
l 

· .. ; 
"' • t . 

· ~ -- -- · ---------~---------

MASTER 

THE COMBUSTION CHARACTERISTICS OF 

RL0-2227-T22-9 
[X)c/£ T fc. i_''-}1o- q 

EASTERN WHITE PINE BARK AND DOUGLAS FI~ PLANER SHAVINGS 

TECHNICAL PROGRESS REPORT NO. 5 

DAVID C. JUNGE, PH.D. 

OF.EGON STATE UN!VERSITY 

CORVALLIS. OREGON 97331 

?ERIOD: SEPTEMBER 16. 1977 ·ro 
SEPTEMBER 15, 1978 

DAlE OF REPORT: DECE~·lBER i 978 

PREPARED FOR THE Ll.~. DEPARTt•lENT OF Eft:RG't: COnfRAC7 EY-76-C-05-2227 

TASK AGRE~MENT NO. 22 

pl!ITRIBUT10N OF THIS DOCL' lENT 1' liNLIM.J.TED 



DISCLAIMER 

This report was prepared as an account of work sponsored by an 
agency of the United States Government. Neither the United States 
Government nor any agency Thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately 
owned rights. Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any 
agency thereof. The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 



DISCLAIMER 

Portions of this document may be illegible in 
electronic image products. Images are produced 
from the best available original document. 



RL0-2227-T22-9 

THE COMBUSTION CHARACTERISTICS OF 

EASTERN WHITE PINE BARK AND DOUGLAS FIR PLANER SHAVINGS 

TECHNICAL PROGRESS REPORT NO .. 5 

DAVID C. JUNGE, PH.D. 

OREGON STATE UNIVERSITY 

CORVALLIS, OREGON 97331 

( ----- - - - - ----

' .----NOTICE---~ 
This report was 'prepared as an account of work 
sponsored by the United States Government. Neither the 
United States nor the United States Department of 
Energy, nor any of their employees, nor any of their 
contractors, subcontractors, or their employees, makes 

1 . any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness 
or usefulness of any information, apparatus, product or 1 
process disclosed, or represents that its use would not 
infringe priv3tely owned rights. 

. .. __ ) 

PERIOD: SEPTEMBER 16, 1977 TO 
SEPTEMBER 15, 1978 

DATE OF REPORT: DECEt~BER 1978 

PREPARED FOR THE U.S. DEPARTMENT OF ENERGY: CONTRACT EY-76-C-06-2227 
TASK AGREEMENT NO. 22 

l!llii)UBt!J.'IO!S. QF U!l.!i )lO!)U!IENT II! UN LIMIT~ 
~------------------------------------------- I 



DISCLAIMER 

THIS REPORT WAS PREPARED AS AN ACCOUNT OF WORK SPONSORED BY THE UNITED 

STATES GOVERNMENT. NEITHER THE UNITED STATES NOR THE UNITED STATES 

DEPARTMENT OF ENERGY, NOR ANY OF THEIR EMPLOYEES, MAKES ANY WARRANTY, 

EXPRESS OR IMPLIED, OR ASSUMES ANY LEGAL LIABILITY OR RESPONSIBILITY FOR 

THE ACCURACY, COMPLETENESS OR USEFULNESS OF ANY INFORMATION, APPARATUS, 

PRODUCT, OR .PROCESS DISCLOSED, OR REPRESENTS THAT ITS USE WOULD NOT 

INFRINGE PRIVATELY OWNED RIGHTS. 

COPYRIGHT NOTICE 

BY ACCEPTANCE OF THIS REPORT, THE PUBLISHER AND/OR RECIPIENT ACKNOWLEDGES· 

THE U. S. GOVERNMENT•s RIGHT TO RETAIN A NONEXCLUSIVE, ROYALTY-FREE 

LICENSE IN AND TO ANY COPYRIGHT COVERING THIS REPORT. 



SECTION 

l. 

2. 
3. 

TABLE OF CONTENTS 

DESCRIPTION 

INTRODUCTION . 
PURPOSE AND SCOPE OF THE PROJECT 
FINANCIAL SUPPORT . . . . . . 

PAGE 

. 1 

2 

3 

4. PROJECT PARTICIPANTS . . . . . . 3 
5. TIME FRAMEWORK OF THE PROJECT . . . 4 
6. DESCRIPTION OF THE TEST FACILITY . . 4 
7. DESCRIPTION OF THE INSTRUMENTATION .. 8 
8. DESIGN OF THE EXPERIMENTS . . . . .12 
9. DATA COLLECTED . . . . . . . . . . .13 

10. PROCEDURE FOR THE CONDUCT OF THE EXPERIMENTAL TESTS .14 
11. DATA ANALYSES . . . .15 
12. 
13. 

EXPERIMENTAL 'RESULTS .. 
CONCLUSIONS .... 

EXPERIMENTAL DATA SUM~~RY SHEETS 
GRAPHS OF COLLECTED DATA . . . 
FUEL ANALYSIS DATA AND GRAPHS . 
ASH ANALYSIS DATA AND GRAPHS .. 
COMBUSTIBLE CONTENT VS. SIZE OF ASH 

. .. 
.17 

.17 

.20 

. 37 

·63 
. 72 

. 145 



LIST OF FIGURES 

FIGURE NO. DESCRIPTION PAGE 

1. Wood Combustion Test Facility- Oregon State University 6 
2. Photograph of the Experimental Test Facility 7 
3. Schematic Illustration of the Instrumentation Used With 11 

the Combustion Test Facility 

GRAPHS OF COLLECTED DATA 

Graphs of Carryover Rates (lbs/hr) vs. Levels of Excess 
Air 
Graphs of Carryover Rates (lbs/hr), Mean Particle Size 
(mm), and Percent Combustible Ash (%) vs. Lbs of Air/ 
Lb of Fuel at the Grate 

Graphs of Carryover Rates (lbs/hr) vs. Lbs of Air/Lb of 
Fuel at the Grate for Specific Temperature Levels 

Graphs of Total Carryover (Lbs of Carryover/Lb of Fuel) 
vs. Lbs of Air/Lb of Fuel at the Grate 

Graphs of Combustible Carryover (Lbs of Combustible Ash/ 
Lb of Fuel) vs. Lbs of Air/Lb of Fuel at the Grate 

Graphs of Carryover (Lbs of Inorganic Ash/Lb of Fuel) 
vs. Lbs of Air/Lb of Fuel at the Grate 

Graphs of Carryover Rate (Lb/hr) vs.· Levels of Excess 
Air: 

38 

49 

50 

52 

54· 

56 

Comparison of Effects of Air Distribution 61 

Comparison of Effects of Inlet Air Temperature 58 

GRAPHS OF FUEL ANALYSIS DATA 

Graphs of Fuel Size and Density Distributions 66 

GRAPHS OF ASH ANALYSIS DATA 

Graphs of Ash Size Distribution and Density Distributions 97 

GRAPHS OF COMBUSTIBLE CONTENT OF COLLECTED ASH SAMPLES 

Graphs of Combustible Content of Ash vs. Size of Ash 156 



• 

LIST OF TABLES 

DESCRIPTION 

TABLES OF COLLECTED DATA 

Experimental Data Summary Sheets 

Computer Listing of Data For All Tests 

FUEL ANALYSIS DATA TABLES 

PAGE· 

21 

25 

Calculation Tables for Fuel Combustible Content, Size 64 
and Density Analyses 

ASH ANALYSIS DATA TABLES 

Calculation Tables for Ash Combustible Content, Size, 73 
and Density Analyses 

Calculation Tables for Ash Combustible Content vs. Size 146 
Distribution of Ash Samples 



ABSTRACT 

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 wood 
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 

Eastern White Pine bark mixed with 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 
Douglas Fir Planer Shavings 
Red Alder Sawdust 
Red Alder Bark 
Ponderosa Pine Bark 
Hemlock Bark 

An Executive Summary Report is also available which compares 

· the combustion characteristics of the various 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 air is used; 
2) The combustion air should be distributed approximately 

40% undergrate and 60% overfire to achieve minimum air 
pollutant emissions and maximum combustion efficiency. Care 
must be taken to avoid burning out the grates with this 

combustion mode; · 
3) The temperature of the combustion air has a minor effect on 

combustion efficiency and air pollutant emissions. As the 
temperature increases, efficiency goes down slightly and 
air pollutant emissions increase slightly. Low temperature 
air results in emissions which are approximately 20% lower 
than air which is preheated to 387 °F. However, the use of 
low· temperature inlet air reduces thermal efficiency of the 
boiler. Ideally, the undergrate air should be kept at 
ambient temperatures and the overfire air should be raised 
to maximum temperatures permitted by the air preheater. 

4) The combustibl~ content of the boiler emissions ranges over a 
wide spread (10.5% - 81 .1%). In the optimal combustion modes, 
the mean combustible content of the ash is 35.2%. Approximately 
1% of the total fuel input to the furnace will be carried out 
as ash. Therefore, approximately l/3 of 1% will be carried out 
as combustible material. The potential heat recovery from this 
ash is relatively small and probably does not warrant attempts 
collect it. Therefore, I would recommend that the total ash 

be used for landfill if at all possible . 
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5) The mass mean size of the ash typically ranges from 0.06 mm 
to 0.71 mm. Under optimum combustion conditions, the mass 
mean size ranges from 0.06 to 0.22 mm. 

6) The mass mean density of the ash typically ranges from 
0.07 to 0.70 g/cm3. Under optimum combustion conditions 
the mass mean density ranges from 0.25 to 0.70 g/cm3.· 

7) Careful control of combustion conditions can reduce pollutant 

emissions by approximately 90% . 
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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 envir-on
mental restrictions. 

The technology "gap 11 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 11 control devices to meet stringent air pollution regu1ations. 

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 



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 pri~ary collector system? This questions pertains to· th~ 
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 
collector systems. 

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 purpose 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 following: 



1) 

2) 

Species of fuel 
Size of fuel 

3) Moisture content of fuel 
4) 

5) 

6) 

7) 

Feed rate of fuel 
Inlet air temperature 
Air to fuel ratio - level of excess air 
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 $1QO,OOO 
Administration: Division of 

2) Continuation 

Conservation Research and Tech-
nology. 
Department of Energy: Fossil 
Fuels Utilization Program 

3) Oregon State University. 
4) International Paper Company 
5) · Oregon Department of Environmental Quality 

4. PROJECT PARTICIPANTS 

$187,000 

$ 7,350 

$ 2,500 

$ 2,000 

The principal investigator for the research effort is 
Dr. David C. Junge, Associate Professor of Mechanical Engineering 
(Senior Research Scientist). Dr. R. W. Boubel, 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 Doctor 
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 
D6uglas_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 fundi~g 

4 

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 
Fa frplay 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 (hogged fuel). The 
system includes: 

1) A conveyor system to control and meter the fuel flow; 
2) A mechanical 11 flinger 11 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 
zone 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 
preheater; 
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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; 

7) A forced draft fan to provide combustion air to the test facil'ity; 
8) A system of venturi orifice flow meters to measure 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 faci.lity 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 . 



SCHEMATIC ILLUSTRATION OF WOOD COMBUSTION TEST FACILITY 
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Figure 1: Wood Combustion Test Facility- Oregon State University 
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Figure 2: Photograph of the Experimental Test Facility -Oregon State University 



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 

. 3) of the fuel (#H2o; #fuel), and the fuel density (# fue1/ft . 
Each of these measurements had inherent inaccuracies. It was 
found that greater 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 
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) Gas Flow Rates: Gas (air) flow rates were determined by the 
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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 orifi~e 
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. T,his 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 
at elevated temperatures. 

8) Exhaust Gas Analyses: An exhaust gas sample line was installed 
at the inlet to the air preheater. The sampled was cooled to 
approximately 70 °F to condense the water vapor and remove it. 
Filters were placed in the sample line to remove particulate 
ma~ter. 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 known 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. 



DESCRIPTION OF INSTRUMENTATION 

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

(% by we.ight - 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 Heater Exit 

Figure 3: Schematic Illustration of Instrumentation Used With the Combustion Test Facility 

__, 
....... 



• 

12 

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: E. White Pine bark and D. Fir 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: 56 

Test Run Numbers: 65 To 128. 

Range - Fue 1 S·i ze Used 1.0 To 20.0 (nun) 

Range - Fuel Moisture Levels Used: 51 To 51 (%H 20: ''As-Is .. ) 
Range- Fuel Feed Rates Used: 523 To 738 (Dry Pounds/Hr) 

Range- Levels of Excess Air: 25 To 165 (%) 
Range.- Levels of Inlet Air Temp: 130 To 415 (OF) 

Range.- Levels of Air Distribution: 29 To 85 (% Undergrate) 



9. DATA COLLECTED 

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

1) Fue 1 Re 1 a ted 
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 following: 

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 

13 
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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. Collect samples of the fuel 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 gases. 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 

14 

of the collected ash for laboratory analyses on its characteristics . 



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 collected 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" basis. 

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 plugging the gas analyzers. 

Downstream from the cooling 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 constituents. 
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 (Fortrari IV) to make the calculations 

pertinent to the 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 experimenta 1 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 found in the section 
beginn.ing on page 37. 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 63. 

The ash analyses results are noted in both tabular and graphic 
form beginning on page 72. The combustible content of the ash samples 
as a function of their size distribution is noted in tabular and graphic 
form beginning on page 145~ 

13. CONCLUSIONS 

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

SUMMARY OF EFFECTS DUE TO: 

l. 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): 523 to __:_7.=..:.38:::..___ 

Effects statistically significant within the range studied: 
Yes XXX No 

--"'-

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

Yes XXX No ---

18 

As air temperature increases, emissions increase~ decrease ___ . 

Reference: See pages 58 - 60. 
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 61, 62. 
6. DISTRIBUTION OF AIR ABOVE AND BELOW THE GRATE: Lb Air/Lb Dry Fuel 

Optimum rate of air flow through the grate: 3.0 - 4.2 

Range of air flow rates through the grate 
which were successfully tested: 

Overall optimum air distribution: 

2 • 68 to 11 . 09 

Above the grate (overfire air) :---"-5...:....5 __ (%) to ........::::.:68~- (%) 

Below the grate (underfire air): 3?. (%) to 45 (%) 

Reference: See pages 49 - 57 . 
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SUMMARY OF ASH CHARACTERISTICS 

Optimum Combustion 
All Tests Conditions 

(Range) (Mean) (Range) 

1. Rate of Total Carryover (lbs/hr) 3.60 to 34.5 5.80 3.60 to 10.8 

2. Concentration of Total Particulate 
(gr/SCF - not corrected to 12% co2) 0.31 to 2.30 0.50 0.31 to 0.95 

3. Rate of Total Carryover 
(lb/lb dry fuel) 0.61 to 4.85 0.90 0.61 to 1.46 

4. Rate of Combustible Carryover 
(1 b/1 b dry fuel) 0.08 to 3.12 0.26 0.08 to 0.64 

5. Rate of Inorganic Carryover 
(lb/lb dry fuel) 0.24 to 2.05 0.57 0.38 to 0.82 

6. Mass Mean Size (mm) 0.06 to 0.71 0.13 0.06 to 0.22 

7. Mass M~an Density (g/cm3) 0.07 to 0.70 0.44 0.25 to 0.70 

8. Mean Combustible Content (%) 10.5 to 81 .1 35.2 10.5 to 43.5 

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

See' pages 156-157. 
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EXPERIMENTAL DATA SUMMARY SHEET 
, 

TEST SERIES: 6s- TO 128 FUEL SPECIES: E.I.VHITc P!IVE ~ 
0 OtJ GLfi..S FJ~ ~HiiiiJN6. 

- - - - - - - - - FUEL CHARACTERISTICS - - - - - - - - - - - - - -
MASS MEAN SIZE (mm): 5 .. I SIZE RANGE (mm): z.o. 0 TO ---=--/:....::, 0~

MASS MEAN DENSITY ( g/ cm3) : o .I Cf DENSITY RANGE ( g/ cm3) : ~ .19'1 TO 0, 25 3 

COMBUSTIBLE CONTENT(% OF DRY FUEL WEIGHT): 97.79 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

I - - - - - OPERATING PARAMETERS - - - I - - - TEST RESULTS- - -I . I 
TEST FUEL FUEL EXCESS UNDER AIR LBS AIR ASH COMB. 
NO. FEED H20 AIR GRATE TEMP. LB FUEL RATE ASH 

RATE - AIR @ GRATE 
(LBS/HR) (%) (%) (%) (°F) (LB/HR) (%) 

'6 ~so 51 5~ l.f3 :YIS" J-1.~'1 8".0 7/. 2. 

(;' 550 
,, 50 4:; 3Cf~ J./. t;'f Cf,!;, 

67 fj'{) 
,, 

25 ls5 Lfl t) ~.l/ /f/.3 ~1. I 

cg !.f<f 0 " 2.5" a~ 'tD!> c. 3 2. 17. 7 

'tt 5'90 
,, 

5"0 ~3 3C?2 8.0~:,- 13.3 70.0 

70 \1 II s-s- 83 .3a-3 g. }2. IZ..~ 

7/ " " /0 7 8"2. ~~0 9.1 s 1/.7 l/3.~ 

72. ,, ,, 9.3 8'2. ~03 Cf.Otf I n." 
7.3 ,, ,, 11~5' ~l J.f03 It/. 9'/ ((), s .30.' 

7~ If " 1&5" ~2. 39£' /O.SCJ 1/. 'I 

7~ II " l-IB 5.3 .3~3 '7.0~ IJ.z 7,.5 

76 ,, ., 'IS 53 J{; 3 1-f.O'/ 1/.7 
. 

77 ,, ., . 9{) 52. 388 5', Ol. '/.7 7'1.7 

74" .. 'I %'5' 5Z. 387 'S.oz. /J. I 

7' " II 

"8' I ~c. 388' C.O I CJ.~ ,fs'.Cf 

~0 If " /0{, 52. '!J<rD c .0"1 ~.I 
r 

-
'87 . , .. 8'2. Jc 3'13 3. 5"6 3.Cf 'f 2. 'I 

MASS MASS OPACITY 
MEAN MEAN 
SIZE DENS 
(mm) {g/cm3) (%) 

0.52 O.OCJ '.i 5" 
.. 

D. 11 0 .DBO 
,, 
, 

(), 5 'i o.oao II 

•• 

0.2.6 O.l~O .. 
.. 

(J, 18 0,360 .. 
I .. 

0.66 o.oa3 " 

II 

0.~2. 0.01 ':) " 
, 

0.53 o.oe~ •• 

.. 
~.1? 0,2 s- If 
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EXPERIMENTAL DATA SUMMARY SHEET 
. 

TEST SERIES: ~o TO IZ.8 FUEL SPECIES:c.wHITc PIA/£ ~ 
I 

OOU61.AS rl~ Pl. .SHI9t11A/6S 
- - - - - - - - - FUEL CHARACTERISTICS - - - - - - - - - - - - - -

MASS MEAN SIZE (mm): 5"./ SIZE RANGE (mm): /.{) TO Zc.J.{) 

MASS MEAN DENSITY (g/cm3): 0.1'/ DENSITY RANGE (g/cm3):o.tStt TO 0,25.3 

COMBUSTIBLE CONTENT (% OF DRY FUEL WEIGHT): 97.79 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

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

I - - - TEST RESULTS- - -I 

TEST FUEL FUEL EXCESS UNDER AIR LBS AIR ASH COMB. MASS ~1ASS 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) (%) 

8'8 5t:t0 '' 82. 31 3cH3 3.52 3.6 ,_;-
I t' ,, ,, 9{) 3/ ~"8> Jj.OS 3.'1 ,,,r; 0./Yf 0.~~ 

.. 
t:to II •• ~~ :!>/ J.J02.. '"/.07 ~.2 

,, 

91 .. " 2.5" 7/ !5C. 5.80 /7, 7 " I 
'2 II ,, ' 2'-1 71 15C. ).78 lt.O ! 

