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1. Introduction 

In June of 2007, Boise White Paper L.L.C. (Boise) upgraded the overtire air (OFA) system on the 
Kipper Hog Fuel Boiler at the Mill in Wallula, Washington. Jansen Combustion and Boiler 
Technologies, Inc. (JANSEN) was contracted to provide mechanical engineering services and major 
equipment supply to upgrade the OFA system. 

The goals of the OFA system upgrade on the Kipper Hog Fuel Boiler were to: 

• Increase the steam generation from waste wood fuel up to 231,000 lb/hr (Phase I), 

• Increase the operating pressure of the unit to 550 psig to allow higher steaming rates without 
having to make hardware changes to meet safe water side circulation conditions (the 
aspects of inspecting and upgrading boiler valves and trim items to meet the 550 psig 
operating pressure are not in the JANSEN scope), 

• Minimize ash and char carryover, and reduce the erosion in the convective sections of the 
boiler, 

• Reduce the total amount of unburned fuel in the fly ash, and 

• Improve boiler thermal efficiency by improving fuel burnout and maintaining low excess air. 

The OFA system upgrade included removing the existing OFA system and installing eight new 
JANSEN High Energy Combustion Air Nozzles™, four on each sidewall. New OFA ducting and flow 
control dampers were installed to provide combustion air to the new OFA nozzles. The upgrade also 
included new pressure transmitters that are used to calculate the air flow through the new OFA 
nozzles. 

In addition to the OFA system engineering and equipment supplied by JANSEN, the following 
equipment was supplied and installed either by JANSEN or by others as part of the 2007 boiler 
upgrade: 

• New higher capacity FD fan rotor (JANSEN). 

• New FD fan motor (others). 

• Replacement of the burner windbox feed ducting and relocation of the existing flow meter 
elements to improve flow metering accuracy (JANSEN). 

• New wind-swept fuel distributors (JANSEN). 

• New fuel distributor fan (JANSEN). 

• New fuel distributor air ducting (JANSEN). 

• New wet electrostatic precipitator (others). 

• Upgraded boiler controls (others). 
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• Replacement of the generating bank, roof tubes and screen tubes (others). 

• Replacement/resetting of the drum safety relief valves (others). 

• Re-tubing of the tubular air heater (TAH) (others). 

• Replacement of the two (2) gas burner damper actuators, the two (2) undergrate air (UGA) 
damper actuators, and the speed control actuator on the induced draft (ID) fan with Beck 
electric actuators (others). 

This document describes the equipment that was supplied by JANSEN as part of the OFA system 
upgrade and provides recommended operating targets for the upgraded combustion air system. A 
section is included to provide some fundamental background on waste wood (hog fuel, bark, planer 
shavings, sawdust, stump grindings, urban waste, etc.) combustion in boilers. Throughout this 
document, the term "new equipment" indicates equipment that was supplied and/or installed by 
JANSEN during the June 2007 shutdown as part of the upgrade project. "Existing equipment" refers 
to equipment that was in place prior to the 2007 upgrade. 

2. Fundamentals of Waste Wood Combustion 

Waste wood, including hogged bark, sawdust, planer shavings, sander dust, and knots are often by
products of pulp mill and sawmill operations. Waste wood provides an inexpensive source of energy, 
replacing expensive alternate fuels such as coal, oil or natural gas. Burning this by-product also 
eliminates the expense of disposal in a landfill. Effective combustion of waste wood depends largely 
on its characteristics (chemical composition, moisture, size, etc.), the fuel delivery system, and the 
combustion air system operation. 

2.1 Basic Combustion Principles 

The combustible materials in waste wood are composed primarily of carbon and hydrogen. 
Combustion is the rapid reaction of these materials with oxygen, which produces heat. Combustion 
rates are controlled by the "3-T's": 

• Time 

• Temperature 

• Turbulence 

Figure 2-1 illustrates the "3-T's" combustion triangle that is fundamental to the combustion process. 
Removal of any one side of the triangle will cause it to collapse and the fire to go out. 

The amount of heat energy released is often expressed as British thermal units (Btu). A Btu is 
defined as the quantity of energy needed to raise one pound of water by one degree Fahrenheit. 
The theoretical amount of heat that can be released by burning a fuel is called the heating value, or 
Btu value, and is expressed in units of Btu per pound of fuel (Btu/lb). Heat release in the metric 
system is expressed in Joules (J), and the heating values are often reported in thousands of Joules 
per kilogram (kJ/kg). A fuel that has a larger heating value on an as-received basis than another fuel 
will release more heat during combustion. 
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BOISE WHITE PAPER L.L.C. REVISION O - JUNE 2007 
WALLULA, WASHINGTON PAGE3 

Complete combustion or reaction of carbon with oxygen in the air forms carbon dioxide (CO2) and 
releases heat. The reaction is expressed as: 

Carbon + Oxygen � Carbon Dioxide + Heat 

C + 02 � CO2 + Heat 

AIR HOG FUEL 

TIME 

Figure 2-1. Fundamentals of Combustion (3-rs) 

If any one of the 3-Ts are not sufficiently met (for example the temperature is too low, the residence 
time is too short, or the mixing between air and fuel is poor) incomplete combustion will result. 
Incomplete combustion leads to carbon monoxide (CO) formation and unburned fuel particles 
leaving the furnace with the flue gas. The incomplete reaction of carbon with oxygen is represented 
by the equation: 

Carbon + Oxygen � Carbon Monoxide + Heat 

2C + 0 2 � 2CO + Heat 

To ensure there is enough oxygen to thoroughly bum the fuel inside the furnace, waste wood boilers 
typically operate with more air than theoretically needed based on the chemical reactions. This 
additional amount of air is called excess air. Typically, a minimum of 20% to 40% excess air is 
required with an effective air delivery system that mixes the oxygen in the air well with the fuel. 

