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Significant quantities of wood residue fuels are presently . . 

being used in industrial steam generating facilities. Recent studies 
indicate that substantial additional quantities of wood residue fuels 
are available for energy generation in the form·of steam and/or 
electricity. A limited data base on the combustion characteristics of 
wood residue fuels has resulted in the installation and operation of 
inefficient combustion systems for these fuels. 

This investigation of the combustion characteristics of ~uod 
residue fuels was undertaken. to provide a data base which could be used 
to optimize the combustion of such fuels. Optimization of the combustion 
process in industrial boilers serves to improve combustion efficiency 
and to reduce air pollutant emissions generated in the combustion 

process. 
This report presents data on the combustion characteristics of 

Douglas Fir planer shavings. 
The data were obtained in a pilot scale combustion test facility 

at Oregon State University. Other technical reports present data· on the 
combustion characteristics of: 

Douglas Fir Bark 

Red Alder Sawdust 
Red Alder Bark 
Ponderosa Pine Bark 
Hemlock Bark 
Eastern White Pine Bark 

An Executive Summary Report is also available which compares 
the combustion characteristics of the variou~ fuel species. 
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SUMMARY AND CONCLUSIONS 

The following conclusions are drawn based on the experiments 
conducted for this species of wood residue fuel used in industrial 
spreader-stoker boilers: 

1) Optimum combustion conditions occur when an overall level 
of 50% excess dir is used; 

2) The combustion ais should be distributed approximately 
equally between undergrate and overfire air to achieve 
minimum air pollutant emissions and maximum combustion 
efficiency; 

3) The temperature of the combustion air does not have a 
pronounced effect on combustion efficiency or pollutant 
emissions. Therefore, the highest possible temperatures 
of combustion air should be used to achieve maximum thermal 
efficiency. However, caution must be used to avoid burning 
the grates under this mode of combustion. 

4) The combustible content of the boiler emissions is very high 
for this species (typically greater than 85%). For the series 
of tests conducted, it ranged from 83.1% to 95%. Under optimal 
combustion conditions, it ranged from 88.3% to 94% with a mean 
value of 91.5%. Therefore, it is beneficial to recycle this ash 
in a separate combustion system to recover its heating value. 
However, reinjection into the boiler is not recommended because 
it will result in increased air pollutunt emissions; 

5) The mass mean size of the ash typically ranges from 0.51 mm 
to 0.86 mm. Under optimal combustion conditions, it ranges 
from 0.64 mm to 0.86 mm with a mean value of 0.72 mm. 

6) The mass mean density of the ash typ·ically ranges from 
0.09 to 0.12 g/cm3. Under optimal combustion conditions, it 
ranges from 0.09 to 0.10 g/cm3 with a mean value of 0.09 g/cm3. 

7) Careful control of combustion conditions can reduce pollutant 
emissions by approximately 45%. 
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1. · INTRODUCTION 

In the wood products industry, large quantities of wood 
residue are used for fuel, principally to generate process steam by 
direct combustion in boilers. In the United States there are approxi~ 
mately 1700 industrial wood fired boilers in operation .. 

With increasing fossil fuel costs there is added incentive 
to utilize wood residue fuels·. However, present technology affecting 
the design and operation of wood fired boilers is limited. As a result, 
a large percentage of both new and older boiler facilities are exper­
iencing difficulty in operating efficiently and in meeting the environ­
mental restrictions. 

The technology "gap" focuses on the complete combustion of 
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the wood fuel. It is desireable to completely burn all of the combustible 
components of the fuel in order to maximize the combustion efficiency 
and minimize the fuel requirements. Complete combustion will reduce 

·emissions of air pollutant materials and reduce requirements for "tail 
end" control devices to meet stringent air pollution regulations. 

There are specific questions pertinent to the design and 
operation of wood fired boilers which have not been satisfactorily 
answered. For example: 

1) What is the optimum level of excess air (air to fuel ratio) 
to maximize the combustion process? 

2) What is the influence of preheating combustion air on completion 
of the combustion process. (The effect of preheated air on 
thermal efficiency is well documented, but its effect on 
combustion efficiency is not documented). 

3) What is the best method of distributing air in the combustion 
chamber? 

4) What is the optimum size of wood fuel required to bring about 
complete combustion? 

5) . What is the influence of fuel moisture on the completion of the 
combustion reaction? (The effect of fuel moisture on thermal 
efficiency can be calculated but its effect on completion of 
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the combustion reaction has not been documented.) 
6) What is the relationship of fuel feed rate to the completion 

of the combustion reaction? 
7) For given combustion conditions, what is the rate of carryover 

of unburned fuel and inorganic ash out of the boiler and into 
the primary call ector system? This questions pertains to the 
design requirements of primary collector systems. 

8) What are the physical characteristics of wood fuel fly ash 
in terms of size distribution, density distribution, and 
combustible content for specific combustion conditions? This 
questions also pertains to the design requirements of primary 
.co 11 ector sys terns. 

9) What are the optimum combustion parameters for reducing opacity 
from the wood fired boiler exhaust gases? 
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The answers to these questions must take into account the design 
of the wood burning boilers system. There are four general design categories 
of boiler systems: 

1) Spreader-stokers 
2) Dutch ovens 
3) Suspension burning systems 
4) Fluidized bed combustion systems 

Since the early 1950's, the majority of boilers constructed in this 
country have been of the spreader-stoker design. It is estimated that over 
50% of the currently operating boilers are spreader-stokers. Therefore, 
the spreader-stoker design was emphasized in.the research effort reported 

herein. 

2. PURPOSE AND SCOPE OF·THE PROJECT 

The pufpose of this research effort is to develop a design 
data base for the combustion of wood residue fuels. Each of the important 
variables in the combustion process is taken into consideration including 
the fa 11 owing: 
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l) Species of fuel 
2) Size of fuel 
3) Moisture content of fuel 
4) Feed rate of fuel 
5) Inlet air temperature 
6) Air to fuel ratio - level of excess air 
7) Distribution of the combustion air above and below 

. the grate. 
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When the data base is complete it will allow engineers, designers, 
and boiler operators to more effectively utilize wood residue fuels for 
energy with improved combustion efficiency and reduced air pollutant 

emissions. 

3. FINANCIAL SUPPORT 

Support for this research effort has been provided principally 
by the Government of the United States as noted below: 

1) Phases I & II Energy Research and Development $100,000 
Administration: Division of 
Conservation Research and Tech-
nology. 

2) Continuation Department of Energy: Fossil $187,000 
Fuels Utilization Program 

3) Oregon State University $ 7,350 

4) International Paper Company $ 2,500 

5) Oregon Department of Environmental Quality $ 2,000 

4. PROJECT PARTICIPANTS 

The principal investigator for the research effort is 
Dr. David C. Junge, Associate Professor of Mechanical Engineering 
(Senior Research Scientist). Dr. R. W. Bcubel, F. Kayihan, J. G. Mingle. 
have acted as supporting investigators. Dr. Kenneth Tuttle assisted 
during the period when he was a candidate for the degree of Docter 
of Philosophy. Several undergraduate students have participated in the 
project as well as two full time technicians. 
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5. TIME FRAMEWORK OF THE PROJECT 

The initial funding of the project began on April 1, 1976. The 
test facility was designed and constructed during the period of April 1, 
1976 to January 31, 1977. Startup and debugging took place between 
February 1, 1977 and April 15, 1977. Initial data were collected on 
Douglas fir hogged bark from April 16, 1977 to June 30, 1977. Funding 
for the initial phases of the project concluded June 30, 1977. 

The continuation work began September 16, 1977 with funding 
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from the Dept. of Energy. Revisions to the test facility were accomplished 
between September 16, 1977 and December 31, 1977. Tests on a variety 
of species were conducted between January 1, 1978 and July 15, 1978. 
Funding for the continuation work is still in progress and is expected 

to continue through September 15, 1979. 
The results reported in this document were obtained during the 

period January 1, 1978 to July 15, 1978. 

6. DESCRIPTION OF THE TEST FACILITY 

A test facility was designed and constructed to carry out this 
needed research program. It is located in Corvallis, Oregon at the 
Fafrplay Research Center, a part of Oregon State University. 

As indicated in Figure 1, the test facility is a small spreader 
stoker boiler designed to fire wood residue fuels (ho~ged fuel). The 

system includes: 
1) A conveyor system to control and meter the fuel flow; 
2) A mechanical 11 f1inger .. roll to distribute fuel uniformly 

across the grate; 
3) A water wall lined combustion chamber with a fixed, pin-hole 

grate. The area of the grate is 10 square feet. The combustion 
z~ne extends approximately 11 feet above the grate. Steam 
is generated at atmospheric pressure with natural recirculation 

in the water walls; 
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4) A fin tube, forced air cooled, jacketed duct to carry 
combustion exhaust gases from the combustion zone to an air 
pre heater; 

5) A plate type, counter flow, tripple pass air preheater designed 
for up to 550 °F air exit; 

6) A cyclone separator downstream from the air preheater to 
remove entrained particulate matter from the exhaust gas 
stream; 
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7) A forced draft fan to provide combustion air to the test facility; 
8) A system of venturi orifice flow meters to meas~re the amount 

of air distributed above and below the grate; 
9) A system of gate valves to control the flow of air above and 

below the grate 
10) Instrumentation to measure independent and dependent variables 

of the test facility. (Instrumentation is discussed in greater 
detail in Section 7.) 

A photograph of the test facility is shown in Figure 2. (P. 7) 

The test facility is designed to combust fuel samples with 
heat release rates of up to lOx 106 BTU•s per hour. Typical tests are 
carried out with heat release rates of 6 x 106 BTU•s per hour. 

Fuel species, fuel size, and fuel moisture levels are not 
controlled by the test facility. These characteristics are determined 
with the purchase of the fuel from various suppliers. 
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Figure 2: Photograph cf the Experimental Test Facility -Oregon State University 
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7. DESCRIPTION OF THE INSTRUMENTATION 

The instrumentation used in conjunction with the test facility 
is illustrated schematically in Figure 3. Specific comments are offered 
concerning particular aspects of the instruments: 

1) Fuel Size Distribution: Fuel size was determined by a screen 
analysis on pre-dried fuel samples. Samples were placed in a 
laboratory oven at 106 °c until their weight reached a constant 
level indicating uniform, oven dry moisture levels. The 
samples were then screened in a series of standard (Tyler) 
screens to determine the mass/size distribution. 

2) Fuel Moisture Content: Moisture content was determined by 
collecting random samples of the fuel from the storage pile 
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and conducting standard gravimetric analyses. Drying was 
carried out at 106 °c until the samples reached constant weight. 

3) Fuel Feed Rate: Feed rates were determined by calibrating 
the screw feed conveyor of the fuel feed system. Calibration 

• was in terms of cubic feet of fuel delivered per hour for 
each specific fuel size and fuel moisture level. Calibration 
checks were made at regular intervals. 

• 

Note: This method of determining fuel feed rate proved to have 
limitations in accuracy. The desired information on fuel feed 
rate was in terms of dry pounds of fuel per hour. To obtain 
information in this form, it was necessary to determine the 
volumetric flow rate of the fuel (ft3/hr), the moisture content 

1 of the fuel (#H2o;# fuel), and the fuel density(# fuel/ft3). 
Each of these measurements had inherent inaccuracies. It was 
found that g}·eater accuracy in determining the fuel flow rate 
was possible by accurately metering the combustion air and the 
level of excess air in the exhaust gas. Simple calculations 
could then be used to determine the fuel feed rate to the 
combustion chamber based on the combustion air supplied to the 
chamber. 



4) Fuel Density: Density of the fuel was determined by collecting 
samples of the fuel from a sample point mid-way in the screw 
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~ feed conveyor. Know volume samples were weighed to determine 
their density. Caution was used to insure uniform compaction 
of the fuel samples. 

• 

5) Air Temperature Measurements: 'Air temperatures through the 
test facility were determined using standard laboratory and 
industrial thermometers. 

6) G~s Flow Rates: Gas (air) flow rates were determined by the 
use of standard ASTM sharp edge orifices which were calibrated 
at various temperatures suing a standard pitot tube. Pitot 
traverses were done according to standard methods. Each orifice 
is equipped with a thermometer for simultaneous temperature 
measurement. Orifice pressure differentials were recorded for 
each test condition and gas flow rates were then found by the 
use of an orifice flow calibration chart. 
The main air flow lines to the combustion chamber were equipped 
with venturi orifice flow meters rather than sharp edge orifice 
flow meters. This was done to provide greater accuracy in 
measuring these two critical air flows. The calibration and 
pressure differential measurement were done as described above. 

7) Temperatures in the Combustion Chamber: Exhaust gas temperatures 
inside the combustion chamber were determined by the use of 
shielded platinum-radium thermocouples. The data from these 
thermocouples is highly suspect due to re-radiation problems 
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at elevated temperatures. 
Exhaust Gas Analyses: An exhaust gas sample line was installed 
at the inlet to the air preheater. The s-ampled was cooled to 
approximately 70 °F to condense the water vapor and remove it. 
Filters were placed in the sample line to remove particulate 
matter. Continuous oxygen, carbon monoxide, and carbon dioxide 
analyzers were used to evaluate the flue gas constituents. 
Fyrite portable analyzers were used to make spot checks on the 
accuracy of the continuous analyzers. 



9) Total Ash Carryover: Ash carryover rates were determined 
gravimetrically using a simple laboratory scale. The ash 
collected at the base of the cyclone separator was weighed 
in a tared container and the elapsed time for the collection 
of the weighed sample was noted. Calculations were then made 
to determine the rate of ash carryover in terms of pounds/hr. 

10) Ash Characteristics - Size, Density, Combustible Content: 
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The characteristics of the ash were determined in the laboratory. 
Size distribution was obtained using standard sieve screen 
analyses. The density was determined by placing ash samples 
in graduated cylinders to determine volume, and then weighing 
the known volume samples to determine density in pounds/cubic 
foot (or g/cc). ·Representative samples of the collected ash 
were used to determine the percent of the ash which was 
combustible. Tared containers with know~ amounts of sample 
were placed in a muffle furnace at 600 °C for 8 hours. The 
remaining ash was then reweighed to determine the percent 
of combustible material in the sample. 

11) Opacity Measurements:· Opacity was determined visually. 
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DESCRIPTION OF INSTRUMENTATION 

1. Fuel Species 
2. Fuel Size Distribution 
3. Fuel Moisture Content 

(% by weight - 11 as-is 11 basis)· 
4. Fuel Feed Rate 

13. Temperature @ Forced Draft Fan Exit 
14. Air Flow Rate @ Forced Draft Fan Exit 
15; Gas Sample Point For Flue Gas Analyses (02, CO, co2) 
16. Ash Sample Point 
17. Opacity Measurement Point 

5. Fuel Density 
6. Overfire Air Temperature 
7. Underfire Air Temperature 
8. Overfire Air Flow Rate 
9. Underfire Air Flow Rate 

10. Temperature 60 11 Above Grate 
11. Temperature' Air Heater Inlet 
12. Temperature @ Air ~eater Exit 

1·, 

Figure 3: Schematic Illustration of Instrum~ntation Us~d With the Combustion Test Facility 
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8. DESIGN OF THE EXPERIMENTS 

.,· The overall experimental program was designed to study the influ-
ence on the combustion of wood residue fuels of the normal combustion 
variables found in industrial processes. 

Fuel Related Variables 

Species 
Size 
Moisture 
Feed Rate 

These variables include: 
Combustion Air 

Related Variables 

Inlet Air Temperature 
Level of Excess Air 
Distribution of Air Above 
and Below The Grate 

The principal dependent variable of concern in the experiments 
is the amount of unburned carbon and non-combustible ash carried out of 
the combustion chamber per unit of time. This parameter is a measure·. 
of the completeness of the combustion reaction in the test facility. 
High levels of combustible carbon carryover indicate poor combustion 
conditions. Low levels of carryover indicate better combustion conditions. 

The experimental data reported in this document are for only 
one species: Douglas Fir planer shavings Experimental data for 
other species are reported in other technical reports. For experimental 

data in this report, the following parameters and ranges were used: 
Variables Range of Variables 

No. of Experimental Test Runs: 33 

Test Run Numbers: 14 To 52 

Range - Fue 1 Size Used 0.5 To 20 (mm) 

Range- Fuel Moisture Levels Used: 36.4 To 44.5 (%H 20: 11 As-Is") 

Range- Fuel Feed Rates Used: 473 To 594 (Dry Pounds/Hr) 

Range- Levels of Excess Air: 8 To 100 (%) 

Range- Levels of Inlet Air Temp: 95 To 4i5 (OF) 

Range- Leve1s of Air Distribution: . 30 To 84 (% Undergrate) 
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9. DATA COLLECTED 

For each test run, data were collected for independent and 
dependent variables. The indep·endent variables included the following: 

1) Fuel Related 

Species 
Size Range 
Moisture Content 
Density 
Feed Rate 

2) Air Related 
Temperatures at: 

Forced Draft Fan Exit 
Undergrate Air Duct 
Overfire Air Duct 

Air Flow Rates at: 
Forced Draft Fan Exit 
Undergrate Air Duct 
Overfire Air Duct 
Fuel Conveyor Air Duct 

3) Weather Conditions 

The dependent variables for which data were collected during 

each test run included the foliowing: 

made . 

1) Combustion Exhaust Gas Temperatures 
60 11 Above the Grate 
At the Inlet to the Air Preheater 
At the Exit of the Air Preheater 

2) Ash Carryover Rate from the Discharge of the Cyclone 
3) Ash Characteristics in Terms of Size Distribution, 

Combustible Content, and Density Distribution 
4) Percent Excess Air as Determined by Oxygen Analyses 
5) Opacity from the Exhaust Gases 

For most but not all test conditions, two replications were 
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10. PROCEDURE FOR CONDUCT OF THE EXPERIMENTAL TEST RUNS 

The procedure for conduct of the experimental test runs is 

outlined below: 
1) Build a fire in the combustion zone and bring the test facility . . 

up to operating temperature. This. generally requires 2 hours· of 

operating time to bring the system into equilibrium. 
2) Introduce fuel to the combustion zone where the fuel is of 

known and desired species, size distribution, moisture content, 
and fed at desired feed rates. Co 11 ect samp 1 es of the fue 1 to 

check moisture and density. 
3) Establish the desired inlet air temperature by controlling the 

air flow through the air preheater and bypass lines. Establish 
the desired air flow rates through the overfire air lines and 
the underfire air duct. Check the level of excess air in the 
combustion zone as determined by the oxygen content of the 
exhaust gas~s. Re-adjust the overfire and underfire air flow 

~ rates to maintain desired levels of excess air and percentages 

of overfire and underfire air. 
4) Begin data collection. Set the pre-tared ash collection bucket 

at the discharge of the cyclone collector and seal against 
leakage. Begin data collection from all temerpature, gas flow, 
and pressure indicators and from the gas analysis equipment. 
Data points are noted at 10 minute intervals on all indicators 
except the flue gas analysis equipment which is continuous. 
Log weather conditions, opacity from the cyclone exit duct, and 

time of starting the test. 
5) After sufficient running time (typically 20 to 30 minutes per 

test), terminate the test. Note time of finish of test run and 
remove the ash carryover buck from the cyclone bottom outlet. 
Measure the total weight of collected ash and obtain a sample 
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of the collected ash for laboratory analyses on its characteristics. 
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6) Begin replication run of the test. 
7) At the end of the replication run, re-adjust fuel and air flow 

·parameters for the next test condition. 

11. DATA ANALYSES 

1. Fuel Size Analyses 
The fuel size distribution is determined by drying a sample of 

the fuel at 106 °c for a minimum period of 24 hours or until the weight 
of the fuel sample reaches an equilibrium point. The dried samples are 

then screened using Tyler Standard screens indicated below: 

Screen No. (Inches) (mm) 

1 1.050 26.67 

2 .742 18.85 

3 .371 9.423 

4 .185 4.760 

5 . 131 3.327 

6 .079 2.000 

7 .039 1.000 

8 .020 .500 

Pan 
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The weight of each sample collecfed on each screen is determined 
and the mass-size distribution plotted on log-probability graph paper. 

2. Fuel Moisture Analyses 
Fuel moisture analyses were made by collecting a known weight of 

sample in a pre-tared container. The samples were then dried using the 
procedure indicated above in {1 .) and re-weighed. Calculations were made 

to determine moisture content on a wet basis or "as-is" bas·is. 

3. Fuel Density Analyses 
Fuel density was determined by collecting a sample of the fuel 

as it was carried up the fuel feed conveyor (screw conveyor). The sample 
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was dropped from the conveyor into a container of 0.811 curie feet volume. 
Wehn the container was full to the top (with no mechanical compaction), the 
weight of the container and the fuel were determined. A simple calculation 

then produced the density of the fuel sample. 
The density was important in determining the fuel feed rate 

to the combustion system in terms of pounds per hour. The feed conveyor 
was calibrated in terms of cubic feet of fuel delivered per hour. 