,, I 
'---i 

6.8', '13 550 II S'O 7tJ IS7 IO,l ,, I 
'14 

,, 
" 5'1 ~8 ~~-;- G..57 9.3 I ,, 

"' 
II " ~5' 7/ ~. 'TI:j 

I 
170 11. I ,, 

~~ II " 
,. 

73 7/ 172. ~.5'0 /().J' 42.0 D. I'} 0.2 8 
,, 

17 'I II ¥~ 71 175' ,,7J 10.'5' ., 

~8 " 
,, I '11 171 /72 ~. 7'/ 9.'1 ,, 

9~ " 
,, 33 5".3 ~/"fO ~.9/ ~.7 7~.3 0.57 0.07 ., 

/()() " 
,, 3LJ 53 14 3 '-/.t:to %'.4 " 

10 I ,, ,, 4'1 5"/ 16() 5", ~2 &.'i (, 7, 2. (). 'f7 0.06 I " 

1~2 II 
" 'i3 51 163 S, 3/ ~. I ,, 

/OJ 52.3 
,, 76 Lfffj 163 C.o'i' (,,C':j •I 

lol:j ., .. 7'/ 1'1 160 ~.76 7.'i 3,. C) 0./6 0.28 ., 
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EXPERIMENTAL DATA SUMMARY SHEET 
, 

TEST SERIES: ~5" TO /28 FUEL SPECIES:E:..w/./IT/3. !'INIE f 
00cJ6LnS hlf. ,P~. SNAIJIN~S. 

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

MASS MEAN SIZE (mm): 5.1 SIZE RANGE (mm): /. 0 TO 20. 0 

MASS MEAN DENSI.TY (g/cm3):tJ.I<:J DENSITY RANGE (gjcm3):tJ.t6tt TO ~,2.!i.3 
COMBUSTIBLE CONTENT (% OF DRY FUEL WEIGHT): 9 7. 79 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
I - - - - - . OPERATING PARAMETERS - - -

1 
I - - - TEST RESULTS- - -I 

TEST FUEL FUEL EXCESS UNDER AIR LBS AIR ASH COMB. MASS MASS OPACITY 
NO. FEED ~20 AIR GRATE TEMP. LB FUEL RATE ASH MEAN MEAN 

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

lOS 550 5"/ lOS" 50 17'S ~·76 ~.~ 5 

/06 5"5'0 " /0~ rso /75 t-.78 S.7 /f/,3 o.oet~ 0.52 ,, 

IOCf 617 " 2.'-f 2Cf ll./'S 2.~8 5", ~ 72.Z. 0.4£ 0,08'5" ,, 

110 617 " 2"1 2'1 1'5"0 z.,B '5, I It 

Ill 617 ,, 
~5' 3/ 1~1 3. Z& 3.9 2.7. ~ t'.OS!> 0. '16 0 " 

Ill 55'0 " 6'1 3u IS I '!>.6 I 3.f:j .. 
/13 &( ,, 

97 30 155 lf.J/:; lj,'l. 10. 'i 0.061 D. 7 Of) " I 

ll'f ,, ., B~ J() IG'S" J.l, 2.0 '-f,' ,, 

/If 738 ., . I 63 8'2.. '-ItS ~.2D Ji.3 :, 

/I~ 
,, 

63 82.. 37l 7, <t9 I'.~ 51.6 D.Z 91) 0.2.3 () 
,, 

•• 
-

117 It 
" 5"6 .3} 2.'/7 3,2.2. CJ.8' .. 

/I~ I\ ,, l.fO ~ I ~'17 3 .2. I /0.8 '13.5 0.2.2{) o.zct i, 

II' " 'I 4.3 71 /'57 7. z~ 17.7 ,, 

11.0 " ., 
~" 7/ 15~ 7. 2"1 2.fJ,7 {,lf,6 O.!f"3 0.10.; If 

ll./ 71/ ,, I Jf4 rro I '15" [s, Z.D zz . .; ., 
-

124 " '70 7'1 J'-15' ~.o~ 2'1.3 
., ., 
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EXPERmENTAL DATA SUMMARY SHEET 

TEST SERIES: ~5" TO 12 B FUEL SPECIES: IE.WHIT£. ;:>1,vll { 
/)OWHAS h'le Pl.. S#AII/AJ6.S 

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

MASS MEAN SIZE (mm).: 5". I SIZE RANGE (mm): /. () TO 2 a.() 

MASS MEAN DENSITY (g/cm3):t>./9 DENSI.TY RANGE (g/cm3): O.IB't TO o.2S.3 

COMBUSTIBLE CONTENT (% OF DRY FUEL WEIGHT): 97,77 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

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) (%) 

12.3 711 5"/ 92. %0 163 1/.0lf ?rlS I C'f .~ D.3G o.no IO 

12'1 711 ., /()S 8'0 /6~ I/." 7 2(..."1 Jf"f. 7 o.z.~ 0. 2~0 10 

IZ':J- ~7/ 
,, tO Jot 'I 1'18 5.3'1 9.3> '5 7. CJ 0.2.~ 0, I'( 0 '3' 

12(. C,7/ ., ~.3 11, 1'5'0 S.39 "fs.7 ., 

/Z7 t~5' II ':J-0 30 130 3.2'1 7.8 'I 

128 C8'i' ,, 
5"0 5'0 13 2. 3.2() TJ.7 II 

I 

I 



. ';1000' SPECIES: D·. FIR & Eo WHITE PINE 

RUN NOa· 
DATE: 

CONVEYOR SETTINGt 
FUEL. F.EED RATEr 

C DRY" t.BS/HR) 
HEAT INPUT RATE: 

CBTU/HIU 
HEAT RELEASE RATE:. 

CBTU/HR-SQ.FTl 
UNDERFI.R.Ea 
OVERFI.R.Ea 
PERCENT EX. AI Ra 

T2: 
T3r 
T4t 
FAN' OUTLET: 
UNDE..'IiGMTE: 
OVERFIREt . 
AIR"KEATER' 

SIZE RANGE: 1" MI~US. 
MOISTURE C %) : ·SO • 70 
DENSITY Ct.BS/CU. FTH 17 • 30 

6S!Jo 
.3-6-78' 

66/J.,o 
3-6-78 

40.. 40·· 
5so; 55'J• 

4.951487·· 49514S7'~ 

495149.. 495.l<ll9· 

6·INCH 6~ INCH 
12· INCH· t 2.• INCH. 
s3.. so-.: 

43·· 
590~· 

53144·1· 

12•INCH 
6·I~CH· 
·as. 

TD!PERATURES C DEGREES F) 

. 1365. 
993·· 
683· 

63·· 
395·· 
33f).. 
463· 

1415· 
. lfJI)(Je. 

68'4· 
i.64· 
395· 

. 330·· 
46"6· 

1263 .• 
l108·· 

758· 
6~· 

41''J•. 
:ma •. 
SQO• 

43 •. 
590·· 

5314409· 

. S3144h· 

12. •. INCH. 
6.INCH 
25··· 

1245 • 
1095 •. 
760· 
64· 

4fJ3·· 
'298· 
498· 

PRESSURE DIFFi."U:NTIAl.S (INCHES WATERl 

MAIN· ORIFiCEa 
6'" VENTURI t 
12'" VENTURI: 
3•• CONVEYORs· 
ACROSS GRATEt 

·1 
a:.s 

.a· 
3·0 
1· t. 

·1· 
a.s 

• a: 
3.o· 
1·3 

r).l) 
·2 

1·4· 
2·9· 
2·5 

o.o· 
·2 

t .4 . 
3·0 
2··~ 

EXHAUST GAS ANALYSIS CPERCENT> 

OXYGENt 
CARSON DtOXIDEa 
CARSON MO~OXIDE; 
OXIDES OF NITROGEN: 

7·3· 
ra •. 3 
·35 
OrO 

7•0 
12·3 

• 28. 
{)of) 

4· • .s-
1Sol 

o43' 
1).{) 

AIR; Ft.OV RATES C ACFM.) 

MA.fNI 
tJNDERGRATE: 
OVERFIRE: 

677'• 
953· 

12764. 

f) •. 

1511· 
271•. 

AIR Ft.OV RA~ES CSCFM) 

l'!AINt 
UNDERGRATE: 
OVERFlREa." 
UNDER + OVERt 
CALC. EASED ON 1 

FUEL AND EX• AIR 
PERCENT· UG:OF 

636· 
507 •. 
679· 

1186· 
1 (J~J(J. 

43.:·57. 

636· 
507· 
678 •. 

1184· 
lOSS • 

CARRY OVER OA4A 

t.BS/HRt 8·0 
GR/5CFa ·865 
?ERCZNT. ASHI 0•· 
?ERCENTCOMBUSTIELEa o. 
t.ENGTH OF RUNCMIN>: 21• 
OPACITYl So 

WEATHER: CLOUDY 

Si'iU 1-178 t.iNTS• 

RUN COMPt.S:TE. 

1). 
(J. 

20· 
s. 

CLOUDY 

(). 
774 •. 
139· 
913· 
9"~7-

85•1f'5• 

18. 3' 
2·255 
(). 

() .. 
2o. 
s.. 

CLOUDY 

4··5 
1So1 

o4S 
(J. (J' 

(Jo 

1Sl.O· 
273· 

(). 
ns. 
14(). 
9LS· 
947· 

85.:15· 

17•.7" 
2·181 

o. 
2f)o 

5· 

· CLeuDY 

691).-
3-6-.78 

43· 
590· 

5314409. 

12•INC-i 
6o.lNCH 
so~ 

13fJ(). 
1075· 
i7S• 

64· 
392· 
3oS· 
4~7. 

• t 
·6 

2· 3. 
3·0 
2.s 

1ofJ 
12· (J 
· .. so. 
()of) 

743'~· 
1819 .. 

377· 

698· 
987· 
204· 

1191· 
1136· 

83·117· 

13e 7 
lo4fJ9 

(Jo 

21· 
s. 

CLOUDY 

25 



WOOD SPECIES& D. FIR & E. WHIT~ PINE 

RUN NOI 
DATE I 

CONVEYOR SETTING! 
FUEl. FEED P.ATEI 

<DRY l.PS/HR> 
HEAT INPUT RATE: 

<BTU/HR.> 
HEAT REJ..EASE RATE: 

< BTU/HR- SQFT> 
UNDERFIREI 
OVERFIREI 
PERCENT 'EX· AIRs 

T2: 
T3: 
T41 
FAN OUTl.ET: 
UNDERGRATE: 
OVERF'I RE: 
AIR HEATER: 

SIZE RANGEr 1." MINuS 
MOISTURE C%>r 50·70 
DENSITY <l.ES/CU.FT>:17·30 

7'J· 
3-6-78 

43. 
590· 

"5.314409. 

531441· 

·l2oiNCH 
6· INCH 
ss. 

71. 
3-7-78 

4 3· 
590· 

53144fJ9o 

531441· 

12· INCH 
6· INCH 

I 07 • 

72· 
3-7-78 

43· 
s9r;. 

5314409· 

531441· 

12olNCH 
6. INCH 
9 3· 

T~~PERATURE5 <DEGhEE~ F> 

132(Jo 
1 (J48. 
772· 

64· 
383· 
3fJ4. 
432· 

1326· 
I'J3'J• 
712 •. 

6'J· 
4(J(J. 

307. 
441. 

I 316· 
I'J27 • 
727. 

60· 
4fJ3· 
3fJ8. 
441· 

7 3· 
3-7-78 

43· 
59'J• 

53144fJ9· 

53!"44lo 

12· INCH 
6olNCH 

155· 

1345· 
998· 
738• 

61 • 
4fJ 3· 
314· 
415· 

PRESSURE DIFFERENTIAl.S <INCHES ~ATER> 

MAIN ORI F'I CE: 
6" ·VENTURI: 
12" VENTURI: 
3'~ CONvEYOR: 
ACROSS GP.ATE: 

• I 
·6 

2·3 
3·0 
2·5 

• I 
I • r; 
3· I 
3·0 
2o5 

.• 1 
1 • 0 
3· () 
3· (J 

2·5 

EXHAUST GAS ANALYSIS <PEnCENT> 

OXYGEN I 
CARBON DIOXIDE: 
CARBON MONOXIDE: 
OXIDES,OF NITROGEN: 

1·5 
11 • 5 
• so 
(J. () 

l'J. 9· 
9·6 
• 6fJ 
(J. (J 

10·2 
1 (J. 2 
.62 
r; • r; 

AIR Fl.OiJ RATES C"ACFM.> 

MAIN: 
UNDERGRATEt 
OVERF'IF.E: 

804· 
18 (J4· 

37 5· 

1147. 
2fJ6 3· 

449· 

II fJS • 

203l!· 
449o 

AIR FLOW RATES <SCFM> 

MAIN: 
UNDERGRATE: 
OVERFI RE: 
UNDER + OVER:· 
CALC· BASED ON : 
FUEL. AND EX· AIR 
PEl\C:::N f UG 1 OF' 

7 56· 
995o 
207. 

1202· 
117 4o 

83.:17· 

1 r;8 6. 
1126· 
245· 

1.37 2. 
1568. 

CAR..I'~Y OVER DATA 

l.BS/HR: 12·3 
GR/SCF: 1·.223 
PERCENT ASH: (J. 

PERCENTCOMEUSTIBl.E: (J. 

l.ENGTH OF.RUNCMIN>: 20· 
OPACITY& 5· 

WEATHER: CLOUDY 

SRU l·i170 UNTS· 

Rlr.'l CJM?l.ETE· 

11 • 7 
·871 

(J. 
r;. 
2fJo 
s. 

CLOUDY 

I fJ45. 
I 110· 
245· 

1356· 
·1462· 

(J. 
(J. 

2(). 
s. 

RAIN 

12·9 
7o4 
• 65 
0. (J 

1512· 
2364· 

51 6. 

1427· 
1329· 
29fJ. 

1619· 
19 31. 

S2·: 18· 

1 r;. 8 
-652 

(). 

(J. 

2fJ· 
5· 

74· 
3-7-78 

43· 
590· 

5 3144fJ9. 

531il41o 

12· I:'IIC.'"I 
6oiNCH 

165· 

1333· 
}(J()f)o 

74'J· 
62· 

395· 
31 1. 
4fJ8. 

13· 2 
7. 1 
• 67 
(J. () 

1512~ 
2354· 

514o 

1426· 
I 335· 
291· 

1626· 
2'J'J7• 

8·2·: IB· 

1lo4 
.663 

'J. 
(J. 

2'J· 
s. 

Cl.OUDY 

26 
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WOOD SPECIES& D~ FtR & E. WHITE ?INE 
SizE· RANGEs 1" M!NUS 

.MOISTURE c:>: 51).70 
DENSITY <LES/CU • FTH17 •-3fJ 

RUN ~01 75;. 76· 11· . 18· 79.. 
DATEs 3-7-78· 3-T-78 · 3-7-·78 3-7-78 3-7-78 

CONVEYOR· SETTINGs 43· '43".- 43· 43·- 43•' 
FUEL. FEED RATEs· 590· 590· 590· S9fJo 590· 

< DRY LBSIHR> . 
KEAT: INPUT RATE& 531J&409· 5314409· 53144Cj9• 53144fJ9· 53144fJ9· 

CBTU.IHR) 
KEAT' RELEASE RATEs 531~1· 531441· S3L.li410.· 5314.!11· 5~1441·. 

CBTU/KR-SQFT> 
UNDERFIREa ·1a.INCH '12·INai 12oiNCH 12•INCH l2o-INCH 
OVERFIREa 6e-INCK 6• I Nat 6o-INCH 6eiNCK 6eiNCK: 
P.ERCmT EX~ AIRI 4a··· 48· 90·· 850.. 98· 

TEMPERATURES <DEGREES F> 

T21· 1335~· !'387· 14·43· 1420· 1428· 
T3t 1'042'··· 1033· .1·fJ2f). ioas .. 1.0 11· 
T4t 680·· 68.0•· 69.5· 697 .. 720· 
FA~ oun.ET: '60·· 60· 60, 61). 60. 
UND.ERGRATE' 363•· 3563· 381J. 387'·· 388'• 
OVERFIREs. 422 ... · 423., 415· 411· 412· 
AIR HEATER' 486• 483· 478'• 475· 469· 

PRESSURE DIFFERENTIAl..S CINCHES ·wATER> 

MAIN ORIFI.CE1 o.o fl•IJ ·0 .o .1 
· 6" VENTURI 1 Sol. 5·•1: 9 ofJ. 9•.1 12.6. 

12" VENTURI 1 .$ •. s ·3 .a 1 ~ 2 

3" CONVEYOR: 3··1) 3·0 a·.g 3·0 3.1). 
ACROSS GRATZ:. 11·1 1o4 1 ~7 1 .. 4 1o 7 

EXHAUST'GAS ANALYSIS. <PERCENT) 

OXYGEN I 6·8·· 6·8 9··~· 9·7 10·4: 
CARBON DIOXIDE: 13·5 13·8. 11·0 u. a 10·5 
CARBON MONOXIDE: ~7fJ .44 ·10. ·-12 ·17 
OXIDES OF tiJITROGENs 1). (J o.o o.o (Jo(J o.i'J. 

AIR FLOW RATES. <ACFM> 

MAINs o •. o •.. 604· 60~· .1014· 
UNDERGRATE: 962·. 96t·· 1173· 11.72· 1391· 
OVERFI'REt 865· !!64·- 1094· 1099· 1262· 

AIR FLOW RATES ( SCFM> . 

MAIN& 1) •• I) •· 572· 571· ~59· 

UNDERGRATEI .SOil• so 1·· 615· 616· 737· 
OVERFIREr 450· 451· 574· 579· 668· 
UNDER +- OVER& 951· 952·· 1189· 1195· 141)5·-

CALC· BASED ON 1 1121.i 1121· . 1439· 1401· 1499· 
FUEL AND EX•· AIR 
PERCZNT UG I OF 53·147~· 53·147· S2o148·o S2ol 48 • 52-:48· 

CARRY OVER.· DATA 

LBSIHR: 13·2 11·7 9o7 l'lol 9·9 
GR/SCF: 1·374 1o2.18 o783 ·924 • 11() 

PERCENT ASH & f). (J .. (). o. (Jo 

PERCENTCOMSUSTIBL~: (J. o. 1). o. 1). 

LENGTH OF RUN<MIN>: 20·· 21)·. 23· 20· 20· 
OPl\CITY-1 s. Se s. s. s. 

WEATHER& RAIN. nAIN RAI!-1 RAIN RAIN 

SRU lol8S UNT'S• 

RUN COMPLETE· 



• 

WOOD SPECIES: o. FIR & E. ~HITE PINE 

RUN NOr 
DATEr 

CONVEYOR SETTING: 
FUEL· FEED RATE:

C DRY LBS.IHH> 
HF~T INPUT RioTEr 

CBTUIHH> 

Sr"ZE RANGE: 110 MINUS 
MOISTURE C%>: 50·70 
DENS I 1'Y . Cl.BS/CU • FT>: I 7 • 3fJ" 

so. 
3-7-7!! 

. 43 ... 
590·-

5'314409· 

87· 
3-9-78 

.43· 
5.90· 

5314409· 

as~ 
3-9-78 

43~ 
59fJ. 

