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use would not infringe privately owned rights. Reference herein to any specific commercial
product, process, or service by trade name, trademark, manufacturer or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the United
States Government or any agency thereof. The views and opinions of authors expressed
herein do not necessarily state or reflect those of the United States Government or any
agency thereof.
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ABSTRACT

This report discusses test campaign TC06 of the Kellogg Brown & Root, Inc. (KBR)
Transport Reactor train with a Siemens Westinghouse Power Corporation (Siemens
Westinghouse) particle filter system at the Power Systems Development Facility (PSDF)
located in Wilsonville, Alabama. The Transport Reactor is an advanced circulating fluidized-
bed reactor designed to operate as either a combustor or a gasifier using a particulate control
device (PCD). The Transport Reactor was operated as a pressurized gasifier during TC06.

Test run TCOG6 was started on July 4, 2001, and completed on September 24, 2001, with an
interruption in service between July 25, 2001, and August 19, 2001, due to a filter element
failure in the PCD caused by abnormal operating conditions while tuning the main air
compressor. The reactor temperature was varied between 1,725 and 1,825°F at pressures
from 190 to 230 psig. In TC06, 1,214 hours of solid circulation and 1,025 hours of coal feed
were attained with 797 hours of coal feed after the filter element failure. Both reactor and
PCD operations were stable during the test run with a stable baseline pressure drop. Due to
its length and stability, the TCOG6 test run provided valuable data necessary to analyze long-
term reactor operations and to identify necessary modifications to improve equipment and
process performance as well as progressing the goal of many thousands of hours of filter
element exposure.
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1.0 EXECUTIVE SUMMARY

1.1 SUMMARY

This report discusses test campaign TC06 of the Kellogg Brown & Root, Inc. (KBR) Transport
Reactor train with a Siemens Westinghouse Power Corporation (Siemens Westinghouse) particle
filter system at the Power Systems Development Facility (PSDF) located in Wilsonville,
Alabama. The Transport Reactor is an advanced circulating fluidized-bed reactor designed to
operate as either a combustor or a gasifier using a particulate control device (PCD). The
Transport Reactor was operated as a pressurized gasifier during TC06.

TCO6 was planned as a 1,000-hour test run to perform long-term tests of the Transport Reactor
using a blend of several Powder River Basin (PRB) coals and Bucyrus limestone from Ohio.
The primary test objectives were as follows:

*  Evaluate reactor loop and PCD operations for commercial performance by conducting
long-term tests at near-constant coal-feed rate, air/coal ratio, riser velocity, solids-
circulation rate, system pressure, and air distribution.

* Continue the evaluation of effects of the reactor modifications on PCD operations,
especially regarding controlling PCD pressure drop through maintaining stable baseline
and peak pressure drop.

e Test the effects of varying back-pulse parameters upon the particle filter system.
¢ Continue to test the use of metallic filter elements in the PCD.
Secondary objectives included the continuation of the following reactor characterizations:

* Reactor Operations — Study the devolatilization and tar cracking effects from transient
conditions during the transition from start-up burner to coal. Evaluate the effect of
process operations on heat release, heat transfer, and accelerated fuel particle heatup
rates. Study the effect of changes in reactor conditions on transient temperature
profiles, pressure balance, and product gas composition. Observe performance of new
reactor temperature and coal-feed rate controllers.

» Effects of Reactor Conditions on Synthesis Gas Composition — Evaluate the effect of
air distribution, steam/coal ratio, solids-circulation rate, and reactor temperature on
CO/CO, ratio, synthesis gas Lower Heating Valve (LHV), carbon conversion, and
cold and hot gas efficiencies.

* Recycle Gas Compressor Commissioning in Gasification Mode — Run the recycle gas
compressor in bypass mode and evaluate the performance of the new moisture
removal systems.
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*  Loop Seal Operations — Optimize loop seal operations and investigate increases to
previously achieved maximum solids-circulation rate.

Test run TCOG6 was started on July 4, 2001, and completed on September 24, 2001, with an
interruption in service between July 25, 2001, and August 19, 2001, due to a filter element failure
in the PCD caused by abnormal operating conditions while tuning the main air compressor.