Incomplete combustion releases substantially less heat than complete combustion. One pound of 
carbon burning to completion, and forming CO2, releases 14,540 Btu (15,341 kJoule), One pound of 
carbon burning incompletely to CO releases only 4,380 Btu (4,620 kJoule), or approximately only 
30% of the total available heat. Incomplete combustion can result in a significant loss of the chemical 
energy from burning the waste wood. 
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Besides the loss of fuel energy, incomplete combustion and the formation of significant 
concentrations of CO can also be potentially dangerous. CO has an ignition temperature of 1,210°F 
(654°C). In the presence of sufficient oxygen and the right temperature, large concentrations of CO 
generated by incomplete combustion could explode. These conditions can exist in a power boiler's 
upper furnace and convective areas if combustion is incomplete in the lower furnace. Sufficient air 
purging is therefore required prior to lighting an ignition source in the furnace to remove large 
concentrations of CO and other combustible gases. 

Carbon monoxide is also considered an air pollutant. It is dangerous to breathe in large 
concentrations, as it consumes oxygen in the blood stream. As a result, stack emissions are often 
monitored and regulated to limit CO release into the environment. 

2.2 Waste Wood Characteristics 

The heating value of the waste wood states the maximum potential heat release available from the 
fuel on a Btu/lb (kJoule/kg) basis. Typical heating values for waste wood range from 8,300 to 9,000 
Btu/lb (19,300 to 20,900 kJoule/kg) on a dry basis, when measured in a laboratory bomb 
calorimeter. This value depends partly on the waste wood species, with softwood (e.g., Pine) 
typically having higher heating value than hardwood (e.g., Poplar). It can also be lowered if the waste 
wood has a high ash or inert content. 

The ash or inert content in pulping wood is in the order of 1 % or less. However, the inert content of 
waste wood fuel is typically in the 3% to 5% range, and can even exceed 10%. This is due to the 
large amounts of sand, soil, and/or rocks that can be mixed into the waste wood fuel. Since these 
inert materials do not burn, they dilute the fuel quality, reduce the heating value, and increase the 
boiler ash load. 

A waste wood elemental analysis that is typical for industrial boilers is given in Table 2-1. The table 
also shows the waste wood fuel composition that was used for the design of the OFA system. These 
values were determined from the fuel samples collected during a site visit in February 2005, 
corrected to a slightly higher moisture content (35%) to be more reflective of historical waste wood 
properties. At the time of the sample collection, the waste wood ash content was quite low (about 
1 %). However, more recent experience indicates that the ash content has risen dramatically. 

Table 2-1. Typical Fuel Composition (dry basis) 

Industry Typical Waste Wood 
Composition 

Wallula Composition Used for OFA 
System Design 

Carbon (C) 53.9% 50.6% 

Hydrogen (H2) 6.00% 5.7% 

Nitrogen (N2) 0.30% 0.29% 

Sulfur (S) 0.05% 0.01% 

Oxygen (02) 37.0% 42.4% 

Ash 2.50% 1.04% 

Total 100.0% 100.0% 
Higher heating value 8,600 Btu/lb (dry) 8,637 Btu/lb (dry) 

Moisture (as-received basis) 35%-55% 35.0% 
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2.3 Flue Gas Characteristics 

In a typical waste wood-fired boiler, most of the carbon in the waste wood bums to form CO2, with 
trace levels of CO. The water in the fuel evaporates in the furnace to form gaseous water (H2O). 
Hydrogen (H2) contained in the fuel also bums to produce H2O and releases heat. The small amount 
of sulfur species in the fuel also bums to form sulfur dioxide (SO2). CO2, SO2, and H2O gases form 
the principal combustion products. Flue gas also contains very large amounts of nitrogen (N2) mainly 
supplied with the combustion air and some excess oxygen (02). A small fraction of the nitrogen in 
the fuel and air bums to form nitrogen oxides (NOx)-

A summary of the products of waste wood combustion is given in Table 2-2. Some of these 
compounds are found in very small quantities (including SO2, NOx, and CO), but are considered air 
pollutants and, along with particles, may require emission control equipment or particular attention 
from the operators to meet regulatory requirements. Note that 1% by volume corresponds to 10,000 
ppm. 

Table 2-2. Typical Gaseous Products of Combustion (by volume) 

Flue Gases 

Carbon Dioxide CO2 10% to 13% 

Carbon Monoxide co <400 ppm 

Water Vapor H2O 19% to 22% 

Sulfur Dioxide SO2 <100 ppm 

Oxygen 02 4%to6% 

Nitrogen N2 62%to65% 

Nitrogen Oxides NOx <180 ppm 

2A Combustion of Single Waste Wood Particles 

Combustion of wood particles occurs in three stages, as illustrated in Figure 2-2. These stages are 
known as drying, volatiles burning, and char combustion. Although these are clearly defined stages 
in a laboratory furnace, they may overlap somewhat in the boiler. 