5314409"•· 

HEAT RELEASE RATE: .. 531441• 531441:· 531441· 
CBTUIHH•SQFTl 

UNDEHFIREa .. 
OVEHFIRE: 
PERCENT P.:Y. AIRr 

T2r 
T3r 
T4t 
FAN OU.TLET: 
U.~DERGRA'l'E: 
OVERFtREr 
AIR HEA'l'ERz. 

12·INCH 
.6 •. INCH. 

106· 

6•·INCH 
12•INCH 
82· 

6.INCH 
12· INCH 
82· 

TEMPERATURES C DEGP.EES .F> 

l-435·· 
9ss· .. 
1fJ1"•. 

60·-
390.-
408 .. 
460· 

15o7• 
99fh 
660· 

59"_• 
393 •. 
382· 
41 (J• 

1567· 
<J81· 
662· 

59· 
. 398'• 
388. 
43fJe 

43o 
59(). 

5314409· 

531441·-

s.INCH. 
12• INCH 
90· 

1·503· 
990· 
698. 

6f)o 

398· 
311· 
414· 

PRESSURE DIFFERENTIALS CINCHES WATER> 

MAIN- ORIFI CEr 
6'0 IJENTURI I. 

12" IJENTURI: 
3•• CONVEYOR: 
ACROSS GRATEr 

··-1 -.,., 
12·8 
1·2 
"3ol). 

. 1. 7· 

·l 
s.a 
1·1 
3·0 
lH . 

·1 
5·8 
i-s· 
3·0 
1 •·1 

EXHAUST. GAS ANALYSIS C PERCENT) 

OXYGENr· 10·9 
CARBON· DIOXIDEI' IO·ll 
CAaBON MONOXIDE: •·14 
OXIDES OF NITROGENa· 0•0 

9o-S 
u.s. 
·06 
(J-.0 

9·5· 
lloS 

•'J.s· 
0· (J 

Al'R Ft.OW B.ATES CACFM> 

MAINr 
UNDEHGRATE:· 
OIJERFIHEr 

1fJl4·· 
1384· 
.ta6s. 

1060. 
. 11fJ. 

"1674·· 

1060· 
119· 

1731· 

AIR FLOW RATES C SCFM> 

MAI~h
UNDEHGRATE: 
OVEHFIREr 
UNDER • OVERt 
CALC• EASED ON t 
FUEL AND EX• AIR 
PERCENT UG r OF· 

961). 
740· 
676· 

14l7· 
.. 1560· 

52·148·· 

l006·· 
436· 
947· 

1382· 
1.378. 

32-:68· 

CARRYOVER DATA 

l.BSIHH: Sol 
GR/SCF: ·606 
PERCEI.'lT ASHr CJo . 
PERCENTCOMBUSTIBLE: 0• 
LENGTH OP RUNCMI"N>: 20• 
OPACITY: 5· 

SRU 1•529 uNTS· 

HUN COMPLETE. 

3·9 
• 330 

(J •· 
rj. 
20· 
s •. 

CLOUDY 

10fJ6·· 
431"o 
957· 

1388· 
1378·· 

31ol69o 

1). 
(J. 

20· 
s. 

CLOUDY 

.·a. 
1·1 
2·6 
3~fJ 

1·2 

10·0 
to.t 
·1.3 
o.o 

1 Jos-•. 
884· 

199 3-. 

1236· 
497· 

11.22·· 
1619· 
1439· 

31 ol69• 

3.9· 
• 316 

'J· o, 
20· 
s •. 

CLOUDY 

9fJo. 
3-9-78 

43. 
590· 

5314409· 

531441·· 

6·INCH 
12.INCH 
sse. 

1515· 
997 •. 
702· 

6(J. 
·402· 

JSfJ. 
42fJ •. 

··2" 
7•;5 
2·6 
3o(J 

l•·l 

.(Ja 

1267. 
. 692. 
1999. 

U9'i!• 
499. 

ll18 • 
1617· 
1424· 

Ji. r 69. 

(J. 

2fJ. 
s. 

CLOUDY 

28. 



29 

'iOOD SPECIESr D• FIR PLANAR S!iAV• ~s. ~1"18 ANco · 
SIZE RANGEr 1" MINUS 
MOISTURE C%)r 50.70 
DE.~SITY: Cl.BS/CU·. Fn 111· 30 

RUN ~Or 9·1· 92· 93·· 94·~ 95· 
DATE: 3-'1-·78. 3-13-78 3-13-78 J-13-78 3-13-78 

COl'IVE'fOR SETTINGs· 43. 43~ 40o iio •. 4(). 

FUEL FEED RATE: 590·· 59o-•. sso. 55'J·· 550· 
C DRY LBS/HR> 

HEAT INPUT RATE& 5314409· 5314409· 4951487. 4951487. 4951467· 
CBTU/HRl 

HEAT .RELEASE RATE: 531441· 531 441·· 495149· 495149··· 495149· 
C BTU/HR~ SQJ"T) 

UNDERFIREs. 12·INCK 12· INCH 12• INC.'i· 12elNCH 12• INCH 
OVERFfRE·: lt•INCH 6e.INCH· 6·INCH 6··INCH 6. INCH 
PERCENT EX.· AIRr 25·· 24· so. 5:1•. 65·· 

TEMPERATURES C DEGF'.EES F') 

T2: 1342·· 1350 .. 1•323· 1320· 1287··· 
T3: 1062·· 1 (J6{) .. 977·· 980· 940· 
T4r 718• 720·· 68.3;.. 680· 687· 
FAN OUTLET: 54· ss •. 55· 56 .. ss. 
UNDEP.GRATE:. 152· 152·· 157·· 155· 17(). 
OVERFIRE:· 152 .. 152· 157· 15~· 17fJo· 
AIR HEATER:· 167· 17{) •. 173·· 170· 190·. 

PRESSURE DI FF!:RENT I Al. S CINCHES wATER) 

MAI:.-.1 ORIFICEr ·1 •L ·2 ·2· ·3· 
6" VE."lTURI 1 .a ·8 1·3 ~ .. 4. 2· 2. 
12••· ·vENTURI: ·1· ·1 ·9 ·8 loS 
3" cmJVE'fOP.s 3·0 3.{J 3· (J• 3·t.l· . 3·0 
ACR0.5S GP.ATE: .. 2· (J 1·4 2.r; a.r; 2·5 

EXHAUST GAS. At.'lAL'f.SI S <PERCENT> 

OXYGENr 4o4 4.3· 7 .r; 7~1 8·3 
CAREON DIOXIDE: t7·. 4 1.7 or; 13· 2 12·6 11· 2 
CARBON MONOXIDE: o30 0 32 0 (J9 ·1~ o2S 
OXIDES OF NITROGE.'l:· oor; '' .. o· (J ·'J (J. (J .(Jot) 

AIR·FL.OW RATES CACFMl 

MAIN: !06(} •. 1147o 1 fl46·. 1412· 1 780· 
UND~RGRA!E: 9(J6o· 908· 1014· 962· 1281· 
OVERFIREs 365· 365·· 432. 443· 5 3fJo 

AIR FLOW RATES CSCFM) 

!'!AI~: 1014· tfJ96o 1382· 1347· 1 7fJ2· 
UNDERGRATE: 711· 709·• 788· 751· 970· 
OVERFIREs 286· ass. 336· .346o· 41'H. 
UNDER.., OVER&· . 997· 994·· i 124· lfJ97 • l37fJ •. 
CALC. BASED ON I 947·· 939· 1058·· lfJ65· 1 f64· 
FUEL AND E;<. AlR 
PERCE.'JT UG 1 OF T1ol29o 71·129· 1{). r 3fJo 68 •• 32· 71• I 29 • 

CARRY. OVER DATA 

LBS/HR: 11·1 18 ~0 10·2 9·3 11 ol 
GiVSCF: 2·181 2·236 1-124 1·018 1 oll7 
PERCE.'IJT ASH: (J. o. {). ()o (). 

PERCEr-J.TCOMBU ST I BLE 1 r;. r;. (J. (J. r;. 
LENGTH OF RUNCMIN>I 20· 2fJ. 20· 2fJo 21· 
OPACITY: s. s. 5 .. s. 5. 

:JZATHER: CLOUDY SUNNY RAIN CLOUDY CLOUDY 

SRU 1· s 11 UNTS· 

:=!UN COMPLETE. 



WOOD SPECIESc o·. FIR & E. WHITE PINE 

RUN NO: 
DATE:. 

CONUE'!OR SETTING:· 
FUEL. FEED RATE: 

C'DRY L.BS/HR). 
HEAT INPUT. RATE: 

CBTUIHR> 
HEAT -R.El.EASE ·RATEs 

CBTU/HR.;.SQFT> 
UNDERFIREr 
OVERFIRE: 

. PtRCENT E:;<. AIR: 

!2: 
T3s 
T4: 

· FAI.'l OUTLET: 
UNDERGRATE: 
OVERFIRE: . 
AIR HEATERs· 

SIZE RANGE: 1'' l'!I~US 
MOLSTUP~ C%)t 50·70 
DE:.'l SI TY C L.BS/ CO • FTl 1 1 7 ~ 3fJ. 

96 .• 
3-13-78 

40. 4(}. 
s::o. sso •. 

495149· 495149 •. 

12·I~cH . l2o-INCH 
6• INCH 5·INCK 
7 3·. 88. 

98· 
3-13-78 

·41) .. 
sso~ 

4951487. 

4951~9· 

12· INCH 
6• INCH 
9·1· 

TEM.PERATURES- C DEGREES F> 

1302· 
950 .. 
667· 
54· 

'172· 
172· 
18.7. 

i 3!7. 
933·· 

. 692· 
51·· 

175·· 
175·· 
20f).. 

1333· 
923· 
698· 
54• 

172· 
112·. 
199·· 

99'• 
·3-14-78 

100· 
3-13-78 

40· 4fJe-
55fJ. ssrJ. 

4951487'• ...49~1487"• 

495149.• 49SL49• 

12oiNCH. l2oiNCH 
6• INCH. 6• INCH 
33·· 34· 

141)(J •. 
983· 
638·· 

52··· 
.140-
1.4(). 
l6fJ. 

1402· 
985· 
645 .. 
54· 

143· 
143·· 
163·· 

PRESSURE DIFFERE.'lTIAL.S cINCHES 'iATER> 

MAIN ORIFICE: 
6'" VENTURI: 
1 2'". VE.'ITURI :· 
3•• CONVEYOR:. 
ACROSS GRATE: 

·3 
2•2 
l.• s 
3·0 
2·5· 

·5 
3·0 
e• 1. 
3ofJ 
2·1· 

.s 
3.,1) 
2···1 
3·'J 
2-s· 

.a 
3'•7 

·4-
3·0 
1·3 

EXHAU.ST GAS ANALYSIs· C ?ERCE:.'IT> 

oxYG E:.'l s 8 • 8 
CARBO~ DIOXIDE& 11·2 
CARBON MONOXIDE: ·19 ·27 
OXIDES OF YITROGEl'J: ·'J • (J 

AIR FLOW· RATES CACFM> 

MAIN: 
UNDERGRATE: 
OVERFIRE: 

1808· 
1278· 
5~9. 

2134·· 
1492· 

6,0fJ. 

2157. 
1.491· 

6fJO• 

AIR FLOW RATES C SCF"l'D 

MAINs 
UNDERGRATE1 
OVERFIREs 
UNDER + OVERs . 
CALc·. EASED ON : 
FUEL. AND EX· AI~. 
?ERCZ.'IT TJG t OF 

1729·· 
972· 
4(J2· 

1374. 
1221· 

71• I 29 • 

2032 ... 
1112· 
447· 

1560·· 
1327· 

71·129~ 

CARRY OVER DATA 

L.SS/HR: 10·5 
GR/SCF: 1·004 
PERCENT ASH& o. 
PER~'lTCOMBUSTIELEs 0• 
LENGTH OF RUNCMIN>t 20· 
OPACITY: .5• 

'JEATHER: SUNNY 

SRU 1·554 UNTS• 

10·5 
·923 

(J• . 
(). 

20· 
s. 

SUNNY 

2067.•. 
1113· 
448-

1561· 
1348· 

9·9 
·857 

o. 
(). 

20· 
s. 

SUNNY 

·28 
•. i"J 

1377. 
7fJ7. 
635. 

l :; !24· 
561· 
5fJ4· 

1065· 
938· 

53oi.A7 • 

8·7 
1o082 
o·. 
o. 
20· 
s. 

SUNNY 

·2 
.3.7 

·"· 3.1) 
1·4· 

1377. 
7fJ9 •. 
636· 

1318. 
.56fJo 
Sf.l2· 

1062· 
945·' 

53.:47 •. 

(). 
(Jo 

20· 
s. 

SUNNY 

30 



WOOD·sp~CIESt D. FIR & E. WHITE PINE 

RUN' NO: 
DATEr· 

cmJVEYOR SETTINGs 
·rua n:s:o RATEr. 

. C DRY LSSIHR> 
HEAT INPUT' RATEr 

C3TUIHR> 
HEAT RELEASE RATEa 

C BTUIHR-SQFT> 
UNDERFI REs. 
OVERFIREr 
PERCENT EX•· AiRa 

T2a 
T3t 
T4:. 
FA"l OUTLETs 
UNDERGRATEr 
OVERFIREt 
AIR HEATERs 

SIZE RAL'lGEr 1'" MINUS 
MOISTURE CS>:. SQ.7fJ 
Du~SITY CLBS/CU.FT>:17·30 

.10·1·· 10-2· 1 (J3·· 
3-14~78 3-14-78 3-14-78 

.41). 4(1.- 38. 
sso •. sse- sa3 .. 

4951487~ 4951487· 47'.19539· 

495149· 49"5149· 47Q9S4·· 

12·1NCH' l~·INCf 12·INCH 
6oiNQi 6eiNQi 6. INCH 
44· 43• 76· 

TEMPERATUJU;S <DEGREES F> 

·1403· 
970· 
657'• 

55·. 
160·· 

. 161). 
180· 

t433· 
992· 
665· 
56. 

163· 
163•· 
18 3· 

1320· 
927· 
643 .. 

57· 
163· 
·163 .. 
183· 

104. 
J-14-78 

40. 
550 .. 

49 5"1487-. 

495149 .. 

12· INCH 
6eiNCH 
74· 

1325· 
9.3Q. 
ss2. 
58. 

16().. 
16(J •. 
lSf;. 

PRESSURE DIFFERENTIALS CINCHEs· WATER> 

MAIN ORIFICE: 
Q••· V'ElfTURir 
12'" VENTURI.z· 
J'" CONV·EYORz 
ACROSS GRATEr 

··3 
5·5· 
.s 

3·0·. 
1.·4· 

·3· 
s.s 
.• s. 

2·9 
. 1··3 

. ·4· 
a.s 

·6 
3.1) 
l·4 

EXHAUST' GAS ANAL-YSIS CPERC&~T> 

OXYGENI 6·5-
CARBON DI.OXIDE: 13•5· 
CARSON.MONOXIDEs ·19 
OXIDES OF NITROGE.~: r;.o 

6·3 
14·6 

o15' 
r; •. o 

·23 

AIR FLOw RATES CACFM> 

MAINr 
UNDERGRATE: 
OVERFIREs 

1576. 
791·· 
754·-

1576. 
.793. 
754· 

1939· 
658 •. 
904· 

AIR FLOll RATES C SCfM> 

MAINt 
UNDERGRATEt· 
OVERFIRE: 
UNDER • OVER: 
CALC· BASED ON 1 

FUEL AND EX• AIR 
PERCENT UGzOF 

1505·· 
608o
S8ri •. 

1188• .. 
1016· 

S1ol49o 

1srh. 
607· 
577·· 

1184· 
ioQ9. 

51· : 49. 

-eARRY·. OVER DATA 

LBSIHR: 8•4 
GR/SCF: o965 
PERCENT ASHt 'J-_ 
PERCENTCOMBUSTIBLEs Q. 
LENGTH OF. RUNCMIN>: 20• 
OPACITY: 5~ 

·wEATHER: SUNNY 

SRU 1·595 UNTS· 

RUN COMPLETE· 

8·1 
·937 

1). 

CLOUDY 

1846· 
657· 
692· 

1349· 
1181·· 

4q.: 51· 

6·9 
• 682 

r;. 
20· 

.s. 

Cl.oJUDY 

.4 
. 8 ·5 

·6 
3·0 
1· 7" 

8.s. 
u. 0 
·24 
.• (J 

1939~. 
856. 
9fJ2• 

1844. 
658. 
694. 

1352. 
1228· 

49 .aS 1· 

r; •. 
(J. 

20. 
s~ 

CLOUDY 

lOS~ 
3-14-·78 

.~I(J. 

sso. 

49S1487. 

495149· 

12-·INCH 
6eiNCH 

105· 

131)0. 
900· 
652 .. 

S1· 
175. 
17-5. 
195. 

..• s 
11·4· 

·9 
3of] 

1··7 

10·8 
10·2 
~25 
.rJ 

2157. 
. 1032· 
1fJ32· 

2052. 
775. 
775· 

1551). 
1446· 

SfJ.:SO· 

6·3 
• 508 . 

1) •. 
o. 
20· 
s. 

CLOUDY 

31 



WOOD SPEC!ESa Do FIR & E. WHITE PINE 

RUN NOt 
DATE:. 

CONVEYOR SETTINGa 
FU£1. FEED RATEI 

C DRY t.BS/HR> · 
HEAT INPUT'" RATEa 

C STU/HRl. 
HEAT RELEASE RATE: 

C STU /HR-SQFT). . 
UNDERFIR£1. 
'QVERFIRE: 
PERCENT EX· AIR: 

T2s 
T31 
T4: 
FAN OUTLETI 

. UNDERGRATE: 
OVERFIREt. 
AIR KEATERa 

Siz;E RA'IlGE: 1 t? MINUS 
MOISTURE C%): 50o70 
DENSITY ct.ES/Cti.FT> :·17 • 30 

1.1)6 .. 
3-14-78 

4fJo. 
SS(J. 

4951487· 

495149· 

12 .. INCH 
6oiNQi 

105· 

109.: 
3-15-78 

45·· 
617· . 

5556357. 

555636'• 

6o·HlCH 
12·-I.NCH 
. 24· 

. . 

5556357· 

S55636· 

6_-INCH. 
12oiNCH 
24· 

TEMPEEATURF;S c DEGREES F1 

128·0·· 
. 9fJ8-
653· 

57'• 
175· 
175· 
195· 

1447'• 
1CJ30• 
658· 
·SO·. 

145·· 
145. 
165. 

1467. 
1025· 

688 •. 
sa., 

15(). 
lSO· 
17f). 

111· 
3-15-78 

45. 
617· 

5556357· 

555636. 

6oiNCH. 
12· INCH 
65· 

. 1497. 
955.-
667. 
ss. 

151· 
151· 
17t. 

PRESSuRE DrFFERENTIAt.S CINCHES WATER> 

MAIN ORIFICE:· 
6••· VENTURI: 
I a••· VENTURI : 
3n CONVEYORs 
ACROSS GRATE: 

.s 
ll.o 3 

··9 
3·0 
1•7· 

·3" 
2·.s 

·8' 
3·0 
1' ··1 

·3 
2· s· .a 
3.() 
lol 

EXHAUST GAS A.'llAt.YSI S c PERCENT> 

OXYGEN:· 10·8 
CARSON DIOXIDE: 10•5 
CARSON ~ONOXIDE: ·28 
OXIDES OF NITROGEN: .a 

'4• 3 
16·6 

• (J1 
(J.(J 

AIR Fi.OW RATES CACFM>. 

