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1 Introduction

Background

In 1985, a new coal-fired central heating plant (CHP) was built for Malmstrom Air
Force Base (MAFB), MT, to replace the existing poorly operating system and to provide
for increased heating requirements. During initial startup procedures, the construc-
tion contractor experienced problems operating the system while firing coal. The three
traveling grate, spreader stoker, high temperature hot water generators (HTWGs)
were to have been designed for Western subbituminous coal. Although the units had
been fired intermittently with coal between August 1985 and March 1986, an attempt
to achieve 100 percent Maximum Continuous Rating (MCR) during unofficial testing
in March 1986 failed. Within 24 hours the convective section was plugged by ash
particles, causing an extremely high pressure drop downstream of the HTWG. The
unit had to be shut down and the ash buildup in the convective section removed by
high pressure hot water lances.

The construction contractor, stoker manufacturer, and the HTWG manufacturer all
believed the problem was caused by high percentages of sodium in the coal. Numerous
technical journal articles on problems of fouling and slagging caused by high levels of
sodium in coal support this idea. The coal burned during this period was from the Big
Horn, MT, mine and contained between 2.5 and 4 percent sodium. However, because
of the lack of data during this unofficial test, the actual cause of the extreme fouling
problem was uncertain. The Corps of Engineers’ Seattle District asked the U.S. Army
Construction Engineering Research Laboratory (USACERL) to examine the heating
plant testing and operation.

Objectives

The objectives of this research were to (1) document the operation of the CHP during
official acceptance testing and additional testing to investigate problems stemming
from burning Big Horn coal, (2) review the CHP design to identify possible design
deficiencies, and (3) make recommendations on operating procedures and fuel supply.
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Approach

USACERL representatives kept a daily log or chronology of significant activities and
observations from 22 April to 20 June 1986 (Appendix A). During this time, the
system was put through pretesting, official acceptance testing, and an unofficial test
attempting to reproduce the earlier failure.

During pretest startup, the fireside operation was monitored on all three HTWGs.
Monitored parameters included overfire air pressure, generator outlet gas tempera-
ture, and generator outlet gas oxygen content. Qualitative parameters of fuel bed
thickness, bottom ash burnout, clinkering, and flyash burnout were also monitored.
During official capacity and efficiency tests, efficiency calculations were made using
American Society of Mechanical Engineers (ASME) Performance Test Code (PTC) 4.1
efficiency test procedures. The results were cross-checked with contractor’s
calculations.

Because initial firing problems of the HTWGs were blamed on poor quality coal, the
official performance, capacity, and operational tests were conducted using a higher
quality coal than originally specified. However, to determine the performance,
capacity, and reliability of the HTWGs firing a lower quality coal (closer to the design
specifications), one HTWG was tested while being fired with high sodium content coal.
The coal was from the same mine (Big Horn) as the coal burned during the forced
shutdown in March 1986.

In addition to the combustion system operating evaluations, an onsite evaluation of the
heating plant facilities was made and heating plant drawings were reviewed to
identify possible design flaws that could cause poor equipment performance and

operational problems.

Mode of Technology Transfer

It is recommended that the results of this report be used as background information
for updating criteria documents on planning, designing, and testing of coal-fired
heating systems. Documents that could be affected by the results of this project
include Air Force Manual (AFM) 85-12, Operation and Maintenance of Central Heating
Plants; Technical Manual (TM) 5-810-2 and Air Force Regulation (AFR) 88-28, High
Temperature Water Heating Systems; TM 5-651, Central Boiler Plant Inspection and
Preventive Maintenance Systems; TM 650, Repairs and Utilities Preventive Mainte-
nance for Heating Plant Systems, and TM 5-810-15, Design of Coal-Fired Boiler Plants.
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Metric Conversion Factors

U.S. standard units of measure are used throughout this report. A table of metric
conversion factors is presented below.

1in. = 254 mm

1ft = 0.305m

1sqft = 0.093m?

1lb = 0.453kg

BTU = 105484
BTU/sqft = 11,348.9J/m°
°F = (°Cx1.8)+32
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2 Plant Description

Overview

The Seattle District was the contracting agency for the MAFB central heating plant.
They monitored the design, construction, and acceptance of the new plant. Stanley
Consultants developed the design package and Brinderson Corporation was the prime
construction contractor. Appendix B lists the equipment specifications. The CHP
consists of three traveling grate, spreader stoker, HTWGs. Figure 1 shows a schematic

of the flue gas side of an individual generator.

The HTWGs were designed by International Boiler Works (IBW) and the stokers by
Detroit Stoker. Units 1 and 2 are equipped to burn both coal and natural gas using
Coen Company burners. Each unit is also equipped with a Ljungstrom type air heater
made by C-E Air Preheater. Each unit has a multicyclone mechanical collector made

BAGHOUSE __,_%*‘ STACK
3
ID FAN
- . SCRUBBER [
CONVECTIVE g ]
SECTION
. g MECHANICAL *
COLLECTOR
HTW
GENERATOR ASH LINE .
COAL L
FEEDER D L.
’ FLY ASH
REINJECTION _ |
A
AR
| PREHEATER |
OUTSIDE
7 AIR
£ . AIR HEATER
OVER FIRE [ .
AR FAN -

Figure 1. Schematic of high temperature hot water generator.
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by Enviro Systems & Research, Inc. for flyash control. The CHP has a state-of-the-art
sulfur oxide (SOx) removal system, called a spray dry absorber (SDA), manufactured
by the Niro Corporation. The SDA is followed by a conventional reverse-air baghouse
made by Joy Manufacturing for particulate collection. Figure 2 shows the exterior
plant layout.

Combustion System Design

The primary fuel for these units is coal; natural gas is a secondary fuel for summer
operation of Units 1 and 2. Table 1 gives basic design and operating data. When
natural gas is fired, an auxiliary induced draft fan is used and the primary air
pollution control devices are bypassed. The burner at the center of the furnace back
wall is removed during coal combustion. Figure 3 shows where the burner would be
located during natural gas combustion.

Current operation uses coal for winter operation only. Coal is fed from the stoker
hoppers to three feeders that rotate and throw the coal over the grate. The fine coal
is burned in suspension while the larger lumps fall onto the grate, form a thin fuel bed,
and burn. Between 30 and 40 percent of the coal is burned in suspension. Because of
this, spreader stokers can respond to rapidly changing loads.

Primary combustion air is drawn from outside the plant through an air preheater by
a forced draft fan. The air is heated by passing it through a loop from the hot water
distribution system. The combustion air is further heated by flue gas passing through

Figure 2. Plant exterior layout.
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Table 1. Design parameters.