4. Flue Gas Analyses 
The flue gas analysis system consisted of a stainless steel 

gas sample line connected to the inlet side of the air preheater and to 
a sample gas cooling and filtration system. The cooling system allowed 
the entrained water in the exhaust gas to condense and be removed from 
the sample line. The filtration system removed entrained particulate 

matter·to avoid piugging the gas analyzers. 
Downstream from the cool1ng and filtration system, a sealed 

pump was installed to move the sample gas through the system. The 
exit line from the pump was connected to a sample gas header which 

carried the gas to the analysis instruments. 
Two instruments were used to determine the flue gas ~onstituents. 

An oxygen analyzer and a CO, co2 analyzer were· used for continuous readings 

of the component gas percentages in the dry gas sample. 

5. Ash Analyses 
Laboratory analyses were conducted to determine the combustible 

and non-combustible content of the ash collected during the test runs. The 
standard ASTM test procedure was used in which the ash samples were heated 

to 600 °C until they reached constant weight. Initial .and final weights 
were used to calculate the amount of combustible material in each sample. 
Standard screen analyses were used to determine the size distribution of 

the ash samples. Ash density analyses were made by determining the 
volume of sample collected on each of the filter screens. 
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6. Computer Analyses of the Data 
A program was written (Fortran IV) to make the calculations 

pertinent to t.he requirements of the experimental program. The printout 
groups the related tests for easy comparison of test parameters and lists 

the independent and dependent variables. 

12. EXPERIMENTAL RESULTS 

The experimental test results are summarized on pages 18 and 19. 

The effects of the important parameters are noted on page 18 (Summary 
of Research Results). The characteristics of the ash are summarized on 
page 19 for the entire range of· test parameters and for optimum combustion 

conditions. 
The experimental data for each test condition is found in the 

Experimental Data Summary beginning on page 20. This section has the 

data in tabulated form. 
Graphical representation of the data is fdund in the section 

beginning on page 32. Several forms of graphic analysis are offered 
to provide the reader with a greater understanding of the effects due to 

the combustion variables. 
The raw fuel used in the experimental tests was analyzed and 

its analyses are indicated in tabular and graphic form beginning on page 51. 
The ash analyses results are noted in both tabular and graphic 

form beginning on page 60. The combustible content of the ash samples 
as a function of their size distribution is noted in tabular and graphic 

form beginning on page 112. 

13. CONCLUSIONS 

The conclusions reached from this experimental work are 
summarized in the beginning of this report under Summary and Conclusions. 



SUMMARY OF RESEARCH RESULTS 

SUMMARY OF EFFECTS DUE TO: 

1. FUEL SIZE: Not determined - only one fuel size used. 
2. FUEL MOISTURE: Not determined - only one fuel moisture level used~ 

3. FUEL FEED RATE: Range studied (dry lbs/hr): 473 to 586 ---'---

Effects statistically significant within the range studied: 
Yes No XXX 

4. INLET AIR TEMPERATURE: 
Effects statistically significant within the range studied: 

Yes No XXX 

18 

As air temperature increases, emissions increase ___ decrease ___ 

Reference: See page 50. 
5. LEVELS OF EXCESS AIR: Test results indicate an interaction effect 

between level of excess air and distribution of air above and 
below the grate: Yes No XXX 
Optimum level of excess air for most test conditions: 50 (%) 
Reference: See pages 48-49 

6. DISTRIBUTION OF AIR ABOVE AND BELOW THE GR~TE: Lb Air/Lb Dry Fuel 
Optimum rate of air flow through the grate: 4.0-5.0 

Range of air flow rates through the grate 
which were successfully tested: 3.67 to 11 .44 

Overall optimum air distribution: 
Above the grate (overfire air): 46 (%) to 57 (%) 
Below the grate (underfire air): 43 (%) to 54 (%) 

Reference: See pages 39- 47. 
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SUMMARY OF ASH CHARACTERISTICS 

1. Rate of Total Carryover (lbs/hr) 

2. Concentration of Total Particulate 

All Tests 
(Range) 

Optimum Combustion 
Conditions 

(Mean) (Range) 

7. 50 to 18.6 l 0.1 7. 5 to 13.2 

(gr/SCF- not corrected to 12% co2) 0.72 to 2.17 1.2 0.75 to 1.73 

3 .. Rate of Total Carryover 
(lb/lb dry fuel) 

4. Rate of Combustible Carryover 
(1b/lb dry fuel) 

5. Rate of Inorganic Carryover 
(lb/lb dry fuel) 

6. Mass Mean Size (mm) 

7. ·Mass Mean Density {g/cm3) 

8. Mean Combustible Content (%) 

1.26 to 3.02 1.69 1.26 to 2.05 

l . 15 to 2. 81 l . 55 1 . 15 to l . 92 

0.11 to 0. 27 0.14 0.11 to 0.17 

0. 51 to 0. 86 0. 72 0. 64 to 0. 86 

0. 09 to 0. 1 2 0. 09 0 . 09 to 0. 1 0 

83 . l to 9 5 . 0 91 . 5 88 . 3 to 94 . 0 

9. Combustible content as a function of ash size distribution. 

See pages 123, 124. 
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EXPERIMENTAL DATA SUMMARY SHEET 

TEST SERIES: 1'-/ TO Z't FUEL SPECIES: 0CUGL~S Fu~ . 
. PJ../9/t)E.R 5rJ!iVIA16S 

- - - - - - - - - FUEL CHARACTERISTICS - - - - - - - - - - - - - -

MASS MEAN SIZE (mm): e.z.S" SIZE RANGE (mm): z.o. 0 TO (). 5"' --"'----
MASS MEAN DENSITY (g/cm3):0.17 DENSITY RANGE (g/cm3):o.os TO o.llf 

COMBUSTIBLE CONTENT (X OF DRY FU~L W~IGHT): 9 •. l~ 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

I - - - - - OPERATING PARAt~ETERS - - - 1 I - - - TEST RESULTS- - -I· 

TEST FUEL FUEL EXCESS UNDER AIR LBS AIR ASH COMB. MASS MASS OPACITY 
NO. FEED H~O AIR GRATE TEMP. LB FUEL RATE ASH MEAN MEAN 

RATE - AIR @ GRATE SIZE DENS 
(LBS/HR) (%) (%) (%) (°F) (LB/HR) (%) (mm) (g/cm3) (%) 

I'/- H73 J!Jf, ~ 5Z '17 95 C, I CJ //.7 90.2 0.7'1 0.09 5' 

~~- II •• 50 47 qs- G.lq 1/.0 c; /. 2. 0.82 o.oq " 

I' " 
,, 

4-16, J ~~ /()0 IJ,/0 10.6 92.3 0.7~ 0 .O'f " 

17 S8G •• 2 I 1~2. 1'15 (;.,) IS.6 '13.5 0.93 0.06 f ~' 

18 ,, .. 14 S'3 /~z. c. !J'f 15.'1 II 

I 'I " " JS cg, /32. 7.43 17.7 . '12.'1 c.BZ 0.10 •• 

2.0 II 

" JS ~0 /J3 7.18 ll'f ,7 
,, 

'2.1 ~'4 •• 65' 'aZ /37 8.i'2. /If, 8 92.0 (), 7'/ 0.10 
II 

22. ,, ,. 77 c;(2. /Iff B.Sl /3.6 " 
Z..3 " 

,, 
/~() I <a- I !li!J 10.0~- 15.3 " 

2'1 ,, . II /() () 17~ 120 II. ~'I 17./ ,, 

I 

I 

• ·-
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EXPERIMENTAL DATA SUMMARY SHEET 

TEST SERIES: 2s- TO S 2 FUEL SPECIES: DOtJGJ.IIS !=I~ 
PL.IINeR SHI#IIIIII&S 

- - - - - - - - - FUEL CHARACTERISTICS - - - - - - - - - - - - - -

MASS MEAN SIZE (mm): 2. 2.S SIZE RANGE (mm): zo. 0 TO 0. S 

MASS MEAN DENSITY (g/cm3): 0,17 DENSITY RANGE (g/cm3):0.0S TO 0.19 

COMBUSTIBLE CONTENT (% OF DRY FUEL WEIGHT): 99. 2J.! 
= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = 

I - - - - - OPERATING PARAMETERS - - -
1 

I - - - TEST RESULTS- - -I 

TEST FUEL FUEL EXCESS UNDER AIR LBS AIR ASH COMB. MASS MASS. OPACITY 
NO. FEED H20 AIR GRATE TEMP. LB FUEL RATE ASH MEAN MEAN 

RATE - AIR @ GRATE SIZE DENS 
(LBS/HR) (%) (%) (%) (°F) (LB/HR) (%) (mm) (g/cm3) (%) 

2S S""SG 3(4 2' 53 150 A/.l>/ 1'3.2. ~ 

z' , ... 3'1 52. 155' Jt.5') Jl,"f 92.7 0.12. O.O't 1 .. " 

.... 27 
,, 

J./4 ,., /~3 J./.'/2 ~.; 88.3 0.6'1 o. 0 Cf " I " 

ze ,, 
" J./7 4~ /52. A.f.'IB 7. 8 ,, ! 

zt:t 5''1"1 ,, 58 "17 111.e ~.85' r.~ ,, 

30 II 

" 5~ iTS 1~1 J.j.'ff 7.5 'II.() O.G"/ 0.10 I ,, 
I --

3/ " " C{, J.f~ 1'15 5. '15 /0.'/ ,. 

32. ,. 
" 76 '"I"J 1~0 5. '15 ! q,3 83./ 0.51 0.11 ,, 

3, ,, 
" '11 3/ /77 ?>. 7£1 ,,3 BB.~ 0. (,3 0,/1 

,, 

"70 II " '11 30 173 3.G 7 '1.0 I I •• 

'-II 5"Be:, ,, 
50 ~4 1-/()2. 7.0/ /~.~ " 

'12. It " 5"/ «i-3 402. 6.7B /2.0 92. 'I 0.78 (),/() ,, 

LJ3 I' " 83 ~'1 .395" 8' .b{; Jtt.O 9Z.6 o.Bz 0.0') •' I 
J./4 

,, ,, 
CJJ $-lj ~'13 8'. S'O /7.'/ 

,, I 

45" " •• ~2 i'2. J./1~ CJ,27 13.8 qo.& 0.80 01 J{) I II 

!ft 
,, " 55' 8'2. J./15" 1 q,73 17.7 " 

J./7 " 
,, 87 . ~2. 3CJ() II. '17 I ~.0 Cl~.() 0.68 o.10 " 
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EXPERIMENTAL DATA SUMMARY SHEET 

TEST SERIES: 2.5' TO 52 -=--- FUEL SPECIES: 0fJUGLJ9.S Fl/? 
P/.IINE~ SI-J19VIAIGS 

- - - - - - - - - FUEL CHARACTERISTICS -

MASS MEAN SIZE (mm): 2. 2-:,- SIZE RANGE (mm): zo. o TO o. ~ 
MASS MEAN DENSITY {g/cm3): D.l7 DENSITY RANGE ( g/ cm3) : o .() ~- TO a . 1 o, 

COMBUSTIBLE CONTENT(% OF DRY FUEL WEIGHT): 9,.2~ 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

I - - - - - OPERATING PARAMETERS - - -
1 

I - - - TEST RESULTS- - -I 

TEST FUEL FUEL EXCESS UNDER AIR LBS AIR ASH COMB. MASS MASS OPACITY 
NO. FEED H20 AIR GRATE TEMP. LB FUEL RATE ASH MEAN MEAN 

RATE - AIR @ GRATE SIZE DENS 
(LBS/HR) (%) (%) (%) (0 F) (LB/HR) (%) (mm) {g/cm3) (%) 

'iS 5'86 J'.J/ 93 S'2. 3,0 1/. 2. 7 /~.~ 5" 

J./C! ,. 
" ~ ~3 380 ~.2L/ 12..0 (/£/.0 o.aG 0.()? 10 . 

50 II " /0 53 36i:f Lt.le II .. '"/ /0 

51 " 
,, 2' 52.. ~75' 5"./Cf /0.?_ ' I 

5'2- ,, " 2.5' 52. 378 ~.18' tf!).S l:/5.() 0.75 o .I 'L ;-
1 
I 
I 

ll 
I I 

I 

I 

I 

I 
I I 

I 

i 
I 

l . I 
I I I I j j_ - ..__ 
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WOOD SPECIESI D• FIR Pl.AI.'IAR SHAV 

RUN NO: 
DATEt 

COWEYOR- SETT!NG 1. 

F.UEL. FEED P.ATEs . 
CORY L.SS/KRl . 

HEAT' INPUT -RATEs 
<STUIHR> 

HEAT RELEASE; AAn; 
C STUiKR-SQFT> 

UNDERFIRE: 
OVERF!RE:­
?ERCENT EX-• AIR: 

T2: 
T3: 
T4: 
FAI.'l oun.En 
UNDERGRATE: 
OVERFtRE: 
AIR K~TERf 

SIZE RAI.'lGE: 1,. MINUS 
MOISTURE c;>: 44.50 
DENSITY <L.BS/CU• FTH 6 • 20 

14· 15· 
2-t3-7Er 2:.13-·1s 

65· 65· 
11,730. 47~ 

4255886-. 4255686· 

6··INCH 
12•INQ! 
sa. 

425589· 

6·· INCH 
l2• INCH 

50.0 

425588.6· 

425589· 

6·INCH 
12 •. INCH 
46· 

TEMPERATURES <DEGREES F> 

136~·· 
977· 
643· 
·52· 
95·-
95~ 

ll'J· 

1317·· 
987·· 
69Q· 

53·-
95·· 

. 95· 
110· 

126(). 
1 OfJ(J ;,. 

62fJ •. 
54· 

1 (J() •• 

ll)f). 

1.1 f) •. 

74· 
586· 

5272388. 

527239· 

12.INCH 
6• INCH 

..:H. 

1393· 
107'J· 

745· 
s 3.· 

145. 
145· 
21)1)·. 

PRESSURE DIFFERENTIAI..S CINcHES wATER> 

MAIN ORIFICEs 
6'" VENTURI : 
12"· VENTURI I 
3" CONVEYOR: 
ACROSS GRA'l'Es 

. ·2 
7oS 

.4. 
3·0 
1·3 

.• a 
5·0 

..2. 
3.-1. 
1· 3 

EXHAUST GAS ANAL.'!SlS <PERCENT> 

OXYGEN: 
CARSON DIOXIDE: 
CARBON MdNOXIDEz 
OX.IDES OF ~tTROGENs 

1·1 
13·2 
·12 
(J. 0 

6·7· 
13· 1 
.13 
I'J•O 

AIR FL.OW RATES CACFM> 

:-!AINs 
UNDZRGRATEs 
OVERFtREs 

1:377. 
7Q5e 
788· 

1305· 
705·· 
766·· 

1229· 
sa 1· 
615· 

AIR FL.OW RATES C SCFM> 

MAINs 
UNDERGF.ATE: 
OVERFIREs 
UNDER .- GVERt 
CAL.C• BASED. ON t 
FUEL AND EX• AIR 
PERCENT UG:OF 

1324· 
608. 
680:0 

1289· 
922e. 

47 • I 53• 

1253· 
6fJ8. 
680· 

1289· 
9lf). 

47oiS3o 

CARRY OVER DATA 

l.SSIKR: 1-1 ~-7 
GR/SCF; lo-481 
PERCENT ASH 1 I) • 
PERCENTCOMBUSTIEI.E.s fJ• 
L.ENGT'rl OF RUNOUN> I 20~ 
OPACITY: S• 

1lEAT!iER: ct.OUDY· 

9U l· 6fJI) UNTS· 

RUN COMPLETE• 

11·0 
1·411 

(J;, 

16. 
s .. 

ct.OUDY 

1176· 
S01· 
S31· 

1fJ32· 
665· 

49 ol 51· 

(o. 6 
1·399 
1). 
(J. 

13· 
s. 

• 1 
··2. 

1·() 
3·0 
1·4 

4.1) 
16·3 

.1.1. 
.t'J. (J 

804·· 
1 fJ8 4• 
245· 

772· 
808. 
18.3· 
99Q· 
909· 

32·116· 

15·6 
2.0fJ2 
(J. 

1). 
20· 
So 

CL.OCDY 

. 16. 
2-17-78· 

5272388· 

527239· 

12·1NCH 
6elNCH 
14· 

1~13· 
1085· 
757. 
sa. 

142· 
100· 
200· 

:).Q 
17·3 
.• 11 

1).1) 

915· 
1036· 

2(J7;· 

671· 
772· 
1$4. 
926· 
SS6· 

1So9 
2·1€:6 
() .. 
.0. 
20· 
s. 

CI..OUDY 

25 
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WOOD SPECIES: D. FIR ?L~~AR SHAV 
SIZE RANGE:. 1"· MINUS 
MOISTURE C%>r 36•40 
'DENSITY CLBS/CU~FT>: 7•80 

;\UN NOr 18• 19· 20· 21· 22· 
DATE:· 2-17-78 2-'17•78 2~17-78 2-17•78· 2-17-78 

CONVEYOR SETTING: 74•· .74•· 
FUEL FEED RATEr · 586·· 586· 

74~ 75• JS •. 
586· 594· 594· 

C DRY· LBS/HR> 
HEAT INPUT RATE: 5272388 • 5272388• 5272388~ 5342752· 5342752 .. 

C·BTU/HR> 
HEAT RELEASE RATEt 527239• 527239• 527239• 53427So· 534275• 

C Bn' /H·R- SQFTl 
UNDERFIREr 12oiNCH l2olNCH. 12•INCH 12oiNCH 12·I!'ICH 
OVERFIRE;r 6·INCH s.INCS 6. INCH 6 •. INCH 6oiNCH 
PERCENT EX• AIHr 1'4•· 38 .. 38·· 65. 77· 

TEMPEAATURES C DEGREES F> 

T2: 
T3t 
T4r 
FAN OUTLET: 
UNDERGRATE: 
OVERFIRE: 
AIR KEATER.: 

1413· 
1 oss.. 
7S.7. 

53· 
142·· 
1(J(J. 
200 •. 

1367 .. 
~020· 
735· 

54·· 
132· 
132· 
2fJ(J. 

1363· 
<;97 .. 
722'• 

54· 
·133· 
133 •. 
2fJt}. 

1353• 
1 fifJ7. 
727· 

56· 
137· 
137· 
2(J0 •· 

PRESSURE DIFFERL'lTIALS CINCHES WATER> 

MAlN ORIFICE: 
6" VENTURI: 
12" VENTURI: 
3" CONVEYOR: 
ACROSS GRATE: 

··2 
·3 

1· 3 
2·9· 
1·4 

EXHAUST. GAS Ao~AL \"SIS C PERCENT> 

OX\"GE:.V r 3• fJ 
CARBON DIOXIDE: 17•3 
CARSON MONOXIDE: • 11 · 
OXIDES OF NITROGENr (J.(J 

6.(J 
1'4• (J 

• 11 
(Jo(J 

6of) 

14.fJ 
·11 
fJ ofJ 

A1R. FLOW l'!ATES CACFM> 

MAHh 
UNDERGRATE: 
OVERFIRE: 

1377· 
·1214. 

261) •. 

1377· 
1172·. 
296· 

AIR FLOW RATES CSCFM> 

MAIN: 
UNDERGRATE: 
.OVERFIREr 
ONDER + OVER: 
CALC. EASED ON l 
FUEL AND EX• AIR 
PERCENT UGrOF 

611· 
772'· 
154· 

. 926· 
856· 

1320· 
905· 
2fJ6. 

1113· 
1037· 

81·119· 

CAP.RY OVER DATA 

LBS/HR: 15 • 9 
GR/SCFr 2·t6~ 
PERCENT ASH: (J. 
PERCEN4COMEUSTI9LE: Q. 
LENGTH OF RUNCMIN>t 20• 
OPACITY: 5. 

WEATHER: 

~~U 1·177 UNTS· 

RUN COMPLETE • 

17·7 
1·992 
(J. 
(J. 
20· 
s. 

CLOUD\" 

1316·· 
674·· 
221· 

1 (J95·· 
1037. 

ao.:2fJ· 

(J. 
(J. 

20· 
s. 

CLOUD\" 

·3· 
•S 

2'··'J 
2·7 
1 .• 7 

S of)· 

12·0 
·18 
(J.(J 

1695· 
1461· 

31-'1· 

! 616· 
1069· 
234· 

1323· 
1256. 

a 2 .. r 1·6. 

,14·8 
1. 37 (J 

1'Jo 
(J. 
24· 
5o 

CLOUD\" 

1330· 
992· 
748.•· 

57· 
141-· 
141· 
21)(). 

9ofJ 
11-· (J 

• 20 
(J.(J 

1637. 
1461· 

321· 

1559· 
1069· 
239· 

1328· 
1348. 

13·8 
1· 195 
f). 

(J. 

