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Abstract

To improve the coal handling facility at a poweait&in, an online analysis of the coal along wiitackpile management
program is needed to generate optimal blends.r Aftalling the first XRF online coal analyzerif98 at DTE Monroe
power-plant, Indutech® continuously improved théepéed technology. This resulted in the OXEA® OaliXrray Elemental
Analyzer. The newest generation is now installe@@temaugh Generation Station which is operated®§ Energy. This
XRF-analyzer in combination with the PMD Microwawvmisture meter is able to determine Ash, Sulphiit)Bnd Moisture
content as well as ash viscosity and fusion tentpers. The improvements of OXEA allow the powempl@® control and
meet environmental tolerances to a higher precigian had been previously possible. The instaltadiothe analyser along a
bypass belt allows for periodic calibration basadtee results of secondary samples, which are takem automated
sampling system and analysed in the laboratorys $&ini-automatic system allows batch verificatibthe analyzer and
recalibration, if necessary.

The assortment of coal qualities and costs makiesneed fuel management apparent if the economicrappties are to be
realized. The integration of state of the art, catapcapabilities, real-time fuel analysis, fueMi modeling, understanding of
coal combustion characteristics and operationateepce has prompted ECG to develop a fuel managewa; AccuTrack.
With this tool adaptation to the Conemaugh Statioel quality and quantity are tracked through réog, storage, reclaim,
blending (if required) and loading to the boilerojatimize time-dependent dispatch economics, dernapdbility and
reliability. AccuTrack also provides detailed oggeranformation regarding controllable real-timedgprojected
fuel/combustion parameters.
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Introduction values of samples taken from the measured matdredm
] o o at the specified time. Both requirements can be met
In a coal fired power station it has been suffitiem utilizing an automatic sampling system.

measure the relevant parameters of coal, as thetun®i
and ash content along the calorific value, andispldy the
readings in the control room. Today more challeggin

environmental regulations and the need for additiduel ) .
flexibility, requires additional coal parameters this An Online X-ray Elemental Analyzer, which measures
context, accurate online coal analysis becomes more €léments with the atomic number 10 (Na) and abswsed

important. It must measure BTU, Sulphur content and in conjunction with a Precision Microwave Device

The Measuring set-up

moisture as well as ash viscosity and fusion teatpees. (InduTech PMD 2450) for moisture.

Additionally specific key elements become paramdiont The sampling system

power generating stations, including Sodium, Chieyi Conemaugh Generating Station bypasses a portion of
Arsenic, and heavy elements such as Mercury. the main coal flow via a sample system. The starnd

. ) maintenance of the analyzer on the bypass-betfées sasy
Online analyzers generally do not comply with ISO and fast. Should the analyzer be installed on anrhait,

standards. This is mostly due to the slow testirghods. maintenance requires having to shut the belt down t
Online analyz-ers are deSIQJ_ned. to measure mdm_eﬂfﬂlye facilitate analyzer access and potentially riskipant
measured variables are mainly influenced by thentfyeof operations. The optimal XRF analyzer installatioalides
interest (measuring parameter), but in some exigrither a bypass system with associated sample system. The
quantities, which disturb the measurement. Becatiske material is taken from the main belt with the auatim
influence of the disturbing parameters, a prodpeetic sampling system, material is passed through a erustget
calibration and a check of the analyser from timéirhe is a particle size < 3/8”". The crushed material isditioned
necessary. This is accomplished by comparing ttieeon on the measuring belt to deliver the ideal meagurin
analyzer data with accurate data obtained in anotlas. geometry. At the end of the measuring belt is #wordary

Usually the comparison is done with verified laliorg



sampler to cut samples, which are sent to a astifi
laboratory for analysis.

The measuring-belt has two side guides with a hafh
about 8”. The Sensor unit of the OXEA is sittingviieen
these guides. Maintenance is therefore difficutt eequires
the analyzer to be lifted. To make this easiernaumatic
lift is installed. In the lifted position the sec@ door of the
sensor unit can be opened. Fig .1 shows the OXEdyzer
with the pneumatic lift.

Online elemental analysis

The Indutech OXER 3000 Online X-ray Elemental
Analyzer was completely redesigned based on thenpeadt
prototype of the X-ray Coal Analyzer. In 1997, umech
first demonstrated the use energy-dispersive XRI©idine
applications measuring low elements such as sulphhe
prototype was installed at DTE's Monroe PowemPla
1998 and successfully tested.