Parameter Units Design
Generator continuous output capacity (coal-fired) Btu/h 85,000,000
Generator continuous output capacity, gas firing (units 1 and 2 only) Btu/h 30,000,000
Design pressure (water side) psig 500
Outlet temperature (water side) °F 414
Return temperature (100%. load, water side) °F 305
Efficiency (100% load) | % (minimum) 80
Furnace exit gas temperature OF (maximum) 1850
Furnace volume* cu ft (minimum) 3600
Furnace input release rate Btu/h/cu ft (maximum) 30,000
Grate input release rate BtU/h/sq ft (maximum) 700,000
Turndown ratio — 3:1
* Furnace volume is defined as the volume in the primary furnace bounded by the stoker grate, the water walls, and the
first row of screen tubes.

a Ljungstrom Air Heater. It is then introduced under the combustion grates, which
are designed to promote air distribution. Operating with a thick ash bed improves air
distribution. Overfire air is provided by a separate fan and is introduced at both the
back and front walls of the furnace. Each wall has an upper and lower row of overfire
air ports. Overfire air creates turbulence in the furnace chamber to improve
combustion of coal particles.

The hot flue gas leaves the furnace chamber and passes through a tube bank or
convective section to transfer heat from the flue gas to the water in the tubes. Once
past the convective section, the cooler gas flows through a multiple cyclone flyash
collector to remove large ash particles. About 50 percent of this ash is reinjected into
the furnace for further combustion (Figure 1). The balance enters the ash handling
system. The flue gas then passes through the Ljungstrom Air Heater that heats the
primary combustion air. This increases the combustion efficiency and controls the
temperature entering the SDA.

Air Pollution Control System Design

After the flue gas exits the air heater, it enters the SOx control device, or SDA
(Figure 4). Each HTWG unit has its own SDA that consists of a rotary atomizer for
introducing a wet SOx-absorbing material and a reaction vessel for mixing and drying
the flue gas. The rotary atomizer spins the absorbing material at 3600 revolutions per
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minute (RPM) to create a fine mist
to react with the entering flue gas.
Important design parameters for
this system are the gas flow rates at
the spray dryer inlet and outlet, and
temperatures at the inlet and outlet.
Table 2 shows a partial list of the
SDA design data provided by the
contractor. The inlet flow rate and
temperature are important in the
chemical reaction that removes SOx.
The outlet temperature and flow
rate are important to operation of
the baghouse that follows the SDA.

Each HTWG unit has its own five-
compartment, reverse-air baghouse
(Figure 5). Flue gas enters verti-
cally hung cylindrical bags (120 per
compartment) that are 8 in. in diam-
eter and about 22 ft long. A filter
cake of ash and scrubber material
collect on the inside of the bags.
When the pressure drop exceeds a
specified value, the cleaning cycle is
initiated.

Figure 3. Location of burner for natural gas combustion.

Cleaning is done by isolating a compartment from the induced draft fan and reversing
the airflow through the bags with a smaller fan. The bags collapse slightly to dislodge
the filter cake that falls into a hopper below the bags. The cleaned compartment is

brought back online and another is taken offline until the cycle is complete.

Table 3 shows a partial list of the baghouse design data provided by the contractor.
The baghouse is designed to operate at continuous gas temperatures up to 500 °F.

High temperature excursions that could damage the bags are unlikely in this system.

However, low temperatures could cause the flue gas to drop below its dewpoint causing

condensation to form on the bags. This would “blind” the bags, causing a high pressure

drop and requiring increased cleaning cycles. Severe blinding could require total bag

replacement.
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Figure 4. Spray dry atomizer.

Table 2. SDA design data.

Parameter Value
Inlet flue gas flow rate (max). L 19,100 Ib/h
Outlet flue gas flow rate | 125,700 Ib/h
Inlet temperature j 324 °F
Outlet temperature ‘ 161 °F
inlet SO, l 2.00 Ib/MBtu
Outlet SO, (from baghouse) l 0.28 Ib/MBtu
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Figure 5. Schematic of baghouse.

Table 3. Baghouse design data.

Parameter Value

inlet flue gas flow rate 125,700 Ib/h
Inlet temperature 161 °F
Outlet temperature 151 °F

Bag temperature (continuous) 500 °F

Bag temperature (short duration, max) 500 °F

Design Fuel

The design fuel is as important as any equipment specification for stoker-fired
systems. Although there is little variation in the quality of natural gas, coal quality
can vary greatly. Traveling grate spreader stokers are particularly sensitive to the
coal’s size distribution, ash content, and volatile matter. Table 4 shows the coal
quality requirements specified in the design criteria for the MAFB central heating
plant. Size distribution is very important in spreader stokers because the coal
particles must be spread evenly on the grate. The fuel must contain a certain
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Table 4. Subbituminous design coal analysis.

Parameter* Minimum Range

Proximate Analysis (as received)

Btu High Heating Value (HHV) 9400 8500-9900
Water 25 20-28
Ash 10 7-11
Volatile matter , 30 25-35
Fixed carbon 35 30-40
Total : 100
Ultimate Analysis
Carbon 53.0
Hydrogen 3.5
Nitrogen 1.0
Oxygen 65
Sulfur 1.0
Ash _ 10.0
Water i 25.0
Total 100.0
Ash Fusion
Softening Temperature, °F 2100 2100-2400
Size:
- 1 1/4" Maximum Top Screen Size
- 3/4" Minimum Top Screen Size
with Maximum 40 percent through

1/4" screen i

* All parameters except Btu HHV are percentages.

percentage of coal in several size ranges. If the coal sizing is incorrect, the bed will not
be even. Clinkering will occur at the thick spots and combustion air will flow through
the thin spots without participating in the combustion process. Either case can also
increase ash loading on downstream equipment. Figure 6 shows the coal feeding
method for a typical traveling grate spreader stoker.

The ash in coal helps provide an even distribution of air under the fuel bed. Without
a sufficiently high ash content, the combustion air can blow holes through the fuel bed.
A thick ash bed also protects the grate from overheating by acting as an insulator.

Volatile matter in coal consists of hydrogen, carbon monoxide, methane, and sulfur
compounds given off as gases during decomposition of coal when heated. These gases
are highly combustible and make it easier for coal to ignite. This is important because
30 to 40 percent of the coal in spreader stokers is burned in suspension.
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Figure 6. A typical traveling grate spreader stoker.

Coal Handling System Design

Figure 7 shows a flow diagram of the MAFB coal handling system. It is a typical
system where coal is delivered to the CHP by truck or rail car and moved to either in-
plant storage for firing or to an outside storage pile. A carhoe, which is similar to a
backhoe and is operated manually from a seat above the rail car, is used to encourage
flow from the rail cars. Coal is unloaded from the rail cars into an undertrack
receiving hopper and is then fed to a nearby transfer house by belt conveyor. Coal
delivered by truck is received at a second underground hopper which also serves as a

reclaim hopper for the outside storage pile. Coal is also fed from this hopper to the
transfer house by belt conveyor.