WOOD 
CHIP 

WATER VAPOR CO, CO,.H,O co,co
A- - 2 ASH ... i4 ... i4 

·· ... '••·- '••·-........ > ·:...... > ... •·. ., - ·: .. •"" )i, ... . .. . .. 
•:::::::: •:::::::: •:::::::: .... ~·•' ·······•' ·······•' 

DRYING VOLATILES CHAR 
BURNING COMBUSTION 

Figure 2-2. Wood Particle Combustion Process 
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2.4.1 Drying 

Waste wood delivered to a bark boiler generally contains 35% to 55% water. Almost immediately, 
heat from the furnace begins to evaporate water from the particle. While the evaporation process 
occurs, the wood particle remains relatively cool at about the boiling temperature of water (212°F) 
and combustion does not occur. The time required for drying (drying rate) depends on the particle 
size and its flight path through the boiler. Larger particles will tend to land and stay on the grate. For 
these particles, drying begins in flight and is completed on the grate. Smaller particles may dry and 
burn in suspension without ever reaching the grate. Maintaining an oxygen-rich environment in the 
lower furnace so that small wood particles stay in contact with oxygen while in-flight is a key to the 
complete combustion of these particles. This is one of the main reasons for installing an effective 
OFAsystem. 

2.4.2 Volatiles Burning 

After the particle is dry, its temperature will rapidly increase. This results in the breakdown of the 
organic material in the wood particle and initiates the release of volatile gases. The volatile gases 
contain a large fraction of carbon and hydrogen compounds, both of which bum in the presence of 
oxygen. Generally, wood contains approximately 45% volatiles by weight on a wet basis (75% on a 
dry basis). Therefore, a majority of the heat release from waste wood is a result of volatile gases 
burning. 

2.4.3 Char Combustion 

Once all of the volatile gases have been released, the char carbon in the particle begins to bum. 
Combustion of char can be thought of as the reaction of solid carbon and oxygen to form CO2 gas, 
as described previously. As the char carbon is burned, the particle starts to shrink in size, leaving 
behind residual ash material. Ideally, char combustion occurs on the grate to improve heat 
absorption to the furnace walls, to keep the majority of the ash on the grate, and to prevent the char 
from being carried out of the furnace with the flue gas. Char combustion for small fuel particles, 
however, can also take place in flight. The combustion process must occur as rapidly as possible for 
the in flight particles to prevent char carryover due to the relatively short flue gas residence time in 
the furnace (compared to the residence time of the fuel on the grate). 

2.5 Grate Combustion 

A typical wood-fired stoker is illustrated in Figure 2-3. Although the figure shows a traveling grate 
system, a stationary pinhole grate has many similar features. Whereas a traveling grate maintains 
an even and uniform ash layer that continuously discharges off the end of the grate, a stationary 
pinhole grate continues to build up ash over time and must be cleaned manually at regular intervals. 
Depending on the ash content in the fuel and the boiler firing rate, the grate must be cleaned 
between every 8 and 12 hours. If the ash layer is allowed to grow beyond about six inches deep, 
then the ash can fuse together, forming hard and large "clinker'' deposits that are difficult to remove. 

In a spreader stoker combustion system, a layer of fuel accumulates over the surface of the grate. 
At any point in time, the fuel that lies on the grate is in varying stages of drying, volatiles burning, and 
char burning. The burning rate is controlled by the amount of UGA delivered to the grate. Increasing 
the UGA will, at least temporarily, produce an increase in the burning and heat release on the grate. 
Eventually the fuel layer will bum out unless the fuel feed rate is also increased. These combustion 
dynamics lead to the following general conclusions: 
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Figure 2-3. Wood-fired Spreader Stoker 
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1. Rapid response to load demand changes (header pressure control) is best achieved by 
modulating the UGA. 

2. Long-term response to load demand changes requires, in addition to modulating UGA, that 
the fuel feed rate be adjusted so that an appropriate amount of fuel is maintained on the 
grate. 

As the layer of fuel burns, a layer of ash is typically left behind. The lack of ash layer formation is 
usually caused by excess amounts of UGA blowing the ash and char off the grate. The UGA flow 
should be adjusted to achieve uniform and steady combustion conditions without excessive lifting of 
material off the grate. 

The distribution of fuel on the grate plays an important role in achieving good combustion conditions. 
Uneven fuel distribution can result in localized fuel piling, which prevents some of the fuel from 
burning, especially with stationary pin-hole grates that do not have the benefit of the "spreading" 
action of a traveling grate system. 

The Kipper Hog Fuel Boiler is equipped with air-swept fuel distributors fabricated by the Detroit 
Stoker Company. Air delivery for fuel distribution is through a row of jets across the face of an 
adjustable distributor plate on the bottom of the air-swept distributors. Rotary air dampers cause the 
air flow to pulsate, which varies the depth of fuel delivery in order to achieve better front-to-back 
distribution. Additional details on the fuel distributors are presented in Section 3.6. 

At times, combustion on the grate can be limited by the supply of oxygen. If the air through the grate 
is poorly distributed, then some fuel does not come into contact with oxygen and does not burn. 
Plugged grate holes or excessive gaps between grate blocks can cause poor distribution of air 
through the grate. Also, bare spots and/or local piling can cause a majority of the UGA to bypass the 
areas of active combustion on the grate. 

An actively burning fuel bed behaves as a "thermal flywheel" in the boiler. It maintains a stable 
temperature in the lower furnace, providing the heat needed to sustain combustion through upsets in 
fuel or air delivery. The fuel bed should be thick enough to hold an inventory of dry, ready to burn 
fuel. Increases in UGA supply to the fuel bed will then correspond to increased combustion and 
increased fuel heat release. Efforts to control the steam header with waste wood-fired boilers require 
good UGA flow control to rapidly modulate the amount of heat release from the grate. 

Many particles can be lifted off the grate and carried into the upper furnace. This may be because 
the fuel particle sizes are small and the UGA combustion air flow is high enough to lift the particles 
into suspension. If the air distribution above the grate is inadequate (i.e., a poor OFA system), the 
suspended fuel particles are not burned out in the lower furnace. Delayed burning leads to high flue 
gas temperatures leaving the upper furnace. These high temperatures in combination with 
particulate carryover can lead to erosion and heavy fouling of the superheater and generating bank 
tubes. 