:-1AINs 
UNDERGRATE: 
OVE:RFIRE: 

2134 ... 
1032· 
102ff· 

1666· 
437· 

1068 •. 

1695· 
439· 

1072·· 

AlR FT-OW RATES C SCFM> 

MAIN: 
UNDERGRATE: 
OVERFIF.E: 
tmDER + OVERs 
CALC. BASED· ON : 
FUEL A.'JD EX • AIR 
PERCENT UGaOF 

2029. 
775· 
772· 

1547· 
1446· 

1606· 
344o 
841· 

q8s •. 
982.-

29-:71· 

CARRY OVER DATA 

t.ES/HR: 5o7 
GR/SCF': .• 460 
PERC~T ASHs 'J• 
?E·RCE:-JTCCMSUS.TI ELE: 0 • 
t.ENG~ OF RUNCMtN>: 20• 
OPACITY: 5· 

~EATHER: SUNNY 

sF.u 1- 1 53 u~·r s •. 

RUN COMPI..ETE. 

. ()o 

(). 

20· 
5· 

CLOIIDY 

1630· 
343· 
837·. 

111!0. 
. 982· 

Sol 
·606 

(J. 
2(J. 
So 

CLOUDY 

o16 
•o 

1914. 
536o. 

121~ .. 

1829· 
418 .. 
947· 

1"365. 
1306. 

3·9 
• 348 

()o 

(J • . 

20· 
s. 

a.qr;oy 

4~5 1461 •. 

495149. 

6oiNCH 
12. INCH. 

69; • 

1503o . 
967· 
·67 3· 

56. 
15"1• 
151· 
171· 

o4 
3o·7 
l· 2 
2·9 
1··3 

8·5 
12o8' 

• 15 
.o 

·1825· 
413· 
978•' 

1391·· 
1192 • 

30· t 7(). 

()o 

(). 
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!iOOD SPECIES: D.• FIR. & E-.· IJKITE PINE 
SIZE RANGE: i" t11NUS 
!10IST:URE (l>t 50·70 
DENSiiY CLBS/CUoFT>:1~·30 

RUN NOs i 1.3 .. ·114· 115· U6o 

DATEs '3•15'-7& 3•15-78 S-20•78 3-20-78 

CONVEYOR SEiT!NGt · 40'• 4fJ ... . 54·- 54· 

FUEL FEED RATE: 550· s·so •. 7.35· 7:35'• 

C DRY LBS/HR) 
HEAT Ir.lPUT RATE& '4951487·· 4951487·· 6.645122· 66-45122· 

CB"ru/KR> 
HEAT" RELEASE RA'l"Et. 495149.· 495149•: 664512 .. '664512· 

. C BTU .IHR- SQFT> 
UNDERFIREr .·6·1~~: 6etNCH 12.oi~CH 12o.INCH 

OVERFIRE: 12• INCH 12.o.INCH. 6eiNCH- .6•INCH 

PERCENT :s:x. AIR: '97'• . 89· 6S• . 63··· 

TEl'iPERA'l"URES C DEGI\EES Fl 

T2f 1443'-- 1445·· 137fh 1400· 

T3t 940· 967 •. L115• 1133-··· 

TlU 677•• 682· ·151·· 805· 

FAN OUTLET: sa:. 59· .69•· 69·· 

UNDERGP.ATE: 155·- 155· 415· 372· 

OVERFIRE: 155.•· 155·· 336·· 330· 

AIR HEATERs 17S•· 175· 48.0~ . 448'• 

PR£,SSURE.. DIFFERENTIAI..S CINCHES liATER> 

. MAIN ORI.FICE:: .s, .s· .a o4' 

6'" VENTURlt 5...o· 5··1 1·5· 1·4 

1·2" VENTURI r 1.·6 1.·6· . 4'•2 3·8. 

3'" CONVEYORt· ·3.o . 3·1) 2.·9 2·9 

ACROSS. GRATE: 1·1 1·1 3·3 2·5 

EXHAUST GAS ANALYSIS CPERCENT> 

OXYGEN: lllo3 9·8 a ··1 

CARBON DIOXIDE:· 9·9 10·3 12 .• 9. 

CARBON t'!ONOXIDE: o37 ·33 ·27 

OXIDES OF NITROGEN: o-fJ .I) .I) . 

. AIR FLOW RATES CACFt1> 

MINt 
UNDERGP.ATEt 
IJVERFIREt 

t'!AINt· 
UNDERGRATE: 
OVERFIRE: 
UNDER •· OVERt 
CAL. Co EASZD ON I 

FUEL AND· EX• AIR 
PERCEL'\IT UG iOF 

. 21SfJo 
613o.. 

1412· 

AIR FLOW 

2071· 
475· 

lfJ94·. 
1569· 
1390· 

3o.a7(J., 

2180· 
619. 

tina. 

1412· 
241) 1· 

529· 

RATES .( SCFM>· 

2068. i J14· 
481). 1257'• 

1 fJ94· 277· 
LS73• 1534· 

. 1334.: 1543· 

·30•: 1rJ .. 82~:18·· 

CARliY OVER DATA 

LB.S.IHR: 4o2 4o9. 18.3 

GR/SCFt •353 o429 1o 383 

PERCENT ASHt I) •· 0· 0 •· 
PERCENT COMBUSTIBLEs o. 0· o. 
LENGTH OF RUNCMIN> s 20· 22· 20· 

OPACITY I s. 5· So 

WEATHERs SUNNY' SUNW( SUNNY' 

'SRU lo626 UNTS• 

RUN COMPLZTE· 

5··1 
12·6 

.. 33.· 
.I) 

1939-
. 2261· 

508 •· 

1803· 
1225· 
275· 

l.SIJ(J. 
1543·-

82o.:18•· 

16·8 
l· ~70 
(Jo 

(J. 
20· 
5· 

SUNN'! 

U7• 
3•20-78 

'54· 
7'38• 

6645122·· 

664512~ 

6• IN.CH 
12• INC"d 

56• 

152fJ-. 
'1102o. 

727· 
70·· 

a97. 
302. 
371· 

.6 
·;.a. 
2·4 
3·0 
101). 

·7oS. 
12·9 

o17 
.o 

. 2480· 
834·· 
18~4· 

2302· 
494· 

1115o. 
t.6fJ9· 
1477•. 

31-:69·· 

9oS 
o77S 

r) •. 
(Jo 

22· 
5o 

SUNNY 
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WOOD SPECIES: Do FIR & Eo WHITE PINE 

RUN· ~:'lOt 
DATE I 

CONVEYOR SE:TTINGt 
FUEl. FEED RATE: 

C-ORY t.BS/HRl 
HEAT INPUT RATE& 

CBTU/HR) 
HEAT BEl.EASE RATE:: 

C BTU/HR- SQF'TJ 
UN.DERF IRE t 
OVERFIREt 
PERCENT EX • 

Ta:. 
TJ: 
TJ:u 
F. AN' OUTLET t 
UNDERGRATE: 
OVERFIRE: 
AIR ·HEATER: 

AIRt 

SIZ.:E RANGE: 1" MINUS 
MOISTURE C%lt 50o70 
DENSITY Cl.BS/CUoFT> t17.o 30 

1-18 o· 119o 12fJ· 
·3-20-78 3-20-78 3-20-78 

54· 54 .. 54· 
7:38'o 738o 738· 

6645122· 6645122· 6645122· 

664512o· 664512· 664512o 

6olNQl 12. nic:H 12oiNCH 
12• INCH 6.INCH 6olNOi 
40· 43 •. :34·· 

TEMPERATURES CDEGREES F> 

156!.• 
-1130· 

71.7· 
7lo· . 

347· 
357. 
411· 

1281) .. 
1113· 
11t). 
73· 

157. 
157 ... 
177· 

129fJo 
1157 .. 
7.95· 

73· 
155· 
155· 
175o. 

121o 
3-21~78· 

sa. 
711··· 

c4fJ3174o 

64(J317· 

.l2oiNcH 
6oiNCH 
44"• 

1423·· 
111.7 0 

777o 
65·· 

145· 
145o 
165o 

PRESSURE. DIFFERE.~TIALS CINCHES WATER> 

MAIN ORIFICE& 
6'" VENTURI t 
12'" VENTURI :. 
3 .. CONVEYOR:. 
ACROSS GRATE:: 

o4 
7oS 
2.s 
3·0 
1 .• I): 

.s. 
3· 1• 
2-.o 
a-.·9 
1· 9-. 

.• 5 
3·1 
2.0 
3 .. 1) 
1·· 7 

EXHAUST GAS A.'IJALYSIS CPERCE.'·JT> 

OXYG:E:Nt· 
CARBON DIOXIDEs 
CARBON MONOXIDE:: 
OXIDES OF :-II'l'ROGEN:. 

6··1 
14·8 

o(J8 
.() 

6"·4· 
13·8 
.as 

,(J 
·19 
.o 

AIR Fl._OW RATES CACFM> 

MAINt 
UNDE:RGRATEt· 
OVERFIRE: 

2063·· 
87'1o· 

1958..&. 

2291· 
1436o 
597· 

2291o. 
1433· 

598o 

AIR FLOW RATES CSCFM> 

MAHh 
UNDE:RGRATE: 
OVE:RFIRE: 
UNDER +1 OVER: 
CALC• BASED ON : 
FUEl. . AND EX. AIR 
PERCENT UG:OF 

1912· 
492· 

rl06· 
1598· 
1326· 

31·&69· 

2115· 
110.9 0 

461o· 
1570· 
1354· 

71· '29 .. 

CARRY OVER DATA 

t.BS/HR: 10·8 
GR/SCFt o950 
PERC~'IJT ASH: 1), 
PERCENTCOMBUSTIEt.E: o. 
t.ENGTH OF RUNCMIN>: 21)o 
OPACITYt So 

!JEATHE:R: SUNNY 

SHU 1• 566 UNTS· 

RUN COMPLETE• 

17o7 
1·525 
l)o 

1). 
2fJ 0 

5· 

SUNNY 

2114· 
111'1· 
464· 

1574· 
1269·-

/1o &•29• 

20·7 
1 • 90 3 

(J. 

2fJ. 
s. 

SUNNY 

·6 
. 1· (J 

2·4· 
3·0 
2·0 

6·5 
13·8 
.~s· 

ol) 

-2166· 
1211· 
309· 

1 52'J·. 
1314.; 

81)ot20o 

22·5-
1·998 
o. 

. I)~ 
·ao. 
5· 

SUNNY 

122· 
3-2.1-78 

52• 
.711· 

640317~o 

640317· 

12• INCH 
6olNCH 
40· 

1387'• 
1123· 
792· 

66·. 
145· 
145· 
165· 

·. ··S 

2291· 
151fJ• 

393· 

2.1·42. 
1189· 

309· 
1498· 
1277.• 

79. :21 0 

24·3 
2·219 
(J. 
(J. 
21). 
s. 

SUNNY 

34 



" 

WOOD SPECIES: D· FIR & E. WHITE PINE 
SIZE RAN!3Ea 1 .. ~INUS 
MOISTURE C1>: 50·70 
DENSITY CLBS/CU.FT>I17o30 

RUN NOs 
DATEs 

123· 
'3.-:21:-78 

124· 
3-21-78 

125· '1~6 .. 
3-21-78 3-21-78 

CONVEYOR SETTING 1 

FUEL r.c.ED RATE: 
. C DRY LBS/HR> 

HEAT INPUT RATEs 
CSTU/HR) 

HEAT R.E:l.EASE RATE: 
CBTU/HR_.SQFT> 

~DERFIREz 
· OVERFIREs 
PERCl!:NT EX.• AIRs 

T2f 
T3: 
T4t 
FAN OUTLETs 
UNDERGP.ATE: 
OVERFIP.E: . 
AIR HEATER:. 

52· 
711· 

49·-
671.-· 

64fJ3174o: 64/J3174o 6040252.-

· 12• INQ{ 12• INCH. 
6.1NCH 6~INQi 
92• 105.• · 

604025· 

U~·INCH 
6oiNCH 
60· 

.TEMPERATURES c DEGREES F> 

. 1320· 
. 1007 •. 

78Q .. 
61'• 

163· 
163· 
183· 

1288· 
977· 
767·· 

68· 
16S• 
165· 
185·· 

1598· 
1015·· 
697· 

68· 
148· 
148·· 
168· 

61)40252· 

604025• 

12.INQ{. 
6elt>'CH · 
63•. 

1.580· 
1015·· 
712·· 

68· 
1Sil• 

.1 so. 
170· 

PR&SSURE DIFFL~ENTIALS CINCHES .WATERl 

MAIN ORlFI 1%: 
6 ••· VENTURI 1 • 

12- VENTURI t 
3" CONVEYORs 
ACROSS Gi'!ATE: 

. ·5 
lll.7 

.• a 
3st). 
1·3 

EXHAUST GAS AN~YSIS <PERCENT> 

OXYGEN: 10.1. 
CARBON DIOXIDE: 9oS 
CARBON MONOXIDE: .·so 
OXIDES OF' NIT~OGENt .o 

10·8· 
9·1 
·53 
.o 

AIR Fl.OW RATES <AGF1'1) 

i:4AINI 
UNDERGAATE: 
OVERFIREI 

2960· 
2141· 

536·-

2977· 
2145· 

53_7• 

2291· 
960· 
986.-

AIR .FLOW RATES < SCFM> 

MAIN I 
UNDERGRATEI 
OVERFI~: 

. UNDER + . OVER: 
CALC• BASED ON I 

FUEL AND EX • · AIR 
PERCENT UGaOF 

2762· 
1'638. 
410· 

2049· 
'1752· 

2775·-
1636· 

41.0· 
2045· 
1871· 

ao.;s20· 

CARRY· OVER DATA 

LES/HRI 34·5 
GJVSCFI 2o297 
PERCENT ASH: 0• 
PERCENTCOMBUSTIBLE: 0• 
LENGTH OF RUNCMHl> 1 20·· 
OPACITY: 10·· 

'lEATHER I SUNNY 

SRU 1• 644 UNTS• . 

RUN ·coMPLETE• 

26·4 
1o647 
1). 
r;. 
20· 

10· 

SUNNY 

2135·· 
752·. 
772· 
1~25· 
1377· 

49 • I 51 • 

1). 
(J. 

20· 
s. 

.s 
10·8 

o8 
3ol;J 
1·• 3 

8·() 
1.2·9 
·12 
.o 

2269· 
962· 
991'• 

2115·-
751.-
774· 

1g2s • 
1403· 

49. t 5.1• 

8 ·7· 
o723 

o. 
o. 
2(Jo 
s. 

127· 
3-21-78 

6161226· 

6161-23· 

~·IN~ 
I2.INCH 
5~· 

1628· 
. 1fJ87·-

755· 
69 .. 

131Ja. 
1·30·· 
150· 

: .. 5 . 
4 .. 5 
1· s 
3·0 
1·0· 

.. (J 

2269· 
572~ 

135 i .. 

2111· 
461· 

1()89. 
1551 •. 
1317 .. 

o. 
20· 
s. 

SUNNY 

35 



WOOD SPECIES: D•. F!& & Eo WHITE PINE 

RUN NOs. 
DATE:. 

CONVEYOR SETTING& 
. FUEL FEED RATE& 

C DR'( LBS/HRl 
HEAT INPUT RATEt 

(BTU/HRl 

SIZE RANGEt 1'" MINUS 
. MOISTURE C Xl I 50 ·10 
D~SITY CLRS/CU.FTltl7o30 

128'~ o. o. 
3-21-78 ,., Ill. If: a:ain·:a. 

so. o •. 1);.. 

685· 0•· ac 

. 6161226· . o· • 0~ 

HEAT RELEASE RAT~t · 616123·· 'I·· .o· •.. 
CSTU/HR-SQFT.) 

UNDERFIREt 6o-INaf ·o. INQf Oe INQf 
. OVERFI &Ea. t2.INCH _O.INaf fJo INCH 
PEROENT·E:x .. AIR: so •. 0·· o •. 

TEMPERATURES <DEGREES Fl 

T2: l·S97:.. 1) .. (J •• 
T3a 1.100 .... o. o .... 
T4: 761) .. o ... (),;.. 

FA."J OU'!'l.E't't 70· a. o. 
UNDER!> HATE:. 132 .. .o ... f)~ 

OVERFIRE: 132·. o • o. 
A'IR HEATERt . 152·- •)· o· .. 

PRESSURE:..DIFF'E&ENTIALS CINCHES 

["'.AIN ORI FI CE: ·5·· 1).1) I)'. I). 
6" VENTURia 4·4 o .• o o.o 
12~· VENTURia 1·5; o.o o.o 
3',... CONVEYOR: 3·0 a.a o.a 
ACROSS GRATEt 1·0 0~0 f).(J 

EXRAUST GAS ANALYSIS <PERCENT> 

OXYGENt ToO. 1).0· o .. t) 
CAR!30N DIOXIDEs 13·8 I). I)• o.;o 
CARBON MONOXIDEs o03 OoOO o.oo 
OXIDES OF. NITROGENt ·'J 1).1) o.o 

AIR FLOW RATES CACFM) 

MAIN: 2247e fle a. 
UNDERGRATE: 566· 1) •. o. 
OVERFIRE1 1353·· .1). 1) •. 

AIR FLOW RATES C SCFM> 

MAIN I . 2087. a •. a •. 
. t.lNDERGRATEa "455· o •. o.: 
OVERFIREI 1088· (J. a. 
UNDER+ OVERs 1543. (). . 1). 
CAL Co RASED ON t 1317· 1). f). 
FUEL AND EX• .AIR 
PERCENT UG: OF 30o:io. ().: (). f)e' lj. 

CARRY OVER !.lATA 

L.l3S/HRs So7 ().() 'r.J.o 
GR/SCFt ·771 f)o ()o)(J f)of.I(JfJ 
PERCENT ASH: 1). f)o () •.. 
PERCENTCOMBUSTIEL.E: o. o.: o. 
J,.ENGTH .JJF RUNCM!NN 20· f). o. 
OPACITY: 5o ()•· 1) •. 

WEA'mER: SUNNY 

1). 

Ut:f&U 

o. 
o.: 

();. 

.I) •. 

fJ! INCH' 
O·I'NCH 
o •. 

o. 
o. 
o .. 
I) •. 

1). 
o. 
a •. 

ltiATERl 

I). I) 

o_.rJ 
. o.o 
o.o 
I). I) 

flea 
o.o 

o.rJo. 
1).(1 

f) •. 
() .. 
o. 

a. 
1). 
o. 
1) •. 
tj. 

o.a o. 

·0·0 
o. rjoo 
(J. 
f)o 

f)o 

o. 

36· 

o. 
I :·t I 1.1 I I 

o .. 
o .. 

o • 

o. 
Q.INQf 
I). INcH 
·-o •. 

o •. 
·o. 
o·• 
o .. 
1). 

o •. 
o. 

o. () 
o.o 
0·0 . 
.o.a 
().() 

. o.o 
o.o 

(J.f)(J 

0~0 

o •. 
f)o 

.0• 

Oo 
o •.. 
f)o 
1). 
o. 

. f)•' i). 