20· 
5o 

CL.OUilY 

26 



RUN NOr 
DATE:· 

CONVEYOR SET'l:ING': 
FUEL. FEED RATE: 

C DRY t.BS./HRl 
HEAT INPUT RATE: . 
. tBTU/HR> 

HEAl' REL.EASE RATEa 
C BTU /HR- SQFT> 

UNDERFIRE: 
OVERFIRE" 
PERI':ENT EX•· AIRa 

1'2:· 
T3: 
1'41 
FAN OUTLETt 
UNDERGRATE: 
OVERFIRE: 
AIR HEATER: 

MAIN ORIFICE: 
6'~ fJENTURI: 
12'" VENTURI : 
3" CONVEYOR: 
ACROSS GRATE: 

OXYGEN: 
CARBON DIOXIDEs 
CARSON MONOXIDE: 
OXIDES OF NI.TROGE.'J: 

MAIN a 
UNDERGBATE'r 
OVERFIRE: 

MAIN: 
UNDERGRATEs 
Q.VERFIRE: 
UNDER + OVER: 
CALC.• 9ASED ON : 
FUEl. AND EX • AIR 
PERCENT UGrOF 

t.BS/HR: 
GR/SCF': 

. ?ERCENT ASH: 
PERCENTCOMDUSTJBt.E: 
t.ENGTH OF RUNCMIN> 1 

OPACITY: 

WEATHERs 

~OOD SPECIES: D. FIR ?LA~AR-SHAV. 
SI Z:E. RANGE: 1.•• MINUS 
MOISTURE C%>: 36•40 
DENS~TY CLBS/CU.FT>s 7a80 

5342152·· 

534.275. 

l2o.INCi. 
6oiNQl. 

1 (Jt.). 

24. 
2-27-78 

7'5• 
594· 

5342752. 

534275· 

1·2. INQl 
6·INCH 

100· 

as .. 
2-27-78 

5272388· 

l2oiNQl 
6oiNCi 
26· 

TEMPERATURES C DEGREES F> 

1267 .... 
957 •. 
T4t).. 

57·· 
145·· 
'145; 
aoo .. 

102T· 
967· 
653·­
·49· 
120 .. 
120·-

(J •. 

1433· 
1057.• 

6SfJ• 
51' .. 

15fJe 
151). 
160. 

26. 
2-27-78 

52~238S:· 

. 527239· 

12oiNQl. 
6·UlCi 
34·· 

1542· 
104~· 
695·· 
54· 

155· 
.tss •. 
1..6~· 

PRESSURE DIFFERENTIALS C INC:iES liATE."i> 

•4· .•. s· ·3 • 3 
1efJ t.(J. :r •. s 3!9 
2'·7 2·4· ·4 o4 
Je(J 3·0 3efJ a •. 9 
1·4 lrS 1· 1 ·.!·1 

EXHAUST t!AS ANALYSIS C?ERCENT> 

10·5 10·5 4·5· s •. s 
9·5 1'0·0 15·5 14 .. 2 
• 37 • 30 .as ·17 
(Jo(J (J.~ (J.r; r; •. o 

AIR fLOW RATES CACFM> 

1914· 218fJo 1544·· . 1544. 
1663··. 1320· 1fJ.1· 710. 

41)1). 35.2· . 621'• 649 .. 

AIR Fl.Oii M'TES CSCFM> 

16 21· 21.09. 1487· 1478· 
1241). 1412 •. . 561· ss·9 .. 
299· 377. 49'3• 511· 

1538• 1789'· 1054· 1070· 
1523· iS23• 947· 1007. 

81·119· 79· 1.21• 53·147· sa • .: 48. 

CARRY OVER DATA 

15:3 17·1 13·2 11·4 
1. 17 2· 1·310 1·627 1. 321 . 
(J• (J. (J. (J • 
(). o. o. o. 
2.Q.• 20· 20· ~(J. 
s. s. s •. s. 

CLOUDY Cl.OUDY CLOUDY CI...OUDY 

SRU 1·575 UNTS· . 

RlJN CO:"!Pt.ETE· 

74. 
555· 

5272388· 

527239 • 

12•·INCi. 
6oiNQi 
44 .. 

1 513· 
1020· 
6S3· 
ss. 

153. 
153·· 
200· 

~-3 
s·. s. 
.s 

3·0 
1·0 

6·5 
14.0 
·18 
(JoO 

1'695.· 
804· 
764· 

1618. 
599· 
57fJo 

1169· 
108 2·· 

51·: 49. 

8o7 
·941 

(J. 
(). 

22· 
s. 

CLOUDY 

27-
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~OOD SPECIES! Do FIR P.LANAR SHAV• 
SIZE RANGEl 1" MINUS 
MOISTURE C %H· 36.40 
DENSITY <LBS/~J.FT>: 7oSO 

RUN NOa 28· 
DATE: 2-27-7a 

CONVEYOR SE1'TING 1 . 7lt. 
FUEl. FEED RATEs Sa6 .. 

<DRY LBS/HR> 
H~T INPUT RATEs S2r2388• 

· CBTU/HR) .. 
HEAT· RELEASE RATEI 5272~9· 

C BTU /HR- SQFTl· 
UNDERFIREr 12oiNCH 
OVERFIRE: 6.INCH 
PER_CENT EX•- AIRs · 47·. 

T2r 
T3s 
T4t 
FAI~ OUTLETs 
UNDERGRATEs 
OVERFIRE: 
AIR HEATER: 

15 12··· 
trJ17. 

678'•· 
56· 

152• 
152• 
200~ 

5342752· 

534~75· 

12• INCH 
6'olNcH. 
sa. 

1403· 
101·7· 
673· 

57'•· 
142· 
142o. 

. 2fJ(Jo · 

30· 
2-27-78 

75··-
594'!'" 

5342752· 

534275· 

1a. INCH . 
6olNQ{ 
53·· 

1523· 
lf120· 

693·· 
sa. 

157· 
157· 
2(Jt}. 

31· 32· 
2-27-78 2-27-7a 

75o 75o 
594·· 594· 

5342752· 5342752•' 

534275· 534275· 

12··INCH 12olNCi 
6oiNCH 6oiNCH 
66o:. 16~ 

1335· 
1020· 
720· 

Sch 
145· 
145· 
2fJfJ. 

1 3fJ8. 
10(}7. 
. 740· 

. 57· 
150· 

. 150· 
::afJ(J. 

PRESSURE DIFFERENTIALS CINCHES WATER> 

MAIN ORIFICE: 
6" VE.'IlTURI a 
12".VENTURII 
3" CONVEYOR:· 
ACROSS GRATEr 

·3 
So4' 

·4· 
3o-O. 
1·0 

o4. 
·a.2 

.s 
.3ofJ 
1·0 

·4 
!h2 

o4· 
3·0 
1· 1 

EXHAUST GAS ANAL Y. SI S <PERCENT> 

. OXYGEN: 6oS 
CARBON DIOXIDEs 13·5 
CARBON MONOXIDEs •·16 
OXIDES OF NI.TROGENr OoO 

7'oS 
13·0 

o06 
Oof) 

7·3 
13··6 

o07' 
Q.l) 

AIR: FLOW RATES CACFM> 

MAIN: 
UNDERGRATE: 
OVERFIRt: 

1695· 
7 30·. 
758· 

1914· 
8fJ4o 
901• 

1861· 
730· 
901. 

AIR FLO~ RATES· CSCFM> 

MAINt 
tJNDERGRATF.:. 
OVERF.IREr 
UNDER +·OVER: 
CALC • BASED ON t 
FUEL AND EX • AIR 
PERCENT UG 1 OF 

161.6.-
544· 
565·· 

1110· 
1104. 

49 ol5lo 

1822· 
599· 
672· 

1271· 
'1203· 

CARRY OVER DATA 

LES/HR: 1 o8· 
GR/SCF: ·824 
PERCENT ASH 1 fJ • 
?ERCENTCOMEUSTIELE: (J. 

LENGr.i OF RUN<MIN>: 20· 
OPACITY: S· 

~lEATHER: CLOUDY 

SRU 1• 57 3 UNTS~ 

RUN COI'iF!..ETEo 

8o4. 
·815-

/)o 

20· 
s. 

CLOUDY 

1 77fJo. 
s~. 

672· 
1216· 
1165· 

1~5-:55· 

7·5 
·751 

rj. 
20· 
So 

CLOUDY 

.s 
11•6 

a:.J 
12·0 

ofJS 
(Jot) 

2111· 
984·· 

1041· 

2005· 
7.34· 
776· 

1Sl0· 
1264o 

49o:Sl• 

10o9 
1 • ()(J1 

fJo 

Oo 
22· 
s. 

CLOUDY 

.s 
11·6 

.a 
2·9 
l-oO 

9·.0 
lloS 

o'l () 
1). (J 

2087· 
984· 

1041· 

19S4o 
734. 
776· 

151fJ. 
1 34fJo 

49. a 51. 

9·3 
·81 () 

o. 
(). 

2flo 
s •. 

CLOUDY 

28 



• 

~000 SPECIES& D. FIR P~A~AR SHAV· 
SIZ:E RAl'-IGE: 1" MINUS 
MOISTURE C%>t 36·40 
DENSITY CLBS/CUoFT>: 7-ao 

RUN NOt · 39:. 
DATE: 2-28-78 

CONVEYOR SET.TING: 75. 
FUEL FEED RATE:. . 594•· 

CORY LBS/HR> 
KEAT· INPUT RATE: 5342752• 

· CBTU/HR> 
HEAT RELEASE RATE:. 534275• 

. C BTU i'HR- SQFT > 
. UNDERFIREt 6·INCH 

OVERFIRE: 12•1NCR 
PERCENT EX. AIRs 9t .. : 

4(J.· 
2-28-78 

5342752· 

534275· 

·.6···Il'ICH 
12·INCH 

9J. .. 

41· 
. 2-28-78 

74•. 
sa6 ... 

5272388· 

527239· 

12··INCK 
6··INQl 
so· •. 

TEMPERATURES· C QEGREES Fl 

T2t 
T3t 
T4: 
FAN OUTLET: 
UNDERGRATE: 
OVERFIRE: 
AIR HEATERs 

1583· 
1063· 
758·· 

51 .• : 
177· 
177··· 
:;!(J(J •· 

l56fh 
lfJ72· 
753·· 

52· 
. 17 :3· 

178· 
20()~ 

1458 .. 
lfJ56. 
682· 

56 •. 
402· 
287· 
426._ 

~a! •.. 
2-.28-78 

5212388·· 

527239·· 

i2. INCH 
6·1:-.lCH 

. 5·1··· 

1463~ 
1fJ45. 
685~ 

56· 
4fJ2·· 
293·· 
435· 

PRESSURE DIFF'EliENiiAl.S CINCHES WATER> 

MAIN. ORIFICE: 
6" VEl'IITURI.s 
'12•• VENTURI : 
3" COl'lVEYOR:. 
ACROss· GRATE: 

·3 
. 4··9 
1· S.' 
2··9· 
1•2 

··4 
4··7 

· 1·5 
3·0. 
1 .. 3. 

• l 
... 3 

1o.6c 
3.-1. 
1.o4 

EXHAU~T GAS ~ALYSIS C?ERCENT> 

OXYGENt 
CARBON DIOXIDEa 
CARBON MOl'lOXIDEl 
OXIDES.OF ;JITROGENr .. 

trJo (J 

11·5 
.fJ4 
o.o. 

1 (J. (J. 
1.1. (J 

·02 
(J.(J 

1·.rJ: 
l4·0 
·25 
(J.(J 

AIR FLOW RATES tACFM> 

MAINs 
UNDERGRATE: 

·OVERFIRE: 

180Eh·. 
619·· 

1399· 

1939· 
607 •· 

14fJlo 

743· 
1.538. 

301 ~ 

AIR FLOW RATES CSCFM> 

MAINs 
UNDERGRATE: 
OVERFIRE: 
UNDER + OVERl 
CALC~. BASED Ol'l t 
FUEL AND EX. AIR 
PERCENT UG10F 

1742· 
462· 

1043· 
1504· 
1454. 

31·t69· 

1863· 
453· 

1.fJ44·· 
1497· 
1.454. 

30·170·· 

CA.RRY OVER DATA 

LES/KR: 9·3 
GR/SCF: •746 
PERCENT ASK: o. 
PER~'IITCOMSUSTIELEt 0• 
LENGTH OF RUN<MIN>: 20• 
OPACITYt 5• 

1/EATHERt CLOUDY 

SRU 1·160 U;JTS· 

RUN COMPLETE. 

9·0 
·722 

1) •. 
() .. 
20· 
5· 

CLOUDY 

1fJ9· 
854 .. 
167· 

1JJ21·· 
1127· 

18.3 
1·894 
f)o 

1). 
2fJ. 
s. 

CLOUDY 

•L 
·3 

1· 5 
3·0 
1o.4 

7··2 
13·8 

• 27 
o·.rJ 

611. 
1503·· 

J(J 1· 

645 •. 
826· 
165• 
992·. 

1134· 

83·1 17·· 

. (J· 
(J. 

2fJo 
5· 

CLOUDY 

43· 
2-28-78 

74· 
586· 

5272Jaa. 

527239· 

12·INCH 
6• INCH. 

.!p • 

l433·· 
1 033 .. 
. 733· 

56• 
395.· 
309~ 

·424· 

··2· 
.s . 

2·6: 
2·9 
lo.7 

9··S 
11· 5 

•· 10· 
(Jo(J 

1189· 
1894·· 

35fJo 

1134· 
1(J54· 

195· 
1249· 
1375 ... 

16. (J 

1·527 
(J •· 

'J· 
20· 
s. 

CLOUD\' 

29· 



• 

WOOD· SPECIES: D. FIR PLANAR SHAV. 
SIZE RANGEl · 1" MINUS 

RUN NOt· 
DATEr 

CONVEYOR SETTINGr 
FUEL FEED· RATE: 

. . C DRY LBS/HR> 
HEAT INPUT RATEs 

CBTU.IHR> 
HEAT RELEASE RATE: 

C BTU.IHR-SQFT) 
· UNDERFIRE: 
OVERFIRE:· 
PERCEN'I; EX.· AIR:i. 

T2: 
T3: 
T4: 
FAN OUTLET1 
UNDEEGRATEr: 
OVERFIRE1 
AIR HEATERt 

MOISTURE C %> 1· 36.40 
DENSITY <LBS/CU.FT>: 7•80 

. 4s.,_. 
3~-1-78 

7.4.. 74. 
S86.. S86·-

5272~8.. .5272~8· 

527239~ 

12·INCH 
6•INQf 

. 91 ... 

527239. 

12•-INCH. 
6•INCH 
62.: 

46. 
3-1-78" 

S212~8· 

1527239· 

12-.INCH 
6.0INCH 
S5· 

TEMPERATURES C DEGREES F> 

14sa •. 
1027' .. 
725· 

56 •. 
393. 
308·· 
427· 

. 1.340. 
1010· 
652. 
so. 

. 415· 
32f)., 
•\-12·· 

. 1353· 
1025· 
. 656 .. 

so • 
41.5. 
321·. 
418'•· 

48·-
3-I.-78 

74. 74:• 
586· 586. 

527_2~8· . 5.272~8 .. 

537239· 

12· INCH 
6·-INCH 
87· 

'1213· 
1053· 
727· 
·53· 

390· 
315·· 
409· 

. 527239. 

12· I-NCH 
6·INCK­

.a3.: 

1230· 
1058· 
739· 

53· 
390·. 
304. 
408·· 

PRESSURE DrFFERDITIALS CINCHES WATER> 

MAIN- ORI FI CS t. 
6'' VENTURI 1 

12 '' VENTURI 1 
3••· CONVEYORa. 
ACROSS GRATE: 

·2 
.s. 

a.s 
J••l 
la7'. 

·2 
1··'J 
3·0 
3~0 
1 ... 7' 

·.a 
1-·0 
3 .. o 
3·0· 
r ... T 

··3 
1·6 
4·9·. 
3·0 
1 ~ 7 

EXHAUST GAS .A.'JAL Y SIS C PERCEI.~Tl 

oxYGEN: 1fh0 
CARBON DIOXIDE a 11· 0 
CARBON MONOXIDE: ·09 
OXIDES OF NITROGEN: o.o· .. l(J 

7·5 
12oS. 
.r;a 

•. 1) 

AtR FLOW· RATES CACl'M> 

MA'INs .. 
UNDERGRATEs 
OVERFIREz 

1189 .. 
1865. 

352 .. 

1189· 
2001"' 
444. 

1229· 
2007· 

445;.. 

AIR FLOW RATES C SCFM> 

MAIN& 
UNDERGRA TE: 
OVERFIRE: 
UNDER.+ OVERt 
CALC. BASED ON 1 
fUEL AND EX •.. AIR 
?ERCENT UG I OF 

1134·· 
1o3s ... 

195 .. 
1230 .. 
14'35. 

64•116· 

1147o 
1129·-
250· 

1379·. 
1217.: 

82· 1 u~· ... 

CARRY OVER DATA 

LBS.IHR: t 7 •4 · 
GR/SCFt 1·41_5 
PERCENT A$: 0 •. 
PERCENTCOMBUSTIBLE: o. 
LENGTH OF RUNCMIN>t 20• 
OPACITY: 5. 

iiEATHERr CLOUDY 

SRU 1·157 UNTS· 

RUN COMPLETE~ 

1 :J,a 
1. 323 
1).' 

0· 
20· 
5· 

SUNNY 

1185. 
1125 •. 
249· 

t::J7 4 •. 
1.165. 

a2.:1s •. 

17·7 
1·773 
1). 
o. 
2fJo 
5. 

SUNNY 

.o 

1752 •. 
2466. 
527. 

1682· . 
1397· 

298o 
1695· 
1405. 

a a.' 18 •. 

18 .I) 
1·495 

(J. 

ao .. 
s. 

·3 
1· 6 
4-.7· 
J.f). 

1o·4· 

1695 .. 
2422· 
527· 

1626o 
1.373 .. 
299. 

1672. 
1375o· 

. 16.6 
1·.576 
(J. 

: o·. 
2(J. 
5o 

SUNNY 

30 



•.. 

• 

• 

\iOOD S?ECIESI o. FIR FL.A.'lAR SHAV• 

Rtm NO:. 
DATE: 

CONVEYOR SZTTINGt 
FUEL FEED RATEs 

c DRY LBS/HR) 
HEAT. INPUT RATE: 

<BTU/HR> 
HEAT RELEASE RATE~ 

C.BTU/HR-SQFT> 
UNDERFIR.Et. 
OVERFI-REt 
PERCENT EX• AIRs 

T21 
T31 
T4t 
FA.~ OUTLET: 
UNDERGRATE:. 
OVER.FIR.Et 
AIR HEATERs 

SIZE RANGEl . l": MINUS 
MO I S.TURE C %>:"· 36 • 40 

·o&'lSITY CLSSICU·FT>: 7o80 

49· so-.. 
.. st .. 

3-·1-78 3-1-78" 3-1-78. 

74·· 74•.· 74··· 
586· 58"6• 586· 

5272388. 52.72388. S27a38·a·•· 

527239· 527239· . 527239"•. 

~l2eiNOf. 12:•INCH l":hiNCH 
6oiNCH· 6 .•. INCH~ 6eL'JQ{ 
a.:. ·10·· "26· 

'rEMPERATURES.CDEiiREES F> 

1551· 156.Q: •. ·1552· 
993• 9so• l022'· 
632· 616· 643· 
ss. 56· 57•·. 

36f).. 369· 375·· 
365· 366· 376· 
429· 414·· 429· 

sa. 
3-·1-78 

74· 
586· 

5272368· 

527239 .• 

12o.INCH 
6;.INCH 
as· ... · 

1s12.: 
1048· 
.655· 

57·· 
378 ... 
38fh 

·433· 

PRESSURE DIFFERENTIALS <INCHES WATER> 

·MAIN ORIFICE' .I) .o ·1·. 
6'" VENTURia s.o s.o. 8·9 
12'" VE.'lTURI r .• s .s: .a: 
3" .. CO~JVEYORt 3·0· 2·9· 3.fJ. 
ACROSS GRATEs 10.3: 1·3 lot) 

EXHAUST. GAS ANAl.YSI S < PERCZI.'JT> · 

OXYGEN a·, 2.0 :r. 3 4 ... s· 
CARSON DIOXIDEI 181).0 17·0 1So6 
CARSON MONOXIDEs .90 1·3'J .(]7" 

OXIDES OF NITROGEN: .(J o.o .o 

·AIR FLOW RATES <ACFM> 

MAHh 
UNDERGP.ATEI 
OVERFIR£1 

42.3·· 
9·33· 
835··· 

5~1· 
925· 
82ih 

915·· 
1142· 
1065· 

AIR FLOW RATES CSCFM) 

MAINt· 
UNDERGRATE: 
OVER.FIREs 
UNDER + OVERt 
CALc·. BASED ON I 
FUEL AND EX•. AIR 
?ERCE:.'lT UG 1 OF 

404· 
516· 
462·· 
979· 
8 11· 

497·· 
521 .. 
466·· 
986·· 

.. 826· 

CARRY OVER DATA 

LBS/HR: 12o(J 
GR/SCFi 1•725 
PERCENT ASH: 0• 
?ERCENTCOMBUSTIBLZ: (J. 