2.6 Combustion Air 

The combustion processes that occur in a power boiler depend on the quantity of combustion air at 
each supply level. As stated earlier, waste wood-fired power boilers are typically operated with 20 to 
40% excess air to ensure complete combustion. This leads to around 3% to 5% oxygen in the flue 
gas if no auxiliary fuels are burned through burners. Total air flow requirements vary due to fuel 
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composition. In almost all modern stoker-fired power boilers, combustion air is delivered through the 
grate as UGA and above the grate as OFA. This is depicted in the combustion air delivery sketch of 
Figure 2-4. Non-combustion related air flow into the boiler can impact overall performance. Other 
sources of air flow into the boiler that do not directly contribute to wood combustion include: auxiliary 
burner cooling air, wood distributor air, and in-leakage air through holes in the boiler setting, doors, 
soot blower openings, fuel chutes, etc. 

The combustion air is typically heated to between 300°F and 500°F, depending on the fuel quality 
and moisture content, to promote adequate flame temperatures and sustain stable combustion. The 
Kipper Hog Fuel Boiler is equipped with a large TAH, resulting in combustion air temperature in 
excess of 600°F. 

, , 
, ' 

O\1!:RFIRE AIR 

' ' ' ' , , 
' 

' ' , 
' 

OVERFIRE P>JR 

< UNDERGRA TE AIR 

Figure 2-4. Grate Combustion Air Delivery 
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2.6.1 Undergrate Air 

UGA is introduced through small holes in the grate that forms the floor of the furnace. The UGA 
contributes to the drying of the fuel entering the furnace and the combustion of the fuel that lands on 
the grate. For stoker combustion systems with stationary pinhole grates, the amount of UGA flow 
required is determined by four considerations: 

1. Waste wood particle size: Small fuel particles can be entrained in the UGA and cause 
excessive carryover if UGA flow is too high. 

2. Waste wood moisture content: Dry waste wood (less than 45% moisture) requires less UGA 
than higher moisture fuel. 

3. Air-to-fuel ratio: Adequate UGA is required to bum off fixed carbon of dry fuel on the grate 
and avoid piling. 

4. Uniformity of the fuel distribution: Non-uniform fuel piling can force air to uncovered areas, 
requiring more total UGA to push up through the fuel piles. This can create high velocities 
and carryover from the sparsely covered grate areas. 

Optimizing the quantity of UGA reduces the amount of ash and unburned particles that are carried 
by the flue gas out of the furnace. It is important to reduce carryover to minimize erosion of the boiler 
components and to reduce the dust load on the ash handling system. UGA flow should equal 
between 50% and 70% of the total wood combustion air flow requirements, delivered at a plenum 
pressure of 0.5 to 1.5 in. wg (depending on the grate condition and amount of fuel and ash on the 
grate). A grate system that maintains at least a 1 to 2 in. wg UGA plenum pressure at normal air flow 
rates promotes a uniform distribution of UGA and minimizes channeling of air around fuel piles. 

2.6.2 Overtire Air 

OFA promotes the drying and volatile burning phases of fuel particle combustion. The high volatile 
content of wood requires that a larger percentage of the combustion air be delivered above the grate 
as "overtire" air. Injecting air above the grate promotes mixing of volatiles with air for more complete 
burnout. The amount of OFA flow should be balanced with the UGA to provide sufficient air to the 
fuel on the grate, but limit the amount of small fuel particles that are lifted into the upper furnace. 
Complete combustion in the OFA zone is essential. Since small fuel particles release volatiles more 
quickly, the particle size distribution will have some effect on the air distribution requirements. The 
greater the amount of fine fuel particles that are present, the greater the amount of OFA is required. 

The product of air flow and velocity (momentum) in an effective OFA system is sufficiently high so 
that OFA penetration to the center of the furnace is achieved, ensuring good mixing of air with 
in-flight fuel particles and the combustible gases. It is also desirable to stagger, or interlace the OFA 
jets to achieve better mixing and coverage across the furnace. These conditions are illustrated by a 
plan-view sketch of a furnace cross-section in Figure 2-5. 

OFA also intensifies the combustion process by creating a combustion zone above the grate. This 
increases the heat energy radiated back to the grate, thereby accelerating the rate of drying and 
volatile release of the fuel on the grate. Besides promoting these processes, air supplied to this zone 
also helps control flue gas emissions by burning suspended particles, CO, and volatile organic 
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compounds (VOC) before they leave the furnace. OFA should account for 30% to 50% of the total 
wood combustion air flow. 

Figure 2-5. OFA Delivery 

Several adverse effects can result from using an incorrect amount of OFA. Insufficient air quantities 
with low penetration result in the incomplete combustion of volatile materials and suspended fuel 
particles. The resultant reduced level of heat released in the lower furnace delays the drying and 
volatilization of fuel entering the furnace. This limits the amount of high moisture fuel that can be 
burned. In addition, delaying the burning of suspended fuel particles and volatiles results in high flue 
gas temperatures exiting the upper furnace and can lead to combustion near the superheater tubes. 
These high temperatures and particulate concentration can degrade and erode the superheater 
tubes. Conversely, excessive OFA can result in high boiler excess air, lower thermal efficiency, and 
possible overloading of the ID fan. High OFA flows may also take air away from the undergrate and 
adversely affect grate combustion conditions. 

In addition to the amount of OFA, the location of OFA injection is also important. OFA that is injected 
into the furnace below the fuel distributors contributes to increased carryover of char and ash. 

2. 7 Combustion Optimization 

Combustion processes in a waste wood-fired boiler can be optimized so that the thermal efficiency is 
higher and pollution emissions are lower. One important factor in combustion optimization is 
maintaining uniform fuel distribution across the grate from side to side and front to back. Uniform 
distribution of fuel helps reduce localized piling, thus allowing complete burnout of fuel on the grate. 