1). (J 
•). (J(J(J 

()• 

f). 

fjo 

o. 
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PLOT OF CARRYnVER RATE VS. LEVEL OF EXCESS AIR 
AS !'·1EASURED DO~!r!STRE.t;~l FROr·~ THE Cm·181JSTIGi·; PROCESS 
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TEST NOS.: 65 & 66 REL FEED RATE (DRY LBS/HR.): 550 
SPECIES: D. Fir & E. White Pine HEAT RELEASE PATE (BTU/HR): 4~9 x 105. 
~- 7 ~ 1 .N'L~T ~rR -E'·~P~~~-,URE (°F 1 • :::lL.c.: 11 Minus J., .... , '"' ' I '' ~'r'..u., J • 395 
i·miSTURE:· 51% PERCENT UNDERGR.ATE f.IR: 43 
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TEST NOS.: 
SPECIES: 
SIZE: 
i·~OI STURE: 
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PLOT OF CARRYnVER RATE VS. LEVEL OF EXCESS AIR 
AS !·1EASURED Dm!NSTRE.C..M FROi'~ THE C0~1BUSTIG~i PROCESS 
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67-74 
D. Fir & E. White Pine 
1 11 Minus 

FUEL FEED RATE (DRY L~S/HR): 590 
HEAT RELEASE R/:TE (BTU/HR): 5.3 x 105 

51% 

25 50 

INLET AIR TE;·1F'[~.li.TURE (c.F): 400 
PERCENT UNDERGRATE AIR: 83 

75 100 155 

PERCENT EXCESS AIR 

165 
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PLOT OF CAR~YnVER RATE VS. LEVEL OF EXCESS AIR 

,tl5 1·1EASURED Dm!NSTRE.U.M FROr·1 THE Cm·1BUSTIO~! PROCESS 
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TEST NOS.: 75-80 FL:EL FEED R.~TE (DRY LBS/HR): 590 . 
5 SPECIES: D. Fir & E. White Pine· ~EAT RELEASE R?.TE (BTU/HR.)": 5.3 x 10 

SIZE: 1" Minus INLET AIR TD~PCRATURE ("F): 380' 
1-miSTURE: 51% PERCENT UNOERGR.ATE AIR: 52 
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TEST NOS. : 
SPECIES: 
SIZE: 
1·10 I STURE: 
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PLOT OF CARRYnVER RATE VS. LEVEL OF EXCESS AIR· 

AS f·1EASURED DOV!NSTRE.C..M FROr'~ THE COt·181JST IOi'l PKOCESS 
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87-90 FL:EL FEED RATE (DRY LBS/HR.): 590 
D. Fir & E. White Pine HEAT RELEASE RtTE (BTU/HR): 5.3 x 105 
1" Minus INLET AIR TEMPERATURE C'F): 398 
51% PERCENT UNOERGRATE AIR: 31 

25 50 75 !00 125 

PERCENT EXCESS AIR 



PLOT OF CARqy_nVER RATE VS. LEVEL OF EXCESS AIR 

AS f·1EASURED Dm!NSTRE.i\~1 FROI·i THE COt·1BUSTIGi-! PROCESS 

42 

TEST NOS. : 91-98 FL:EL FEED RATE. (DRY LBS/HR): 550 
SPECIES: D. Fir & E. White Pine HEAT RELEASE RPTE (BTU/HR): 5.0 x 105 
SIZE: 111 Minus INLET AIR TP~PCR,Cl,TURE (°F): 163 
i·lOISTURE: 51% PERCENT L!NDERGR..tl.TE AIR: 71 
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TEST NOS.: 
SPECIES: 
SiZE: 
1·miSTURE: 
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·PLOT OF CARRYnVER RATE VS. LEVEL OF EXCESS AIR 

AS f.1EASURED DO\·!~tSTRE.C~~1 FR01·) THE Cm·1BIJ5 T I ON PROCESS 
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99-106 FUEL FEED RATE (DRY LBS/HR): 550 
D. Fir & E. White Pine .HEAT 'RELEASE RATE (BTU/HR)~ 5.0 x 105 
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PLOT OF CARRYnVER RATE VS. LEVEL OF EXCESS AIR 

.::.s i-1EASURED DQ!..!~lSTREAM FR01'1 THE CO~:BUSTIOi·i PROCESS 
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117 & 118 FUEL FEED RATE (DRY LBS/HR}: 76~~ x 
10
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125 & 126 FUEL FEED RATE (DRY LBS/HR): 671 
D. Fir & E. White Pine HEAT RELEASE R~TE (BTU/HR): 6.0 x 10~ 
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• CARRYOVER VS. LB-Al R/LB-FUEL 

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

e --- % COMBUSTIBLE MATERIAL VS. LB-AIR/LB-FUEL 
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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 
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Runs 65 & 66, 75-80 

0 50:50 Air Ratio 
388°F 
51% Moisture 

Runs 87-90 
30:70 Air Ratio \] 
398°F 
51% Moisture 

62 

--~ 

~------~------~-------,--------~---~-------------~ 
0 25 50 75 100 155 165 

PERCENT EXCESS AIR 

I 
I 
I I. 



63 

FUEL ANALYSIS DAiA AND GRAPHS 



DATA FORM - ~~W FUEL ANALYSES 

COMBUSTIBLE CONTENT ~~ALYSES 

SAMPLE NO. 1 SAMPLE NO. 2 

INITIAL SAMPLE + CRUCIBLE. WT (gm) 32.66 32 . .i_L 

CRUCIBLE WT (gm) 2.6. 78 Z?.'2_8 

SAMPLE WT (gm) ?.88 6,33 

FINAL SAMPLE + CRUCIBLE WT (gm) Z6.e7 z.b.08 

~RUCIBLE WT (gm) 26,78 2?.9B 

'SH WT (gm) 0, CI'J % 1-:Z3 0./0 

OrffiUSTIBLE CARBON WT (gm) ?.7'7 %98.47 6.23 

!\VERAGE % INORGANIC ASH: ;z.z../ AVEfu\GE % COHBUSTIBLE 

%~<3 

% '7!!3.4Z 

CARBON: 

64 

I FUEL: ~G. p;.e_ ~ 

SA5T. WliiT~ ?1/1/l£ 

SAI1PLE NO. 3 

-3/.78 

Z?.BL 

~.97 

26.oa.. 

2'?.8/ 

o.z..; %3.~Z 

'?.76 %rG.4E 

97.7'3 

* * * * * * * * * * * * * * * * * * * * * * * *"* * * * * * * * * * * * * * * * * * * * * * * * * * 

·SIZE 

(mm) 

26.67 I 
18.85 

9. 423 

4.760 

3. 327 I 
2.000 

1.000 

0.500 

PAN 

SAI1PLE 
+PAN 
(gm) 

Z937 

42.79 

3CJ.ZI 

4Z.o? 

46.08 

2?.78 

18.06 

I 

PAN 
TARE 
(am) s;z 

/7./Z-

17.12..-

/7./Z. 

17.12. 

17./Z. 

17./Z.. 

/7./2. 

SIZE AND DENSITY ANALYSES 

S~MPLE CUMULATIVE CUMU- VOLU}ffi DENSITY 
WT WT LATIVE 

(gm) (gm) i~ (cc) (gm/cc) 

I I 
I 

/1'.2? llb.?o ?O o. 2.2.? 
I 

z!>. o7 /0?.2ifo 9"- 34 /30 0.19·7 

22,0'7 79.?8 68.:11 IZ.O 0.164 

z4.q3 ?7.4<:) 49.3? 12.0 o.z..ce 

22. '?6 32.?6 27.9? II~ 0. 2.0C) 

e.66 9.60 e.24 -10 0,217 

0.9<! 0.94 o.$1 4 o. 2...3 i? 



65 

SIZE .AND DENSITY ANALYSES 'n ' jX)(Jr!J. ;:'11... } 

EA-5T Wd/T&- )?1/t/e-

SIZE SAMPLE PAN SAMPLE CUMULATIVE CUMU- VOLUME DENSlTY 

+ PAN TARE WT WT LATIVE 

(nun) (grt!) (gm) (gm) (gm) i.: (cc) (gm/cc) 
. 

26.67 
... 

18.85 

9.423 ~1.2.3 f7,/Z /4.11 132.40 6? 0.2/7 

4.760 49.13 /7./Z., 32.6/ //B.Z<j E'J9,34 1'/>? o. 2..07 

3. 327 41.76 17.12. 2.4.64 e6.zs 6?,i7 130 "· 1~0 

2.000 4~34 17.12- 26.Z2.. 61.64 46.?6 130 o. zoz. 

1.000 41. i!CJ 17./2., 24.68 3?.42. 2.6. 7~ iZ~ o. 187 

0.500 z6.e~ /7.12- 9.73 /0.74 edt 4? O,Z/6 

PAN 18./3 1712- /.0/ ;:o; 0.76 4 0.2.?3 

i>cvG ;=t£ ! . ' SIZE ~~ DENSITY ANALYSES 

£-45 T f41:'1 / Ttt!"' "?IAI~-

SIZE SAMPLE PAN SAMPLE ClJMlJL\TIVE CUMU- VOLUME DENSlTY 
+ PP...N TARE WT WT LATIVE 

(mm) (gm) (gm) (gm) (lml) % (cc) c (gm/cc) 

I I I I I 26.67 

18.85 I I 
9.423 123.4'9 1'7./2. 6.37 I 137.78 30 "~2..12.. 

4. 760 1 ?2.2...2. 1 17./Z- I 3~.10 I /31.41 9?.36 ;70 
I o. Z.06 

3.327 '46.37 I 17. 12.. 29.2? '76. 3 I 6~-90 l~fi' o. /8') 

2 . ooo 1. ~6. 7/ /7.12.. 29.?9 67.66 48.67 /4';> 0.204 

1. ooo I 43. 7? I /712.. 2.6.43 37-47" 1 2.7. 20 1 /J',? o. i C)6 

o.soo I 27.D8 /7./Z. 9.96 /l.o4 8,0/ 4!J" "· 2..2./ 

PAN I 18.2.0 17.12- /.08 /08 0.78 ~ o,Z/6 
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DATA FORM - WOOD ASH ANALYSES 

COMBUSTABLE CONTENT ANALYSES 

SAMPLE NO. 1 

INITIAL SAMPLE + CRUCIBLE WT 

CRUCIBLE WT 

SA~1PLE WT 

FINAL SAMPLE + CRUCIBLE WT 

CRUCIBLE WT 

ASH WT 

COMBUSTABLE CARBON WT 

{gm) 

(gm) 

{gm) 

{gm) 

(gm) 

. ( gm) 

(gm) 

2. 6. 99 

2 2: 5"8 

/. e:f I 

Z5.96 

;2. ?. 5"8 

C). 38 . 

/, 03 

% 26.9~ 

% 73.05' 

73 

RUN NO: 6 J?' 

SAMPLE.NO. ·2 

27.52 

/-47 

c 7-97 

2Z· ~~ 

0.42__ 

/.05' 

-

% 28. ?7 

01 71.4.3 10 

AVERAGE % INORGANIC ASH: 2 7. 7 6 AVERAGE % COMBUST ABLE CARBON: 11~ 2.'1 

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

SIZE 

(mm) 

2.000 

1.000 

.500 

.250 

.125 

.063 

.045 

PAN 

SAMPLE 
+ PAN 

(gm) 

2?.e6 

31).07 

2.4 .12. 

23.08 

2o,e6 

/6.57 

21.2e 

SIZE AND DENSITY ANALYSES 

PAN 
TARE 
(gm) 

17.26 

17·29 

/7. z.e 
/7.26 

/7. 2.8 

/7. Z8 

/7.28 

SAMPLE 
WT 

(gm) 

e.~e 

/7,79 

6.94 

?.60 

3.?8 

/-29 

4.00 

CUMULATIVE CUMULATIVE VOLUME DENSITY 
WT % 

(gm) (cc) (gm/cc) 

47.88 14'i o. 0 ?9 

3<p. 36 .ez.ce 22.3 o. CJ80 

21.?1 44.92.. 'i9 C;. I 16 

/4.67 3c.64 2,.3 c;,z 52.. 

e.f! 7 /(:!,,~3 If" o.z. 3 9 

?.2C) /1.0? ?.z 0.246 

4.QCJ (3,3? /1. 0 us364 



• 

74 

DATA FORM -WOOD ASH ANALYSES RUN NO: 67 

COMBUSTABLE CONTENT ANALYSES 

SAMPLE NO. 1 SAMPLE NO. 2 

INITIAL SAMPLE + CRUCIBLE WT (gm) 30.94 30.63 

CRUCIBLE WT (gm) Z'7,36 28.99 

SAMPLE WT (gm) /. ?8 / .. 74 

FINAL SAMPLE + CRUCIBLE WT (gm) 29.64 2..9,24 

CRUCIBLE WT _(gm) .29.36 ze.es 

ASH WT (gm) a.z.s % 17. 72. o.3? % z.o. II 

COMBUSTABLE CARBON WT (gm) /,jJ(;) "% 82.2.6 /. '39 % 7'7. 89 

AVERAGE % INORGANIC ASH: /8.92. AVERAGE % COMBUSTABLE CARBON: 8/.0';2 

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

SIZE 

(mm) 

2.000 

1.000 

.500 

.250 

.125 

.063 

.. 045 

PAN 

SAMPLE 
+ PAN 

(gm) 

29.46 

38. '5C 

24.21 

2/.66 

/9.77 

/8,/0 

19.2? 

SIZE AND DENSITY ANALYSES 

PAN 
TARE 
(gm) 

j7.Z.8 

/7.2.8 

17. 2.8 

17.28 

/7.28 

17. Z.8 

17,26 

I 

SAMPLE 
WT 

(gm) 

/2. ,18 

zt: z.z 

o.93 

4.38 

2.49 

o.ez. 

/.97 

I 

CUMULATIVE CUMULATIVE VOLUME DENSITY 
WT % 

(gm) ("cc) (gm/cc) 

I 
49.99 176.o · o.ob<J 

.37. 8! 7?.,~ z. ?Z..o 0.084 

16, ?9 33./9 62,.0 0.1/Z. 

9.b6 I '3.32.. 2.3.o 0,/90 

5.2B 10.?6 /0.2 O.Z44 

2.7., ?.?8 . 4.0 0. Z.O? 
-

1.97 1.94 6,6 a. 2.9!3 



DATA FORM -WOOD ASH ANALYSES 

COMBUSTABLE CONTENT ANALYSES 

SAMPLE NO. 1 

INITIAL SAMPLE + CRUCIBLE WT (gm) 2..8.31 

CRUCIBLE WT (gm) 2.6. 73 . 

SAt1PLE WT ( gm) 

FINAL SAtt.PLE + CRUCIBLE WT (gm) 27.2.J 

CRUCIBLE WT 2..6. 73 

ASH WT 

75 

RUN NO: 6 9 

SAMPLE NO. 2 

30.?4 

COMBUSTABLE CARBON WT 

_( gm) 

(gm) 

(gm) /~/d % 6'3.62.. /, IZ. %70,44 
----~--- ----------

AVERAGE % INORGANIC ASH: 29.97 AVERAGE % COMBUSTABLE CARBON: 7-0,o3 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ~ * 

SIZE 

(mm) 

2.000 

1. 000 

.500 

.250 

.125 

.063 

.. 045 

PAN 

SAMPLE 
+ PAN 

{gm) 

/8.44 

2?.06 

32.72.. 

2.3,83 

Z2.32. 

.2.0.84 

/6', 85 

21,46 

SIZE AND DENSITY ANALYSES 

PAN 
TARE 
(gm) 

/7,28 

17. 2.8 

/7.2.8 

17,28 

/7.28 

/7.28 

17.28 

/:{28 

SAMPLE 
WT 

(gm) 

/./6 

7. 7-8 

1?.44 

b.?? 

?.C>4 

3.?6 

1.57 

4./8 

CUMULATIVE CUMULATIVE VOLUME DENSITY 
WT % 

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

-4 5 .Z8 I 26 ~. 045' 

44.1Z. 97.44 /.:3Q 0.060 

36.34 80.26 226 I O.O?i:J 

C:O. 90 46./6 64 a. /c:JZ. 

!4. 35 31.6'3 24 a.zio 

. 9.31 20.?6 13 CJ.2.74 

?.7? 12, 7Q 7 0.224 

4·'8 C3,Z3 14 0.2.99 I 
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 SJI.t-1PLE + CRU.CIBLE WT (gm) 

CRUCIBLE WT .(gm) 

ASH WT 

COMBUSTABLE CARBON WT 

.( gm) 

(gm) 

29.66 

26.48 

3.18 

28.27 

26.48 

_---..:.1,_7_::9;.____ % ?6, z '7 

1-39 % 43,7/ --.=....::--

76 

RUN NO: 7/ 

SANPLE NO. 2 

30.47 

27.43 

3.CuJ 

2.7.43 

__ ;_._7_o __ % 55. '9Z 

I. 34 %44.08 
--~--'----

AVERAGE % INORGJI.NIC ASH: 56. 11 AVERAGE % CQ.t-•1BUSTABLE CARBON: 43. 9C 

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

SIZE 

(mm) 

2.000 

1. 000 

.500 

.250 

.125 

.063 

.045 

PAN 

SAMPLE 
+ PAN 

{gm) 

2.6.2! 

36.39 

3?·51 

38,75 

29.49 

Z/.6'5 

32.44 I 

SIZE AND DENSITY ANALYSES 

PAN 
TARE 
(gm) 

/7.28 

/7.28 

/7. 2.8 

/7,28 

17. Z8 

17.28 

I 7. Z.8 

SAMPLE 
WT 

(gm) 

9.'73 

19,1/ 

18.23 

21··47 

12.21 

4,37 

/?. /6 

CUMULATIVE CUMULATIVE VOLUME DENSITY 
WT % 

(gm) (cc) (gm/cc) 

'"}'J,48 137 o, 0 cO? 

'30. ?S 91. 02. 2.22. 0, 066 

71.44 7/.S/ 9; Ci, z.ac 

?3. 2/ ?3.4~ 6/ 0.352 

3/.74 3/,9/ 37 0.330 

19.?3 fCJ.63 lj Ci, 3'77 

I?. 16 I 
1?. 2.4 I 35 Clo433 



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 

3/.44 

27, 8? 

_ _:3::..:...'-L.?"..,!...~--% 69.17 

77 

RUN NO: 73 

SAMPLE NO. 2 

34,0/ 

28.?2 

32.34 

28. ?Z. 

COMBUSTABLE CARBON WT 

(gm) 

(gm) I. 6C % 30.93 /,67 % 30.42 _ _,..-'---------

AVERAGE % INORGANIC ASH: 69,38 . AVERAGE % COMBUSTABLE CARBON: 3o.63 

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

SIZE 

(mm) 

2.000 

1 .000 

.500 

.250 

.125 

.063 

.045 

PAN 

SAMPLE 
+ PAN 

(gm) 

2'5.;6 

37.4} 

48.€3 

?7.66 

38.43 

24.8/ 

46.9/ 

SIZE AND DENSITY ANALYSES 

PAN 
TARE 
(gm) 

17.33 

17.33 

17.33 

/7.33 

17.33 

17.33 

17.33 

SAMPLE 
WT 

(gm) 

7.83 

Z.O.CJ8 

31.?0 

46.33 

2/./0 

7.48 

29.48 

CUMULATIVE CUMULATIVE VOLUME DENSITY 
WT % 

(gm) (cc) (gm/cc) 

1?7.80 //4 0, 06'9 

.149. 97 '3?.04, 2.07 0.097 

12.9.8'7 az. 3/ 119 c;. 2.6? 

'38.39 t:>z. 5 r; 9o 0.448 

?8.06 36.79 ?6 o. 377 

36.96 :2.3,42.... 2..CJ o. 374 

2'7.48 18,68 63 C>.468 I 



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) 

3Cl. 64 

29,0/ 

29,34 

29,0/ 

78 

RUN NO: 7? 