The reactor temperature was varied between 1,725 and 1,825°F at pressures from 190 to 230
psig. In TCO06, 1,214 hours of solid circulation and 1,025 hours of coal feed were attained with
797 hours of coal feed after the filter element failure. Both reactor and PCD operations were
stable during the test run with a stable baseline pressure drop. Due to its length and stability, the
TCO6 test run provided valuable data necessary to analyze long-term reactor operations and to
identify necessary modifications to improve equipment and process performance as well as
progressing the goal of many thousands of hours of filter element exposure.
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1.2 PSDF ACCOMPLISHMENTS

The PSDF has achieved over 4,985 hours of operation on coal feed and about 6,470 hours of
solids circulation in combustion mode, and 2,505 hours of solid circulation and 1,902 hours of
coal feed in gasification mode of operation. The major accomplishments in GCT1 through
TCO6 are summarized below. For combustion-related accomplishments see the technical
progress report for the TCO5 test campaign.

1.2.1  Transport Reactor Train

The major accomplishments and observations in GCT1 through TCO6 include:
Commercial:

*  With subbituminous coal, more than 95-percent catbon conversion and 110 Btu/scf
nitrogen-corrected syngas heating value can be attained. The nitrogen-corrected
syngas characteristics were sufficient to support existing pressurized syngas burners.

» Transport Reactor-generated syngas can be combusted without propane enrichment.
The thermal oxidizer (atmospheric syngas burner) operated well using syngas with
different heating values and was run for short periods of time without propane
addition while maintaining an exit temperature near 2,000°F.

* The corrected cold gas efficiency (syngas latent heat to coal latent heat) and hot gas
efficiency (syngas latent + sensible heat to coal latent heat) ranged from 65 to 75
percent and from 90 to 95 percent, respectively. These efficiencies can be obtained
with subbituminous coals at coal-feed rates in terms of riser energy flux exceeding
100 MBtu/hr/ft’.

Process:

* In GCT1, the reactor was operated using two bituminous coals and a PRB coal with
different sorbents. Gasifier operations were stable, but carbon conversions were low
due to disengager and cyclone inefficiencies.

*  During GCT2, the longest continuous run of 184 hours at this point in gasification
mode of operation was achieved with PRB coal. Reactor operations were smooth
without any incident of oxygen breakthrough, temperature excursions, deposits,
clinkers, or any other operational problem. The reactor loop was run consistently at
about 50 percent of the design circulation rate. For the most part, the cyclone dipleg
operated well with high solids flow due to the inefficiency of the disengager.
However, there were brief cyclone dipleg upsets.

* In GCTS3; stable gasification reactor operation was achieved at a range of coal-feed
rates and solids-circulation rates, with reactor pressures ranging as high as 240 psig on
PRB coal. The modification of the Y-type cyclone dipleg to a loop seal performed

1.2-1



EXECUTIVE SUMMARY POWER SYSTEMS DEVELOPMENT FACILITY
PSDF ACCOMPLISHMENTS TEST CAMPAIGN TCO6

well, needing little attention and promoted much higher solids-circulation rates and
higher coal-feed rates that resulted in lower relative solids loading to the PCD and
higher gasification ash (g-ash, formerly referred to as char) retention in the reactor.
The level in the disengager standpipe reached its highest levels, attaining heights
beyond expectations without difficulties. The coal-feed rate in this run was the highest
to date, with much higher carbon conversions achieved. The high coal-feed rate
produced the highest syngas heating value to date. Tar generation was also lower, and
could be completely eliminated by varying reactor-operating parameters. It was also
demonstrated that coal feed can safely be restarted after more than 30 minutes of
down time without lighting the reactor start-up burner.

In GCTH4, stable gasification reactor operation was achieved at a range of coal-feed
rates, solids-circulation rates, and reactor pressures ranging as high as 240 psig on PRB
coal. The coal-feed rate was increased further exceeding 5,500 pph. The reactor
experienced some of the highest circulation rates (more than double the design rate)
and riser densities ever observed in the Transport Reactor. These characteristics
improved the temperature distribution in both the mixing zone and the riser and likely
resulted in higher coal particle heat-up rates. Lower coal-feed rates of about 2,500 pph
were also tested because of grinding problems in the coal mill. Carbon conversions as
high as 98 percent were achieved.

TCO6 consisted of very long, steady-state periods with few changes in operating
parameters. The long steady periods provided data for reactor and PCD performance
evaluation and general steady-state system parameter calculations.