Another important factor is controlling excess air. The variation of boiler thermal efficiency with 
excess air (and flue gas oxygen) is shown in Figure 2-6. At very low excess air levels, the amount of 
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air available in the lower furnace is not sufficient for complete combustion to occur. Char and 
combustible gases leave the furnace unburned, resulting in low thermal efficiency. As excess air 
levels increase, efficiency also increases, until an optimum point is reached at around 30% excess 
air. In this excess air range, combustion is nearly complete, with significantly reduced amounts of 
unburned fuel leaving the furnace. Operation near 30% excess air also tends to promote lower flue 
gas temperatures leaving the system, further increasing thermal efficiency. At excess air levels 
above 40%, thermal efficiency begins to decrease. This is due to unburned fuel being blown out of 
the furnace, high flue gas temperatures at the boiler outlet, and increased flue gas flow quantities 
exiting the boiler. 
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Figure 2-6. Effect of Excess Air on Thermal Efficiency 

Changes in flue gas oxygen also impact CO and NOx emissions, as illustrated in Figure 2-7. 
Emissions of CO are minimal at optimum air settings, and increase sharply as air flows (and hence 
flue gas oxygen) increase or decrease too much from the optimum setting. In addition, the 
concentration of NOx in the flue gas generally increases as the level of oxygen in the boiler 
increases. 

For boilers with both CO and NOx emission limits, the maximum emission limits create an optimum 
operating range for flue gas oxygen. CO emission limits can often be exceeded at very low flue gas 
oxygen levels, while NOx limits may be exceeded when the flue gas oxygen rises too high. The 
combustion air controls should therefore be set for operation within a range that meets both 
emissions limits. Typically, tuning of the combustion air system is required to simultaneously 
optimize emissions and thermal efficiency. 
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Operating with high excess air has other negative consequences besides reduced thermal efficiency 
and increased CO and NOx emissions. Load on fans and particulate emissions control equipment 
are increased, resulting in greater power usage and potentially higher particulate emissions. Flue 
gas velocities are higher, leading to accelerated tube erosion and increased likelihood of tube failure. 

--- Low air settings High air settings ----

Operating Range 

co 

fl CO limit 

i ... ~~:.11.:~ ........ r- ................. !... ............1 
NO 

Flue gas 0 2 

Figure 2-7. Effect of Excess Air on CO Production 

Figure 2-8 illustrates the signs of poor lower furnace combustion, including excessive suspension 
burning, high carryover, high flue gas temperatures in the upper furnace, and high CO emissions. 
This is commonly seen in systems with poorly sized OFA ports that do not provide good combustion 
air penetration into the furnace, and systems with poor fuel and UGA distribution across the grate. 

Proper control of air delivery is crucial to achieve optimum furnace combustion conditions. Air must 
be distributed to match fuel conditions and delivery in the furnace. Figure 2-9 illustrates the main 
features of optimum furnace combustion: no fuel piling, intense combustion in the lower furnace, little 
carryover of flame and particles into the upper furnace, lower furnace exit flue gas temperatures, and 
low emissions of CO and voe. 

3. Kipper Hog Fuel Boiler OFA System Upgrade Description 

The equipment for the OFA system upgrade was installed during the June 2007 shutdown. The OFA 
system was designed to support a steaming rate of 231,000 lb/hr, while firing only hog fuel (28.0 
tons/hr). 
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The OFA system modifications included the installation of eight new JANSEN OFA nozzles, located 
on the sidewalls, along with new OFA supply ducts, control dampers, expansion joints, pressure 
transmitters, four new air-swept fuel distributors, and a new fuel distributor air fan. The new OFA 
nozzles are fed from the existing ductwork at the TAH outlet on the left and right sides of the boiler. 

Details of the OFA system equipment are described in the following sections. A flow diagram and 
several general arrangement drawings of the Of A system upgrade are attached for reference. 

Figure 2-8. Poor Combustion Conditions Figure 2-9. Optimum Combustion Conditions 

3.1 OFA Nozzles and Pressure Instruments 

Eight new JANSEN OFA nozzles were installed to deliver combustion air to the boiler in an 
interlaced pattern about 12 feet above the grate. Each OFA nozzle has a transition section that 
gradually reduces the nozzle cross-sectional area. The air accelerates through the transition section, 
converting the air stream static pressure to high air stream velocity. The high air jet velocity (and 
hence high kinetic energy) results in full penetration into the center of the furnace and thorough 
mixing with the surrounding gases. 
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Figure 3-1 shows a sketch of a typical JANSEN OFA nozzle and labels the main nozzle elements. 
The OFA nozzle inlets and transition sections are fabricated from carbon steel plate. The tips of 
each nozzle are fabricated from more temperature resistant 310 stainless steel. Each OFA nozzle 
has a manual butterfly damper that can be used to adjust the air flow through the nozzle (although 
they are typically either fully open or fully closed). The nozzles include a sight glass that allows the 
operator to observe the combustion conditions in the boiler at the OFA elevation. 

1. STAINLESS STEEL NOZZLE TIP 
2. INSULATED CONVERGENT SECTION 
3. PRESSURE GAUGE 
4. VIEW PORT 
5. AIR INLET 
6. AIR OUTLET 

4 

5 2 

Figure 3-1. Schematic Sketch of a JANSEN OFA Nozzle 

Each nozzle has a pressure tap that measures the air pressure immediately downstream of the 
butterfly damper. A pressure gauge and a Rosemount 3051 S pressure transmitter are connected to 
the pressure tap. The output signals from the pressure transmitters are used to calculate the air flow 
through each OFA nozzle. 