LENGTH OF RUN<MIN>t 22· 
OPACITY: 10• 

WEA TKER: St.'NNY 

SRU 1·501 UNTS· 

RUN COMPLETE• 

11.4 
1. 6fJ9 
o. 
o. 
20· 

lfJ· 

. SUNNY 

871·· 
632· 
589· 

.1221•· 
947· 

10•2 
lo257 

SUNNY 

··1 
8·9 

•a 
3·.0·. 
1.·0 

4·4· 
16•0· 

•OS 
.(J 

915· 
1145· 
1067"• 

871. 
631· 
588· 

1219· 
939· 

sa.: 48· 

lfJo.S 
1· 304 
o •. 
0· 
20· 
s. 

SUNN'f 

(J. 

I I I::· 1": I 

Q •. 

(]. 

(Je. 

1). 

fJoiNCH 
0• INCH 

1) •. 

I) o.IJ 
()ol) 

().(J 

o •. (J 
o.o. 

(J.() . 
f) of) 

I). (J() 

(J.(J 

() .. 
(Jo 

f)o 

(J• 
(J• 
(J. 

Oo 
(Jo 

(). (J 

().f)(J(J 
(Jo. 

(). 
(J. 

I).· 

31 
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TEST NOS. : 
SPECIES: 
SIZE: 
:·miSTURE: 

GO 

50 

40 

30 

20 l 

10 

0 

PLOT OF CAR~YnVER RATE VS. LEVEL OF EXCESS AIR 
AS r·1EASURED Dm!NSTRE.ll.M FROr·.'! THE C0~18USTIO~i PROCESS 

14-16 
Doug. Fir 
111 Minus 
45% 

25 

FL!EL FEED RATE (DRY LBS/HR): 473 
Planer Sh ~E 11 - RE" =-A'~ or..,..r- fBTU'HR)· 4.3 X 105 a V. , . ,...., l , L '- ~· _ , ,,... ; ._ , , ; , . . 

INLET AIR TE~~PCR.n,TURE ( 0 F): 97 
PERCENT UNOERGRATE AIR: 48 

50 75 100 125 

PERCENT EXCESS AIR I 

I 
'----...!..----------"""'"-'==----=====--=-=-·=--=-=·===--=--==-=====---·--" 
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TEST NOS.: 
SPECIES: 
SIZE: 
t·miSTURE: 

&0 

50 

- I 

~ 40~ 
-
\JJ 
1-
< 
~ 30 
a:: 
L1J 
> 
0 
>-
0:: 
a: 20 
< u 

10 

0 

L 

PLOT OF CARRYnVER RATE VS. LEVEL OF EXCESS AIR 

AS i·1EASURED DOW~ISTRE.4M FROf·1. THE COt·1BUSTIGi PROCESS 

34 

17-24 
Doug. Fir Planer Shav. 
111 Minus 

FUEL FEED RATE (DRY LBS/HR): 586 
HE.A.T RELE.A.SE R~.TE (BTU/HR.) : 5. 2 x 105 
INLET .C..IR TEf·1PCP.ATURE ('jF) ~ 137 

45% PERCENT UNDERGRATE AIR: 81 

0 
0 

I 

I 
I 

I 
I 

I 

I 
I 
I 
i 
I 

I 
I 
I 
I 

25 50 75 100 125 i 
I PERCENT EXCESS AIR I 

I 
------- --------------·-----·-1 
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TEST NOS. : 
SPECIES: 
SIZE: 
i·:OISTURE: 

60 

50 

40 

30 

20 

10 

0 

35 

PLOT OF CARRYnVER RATE V5. LEVEL nF EXCESS AIR 
.~.S i·1EASURED Dm!~lSTREAM FROi·~ THE Cm·1BU5TIOi-l PROCESS 

25-32 
Doug. Fir Planer Shav. 
111 ~linus 
36% 

25 50 

FL:EL FEED R.~TE (DRY LBS/HR.): 586 
HEAT RELEASE RATE (BTU/HR): 5.2 x 105 
INLET AIR TEr~PERA.TURE (0 F): 150 
PERCENT UNDERGRATE AIR: 50 

75 100 125 

PERCENT EXC.ESS AiR 
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PLOT OF CARRYnVER RATE VS. LEVEL OF EXCESS AIR 

AS t·1EASURED Dmn!STREAM FROf''i THE Cm·18USTIGr-l PROCESS 

FUEL FEED RATE (DRY LBS/HR): 594 

36 

TEST NOS.: · 39 & 40 
SPECIES: Doug. Fir Planer Shav. HEiH RELE.A.SE Rf!TE (BTU/HR): 5.3 x 105 
S Z ZE: 1 11 Minus 
;.m I STURE: 36% 

INLET AIR TD1PCRATURE ("F): 176 
PERCENT UNDERGRATE AIR: 31 

GO 

50 1 
I 
I 

40 ~ 

30 

20 

10 

I 

0 25 50 75 100 125 

PERCENT EXCESS AIR 



PLOT OF CAR~YnVER RATE VS. LEVEL OF EXCESS AIR 
,:l,S .!·1EASURED Dm!NSTREAM FROr-1 THE COt~BUSTIG;'i PROCESS 

37 

FUEL FEED RATE (DRY LBS/HR): 586 
HEAT RELEASE RATE (BTU/HR): 5.2 x 105 

T~ST NOS.: 41-48 
SPEC[ES: Doug. Fir Planer Shav. 
SIZE: 111 Minus INLET AIR iE~~PEK.lHURE (c.F): 400 
i·10ISTURE: 36% PERCENT UNDERGRATE AIR: 83 

GO 

50 

0 25 50 75 100 125 

PERCENT EXCESS. AIR 
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TEST' NOS. : 
SPECIES: 
SIZE: 
t·miSTURE: 

GO 

50 

40 

30 ~ 

20 

10 

0 

PLOT OF CAR~YnVER RATE VS. LEVEL OF EXCESS AIR 
1l.S '·1EASURED DO~!~lSTRE.l\~1 FROi·'i THE Cm·18UST IC:N PROCESS 

38 

49-52 
Doug. Fir Planer Shav. 
1 '' Minus 

FUEL FEED RATE (DRY LBS/HR): 586 
HEAT RELEA.SE Rl>.TE (BTU/HR.): 5.2 x 105 
r ~'L,...T ~IR -E'--1Pi"'~"TURE (°F' · 375 1'i c., ,...... " I 1. ..:. • • r., 1 • 

36% PERCENT UNDERGRATE AIR: 52 

25 50 7'5 100 125 

PERCENT EXCESS AIR 

-------------·------·--.. -· --
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CARRYOVER VS. LB-AIR/LB-FUEL 

MEAN PARTICLE SIZE VS. LB-AIR/LB-FUEL 

% COMBUSTIBLE MATERIAL VS. LB-AIR/LB-FUEL -s -
S-

w ...c:: 
N .......... ...... . DOUGLA .:> FIR PLAN£7< '7JI-IA V/NG.S 
(/) Vl l?V#~ : 14 -40 ..0 
w A V£KAG£ TEI'1PET?ATt/f?£- /40vF. -I 
u -I ...... 
I-· c:::: c:( 

c:::: w 
...... 

c:( > c:::: 
c... 0 

w 
>- ~c:::: 

~ 
c:::: 
c:::: ::E:W 

w c:( > 
::E: u wo 

-I>-
QJC:::: 
...... c:::: 

2.4 120 1-C:::: (/) u 
::::> 
OJ z: 
::E: ...... 
0 

2.2 110 u 
(!-!! . 

2.0 100 l 100 

I 
' 

1.8 90 -j 90 

1.6 80 
J 80 I 

I 
1.4 70 I 70 

1.2 60 j 60 
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0.6 30 30 

0.4 20 8 
20 

• • 
0.2 10 cl' f/1 

10 

0 0 I I 0 

0 1 2 3 4 5 6 7 8 9 10 
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CARRYOVER VS. LB-AIR/LB-FUEL 

MEAN PARTICLE SIZE VS. LB-AIR/LB-FUEL 

% COMBUST! BLE MATERJ AL VS. LB-AI R/LB- FUEL 

DOUGLAS P"'/R PLAtY£~ Sh'A V/N'G5 
Ti'U#5: 41- :SZ. 

AVERAGE T£#PE/?ATUR£-3'}2GF 

• 

• 

• • 

3 4 5 6 7 8 
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SPECIES: O, hi? J7L I) AJel( srJ.t1VI N t:.3 RUNS _ _:_!_"-~ _ _ _ TO 

TEMPERATURE: I.... ow AV ERAGE MOISTURE CONTENT: 3 C. . q % 

I I I I I I I I I 
I I I I 

Iii 

I T l I 
~ 1-+-l-+1-++..J......f-+-H-++++++-+-H-++++--+-H:.....r--+-+' +11-:

1 _:~=_-~:<p. --1 ~i-dAor'. E=r~tc-!1 iR~ R 8t 
t3 1111 I I I T I 

~ l5 r+~~-r7'~~-+-+-r+~'-r1 +-1~1 ~~~-r~-r~-r+rr.-1r+~1-r~1-r1 +1 ~1-+~1~1 +' ~+1 ~1-+-1 +-1~,_r1 ~1-t1 ,_~1 ~'-1 ......., I I II I I I I I I 

c_ ~-~r+,1-r+' ~+,'1-b+~~'-r+-'r+l ,_~~+l~l~+'~~~*-~~1-f1:-t,_~~,-11 ·4-r+-r~-tl 4-~,_r+-r+4~ 
~ ~ I , I ], 

0 
l.J..J 
(/') 
(/') 
l.J..J 
0::: 
c_ 
>< 
l.J..J 

I I 
l 

I I 
I I I I 
I I I II I I 
I I II I I I I I 1 I I I I 
I I I 1 

I I 
II I I I I I I I 

I I 
I I I 

T Tt I L 
I I I I I I I 
I I I I I I 

Tl t I I I 
I I I I I II I II 

I I I I 
_J II I I Ill I II I I I I I 
LJ..J 1 I II I I II ! II I 1 I l1l I I 

G: H-+i-r' ++-\ ~'r+-t-~' -+-+1 -+-~:~: -+-1 -+T1 ,_~1 +-I:-~f1-r'-+I, ~I:-T~~, -+' -+-+' ~:~' ++-i +1+ T+, -+1-r' +-lr++rl -+1 -+-~1-r' -+'-+~-t+-
>- 1-i-1 ~1'-T-1 +-:-1 +I _;I'--"-..LI-f-+-11'-T-1 1-'-1 +-1'-T--l-1-+-+-+-+1-+-1 +I ,_+-1 ~~-f-l'-1 -+-+-"--+-1 ~1_!41 --1-~1 _14...;1 -+-t-..LI-f-1 +I -~~'-+ I i ~ : i ' I I ~ 10 /1 I ti l Ill II I I 1 1111 til 1!/ --;----; !1//, IT 
._. I I ill IIIII Ill ill I 111111 I I 1•1 il :1 

lJ.... 
0 

co 
_J -0::: 
l.J..J 
> 
0 
>-
0::: 
0::: 
cJ:: 
L) 

_J 

cJ:: 
t­
o 
I-

LL. 
0 

I-L~~I ~~~~~~~+4~~1~11~~+4T~~~-~~~~-~~11~~~~l~-~~~ -~~~1 4-T~4-~I ~T~~~ ~~~~~++ 
I i I I I I I I I I I ' I ! I ! I I I I I I I I I I I I II I I 
I i I I I I I , I I I I ' I I I I I I I I I I I 1 I I : ' I 

I I I I I I I I ! I I I I I I I I I I I I I I l I : I I I I i 
I I I I I I I l t I I t I I I I T I T I' I It 

I I I I I I I I I I I I I I II I I I I I I I 

I I I I I I I T I T iTT I I I I I I I I!: 
I! I I I I I I I I I I I ! I I I I I I I I I I I ' I I ' 

IIIII I I I ill! I II I ,II t tit/ llil 

I I i 
I i I 

I I 
I I I 

! I I I I I I I i I I I I I ' I I 

I 1 111 I I It I i i !T1 
Ill II IT I I '111111 'Iii 

I I I I t I I I I I I I I i I I I I I 
1 I It tll,tllt IIIli! II !Ill lit 

51-+-1-+-+-r' ~~,_~~~~-r' +-r+~1-t~-t~'-++-~~~-tf.1~~·-t~1-t7' ~~'~' +' ~~~~1-.' tl -r+4-t' ~~-t~ ~~~' +' ~1-1 II I I I I I I I i : I ' I I I I I I i I ! I I I I I I I 
I I I I I I I I I i I I I I I I I I I I 1 ~+-t-1 +-i-l-1-ll-tl ~1++'--11-tl ,_J-+,_LH'-1-+1-!'-t+'-1 

1 'l ~l)l +I~ .-:: 1 -+ 0 Z'.s:: l "i'X tl' lllltlil I I ill 'I il 
(/') I I I I 
CO I i I I j I 

i I I ! I I I i T I I l I I I I I ! ill I I I ! I I I i 'I I I I I I I 
"'" ~ 0 741 .'1. ?. ' I I I I ' I I I I I ; I I ' ' I I I I I I 