Fig. 1: OXEA on a bypass with an pneumatic lift.
(Conemaugh installation)
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Fig. 2: Spectrum of table salt measured with OXE®
with an improved sensitivity for the low elements.

» | Cproets

The OXEA line has been continuously improved to

meet to todays specifications, including the excgll
detection limit of the low elements and is protdctey
several patents. A spectrum of table salt obtaimittdl the
newest OXEA 3000 is shown in Fig. 2. to demonstthat

The peak left of Na is the ESC-Peak of chlorine aad
erroneously interpreted as Na in some publicatidrgs
created the rumour that Na can directly be deteciéd a
standard online EDXRF device without these

modifications. However, even with these modificasiat is
difficult to measure Na at lower concentrations emd
online conditions. Mg, Al, Si und S peaks are plengin
the coal spectrum of Fig. 3, obtained with the retvagodel
of the OXEA 3000.
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Fig.3: Coal spectrum obtained with an OXEA 3000
optimized for low elements.
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The OXEA 3000, including the type recognition
software is described in detail (Klein, Ma, Rullagg10).

The elements Mg-Fe are needed to determine the ash
and sulphur content. Together with a moisture nreasent
the calorific value can be determined.

Online Microwave moistur e measur ement

At Conemaugh we have installed the Indutech PMD
2450 moisture meter, which is based on the measuneof
the attenuation and phase-shift of a microwave beam
transmitted through a material layer (Klein, 198This
technique has been proven over the years and tday
widely accepted as the best method to determine the
moisture content of coal. On a main belt, the nte
layers are typically 100 to 200 mm. These matdegér
thicknesses are ideal for the microwave transmissio
method; however, the obtained accuracy is often
diminished due to large particle size.

To insure the highest accuracy, the microwave muaast
meter should be installed on a bypass system. Itere
material can be crushed and the maximum partide isi
small. Also the particle size distribution is ratto®nstant.
Therefore, the installation at a bypass-belt presiddeal
conditions for a microwave moisture measurement..
However, the layer thickness of about 30 mm iseatow
and the long-term stability of the existing moistur
analyzer, based on microwave transmission techpigue
not sufficient to measure such thin layers. Thegitarm
accuracy of any transmission-type microwave modstur
meter is reduced by time and temperature effe@sth
effects are remarkably reduced with Indutech’'s hove

sodium can be measured with the OXEA 3000 analyzer. microwave moisture meter PMD 2500 (patented), wisch



under development. Comparisons of the technical des
given in Table 1. This shows that the accuracyhefRMD
2500 is improved by a factor of 3-4. The improved
temperature and long-term stability of the novetnmivave
moisture meter enables the measurement to be &dlaal
layers with a thickness of about 3 cm. The PMD 2&d0

be available within the third quarter of 2014. TRMD
2500 will be installed in Conemaugh as soon asiplest
replace the PMD 2450.

The continuing performance test is a long-terrh tes
and wil run over a 24 month period.
Approximately once a week, plant personnel will
take a 50 minute secondary sample. During the 24
month period, a rolling 30 sample average will be
maintained. Performance test milestones are after
8, 16 and 24 months. BTU and sulfur must be
maintained within the parameters above in-order to
pass the test. During the continuing performance
test the crusher will be checked monthly, to
guarantee the performance of the sampling system.

PMD 2500| PMD 2450 Improvement
Frequencyrange 1.4-4.4 2.4-4.4 GHz Factor 5
Accuracy Phase| 0.5°/GHz| 2°/GHz Factor 4 Results
Acc. attenuation| 0.1 dB 0.3dB Factor 3
Noise level -120dBm| -90 dBm Factor 1000

Table 1: Specifications of PMD 2500 and PMD 2450

The installation of the PMD 2500 will directly ingpre
the accuracy of the Btu/lb. Furthermore we alsoeek@n
improvement of the Sulfur accuracy, because thestona
content has an influence on the spectra espediilyhe
low elements Al to ClI.

The experience with the Conemaugh
installation.