In order to optimize the OFA mixing in the furnace, the OFA system was designed to operate under 
normal conditions with one nozzle per sidewall closed. Past computational fluid dynamics (CFO) 
computer modeling has shown that good performance can be achieved with either of two 
arrangements: 1) by closing the rear-most nozzle on the left sidewall and the front-most nozzle on 
the right sidewall, or 2) by closing the front-most nozzle on each sidewall. The first arrangement 
promotes more swirl in the flue gas as it rises towards the furnace outlet, which can sweep some CO 
out of the comers and throw more particles out of the main flue gas stream. The second 
arrangement creates a more uniform flue gas profile and concentrates more OFA above the region 
where most of the grate combustion is occurring. Either of these two OFA system arrangements can 
provide superior emissions performance depending on fuel properties and fuel feed distribution. 

3.2 OFA Ducts 

New OFA ducts were designed and supplied by JANSEN to deliver combustion air from the left and 
right UGA ducts at the TAH discharge to the new JANSEN OFA nozzles. The new ducts were 
fabricated from 3/16 inch carbon steel plate. Angle stiffeners were included to minimize the duct 
deflections due to the internal air pressure. Fabric expansion joints are installed to accommodate the 
thermal growth of the boiler. 
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3.3 OFA Flow Control Dampers 

Two new OFA flow dampers were supplied by JANSEN (one damper for each side of the boiler). 
These flow control dampers are equipped with BECK actuators to modulate the OFA flows to the left 
and right sides of the boiler. 

3A UGA/Bumer Perforated Plate/Damper Assembly 

In order to supply the required air pressure to the OFA nozzles, the TAH outlet target pressure was 
raised to 10 in. wg. A perforated plate/damper assembly was installed downstream of the OFA duct 
tie-in locations to lower the feed pressure to the burner windboxes and UGA plenum. The manual 
damper in the assembly can be adjusted to achieve a downstream pressure of approximately 3.0 in. 
wg. The lower supply pressure helps place the UGA control damper in a good operating range and 
reduces leakage air through the burners when they are out of service. 

3.5 Burner Ducting and Flow Measurement 

The feed ducting to the burner windboxes has been modified to improve burner flow distribution, 
metering, and control. The horizontal duct feeding the burners and UGA was split by the installation 
of a dividing wall to separate the flows to the burners and UGA. The old pant-leg ducting feeding the 
burners was removed and replaced with new ducting. The old flow meter elements were refurbished 
and installed in the new ducting. Separating the two air delivery streams results in more uniform 
burner air flow and improved air flow metering to the burners. Separate delivery streams will also 
prevent flue gas from entering the burners in the event that a flue gas recirculation system is 
installed in the future. 

3.6 Wind-Swept Wood Distributors 

Hog fuel is delivered to the Kipper Hog Fuel Boiler through four fuel chutes. The hog fuel is 
distributed onto the grate by four new Detroit Stoker wind-swept distributors, which replaced the 
original Kipper Boiler distributors. Figure 3-2 shows a cross-sectional view of the Detroit Stoker wind
swept wood distributor. A new ambient wood distributor air fan and ducting delivers air to the 
distributors which convey the fuel onto the grate. Adjustments can be made to the distributor plate 
angle to alter the trajectory of the fuel. Air flows over the surface of the distributor plate to 
pneumatically assist the injection of wood particles into the furnace. A rotating air damper (see 
Figure 3-2) causes the sweep air flow to fluctuate, which throws the fuel to varying depths. The wood 
distributor air fan discharge pressure and individual minimum flow air dampers can be adjusted to 
change the range of air flow fluctuation and thus control the spread of fuel across the grate depth. 

The balance damper has an external arm with a cantilevered weight that allows the damper blade to 
move freely out of the way as fuel falls down the chute. The blade serves three purposes: 1) it 
reduces tramp air leakage into the boiler by reducing the open chute area exposed to the furnace 
draft, 2) it deflects wood pieces that are falling (and bouncing) down the chute to the bottom floor of 
the distributor to improve interaction between the fuel and the distributing air jets, and 3) it prevents 
hot flue gas from blowing back up the chute and causing fires in cases when the furnace 
pressurizes. 

Monitoring the fuel distribution on the grate is essential to optimize the combustion of waste wood in 
the boiler. Improved visual access to the grate conditions by the installation of a grate camera, or 
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physically opening observation ports, will provide feedback to the operator regarding fuel piling or 
changes in fuel quality. Fuel delivery adjustments can be made with the following distributor settings: 

1. Adjust the inlet damper on the fuel distributor fan to increase or decrease the air supply 
pressure to alter the maximum fuel trajectory to all distributors. 

2. Adjust the minimum flow damper setting to change the minimum fuel trajectory (i.e., change 
the fuel spread). 

3. Increase or decrease the angle of the distributor plate for more or less fuel trajectory loft. 

4. Adjust the dampers in the individual air feed ducts to the distributors to change the maximum 
trajectory to selected distributors if needed (e.g., due to side-to-side differences in waste 
wood supply). 

Each fuel distributor is equipped with a pressure tap located downstream of the rotating air damper 
to monitor the range of supply pressure. The pressure is related to the flow delivered through each 
distributor and can be used for evaluating the relative flow rates between fuel distributors. 

----+---Balanced 
Damper 

Figure 3-2. Detroit Stoker Wind-Swept Fuel Distributor 

JANSEN COMBUSTION AND BOILER TECHNOLOGIES, INC. 21119TM 



BOISE WHITE PAPER L.L.C. REVISION O - JUNE 2007 
WALLULA, WASHINGTON PAGE 18 

( 4. Combustion Air System Control Modifications 

An extensive instrumentation and controls upgrade was implemented during the boiler upgrade. This 
Section provides an overview of the new combustion air system controls. However, the specific 
design of the boiler controls was not provided by JANSEN. Details of the control modifications 
should be obtained from the controls system supplier. 