During TCO06, a new coal grinding and feeding procedure was successfully
implemented to prevent particle segregation and improve coal feeder performance.
The new technique allowed the coal feeder to run continuously without any problems
for over 278 hours, which was now the longest continuous run in gasification mode of
operation.

Using coke breeze as a start-up fuel to increase reactor temperatures to 1,600°F before
starting coal feed drastically improved the performance of the gas analyzers and
prevented tar from accumulating in the sample lines. Coke breeze was also used as an
alternate fuel feed during coal feeder trips, decreasing outage time to address coal
teeder problems.

Steam injection during TCO6 was much lower than in previous test runs, often less
than 300 pph. Although the steam-feed rate was much lower, the overall syngas
quality remained high. Lowering the moisture content in the syngas by reducing steam
flow improved sulfur capture by the sorbent.

The ammonia (NH;) and hydrogen cyanide (HCN) concentrations in the syngas were
measured for the first time. The NHj; varied from 1,400 to 1,800 ppm and the HCN
varied between 40 and 80 ppm depending on the reactor operating conditions. Fuel

1.2-2
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nitrogen conversion to NH; and HCN varied between 55 to 65 percent and 1 to
3 percent, respectively.

* The gas analyzers were online for the majority of TCO6, providing the best gas
composition data from the Transport Reactor to date.

* Limestone calcination of 60 to 90 percent was achieved in the Transport Gasifier.

* The overall mass and energy balance was excellent with only *5-percent error. The
hydrogen and oxygen element balances illustrated marginal results with £20-percent
error. The hydrogen and oxygen balances were off due to a steam leak in the primary
gas cooler. The calcium balance yielded marginal results with 25 percent, and the
silica balance error was very poor at =100 percent.

*  With PRB coal, the corrected fuel gas heating values ranged from 105 to 125 Btu/scf
depending on the coal-feed rate. The ait-to-coal ratio was between 3.2 and 3.6 Ib/Ib
coal. In the test range, the solids-circulation rates, gas and solids residence times, and
reactor temperatures do not show much effect on the fuel gas heating values. The
devolatilization products evolution on unit coal feed basis was invariant to increases in
PRB coal-feed rate. The observed increase in syngas heating value at high coal-feed
rates is mainly due to the reduced effect of added nitrogen (dilution and relatively less
energy consumption for heatup).

» Steam plays a major role in the performance of the Transport Gasifier. When the ratio
of total steam (steam fed and coal moisture) to feed PRB carbon varied from 0.42 to
0.54, the gas H, to feed carbon ratio varied from 0.25 to 0.3. Based on gas analysis,
test data show that for each mole of carbon converted about 0.35 moles of steam
react. Calculations indicate that about 75 percent (50- to 90- percent range) of the H,
in the gas originates from gasification reactions and 25 percent from devolatilization
reactions. High steam-feed rates enhance H, production and reduce CO concentration
in the gas phase.

* The mean particle size, in terms of mean mass diameter (mmd), of the PCD fines
varied from 15 to 20 pm and the carbon content varied from 10 to 50 percent. The
average higher heating value of PCD fines was about 4,200 Btu/Ib at about 30-percent

carbon content.

* The long test run enabled the displacement of initial start-up bed material with
process-derived solids from coal minerals and sorbent. Reactor solids composition
reached a steady-state condition in about 500 hours. No significant change in reactor
performance was observed after reaching the steady-state.

1.2-3
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The particle-size distributions, in terms of mean mass diameter (mmd), were as
follows: standpipe solids — 140 to 180 Um, sand — 122 Pm, sorbent — 5 to 20 pPm, coal
— 200 to 350 um. The standpipe solids were composed mainly of coal minerals.

Equipment:

1.2.2

The recycle gas compressor was operated for about 20 hours using syngas with the
discharge sent to the atmospheric syngas burner. The recycle gas moisture removal
system needs additional modifications to improve its performance.

The automatic reactor temperature control performed remarkably well, controlling air
to maintain a steady reactor temperature at varied coal-feed rates.

At the end of the test run the primary gas cooler experienced a tube failure, causing
water to enter the refractory-lined pipe downstream between the cooler and the filter
vessel.