At the transfer house, coal can continue to the CHP for firing or be loaded in trucks or
onto the ground to be moved by a rubber-tired loader to the outside storage pile. Coal
is moved to the CHP by belt conveyor and is transferred onto an overbunker flight
conveyor. This conveyor drops coal through gates at different locations in a long
bunker. The bunker is rectangular and contains three hoppers shaped like inverted
pyramids. Each hopper feeds a boiler via an electronic scale. An underbunker flight
conveyor can be used to transfer coal from any hopper to any boiler. After being
weighed, the coal is gravity fed to the boiler through an inclined chute and distributed
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to the three spreaders by a conical bottom, nonsegregating distribution chute. The
entire coal handling system, including the overbunker gates, is controlled from the
main operating floor with the plant’s Bailey Network 90 direct digital control system.

TP/\NSFER
HDUSE

D\/ERBUNKER
FLIGHT CONVEYDOR

BUNKER )
UNDERBUNKER
FLIGHT CONVEYOR

RAILCAR  TRUCK
DELIVERY DELIVERY
ECEIVI RECEIVING
HDPPEP HOPPER l
OUTSIDE
STORAGE

4

A A Y __
scate ) scace ) (Cseae )

v v__
/BOILER / /Il ER ; /ILER /

Figure 7. Coal handling system.
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3 Capacity and Efficiency Tests

Test Procedures

Two sets of capacity and efficiency tests were performed during this project. The first
set was the official tests performed by IBW to determine if the HTWGs met the
operational requirements of the Seattle District Corps of Engineers. The second set
of tests was performed by USACERL to document HTWG performance during initial
startup with a high sodium content coal from the Big Horn mine.

Testing was conducted in accordance with the ASME Performance Test Code, Section
4.1 Abbreviated Efficiency Test for high temperature water generators. The HTWG
efficiencies were determined by the heat loss method described in the Performance
Test Code. Official capacity and efficiency test data and calculations from both IBW
and USACERL are contained in Appendix C. Big Horn coal capacity and efficiency
test data and calculations from USACERL are contained in Appendix D.

Before each test run was started, the HTWG was brought to test load and operated for
at least 1 hour to stabilize temperatures, pressures, and air flows. Each coal-fired test
lasted 10 hours; each gas-fired test lasted 4 hours. Table 5 shows the unit tested, date,
and fuel used. Note that HTWG # 3 is designed to burn coal only.

Official Tests—Gas

Table 5. Capacity and efficiency test schedule.

The test results of the HTWGs

Unit Tested Date Fuel
while burning gas were a second-
. . Official Tests

ary concern for this project, but e e e e e e e e
are reported here for complete- | GeneratorNo.1 21May 1986 | Coal .
ness. HTWGs #1 and #2 are Generator No. 1 3June 1986 | Natural gas
required by Corps of Engineers’ Generator No. 2 12 May 1986 | Coal
spemﬁcgtmns to meet an 80 Generator No. 2 2 June 1986 * | Natural gas
percent thermal efficiency at 30 - - o

. . Generator No. 3 27 May 1986 | Coal
MBtu output while burning e e R
natural gas Big Horn Coal Test

Generator No. 2 19 June 1986 | Coal
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The capacity test on HTWG #1 burning natural gas was performed at 31.4 MBtu heat
output. IBW calculations showed an 80.70 percent thermal efficiency assuming no
unmeasured loss. USACERL calculations showed a 81.94 percent thermal efficiency
assuming no unmeasured loss. This discrepancy occurred because IBW used a fuel
analysis from July 1986 and USACERL used a September 1986 analysis. It is also
standard practice to assume an unmeasured loss and subtract it from the thermal
efficiency. According to the American Boiler Manufacturers Association (ABMA), this
loss is a maximum of 1 percent for natural gas. Subtracting this from the 81.94
percent thermal efficiency determined by USACERL gives a 80.94 percent thermal
efficiency, exceeding the contractor’s guarantee of 80 percent.

The capacity test on HTWG #2 burning natural gas was performed with the generator
operating at 29.0 MBtu heat output. IBW calculations show an 80.93 percent thermal
efficiency with no unmeasured loss. USACERL calculations showed a 82.75 percent
thermal efficiency assuming no unmeasured loss. Correcting for the 1 percent
unmeasured loss gives a 81.75 percent thermal efficiency, again exceeding the
contractor’s guarantee of 80 percent.

Official Tests—Coal

The capacity test conducted by IBW on HTWG #1 burning coal was performed with the
generator operating at 84.9 MBtu heat output. IBW calculations show an 85.45
percent thermal efficiency using a 3.07 percent carbon loss and 0.50 percent
unmeasured loss. The most accurate method to calculate carbon loss is to perform a
material balance, which consists of weighing all material entering and leaving the
boiler and conducting an ultimate analysis of that material. This was not required by
the Seattle District, so the standard ABMA carbon loss curves were used. The problem
with using these curves is that the evaluator needs an estimate of how much flyash is
reinjected from the mechanical collectors back into the furnace. The ash from this
system is split, part going to the furnace and part going to the ash handling system.
Contractor representatives did not know how much ash was designed to go back to the
furnace. To be conservative, USACERL calculated what the carbon loss would be if
reinjection did not occur. Using the ABMA carbon loss curve at zero percent recovery,
the carbon loss would be 5.70 percent.

In addition, the unmeasured loss of 0.50 percent used by IBW should be 1.50 percent
as stated in Combustion Engineering, A Reference Book on Fuel Burning and Steam
Generation (Riverside Press, 1949). Applying these two corrections to the test data
results in a minimum efficiency of 81.82 percent, which still surpasses the guarantee
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of 80 percent thermal efficiency. There were no other discrepancies between
USACERL and IBW calculations.

USACERL monitored the convective section inlet (furnace outlet) temperature on
HTWG #1 to ensure compliance with the Corps of Engineers’ specification of a
maximum temperature of 1850 °F. The temperature during this test ranged from
1664 to 1880 °F with only 1 reading out of 19 over 1850 °F.

The capacity test on HTWG #2 burning coal was performed with the generator
operating at 84.76 MBtu heat output. IBW calculations show an 84.76 percent
thermal efficiency using a 5.64 percent carbon loss and 0.50 percent unmeasured loss.
USACERL calculations show a 4.75 percent carbon loss, assuming no ash reinjection
from the mechanical collector. As stated above, the unmeasured loss should be 1.50
percent. Correcting the carbon loss and the unmeasured loss results in a minimum
efficiency of 84.65 percent, well above the 80.00 percent guarantee. The convective
section inlet (furnace outlet) temperature on HTWG #2 was not monitored during this
test.