SAMPLE NO. 2 

Z.S.BI 

27.17 

/.64 

2 7,17 

ASH WT (gm) 

(gm) 

__ 0 _.3_3 __ % 2.0.2 5 c.3,3 %zo.;z 
---''--='---

COMBUSTABLE CARBON WT % 79,75 ----- /.3/ % 79.88. -----1-36 

AVERAGE% INORGANIC ASH: ao.19 AVERAGE % COMBUSTABLE CARBON: 79.82. 

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

SIZE 

(mm) 

2.000 

1 .000 

.500 

.250 1 

.125 

.063 

.045 

PAN 

SAMPLE 
+ PAN 

(gm) 

28.42 

38.66 

25,89 

23.2.2 

z.o. 63 

18,:14 

19.38 

SIZE AND DENSITY ANALYSES 

PAN 
TARE 
(gm) 

17.Z3 

I7.Zf3 

/7.28 

/7.28 

/7. 2.8 

/7.28 

/7.28 

SAMPLE 
WT 

(gm) 

//./9 

2.1.38 

6.6/ 

'?- 94 

3.3'5 

/.06 

2.10 

CUMULATIVE CUMULATIVE VOLUME DENSITY 
WT % 

(gm) (cc) (gm/cc) 

I 
?3 .. 63 /68 "· 067 

42..44 79.1.3 2.66 o.oeo 

Zl. 06 39.27 66 I C,/08 

12.4? 23. 2./ 30 0.198 

6. ?I 12.14 14 0, 239 

3./6 ?-89 4 I c. 2.6? 

2,10 3. 92.. 6 CJ.37C 
-

I 



DATA FORM ~ WOOD ASH ANALYSES 

COMBUSTABLE CONTENT ANALYSES 

SAMPLE NO. l 

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) 

.29.90 

~e.47 

/.43 

28.'83 

Z8.47 

o.3G 

r. o7 

79 

RUN NO: '77 

SAMPLE NO. 2-

30.03 

/.42.. 

% o . . 36 % 2?.35" -----
01 
lo _...;.~"'~· 0___.:.._6 __ % 74 .6?-

AVERAGE % INORGANIC ASH: 215.26 . AVERAGE % COMBUSTABLE CARBON: 74. 74 

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

SIZE 

(mm) 

2.000 

1. 000 

.500 

.250 

.125 

.063 

.045 

PAN 

SAMPLE 
+ PAN 

(gm) 

26.&/ 

32.34 

Z:J.OO 

22.1.1;> 

,20.70 

/8.~3 

2a22. 

SIZE AND DENSITY ANALYSES 

PAN 
TARE 
(gm) 

/7.33 

/7.33 

/7.33 

/7.33 

/7-33 

/7.33 

/7.33 

SAMPLE 
WT 

(gm) 

9.4& 

/?,0/ 

5.67 

-"t.az.. 

3.37 

/. zo 

2.89 

CUMULATIVE CU1"1ULATIVE VOLUME DENSITY 
WT % 

(gm) (cc) (gm/cc) 

.42.44 /73 o.o I?!? 

32.9b 77,66 Z./7 0.069 

/7.<9? 42.30 '54 I o.to? 

/2. .2.8 I Z8.93 22 0,21'3 

7.46 /7.?8 13 c:J. 2 i.79 

4.09 9.64 '? 0.440 

2.89 6.8/ 7.? 0.385 



80 

DATA FORM - WOOD ASH ANALYSES RUN NO: 7'7 

COMBUSTABLE CONTENT ANALYSES 

SAMPLE NO. 1 SAMPLE NO. 2 

IN1TIAL.SAMPLE + CRUCIBLE .WT (gm) 30.07 31.78 

CRUCIBLE WT (gm) .2.836 30.1/ 

SAMPLE WT (gm) /, 77 1.6 7 

FINAL SAMPLE + CRU"ciBLE WT (gm) ZB-88 3<1.6/ 

CRUCIBLE WT (gm) ZB.36 30~ 1/ 

ASH WT (gm) ~. ?8 % 32.77 o.?c %_2.9. 94 

COMBUSTABLE CARBON WT (gm) I. I 7 % 67, 2...3 /417 % 70,06 

AVERAGE % INORGANIC ASH: 31.34 AVERAGE % COMBUSTABLE CARBON: 68.8? 

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

SIZE 

(mm) 

2.000 

1 .000 

.500 

.250 

.125 

.063 

.045 

PAN 

SAMPLE 
+ PAN 

(gm) 

27,96 

34.46 

24.98 

21.16 

21.27 

18.87 

21·74 

SIZE AND DENSITY ANALYSES 

PAN 
TARE 
(gm) 

/ 7; .33 

/7.33 

17.33 

17.33 

/7.33 

17 33 

17.33 

SAMPLE 
WT 

(gm) 

/O.b3 

/7,13 

7.~6? 

6.S? 

3.94 

/. ';) 4 

4.4/ 

CUMULATIVE CUMULATIVE VOLUME DENSITY 
WT % 

{gm) (cc) (gm/cc) 

'52.1? 17'?.o. 0.06/ 

41. 52.. 79.6Z.. 242.,0 c..c 7/ 

24.~9 4b.77 64.0 u, I 2.0 

/6,74 32./0 27.Q 0.2?4 

9. 8'7 /8.~6 17. Q 0. z_ 32 

?-9? /1.4/ 6-Z. 0,2.48 

4.4) 8.46 IZ.·$' 0, 3?3 

I 
I 



81 

DATA FORM - WOOD ASH ANALYSES RUN N0:~7 

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) 

27. 6 'i' 

3/.03 

2.8.47 

2.?6 

2c;J.C):g 

2.8. 47 

/.46 

/..10 

% 5""7,03 

%42.CJ7 --

30-76 

2 8. 2 z. 

Z.. • .t)4 

;;, q_. 70 

ze. 2 z 

/.48 % ?8.Z7 

/, oe %41.73 

AVERAGE % COMBUSTABLE CARBON: 42,3ii' 

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

SIZE 

(mm) 

2.000 

1.000 

.500 

.250 

.125 

.063 

.. 045 

PAN 

SAMPLE 
+ PAN 

(gm) 

Z6. 71 

32."{1 

2 7. ?2 

33.3b 

30.3 I 

21.9/ 

:;o.38 

SIZE AND DENSITY ANALYSES 

PAN 
TARE 
(gm) 

17. z 2. 

/7.Z.2 

/722 

/7-22 

/7.22 

/722 

;722 

SAMPLE 
WT 

(gm) 

3.49 

/:). 19 

/0.30 

/c. 14 

13.09 

4.69 

13./6 I 
I 

I 

CUMULATIVE CUMULATIVE VOLUME DENSITY 
WT % 

(gm) (cc) (gm/cc) 

7G.c6 70 6. 01)0 

7Z.?7 9?.41 2.20 c::::;,0£9 

?7.38 7?-44 90 o. 114 

47.08 61.90 ,-o 0.323 

3C.94 4f0.68 35' 0.374 
I 

/7,65 23 .. 41i 12 6.391 

13,16 
I /7.3<:) 29 1 c. 41?~ 



82 

DATA FORM - WOOD ASH ANALYSES RUN NO: 89 

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) 

go.3B 

3~.34 

26-98 

4.36 

3z.4a 
2.6.98 

3.?0 

0.86 

% so. 2.8 

% 19. 72._ 

3'Z. 17 

27. 2"6 

4.6/ 

_g /, 2 7 

;?_ 7. 'i 6 

3.71 

o,9o 

% f30.48 

% 19 .. IJ2. 

AVERAGE % COMBUSTABLE CARBON: /9,6 2.. 

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

SIZE 

(mm) 

2.000 

1.000 

.500 

.250 

.125 

.063 

.045 

PAN 

SAMPLE 
+ PAN 

(gm) 

/f3. 72. 

24.ti? 

26.03 

47.19 

4?.1)') 

~9.02 

?8.0if 

SIZE AND DENSITY ANALYSES 

PAN 
TARE 
(gm) 

/7.2.2.. 

i7.Z2 

j7.2Z. 

/7. zz. 
/7.2Z 

I 7. 2.2 

/7. z.z 

SAMPLE 
WT 

(gm) 

/,~() 

"1. 3 3 

/0.8/ 

2.9. q 7 

2.6.33 

/CJ. so 

40.63 

I 

CUMULATIVE CUMULATIVE VOLUME DENSITY 
WT % 

{gm) (cc) (gm/cc) 

1"29 . ?-7 30 0.0?0 

/.Z£3,07 96.84 j02. o,o7z 

/ZO. 74 '73. 19 {;7 (J.t6 I 

/09.93 84.84 64 o. 4b8 

79.96 b/.71 ~9 0.460 

51.63 3'9.e.~ 2.2 6, 4 9! 

40.95 '3/.?1 7/ 0.'?7? 



83 

DATA FORM - WOOD ASH ANALYSES RUN NO: C}b 

COMBUSTABLE CONTENT ANALYSES 

SAMPLE NO. 1 SAMPLE NO. 2 

INITIAL SAMPLE + CRUCIBLE WT ( gm). 

CRUCIBLE WT (gm) 

SAMPLE WT (gm) 

FINAL SAMPLE + CRUCIBLE WT (gm) 

CRUCIBLE WT _(gm) 

ASH WT (gm) 

COMBUSTABLE CARBON WT (gm) 

AVERAGE % INORGANIC ASH: 5'"8.0 I· 

29.39 

26.73 

2.8. 2 9 

26.73 

/.')6 

/,09 

% ?8.87 

%41.13 

12.&0 

30,07 

2.73 

3/.63 

3o .. 07 

;.?6 % ?7. 14 

/,I 7 % 4Z.86 

AVERAGE % COMBUSTABL E CARBON: 4 2. oo 

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

SIZ£. 

(mm) 

2.000 

1.000 

.500 

.250 

.125 

.063 

.045 

PAN 

SAMPLE 
+ PAN 

{gm) 

23.?4 

33. 42.. 

28.16 

33. '?C... 

29.77 

2.1. 67 

34.4.9 

SIZE AND DENSITY ANALYSES 

PAN 
TARE 
(gm) 

17.33 

/;7. 33 

17.33 

/7.33 

/7.~3 

/7. 3.3 

/7.33 

SAMPLE 
WT 

{gm) 

6. z I 

16 .. 09 

/0.63 

/6.19 

/2,44 

4.54 

;7,/b 

CUMULATIVE CUMULATIVE VOLUME DENSITY 
WT % 

(gm) (cc) (gm/cc) 

I 
83.46 /0/ o. 66/ 

77.ZS5 92.?6 Z30 ~.070 

61./6 73:28 80 0./35" 

!JO. 33 . 60.30 47 0.344 

~4.14 . 46.9/ 33 6. '3 77 

21.7C .z6.oCJ // 6.413 

/7.16 20.?b 3~ 0.490 



DATA FORM -WOOD ASH ANALYSES 

COMBUSTABLE CONTENT ANALYSES 

SAMPLE.NO. 1 

INITIAL SAMPLE + CRUCIBLE WT (gm) Z2.36 

Z7.64 CRUCIBLE WT 

SAMPLE WT 

FINAL SAMPLE + CRUCIBLE WT 

CRUCIBLE WT 

{gm) 

{gm) 

{gm) 

_(gm) 

/. ?Z 

2.8.2.0 

2.7. 8~ 

84 

RUN NO: 9 9 

SAMPLE NO. 2 

28.47 

26.9 I 

/.?6 

z 7. 2 e 
2.6, 9 I 

ASH WT (gm) o. 36 % 23-~8 0.37 %.£U2. 

COMBUSTABLE CARBON WT (gm) /.16 %76.32. /.19 _% ?6~8 

AVERAGE % INORGANIC ASH: 2.3. 70 AVERAGE % COMBUSTABLE CARBON: 76.30 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * ~ * * * * * * * * * * * 

SIZE 

(mm) 

2.000 

1.000 

.500 

.250 

.125 

.063 

.045 

PAN 

SAMPLE 
+ PAN 

(gm) 

/7.77 

27~7 

33."71 

Z.3. /4 . 

21.48 

20.3" 

/8-26 

z.o. 7 1 

SIZE AND DENSITY ANALYSES 

PAN 
TARE 
(gm) 

/7.23 

i7.Z.2. 

/7.22 

/7. .2.2 

/7. z. 2. 

/7.2Z 

/7, 22. 

/7, 2 c.. 

SAMPLE 
WT 

{gm) 

o.5"4 

/0.37 

/b.49 

?. 9Z... 

4.26 

3.aB 

/.06 

3.49 

CUMULATIVE CUMULATIVE VOLUME DENSITY 
WT % 

{gm) (cc) (gm/cc) 

4'?.19 /4 o.o 39 

44.6? 9$.9/ /97 o.o "73 

34.30 7?.90 2. i73 o.06? 

/"7.8/ 39.41 '13 6.681 

//.e~ Z€:-.3/ 2.? 0.170 

J.b3 . /6.66 12 o. Z-?7 

4. ?'i /0,07 4 0,2 6 'i 

3.49 7. 72 9 6.388 

I 
I 



DATA FORM - WOOD ASH ANALYSES 

COMBUSTABLE CONTENT ANALYSES 

SAMPLE NO. 1 

INITIAL SAMPLE + CRUCIBLE WT (gm) 3 /. /CJ 

CRUCIBLE WT 

SAMPLE WT 

FINAL SAMPLE + CRUCIBLE WT 

CRUCIBLE WT 

(gm) 

(gm) 

(gm) 

_( gm) 

..30· 09 

Z9~ 60 

85 

RUN NO: /0/ 

SAMPLE NO. 2 

ze.&,-

2 7.18 

/.67 

2 7. 7.3 

Z.7. 18 

ASH WT (gm) o·. 49 % 32.67 o.~-2 %32-93 

COMBUSTABLE CARBON WT (gm) /. 0/ % 6 7. .33 /./2. %67.07 

AVERAGE % INORGANIC ASH: .2_2. 8 AVERAGE % COt~BUSTABL E CARBON: 67.ZO 

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

SIZE 

(mm) 

2.000 

1 .000 

.500 

.250 

.125 

.063 

SAMPLE 
+ PAN 

(gm) 

23.26 

34.94 

24.42... 

23,02.. 

21.69 

. o4s I /9./ c.. 

PAN 12.3. 18 

SIZE AND DENSITY ANALYSES 

PAN 
TARE 
(gm) 

/7.33 

17..33 

17.33 

/7.33 

/7.33 

/7.33 

17.33 

SAMPLE 
WT 

(gm) 

i?.93 

t"7.6 I 

7-09 

?.69 

3.76 

/. 79 

?.8~ 

CUMULATIVE CUMULATIVE VOLUME DENSITY 
WT % 

(gm) (cc) (gm/cc) 

47.72 //9 0.05"0 

41.79 137.?7 267 0.066 

Z4.18 ?"·67 79 0.090 

17.09 3?.8/ 28 o. Z.03 

/1·-1" ~3.89 /8 0.2....09 

7.64 /6.01 6 ·o.z9e 

?.€3? /Z.26 /5 0.390 

I 



86 

DATA FORM - WOOD ASH ANALYSES RUN NO: /CJ1 

COMBUSTABLE CONTENT ANALYSES 

SAMPLE NO. 1 SAMPLE NQ. 2 

INITIAL SAMPLE + CRUCIBLE WT (gm) 3o.68 ,3o . .q z_ 

CRUCIBLE WT (gm) .27.'5"1) .2 7. 84 

SAMPLE WT (gm) 3./3 2.?8 

FINAL SAMPLE + CRUCIBLE WT (gm) 2. 9. 2-1 2.9.30 

CRUCIBLE WT _(gm) 2.7.55 2. 7. g.q 

ASH WT (gm) /. 99 % 63.?6 /, 46 % 5'6.,-9 

COMBUSTABLE CARBON WT (gm) /./4 %36.42. /. / .2. %~/ 

AVERAGE % INORGANIC ASH: 60.02 AVERAGE % COMBUSTABLE CARBON: 3 9. 92., 

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

SIZE SAMPLE 
+ PAN 

(rrnn) ( gm) 

2.000 

1.000 2.0.94 

.500 34-46 

.250 28.3/ 

.125 34.32. 

.063 3/.77 

.. 045 zz.eo 
PAN 37·24 

SIZE AND DENSITY ANALYSES 

PAN 
TARE 
(gm) 

/7. Z.3 

/Z23 

/7.23 

/7,23 

/7.23 

/7.23. 

/7.23 

SAMPLE 
WT 

(gm) 

3.71 

/7.23 

//.08 

/7.08 

/cr.-?4 

17, '? 7 

20.0/ 

! 

CUMULATIVE CUMULATIVE VOLUME DENSITY 
WT % 

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

e~. zz. 74 o,oJ?o 

e'?.? 1 9;.94 27'5 0.063 

6S. 2.9 76.5'3 /08 0,/03 

'?7. 20 64. II 55 o.3// 

40./~ 44. <'17 36 0.404 

2/?. ?B ze.67 /?- 0.37/ 

z.o.a I ZZ.43 31 0.?69 



87 

DATA FORM -WOOD ASH ANALYSES RUN NO: /o6 

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) 

£3/, '7 '? 

,34. 73 

2?.85 

6. es 

~3.?/ 

27.8? 

'· 66 %82.27 

/, zz %/7. 73 

36.69 

. ,90.30 

6.39 

.3!5-49 

30.30 

~.19 

/.20 

%9/.22. 

"/r,/t3."T6 

AVERAGE % C0~1BUSTABLE CARBON: /8.2.6 

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

SIZE 

(mm) 

2.000 

1 .000 

.500 

.250 

.125 

.063 

.045 

PAN 

SAMPLE 
+ PAN 

{gm) 

/f3.93 

29.77 

33.43 

61.?5 

60, ?2. 

34.83 

64.34 

SIZE AND DENSITY ANALYSES 

PAN 
TARE 
(gm) 

/7.32 

/7.32.. 

/7.3Z 

/7.32. 

/7.3?.. 

/7,32 

/7.32. 

SAMPLE 
WT 

(gm) 

/.61 

1/.43 

/6,1/ 

44.26 

43.20 

/7. ?I 

.I b 7.02. 

CUMULATIVE CUMULATIVE VOLUME DENSITY 
WT % 

{gm) (cc) (gm/cc) 

;!0/_ /4 33 0,649 

/99.?3 '7'9. ZCJ /74 0.666 

/88./0 o/3. ?Z.. /06 t:J. I :1)2_ 

/71, 95' 815:? I 9Z 0.48/ 

/27,73 63.?0 9? 0,1)08 

. 84. ?3 4Z.03 33 o.?3/ 

67.02- 33.32. /cq ., o. ii2o 



88 

DATA FORM -WOOD ASH ANALYSES RUN NO: /cJ 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) 

2.7, 78 

28.?:3 

2.6. 73 

/.eo 

27.2{;. 

26.73 

0.49 

/.3 I 

% 2./; 22. 

% 72.76 

36.09 

28.2 2. 

/. a7 

26·7~ 

z.s. 2.2 

o.?3 

/.3C( 

%2.9.34 

% 71.66 --

AVERAGE % COMBUST ABLE CARBON: 72.2 2.. 

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

SIZE 

(mm) 

2.000 

1.000 

.500 

.250 

.125 

.063 

.045 

PAN 

SAMPLE 
+ PAN 

(gm) 

;2.3.22. 

36.83 

27.72.. 

24.22. 

2.2.66 

19.12. 

Z.2. 42. 