The HTF system modifications and new reactor shut-down procedure successfull

¥y p y
prevented heat transfer fluid from leaking from the standpipe screw cooler into the
reactof.

The PCD and its solids removal system operated well without any major problems.
The pressure drop was stable with a mild increase throughout the entire run. The peak
pressure drop was well controlled with a 5- to 20-minute back-pulse timer. Due to the
coke breeze feeding during on-coal transition, tar formation was significantly reduced,
and therefore the PCD operation was much smoother, especially during the start-up
phase. The inlet particulate loading averaged at about 15,000 ppmw. The outlet
particulate loading was less than the detectable level of the sampling system

(<0.1 ppmw) for the entire run. However, g-ash bridging was found after the
shutdown.

The gasifier g-ash removal system (FD0510) operated well without any line plugging
during gasification.

The gas coolers upstream and downstream of the PCD operated well without fouling.

Since the high carbon conversion in the Transport Gasifier significantly reduced the
amount of remaining g-ash the sulfator did not receive enough g-ash to maintain a
high temperature. Thus, the sulfator required additional heating from its start-up
burner and fuel oil injection system. Overall, the sulfator performed well.

Particulate Control Device

The highlights of PCD operation for TC06 include:

1.24



POWER SYSTEMS DEVELOPMENT FACILITY EXECUTIVE SUMMARY
TEST CAMPAIGN TCO6 PSDF ACCOMPLISHMENTS

*  During TC006, a 1,025-hour run, a relatively stable baseline pressure drop was
maintained in the PCD. The baseline pressure drop ranged from about 80 to 120 in
H,0O, a much smaller range than that seen in GCT3 or GCT4. An increase in the
baseline pressure drop near the end of TCO06 was largely attributable to g-ash bridging.
Stable PCD inlet temperature and solids loading were maintained.

* Throughout the run SRI samples indicated that the measured PCD outlet solids
loading was consistently below the minimum requirements for gas turbine operation,
with the exception of one sample taken after a filter failure. There was no indication
of leakage through PCD seals.

»  SRI also successfully took samples at the PCD inlet, and these samples affirmed the

relatively low solids loading resulting from the loop seal modifications completed after
GCT2.

* The one filter element failure that occurred was caused by a thermal transient resulting
from operating conditions that were well beyond normal, and the consequent leakage
precipitated the first major system shutdown. The failure and leakage emphasized the
need of a reliable failsafe. Several other less extreme thermal transients occurred
during the run, and it was found that back-pulsing during a rapid temperature increase
is very effective in stopping the temperature rise.

* Asin GCT4, all metal filter elements, both new and previously exposed, were tested
during the run and many of these filter elements have accumulated 1,450 hours of on-
coal exposure. These filter elements will continue to be tested to assess material
properties.

» After the first major shutdown in July there was no g-ash bridging found. However,
operational data indicates that g-ash bridging may have been present but combusted
during an extended thermal transient. After the final shutdown in September g-ash
bridging was found. Addressing the issue of g-ash bridging will continue to be a major
focus of PCD operations.

* Four iron aluminide filter elements and one Hastelloy X element were removed after
TCO6 for property testing, and the results will be presented in a subsequent run report.
Property test results for elements removed after GCT3 and GCT4 are presented in this
report.

1.2-5
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1.3 FUTURE PLANS

During the outage following TCO0, the Transport Reactor will be modified by adding a lower
mixing zone (LMZ) to enable operations as an oxygen-blown gasifier. A 500-hour air blown test
campaign (T'CO07) will begin in December 2001 to commission the LMZ and test a bituminous
coal. A 250-hour test campaign (T'CO8) to commission the Transport Gasifier in oxygen-blown
mode operation is scheduled for June 2002. A 250-hour test campaign (TC09) with bituminous
coal in air-blown mode is scheduled for September 2002. Another oxygen-blown mode
operation is scheduled for late 2002.

1.3-1
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2.0 INTRODUCTION

This report provides an account of test campaign TCO6 with the Kellogg Brown & Root, Inc.
(KBR) Transport Reactor and the Siemens Westinghouse Power Corporation (Siemens
Westinghouse) filter vessel at the Power Systems Development Facility (PSDF) located in
Wilsonville, Alabama, 40 miles southeast of Birmingham. The PSDF is sponsored by the U. S.
Department of Energy (DOE) and is an engineering-scale demonstration of advanced coal-fired
power systems. In addition to DOE, Southern Company Services, Inc., (SCS), Electric Power
Research Institute (EPRI), and Peabody Energy are cofunders. Other cofunding participants
supplying services or equipment currently include KBR and Siemens Westinghouse. SCS is
responsible for constructing, commissioning, and operating the PSDF.