The capacity test on HTWG #3 burning coal was performed with the generator
operating at 89.4 MBtu heat output, or 105 percent of rated capacity. IBW calcula-
tions show an 84.13 percent thermal efficiency using a 4.44 percent carbon loss and
0.50 percent unmeasured loss. USACERL calculations show a 5.89 percent carbon
loss, assuming no ash reinjection from the mechanical collector. Again, the unmea-
sured loss should be 1.50 percent. Correcting the carbon loss and the unmeasured loss
results in a minimum efficiency of 81.78 percent, still above the 80.00 percent
guarantee.

The convective section inlet (furnace outlet) temperatures ranged from 1735 to
1830 °F, with 2 readings out of 17 over 1800 °F.

Official Test Summary

Overall, the official capacity and efficiency tests were quite successful. In addition to
meeting thermal efficiency requirements, all HTWGs met the specifications for grate
and furnace heat release rates. The grate heat release rates for all coal tests were
calculated to be from 630,397 to 693,950 Btu/sq ft/h, all below the specified 700,000
Btw/sq ft/h. The furnace heat release rate was guaranteed to not exceed 30,000 Btu/cu
ft/h of furnace volume. Test calculations show the heat release rates to be from 27,597
to 30,380 Btu/cu ft/h, the highest being with Generator #3 operating at 89.44 MBtu/h
output or 105 percent of rated capacity. Combustion data gathered by USACERL
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personnel and contractors uncovered sensor problems that had contributed to the
earlier operational problems.

Big Horn Coal Tests

The purpose of this test was to substantiate or disclaim the problems encountered by
Brinderson operators during initial startup in March 1986, using coal from the Big
Horn mine. In an unofficial test to achieve 100 percent MCR, the convective section
was plugged by ash particles causing an extremely high pressure drop downstream of
the HTWG. The HTWG had to be shut down and the ash buildup removed by high

pressure hot water lances.

The contractor’s explanation for this plugging or fouling problem focused on the
sodium content of the coal. The presence of high levels of certain minerals, especially
sodium, can increase the chances of fouling. (A detailed explanation of this phenome-
non is given in Chapter 4.) The Big Horn coal was reputed to have as high as 6 percent
sodium content, although the only reports available showed the sodium content to be
between 2.5 and 4.0 percent.

USACERL personnel and contractors recorded all data necessary for the ASME
Performance Test Code calculations. Additional data were recorded to determine
furnace outlet temperatures and mechanical collector outlet flue gas velocities.
Temperature is an important parameter in fouling. The flue gas velocities are
important to the operation of the SDA.

JW Chappell, a representative of Schmidt and Associates, Inc., instructed operators
on stoker settings and adjustments throughout the test. The fuel bed thickness was
difficult to control because of the low ash content of the coal (3.5 to 3.8 percent). A
thick ash bed is necessary to control excess air, flyash carryover, and to protect grates
from overheating. Chappell was able to help the operators achieve a bed depth of 4 to
5 in, for the test.

Because of the suspected quality of the Big Horn coal, Brinderson Corporation sent
samples to Commercial Testing and Engineering Company and the Seattle District
Corps of Engineers sent samples to Northern Engineering & Testing, Inc., for analyses.
Results of the analyses are almost identical and are contained in Appendix D. The
sodium content was 1.70 to 1.75 percent. Before the test, the Big Horn coal was sized
using portable sizing equipment to ensure a maximum of 40 percent fines at the stoker
feeders. This was necessary because the coal was very friable and had broken down
from exposure to weather over the previous 3 months.
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Big Horn Test Summary

The results of the test show a thermal efficiency of 79.94 percent with zero percent
flyash reinjection, based on Northern Engineering’s coal analysis. The thermal
efficiency based on Commercial Testing’s coal analysis was 80.13 percent with zero
percent recovery. Furnace heat release rates were calculated from 29,229 to 29,298
Btw/cu ft/h while grate heat release rates range from 667,664 to 669,251 Btw/sq ft/h.
Furnace exit gas temperatures were measured from 1650 to 1730 °F, the average
being 1689 °F. Oxygen content at the mechanical collector outlet/air heater inlet test
ports averaged 4.1 percent. The flue gas between the mechanical collector outlet and
air heater inlet averaged 467 °F and 111,590 Ib/h. The temperature of the flue gas
leaving the air heater averaged 328 °F with the flue gas flow averaging 129,288 lb/h.
The convection section pressure drop and furnace exit flue gas temperature remained
constant during the test, with no signs of fouling visible through the observation ports.
The test data confirmed acceptable operation of the HTWG using Big Horn coal, with
the exception of the flue gas flow rate.

The flue gas flow rate at the convective section outlet was predicted to be 105,130 1b/h
at 100 percent MCR. The flow rate measured at the mechanical collector, which is just
downstream of the convective section, showed a flow rate of 111,590 lb/h. More
important is the flue gas flow rate exiting the air heater, because it exceeds the design
limits of the SDA. The maximum design flow rate through the SDA is 119,100 lb/h,
but it was 129,288 Ib/h during the test. The jump from 111,590 to 129,288 Ib/h would
appear to indicate that there is a major leak in the air heater. This problem was not
apparent during the official tests. If the SDA cannot operate effectively with the
higher flow rates, the unit would have to operate at a lower capacity.

After the test, the generator was immediately taken off line and allowed to cool for
inspection the following day. Inspection of the generator outlet duct showed a fine
dust buildup similar to that found after previous tests. A small amount of slag had
formed around the gas burner cover plate, but there was no visible indication of fouling
in the convection section.

With experienced stoker operators, a high sodium content coal can be burned without
affecting the performance of the generator. Inexperienced operators would have a
difficult time firing the Big Horn coal, although the difficulty would be because of the
ash content not the sodium content. The problems in March 1986 most likely occurred
because of high primary airflow and because the insufficient fuel bed depth had caused
particle carryover and high furnace exit temperature conditions, resulting in slag
formation and convection section plugging.
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4 Slagging and Fouling Considerations

The use of coal to produce steam in industrial sized boilers has fallen out of favor in
the past 25 years because of environmental restrictions that have been placed on coal
burning facilities. The Department of Defense has been directed by Congress to return
to coal as the fuel of choice whenever possible. This means that the art of firing coal
must be learned by new operators. Some of the operating problems associated with
industrial sized coal burning facilities can be solved by careful attention of the
operator to the combustion process and by understanding how coal properties affect
combustion. This chapter discusses what slagging and fouling are and why they occur.

Ash Deposition

Ash is the incombustible residue left when coal is burned. One common operating
problem when burning coal is the formation of ash deposits on tube surfaces inside the
furnace box and convective sections. Deposits on tubes reduce heat transfer to the
boiler tubes, reducing boiler efficiency. Ash deposits can also cause corrosion, restrict
secondary air flow, and increase ash handling. Sodium, potassium, and iron have been
linked to deposit formation in the furnace and boiler tube banks.