During normal operation (when in remote automatic or "cascade" control with oxygen trim control), 
the grate fuel combustion air will be automatically controlled based on the amount of grate fuel 
delivered to the boiler and the flue gas oxygen concentration. The combustion air controls determine 
the set points for the UGA and OFA, and the control dampers adjust the air flows to match the 
control loop set points. 

The term "wood air" used in this document refers to the combustion air for the burning of waste 
wood. The wood air demand for the Kipper Hog Fuel Boiler includes the UGA, the OFA and the fuel 
distributor air. It does not include auxiliary burner air flow. The control loop set points specified in this 
section should be considered as targets and will vary depending on a number of boiler operating 
variables (e.g., fuel moisture, fuel size, heating value, and boiler load). 

The combustion air system controls include control loops for UGA flow, OFA flow, FD fan pressure, 
and flue gas oxygen trim. Wood air demand, i.e., the calculated air flow called for by the control 
system to bum the grate fuel, serves as the basis for the UGA and OFA flow control loops. UGA and 
OFA flow demands are calculated from the wood air demand and an OFA ratio that can be set by 
the operator. In normal operations, approximately 40% of the wood air will be delivered as OFA and 
the remaining 60% as UGA. The target OFA ratio is therefore 40 but can be adjusted to satisfy 
changing operating conditions. 

Figure 4-1 shows the relationships between total wood air, UGA, OF A, wood distributor air, and 
steaming rate when firing waste wood only. The air system was designed for steaming rates as high 
as 231,000 lb/hr from waste wood. As the figure demonstrates, the UGA flow will decrease 
proportionally with load until reaching a practical minimum, below which sufficient UGA distribution 
cannot be achieved. The minimum UGA flow has been estimated to be about 95,000 lb/hr, but this 
may be adjusted as more operating experience is gained. Similarly, the OFA flow has a practical 
minimum value to provide a minimum amount of penetration and mixing above the grate. The 
minimum OFA flow has been estimated to be about 50,000 lb/hr, but this also may be adjusted as 
more operating experience is gained. As a consequence of the minimum UGA and OFA flows, the 
flue gas oxygen will begin to raise as the steam flow drops (below about 160,000 lb/hr steam flow in 
this example). 

An important point is that the combustion air control system relies on both calculated air demands 
and metered flows. If the flow meters are not reliable, the control system will not function properly. 
Therefore, the calibration of the flow meters should be checked regularly. 

4.1 Air Flow Measurements and Calculations 

4.1.1 Wood Air Flow 

The total wood air flow is determined by the summation of the UGA, OFA, and Wood Distributor Air 
flows. 
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Figure 4-1. Combustion Air Load Curves 

4.1.2 Undergrate Air Flow 

The UGA flow is determined by subtracting the metered burner air flows (FE-716 and FE-726) from 
the metered combined burner and UGA flow (FE-705). 

4.1.3 Overtire Air Flow 

The OFA flow rate varies as a function of the pressures in the new OFA nozzles, the TAH outlet air 
temperature, and the size of the OFA nozzles. The OFA flow rate is automatically calculated by the 
DCS system from the output signals of the nozzle pressure transmitters and the temperature 
transmitter at the T AH outlet. 

4.1.4 Burner Air Flow 

The air flow to the left and right corner burner windboxes is measured by the existing right and left 
burner airflow meters (FE-716 and FE-726, respectively). These flow meters have been relocated in 
new burner feed ducting to improve their accuracy and reliability. 
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4.1.5 Wood Distributor Air Flow 

There is no flow metering on the wood distributor air flow line. An approximate value of 20,000 lb/hr 
is used in the air flow demand calculations. 

4.2 Wood Air Demand and OFA Ratio Control 

When in cascade control, the wood air demand is calculated based on the wood feed rate, an 
excess air factor, a Wood Air Demand Multiplier (operator input), and an Oxygen Trim Factor. The 
wood feed rate is proportional to the feeder screw speed. Once the wood air demand and the split 
between the UGA and OFA levels is established, the air flow demand to the UGA and OFA levels is 
determined. 

4.2.1 Wood Air Demand Multiplier 

The boiler operators have the ability to increase or decrease the amount of wood air flow to the unit 
while keeping the air flow controls in cascade mode by using the Wood Air Demand Multiplier. 

During normal operation, the Wood Air Demand multiplier will be set at a value of 100%. If it is felt 
that more air flow is required to be delivered to the unit (during upset conditions or higher moisture 
wood feed to the unit), the Wood Air Demand Multiplier value can be increased in steps up to a 
maximum value of 120%. For conditions when less air is required in the unit, the Wood Air Demand 
Multiplier can be reduced in steps to a minimum value of 80%. This multiplier gives the operator 
some flexibility in adjusting air delivery to the boiler to accommodate changing fuel quality. 

4.2.2 Oxygen Trim Factor 

The boiler controls will be capable of providing automatic oxygen trim control. When in "local 
automatic" control mode, the operators will input a desired flue gas oxygen set point into the oxygen 
trim controller. In "remote automatic" control mode, the set point is automatically input into the 
oxygen trim controller based on the boiler load, similar to the load curve presented in Figure 4-1. The 
set point will be compared to the actual oxygen reading and an Oxygen Trim Factor will be output 
from the controller. The Oxygen Trim Factor will increase or decrease the wood air demand to try to 
match the flue gas oxygen measurement to the set point. The tuning of the oxygen trim controller is 
typically set to be very slow and the Oxygen Trim Factor is restricted to small values so that a faulty 
flow meter will not cause a large swing in air delivery. 