SIZE AND DENSITY ANALYSES 

PAN 
TARE 
(gm) 

17.24 

/7.24 

/7.23 

/7..Z3 

/7. 2.3 

/7.23 

/7.23 

SAMPLE 
WT 

(gm) 

'j. 98 

19. if9 

/0.49 

1;7.99 

?.t&!f3 
/. f:; 9 

'i. jC) 

CUMULATIVE CUMULATIVE VOLUME DENSITY 
WT % 

(gm) (cc) (gm/cc) 

£?.?6 //0 0.0?4 

' 
49,?8 89.Z4 263 e;.o69 

2.C}.99 I ;3. 96 //CJ o.o9~ 

/9.?0 3?.10 46 0. I 7 1? 

/2.?/ 22.?2. zo 0,2 72 

z._os /2.74 ·6 0, 3 i 'i" 

?.t!) 9.34 !2 0,433 



89 

DATA FORM -WOOD ASH ANALYSES RUN NO:/// 

COMBUSTABLE CONTENT ANALYSES 

SAMPLE NO. 1 SAMPLE NO. 2 

INITIAL SAMPLE + CRUCIBLE WT {gm) 

CRUCIBLE WT 

SA~1PLE WT 

FINAL SAMPLE + CRUCIBLE WT 

CRUCIBLE WT 

ASH WT 

COMBUSTABLE CARBON WT 

AVERAGE % INORGANIC ASH: 

(gm) 

(gm) 

(gm) 

(gm) 

(gm) 

(gm) 

72 .t_z 

ze.3t 

32.?3 

26.3) 

4.22.. %72.5"1 

/.60 %:LZ4 9 

33.?3 

;?.7.66 

3/.87 

.2_7,66 

4.2/ 

/.66 

% 71# 7Z 

%2.8.28 

AVERAGE % COMBUSTABLE CARBON: Z 7. S9 

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

SIZE SAMPLE 
· + PAN 

(nun) ( gm) 

2.000 

1 .000 /9.49 

.500. 36..05" 

.250 .J3.46 

.125 48.66 

.063 53. 5"2. 

.045 33.9f 

PAN 74.0/ 

SIZE AND DENSITY ANALYSES 

PAN 
TARE 
(gm) 

/7. z z.. 

/7.22. 

/7.2Z. 

/7.Z2. 

/7.2 2. 

17.2Z.. 

/7. 2. 2 

SAMPLE 
WT 

(gm) 

2,Z..6 

/e.e3 

/6.Z4 

~/.44 

36.30 

;6.73 

56.79 

CUMULATIVE CUMULATIVE VOLUME DENSITY 
WT % 

(gm) (cc) (gm/cc) 

i 
I 

178. ~9 4? 0. 05'0 

/7.6.33 '79.73 282 0.067 

1?7-?0 89.19 /5"2.. CJ./0·7 

/41.2.6 79.10 95 (). 3 3 I 

/o<J.e2.. .6/19 66 o.qzz 

73.?2... 41.17 36 6.4661 

76.79 31.ea jOCJ lc.?69 I 



90 

DATA FORM - WOOD ASH ANALYSES RUN NO: /13 

COMBUSTABLE CONTENT ANALYSES 

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) 

99.48 

SAMPLE NO. 1 SAMPLE NO. 2 

..36. 77 .3S.68 

z6. 4 a 28.6 2 

/C). 2 2 /0.06 

.3?. 7 I 37.60 

2.6. 48 2-8.6 2. 

9. 2.3. % e9. ?o 8.98 % 89. 2.6 

/.06 %/0.30 /.C) 8 %/0.74 

AVERAGE % COMBUSTABLE CARBON: /0. ?2-

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

SIZE 

(mm) 

2.000 

1. 000 

.500 

.250 

.125 

.063 

.045 

PAN 

SAMPLE 
+ PAN 

( gm) 

175"9 

20.49 

Z4JY9 

44.23 

')0.~ 

3/.?4 

7'7,b4 

SIZE AND DENSITY ANALYSES 

PAN 
TARE 
{gm) 

i7. 23 

i?: Z3 

/7.23 

l7.Z3 

17.Z3 

/7,23 

17.23 

SAMPLE 
WT 

{gm) 

o.36 

3.26 

6.86 

27-00 

33.21 

14.31 

~8.4/ 

CUMULATIVE CUMULATIVE VOLUME DENSITY 
WT % 

{gm) (cc) (gm/cc) 

;43.41 J].'i 0.06? 

143. o{i" 99.71$ 44 C)LJ 74 

/.J'?. 79 '17;48 47 o. i46 

/'3~. ~3 92.69 !.}0 o. ?40 

/0'5. 9.3 7~.87 '51 0.6§1 

7Z. IZ. ?"·71 Z1 o.6Sj 

?8.4/ 40.73 8<} o.6~6 



91 

DATA FORM - WOOD ASH ANALYSES RUN NO: //6 

COMBUSTABLE CONTENT ANALYSES 

INITIAL SAMPLE + CRUCIBLE WT (gm} 

CRUCIBLE WT 

SAMPLE WT 

FINAL SAMPLE + CRUCIBLE WT 

CRUCIBLE WT 

ASH WT 

COMBUSTABLE CARBON WT 

(gm) 

(gm) 

(gm) 

(gm) 

(gm) 

(gm) 

AVERAGE % INORGANIC ASH: 46.3 7 

SAMPLE NO. 1 SAMPLE NO. 2 

29./? . 30. 3j 

e -:;:· 5"2. 2 7~05" 

3, ?6 3. 2.6 

2 7..33 ,2.9,6/ 

2 5. 5"9 Z7.0lJ 

I. 74 · %48.88 ;. ?o %47. e? 

I. 62. % ? I. 12. I. 70 % 52.. i 5 

AVERAGE % COMBUSTABLE CARBON: ?1.64 

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

SIZE 

(mm) 

2.000 

1.000 

.500 

.250 

.125 

.063 

... 045 

PAN 

SAMPLE 
+ PAN 

(gm) 

/9.74 

2 9. i)9 

40.74 

.33,72. 

3?.20 

29 • .&/7 

21.80 

J/. 44-

SIZE AND DENSITY ANALYSES 

PAN 
TARE 
(gm) 

/7./5 

/7./8 

/7./8 

/7./9 

/7.19 

'!7./9 

/7.19 

/7./9 

SAMPLE 
WT 

(gm) 

2.?6 

/2.4/ 

Z..3,ij'6 

16.73 

//8.0/ 

/2..28 

4.61 

14.217 

CUMULATIVE CUMULATIVE VOLUME DENSITY 
WT % 

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

/04.2../ 38 6.067 

/O/.G? . 97. '54 17? CJ.e; 7/ 

89.24 e?.b3 2.90 c;.oe 1 

6~.66 63.03 48 o,/69 

1~./? I 47./6 5"1 o. '3~3 

3/./4 29.€36 30 0,409 

/eJ,f36 /-a ./C) /2. 0.384 

/"'{.2? /3.67 30 a.47P 



92 

DATA FORM - WOOD ASH ANALYSES RUN NO: //8 

COMBUSTABLE CONTENT ANALYSES 

SAMPLE NO. 1 SAMPLE NO. 2 

INITIAL SAMPLE + CRUCIBLE WT (gm) ..3/. 03 33.68 

CRUCIBLE WT (gm) 27 .. 2 .8 2.9 ez 
SAMPLE WT (gm) 3.7-> 3. e 1 

FINAL SAMPLE + CRUCIBLE WT (gm) 21.40 3 2.02... 

CRUCIBLE WT (gm) 27. 2.8 2. 9. 9 7 

ASH WT (gm) 2.12. % 56. '73 2,, I~ %~13 

COMBUSTABLE CARBON WT (gm) I. 63 % 43."'1 7 /.66 %43.,. 7 

AVER~GE % INORGANIC ASH: ?6.48 AVERAGE % COMBUSTABLE CARBON: 43, ~ z.. 

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

SIZE 

(mm) 

2.000 

1.000 

.500 

.250 

.125 

.063 

. 045 

PAN 

SAMPLE 
+ PAN 

(gm) 

;B.o3 

1;2. 4. 44 

~1.2 s 
.34.33 

3'7.94 

34.27 

Z3.;o . 

zz 14 

SIZE AND DENSITY ANALYSES · 

PAN 
TARE 
(gm) 

/~.23 

17. Z3 

/7. .a.3 

/7.23 

/7.23 

/7.23 

/7:ZJ 

i7.23 

SAMPLE 
WT 

(gm) 

o.6Ci 

7.2./ 

;z4. or; 

/7.10 

22.7/ 

17. CJ4 

lj.8 7 

9. 9 I 

CUMULATIVE CUMULATIVE VOLUME DENSITY 
WT % 

(gm) (cc) (gm/cc) 

/04.69 16 o.o?o 

/03. €'7 '99.24 I /09 o.o 66 

96.66 92.3/? 177 0./3 7 

72.63 69.36 /09 0. 1'?7 

??.?3 1?3.04 'i6 o.4a6 

32.82. 31.3? 4C 0.426 

1?.'18 /-5', 07 /2 6.489 

'7.9 i 9.47 42. 6. 2. 36 



• 

93 

DATA FORM - WOOD ASH ANALYSES RUN NO: I 20 

COMBUSTABLE CONTENT ANALYSES 

SAMPLE NO. 1 SAMPLE NO. 2 

INITIAL SAMPLE + CRUCIBLE WT (gm) .3 I. 16 27 .. 67 

CRUCIBLE WT (gm) Z8.30 t?:,4·97 

SAMPLE WT (gm) 2.86 2.90 

FINAL SAMPLE + CRUCIBLE WT ( gm) 29.17 2.. ?. 72. 

CRUCIBLE WT (gm) 28.30 z.tq. e 7 

ASH WT (gm) o.G7 % 30.42. o.e:; % 36.36 

COMBUSTABLE CARBON WT (gm) /, 99 % 69. :?8 ;.c;~ %69. bq 

AVERAGE % INORGANIC ASH: 3°·32 AVERAGE % COMBUSTABLE CARBON: 69.6/ 

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

SIZE 

(mm) 

2.000 

1 .000 

.500 

.250 

. 125 

.063 

.045 

PAN 

SAMPLE 
+ PAN 

{gm) 

21.6b 

34.6? 

44-~9 

2B.fJI 

2.B.66 

Z4.eB 

.2D.,04 

21).0<} 

SIZE AND DENSITY ANALYSES 

PAN 
TARE 
{gm) 

/7.33 

/"7. 33 

/7,33 

/7.33 

/7.33 

/7.33 

1733 

/7.33 

SAMPLE 
WT 

( gm) 

4.33 

/7.32 

Z7. /6 

/1.48 

/1.33 

7. 'i'i 

z. 71 

7.76 

CUMULATIVE CUMULATIVE VOLUME DENSITY 
WT % 

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

e9. 64 69 o.o63 

e ?.31 <;J iJ. 17 232 6,07? 
.. 

67.99 . 7~.8~ 31; o.o86 

Li6. €13 4~-?? B! o.;42.. 

2.9.3? 3Z·74 34 CJ,3 33 

;e.oz.. 20.10 Z2. 0,343 

/0.47 ;/.66 9 0.30/ 

].76 l 
B.66 /9 0,408 



94 

DATA FORM - WOOD ASH ANALYSES RUN NO: /23 

COMBUSTABLE CONTENT ANALYSES 

INITIAL SAMPLE + CRUCJBLE WT (gm) 

CRUCIBLE WT 

SAMPLEWT 

FINAL SAMPLE + CRUCIBLE WT 

CRUCIBLE WT 

ASH WT 

COMBUSTABLE CARBON WT 

(gm) 

(gm) 

(gm) 

(gm) 

(gm) 

(gm) 

AVERAGE % INORGANIC ASH: l_~. '?7 

SAMPLE NO. 1 SAMPLE NO. 2 

26.46 .~cJ,O 2. 

Z6.oz 27.43 

2.44 2Ji9 

.2.6. 8 7 26-3 7 

26.02.. 27.43 

0.6? %34. e.:t ().9-q % 36. 2~ 

/,·~9 %6, lb /.6~ %63. 7t 

AVERAGE % COMBUSTABLE CARBON: 64.44 

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

SIZE 

(mm) 

2.000 

1. 000 

.500 

.250 

. 125 

.063 

.045 

PAN 

SAMPLE 
+ PAN 

(gm) 

/6.98 

2-8.32. 

.37.73 

26.97 

Zb.34 

26.14 

2/00 

29.2 I 

SIZE AND DENSITY ANALYSES 

PAN 
TARE 
(gm) 

/7-33 

/7.33 

/7.33 

/?.33 

/7.33 

/7.33 

/7.33 

/7.13 

SAMPLE 
WT 

(gm) 

/.6? 

/0.99 

2.,0.4 0 

9-6~ 

9.0/ 

8.8/ 

3.67 

//..88 

CUMULATIVE CUMULATIVE VOLUME DENSITY 
WT % 

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

76.06 30 0-0?? 

74.41 Cj7.83 1'60 0-669 

63.42 fH.3_8 266 0.6 77 

43.QZ i?6.i?6 f)Z t:J, //8 

33.'3 7 43. f:j 7 4Z QZI? 

24.36 . 32.03 Z-8 0,3 i i} 

1?. ?~ Z,<J.44 /0 (). g6 7 

/t,S€3 t?.6Z. Z4 0.49') 



95 

DATA FORM - WOOD ASH ANALYSES RUN NO: J 2.4 

COMBUSTABLE CONTENT ANALYSES 

SAMPLE NO. 1 SAMPLE NO. 2 

INITIAL SAMPLE + CRUCIBLE WT {gm) 

CRUCIBLE WT ( gm) 

SAMPLE WT ( gm) 

FINAL SAMPLE + CRUCIBLE WT (gm) 

CRUCIBLE WT (gm) 

ASH WT (gm) 

COMBUSTABLE CARBON WT (gm) 

AVERAGE% INORGANIC ASH: JJ?.3.1 

33 .. 16 

28.48 

4.68 

3/.6/ 

28.48 

% ?4. 06 

%45".9~ 

..32- 60 

27.?6 

1}.04 

30. 4 I 

Z7.f6 

.2.65 % 'i6._i 5 

2. i 9 %~3.-4 5 

AVERAGE % COMBUSTABLE CARBON: 44. 70 

* * * * * * * * * ·* * * * * * * * * * * * * * * * * * * * * * * * * * * * * *•* 

SIZE AND DENSITY ANALYSES 

SIZE 

(mm) 

SAMPLE 
+ PAN 

(gm) 

PAN 
TARE 
(gm) 

4.,000 /7.43 /7.2.2._ 

2.000 2/./9 /7..2 2... 

1.000 32.?2 / 7.2.2. 

.500 48.33 17.22 

.250 36.76 /7.24 

.125 46.77 /7..24 

.063 3?.26 /"7. 24 

.045 22.6/ /7.2~ 

PAN 30-86 /724 

SAMPLE 
WT 

(gm) 

o. 2.} 

3.9 7 

15.30 

3 I. i I 

21. 72. 

.29. ?3 

/8,02 

5.37 

/3 .62. 

CUMULATIVE CUMULATIVE VOLUME DENSITY 
WT % 

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

/36. 6? 3 0 070 

/38.44 99.6~ 47 0-084 

134.4 7 96.99 I?O 0,/02 

/19./7 e-?.9i5 2~8 0.12. I 

es.o6 b3.1i/ 79 o.z. 7 2. 

66-i?4 47.99 ~8 o.?o9 

~7.0/ 2.6.69 30 0. 60/ 

/6.99 /3.70 8 OAb71 

/3.62.. 9.&2-- 2.0 o.hB! 



DATA FORM - WOOD ASH ANALYSES 

COMBUSTABLE CONTENT ANALYSES 

SAMPLE NO. 1 

INITIAL SAMPLE + CRUCIBLE WT (gm) 3CJ. 3 3 

2 7.62. 

2.7/ 

CRUCIBLE WT 

SAMPLE WT 

FINAL SAMPLE + CRUCIBLE WT 

CRUCIBLE WT 

(gm) 

(gm) 

(gm) 

(gm) 

26.77 

2 7. 62. 

96 

RUN NO: !Z 2 

SAMPLE NO. 2 

.3 2. 49 

29.87 

Z..6 z. 

30.96 

2.9. a 1 

ASH WT (gm) /.I j" %42,44 /·C) 9 %_:1_L_Qo 

COMBUSTABLE CARBON WT (gm) /, i"6 % '5'7. 26 I. 5'3 . % ?8.40 

AVERAGE % INORGANIC ASH: 42.()2. AVERAGE % COMBUSTABLE CARBON: 'f7.29 

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

SIZE 

(mm) 

2.000 

1.000 

.500 

.250 

.125 

.063 

.045 

PAN 

SAMPLE 
+ PAN 

(gm) 

26.92.. 

3 7. '?6 

27.76 

27.46 

2. 6. 9 7 

;d./,?? 

29.20 

SIZE AND DENSITY ANALYSES 

PAN 
TARE 
(gm) 

/7.33 

l/1· 33 
/7.33 

/"?. 33 

/7.33 

/7.33 

17.33 

SAMPLE 
WT 

(gm) 

9.1?9 

ZO.Z3 

/0.43 

/0,/3 

9.64 

4-22 

/1.87 

CUMULATIVE CUMULATIVE VOLUME DENSITY 
WT % 

(gm) (cc) (gm/cc) 

76.1/ /77 (J. 0->4 

66. ?2.. '87.40 .300 0,067 

4b.Z9 oo.ez. 89 CJ, II 7 

3?.e6 47./Z 4.6 o.zzo 
-

.2. ?.73 33.6/ 46 o.Z/0 

/6.09 21.14 /7 o,248 

t;.e7 1?.60 27 0.440 I 
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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 % (gm) 

(gm) 
--------

COMBUSTABLE CARBON WT _____ % __ 

146 

RUN NO: 89 
~~C/,;;. ,;::-/ z ,77&4/V~ .e 
:s/Y.-?J-"..;#~.S I =· U/..f//. 

/ . 

SAMPLE NO. 2 

% ----- ---
% -----

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

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

SIZE 

(mm) 

2.000 

1 .000 

.500 

.. 250 

.125 

.063 

.045 

PAN 

SAMPLE 
+ PAN 

(gm) 

18.71 

24.42 

27.77 

4b.90 

4?.2B 

i!7. eq 

?B.7.3 

SIZE AND DENSITY ANALYSES 

PAN 
TARE 
(gm) 

/7. IZ 

/7,/Z.. 

/7./ z. 

/7,/2 

/7./Z. 

(7,12. 

/7./2. 

SAMPLE 
WT 

(gm) 

/~39 

7.30 

/O.i6-fi 

29.78 

28. J6 

/~. 77 

4/.bl 

CUMULATIVE CUMULATIVE VOLUME DENSITY 
WT % 

(gm) (cc) (gm/cc) 

/ZCj.66 2.6 o.a?O 

/Z6.Z7 98.93 94 0,078 

/20·97 93.30 66 0,/61 

/10.32.. e?.08 6o 0.496 

eo.?4 62./2. ;o o.?63 

?Z~3S 40·40 2./ o,if/3 

4/.6/ 32.07 6? o. 646 



OAT P.. FO?J·: - \-1000 ASH .t,:;AL YSES 

COMBUSTIBLE CONTENT ANALYSES 

INITIAL SAMPLE + CRUCIBLE WT (gm) 

CRUCIBLE WT (gm) 

SAMPLE WT (gm) 

FINAL SN~PLE + CRUCIBLE WT (gm) 

CRUCIBLE WT (gm) 

ASH vH (gm) 

COMBUSTIBLE CARBON WT (om' ~ J 

SA11PL E NO. 1 

c,• 

----- '"---
... 
/o ------- ---

147 

RUN 1~0. 8'3 

FUEL oovG .&/:? 7>"-"AIG":et. 
~45T. ~/#//G"" P//./C" 

SIZE (mm) ;;..ooo 

SAMPLE NO. 2 

:JI _____ ;. __ 
0/ 

-----,1"--

AVERAGE % INORGANIC ASH AVERAGE % COMBUSTIBLE CARBON ------

COMBUSTIBLE CONTENT ANALYSES 

INITIAL SAMPLE + CRUCIBLE WT (gm) 

CRUCIBLE WT (gm) 

SAI~P LE WT ( gm) 

FINAL SAMPLE + CRUCIBLE WT (gm)' 

CRUCIBLE WT (gm) 

ASH WT (gm) 

COMBUSTIBLE CARBON WT (gm) 

SA11PLE NO. 1 

/7.42.. 