Mineral matter has a profound effect on the performance of the combustion system.
It affects the coal’s ash fusibility, which is the gradual softening and melting of the
ash. The temperatures at which ash reaches certain defined stages of fusion and flow
are collectively defined as the ash fusion temperature. Both the ash fusion tempera-
ture and the coal’s mineral content affect slagging and fouling.

Deposits in the furnace area are called slagging and deposits in the convective section
are called fouling. Slagging is a buildup of molten ash on refractory walls and tubes
that can be removed easily and often falls off during operation. Foulingisa bonding
of volatilized minerals to tube surfaces. It is very difficult to remove and sometimes
requires acid cleaning.
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Slagging and Fouling Indexes

A more technical differentiation between slagging and ~ Table 6. Coal ash chemical

fouling, called the Slagging Index and Fouling Index, components.

is determined by the chemical makeup of the coal ash. Component | Range (in percent)

To assess the amounts of the major elements present Sio2 10 - 70
in coal, an analysis is made to determine the percent- Al203 8 — 38
ages of the oxides of these elements present in the coal Fe203 5 _ 64
ash. The mineral constituents of coal are very wide- a0 03 — 24
spread. Table 6 lists the most prominent coal ash B

chemical constituents and their percentage range. As MgO o1-8
can be seen by the ranges in the oxides of the compo- Na20 01 -8
nents, there is no “typical” coal ash analysis. How- K20 01 - 3
ever, general principals can be deduced from the ' Tio2 04 - 35 B
relative quantities of various chemical constituents. ) 503 04 — 30

Among these are the following parameters:

. base/acid ratio

*  iron/calcium ratio

| silica/alumina ratio
. iron/dolomite ratio
. ferric percentage

. gsilica percentage

. total alkalies.

To use the information obtained from a complete chemical analysis of the ash, the type
of ash present needs to be determined. There are two general categories of
ash—bituminous and lignitic—that are not necessarily related to the rank of the coal.
The following definitions apply to lignitic and bituminous ashes:

Lignitic = CaO +MgO > Fe, 0,
Bituminous = CaO +MgO < Fe, 0,

The slagging and fouling potential of a coal can be estimated by considering the
base/acid ratios (for bituminous coals) and the ash fusion temperatures (for lignitic
coals). The constituent parameters are defined below. The discussions include the
numerical values that define the slagging and fouling potential for each parameter.
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Base/Acid (B/A) Ratio

The Base/Acid (B/A) ratio is defined as:

B _ Fe,0, + CaO + MgO + Na,0 + K,0
A Si0,+A1,0, + TiO,
The B/A ratio indicates how much metal-con- Table 7. Slagging and fouling indexes.
taining ash will combine with low melting salts Slagging Type Slagging Index (Rs)
during the combustion process. Thus, the low <06
higher the B/A ratio, the more likely the bitu- medium 06-2.0
. . . high i 20-26
minous coal is to slag. The ranges in Table 7 severe | >26
. . . . . l
give a roug}% indication of the propensity of the Fouling Type Fouling Index (Rf)
coal to slag in pulverized coal-fired operations. I 02
This information has been transferred to all me?iﬁm 0_; .05
types of boiler arrangements as long as the high 0.5-1.0
severe >1.0

lignitic or bituminous ashes are defined. Note:
The following definitions apply for bituminous
ashes:

Slagging Index (Rs) = B/A x sulfur (dry)

where sulfur is the weight percentage from analysis of the coal).

Fouling Index (Rf) = B/AxNa,O

where Na,O is weight percentage from analysis of the coal ash.
Table 7 simplifies the Slagging and Fouling Indexes by defining categories of low,

medium, high, and severe. The slagging correlation for lignitic ash is based on the ash
fusion temperatures defining the slagging index as:

Rs* = (MaxHT) + 4(MinIT)

5
where:
Max HT = higher of the reducing or oxidizing hemispherical temperatures (°F)
Min IT = lower of the reducing or oxidizing initial deformation temperatures

(°F).
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Table 8 shows the relationship of Rs* to  Table 8. Slagging factors and slagging
. . potential.
slagging potential.
Factor Potential
Iron/Calcium Ratio over 2450 low
between 2450 and 2250 medium
Laboratory studies show that as the iron/ between 2250 and 2100 high
calcium ratio (Fe,04/Ca0) decreases, the
. under 2100 severe

softening temperature decreases. Table 9
shows values from ash analyses that illus-
trate this point.
Silica/Alumina Ratio
The silica/alumina ratio (Si0y/
A12O3) can give additional infor- Table 9. Effect of iron and calcium on softening temperature.
mation about the propensity of Coal F6203 Ca0 FezoalCaO Softening Temp (DF)
coal to slag. The ratios are not as 1 318 | 0.3 106.0 2360
well defined as the B/A ratio, but 5 248 | 20 12.4 2970
based on studies of ash fouling,

3 21.3 4.8 4.4 2130

coals with ash contents with high
S/A ratios generally tend to have
relatively low ash softening tem-
peratures (Honea, July 1981).

Iron/Dolomite Ratio

The Iron/Dolomite Ratio is defined as: FeqO4/(CaO + Mg0O). Generally, as the
iron/dolomite ratio increases, so does the softening temperature.

Ferric Percentage (FP)

The Ferric Percentage (FP) = [ Fe, O,/ Equiv Fe,0,]x 100

where:

Equiv Fe,O3 = Fe,O, +1.11FeO + 1.43Fe
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The FP is important when the ash softening temperature is lower under reducing
conditions than oxidizing conditions. Under strongly oxidizing conditions, the iron is
mainly in the ferric state, Fe,0,. Under more reducing conditions, the iron is mainly
in the metallic state Fe. The completely oxidized state of iron, Fe,Oj, tends to raise the
ash fusion temperatures. The lesser oxidized state of FeO tends to lower the ash
fusion temperature. FP applies to the state of oxidation of the iron in coal-ash slag,
and cannot be applied to laboratory prepared ash samples (Coal Fouling and Slagging
Parameters 1974). Figure 8 shows this tendency under both oxidizing and reducing

conditions for the initial deformation temperature.

Silica Percentage (SP)

Silica Percentage (SP) = [SiO,/(SiO, + Equiv. Fe,0, + CaO + MgO) ] x 100

Generally, as the SP increases, the slag viscosity also increases. The slag viscosity can
be related to the ash hemispherical temperature. This relationship can be simplified
to say that as the slag viscosity increases, the ash fusion temperature increases.

INITIAL DEFORMATION TEMPERATURE, °F.

3000
2800
26001
2400 -+
22004 OXIDIZING BASIS
2000+
1800 | | | ) REDUCllNG BASIS
1 I { 1 i
0 v 10 20 30 40 50
TOTAL IRON IN COAL ASH (AsFe), %

Figure 8. Change in initial deformation temperature under oxidizing and reducing
conditions.
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Total Alkalies (Na,O + K,0)

Total alkalies (Na,O + K,0) greatly increase the rate of deposits on screen tubes and
reduce the ability to manage these deposits easily. The effect of the total alkalies is
proportional to the quantity of alkali present in the coal. Coals with high sodium
content (greater than 4 percent) tend to produce fouling and slagging problems.