4.2.3 OFA Ratio 

The boiler operators have the ability to control the amount of UGA and OFA by using the OFA Ratio 
setpoint. The OFA Ratio setpoint is used to determine the split of the total wood air flow between the 
OFA and the UGA. For example, an OFA ratio setpoint of 45% would deliver 45% of the total wood 
air (minus the wood distributor air) as OFA and the remaining 55% of the wood air as UGA. 

Under normal operating conditions, the OFA Ratio setpoint should be set to a value of 40%. For 
condttions that require more UGA, the OFA Ratio setpoint should be lowered. For example, under 
wet fuel conditions, the OFA Ratio could be lowered to 35%, while maintaining the same wood air 
flow to the boiler. For conditions that require more OFA, the OFA Ratio setpoint should be increased. 
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For dry fuel conditions or a heavy proportion of fines in the fuel, an OFA Ratio increase to 45% may 
be necessary. 

4.3 UGA Flow Control 

The UGA combustion air flow control loop controls the UGA flow based on the amount of waste 
wood delivered to the boiler, the Wood Air Demand Multiplier, the oxygen trim factor, and the OFA 
Ratio, as described above. The control loop compares the UGA flow set point to the metered UGA 
flow and modulates the existing UGA control dampers as required. During normal operating 
conditions, approximately 60% of the waste wood combustion air is delivered to the undergrate. 

The UGA control loop can include a minimum flow value if required to protect against grate 
overheating or to avoid poor air distribution at low load operation. 

4.4 OFA Flow Control 

The OFA flow control loop compares the OFA flow set point to the calculated OFA flow . The 
controller modulates the two OFA flow control dampers as required to match the calculated flow with 
the control set point, and balances the flow to achieve equal flow to each side. During normal 
operating conditions, approximately 40% of the waste wood combustion air is delivered to the new 
OFA nozzles. 

The OFA control loop can include a minimum flow value if required to protect against nozzle tip 
overheating and to supply adequate OFA nozzle jet velocity at low load operation. 

5. Operation 

5.1 Start-up and Shutdown 

Normal Waste Fuel Boiler start-up procedures should be followed. At start-up and at very low load, 
the OFA control dampers should be put into manual mode and set to low values to supply more 
UGA for grate combustion. Flue gas oxygen content will be higher than normal during low load 
operation. 

At start-up, the natural gas firing rate can be reduced gradually as grate fuel firing increases and 
stabilizes. 

Shutdown should follow normal procedures for the unit. As the boiler drops in grate fuel firing rate, 
the OFA and UGA flows will drop until they reach their individual minimum values. The OFA or UGA 
flows can be reduced further, if necessary, by switching the controls into manual mode. 

5.2 Normal Operation 

Once the boiler is operating near the target load of 231,000 lb/hr of steam from hog fuel firing, the 
combustion air system distribution can be adjusted to the guidelines described in Table 5-1. These 
are target levels for initial operation, and adjustments will be required to optimize the firing 
conditions. 

The following provides a list of good operating practices: 
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1. View glasses and pressure indicators should be kept clean and replaced promptly when 
damaged. 

2. Keep furnace cameras in good working condition and positioned so that the images are 
useful to the operators. 

3. Periodically check carryover levels, and flue gas "brightness" in the upper furnace and 
correlate to operating conditions. 

4. Avoid excessive amounts of UGA. With the new system, a larger percentage of the 
combustion air will be used for OFA than with the old system, so UGA and burner windbox 
air will be reduced. 

5. Establish a grate ash removal schedule that prevents the ash layer from exceeding about 6 
inches and avoids clinker formation. 

6. Bias the wood screw feeders to get an even distribution left-to-right across the grate. 

7. Adjust the wood distributor sweep air to achieve good distribution from front-to-back across 
the grate. The fuel should sweep from about one-quarter of the way across the furnace 
depth to the rear wall. 

8. The field operators on duty should visually inspect the grate combustion conditions on a 
regular basis as listed in points 1 through 7. Based on their observations, they can provide 
valuable feedback to the control room operators about optimizing the OFNUGA splits, wood 
delivery patterns, screw speeds/biasing, grate ash layer build-up, etc. 
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Table 5-1. Recommended Operating Targets 

Parameter Units OFA Design Condition 

Steam and Feedwater 

Steam flow lb/hr 231,000 

Drum pressure psig 550 

Steam temperature (saturated) OF 497 

Feedwater temperature OF 252 

Fuel 

Waste wood firing rate (as-received) lb/hr 56,000 

Natural gas firing rate scfh 0 

Flue Gas 

Generating bank outlet gas temperature OF 828 

TAH outlet gas temperature OF 441 

Generating bank outlet oxygen content vol%, wet 4.4 

Generating bank outlet gas flow lb/hr 350,300 

Combustion Air 

Excess air % 35 

Total combustion air flow to unit lb/hr 294,800 

UGA flow lb/hr 149,700 

OFA flow lb/hr 99,800 

Burner air flow lb/hr 25,300 

Wood distributor air flow lb/hr 20,000 

T AH outlet air temperature OF 623 

Undergrate plenum pressure in. wg 1.5 

FD fan outlet air pressure in. wg 15 

TAH outlet air pressure in. wg 10 

Supply pressures to OFA nozzles in. wg 8 

OFA nozzles in service No. 6 

Air Flow Splits (% of total air flow) 

Undergrate air % 50.8 

Overtire air % 33.9 

Bumerair % 8.6 

Wood distributor air % 6.8 

Total % 100.0 
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