.....J I I ! I I I I I I I I I I I I i I I I I 1 I I I i I I I I I I ! 1 1 1 I I 1 1 
i I ; ! I' I 'I I I ! ! I I I I I I I: I I I I I I IiI _ , I I I 
~~~1 1-b+~~, +-~~7, ~~,--~, ~~~~t;-!1-+1 +1~-~~ ~,-t, +.~~:+-l-tl +, -t-+1~1-t, ~,+, +~~~~~~~, ~~~~ ,_~, ~1-LI+I-1 

I :1l•l'1t I I ill ltiV It 1~ 1 li 11111111 
~,~,'-+1 41-b+-1'--"-, -'-,-b-'- 1 I I I I I I I I I I I ' \!•JI I ~ I I ""' I I I I I I I I 

I I I I I ' I ; I :, II : I : I : ~ I l l ~ I I l ~ I '~-tl +;-1-: +:-l'-+~1-t..L+'V+-' ~:-+; +-1~-l,-+-+-11-+1 -:-~1 +'-l'-1 
I I I I · I jl_l_CY~ I 1 ,-_,.!._;lu_l -'-!.4-l-f-!'-f--LI;...+-L-.LI-TI -+-_._1 -L-.f-1 -l-1-l--+-!-+~ 

ill ' 1/11 l' r.l.~~ /1 ITt • til IIIII ti l •ill IJI 
1--,'--,--'-1 -+-'-'-1 ~,...1 +-' I I ! --q_ _L_~j_i_-c? ' I 1 I 1!-1· --,:-+-+--'-+-+-1 .L...:,-t--T-t-1 +1 ~1-tl -t-1-1 ..L: -L-.L, -+l- lf--+1 -j-.;-11 

I I ' I ' ' I I I ' ' I ~.!_ __ LL-!- ~-· : I I I I i I I I I L I I I I ! ' 
i I ' ! I _1_.!.+++' ' ! I 1 

' ! 1 ! 1 _.:_~_j_ I • ' I I 1 I I ' ' 1 I I I I I I 1 I , I I 1-'--,-+-, -'-~ 1 1-'--'-l I I ! I I I I ' I -,, --i-, -'-, --','-'-~,-'-+-----,---,-, -i-1 _;_:1--,-1 -+-:-, -'-, ~1-+-l -'-, -'-+: -',_;-j 

I I I I I I I I I I -.--,- 1 :-: ' ~ : ~_;_1 ~I_,_; _:_' -+-_.:.1 __ _;_1_ -'''-'-' __ Li 1+-f-!-' ----~-"-' __ 11.._-f 
I ' --

2 4 6 8 10 12 

LBS AIR/LB FUEL AT THE GRATE 
PLOT OF THE COMPLETE NESS OF THE CO MB USTION REACTION EXPRESSED AS THE LBS OF 
NON-COMBUSTED FUEL CARRIED OUT OF THE FU RNACE/LB OF DRY FUEL ENTERING 
VERSUS THE AIR:FUEL RATIO AT THE GRATE 
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SPECIES: 0. PI!( PL /41\Jc~ SJo/AU!N6S RUNS -'1 I 
- - --'---- TO 52 

TEMPERATURE: H!Cfl AVERAGE MOISTURE CONTENT: 3 ~. ~ % ___ __..!~:.....::.-

I I I I 

I I I 
I I I I I i I i J 

r 
I I I I I 

T T l T! T 
I I • I I I I I I I I I I I I I 

I I i I 1 I I I I i I I I I 
I ! 1 I I I I I I I 1 'I I 1 I I IT 

I I I I I I I I I I I 
I I I I I I I I I I I • I 1 I I I I 

.....J I I II 1 1 I I I T I ! I I I 1 I I I 
w II Ill I I 1 I I It I I I I I Ill IIIII il I Ill 
:::> I 1 11'1 il I lilT I IT11 I II Iii' i 
LJ.... I I I I I I i I I j i I I I I I I i I I I I I I I 
>- I I I I I I ' I I I I I I I I I I 

25 10~+1, ~1-+-~: -r: +: ~:-+~r+, ~,r+: ~~~ ~ ,:r+l il-r7: ~'-t, i-~l +1 ~,-T~,~f.: ~~~~ ~~: +' ~:~:~:~+' -r+, ~~:~, +, ~~:_LI +, ~1~4~-~~: ~ ,'~ 
LJ.... 
0 

co 
.....J -0::: 
w 
> 
0 
>-
0::: 
0::: 
~ 
u 

.....J 
~ 
1-
0 
1-

LJ.... 
0 

(./) 

co 
.....J 

1--+1 ~,-++-1~-!1-+-+1+~'--+-1 + H i ~,H-, -7--n+}HI-!1 I T t T I I I I T · I l 1 -~ 

1--+~'~-+'~+: ~~, +-~~+,' -+:+' +, ~,~:~1++, +~1 ~:-1 -r+: ++:~~~ +i ~H!+~:-+: +-~1 ~1H-1 ~1~1 +,~!H-:+~,+1 ~1~~-++fi-
I I I I I I I I I I i I i I I ' ' I I I I I I I I I I I I I 
I I I i I I i I I I I I I I I i I ' I ! I I I I 

I' lit! Ill T I IIi! 11 I T! !T I ! j_ 
I I I I I I I I II i ' I I I I I I I 

I I I I I II I I I I I I I I 
II I I II II I I I I I I 

I I ' 
I I I 

I 

I I I I I I I I I I I I I i I I I ' 

I I I II I I I I 
I I I I 

I I I TT 
I I I · ll I 

i I 11 
I I I ! 

I I I I I I I I I I 

I 1 I I I i I 
I I I I I I I I i I I I I 

I I I I I I I I I I II T T I T I I 

I I I I i i I I I I II I I I ' 

I I I I 1 I I ! I I II I I 1 
5 H-I _IH---TI++-;1~' ++-:-+I +' -il-+' .L-:-' -:-1'-+7-ir-T+H- If--T+H-1+ 1 -H'._;-~LI -;-• --ji--;..--TI-!--+1--liH-' ..1'+1 +I ++-J--L+--lH-' -T'--LI +' ---,~~ 

I II I 1 I I I 11 I I I I I I I I I I 1 I I I I 1 I ' I I I I I 
I I I I I I I I I ' I I I I II I I T I I! I I I I I I I I I I I II I 

I I I I I i I I ! I I I i I I I I I I I I I i I I I I ! I I 
I I I I I I I i I I I I I I I I ---+,-+-+,-++f.,-+-,-,-+, +, _JI_l -,---!--+-H!--+_J_,-1+--' --y-H,'-:--1 --cl-+1 ~if--1-1 +-1;...+1-+-.L+-J +--' 

1 , 11 , , , 1 ' , 1 ' 11 J-+-+'--+' rf--f-+:--+-'r--+-' --+1__;_1 -r+' ~'---1-' .L-,'--f--i'---1-' _j_l++' _JI_ ' -,-~__J_' --:-~~ , 
I I I I I I -+- ' I I ' ! I I I I I I I I I I I I i ' I I l l -'-

II I Ill I II] Ill I I I jlll _} il I II''" 
I I I I I I I 1 I I I I 1 i ' 1 I i -l-i--'-1 -+1--+l r; ~,--'-+--;-,.-,i-1 ..,.,--++! ~. €)1 1 I I •

1 
j • I ~ 

I II 1 'Y:._j...Ld2'/1.'5i '-I- _Q.Ll_(fj l1 ' 111 I I I 11 1 1 , ;I 1'""1 
!IIIII Ill,,, I,,,,, I !I Ill I I ------t-T l I I I 1!111 

I I I I I ~_pJ....J.~i> '2 1Si21 LLL_I_I I I I I I I ..J...-i-T" I I I I tr i I I I I I I 

1 1 1 1 , 1 , ' , 1 ' --€)III"r ' · 1 111'1 , 1 , , 1 1 1 1 , -T , 1 r T 1 , 1 ' , 
I I I I I I I I I I I . ~ ' !.) I i I 'I' I I I I I I I I I ' I i I 

I I I I I I- ~ I I . I ' -, I I I I I I II I jl I I 'I I II I I I 
I I I I I I I I I I I I ' I I I I l I I I I l I I ! I I I I I I I I i -+ I _I_ ~__L_;--

1 I ' I I I I I I I I I I I _I I I I I I I I I I I ' I I i I I I I I I I . I I I 
lill!lill _l_j__j I• I !I 11 ] I Til Ill II Ill I 11 1 11 

1 I II I I I I I I i I 1 I I I I I ' I 1 • 1 I I I I I I I i 

II !1 I 1 l_l'j _ _ i_ I .Ll.]l! IIi ''' I 11 Ill 11 ,,! _I_ 
I I I I I I • • I • j I I I I I 

2 4 6 8 10 12 

LBS AIR/LB FU EL AT THE GRATE 
PLOT OF THE COMPLETENESS OF THE COMBUSTION REACTION EXPRESSED AS THE LBS OF 
NON -COMBUSTED FUEL CARRIED OUT OF TH E FURNACE/LB OF DRY FUEL ENTERING 
VERSUS THE AIR :FUEL RATIO AT THE GRATE 
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SPECIES: (.) , !=!~ PI..IMJER SHIJIJI/IJ65 RUNS TO 

TEMPERATURE: AVERAGE MOISTURE CONTENT: 36- qq% 

I I I I I I I I I J I I I I I I I 
I I I I I I I I I I 

I I I I I I I I I J I I I I I I I I I I I 
I I I I I II I I I I I 1 I I 

l I I , I 1 I 
I I I I I I I I II I I I I I ! 

1- I I I I I I I I I I I l- ' ' \ 1 . ' I ''""' I. I .I Z l-1r+++~-rr+++l ~l~~~~ ++~-rr+++~,-r71 -r.~, -~-~-p~l~~i~if1~, , E~if.iAi~~~.l-~~rt~~nRi~~-~ LLJ ' • ~ f\ ~ , I t 

u J Jl I 1111 I j_ I 1!1 I ll! 1 1 

~ 15t-~-T~rti-rt1 -rt1 i1-T~1rti1-r1 ~-r' i'-r1 t1 -rti1-T1 i1 -t-~1 i-~1 i-1rti-11-i-r+1 ~1-t1 i-~~~ ~~~~~~ +-~~~~~ ......, I I I I I I I I ! i I I j i 
o_ rt' -r+1-+~-t1-r+-r+1-+~-t~L-r+1 -rr'1-r+~1-t~l-t~-t1-r+1 -r~-t1-r+~l~ I 1 
VJ I I I I I I ! I I I 1 J 1 
~ l I I I I I 

I I I I 
0 I I ! I 
~ I I I I I II I I 1 
V> i I I I 

I I I 
I I 

I I 
I I 

w I I I I 
0:: I 
Q_ 

>< 
LI..J 

I I 

I I 
I I I ' 

I I I I I I I I I 
J I I I I I I 

I I 
jl 

I 

I I J I I 

I I I I I I I I I i 1 
>- I I I I I I I I I I I I I I I I I I I I I 
0:: 10 I I I I I I I I I I I I I I I I' I I I I I ' I I I 
0 t-71 ~1~~1-rl ii-Ti i!-Ti i-rfl -lrtl ~~l-t! i-~!-Ti ii-TI ,-~, -t-il -t-rr, +tl -rt, i-t, ~,-t,_tl il-rl ii~I ~I~~~ ~J~~I_ii ~I~I ~I~I ~I_LI ~I~ 

I IiI I 1 1 I I I 1 I I' I I I i I 1! I iII I I I I I I I ! 1 i I I .Ll j 1 I u.. 
0 

i I I I I I I II I I I I I I I! I I ' I i I I I ; I rr-+-, ~~ -+-+, _,,-.I -'-,-1 
I I I I I II I I I I I ! I I ' II I I I I ! I I I I I i 

a::l 1 lolij!ol I I' 11 1 1 ]11 !I I IL I I I Ii il j_ l ! 1!,,,' '· ' 
_l l'ljl 1 lll!•lj!l ''II I I 'Ill! 1 II !I 1 1 'ii i! 
"- I I L I J 1 ! I I I I I 1 ! I I 1 I I I I I I ! I • I I I I 1 I I I I •

1
, I! -l- -'-E5 11 1 1 1 111 I •Iii I I I II II II 1 I 11:11 1 1 

> I I I 11 I I ill 11 1 I, 11111 
0 II I I I II I I I II I I I ' r 1 11 1 

~ : i I : I: : : I I:::: I I I I I I :I: I: I: I ::: : I I;:; I+ I I .: 111: :! 
0:: 1--'-1 -+-+-i,c-+-+-H-++-+-+,-+-+-,:---+-+-t---f-+--fl-+--fl-+--fl--+-+-+-+l--+-*l-+--i-1 -+--rl· -+-t---f,.--l-1 -+-.,..., --',-+1 ~,--i,- ; ; I I ; I I i I : I 

5 I II I I I I I I I I I I I ! I I I I I I I ' I I I I I ! I I I l I I 

LI..J 1--i-' ....,'r-+' --1,'---7-; ~:----'-•• ;---;-, +-,--' +-'--' +' - 'r-+1+ +' _JI-+--!'-+i +'-+' +'-+' -+,-+-1 -r:-+, t-f--+: -':~--:,-'-' -T-+' +-' ~ I I I ' I II 

a5 ::Ill :1 :, 11::! : ::::li'I• J I, 1::~ I 111 : 
1 :~~~ ~ 

...... I I I 'I I : ' I I I I I I I I ' I I I I I I ! I I I I I I I I ! I I I I ! I I I I I 
1- I I I : I ! I I i I I I ' I i ; I I I I I I I ' I : I I I I ' I I I I I I ' 
~ s ~·~~'-+' i'--' -r'~i-•' ,_,~ _,'17' -''~--~'-r~r-r--~ -r' =,_,,-+~~ =,·~++-l-rbr~:--+~'j'=~~=r, ==r, ~~=t~ ==;~·=~±, ~t±: j,ctj,:±j,:ti·=t~ i=t' :j 
--' I I I I I : I I I ' I I I ' I : ' I I i I ! I I I ' I I I I I I I I I ' I I I I I i 
a::l ' I I I I I 1.1' I I I I I I I i I I I I l ' I ' I ' I I I I I I I I I I I 

S ,__,.~ -'i'-:-' ~:_,_: ~1--,-; -'-:--+-: .;.-::-~...,.~ -::-.·r ,..' ...,;""~-(-.;~' ... ' ~-r: ..; "', ,-+r~--1:--'-,0._'-'-'-·_,_·· 2'1:.._,_7iu.i~~c:~, --;;?1-· ·-':-Y...-:r~;. -r~ - ;r--;-; ,;~ .... +i_}t-!--i-;-' _::;t-;-it-_tl~t-'~t-:-i+i~t-1 -:,_l-: ~t-1 ~!--: _t:~t-f:~+:'--l+:~+-:--!-+: ~,..·-.J.·' ~L;--+-' -l-11 
i I I ! I I =. I ' CJ '"7 z. 't 2. I I ' ' I l I I I I : I I I I I I I I I ' ' I 

u.. I I I ' I I I ' : I I ' : : I I I ~- 'fi--:Tll--:-1 -f,-t--r,-++-+-1 +-!-+, -1~: + +I ++I ..1,_;__1 -,,--I ..11....!-J 
0 I I' ill' I 'I I' ''I II I! I ', _,_ 1 I! I I I II I I!' I 

VJ 
a::l 
_J 

' I ' I ' I I I ' I I I I I I I I I ! ' I ' I I ! I :-r--r-· I 1 
I i I ! I I I I I I I i I I I I I I I I I fel l I I I I _,...., I I I I I I I 

I ' I I I I ; : I I I I I I I I i I I I I I I ' I I _:.-..,-- . I I I I ' I I ! I ' I 
!I IIII I IIIII 1 I Ill I :D '!.!ii •I .J,.--1- lll r."i 1 1 ill!••• 

I I I I I I 1 I I I I ! I I I I I I r.!'l L I I 11.. ~- I ; I I I t"". 1 1 1 1 1 1 1 
I I I I I ill Ill I r.J\ 1 • · ~ I IIi 1 1 1 l1ll!' I lllllljl, 

11!1,11 I II I o! •1 ~ 1 I II I I! 11111111 1111'1' 1 

1-t-+_
1 :~' :1 :::

1

~=~' ~=t' ~~:t1':~· ~=~1 ~1 :~!1 j1:t~=t~1:1~~~=~1 j1:~1 1:t:r-=~' ~1 =-·-~-~ ~-'..,+_' ===· ~~=' ~'=~' =~~~-...!.',-LI1 ...!.'~1, +j~' ~~, -~~~ ~~~:, ~!~1 ~1 1 1'' I I I J IJI I Iii II I ! ' ______ __ ] 

r---1'-'--'1--' -~--~'-++-'-1 -'--~1 -':...• ..1......-'1'--'..1 -:1-+-+'-+_;,'---'--'-'· -.-, . - ·- -------"'· ----+------- -+--- ,--+----, ----.,.,-·~ 
0o~----~· -· ~

1

~2~----· ----' 47-~ -· ------~6~--------~8--------~1 0~1 ~~·~1~~,~2 

LBS AIR/LB FU EL AT THE GRATE 
PLOT OF THE COMPLET EN ESS OF THE COMBUSTION REACTION EXPRESSED AS TH E LBS OF 
NON -COMBUSTED FUEL CARRIED OUT OF THE FURNACE/LB OF DRY FU EL ENTERING 
VERSUS THE AIR : FU EL RATIO AT THE GRATE 
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SPECIES: O.FII? PI..ANIE.~ Sfif9IJIN6..S RUNS TO 52 

TEM PE RATURE: AV ERAG E MOI STURE CONTENT: 3' % 

I I I I I I 1 I I I I I I I I 
I I I I i I I I I I 
I I I I I I I I I I I I I I i Iii I I I I l ! j I 

I I ! ; I I : I I I I I i I 
I 1 r 

! I I I I I IT I I I I I I I J l I 

0.. I II I I I I l 
I I 

I ~ II II 
I I I 

I 
I I 

I 

~ I I I I 
w 
(/) 
(/) 
w 
0::: 
0.. 
>< 
w 

I i I I I i 
I I I Ti 11 11 I I 

I I I 
I I I I I I 1 1 I I 
I II I I I I 
I I I ! I i I I I I 

I I I I I 
.....J I I I I I I I I I I I I I I I 
W I II Ill I II 1 I I, i l I llo' I I/ j_J 6: I l o I I i I II 11111111 1 1111 I II !IIi 11 \l 

t-+1 -·~1 ~1r+1 ~+1 ~1-r1-rt1~~r+1 ~1r+~~-r~1~~~~+-~1 -~~-~~-+~1-+~~-+~1-++'~~1-+~1-+1 4-~1-++-~1 411~ 
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LBS AIR/LB FUEL AT THE GRATE 
PLOT OF THE COMPLETENESS OF THE COMBUSTION REACTION EXPRESSED AS THE LBS OF 
NON -COMBUSTED FUEL CARRIED OUT OF THE FURN ACE/LB OF DRY FUEL ENTERING 
VERSUS THE AIR:FUEL RATIO AT THE GRATE 
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SPECIES: D. F!~ PLANe/? sr/19t.JIIII~ 5 RU NS : TO 39 
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l-+~~~~~-r~1 -r~1 ~r+l ~l ~lr+~1-r~l-r~J-~J~+-+-~~~H-1~t1-r+,_~l~ll~~~r+~l-r~-r~~~~~ ~~~-~-r~l-r~l-r~~-+~ 
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LBS AIR/LB FUEL AT THE GRATE 

PLOT OF THE PERCENT OF REMOVAL OF INORGANIC ASH VS. AIR:FUEL AT THE GRATE 
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SPECIES : RU NS: TO 52 
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LBS AIR/L B FU EL AT TH E GRATE 

PLOT OF THE PE RCENT OF REMOVAL OF INO RGANI C ASH VS. AIR:FUE L AT THE GRATE 
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CARRYOVER RATE VS. EXCESS AIR 
VARYING UNDERGRATE VS. OVERFIRE AIR RATIO 

Doug. Fir Planer Shavings 
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CARRYOVER RATE VS. EXCESS AIR 
VARYING UNDERGRATE VS. OVERFIRE AIR RATIO 

Doug. Fir Planer Shavings 
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Runs 41-48 
80:20 Air Ratio 
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FUEL ANALYSIS DATA AND GRAPHS 

.. 



INITIAL SAMPLE + CRUCIBLE WT (gm) 

CRUCIBLE WT 

SAMPLE WT 

FINAL SAJ.'1PLE + CRUCIBLE WT 

CRUCIBLE WT 

ASH WT 

COMBUSTIBLE CARBON ~IT 

AVERAGE % INORGANIC ASH: 

(gm) 

(gm) 

(gm) 

(gm) 

(gm) 

(gm) 

0.76 

DATA FORM - RAW FUEL ANALYSES 

COMBUSTIBLE CONTENT ANALYSES 

SAMPLE NO. 1 SAMPLE NO. 2 

31.64 . 3"3.90 

;27.26 :27.38 

4.?8 6.?Z 

.2. 7. 2-8 27.43 

2 7. 2.6 27.38 

~.oz. % 0.44 o.c2 % .c,77 

4.~6 % 99.~6 b,47 ~~ 99.Zj 

AVERAGE % COMBUSTIBLE CARBON: 

52 

FUEL: <>:;:JdG. r-1;e 

r.t.A#Ee 
~hi A W A.i(:;S 

SAMPLE NO. 3 

33.24 

26. 7Z.. 

26. 7.2.. 