For lignitic ash, the fouling potential is related to the Na,O content as follows:

Na,0 <3 = low to medium
3<Na,0<6 = high
= severe.

6 < Na,0

Slagging and Fouling Research

These indexes tend to put much of the blame for fouling and slagging on Na,O.
However, some research on the subject (discussed below) has cast doubt on the
accuracy of these indexes. Complex reactions taking place inside the burning particle
of coal can produce chemical reactions not accounted for in the previously mentioned
indexes. Ash mineral composition is usually some combination of SiO,, AL,O,, MgO,
TiO, Ca0, Na,0, SO,, K,0, P,05, and Fe,0,. In lignitic ashes, the major components
are silica, alumina, lime, and iron oxide or magnesia. The SiO,, Al,0,, CaO, and MgO
are refractory and have low vapor pressures at flame temperatures of less than 3632
°F. This means they will not normally volitalize and contribute to deposition.
However, minerals inside the burning coal particle can experience reducing conditions
even if the exterior of the particle is burning in an oxidizing atmosphere (Quann and
Sarofim 1982). The reducing conditions inside the coal particle allow more volatile
species such as SiO or Mg to be created. Most of the past research has been for
pulverized coal burners where the material is micronized and burned in suspension.
This information is not necessarily true for boilers using grates.

Other factors include the eutectics that take effect when the right combinations of
elements or minerals come in contact (Manring and Bauer 1964). Once the coal has
started to burn, the residence time of the ash in the boiler will determine the amount
of ash vaporization (Honea, July 1981). A material that is vitreous will melt easier
and at lower temperatures. When deposits of vitreous material are started, for
whatever reason, they give a more active base for other material to deposit. In one
instance, when repeated cleaning was required for one unit, it was removed from
service and deposits on the convection surfaces and waterwalls were thoroughly
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cleaned. No more problems were observed in the test period (about 1 year). Higher
exit temperatures of the stack gas are correlated with higher deposits because most
elements become active at elevated temperatures (Honea, July 1981).

Researchers have found that deposits (Figure 9) are made up of layers that can be
manipulated by changing operating factors (Honea, July 1981). For example, reduced
inner deposits can be achieved with higher probe temperatures (the probe simulates
a boiler tube). But this also causes higher overall probe deposits.

The mineral that the ash oxide comes from will make a difference in the ash
volatilization (Quann and Sarofim 1982). The high quantity of organically bound
magnesium in subbituminous coal means that magnesium will be released at
comparatively low temperatures.

Air saturated with water vapor carries more alkaline minerals than dry air. A high
moisture coal with low Na,O could produce the same effect as a coal that was dry but
higher in sodium. Scanning electron micrographs show more dendrite growth in a

DIRECTION OF GAS FLOW

oo

OUTER SINTER LAYER,
AGGLOMERATES OF GLASS
_AND MELT PHASE WITH A
FEW UNREACTED MINERALS.

INNER SINTER LAYER,

DISCRETE PARTICLES WITH
VERY LITTLE BONDING OF
PARTICLES.

INNER WHITE LAYER,
RICH IN No,S0,.

Figure 9. Ash deposition model.
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high temperature moist atmosphere. Dendrite provides more surface area on which
small particles can stick (Honea, Montgomery, and Jones, June 1981). Dendrites are
pine-tree shaped crystals formed at the active outer surface of the probe. Another
important factor in the devitrification of a phase from a homogeneous melt is the
composition of the remaining liquid. The liquid phase will change depending on the
amount of crystallization. This in turn will affect the viscosity and hence the rate of
deposit growth (Honea, July 1981).

In tests run for the USEPA, researchers found that operating without the ash
reinjection system reduced uncontrolled particulate loading by 70 to 80 percent. This
implies that much of the material associated with fouling is not vapor phase transport
material, but is fly ash in various stages of the sintering process. For any given unit,
the heat release rate (Btu/h-SF) and particle loading are proportional. This does not
mean that large boilers have high fouli}lg, but that when the throughput of material
and air is increased to nearly 100 percent of capacity, the fouling will also increase
with any given coal.

The type of ash from unwashed coal appears to increase the particle loading
(Langsjoen, Burlingame, and Gabrielson 1981). This is probably because the material
consists of low density fine particulates and is easily carried out with stack gases. The
likelihood of particles being entrained is a function of their size and density.

Grand Forks Energy Data Analysis

Because of the considerable volume of information from a single source (Grand Forks
Energy Technology Center, U.S. Department of Energy [GFETC]) using a similar test
furnace and procedure, USACERL researchers decided to evaluate this data to develop
correlations between chemical components and slagging/fouling (Honea, July 1981).
The GFETC Particulate Test Combustor (PTC) is designed for ash characterization.
The test furnace layout is shown in Figure 10. Probes, internally cooled by compressed
air, were placed in the 10-in. square duct to simulate superheater surfaces in a
commercial boiler. The amount of material removed from the probes after a run is an
indication of fouling potential of each coal.

Tables 10 and 11 list data on lignite and subbituminous coal, respectively. This
information was entered in a spread sheet and sorted on the basis of probe deposit
weight. Besides a zero data point at the top of the sort, zero was substituted for three
“not available” data points, which explains why the probe information starts with zero
and returns to zero for the last three points. All the information is still paired with the
original line but is arranged by ascending probe weight. Each factor was graphed with
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Figure 10. Layout of pilot plant test furnace and auxiliary equipment.

the probe data using two different scales, but maintaining the original relationship of
the run which is labeled “category.” This gives the probe a nearly straight curve and
allows easy comparison of other factors.

Volatile organics had no apparent correlation with fouling (Figure 11); neither did any
of the next 14 items investigated (Figures 12 through 25). The percent NayO in the
ash does show a correlation (Figure 26), but only for very low deposits on the probe.
Low probe deposit correlates with low sodium, but low sodium does not mean that low
deposits will form. NagO shows in the first 9 entries of Table 11, a correlation when
the probe weight is less than 53 grams. The next lowest fouling deposit of 73 grams
had 8.4 percent Na,O in the ash. As the deposit weights went up, the Na,O percent
did not necessarily go up. In fact, the highest probe deposit (1060 grams) was from
coal that had 0.3 percent NayO in the ash and 22 percent ash in the coal. The probe
deposit weight of 150 grams was the cutoff point for low fouling, 150 to 300 grams was
medium, and over 300 grams was considered high fouling.