Over 20 OXEA are installed worldwide. The
Conemaugh installation is the first OXEA instalbatiin
North America. Therefore, the plant was very caigiand
a sophisticated performance test procedure wasetkfi

Performance test procedure

The specifications were limited to the 2 most intaot
parameters:
Sulfur: 0.2% over the range 1.7 % to 3.2 %
Btu/lb: 180 over the range 11,000 to 13,000 Btu/lb

The installation was accompanied with intensivestes
and milestones:
The setup was erected off-site and inspected.
Analyzed samples were delivered and a first
calibration was completed. Blind samples were
measured to check, if the analyzer meets the
arranged accuracy. When the first test was
successful we could begin installation and
commissioning of the analyzer at the bypass-belt.
Initial analyzer acceptance test: 30 samples were
taken with the secondary sampler with an interval
of 1 minute over a period of 50 minutes, (i.e. for
each sample 50 cuts with the secondary sampler)
were taken. The samples were collected as fast as a
full range of coal quality could be presented te th
analyzer. The collected samples were sent to a
certified lab for analysis. Once this test was
successfully passed, the second online test
(continuing performance) period started.

The analyzer was installed in August / Septembéi320
We have successfully passed the initial performatese
and the 8 month milestone. The 16 month and 24 mont
milestones will be in early 2015 and late autum2@f5.

Semi-automatic bypass installation

The Conemaugh bypass installation allows for semi-
automatic control of the analyzer. Semiautomaticamse
that the samples are mechanically taken with teerstary
sampler, but the container to collect the sampletnie
changed manually and the sampler must manuallyestar
and the samples must be brought in the laboratory f
standard analysis. Such a system is self-sufficiget we
don’t need additional information about the proreste
advantage of such a self-sufficient analyzer systethat it
can be installed everywhere, power stations, petjoer
plants, mines, steel and coking plants etc.

Continuous verification using process data

In the special case of a power station, ECG inttedua
method to check the analyzer in real time by bodda
database collecting all available coal transfer prucess
data. For this comparison the delay between therdift
measuring points must be taken in account whicliires
the modelling of delay times between conveyors #rel
material flow in a silo or bunker. In this contexhe
analyzer readings can be compared with the reestitbe
plants heat balance and CEMS (Heat Input and SO®jei
flue gas entering the FGD equipment. Finally theEBX
will be trim calibrated between regular semi-auttma
calibration intervals (typically 6 months to oneaye This
is a precondition to control the process to meetr-ev
changing fuel strategies which include more flditipito
burn a wider variety of coals while mitigating thepacts
of the mineral matter. Figure 4 below shows anndeg/
of the Conemaugh yard.



cenemaugh Euel e The results closely match the DEM results but

Tracking Overview

require only a fraction of the run time,

e It does not produce the excessive particle mixing
as in the void model and

e The model produces highly accurate results
verified by field tests.
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The data summary above includes both graphical and
tabular displays providing a real-time status @& turrent
Plant fueling status.
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Coal Flow Modeling Figure 5. To the left, the loading of the bunketire T=0
hrs. The graph on the right illustrates the prdpasl

Coal flow modeling is by far the greatest challemyehe contribution of the two different fuels at the benloutlet.
verification method. There are several differeradels The following sequence “A” is based on the FIFO &sid
available for predicting coal flow in a bunker. Thaur sequence is the AccuTrack stochastic model.
main types considered for implementation in Accwekra
software were: Plug flow, Discrete Element Modeling
(DEM), Void Model and the Stochastic Model.
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The plug flow model is the simplest case and uées t
classic FIFO — first in, first out —a flow withomtixing and
the standard for accounting convenience. The plagy f
model might be justified under some conditions; mvilee
fuel loaded to the bunker is uniform , the bunkapacity is
small or the height-to-planer area is high (as iralh
slender silo). Hous o Surker Flow

B0

Percantags aut of Total Flow
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The DEM method is the most accurate method of modeling
granular flow. A DEM model will generally consistf o
volume of spheres subject to the following fordeistion,
collision, cohesion, damping and gravity. Howevére
DEM modeling is complex and processor intensiveingle
computation might take several hours or days.