___ .:;_'_. _o_7_ % "· cf: 

6.4~ %99.?3 ----"----

99.2.4 

~. * * * * * * * * * * * * ·* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *·* * * * * 

.• 

SIZE 

(nm) ' 

26.67 

18.85 

9. 423 

4.760 

3.327 

2.000 

1.000 I 
0.500 

P . .A.N 

SAMPLE 
+ PA...""l 
(~) I.:... 

/8.6/. 

2.b.l 2.. 

31.08 

41.07 

44.3Z. 

31. 7Z. 

23.€l9 

I 

PAN 
TARE 
(om) .;;z 

17./Z, 

17./Z 

17./Z. 

17.12.-

/7.12.. 

/7./2.-

/7.12.. 

SIZE AND DENSITY ANALYSES 

SA11PLE CUM1.i1.ATIVE 
wT 1-rr 

(gm) (gm) 

I 

/.4c_} 96.97 

9.00 9;;;>.48 

/3.96 86.48 

23.91? 72.'i2. 

2.7.20 I 48.?7 

14-CCJ 21.37 

e;.77 6. 77 

CUMU­
LATIVE 

% 

l 
.:.)6_461 

69.18 

74-7<-) 

ijo.o9 

2.2.04 

6.98 I 

VOLUME DENSITY 

(cc) (gm/cc) 

I 

2.?' 0.060 

e? 0./06 

/Of;" 0.133 

i?? O.t??' 

14'? d.188 

eo O.t83 

3'? 0.193 



SIZE SAMPLE PAN 
+ PAN TARE 

(mm) I (gm) (gm) 

26.67 

18.85 

9.423 /ff). !:30 /7./2., 

4.760 32.b4 /7./Z I 
3. 327 g?,74 17./Z 

2.000 I 42.3i /7.12-

1. 000 43.?1 17.1 z.. 

0.500 29.06 17.12.. 

PAN 22.3C. 17.12.. 

SIZE SA.~LE PAN 
+ PAI-l TARE 

(m:n) ~ 
(£m) (zm) 

1::: 

26.67 1 

18.85 I 
19.4 23 I l'f?.9-</ 17./Z. 

4.760 1 29. 2~ 17./Z. 

3.327 32.90 17./2. 

2.000 42.40 ;7.1Z 

1.000 47.83 /7,12. 

0.500 33 . .29 17./Z... 

PAN .23. 99 17.12.. 

SIZE AND DENSITY ANALYStS 

SAMPLE Cl.JMULATIVE CUMU- VOLUME 
~7 WT LATIVE 

(gm) (gm) % (cc) 

I I 
I 

;.68 /0</, ?2- 30 

l?.ljZ... /OZ.€14 98.39 /3? 

/8.62- g7. 3Z- E:;.3. ?4 13? 

2?.1~ 66.70 6?. 73 i70 

.26.39 43.?1 41.63 170 

/1.94 17-/2.., /6.38 70 

?. t8 ?.16 . 4.96 2.8 

SIZE ~~ DENSITY fu~ALYSES 

SAJ1PLE CUMULATIVE CUMU- VOLlJME 
WT WT LATIVE 

(!ZW) (!2:1!1) % (cc) 
Q c D 

I I I 
I 
I 

I 

53 

vOI./G. t='lie. 

DENSITY ii7t.ANE1!.. 
5HA V//V(;.$ 

(gm/cc) 

I 
I 

o.a?G 

a.11~ 

0.138 

C)./48 

0.-t?? 

o. 171 

0.1815 

DoUG Fl.e 

DENSITY i7LANEie 
Yl't'AVIN'G-5 

(rnll/cc) C' 

/. ez.. l·~~e.e61 l 37 ·I o.o?2... 

/2.17 I /07.041 ')f1.33 1 /10 1 0.111 

1?.78 94.e7 ~J7.{/jr I 90. 0.171? 

2~.29 

' 
7'9.·09 72.6? I tt3'? 0.137 

jC. 77 

' 
lj>3.8/ I 49.43 I 2.00 I 0, 1?4 

16.17 Z3.04 2/./7 90 0.1'80 

f,.e7 o.e7 t;.3 J 36 o. 18 I 
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ASH ANALYSIS DATA AND GRAPHS 



,----------------------------------------------------------------------------

• . .;..., 

DATA FORM - WOOD ASH ANALYSES 

COMBUSTABLE CONTENT ANALYSES 

SAMPLE NO. 1 

INITIAL SAMPLE + CRUCIBLE WT (gm) 3 2.36 

CRUCIBLE WT 

SAMPLE WT 

FINAL SAMPLE + CRUCIBLE WT 

CRUCIBLE WT 

ASH WT 

(gm) 

(gm) 

(gm) 

(gm) 

(gm) 

3o.J? 

2.2/ 

~~-37 

30. /~ 

t::;. 2. 2. % 9-9? 

61 

RUN NO: 14 

SAMPLE NO. 2 

2.;;;: 5" 3 

/. 98 

2 ?. 72. 

2 ?. 5"3 

o./9 01 
/() 2.60 

COMBUSTABLE CARBON WT (gm) /. 99 % 90.0? /. 79 % qc.4o 

AVERAGE % INORGANIC ASH: 9.78 AVERAGE % C0~1BUSTABLE CARBON: 90.23 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

SIZE SAMPLE 
· + PAN 

(mm) {gm) 

2.000 21.30 

1.000 34.?9 

.500 40.33 

.250 Z.6.(j3 

. , 25 23.CJ 4 

.063 20.61 

.045 /&.37 

PAN /9. e9 

SIZE AND DENSITY ANALYSES 

PAN 
TARE 
(gm) 

;7 . .24 

I 7. 2.4 

17.24 

/7.z.q 

/7.24 

17.24 

1724 

17_ 24 

SAMPLE 
WT 

(gm) 

4.06 

/7.3? 

2.3.09 

8.7<J 

6.20 

3.37 

/,/3 

2.6 ';? 

CUMULATIVE CUMULATIVE VOLU~1E DENSITY 
WT % 

(gm) (cc) (gmicc) 

66.64 63 o.oe-4 

62.ii8 ~3.<31 2.42 ~- 072. 

:4'5 .. 23 67.87 :?.54 0.091 

2.2.. 14 33.22.. 6'5 0./3~ 

/:!.3? ,2.0.C3 31 C,200 

7.115' t"O. 'T"' 13 0.2?9 

3. '78 _L. ?.67 4 0.2.~3 

z;e? 3. '36 e 0.331 

I 
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. 
DATA FORM - WOOD ASH ANALYSES RUN NO: 12" 

COMBUSTABL£ CONTENT ANALYSES 

SAMPLE NO. 1 SAMPLE NO. 2 

INITIAL SAMPLE + CRUCIBLE WT _( gm) 29. 76 3 2.. 09 

CRUCIBLE WT (gm) 27~63 il. 9. 88 

SAMPLE WT (gm) 2.13 2.21 

FINAL SAMPLE + CRUCIBLE WT ( gm) 27182.. J_CJ.07 

CRUCIBLE WT (gm) .27,63 29.88 

ASH WT (gm) 0./9. % €~92 o. 19 % 8,6CJ 

COMBUSTABLE CARBON WT (gm) I. 94 % 91.06 2.02. % 91.40 

' AVERAGE % INORGANIC ASH: 9. 76 AVERAGE % COMBUSTABLE CARBON: 91.24 

i * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ! l} 

SIZE AND DENSITY ANALYSES 

SIZE SAMPLE PAN SAMPLE CUMULATIVE CUMULATIVE VOLUME DENSITY 
+ PAN TARE WT WT % 

(mm) (gm) (gm) (gm) (gm) (cc) (gm/cc) 

I ?8 
1 

2.000 2/.16 /7.23 3.93 64. '%. 0.066 

1 .000 3?.09 /7.24 /7.8'5 ba.6.3 ~3. 9; 237 0.07? 

.500 40.76 /7.Z4 23. ~2. 4Z.78 66.2..6 2 ?f; a.o9z_ 

.250 2?.BO /7.2? B. i? 5 19.26 2.9.:32 6/ 0./40 

r,.__ .125 2.2.?9 /7. 2.? ?.34 /C:, 7/ /6.'?'7 2-4 o. 2 2.3 

.063 19.88 /7.2? 2.63 ?.37 8.32. /0 0.2b3 

.. 045 I &f. CJt.} 17.2.4 o.si) 2.74 4.24 I ·3 0.293 

PAN /9 .. 13 /7.24 I. 8'1 /.69 2.93 5 0.378 



.. 

'a 

63 

DATA FORM -WOOD ASH ANALYSES RUN NO: 16 

COMBUSTABLE CONTENT ANALYSES 

SAMPLE NO. 1 SAMPLE NO. 2 

INITIAL SAMPLE + CRUCIBLE WT (gm) jCJ . .3 9 2 e. 72. 

CRUCIBLE WT (gm) 28.46 .2.6. 6/ 

SAMPLE WT {gm) /.93 2.// 

FINAL SAMPLE + CRUCIBLE WT (gm) .2.9. 6/ 2.6. 77 

CRUCIBLE WT (gm) 28.46 26.6/ 

ASH WT (gm) o. 1'5 % 7. 77 0·16 % 7.?8 

COMBUSTABLE CARBON WT (gm) I. 7$ % 92.2;3 /.9;;; % 92.4 2. 

AVERAGE % INORGANIC ASH: 7.68 AVERAGE % COMBUSTABLE CARBON: 92..33 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

SIZE 

(mm) 

2.000 

1.000 

.500 

.250 

.125 

.063 

.045 

PAN 

SAMPLE 
+ PAN 

(gm) 

2/.8'8 

33.82.. 

46.€;/ 

26.32 

22.39 

19. i?6 

/7.93 

/8,48 

SIZE AND DENSITY ANALYSES 

PAN 
TARE 
(gm) 

/7.19 

17.19 

17.19 

/7.19 

/7./9 

/7./9 

17.19 

/7./9 

SAMPLE 
WT 

(gm) 

3.89 

/6,63 

23.62. 

9.13 

?.2.0 

2. 3 7 

0, 74 

/. 2 ~ 

CUMULATIVE CUMULATIVE VOLUME DENSITY 
WT % 

.. (gm) (cc) (gm/cc) 

b2..e7 73 O.CJ53 

?B-99 . 93.S/ 230 0.07z. 

42 . .3.? 67.36 2 5'0 0.094 

/8.73 2'7. 79 6? 0,/40 

<).60 /?.Z7 2Li 0.2/7 

4.40 7.00 9 lo.263 

2.03 Y.Z3 2 0.370 

/.Z~ i z..o? 4 0,323 



-· 

,, 

64 

DATA FORM ~ WOOD ASH ANALYSES RUN NO: 17 

COMBUSTABLE CONTENT ANALYSES 

SAMPLE NO. 1 SAMPLE NO. 2 

INITIAL SAMPLE + CRUCIBLE WT {gm) 31~ 20 '30-6~ 

CRUCIBLE WT (gm) 2..8.99 2.9.,-3 

SAMPLE WT (gm} 2.2/ 2.1/ 

FINAL SAMPLE + CRUCIBLE WT (gm) 2. 9.13 2,8. 6 7 

CRUCIBLE WT (gm) .28. 99 2.8. ?.:i 

ASH WT (gm) 0./4' Cl 6.33 0./4 %~64 /0 

COMBUSTABLE CARBON WT (gm} 2,07 % CJ3.67 /-97 %93,36 

AVERAGE % INORGANIC ASH: 6.4.-9 AVERAGE % COMBUSTABLE CARBON: 93. '52. 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

SIZE 

(mm) 

2.000 

1 .000 

.500 

.250 

.125 

.063 

' .045 

PAN 

SAMPLE 
+ PAN 

(gm) 

23.4€3 

3 ?.42 

46.;>4 

26.62. 

22.3 j 

/9.Z.2.. 

(7.77 

/8.2.6 

SIZE AND DENSITY ANALYSES 

PAN 
TARE 
(gm) 

17.24 

/7.24 

/7.24 

/7.24 

/7.24 

17.24 

17.24 

17.24 

SAMPLE 
WT 

(gm) 

6.24 

/8.18 

23.3() 

9.38' 

?.07 

/.98 

0.?3 

/.OZ. 

CUMULATIVE CUMULATIVE VOLUME DENSITY 
WT % 

. ( gm} ( cc )' ( gm/ cc) 

6Ji, 70 9~ O.CJE-6 

?9.46 90.50 260 (j. C/70 

41. 2.8 
I bZ.83 2.62 0,089 

17.96 2.7.31 68 0,138 

e.6a 13,C9 2? 0,203 

3.?3 ?.37 8 0,245 

'/..5'? 2.~6 ·2 o. 2615 

/,02. /.'?'i ,3 t:J.340 



r----------------------------------------------------------------------------

.. 
: 

65 

DATA FORM - WOOD ASH ANALYSES RUN NO: 19 

COMBUSTABLE CONTENT ANALYSES 

SAMPLE NO. 1 SAMPLE NO. 2 

INITIAL SAMPLE + CRUCIBLE WT {gm) 

CRUCIBLE WT 

SAMPLE WT 

FINAL SAMPLE + CRUCIBLE WT 

CRUCIBLE WT 

ASH WT 

COMBUSTABLE CARBON WT 

AVERAGE % INORGANIC ASH: 

(gm) 

(gm) 

(gm) 

{gm) 

(gm) 

(gm) 

7/./3 

30. ?~ 

28.49 2..8.23 

2.06 2.0 I 

2.e.64 28.37 

28.49 .26.2..3 

0.1?· % 7.2.6 0./4 % 6,q7 

/.9/ % 92, 72. ;:87 % 93.03 

AVERAGE % COMBUSTABLE CARBON: 92.98 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

SIZE 

(mm) 

2.000 

1.000 

.500. 

.250 

.125 

.063 

.045 

PAN 

SAMPLE 
+ PAN 

{gm) 

23. '94 

34,36 

38.74 

2?.9B 

1-22./0 

I 9. 38 

17.86 

18.39 

SIZE AND DENSITY ANALYSES 

PAN 
TARE 
(gm) 

17.24 

/7. .24 

17.24 

/7.24 

17.24 

/7.24 

17.2 "1 

/7.2~ 

SAMPLE 
WT 

(gm) 

b. 7 

/7. I 2. 

21.?0 

e. 74 

4.86 

2.14 

0.62. 

1.1; 

CUMULATIVE· CUMULATIVE VOLUME DENSITY 
WT % 

(gm) {cc) (gm/cc) 

bZ..S3 . 98 0.068 

?6.13 89.34 238 o. 072.. 

39.0/ b.2..0<J 22'? 0.096 

17 '?I 27.67 60 0.146 

6.77 /3.96 22 0. 22/ 

.3. 91 b.2.2. 9 0.2.38 

1.77 282. 2. 0-3/0 

/.II$' ;.es ~ 0 . .2..98 



.. 

i 

-~ 

·•. 

DATA FORM - WOOD ASH ANALYSES 

COMBUSTABLE CONTENT ANALYSES 

SAMPLE NO. 1 

INITIAL SAMPLE + CRUCIBLE WT (gm) 2.S.CIC) 

CRUCIBLE WT 

SAMPLE WT 

FINAL SAMPLE + CRUCIBLE WT 

CRUCIBLE WT 

ASH WT 

(gm) 

(gm) 

(gm) 

(gm) 

(gm) 

2.49 

2~.71 

2?.22. 

0.19. % 7.66 

66 

RUN NO: 2/ 

SAMPLE NO. 2 

31.02. 

.2.8.64 

2.'38 

28.93 

28.6Ll 

0./9 0/ 
10 7.28 

COMBUSTABLE CARBON WT (gm) 2.29 % 92·.3~ 2.1~ % 92.02. 

AVERAGE % INORGANIC ASH: 7. ffJZ. AVERAGE % COMBUSTABLE CARBON: 22.18 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

SIZE AND DENSITY ANALYSES 

SIZE SAMPLE PAN SAMPLE CUMULATIVE CUMULATIVE VOLUME DENSITY 
+ PAN TARE WT WT 01 

10 

(mm) {gm) (gm) (gm) . ( gm) (cc) (gm/cc) 

4 ODD /7.36 /7.24 o,/Z 73 /6 2- 0,060 

2.000 24.42 /7,24 7./£3 73.04 99.64 95 I o.c76 

1 .000 3 5'. 44 17- 2. 4 /S.20 6Si.8b 90. 0.2. 22? c:;; 08/ 

.500 41.6!'S 17.2 4 24.4 J 47-6.6 b?.t4 25'3 ~i.096 

.250 .27.46 /7.24 /G?. 2 2. 23. 2? '31~ 78 72. 6.142.. 

.125 23.88 i7.2.q 6.64 13.03 /7.&/ 3/ 0.214 

.063 20.49 17.24 3.2 5 6.39 e.73 I 
. .., 

/..,::) a. 2'5'0 

.. 045 ;6.18 /7,24 0,94 ~.14. 4.2.<j. 3 0.313 

PAN /9.44 17.24 2.20 2.2.0 i 3,0/ 7 0.314 



• 
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DATA FORM - WOOD ASH ANALYSES RUN NO: 26 

COMBUSTABLE CONTENT ANALYSES 

SAMPLE NO. 1 SAMPLE NO. 2 

INITIAL SAMPLE+ CRUCIBLE WT (gm) 2.6. 77 2. 7. 74 

CRUCIBLE WT (gm) _2.6. 80 2-?.8? 

SAMPLE WT (gm) /. ~ 7 1.8 '2 

FINAL SAMPLE + CRUCIBLE WT (gm) 26·2-S 2?·92 

CRUCIBLE WT (gm) 2.6. eo 2~.82 

ASH WT _( gm) 0./4 % 7.1/ 0~/4 % 7.4/ 

COMBUSTABLE CARBON WT (gm) /.63 %92.69 /. 7i? % 92. ?9 

AVERAGE % INORGANIC ASH: 7. 26' AVERAGE % COMBUSTABLE CARBON: 92.74 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

SIZE SAMPLE 
- + PAN 

(mrn) ( gm) 

2.000 21.3) 

1 .000 30.92. 

.500 39.42. 

.250 26.C)Z. 

-.125 ;2. 2. ij'O 

.063 i 9 . .2.9 

.045 17.8'5 

PAN /8,33 

SIZE AND DENSITY ANALYSES 

PAN 
TARE 
(gm) 

/7.24 

/7. .24 

/7.24 

/7.24 

/7.24 

/7.24 

/7.2..4 

/724 

SAMPLE 
WT 

(gm) 

4.07 

/3.68 

22.18 

9.68 

?.Z6 

.2.0? 

o.6J 

1.09 

CUMULATIVE CUMULATIVE VOLUME DENSITY 
WT % 

.(gm) (cc) (gm/cc) 

?8. 62... I 72 6,6?7 

134.?? ~3.66 2. I I o.o6? 

40.87 6~.72.. 2?4 ~. 08·7 

/e. bCJ 3/.ee. '71 o./36 

9.C/ /?.37 26 o. zc;z.. 

3.7? 6.40 9 o. 2Z8 

/. 70 2.90 2.. 0.30? 

/.0, /.86 cq a. 2. 73 



-. 
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DATA FORM - WOOD ASH ANALYSES RUN NO: 2 7 

COMBUSTABLE CONTENT ANALYSES 

SAMPLE NO. 1 SAMPLE NO. 2 

2 9.37 INITIAL SAMPLE+ CRUCIBLE.WT (gm) 

CRUCIBLE WT 

SAMPLE WT 

FINAL SAMPLE + CRUCIBLE WT 

CRUCIBLE WT 

ASH WT 

COMBUSTABLE CARBON WT 

AVERAGE % INORGANIC ASH: 

(gm) 

(gm) 

(gm) 

(gm) 

(gm) 

(gm) 

//. 70 . 

2..7.26 

2 1).28 2. 7.44 

.2. 00 /. 93 

if:2· ~ 2. 27.66 

2?.2.8 27.44 

o. 2~ %/2.00 0.22. %//..40 

/. 76 %89.00 /. "?I %88".60 

AVERAGE % COMBUSTABLE CARBON: 99.30 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

SIZE 

(mm) 

2.000 

1 .000 

.500 

.250 

.125 

.063 

.045 

PAN 

SAMPLE 
+ PAN 

(gm) 

2.0 .. 36 

30-39 

37.12.. 

26.69 

2.3.65 

.,2.a. -4 o 

/8.16 

/9. 32... 

SIZE AND DENSITY ANALYSES 

PAN 
TARE 
(gm) 

/7.24 

/7.24 

/7.24 

/7.24 

17.24 

/7.24 

/7.24 

j7.24 

SAMPLE 
WT 

{gm) 

3.12 

/3.1'5" 

19.ea 

9.4:; 

6.4 I 

3. )6 

CJ. 92. 

2.08 

CUMULATIVE CUMULATIVE VOLUME DENSITY 
WT % 

.{gm) (cc) (gm/cc) 

.?S./7 ?8 0.0?4 

'5?.0ii 94.64 2.09 0,063 

41.90 7Z.0.3 240 0.083 

22..~2.. . 57.a5 70 0.135' 

IZ. '?7 2/.bl . 32. 0.2.00 

6./6 ... ~. '?9 ,/3 0. 2.43 

g.oo ?.16 3 0.307 

2.08 3. 1;)8. 6 o. 347 



• 

., 

69 

DATA FORM - WOOD ASH ANALYSES RUN NO: 30 

COMBUSTABLE CONTENT ANALYSES 

SAMPLE NO. 1 SAMPLE NO. 2 

INITIAL SAMPLE + CRUCIBLE WT (gm) 30.9/ 30. ;T9 

CRUCIBLE WT (gm) 2..6. 92. 2..e.36 

SAMPLE WT (gm) 2.09 2.2.3 

FINAL SAMPLE + CRUCIBLE WT (gm) 2.9.00 28.?7 

CRUCIBLE WT (gm) 26·62 2.6 • .36 

ASH WT (gm) C). 18 % a.Q/ 0,2.1 % 9.42. 

COMBUSTABLE CARBON WT (gm) /. 9i %9/.39 2.02. % 9C. ?8 

AVERAGE % INORGANIC ASH: 9. 02.. AVERAGE % COMBUSTABLE CARBON: 90.99 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

SIZE 

{mm) 

2.000 

1.000 

.500 

.250 

.125 

.063 

.045 

PAN 

SAMPLE 
+ PAN 

(gm) 

20.36 

Jj.b9 

4/./0 

.27.1/ 

23.16 

20.// 

/8.14 

/9.1/ 

SIZE AND DENSITY ANALYSES 

PAN 
TARE 
(gm) 

/7.24 

/7.24 

/7.24 

/7.24 

/7.24 

/7.24 

/7.24 

I 7.. 24 

SAMPLE 
WT 

(gm) 

3.12 