2.1 THE POWER SYSTEMS DEVELOPMENT FACILITY

SCS entered into an agreement with DOE/National Energy Technology Laboratory (NETL) for
the design, construction, and operation of a hot-gas, clean-up test facility for pressurized
gasification and combustion. The purpose of the PSDF is to provide a flexible test facility that
can be used to develop advanced power system components and assess the integration and
control issues of these advanced power systems. The facility was designed as a resource for
rigorous, long-term testing and performance assessment of hot stream clean-up devices and
other components in an integrated environment.

The PSDF now consists of the following modules for systems and component testing:
* A Transport Reactor module.
* A hot-gas, clean-up module.

* A compressor/turbine module.

The Transport Reactor module includes KBR Transport Reactor technology for pressurized
combustion and gasification to provide either an oxidizing or reducing gas for parametric testing
of hot particulate control devices. The filter system tested to date at the PSDF is the particulate
control device (PCD) supplied by Siemens Westinghouse.
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2.2 TRANSPORT REACTOR SYSTEM DESCRIPTION

The Transport Reactor is an advanced circulating fluidized-bed reactor operating as either a
combustor or as a gasifier, using a hot-gas, clean-up filter technology (particulate control devices
or PCDs) at a component size readily scaleable to commercial systems. The Transport Reactor
train operating in gasification modes is shown schematically in Figure 2.2-1. A taglist of all
major equipment in the process train and associated balance-of-plant is provided in Tables 2.2-1
and -2.

The Transport Reactor consists of a mixing zone, a riser, a disengager, a cyclone, a standpipe, a
loopseal, a solids cooler, and J-legs. The fuel, sorbent, and air are mixed together in the mixing
zone along with the solids from the standpipe and solids cooler J-legs. The mixing zone, located
below the riser, has a slightly larger diameter compared to the riser. Provision is made to inject
air at several different points along the riser to control the formation of NOy during combustion
mode of operation. The gas and solids move up the riser together, make two turns and enter the
disengager. The disengager removes larger particles by gravity separation. The gas and
remaining solids then move to the cyclone, which removes most of the particles not collected by
the disengager. The gas then exits the Transport Reactor and goes to the primary gas cooler and
the PCD for final particulate clean-up. The solids collected by the disengager and cyclone are
recycled back to the reactor mixing zone through the standpipe and a J-leg. In the combustion
mode of operation, the solids cooler (not shown) controls the reactor temperature by generating
steam and provides solids surge volume. A part of the solids stream from the standpipe flows
through the solids cooler. The solids from the solids cooler then return to the bottom of the
reactor mixing zone through another J-leg. The solids cooler is not used in gasification. The
nominal Transport Reactor operating temperatures are 1,800 and 1,600°F for gasification and
combustion modes, respectively. The reactor system is designed to have a maximum operation
pressure of 294 psig with a thermal capacity of about 21 MBtu/hr for combustion mode and

41 MBtu/hr for gasification mode.

For start-up purposes, a burner (BR0201) is provided at the reactor mixing zone. Liquefied
propane gas (LPG) is used as start-up fuel. The fuel and sorbent are separately fed into the
Transport Reactor through lockhoppers. Coal is ground to a nominal average particle diameter
between 250 and 400 um. Sorbent is ground to a nominal average particle diameter of 10 to

30 um. Limestone or dolomitic sorbents are fed into the reactor for sulfur capture. The gas
leaves the Transport Reactor cyclone and goes to the primary gas cooler which cools the gas
prior to entering the Siemens Westinghouse PCD barrier filter. The PCD uses ceramic or metal
elements to filter out dust from the reactor. The filters remove almost all the dust from the gas
stream to prevent erosion of a downstream gas turbine in a commercial plant. The operating
temperature of the PCD is controlled both by the reactor temperature and by an upstream gas
cooler. For test purposes, 0 to 100 percent of the gas from the Transport Reactor can flow
through the gas cooler. The PCD gas temperature can range from 700 to 1,600°F. The filter
elements are back-pulsed by high-pressure nitrogen or air in a desired time interval or at a given
maximum pressure difference across the elements. There is a secondary gas cooler after the
filter vessel to cool the gas before discharging to the stack or thermal oxidizer (atmospheric
syngas combustor). In a commercial process the gas from the PCD would be sent to a gas
turbine in a combined cycle package. The flue gas or fuel gas is sampled for on-line analysis
after traveling through the secondary gas cooler.