Parcentags out of Total Flow
-
8

The void model is based on void creation as theertis : 1500880080
discharged from the bottom of the bin or bunkeribdbes : e
not consider the interactive physical forces betwéee Figure 6-A, B. On the left, FIFO flow with distribian and
particles. Although fast enough for real-time siatign of constltue_nts at th_e ou_tlet_ at '_I':2.5 hrs. On_ thietrigccuTrack
granular flow, the model does not accurately captine stochastic flow with distribution and constitueatghe outlet at

flow pattern with excessive mixing that increasé$ wime. T=2.5 hrs

B & 8

Stochastic model is an event-driven, probabilitgdth
model that closely captures the flow pattern withbeing
computation intensive. The  AccuTrack software
implements a simplified version of the stochastadel and
has been validated in both scale model and fiedts t& he
AccuTrack model very closely predicts the flow pats in

a bunker, is stable over time and has the following
attributes:
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Figure 7-A, B. . On the left, FIFO flow with cortsi&nt
contribution at the bunker outlet at T=7.5 hrs.t@aright,
AccuTrack stochastic flow with distribution and
constituents at the outlet at T=7.5 hrs
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Figure 8. lllustration showing field test validatiand
results of bunker fuel flow model.

g
AR BB HERERERS o
EURSEERRRAS IR G

Validation of Bunker Modeling

Development of a bunker flow model from the multi-
dimensional scale model apparatus must be calibrsith
real-world data. The illustration of figure 12 stothe
validation test setup and results using RFID trangpr
chips in a field test of the model. The RFID chiyere
placed in the bunker at a specific time, at praddteed
locations and atop the coal with known elevatioms a
surface profile (inventory). These consumable REhips
were of such size and character as to be identitiala
comparable coal particle at the same location atid w
every expectation that they would follow a simflamw
path.

The individually identified RFID chips were recotdwith
a time stamp as they passed through the belt of the
respective feeders. Of the chips projected to emithin
eight hours, over 95% were recorded by the feeder
scanners, a recording rate that was thought tebegood.
Those chips whose projection of arrival over eigytirs
might have been in “dead zones” in close proxinotyhe
bunker walls.

The test results of figure 12 comparing the expkateival
with the actual time stamp and are shown in bdiblea
and graphical format. The calculated chip arriss
calculated by the AccuTrack program take into aotthe
subsequent fuel loading and the flow rate to tleelées.
The very close agreement of the site specific cderpu
output with the actual time stamp can be notedthed
small differences might be attributed to the randess of
the particle flow path within the bunker.

Bunker Model Upgrade

The Stochastic model is planned to be replacedrsmna
and improved model based on continuum

mechanics. This new model addresses the drawbétie o
stochastic model, namely the free surface behavior,
complex geometries and more accurate flow pattern
allowing accurate prediction of mixing of differeypes of
coal. Additionally the model will not require RFIBsting
to be performed since it encompasses the physical
properties of the material. This work is being pled out in
collaboration with the MIT group of Prof. Ken Kamuri

e v

Figure 9. Typical flow pattern inside a silo. (Salaai and
Kudrolli 2002)
Ref: http://physics.clarku.edu/~akudrolli/silo.html




Silo flow:

Figure 10. Finite element based continuum flow nhode
(Ref: A nonlocal dense granular flow model impleteen
in the material point method-Sachith Dunatunga, NE3iSs,
MIT)

Practical Usein the Plant

The AccuTrack screen below is typically used by an
operations supervisor and fuel yard manager fdeveof
coal inventory in the bunkers by lab spec, here BTU
Seres e e ~ |Unit #1 Bunker 1B =

T ——
Fuel Type % Mixing
ash |10.21] %

Center Pie | 48.68 | —reiirang | ziea | degr |
Truck Pile | 0.00 BTU 12,612] Btu/lb
KeyStone Ptle! 51.32 Foulingindex | 0.86 | (None)
Mercury

Bunker Flow Mt

Healh 7

 0.22 | ppm |

Moisture 6.69 | %

= s OLAHIth | 45.25 | (None) |
it @ | RECISIM via SR#1| 51.32 | ~gpacitylndex | 6.04 | (None)
™ Rail via SR#2 0.00 | Scrubberslinding| N/A | (None)
» EcubberBimeng) 'Hys: ] (Rore) |
e 2k o Truck via SR#2 | 0.00 | Sleggingindex | 1.81 | (None)

e —— s02 3.19 |Ib/MBTU|
Reclaim via SR#2| 48.68 Sulfur | 1.60 |Ib/MBTU|
© Rail via SR#1 0.00 VolMatter | 32.87 | (None) |