/4.4'? 

23 .. 86 

9.87 

5". 92. 

2.87 

0,90 

~~e? 

CUMULATIVE CUMULATIVE VOLUME DENSITY 
WT % 

{gm) (cc) (gm/cc) 

62.66 5"8 0,0:;>4q 

?9.74 CJi?.~ 230 c.c6 3 

4 iJ. 29 72.4~ 27~ 0,087 

21.43 3440<? 72 t::i, /3 7 

/1.?6 /e.3CJ 30 c>./9 7 

'j.b4 8.97 /2 0 • .2.39 

2.77 4.4) 4 c:::>. 2 2 fj" 

/.67 2 .. 97 6 o. 312 



• 

~ 

70 

DATA FORM - WOOD ASH ANALYSES RUN NO: 3 2. 

COMBUSTABLE CONTENT ANALYSES 

SAMPLE NO. 1 SAMPLE NO. 2 

INITIAL SAMPLE + CRUCIBLE WT (gm) 

CRUCIBLE WT 

SAMPLE WT 

FINAL SAMPLE + CRUCIBLE WT 

CRUCIBLE WT 

ASH WT 

COMBUSTABLE CARBON WT 

AVERAGE % INORGANIC ASH: 

(gm} 

.(gm) 

(gm) 

(gm} 

(gm) 

(gm) 

/6.96 

30.6! 

2. 7. 91 

2. 70 

2.6-36 

27.9 I 

o . .q 15' 

2. 2? 

%/6.67 

%83.33 --

2 9. I 2.. 

2.6. 97 

2.6.? I_ 

0.4? %/7.24 

___ 2., /6 % 82.76 

AVERAGE % COMBUSTABLE CARBON: 83,0~ 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

SIZE SAMPLE 
· + PAN 

(rnm} ( gm) 

2.000 19.?6 

1.000 32.?9 

.500 43.9 rJ 

.250 30.3/ 

.125 z 7.82.. 

.. 063 23 .. /Z 

.045 /9. oe 
PAN 2.2. /0 

SIZE AND DENSITY ANALYSES 

PAN 
TARE 
{gm) 

;7. 24 

/7.24 

17~24 

/7.24 

17.24 

/7.24 

/7.24 

/7,24 

SAMPLE 
WT 

(gm) 

2.32 

1?.3i" 

2.,6. 7/ 

13.07 

/0.?8 

'?.88 

/, 64 

4.66 

CUMULATIVE CUMULATIVE VOLUME DENSITY 
WT % 

. (gm) (cc) (gm/cc) 

eo.bl 37 o.o63 

76. 25) 97./Z. 217 0.07/ 

62.94 78.o8 292. C,09/ 

36.23 44-94 91 Ci,/44 

.Z3./6 2.8. 73 48 d, 2.2.0 

12..?8 /'!>.61 Zl o.2.9o 

b. 70 8.3i 6 o. 307 

4.S6 b.o3 12.. 0,405 



' 

.• 

71 

DATA FORM - WOOD ASH ANALYSES RUN NO: 3 9 

COMBUSTABLE CONTENT ANALYSES 

SAMPLE NO. 1 SAMPLE NO. 2 

INITIAL SAMPLE + CRUCIBLE WT (gm) 

CRUCIBLE WT 

SAMPLE WT 

FINAL SAMPLE + CRUCIBLE WT 

CRUCIBLE WT 

ASH WT 

COMBUSTABLE CARBON WT 

AVERAGE % INORGANIC ASH: 

(gm) 

(gm) 

(gm) 

(gm) 

(gm) 

(gm) 

//.12 

.3/. 28 

29.63 

2.6? 

2..9.94 

26.63 

0. 3/· 

2.34 

% //,. 70 

%86.30 

2.8.07 

2?:6o 

2 .. 4 7 

2?.96 

25.60 

0.2.6 

2. 2. l 

%/0.23 

%99.47 

AVERAGE % COMBUSTABLE CARBON: 88.99 

* * * * * * * * ·~ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

SIZE SAMPLE 
+ PAN 

(mm) ( gm) 

2.000 21.21 

1 .000 33.e3 

.500 44.68 

.250 2. e. 8"7 

.125 2.6.48 

.063 22../0 

.045 /e· 72.. 

PAN 2.0. /8 

SIZE AND DENSITY ANALYSES 

PAN 
TARE 
(gm) 

/7.24 

/7 . .24 

/7.24 

/7. 2.4 

/7.24 

/7. 24. 

/7·24 

i7.24 

SAMPLE 
WT 

(gm) 

3.97 

/6, ?9 

27.44 

//.60 

9. 2.4 

4.66 

/, 48 

.2.94 

CUMULATIVE CUMULATIVE VOLUME DENSITY 
WT % 

.(gm) (cc) (gm/cc) 

78. 12. 57 o. 0 7CJ 

74, i '? 94.92. 2.15" 0.077 

67. ?6 73.68 2. 73 o. /0/ 

30. IZ. 38.;6 78 0./49 

/B.?Z. 2.3. 7/ 41 0.2.2.5" 

CJ.ze 1/.88 /8 0.270 

4.4Z ~.66 5 6. 2.96 

2.'94 3.76 9 0.32 7 



~ , 

72 

DATA FORM - WOOD ASH ANALYSES RUN NO: 42.. 

COMBUSTABLE CONTENT ANALYSES 

SAMPLE NO. 1 SAMPLE NO. 2 

INITIAL SAMPLE + CRUCIBLE WT (gm) 

CRUCIBLE WT 

SAMPLE WT 

FINAL SAMPLE + CRUCIBLE WT 

CRUCIBLE WT 

ASH WT 

COMBUSTABLE CARBON WT 

AVERAGE % INORGANIC ASH: 

{gm) 

(gm) 

( gm) 

(gm) 

(gm) 

(gm) 

7.12. 

31. 93 

.2.9.60 

2.2 3 

2 9-77 

.29.6c 

0./7 

2.06 

% 7.62. 

% 9 2.38 

2 '3'. /9 

2..6. 9.2.. 

2. 2 7 

2.7.07 

2.6 ·9 2.. 

o.l';) 

2.12 

% .6. 6/ 

% 93~39 

AVERAGE % COMBUSTABLE CARBON: 92.. 89 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * +. * 

SIZE 

{mm) 

2.000 

1 .000 

.500 

.250 

.125 

.063 

.045 

PAN 

SAMPLE 
+ PAN 

(gm) 

2.2. 76 

.33.16 

40.97 

27.41 

2.2 .. 07 

/8.93 

/7.70 

/7.91 

SIZE AND DENSITY ANALYSES· 

PAN 
TARE 
(gm) 

/7.24 

/7.24 

/7.24 

/7.24 

/7. 2.4 

/7. 2.c1 

17.24 

/7.2.4 

SAMPLE 
WT 

{gm) 

i: 5'2 

15. 92.. 

2.3. 7 3 

/0.17 

4. 63 

1.69 

0-46 

o.67 

CUMULATIVE CUMULATIVE VOLU11E DENSiiY 
WT % 

{gm) (cc) (gm/cc) 

I 

62.99 Bo 0.0691 
I 

?"7. 4'7 ~/. 24 2.24 o. CJ 71 

41. S? 6?.t36 244 0,097 

17.e2- . ze. 29 66 o. /-5"4 

7.6'? /Z. J4 2.1 0,2.30 

2·62. 4.48 6 6.282. 

1'.13 /. 7'7 /.<6 o. zee. 

0.67 /.06 2.. a. 3 3 5' 



~\ 

• 

DATA FORM - WOOD ASH ANALYSES 

COMBUSTABLE CONTENT ANALYSES 

SAMPLE NO. 1 

INITIAL SAMPLE + CRUCIBLE WT (gm) 

CRUCIBLE WT 

SAMPLE WT 

FINAL SAt~PLE + CRUCIBLE WT 

CRUCIBLE WT 

ASH WT 

COMBUSTABLE CARBON WT 

(gm) 

(gm) 

(gm) 

(gm) 

(gm) 

(gm) 

2 7. 04 

2 5! 5"8 

/. 46 

ZZ:.66 

2.?. SB 

0. I 0 

/.Jt; 

73 

RUN NO: 43 

SAMPLE NO. 2 

29.74 

2. 8. z 2. 

29 . .34 

..2.9.22. 

%~ o. tZ.. % 7.9<} 

%93. i' .1.40 %92./1 

AVERAGE % INORGANIC ASH: 7.3 7 AVERAGE % COMBUSTABLE CARBON: 9Z. 63 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

SIZE 

(mm) 

2.000 

1. 000 

.500 

.250 

.125 

.063 

.045 

PAN 

SAMPLE 
+ PAN 

(gm) 

33.ee 

34.ZO 

24·19 

Z0·?8 

/e.es 

/7.6Z. 

/7.69 

SIZE AND DENSITY ANALYSES 

PAN 
TARE 
(gm) 

/7.28 

/7.26 

/7..26 

/7. z.e 

/7.28 

/7.29 

17.Z9 

SAMPLE 
WT 

(gm) 

/6.66 

/6. 9Z. 

6. 9/ 

3.5"6 

j.40 

0.34 

t), 41 

CUt~ULATIVE CUMULATIVE VOLUME DENSITY 
WT % 

(gm) (cc) (gm/cc) 

46./4 221 tJ. CJ 7., 
2.'3.?4 64. c:z. /76 o. 096 

12.62. 2..7.3? 46 o. t?<J 

fi,"Jf 12.38 /6.8 0.2 12. 

2·16 4.66 ?.4 o • .2 '5"9 

. 0.7? /.63 /· 2_ c;. 28:3 

0..41 0. f:J'j /.I 0.373 



.. 

74 

DATA FORM - WOOD ASH ANALYSES RUN NO: 4£ 

COMBUSTABLE CONTENT ANALYSES 

SAMPLE NO. 1 SAMPLE NO. 2 

,2£3.96 INITIAL SAMPLE + CRUCIBLE WT (gm) 

CRUCIBLE WT (gm) 

SAMPLE WT (gm) 

FINAL SAMPLE + CRUCIBLE WT (gm) 

CRUCIBLE WT 

ASH WT 

COMBUSTABLE CARBON WT 

(gm) 

(gm) 

(gm) 

AVERAGE % INORGANIC ASH: 9. I 7 

ze. 79 

27:28 

I.? I 

2.7.44 

z. 7. 28 

27.43 

27.43 

_o_._l_6 __ %/o. 6o o~ /2. % __:t:_z4 ' 

AVERAGE % COMBUST ABLE CARBON: 90. 93 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

SIZE 

(mm) 

2.000 

1.000 

.500 

.250 

.125 

.063 

.045 

PAN 

SAMPLE 
+ PAN 

(gm) 

22.// 

30./C. 

34.06 

2~./ '? 

Z/• 16 

/8.97 

/7.7-9-

/7.86 

SIZE AND DENSITY ANALYSES 

PAN 
TARE 
(gm) 

/7.33 

/'7.33 

/7.33 

/7.33 

/7.33 

/7.33 

/i?33 

/7.33 

SAMPLE 
WT 

( grn) 

4.7£3 

/2, 79 

/6.73 

6. ez. 
3. 83 

/~64 

o.4/ 

0,133 I 

CUMULATIVE CUMULATIVE VOLUME DENSITY 
WT % 

(gm) (cc) (gm/cc} 

4'7~ ?3 6/ 0.078 

42.. 7'i e<}. <'14 1?2. o. <:J64 

2 C},C}6 63.03 /62. 0,/03 

/3.23 27.84 44 o. /-'7;;-

6.41 13.49 /6 0.2.39 

.2,.?8 5.43 6 0, z. 73 

0.94 /.CJe /.? o.z. 73 

0.?3 /,/2,. /. 7- o. "q/i3 



.. 

DATA FORM - l400D ASH ANALYSES 

COMBUSTABLE CONTENT ANALYSES 

SAMPLE NO. 1 

INITIAL SAMPLE + CRUCIBLE WT (gm) 30.76 

CRUCIBLE WT 

SAMPLE WT 

FINAL SAMPLE + CRUCIBLE WT 

CRUCIBLE WT 

(gm) 

(gm) 

(gm) 

( gm) 

2 9.02, 

/.?4 

:2 2. L~ 

29. oe, 

75 

RUN NO: 4? 

SAMPLE NO. 2 

30. 2.6 

ze. 6 z. 
/.64 

'2. e. ao 
2.8~62. 

ASH WT (gm) o. 17 % //. CJ4 0./8 % /b.98 

COMBUSTABLE CARBON WT (gm) /• 3 7. %88.96 /,46 %S9.0Z 

AVERAGE % INORGANIC ASH: //. 0(_ AVERAGE % COMBUSTABLE CARBON: 8&.99 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

SIZE 

(mm) 

4.000 

2.000 

1 .000 

.500 

.250 

. 125 

.063 

.045 

PAN 

SAMPLE 
+ PAN 

(gm) 

/7.6u 

22.7/ 

.29.0~ 

32.-.28 

24-0Z 

22.5"8 

zo.24 

/8 .• /g 

/9.84 

SIZE AND DENSITY ANALYSES 

PAN 
TARE 
(gm) 

/7.33 

/7.33 

/7.33 

/7.33 

/7.33 

/7.33 

/7.33 

/'7.33 

/7.33 

SAMPLE 
WT 

(gm) 

0.33 

5:38 

//.69 

14.9?" 

6.69 

'i-Z li 

Z..9/ 

o. e 'i 
/.~I 

CUMULATIVE CUMULATIVE VOLUME DENSITY 
WT % 

(gm) (cc) (gm/cc) 

49. r;b b O.Cl ?'? 

4<J. 2.3 9<7. 33 71 I o. 076 

43,8'5 88.48 1?0 0.078 

'32.tG 64.6'7 !63 o. 09?:_ 

II. 2.1 .34. 73 4.7 0,143 

/0, ?E.. 2..1. 2.3 2.4 0.219 

?.2.7 . /0.6.3 /I o.Z-64 

2 • .3~ . 4.76 3 0.263 

J. ?I 3.0? i 0.302. I 



·' 

•• 

DATA FORM - WOOD ASH ANALYSES 

COMBUSTABLE CONTENT ANALYSES 

SAMPLE NO. 1 

INITIAL SAMPLE + CRUCIBLE WT (gm) 

CRUCIBLE WT (gm) 

SA~1PLE WT ( gm) 

FINAL SAMPLE + CRUCIBLE WT (gm) 

CRUCIBLE WT (gm) 

ASH WT 

COMBUSTABLE CARBON WT 

(gm) 

(gm) 

33.2 2:_ 

?/. ~8 

/.6 7 

31.68 

3/.~8 

_o_._l_o __ % ?.99 

/.?7 %94.0/ 
-~..;...,._ __ 

76 

RUN NO: 49 

SAMPLE NO. 2 

29. B7 

;ze.zz 

/.6£ 

28.32. 

29.ZZ.. 

__,_.._0_·_/ __ o __ % 6. o 6 

/-?~ %93.94 -''-----'-_....__ __ 
AVERAGE % INORGANIC ASH: 6. o3 AVERAGE % COMBUST ABLE CARBON: -93.9 8 

* * * * * * * * * * * * * * * * * * * * * * * * * *.* * * * * * * * * * * * * * 

SIZE AND DENSITY ANALYSES 

SIZE 

(nun) 

SAMPLE 
+ PAN 

(gm) 

P.A.N 
TARE 
(gm) 

SAMPLE 
WT 

(gm) 

CUMULATIVE CUMULATIVE VOLUME DENSITY 
WT % 

( gm) ( c c ) ( gm/ c c ) 

~2-.0-0-0;---~~------~-------.--------~------.-------r,-------• 

r---~------~------+-------r--------+------~------,_ ____ __ 
1 . 000 3 5: 0 7 /7. 2 6 / 7 7 9 0.070 

.500 36.14 /7.28 /8.86 31.02. 63.?'5 2. 0'9 o.o 89 
r---~~~~4-------+-~----~~~~~_;~~~--~--4----'--

.250 2.~4? /?.Z8 7.17 /2./b '24.t:;/ 48 0.;49 

I . 125 20. so /7. Z8 3. 72 4.99 /C. 22. /B o. 196 
r---~------~------+-_;----r-----_;-+-----'~--~--~-------

.063 /f3.3') /7.26 /.d7 /.47 3,01 ' 
~--~~--_;~------+-------r------'-+--~--~------4-------

o .. z. 14 

.045 /7.49 /7.Z8 0.21 a.40 o.€::2.. · / o.Zt4 

PAN /7.47 /7. z.e 0.19 O,t<J 0.39 0.38 0 



• 

DATA FORM - WOOD ASH ANALYSES 

COMBUSTABLE CONTENT ANALYSES 

SAMPLE NO. 1 

INITIAL SAMPLE + CRUCIBLE WT (gm) 29.79 

CRUCIBLE WT 

SAMPLE WT 

FINAL .SAMPLE + CRUCIBLE WT 

CRUCIBLE WT 

(gm) 

_(gm) 

(gm) 

(gm) 

26'.98 

0.81 

2.9. 0 2. 

77 

RUN NO: jZ 

SAMPLE NO. 2 

30.6Z:. 

29.66 

0. 79 

2..9. ~6 

ASH WT (gm) _o_._o_4 __ % 4.9Lf o.o4 

COMBUSTABLE CARBON WT (gm) o. 77 ----- % 97"~06 o. 7~ 

AVERAGE % INORGANIC ASH: 2'.0 AVERAGE % COMBUSTABLE CARBON: 9 ?.<J 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

SIZE 

(mm) 

2.000 

1.000 

.500 

.250 

.125 

.063 

.045 

PAN 

SAMPLE 
+ PAN 

(gm) 

33.44 

3?.66 

24.98 

21.4,. 

/8.6CJ 

/7. ,§" 

/7.79 

SIZE AND DENSITY ANALYSES 

PAN 
TARE 
(gm) 

"/7 . .28 

/7. z. e 

/7.ZS 

/7.Z6 

17.Z8 

;7.25 

17Z8 

SAMPLE 
WT 

(gm) 

/6. /b 

/8.60 

7.70 

-9. I 7 

1.32. 

0.27 

o.3 I 

CUMULATIVE CUMULATIVE VOLUME DENSITY 
WT % 

.(gm) (cc) (gm/cc) 

48.~3· 2?7 a.o63 

32.37 66.70 2/2. aOS8 

/3.77 2.8.37 5"'6 C./:58 

€:,.07 /2..51 Z2. 0, /90 

/.~0 3-~2. - CJ.264 ~ 

"· ?8 /.2C 1./ o.z4,-

0,3/ o.b4 ,/,0 (}.3/o I 



--------

78 
PLOT OF PARTICLE SIZE DISTRIBUTION--COLLECTED ASH 

DOUGLAS FIR PLANE!? 51/AVINGS 

RUN NUMBER: /4 

. .... 

2.00 

1.00 

..+?AS$ MEAN PART. .Stz£': 0.74 mm 

I 

0.50 I -~ .. - I LI.J 
N -

~ 
V') 

:z 
LI.J 
LI.J 
0:: 
u 

-{ V') 0.20 

0.10 l 

0.05 

l 10 50 90 99 

PERCENT OF PARTICLES LESS THAN STATED SIZE 



1.00 

0.50 

-(""') 

E 
u - 0.20 O'l -
>-
1-..... 
V) 

:z: 
LLJ ,.. c 0.10 
LLJ 
...J 
(..) ..... 
1-
0:::: 
c:%: 
a.. 0.05 

o·.o2 
0.02 

MFA.# 

PLOT OF PARTICLE DENSITY VERSUS GEOMETRIC MEAN SIZE 
DOUGLAS FIR PLANER SfiAV;NGS 

RUN NUMBER: 14 

PARr. DFNS/TY = 0. OCJO 

0.05 0.10 0.20 0.50 1.00 2.00 

GEOMETRIC MEAN SIZE (mm) 

A= Density of material collected in pan,i.e. particles 

less than 0. 04~rraTL 

79 

5.00 



PLOT OF PARTICLE SIZE DISTRIBUTION--COLLECTED ASH 80 

DOUGLAS FIR PLA#£R 51/A V/NGS 

RUN NUMBER: J? 
';'! 

2.00 

1.00 

0.50 

-,., E 
E -

LIJ 
N .... 

" V') 

z: 
LIJ 
LIJ 
0:: 
u 
V') 0.20 l 

0.10 

0.05 

1 10 50 90 99 

PERCENT OF PARTICLES LESS THAN STATED SIZE 



1.00 

0.50 

-M 
E 
u 

......... 
0.20 Ol 

>-
1-.... 
V') 
z: 

.! 
w 
0 0.10 
w 
.....J 
u ...... 
1-
0::: 
<( 
~ 0.05 

0'.02 

• 

0.02 

PLOT OF PARTICLE DENSITY VERSUS GEOMETRIC MEAN SIZE 

DOUGLAS FIR PLANE:R SHAVINGS 

RUN NUMBER: IS" 

0.05 0.10 0.20 0.50 1.00 2.00 

GEOMETRIC MEAN SIZE (mm) 

~=Density of material collected in pan,i.e. particles 
1 ess than 0. 045mm· . 

81 

5.00 



82 
PLOT OF PARTICLE SIZE DISTRIBUTION--COLLECTED ASH 

lJOUGL4 S Fl R iZ'LAN£"R 51-14 V!/1/GS 

RUN NUMBER: I 6 

2.00 

1.00 

/'?ASS MEA/tl PART. ~IZE": 0.760 mm 

0.50 

-~ -
UJ 
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PLOT OF PARTICLE SIZE DISTRIBUTION--COLLECTED ASH 
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less than 0.04?mm; 
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less than 0.04?mm .. 
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PLOT·OF PARTICLE SIZE DISTRIBUTION--COLLECTED ASH 
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DOUGLAS FIR. PLANER 51-/A V!NGS 
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DOUGLAS FIR PLANER 5HAV!NG5 

RUN NUf~BER: 2. 7 

2.00 

1.00 

P!AS-' J41EAN 7'A.RT. SI:Z.£' ~ 0. 640 l"r\m 

0.50 

-
~ ,. 

UJ 
N -V') 

z: 
UJ 
UJ 
a: 
u 
V') 0.20 

0.10 

0.05 

1 10 50 90 99 

PERCENT OF PARTICLES LESS THAN STATED SIZE 



1.00 

0.50 

-M 
E 
u - 0.20 C7l -

:>-
t-..... 
(/') 

z 
l I.J.J 

0 0.10 
I.J.J 
_J 

u 
l. 

..... 
t-
a:: 
< c.. 0.05 

0".02 

0.02 

PLOT OF PARTICLE DENSITY VERSUS GEOMETRIC MEAN SIZE 