2.2-1
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After exiting the secondary gas cooler the gas is then let down to about 2 psig through a pressure
control valve. In gasification the fuel gas is then sent to the thermal oxidizer to burn the gas and
oxidize all reduced sulfur compounds (H,S, COS, CS,) and reduced nitrogen compounds

(NH,, HCN). The thermal oxidizer uses propane as a supplemental fuel. In combustion, the
thermal oxidizer can be bypassed and fired on propane to make start-up steam. The gas from
the thermal oxidizer goes to the baghouse and then to the stack.

The Transport Reactor produces both fine ash collected by the PCD and coarse ash extracted
from the Transport Reactor standpipe. The two solid streams are cooled using screw coolers,
reduced in pressure in lock hoppers, and then combined together. The combustion solids are
suitable for commercial use or landfill as produced. In gasification, any fuel sulfur captured by
sorbent should be present as calcium sulfide (CaS). The gasification solids are processed in the
sulfator to oxidize the CaS to calcium sulfate (CaSO,) and burn any residual carbon on the ash.
The waste solids are then suitable for commercial use or disposal. Neither the sulfator nor the
thermal oxidizer would be part of a commercial process. In a commercial process, the
gasification solids could be burned in an atmospheric or pressurized fluidized bed combustor to
recover the solids heat value.
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TEST CAMPAIGN TC06 TRANSPORT REACTOR SYSTEM DESCRIPTION
Table 2.2-1
Major Equipment in the Transport Reactor Train
TAG NAME DESCRIPTION

BR0201 Reactor Start-Up Burner

BR0401 Thermal Oxidizer

BR0602 Sulfator Start-Up/PCD Preheat Burner

C00201 Main Air Compressor

C00401 Recycle Gas Booster Compressor

C00601 Sulfator Air Compressor

CY0201 Primary Cyclone in the Reactor Loop

CY0207 Disengager in the Reactor Loop

CY0601 Sulfator Cyclone

DR0402 Steam Drum

DY0201 Feeder System Air Dryer

FD0206 Spent Solids Screw Cooler

FD0210 Coal Feeder System

FD0220 Sorbent Feeder System

FD0502 Fines Screw Cooler

FDO510 Spent Solids Transporter System

FD0520 Fines Transporter System

FD0530 Spent Solids Feeder System

FD0602 Sulfator Solids Screw Cooler

FDO610 Sulfator Sorbent Feeder System

FLO301 PCD — Siemens Westinghouse

FLO302 PCD — Combustion Power

FLO401 Compressor Intake Filter

HX0202 Primary Gas Cooler

HX0203 Combustor Heat Exchanger

HX0204 Transport Air Cooler

HX0402 Secondary Gas Cooler

HX0405 Compressor Feed Cooler

HX0601 Sulfator Heat Recovery Exchanger

MEO0540 Heat Transfer Fluid System

RX0201 Transport Reactor

S10602 Spent Solids Silo

SU0601 Sulfator
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Table 2.2-2 (Page 1 of 3)