Graphs for K,0 and SO4 (Figures 27 and 28, respectively) are added for completeness.
Again, no correlation was apparent. Figure 29 illustrates no correlation between the
B/A ratio, which is used to calculate slagging in bituminous coal, and the probe weight
(Honea, Montgomery, and Jones, June 1981).
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Figure 11. Correlation between fouling and volatile organics.
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Figure 12. Correlation between fouling and carbon content.
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Ash Content In Coal
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Figure 13. Correlation between fouling and ash content.
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Figure 14. Correlation between fouling and sulphur content.




USACERL TR 96/16

39

Btu
16000 T 1200
14000 +
1 1000
12000 +
% 800
10000 T
Probe
1 4 600
Btu 8000 Grams
6000 -+
1 400
4000 T
+ 200
2000 +
Y B '. —+ 0
0 5 10 15 20 25 30 35 40 45 50
Category
Figure 15. Correlation between fouling and Btu content.
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Figure 16. Correlation between fouling and initial temperature.
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Figure 17. Correlation between fouling and softening temperature.
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Figure 18. Correlation between fouling and flue temperature.
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Figure 19. Correlation between fouling and SiO,.
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Figure 20. Correlation between fouling and Al,O,.
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Fe203 Content In Ash
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Figure 21. Correlation between fouling and Fe,0,.
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Figure 22. Correlation between fouling and TiO, content in ash.
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Figure 23. Correlation between fouling and P,0; content in ash.
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Figure 24. Correlation between fouling and CaO content in ash.
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Figure 25. Correlation between fouling and MgO content in ash.
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Figure 26. Correlation between fouling and Na,O content in ash.
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Figure 27. Correlation between fouling and K,O content in ash.
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Figure 28. Correlation between fouling and SO, content in ash.
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Base Acid
- 1200
70 T 1
+ BaseAcid F
60 + ‘ 4 1000
50 + \
\ 4 800
!
40+
v Probe
%%?g \‘ T%° Grams
3 -
< 400
20 +
+ 200
104
0

Category

Figure 29. Correlation between the B/A ratio and probe weight.

In Figure 30, the ash percent is multiplied by the percent NayO in the ash and is
graphed with probe weight. This value gives a closer fit than NayO alone. But it is
still not good enough to use as an indicator for all coal’s performance. Figure 31 shows
no correlation between Fe,04/(Ca0 + MgO) and probe weight.

Ash Deposition Factors

Borio and Levasseur (1984) listed the following fundamental considerations in ash
deposition:

Coal organic properties

Coal mineral matter properties

Combustion kinetics

Mineral transformation and decomposition

Fluid dynamics

Ash transport phenomena

Vaporization and condensation of ash species
Deposit chemistry—species migration and reaction
Heat transfer to and from the deposit.

e I I o
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Figure 30. Correlation between percent Na,O in the ash and probe weight.
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Figure 31. Correlation between the Fe,0,/(Ca0 + MgO) and probe weight.
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No value can be set for a percent Na,O in the ash that is low enough to assure low
fouling potentials. Factors other than Na,0 must also be considered when fouling
problems occur. As discussed earlier, many of these factors are not related to coal
quality, but rather concern methods of coal handling, storage, and firing.

It should be noted that GFETC has classed the Decker mine to be low fouling at less
than 8.5 percent Na,O (Table 11). Test coal used at Malmstrom is much higher in
Al O, than the average or the median for 55 samples used in this analysis. This alone
will make the ash very refractory and low fouling, but it is unrealistic to insist on this
particular combination of ash minerals when many others are satisfactory.

The importance of a complete ash analysis cannot be overemphasized. If there are
problems with coal combustion in any type of furnace, a complete ash analysis,
including evaluation of the above constituents, is recommended. While the absolute
cause and effect relationships between minerals in the ash and combustion perfor-
mance are not defined, general trends have been found that can help improve
performance.

The importance of matching the proper coal to the combustion technology also cannot
be overemphasized. Once a coal that works well in the furnace has been found, this
specification should be adhered to as much as possible. It is further recommended that
this coal be completely analyzed, including ash analysis, to establish a “fingerprint”
of that coal. Such a practice will decrease operation and maintenance costs, increase
efficiency, decrease the cost per pound of steam, and decrease emissions.
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5 Conclusions and Recommendations

General Operation

Because there was not enough information available to determine the exact operating
conditions during the convective section plugging that occurred in March 1986,
conclusions are based on observations after the fact. The observations include:
improper control of overfire air; inaccurate primary combustion air flow measure-
ments; high opacities while firing on higher quality coal; flames in the convective
section; inability to operate the unit at design outlet oxygen content; and subsequent
successful testing of the unit with coal from the same coal pile used during the
plugging problem.

Coal Quality

Subbituminous Western coal weathers poorly due to the nature of the coal and the
local climate. As the coal dries in storage, the coal size is degraded, creating more
fines. This was the major coal quality problem during the study. After the problem
was identified, fresh coal was brought directly into overhead bunkers. This resulted
in acceptable coal sizing at feeders. It is recommended that the required 90-day supply
of reserve coal remain in outside storage but it should be protected from drying out by
putting tarps over it or by putting some sealant material on it. The coal pile will have
to be monitored with thermocouples, to look for the conversion of the small amount of
sulfur in this Western coal and water into sulfuric acid, which can give a heat reaction
sufficient to start a coal pile fire. The best way to control these hot spots is with CO,
gas to displace the oxygen and cool down the hot spot in the pile. These hot spots could
also be worked in with the coal that is hauled to the bunker and directly fired to the
boiler.

The prime contractor, stoker manufacturer, and generator manufacturer thought the
convective section plugging that occurred in March 1986 during unofficial testing was
caused by the occurrence of high percentages of sodium in the coal. A review of
technical literature showed some correlation between metals such as sodium and
potassium and boiler fouling. This fouling is highly dependent on the ash fusion
temperature of the coal. Both these metals tend to reduce the ash fusion temperature.
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If the furnace temperature is maintained below the ash fusion temperature, fouling
is less likely. To provide more information on the convection section plugging, a test
of the Big Horn coal was conducted according to ASME Performance Test Code 4.1 on
19 June 1986. The test met capacity specifications and there were no signs of
plugging. Inspection of the convective section after the test showed no slag formation.

A minor problem encountered in firing the Big Horn coal was caused by the low ash
content of the coal. This required a gradual startup so a good ash bed could be
developed to maintain an even airflow distribution through the coal, keep the grate
cool, and control excess air. There should be at least 5 to 6 percent ash in coal to
provide a good ash bed. The ash bed should be maintained at a minimum 4 to 5 in.
thick.

Stoker/Furnace Design

Based on the official capacity tests, the stoker was designed for 656,000 Btu/sq ft of
grate area. According to Schmidt and Associates, Inc., 650,000 Btu/sq ft is the
recommended maximum design limit for Eastern bituminous coal, which is a very high
quality coal. As coal quality is reduced, the Btu/sq ft must also be reduced. For
subbituminous coal, the design should have been a maximum of 625,000 Btu/sq ft of
grate area, or more conservatively, 600,000 Btw/sq ft. With the current design, this
would reduce the boiler capacity from 85 to 80 MBtu/h heat output.

