

e Proper stacking of coal

requirement.

as per user
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e Integrated information of 3D profile of
stockpiles and hot spot detection in remote
control room.

e Un-manned operation of Stacker/ Reclaimer
from remote control room.

e Minimizing GCV losses due to heating.

e Reducing losses in erosion due to wind and
drainage due to water.

e Proper Utilization of Stockyard with effective
yard management techniques.

e Reduction in wear and tear of equipment.

e Prevention of Health hazards to our field
operators.

The benefits will get enhanced when wind-
barriers are used in the periphery of
stockyards. NTPC being power technology
leader has taken the opportunity to
implement this holistic approach and take the
benefit of this technology for optimization of
coal and establish the trend of effective
management of Stockyards in India.
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