/6.73 

0.69 

16. 74} 

16.73 

o.o6 

o.63 

%8.70 

% 9/.[1_0 

----

RUN NO. 69 
·~-

F U E L 2;ocJ<?. .cze t 
.!:.457": .:4'/.#/Tc .;:>/A/C 

SIZE (mm) /, ".:::6 

SA~1PLE NO. 2 

/7.29 

/6.69 

/6.6~ 

/6.6o 

a.o? % 7.2..!? 

- a.b4 %92.Z~ 

AVERAGE % INORGANIC ASH -~7;_··;_q_e __ _ AVERAGE % COi1BUSTIBLE CARBON 92,03 



148 . 
0,!, TA FOPJ-l - v.'OOD ASH P.~:AL YSES 

RUN NO • --'e=-...o9'-----

COMBUSTIBLE CONTENT ANALYSES FUEL i>OVG. ,e'/Z. ?w;,v£ei 
~~T. ~///??r ?/A/C ' 
SIZE (mm) ~- zco 

INITIAL SAMPLE + CRUCIBLE WT (gm) 

CRUCIBLE WT 

SAi~PLE WT 

FINAL SAMPLE + CRUCIBLE WT 

CRUCIBLE ~JT 

P.SH WT 

COMBUSTIBLE CARBON WT 

(gm) 

(gm) 

(gm) 

(gm) 

(gm) 

(gm) 

AVERAGE % INORGANIC ft.SH e.z? 

SAJ.iPLE NO. SAi~PLE NO. 2 

/7.66 /7.64 

/6.91 

0.90 ~-93 

/6.z6 /6. 8/ 

__ o....;... _C:J_,.B"---- 7~ 8. s 9 c:; • 0 8 % 6.bC 

__ o_. _e_z.. __ % 9/. , 1 o .. 8? 

AVERAGE % COt~BUSTI BLE CARBON C) 1.2.6 

RUN NO. 8 ~ 
--=~--

COMBUSTIBLE CONTENT ANALYSES FUEL bovG ;/Z· ?.tAA/Ce. 

INITIAL SAMPLE + CRUCIBLE WT (gm) 

CRUCIBLE WT (gm) 

SAMPLE WT (gm) 

FINAL SAi'JPLE + CRUCIBLE \..JT 

CRUCIBLE \-JT 

ASH \.JT 

COMBUSTIBLE CARBON WT 

(gm) 

(gm) 

(gm) 

AVERAGE ~; IN 0 RGAN i C ASH __ 4-'-8.;:...;;._.?"'-'1.___ __ 

SAl·iPLE NCJ. 

/e. z 2.. 

16 ee 

/7.?3 

16.98 
~, 6'.5' 

C'. 6;; 

I C/?.9": aW/TE' ;z;'/#t::-
'SJZE (mm) c1. 2 .,..~ 

SAI-'iPLE NO. 2 

/8.67 

/7.33 

/7.2_8 

/7~33 

7; -<JS,? I o.6'? % 48. '?/ 

% ~/.49 o.6c:? % 2.1.45. 

AVERAGE % CDr·lBUSTIBLE CARBON 2'1.4'7 



DATA FO?.i·i - ~.~~lOD ASH ;..~;AL YSES 

COMBUSTIBLE CONTENT ANALYSES 

INITIAL SAMPLE + CRUCIBLE WT (gm) 

CRUCIBLE WT 

SJl.I'JPLE WT 

(gm) 

(.gm) 

FINAL SAMPLE + CRUCIBLE WT (gm) 

CRUCIBLE WT (gm) 

ASH WT (gm) 

COMBUSTIBLE CARBON WT (gm) 

P.\'ERAGE ~~ INORGANIC ASH 8~.62-

SA!~PLE NO. 

.M.6/ 

.ZZ.9'? 

/6.6/ 

6-34 

/07 

AVERAGE 0/ 
10 

COMBUSTIBLE CONTENT ANALYSES 

SAfoiPLE NO. 

INITIAL SAMPLE + CRUCIBLE WT (gm) zo . .31 

CRUCIBLE WT (gm) /6.70 

SAI~PLE WT ( gm) . 3.6/ 

FINAL SAMPLE + CRUCIBLE WT (gm) /9.87 

CRUCIBLE WT (gm) /6.70 

ASH WT (gm) 3./7 

COMBUSTIBLE CARBON WT (gm) 0 ·44 

AVERAGE % INORGANIC ASH 87.4-0 AVERAGE % 

% 8?.,7~ 

%/4.2/ 

COit;BUSTI BLE 
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RUN NO. ~9 

FUEL oOf;/G r:"/? ?t/lA/cc/ 
6'45'/ ""///TF 77//l/c:.- , 
S I Z E ( mm) o·./2?. · 

SA1,1PLE NO. 2 

.z3. 9 z.. 

/6.43 

22~83 

/6.43 

6.40 %£37.417 

/,O'=j %/4r ?'? 

CARBON /4.38 

RUN NO. 89 

FUEL~G _c"/Z .Pc~.A/6"£. 

/ tr./?:s-.T: ..c//~/rc ..iD/.n/~ 
; S I Z E ( mm) o. o 63 

SAt·iPLE NO. 2 

/9. i:?l 

/6.77 

% B7.el 2.94 %86.98 

%/2.19 o,44 % /3_oc_ ---

COt~BUSTI BLE CARBON /2 .6t_ 



• 

DATA FOPJ·i - viOOD ASH A;;AL YSES 

COMBUSTIBLE CONTENT ANALYSES 

150 

RUN NO. 89 

FUEL ;;ov,;;_ .C/l!:- ?~Alee 
I G~ ~·W///C P/#c;
/SIZE (mm) o.c42" 

SAI1PLE NO. 1 SAI•1PLE NO. 2 

INITIAL SAMPLE + CRUCIBLE WT (gm~ /9.7.3 

CRUCIBLE WT (gm) /6.61£ /6.78 

SAMPLE WT (gm) Z.b8 

FINAL SAMPLE + CRUCIBLE WT (gm) /~.22.. /9./4 

CRUCIBLE WT (gm) /6,&? /6.78 

ASH WT (gm) 2.37 % BB-43 Z.36 % e;e.a6 

COi'iBUSTIBLE CARBON WT (gm) ~.3/ % /1.?7 ~.3Z- 0/ // 9.~ /0 , . 

AVERAGE % INORGANIC ASH 88.?? AVERAGE % COMBUSTIBLE CARBON //.7~ 

COMBUSTIBLE CONTENT ANALYSES 

INITIAL SAMPLE + CRUCIBLE WT (gm) 

CRUCIBLE WT 

SAI~PLE WT 

FINAL SAI~PLE + CRUCIBLE WT 

CRUCIBLE WT 

ASH WT 

COI·iBUSTI BLE CARBON WT 

AVERAGE 0/ INORGANIC ASH /0 

(gm) 

(gm) 

(gm) 

(gm) 

(gm) 

(gm) 

93.93 

SAJt,PLE NO. 

2/.G/ 

/6.60 

'?. 21 

2fo.4CJ_ 

;e.6o 
4.B9 

o.32. 

AVERAGE % 

RUN NO. &>':? 

FUEL Q2t.~G. _cr1"7;> #LA /Vee 
/ E,.-95'/ d/H/r'C /7//.,.~~-

"SIZE (mrn) ?..4A-/ 

SAt·'lPLE NO. 2 

/6.88 

'?-17 

21.74 

/6, SB 

x 9J.e6 4-66 %94. 00 

% b./4 ()·31 Ol 6 .. oc /0 

COI~BUSTI BLE CARBON 6.oz 



• 

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 ___ ....;,__ % __ 

151 

RUN NO: /o6 

SAMPLE NO. 2 

_____ % __ 

0/ 

-----"'--

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

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

SIZE 

(mm) 

2.000 

1. 000 

.500 

.250 

.125 

.063 

. 045 

PAN 

SAMPLE 
+ PAN 

(gm) 

/8.?7 

2-8.20 

33./1 

6!.75" 

?9-99 

3'5.22.. 

e4.16 

SIZE AND DENSITY ANALYSES 

PAN 
TARE 
(gm) 

/7,/Z. 

/7.12-

/7. 12.. 

/7. 12.. 

/7.12 

/7.1 2. 

/7.12 

SAMPLE 
WT 

(gm) 

/4'? 
/1,08 

/?.99 
44.63 

. 42.,97 

/8./0 

67,CU/- l 

CUMULATIVE CUMULATIVE VOLUME DENSITY 
WT % 

(gm) (cc) (gm/cc) 

ZOI.Ib 2.6 o.o?Z 

/99.71 99."go t7/ o.o6~ 

;e£3.63 93-77 /02. 0./ '?7 

/72.b4 e?.az. 88 C), ?07 

. IZS,O/ 63.64 ·eo 0. ~36 

e?./4 4~-32. . 34 o. ?32. 

b7.o4 . 33.33 /2.0 o. ??9 



DAT /J. FORI·~ - \.:OOD ASH A~;AL YSES 

C01·1BUSTIBLE CONTENT At~AL YSES 

SAJ'.PLE NO. 1 

INITIAL S.!:.l·i?LE + CRUCIBLE WT (gm) 

CRUCIBLE WT (gm) 

SAI·1PLE WT (gm) 

FINAL SAI•1PLE + CRUCIBLE WT (gm) 

CRUCIBLE WT (gm) 

ASH \.JT (gm) % -------

COJl,BUSTI BLE CARBON WT (gm) % -------

152 

RUN NO. _,_A=-~-""6:...___ 

FUEL ~/G /-/£ 77b'JAIG".C:.. 
/ t01fT. p/§/.rF .7?//J/~ 
"SIZE (mm) z~coo 

SAt·1PlE NO. 2 

% ------ --
% 

AVER.ll.GE ~~ INORGANIC ASH AVERAGE % COMBUSTIBLE CARBON -----------

COMBUSTIBLE CONTENT ANALYSES 

SAJ•1PLE NO. 

INITIAL SAMPLE + CRUCIBLE WT (gm) 2,b.00 

CRUCIBLE WT (gm) 2 2.28 

SAMPLE WT (gm) o.7Z 

FINAL SAI•iPLE + CRUCIBLE WT (gm) 26".,12 

CRUCIBLE WT (gm) 2.?.28 

ASH WT (gm) o.a7 

COMBUSTIBLE CARBON WT (gm) o.65 

AVERAGE % INORGANIC ASH //.// AVERAGE % 

RUN NO. /o6 

FUEL dOYG. ;-/e ;z:::;,..AA/¢·:C.. 
f G"/J'S'r: C:V#/Tc ::•w.....ve::--

/ SIZE ( mm) /.c:JC/0 

SAHPLE NO. 2 

.2.. 9.09 

Z8.37 

o. 72. 

29.46 

2.6.37 

7;C),7Z.. C',09 %~0 

% 'JO. 2.6 c.63 % 87.50 

COI·1BUSTI BLE CARBON 88.89 



o.; T fl. FOR!·i - v:OOD ASH ,c..;;AL YSES 

COMBUSTIBLE CONTENT ANALYSES 

INITIAL SAMPLE + CRUCIBLE WT 

CRUCIBLE WT 

SAMPLE WT 

( am\ 
~ I 

(gm) 

(gm) 

FINAL SAMPLE + CRUCIBLE WT (gm) 

CRUCIBLE WT (gm) 

ASH WT (gm) 

COMBUSTIBLE CARBON WT (gm) 

SAI1PLE NO. 1 

29.25' 

/ • .33 

2,8.02.. 

2,7.92. 

o,/0 

/, 2.3 

.. 
7o 
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RUr~ NO. /o6 ...!....!:o~--

FUEL l>cVG. P/.Z ~A/e-~ 
r b/Jsr: d.'/.//Te- ~//',/c?" 

" SIZE (mm) a. ?OO 

SAt•iPLE NO. 2 

2,7. Z/ 

2?.98 

2?.85 

!: 5'Z ~-/3 
Of 9.?6 ic 

%92.48 /,23 %96.44· 

ft.VERAGE % INORGANIC fl.SH 8.?4 AVERAGE % Cm·1BUSTI BLE CARBON CJ 1,46 
--~~--

COMBUSTIBLE CONTENT ANALYSES 

INITIAL SAMPLE + CRUCIBLE WT (gm) 

CRUCIBLE WT 

SAf~PLE WT 

(gm) 

(gm) 

FINAL SAi'1PLE + CRUCIBLE WT (gm) 

CRUCIBLE WT (gm) 

ASH WT (gm) 

COMBUSTIBLE CARBON WT (gm) 

AVERAGE% INORGANIC ASH 49.32 

S.DJ•lPLE NO. 

ze.sz.. 
/. 9Z. 

.29. 75" 

..28. 62 

0.93 

o. 99 

fl.VERAGE % 

RUN NO. /cJ6 

FUEL ~G. R£ ;z::l::AAJC2::... 
I CA'$'/t«/-o//.TC }0/A/e

tSIZE (mm) Ci. z.zo 

SAI·1PLE NO. 2 

29-/? 

27./6 

/. 99 

z.e./6 

27. 16 

%48.44 /.06 0/ 5'0.2.? 10 

% ?J. 56 0.99 % 49.7? 

COHBUSTIBLE CARBON 50.~b 



DATA FORI·~ - v!OOD ASH A~iALYSES 

COMBUSTIBLE CONTENT ANALYSES 

INITIAL SA~PLE + CRUCIBLE WT (gm) 

CRUCIBLE WT 

SAt~PLE WT 

FINAL SAMPLE + CRUCIBLE WT 

(gm) 

(gm) 

SAI1PL E NO. 

32.38 

2.6. 71 

3/.70 

E.h. 71 
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RUN NO. /06 

FUEL b::JvG. PE /?::'.4#62::
i' C".-?f/. .a;-#/rC :P/~ 

"S I Z E ( mm) d./ 2 2 

?.62. 

CRUCIBLE WT 

f:.SH WT 

COMBUSTIBLE CARBON WT 

(gm) 

(gm) 

(gm) 

(gm) 

__ 4_-....£'7_...9 __ 7; ea.o1 __ 4....:...=..... 9"-4_,__ ~~ e 7 ... 9o 

__ o_._6_8;;___% //.99 __ 0_.6~8 __ % 12./C> 

AVERAGE ~{ INORGANIC ASH 67.% ---'='------- AVERAGE% COt1BUSTIBLE CARBON 12,0'? 

COMBUSTIBLE CONTENT ANALYSES 

INITIAL SAMPLE + CRUCIBLE WT (gm) 

CRUCIBLE WT (gm) 

SAMPLE WT (gm) 

FINAL SAMPLE + CRUCIBLE WT (gm) 

CRUCIBLE WT (gm) 

ASH WT (g~) 

COMBUSTIBLE CARBON WT {gm) 

.D.VERAGE% INORGANIC ASH 89 .. ;?'6 

SA1·1PLE NO. 1 

3 z.. 2"2 

2-7.2? 

3;!.00 

27.2~ 

4.7? 

0,?5 

% 89.6Z 

%/0.38 

AVER.C!.GE % COI'JBUSTI BLE 

RUN NO. A:76 
~'-=---

FUEL ~G F/Z. ?~Ale&. 
I G""4P":' d"/.#/ n: 7//fo'c

/SIZE (mm) c;.c:J63 

SAl·1PLE NO. 2 

32 .. 68 

2.7.44 

3Z. /.3 

27.44 

4.69 01 81:},. ?O 10 

0.?2 '~/a. ?o 

CARBON /0.4L1 



• 

OAT P.. FOPJ" - ~:OOD ASH ,t..~;AL YSES 

COMBUSTIBLE CONTENT ANALYSES 

SAJ·1PL E NO. 

INITIAL SAMPLE + CRUCIBLE WT (gm) 

CRUCIBLE WT (gm) 

SAt'JPLE WT (gm) 4.46 

FINAL SAt'JPLE + CRUCIBLE WT (gm) 29·2$" 

CRUCIBLE WT (gm) 2~. ?2. 

ASH WT (gm) 4.03 

COMBUSTIBLE CARBON WT (gm) o.4 '5" 
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RUN NO. /06 

FUEL Z>dt:-~G. r/L!! .?uA/t::Z::. 
/ ¢:9~ "/#/rc- .:D//J/C 

/SIZE (mm) t:J.042 

SA1•1PLE NO. 2 

31.99 

27. 2'"6 

4.43 

31-~4 

.2. 7. '56 

%e2. 96 3.9S % 69.8~ 

%AJ.CJ4 o.4? % ,10. /6 

.n.VERAGE% INORGANIC ASH 89.96 AVERAGE % COMBUSTIBLE CARBON ;'t:)./0 

COMBUSTIBLE CONTENT ANALYSES 

INITIAL SAI•iPLE + CRUCIBLE WT (gm) 

CRUCIBLE WT 

SAt"PLE WT 

(gm) 

(gm) 

FINAL SAI·iPLE + CRUCIBLE WT (gm) 

CRUCIBLE WT (gm) 

ASH WT (gm) 

COMBUSTIBLE CARBON WT (gm) 

AVERAGE ~~ INORGANIC ASH ---'<:?~4.!...:..~5:.....!/ __ 

SAJ•iPLE NO. 

33.66 

8.32. 

~·49 

Z?. 5'4 

7.9~ 

0.37 

AVERAGE % 

RUN NO. /06 

FUEL ~G r/Jf' .At/J/Z1c.C: 
/ C;9S"/. a/~/.r¢ .P//1/'c 

/ SIZE (mm) y.AI 

SM·1PLE NO. 2 

% <J~.!J!i 

%4.=f? 

COHBUSTI BLE 

z6.7Z

S.41 

34.38. 

Z.6.5.2 

7.86 

0.52 

%_!Z3.46 

% 6. ?-4 

CARBON ? .. ?0 
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0 0.20 0.40 

% COMBUSTIBLE MATERIAL IN CARRYOVER 
vs. 

PARTICLE SIZE 
DOUGLA5 FIR { £A-:,T£/(N WHIT£ PIN.C 

1(UN NO. 89 

0.60 0.80 

PARTICLE SIZE (mm) 

1.0 1.2 1.4 1.6 



100 

80 

60 

40 

20 

0 

w 
_J 

co ,___. 
I
V') 
::::> 
co 
::E 
0 
u 

Ctl! 

0 0.20 0.40 

% COMBUSTIBLE MATERIAL IN CARRYOVER 
vs. 

PARTICLE SIZE 
DOUGLAS FIR ~ EASTERN WHITE PIN£ 

l?UN NO. !06 

0.60 

• 

0.80 

PARTICLE SIZE (mm) 

1.0 1.2 1.4 1.6 