DOUGLAS FIR PLANER SHAVINGS 

RUN NUMBER: 2 7 

tff.G"AN PARr. DEA/:5/ry "=' 0.090 

0.05 0.10 0.20 0.50 1.00 2.00 

GEOMETRIC MEAN SIZE (mm) 

.t. =Density of material collected in pan,i.e. particles 

less than 0.045'mnr~ 

93 

5.00 



PLOT OF PARTICLE SIZE DISTRIBUTION--COLLECTED ASH 
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DATA FORM - WOOD ASH ANALYSES 

COMBUSTABLE CONTENT ANALYSES 

SAMPLE NO. 1 

INITIAL SAMPLE + CRUCIBLE WT (gm) 

CRUCIBLE WT ( gm) 

SAMPLE WT ( gm) 

FINAL SAMPLE + CRUCIBLE WT (gm) 

CRUCIBLE WT (gm) 

ASH WT % --
COMBUSTABLE CARBON WT 

(gm) 

(gm) _____ % __ 

113 

RUN NO: 27 

~G. F/£; 

?G,..?Aic"'2 
_,..#4//.AfG.S 

SAMPLE NO. 2 

01 ... ---:----- ---
_____ % __ _ 

AVERAGE % INORGANIC ASH: AVERAGE % COMBUSTABLE CARBON: ---- ---

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

SIZE 

(mm) 

2.000 

1. 000 

.500 

.250 

.125 

.063 

.045 

PAN 

SAMPLE 
+.PAN 

(gm) 

19.93 

30. lb 

37.2A 

2b.6B 

2.3.44 

;2.0.2.2 

/8.63 

/8.79 

SIZE AND DENSITY ANALYSES 

PAN 
TARE 
(gm) 

/7./2-

/7,/ 2.. 

/7. li!.. 

/7./Z 

/7./2 

I !7.12-

;7.12 

I 7. 12... 

SAMPLE 
WT 

(gm) 

z.e; 

/3.04 

20.12. 

9.?6 

6.32. 

3.10 

0-91 

/.67 

CUMULATIVE CUMULATIVE VOLUME DENSITY 
WT % 

(gm) (cc) . (gm/cc) 

?7.?3 ?O I o.o?bl 

.?4. 72- 9~/Z. 2.07 j o.o63 

41.6€7 72.46 2.44 1 o. os2._ 

2.1. ?6 37.46 70 o. /37 

/2..00 2o.eG 31 0.2.041 

?.66 ~-~7 II 0. 2.62-

2.')8 4 .. 4$ 3 0.303 

/.67 2.90 4 0.418 



DATA FORJ·i -. v!OOD .t.SH ;:.t~AL YSES 

COMBUSTIBLE CONTENT A~ALYSES 

INITIAL SAMPLE + CRUCIBLE WT (gm) 

CRUCIBLE WT 

SAt·lPLE WT 

(gm) 

(gm) 

FINAL SN~PLE + CRUCIBLE WT (gm) 

CRUCIBLE WT (gm) 

ASH WT (gm) 

COI'IBUSTIBLE CARBON WT (gm) 

SftJo1PLE NO. 1 

z.e. 78 

~13.09 

o.6<J 

Z8./0 

2..6.0'3 

0.0/ 

o.66 

C.' 
/.42 /o 

% qS.?? 

114 

RUN NO. 2. 7 --==-=----

FUEL (>t:Jc/c;. ne_ 
~41'47 ..e ~/?'.!? v /..YG-5 

SIZE ( mm) .a.r.:x;o 

SAr·1PLE NO. 2 

2-7. 63 

Z.6.96 

0.67 

;c6. 97. 

2.6. 96 

a.o; 

0.66 

0/ 
/.49 /0 

~; '98.? i 

.IWERAGE ~~ INORGANIC ASH -~/._ • ...:..4.....:.7 __ _ AVERAGE % COHBUSTI BLE CARBON 96:.·. ?3 

RUN NO. Z7 

COMBUSTIBLE CONTENT ANALYSES FUEL~dG. ;::/£. 
;::c_/J/',/6' .e;. 5'#.#i//..U'G.5 

SIZE (mm) .<ooo 

SAHPLE NO. 1 SPJ1PLE NO. 2 

INITIAL SAMPLE + CRUCIBLE WT (gm) z..e. 2'"4 

CRUCIBLE WT (gm) Z7. 7 2. 

SAMPLE WT (gm) 0. 92.. 0.7~ 

FINAL SAMPLE + CRUCIBLE WT (gm) 27.73 _27. 7C 

CRUCIBLE WT (gm) 2.. 7. 72- z,7.6<j 

ASH WT (gm) o.O/ c· 
/~ .22. 0. Of 01 /.2-7 ' 7o lo 

COI·iBUSTI BLE CARBON WT ( gm) 0~ 8! %98-~ 0.78 01 '78 ---''--·~--' 

AVERAGE ~; INORGANIC ft.SH _.....!/.:....:.·.=Z=-<~:::__ __ AVERAGE % COI·iBUSIIBLE CARBON 98.78 



D.l:.TA FOR!', - \-!CJOD ASH ;.,~;ALYSES 

COMBUSTIBLE CONTENT ANALYSES 

· SAI•lPL E NO. ·1 

INITIAL SAMPLE T CRUCIBLE WT (gm) 

CRUCIBLE WT 

SAI1PLE WT 

(gm) 

(gm) 

FINAL SAHPLE + CRUCIBLE WT (gm) 

CRUCIBLE WT (gm) 

ASH WT (gm) 

COMBUSTIBLE CARBON WT (gm) 

AVERAGE ~~ INORGANIC ASH 3.07 

6,9./3 

27.63 

2.7.·7&J. 

".o..q 
/.3C 

AVERAGE Of 
/O 

COMBUSTIBLE CONTENT ANALYSES 

INITIAL SAi1PLE + CRUCIBLE \H (gm) 

CRUCIBLE WT (gm) 

SAMPLE WT (gm) 

FINAL SA1·1PLE + CRUCIBLE WT (gm) 

CRUCIBLE WT 

JI.SH vJT 

COMBUSTIBLE CARBON WT 

(gm) 

(gm) 

(gm) 

AVERAGE % INORGAN 1 C .~SH /3.20 _ __:..,;___ __ _ 

SAI"'PLE NO. 

2..8. 1/ 

/./8 

z?.ae 

26.93 

o./? 

/.03 

AVERAGE % 

C.' 2-9'7 to 

%_:t7.0/ 

C01~8USTI BLE 

7~12. 71 

%97.29 

COt·lBUSTI BLE 

115 

RUN NO. _!::Z:..!,.7 __ ...,... 

FUEL b:JUG. Ele 
~#e.C ~#.#J//A/G.S 

SIZE (mm) o. ;;roo 

SAt·1PLE NO. 2 

2. 7.CJ/ 

/.2.7 

2,.7.0?' 

2.7.0/ 

o.o4 01 3.16" /0 

/. 2...3 5~ 96. €:J? 

CJI.RBON z6.93 

RUN NO. Z.7 -=:;_:__ __ 

FUELMdG r/~ 
P'?-A'.Ai'ce J'#AJI/A/G 

SIZE (mm) o.Z?"O 

SAt·lPLE NO. 2 

2.7.4 9_ 

z.6.32.. 

/,/7 

2.6. 48 -
26 . ..3 2. 

o./6 

/. c:J/ 

%13.69 

x e6.32.. 

U.RBON 86.8/ 

-r 

I 



DATA FORH - \-.1000 J:.SH f..~;A.LYSES 

COMBUSTIBLE CONTENT ANALYSES 

INITIAL SAMPLE + CRUCIBLE WT (gm) 

CRUCIBLE WT (gm) 

SAMPLE WT (gm) 

FINAL SAMPLE + CRUCIBLE WT (gm) 

CRUCIBLE WT (gm) 

ASH WT (gm) 

COMBUSTIBLE CARBON WT (gm) 

SAJ·lPL E NO. 1 

2.9. 68_ 

2.6.23 

s./.;s-

27.36 

26.53 

o.83 

2..32.. 
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RUN NO. _.z~7 __ _ 

FUEL .6:xt;:. r-/.Z:_ 
?'~Aii:;..t=; :;/Y/?V//1/G-$ 

SIZE (mm) d;/Z? 

S..t.i·ir1 L E NO. 2 

2.. 9· 76 

.Z6.63 

3, r.3 

2.7-44 

2.6.63 

% 26.3?- o.a; %2?.96 

% 73.6? 2.~32.. % 74.i2.. 

JWEPJl.GE ~~ INORGAtnC ASH 2...6.12.. .!:.VERAGE % CO:·iSUSTI BLE CARBON V: 59 
--==..:..:~~-

COMBUSTIBLE CONTENT ANALYSES 

INITiAL SAI·iPLE +'CRUCIBLE v!T (gm) 

CRUCIBLE WT (gm) 

SAi·i?LE WT (gm) 

FINAL SM1PLE + CRUCIBLE WT (gm) 

CRUCIBLE WT 

ASH HT 

COMBUSTIBLE CARBON WT 

AVERAGE ~ INORGANIC ASH 

(gm) 

(gm) 

(gm) 

41.47 

SJiJ·IPLE NO. 1 

2...S-3A_ 

27.4Z 

2.h.66 

o.61 7; 41. 22. 

~.87 % ?8.78 

AVERAGE Of 
/o COI·iSUSTI BLE 

RUN NO. _27 __ _ 

FUEL ~~G. F/12. 
?U.A-~,C: s-.H./Ir/,-1/C:~:.S· 

SIZE (mm) o. 66.3 

Sf!J.iPLE NO. 2 

2.'5.84 

2.6.47 

2.?_8-4 

0.63 %41- 72_ 

o.ee % ~ . .za 

(.!l.RBON ?8.?3 



DATA F0~1 - WOOD ASH A~ALYSES 

COMBUSTIBLE CONTENT ANALYSES 

INITIAL SAMPLE + CRUCIBLE WT (gm) 

CRUCIBLE WT 

SAr~PLE WT 

(gm) 

(gm) 

FINAL SAMPLE + CRUCIBLE WT (gm) 

CRUCIBLE WT (gm) 

ASH WT (gm) 

COi1tBUSTIBLE CARBON WT (gm) 

SAHPLE NO. 

2Z86 

t1.40 

27.66 

2.7.~6 

0,20 

0.20 

C.' ?O.o::'> lo 

% zo.oc 
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RUN NO. ---!:Z=-:....7 __ _ 

FUEL ~P'G ,t::"/8 
71~4#62'.:: S'/Y/JY/A/(7$ 

SIZE (mm) a.o4.1£ 

SAI~PLE NO. 2 

.2.6.47 

2.6. 7/ 

2..6.47 

0.2..4 % ?6-00 

0,2.4 % l'jO.CO ---

AVERAGE ~£ HWRG.ll.NI C ,ll.SH -50. oo .C..VERAGE % COHBUSTI BLE CARBON ?o.,oo 

COMBUSTIBLE CONTENT ANALYSES 

SA!•iPLE NO. 

INlTIAL SAHPLE + CRUCIBLE WT (gm) 

CRUCIBLE WT (gm) z6.33 

SAHPLE WT (gm) o. 7'7 

FINAL S~~PLE + CRUCIBLE WT (gm) .26. eo 

CRUCIBLE WT (gm) 2.6. 33 

ASH VJT (gm) 0.47 

COMBUSTIBLE CARBON WT (gm) 0-32.. 

RUN NO . ......~:::.:::>~7 __ _ 

FUEL .Muc;. ,,C:/E 
?h9#E,e 5/Y/PY/#'G:S ·· 

SIZE (mm) · ,;v.RAl 

SAI~PLE NO. 2 

Z6. 7Z. 

__ a...:....79 

27./~ 

Z6 72.. 

C.' ~9.45_ 0.47 % ?~49 /C 

%40. ?I 0. 32.. %40. ~I 

AVERAGE % INORGANIC ASH -~?:.._'1~·~4_.J.9:__~ AVERAGE % CO!·iBUSTJ BLE CARBON 40. '71 



T 

~-

DATA FORM - WOOD ASH ANALYSES 

COMBUSTABLE CONTENT ANALYSES 

SAMPLE NO. 1 

INITIAL SAMPLE + CRUCIBLE WT (gm) 

CRUCIBLE WT {gm) 

SAMPLE WT ( gm) 

FINAL SAMPLE + CRUCIBLE WT (gm) 

CRUCIBLE WT (gm) 

ASH WT % {gm) 

(gm) 
----- ---

COMBUSTABLE CARBON WT _____ % __ 

118 

RUN NO: 39 

2JOUG,~e 

;o:>c~..vs-e .5#-"'J///J/C:S 

SAMPLE NO. 2 

% -------- ---
Of ______ 10 __ 

AVERAGE % INORGANIC ASH: ---- AVERAGE % COMBUST .A.BLE 0\RBON: ---
* * * * * * * * "* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *' 

SIZE 

(mm) 

2.000 

1 .000 

.500 

.250 

.125 

SAMPLE 
+ PAN 

(gm) 

2.0.34 

33.36 

44.?4 

2Ci.2.? 

26.42. 

.063 lz1. 98 

.045 /8.44 

PAN /9.98 

SIZE AND DENSITY ANALYSES 

PAN 
TARE 
{gm) 

/7./Z. 

/7, IZ. 

/7.12. 

f7,1Z. 

/7. 12. 

/7.12.. 

17./Z. 

/7..12 

SAMPLE 
WT 

(gm) 

3.22.. 

/6.24 

I Z7,4Z.. 

12./3 

I q,30 

4.86 

/.32. 

I 2.86 I 

CUMULATIVE CUMULATIVE VOLUME DENSITY 
WT % 

(gm) (cc) (gm/cc) 

77-3'.> ·4'5 ~072. 

74.13 9'i.e4 /99 o. oez. 

?7.89 74.£74 270 I o. ,-oz. 

gc,47 3'}.3'J 80 o, /'iZ.. 

/&.34 23.71 39 o. 2..38 

9.04 /1.69 17 o. z.e6 

4.18 5.40 4 ~.330 

2.86 3.70 '1 0.3/8 

i 

i 



.~· 

'~ ...... 

DATA FOR!·i - \.!OOD ASH A~;AL YSES 

COMBUSTIBLE CONTENT ANALYSES 

SAHPLE NO. 

INITIAL SAMPLE + CRUCIBLE WT (gm) /7.84 

CRUCIBLE WT (gm) /7.07" 

SAMPLE WT (gm) 0. 7<7 

FINAL SAMPLE + CRUCIBLE WT (gm) /7. C> 6 

CRUCIBLE WT (gm) /7.oz= 

ASH WT o.ol 

1 

119 

RUN NO. ___,._3_,.9!.----

FUEL l;oVG r/l3 
~-"h',Ve~ 5",/,14 V/ft/'G.5 

SIZE ( mm) ;z .aoo 

· SAI~PLE NO. 2 

/7.79 

/7.00 

/7.0/ 

/7.00 

o.o; %,/.Z7 ___ _;,--:--

COMBUSTIBLE CARBON WT 

(gm) 

(gm) CJ. 78 %9673 o. 78 % ~7'3· 
---:-----'- . ------

AVERAGE ~; INORGANIC ASH /.Z 7 AVERAGE % COMBUSTIBLE CARBON: 98. 7.3 _..;,.._ ___ _ 

COMBUSTIBLE CONTENT ANALYSES 

SAHPLE NO. 

INITIAL SAMPLE + CRUCIBLE WT (gm) /9.30 

CRUCIBLE WT (gm) /8,26 

SAI~PLE WT (gm) /-04 

FINAL SAI'JPLE + CRUCIBLE WT (gm) /8.'2. 7 

CRUCIBLE WT (gm) /e.z.6 

ASH WT (gm) 0,0/ 

COMBUSTIBLE CARBON WT (gm) /.03 

AVERAGE : INORGANIC ASH 0. <)b AVERAGE 5~ 

% 0-~6 

% <39.04 

COI~BUSTI BLE 

RUN NO . ___.::3~'3.L-..--

FUEL /JQvG ;/E- . 
7?~..-9//67? .SdAW;;".,;~~: 

SIZE (mm) 4000 

SAI-'iPLE NO. 2 

/7.82-

___!_E; .7z 
/.Ot? 

lb-7B 

/6.77 

o,o; 

/,04 

CARBON 

% O.c;f? 

% 99.0;> 

99.0~ 



T 

• 

•.: 

120 

DATA FOPJ·i - v!OOD ASH .L.::AL YSES 

. RUN NO. 3'9 

COMBUSTIBLE CONTENT ANALYSES FUEL MaG E'/...i? 
.z:;'U.AI'~E.- 5#.-?V/A/G· 

SIZE (mm) o. ?00 

INITIAL SAMPLE + CRUCIBLE WT (gm) 

CRUCiBLE WT (gm) 

SAMPLE WT (gm) 

FINAL SAMPLE + CRUCIBLE WT (gm) 

CRUCIBLE WT (gm) 

ASH WT (gm) 

COMBUSTIBLE CARBON WT (gm) 

AVERAGE % INORGANIC P.SH ;:.e6 ----====-=---

SAJI,?LE NO. 1 S.ll.!·1PLE NO. 2 

--'/,_7. 27 

/6,48 

/6.?1 

/6.4'8 

o.o3 

/, o6 

17.93 

/6.9z.·. 

__ /.0/ 

/6.9? 

/6.92-

?; .2,. 7'? o.o3 

7~ 97.25 (), 98 

AVERAGE % CO!"BUSTI BLE CARBON 

0/ 2.97 /0 

% <;}7.03 .. --

97./4 

COMBUSTIBLE CONTENT ANALYSES 

RUN NO. __,.3~9-­

FUEL /xJOG, F/C:., 
7r:-,rJfrc.e 'S'.t'#J v.IA./G.s-

SIZE (mm) d.2.?"q_ 

SA1·1PLE NO'. SM·'lPLE NO. 2 

If~lTIAL SAI·iPLE + CRUCIBLE \H (gm) /8.24 /8.48 

CRUCJ SLE \H (gm) /6.66 /6.93 

SAi·i?LE WT (gm) 

FINAL SAHPLE + CRUCIBLE WT (gm) /6.~0 /7~/o 

CRUCIBLE WT (gm) /6.66 /6.93 

ASH WT (gm) __ o_. 2._4:.___ 7~ 1 '5· 19 __ o_._Z..-'3"'--- %/4-9 4 

COi·iBUSTI BLE CARBON WT (gm) /~.34 %84. SJ /-32.. % Bf5.t6 
--~--- -~---

AVERAGE 5;. INORGf!.NIC ASH _.L-/..r=.-2"~·~0-=2..=---- AVERAGE 7~ COt·lBUSTI BLE C.li.RBON 84· '?9 



T 

\ .. 

DATA FORI·i - ~.'000 ASH Af:ALYSES 

COMBUSTIBLE CONTENT ANALYSES 

SAJ.iPLE NO. 

INITIAL SAMPLE + CRUCIBLE WT (gm) /S ?2.. 

CRUCIBLE WT (gm) /b.ZO 

SAMPLE WT (gm) 

FINAL S~'JPLE + CRUCIBLE WT (gm) /6.62.... 

CRUCIBLE WT (gm) /6A_2.0 

ASH WT (gm) o.6z... 

COMBUSTIBLE CARBON WT (gm) /. 76 

7~ab.?Z 

% T3.Z.'8 

121 

RUN tW. _,..._?_9'----­

FUEL,O.::loG. F/~ 
71!/9,.1.-pE. 5#.-9 ;//A/ G-5 

SIZE (mm) o. /27 

SAI'JPLE NO. 2 

-,---_zo._':[~ _ 

/6.22:_.,.. 

z.3'3 

/8.8?. 

/8,Z'? 

C'.6o 

/- 73 

% Z-?. 7? 

% 74 2/f> 

AVERAGE % INORGANIC Jl.SH ~.24 AVERAGE % COi.fBUSTI BLE CARBON 73.77 ---==:....!.---

COMBUSTIBLE CONTENT ANALYSES 

INITIAL SAMPLE + CRUCIBLE WT (om) 

CRUCIBLE WT (gm) 

SAl·iPLE WT (gm) 

FINAL SAMPLE + CRUCIBLE WT (gm) 

CRUCIBLE ~IT (gm) 

ASH WT (gm) 

COMBUSTIBLE CARBON WT (gm) 

SP.J-1PLE NO. 1 

/8.69 __ 

/6.2/ 

2.18 

17~24 

/6.?1 

C),73 % 3549 

/.4? %66. ?! 

RUN NO. .S~ 

FUEL /)o(!G. ,C/l?.. 
/?CAA/ee. .;?#'4 W'fl/G 

SIZE (mm) o. o6j> 

S.£;1·-iP L E NO. 2 

/9./4__ 

/6.78 

/7.?9 

/6.78 

~.eo 

/.~6 

%33.90 

~~ ~./CJ 

.t!.\'ERAGE ~~ INORGAN1 C ASH .JJ.:j. 70 /WERP.GE ~~ COHBUSTI BLE Cfl.RBON b6r3 I 



-~ 

~-' 

DATA FORM - WOOD ASH A~ALYSES 

COMBUSTIBLE CONTENT ANALYSES 

INITIAL SAMPLE + CRUCIBLE WT (gm) 

CRUCIBLE WT 

SAI~PLE WT 

(gm) 

(gm) 

FINAL SAMPLE + CRUCIBLE WT (gm) 

CRUC1BLE WT (gm) 

ASH WT (gm) 

COMBUSTIBLE CARBON WT (gm) 

SAHPLE NO. 

/8.24 

/7 . .,~ 

/7· EJZ-

0 ·L7 

0.27 

7~40.48 

% ?9.?2. 

122 

RUN NO. -~3_..9:::....___ __ 

FUEL /;JodG. ~/E 
-Z'v.-?A/c.e s#AJ//A/G-5 

SIZE (mm) O.C)~ 

SAI~PLE NO. 2 

/7.Z? 

/6. 5"9 

/6.e? 

/6.;>9 

o.zb % 3'?.39 

o . .-,.o 7~ 60:.6 J ---· 

AVERli.GE % INORGANIC ASH 3~. C)4 .A.VERAGE % COi'JBUSTIBL E U>.RBON 60. OT-

RUN N 0. __,.,3'--a.L:?--

COMBUSTIBLE CONTENT ANALYSES FUEL l)odG. ,z::-/e .. 
:?L.,.t;/t··'G e. 5#~~'/;A/G..s 

SIZE (mm) 77/lA./ 

INITIAL SM-'IPLE + CRUCIBLE WT (gm) 

CRUCIBLE WT (gm) 

SAt~PLE WT (gm) 

FINAL SAMPLE + CRUCIBLE WT (gm) 

CRU.ciBLE vrr (gm) 

ASH WT (gm) 

COMBUSTIBLE CARBON WT (gm) 

AVERAGE % INORGANIC ASH 49.~2 

SA/~PLE NO. 1 

/£3.2.9 

/e.BL 

/S.2<J 

0.!?2.. %49.?Z 

0.?3 %.2_~8 

SA~1PLE NO. 2 

17-/) 

/.41 

/7·e/ 

/7• 1/ 

o.zo 

o.zL 

%49~65" 

%50.3, 

AVERAGE ~~ COI•iBUSTI BLE CARBON !S""-42. 



100 

80 

60 

40 

20 

0 

w 
_J 

cc ....... 
I-­
V) 
::J 
cc 
::E 
0 
u 

0 0.20 0.40 

% COMBUSTIBLE MATERIAL IN CARRYOVER 
vs. 

PARTICLE SIZE 
DOUGLA 5 FIR PLANER 511AYING'5 

T(.UN NO. 2-7 

0.60 0.80 

PARTICLE S~ZE (mm) 
> 

1.0 1.2 1.4 1.6 
_, 
N 
w 



100 

80 

60 

40 

20 

0 

0 0.20 0. 40 

% COMBUSTIBLE MATERIAL IN CARRYOVER 
vs. 

PARTICLE SIZE 
DOUC,J-A,:/j FIR PI...AN£R ~N'A VI.N'G5 

'NVN No. 3 9 

~ 

0.60 0.80 

PARTICLE SIZE ~mm) 

1.0 1.2 1.4 1.6 