Major Equipment in the Balance-of-Plant

TAG NAME DESCRIPTION
B02920 Aucxiliary Boiler
B02921 Aucxiliary Boiler — Superheater
CL2100 Cooling Tower
C02201A-D Service Air Compressor A-D
C02202 Air-Cooled Service Air Compressor
C02203 High-Pressure Air Compressor
C02601A-C Reciprocating N9 Compressor A-C
CRO104 Coal and Sorbent Crusher
Cvo100 Crushed Feed Conveyor
Cvo101 Crushed Material Conveyor
DP2301 Baghouse Bypass Damper
DP2303 Inlet Damper on Dilution Air Blower
DP2304 Qutlet Damper on Dilution Air Blower
DY2201A-D Service Air Dryer A-D
DY2202 Air-Cooled Service Air Compressor Air Dryer
DY2203 High-Pressure Air Compressor Air Dryer
FDO104 MWK Coal Transport System
FDO111 MWK Coal Mill Feeder
FDO113 Sorbent Mill Feeder
FDO140 Coke Breeze and Bed Material Transport System
FDO154 MWK Limestone Transport System
FD0810 Ash Unloading System
FD0820 Baghouse Ash Transport System
FLO700 Baghouse
FNO700 Dilution Air Blower
H00100 Reclaim Hopper
H00105 Crushed Material Surge Hopper
H00252 Coal Surge Hopper
H00253 Sorbent Surge Hopper
HT2101 MWK Equipment Cooling Water Head Tank
HT2103 SCS Equipment Cooling Water Head Tank
HT0399 60-Ton Bridge Crane
HX2002 MWK Steam Condenser
HX2003 MWK Feed Water Heater
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Table 2.2-2 (Page 2 of 3)
Major Equipment in the Balance-of-Plant
TAG NAME DESCRIPTION
HX2004 MWK Subcooler
HX2103A SCS Cooling Water Heat Exchanger
HX2103C MWK Cooling Water Heat Exchanger
LF0300 Propane Vaporizer
MC3001-3017 MCCs for Various Equipment
MEQ700 MWK Stack
MEQ701 Flare
MEO814 Dry Ash Unloader for MWK Train
MLO111 Coal Mill for MWK Train
MLO113 Sorbent Mill for Both Trains
PG2600 Nitrogen Plant
PU2000A-B MWK Feed Water Pump A-B
PU2100A-B Raw Water Pump A-B
PU2101A-B Service Water Pump A-B
PU2102A-B Cooling Tower Make-Up Pump A-B
PU2103A-D Circulating Water Pump A-D
PU2107 SCS Cooling Water Make-Up Pump
PU2109A-B SCS Cooling Water Pump A-B
PU2111A-B MWK Cooling Water Pump A-B
PU2300 Propane Pump
PU2301 Diesel Rolling Stock Pump
PU2302 Diesel Generator Transfer Pump
PU2303 Diesel Tank Sump Pump
PU2400 Fire Protection Jockey Pump
PU2401 Diesel Fire Water Pump #1
PU2402 Diesel Fire Water Pump #2
PU2504A-B Waste Water Sump Pump A-B
PU2507 Coal and Limestone Storage Sump Pump
PU2700A-B Demineralizer Forwarding Pump A-B
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TAG NAME DESCRIPTION
PU2920A-B Auxiliary Boiler Feed Water Pump A-B
SB3001 125-V DC Station Battery
SB3002 UPS
SC0700 Baghouse Screw Conveyor
SG3000-3005 4,160-V, 480-V Switchgear Buses
S10101 MWK Crushed Coal Storage Silo
S10103 Crushed Sorbent Storage Silo
SI0111 MWK Pulverized Coal Storage Silo
SI0113 MWK Limestone Silo
SI0114 FW Limestone Silo
S10810 Ash Silo
ST2601 N9 Storage Tube Bank
TK2000 MWK Condensate Storage Tank
TK2001 FW Condensate Tank
TK2100 Raw Water Storage Tank
TK2300A-D Propane Storage Tank A-D
TK2301 Diesel Storage Tank
TK2401 Fire Water Tank
XF3000A 230/4.16-kV Main Power Transformer
XF3001B-5B 4,160/480-V Station Service Transformer No. 1-5
XF3001G 480/120-V Miscellaneous Transformer
XF3010G 120/208 Distribution Transformer
XF3012G UPS Isolation Transformer
VS2203 High-Pressure Air Receiver
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Figure 2.2-1 Flow Diagram of the Transport Reactor Train in Gasification Mode of Operation
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2.3 SIEMENS WESTINGHOUSE PARTICULATE CONTROL DEVICE

Different PCDs will be evaluated on the Transport Reactor train. The first PCD that was
commissioned in 1996 and has been used in all of the testing to date was the filter system
designed by Siemens Westinghouse. The dirty gas enters the PCD below the tubesheet, flows
through the filter elements, and the ash collects on the outside of the filter. The clean gas passes
from the plenum/filter element assembly through the plenum pipe to the outlet pipe. As the
ash collects on the out