The HTWG was designed for 29,000 Btu/hr-cu ft, and specifications limited the furnace
volume to a maximum of 30,000 Btw/hr-cu ft. According to Schmidt and Associates,
Inc., good design practice would have limited it to 25,000. The ratio (of the recom-
mended furnace volume) 25,000 Btu/cu ft and the 29,000 Btu/cu ft that the boiler is
designed at indicates that the boiler is a 73.3 MBtwh unit. During precompliance test
operation of the plant, the generators ran well up to about 75 to 80 MBtu/h output.
However, once the load exceeded 75 to 80 MBtu/h, it was necessary for expert
operators to hand-fire the generator to meet performance requirements. The fuel
distribution on the grate had to be perféct; on a daily basis, this sort of attention is not
typical. Design parameters listed in specifications are best for use with a high quality
Eastern bituminous coal.

Flyash Reinjection

Current design and operating practice reinjects about 50 percent of the flyash from the
mechanical dust collector back into the furnace. Every few hours the mechanical dust
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collector ash is pulled and sent to an ash handling system. There is no accurate
method of metering or monitoring how much ash is reinjected. Flyash reinjection
causes 30 percent more flyash in the flue gas with 30 to 40 percent of the particles less
than 10 microns. Reinjection lines do not have great velocity, so they do not assist the
overfire air system. Reinjection from the first pass hopper on a baffled furnace is
acceptable because of the large particle size. However, reinjection from the mechanical
collector is not a good design practice; most designs stopped using this technique 20
years ago. Stopping reinjection only costs about 1.5 percent efficiency. This is not a
major concern because MAFB generators performed at 3.5 percent above the required
efficiency.

Reinjected fly ash increases the opportunity for slagging problems because it increases
the amount of flyash passing through the convective section. Since the reinjected
flyash particles are at a higher temperature, those particles would tend to slag first.
More important is the damage caused by the passing of the fly ash the second time
over the tubes in the generator section.

Continuous reinjection of the fly ash will eventually result in an extremely small
particle size that will bypass the mechanical collector into the spray dryer. Flyash
reinjection will aggravate problems with ash carry-over into the SDA. During the
initial official capacity tests, a control valve for the SDA ash recycling system clogged
during operation at 100 percent MCR. Niro claimed that there was too much ash
carry-over from the mechanical collector. The clogging was alleviated by closing the
ash recirculation valve to increase the pressure and manually cleaning the valve via
the access port. The clogging did not occur when mechanical collector ash hoppers
were pulled hourly. The 1-in. ash recirculation valve was later replaced with a 1-1/2
in. valve and no clogging problems were reported. Increased pipe and nozzle damage

will occur if flyash reinjection is continued; even carbon steel pipe can be destroyed by
flyash.

Overfire Air System

High static pressures, around 45 in., are recommended to control nitric oxides and get
good flyash burnout. Overfire air constitutes only about 17 percent of the total
combustion air that comes into the boiler and is meant to provide turbulence to mix
fuel and air. The oxygen in the overfire air is not needed to achieve complete
combustion. A better design would use an overfire air fan that uses 50 percent hot flue
gas (over 500 °F) and 50 percent ambient air. This would reduce excess air and allow
more air flow through the fuel bed.




52

USACERL TR 96/16

Undergrate Thermocouples

The generator was designed with three undergrate thermocouples, with only one at the
back of the grate. A better placement of thermocouples would be on the two center
rails about 2 ft in from the rear furnace wall and at intervals of one-third the length

between the front and rear walls.

Opacity Monitors

One of the most important methods used in this project to fine tune the stokers was
visual readings of the flue gas plume while the generator was on bypass. Tertiary APC
equipment such as baghouses and electrostatic precipitators (ESPs) take this valuable
tool away from the operators. But the generators cannot be taken off line each time
the stokers need adjustment. The way to get around this is to place an opacity monitor
before the baghouse. Minimizing opacity will decrease particulates in the flue gas,
increase combustion efficiency, reduce carry over problems to the scrubber, and reduce
loading on the baghouse.

Breeching Duct

The convective section outlet duct was over designed for the mechanical collector inlet.
This causes flyash to settle out onto the duct and turning vanes. Reducing the duct
diameter would increase the flue gas velocity and prevent this deposition problem.

Baghouse Design

During the pretests, the APC vendor was concerned about high air flow readings at the
stack and was resistant to putting the baghouse on line because the airflows exceeded
the manufacturer’s maximum design flow rate. Design is 119,000 Ib air/h at the
scrubber inlet. To more thoroughly document the airflow problems, IBW contracted
Clean Air Engineering to perform additional flow measurements at the boiler outlet,
preheater outlet, and scrubber inlet. The flue gas flow rate (at 100 percent MCR) at
the air heater outlet was 113,000 lb/h. This is within the design HTWG flue gas exit
flow rate. Velocity traverses, after the baghouse and scrubber warmed up, showed a
flow rate of 120,000 1b air/h going into the scrubber.

According to Schmidt and Associates, Inc., these low flow rates originate from the
generator design that, in order to meet nitric oxide specifications, has to operate at
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3.79 percent oxygen. During the official compliance tests, the oxygen levels in the flue
gas ranged from 2.7 percent to 4.11 percent. This equates to 13.8 percent to 23.43
percent excess air. The oxygen predicted by the original design was 3.79 percent.
These excess airs are more fitting to No. 6 oil burners. Typically, stokers operate at
30 to 40 percent excess air. Operating above or below this range will cause a higher
carbon content in the flyash, more carbon to enter the spray dryer and the mechanical
collector, and more material to reinject. The result will be increased carbon content
in the flue gas that will increase erosion of tubes and baffles and spray dryer plugging
problems.

During the Big Horn test, the air flow exiting the HTWG was within the design air
flow. The air flow at the air preheater outlet was about 130,000 lb/h, which is 10,000
Ib/h higher than the design maximum for the baghouse. The air preheater appears to
have developed some early leaks. A review of Stanley Consultants’ original drawings
showed a design flow of 141,340 lb/h at the air heater outlet. This is substantially
different from the as-built design rate of 119,000 lb/h.

The system was designed to run at 22 percent excess air, which is optimistic for this
design. The baghouse was not designed with a large enough margin of error. At the
lowest oxygen level during the official capacity tests, the baghouse airflow require-
ments were just met. A better design for the baghouse would have been a pulse-jet
system instead of reverse air. Pulse-jet systems are better able to clean the sticky
carbon particles from the filter bags. Current operating practices for baghouse
cleaning cycles only require cleaning when the baghouse differential pressure reaches
9 in. of water. This will cause increased wear on the bags. The cleaning cycle should
be changed to automatic cleaning at 5 in. of water.
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