Truck via SR#1 | 0.00

Grid Location: (£5,27) =
Time To Exit (Hrs): 3.25 x|
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Figure 11 Bunker Overview by Propert

Figure 12 is a customized screen for a particulantp
and with its blended fuel options. The screen ptesithe

boiler operator with an advisory display of bothstirng

and projected coal parameters and an index guide te
coal's probable consequence to boiler operationse T
matrix display of numerical values shows coal patms
for the present as well as those projected for hehdur, 2-
hour and 4-hour intervals that allows the operator
anticipate conditions and take appropriate actisrméght
be required.

o 2 = N =
Unit 1 Operator Advisory Screen 834 GMW

4—— Firing Timeline ——p Truck
o %

o soJo 0o /o 0 /9

Fuel (%Hi Vol/ %Lo Vol) [0 /o

£ Moist (%) EHE<60 <o.0 Bl
K Ash (%) EH =5 <17 Bl

EBTU M <11c €120 BB Future

Loading Now

L Slagging Index B3 <1

EX Fouling Index

L2 Opacity Index
E=OLAHealth % B8 <70 &85

Aassd 4o AN Legend
i ; O72LEIw O oo VO [ ociion Tee | ..
Mills In Service ore

Figure 12 Operator Advisory Screen (Ref: Tillman)

Within the AccuTrack program, the calculation emgin
compares the numerical values of the present épregl
fuel with preprogrammed indices or standards &nd, i
triggered, will illuminate the screen with the appriate
warning. The yellow being CAUTION — degrading
conditions could occur — or RED to indicate thaigher
potential or likely prospect for degrading condiso These
warnings can apply to physical limitations of thetalled
equipment or to regulatory restraints such as éoniss
Precautionary measures taken by the boiler openaityit
be to reduce the load or to activate sootbloweisaie air
heater cleaning or to make pulverizer adjustments.

In summary, the Figure 12 information displays levthe

boiler operator with;

O Real-time and projected data from PI-ProcessBook,

Q Table of forecasted data provides operator adwaise f
changes in coal through

. Adjust excess air,

. Bias mills to present fuel or desired
firing configuration,

. Adjust load and/or Modify soot

blowing schedule.
O Color-coded variables provide visual prompts to the
operator with alarming codes

. Green: “Okay”

. Yellow: Low Alarm or CAUTION —
POSSIBLE DERATE

. Red: High Alarm or

PROBABLE DERATE

The AccuTrack information available through thelcoa
analysis and fuel tracking provides valuable data f
operator advice of combustion related consequescesl|
as major components of real-time cost of generatidmse



relevant properties are tracked from the scales, co
analyzer and/or other resources, through the buarke:to
the combustion process. The following list provitlesse
items with significance to operator consideratiand/or
accounting and can be adjusted according to themes
wishes:

* BTU (Btu/lb) -

of fuel quality

* Cost ($/MMBtu) -
of fuel value

Basic measure

Basic measure

* SG; (Ib/MMBLtu) - Regulatory
emission concern
* Ash Loading (Ib/ MMBtu) - Slagging

potential, opacity/emissions concern
 Base-to-Acid ratio - Slagging
potential, opacity/emissions concern
 Moisture (%) - Possible
pulverizer limitation, heat rate effects

e Iron (%) - Slagging
influence, ash properties

« Calcium (%) - Slagging
influence, ash properties

* Si+Al (%) - Slagging
influence, ash properties

« Alkalinity - Slagging
influence, ash properties

« Volatility - Flame stability,
FEGT effects

* OLA Health -

Additional properties can be derived or enterethight be
applicable to a specific plant requirement.

Conclusion

Fuel analyzers have come of age and can provideaes
real-time fuel constituent data. In the AccuTragktem, a
coal analyzer and an understanding of the coalitgual
variables with the benefits / consequences all@w th
projection of factors effecting optimal boiler optons.
Meaningful presentation of this combustion inforimat
makes the data actionable. The information is aaldé
asset to the boiler operator and can assure waoritigp
degrading conditions and allow proactive measuwes t
assure the optimum tuning of combustion variabbegte
unit output and emissions compliance. To achiege th
objective, tracking of the coal is essential. Attgically
located, calibrated coal analyzer and AccuTrack
computations are sufficient to project the optic@dl
blend delivered to the bunker.
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