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SUMMARY 

This report concerns a study sponsored by Associated Oregon 

Industries to better understand the effects of wood waste burning 

on atmospheric pollution levels. The study was conducted in a 

small valley area with a relatively large number of teepee waste 

burners and relatively poor quality air. Particulate emissions for the 

area were estimated and air quality measured for approximately 

three months. Teepee burners were found to contribute the great 

majority of particulate matter found in the atmosphere. The air quality 

of the area was generally unsatisfactory according to regulations of the 

State of Oregon. 

Suggestions were made for improving the operation of existing 

waste burners. Modifications to existing burners were proposed. 

Alternate systems of waste disposal by incineration in multiple 

chamber incinerators or steam- electric plants was briefly analyzed 

along with cost estimates of such systems. Much work remains to 

be completed if the problems of air pollution resulting from wood 

waste burning are to be solved to the satisfaction of all concerned. 

Because of the complexity of the air pollution problem and its 

effect on the economy of a community, a cooperative approach to a 

solution should be made by citizens, industry, research agencies 

and regulatory groups, rather than by arbitrary regulation. 
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INTRODUCTION 

The lumber and plywood manufacturing processes generate large 

quantities of residue or waste material. Some of this material is 

converted to useful by- products such as chips for pulp, particle 

board, Presto logs, and even heat which is utilized for electrical 

power or steam. The remaining residue is usually incinerated at 

the mill site in a teepee - shaped, single- walled, steel waste burner. 

The amount and type of residue fed to the waste burner depends 

upon the practices of the particular mill, species of log being processed, 

and mill location with respect to by- product markets. All three of these 

factors are variable so the fuel fed to the burner may be expected to 

also vary with the passage of time. 

The ratio of residue to the amount of lumber or plywood produced 

from a log has changed little during the last 10 years 1, Z. Increased 

demand for chips by the paper industry has resulted in many mills 

installing barkers and chipping all slabs, edgings, and trim. The 

elimination of these coarse residues from the waste burner allows the 

remaining waste to pack into a more compact fuel pile with less voids. 

The net result is poorer combustion characteristics and a smoky, 

cinder discharging burner even though the total fuel input is less. The 

bark which was previously fired as part of the slabs and edgings is 

also fed to the burner as small pieces which further tend to pack the 

fuel pile and aggravate the situation even more. Species such as 

Hemlock and White Fir are being cut today which are not as desirable 

a fuel for the burners as Douglas Fir and Pine. Their higher moisture 

content and different chemical composition result in a fuel that has some- 

what different combustion characteristics. 
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The waste burner picture has not improved during the past 10 years 

as some had predicted. If anything it has deteriorated because of the 

aforementioned factors. The general public has noticed that the burners 

still smoke and discharge large amounts of cinders. They wonder how 

long these sources will continue to be a major air pollution problem in 

areas where logs are processed to lumber and plywood. 

Past studies have been conducted on teepee type waste burners 3' 4 

and the results reported are still valid today if the factors of type of 

wood and type of waste are considered and applied. The authors of this 

report have demonstrated that the results of the previous studies can be 

applied to waste burners with a significant improvement in combustion 

along with a corresponding decrease in the release of air pollutants. 

The Oregon State Sanitary Authority has realized that the teepee 

burner is a major source of air pollution in the state. They have issued 

directives through the Air Quality Control section specifying design 

and operating criteria to minimize atmospheric pollutions. At the 

present time the Sanitary Authority is considering regulations which 

will apply to both existing waste burners as well as those which may be 

proposed in the future. 

One of the areas of Oregon from which a number of complaints 

concerning waste burners have been made known to the Sanitary Authority 

has been the Bear Creek Valley area of Jackson County. The Air Quality 

Control section has investigated these complaints and has taken samples 

of the atmospheric pollution of the area which indicate that these com- 

plaints were justified. The pollution in several portions of the Bear Creek 

standards() Valley was reported to exceed the set by the State of Oregon. 
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Some of these investigations were reported in a publication of the Sani- 

tary Authority 

Extreme concern over the deterioration of air quality in the Bear 

Creek Valley was voiced by many. The Sanitary Authority was charged 

with maintaining air of a desirable quality over the state and the air in 

the valley did not meet the minimum standard. Citizens of the valley 

were concerned that poor air quality was detracting from the beauty 

of the valley and possibly driving away both residents and tourists. 

Probably the most concerned were the mill owners themselves who 

could forsee their burners being regulated out of existence. Such a 

regulation could also lead to the mills being forced to close because of 

a lack of alternate means of economic disposal. 

A group of the most progressive mill operaters in the area formed 

a committee to see what could be done to enable them to minimize the 

atmospheric pollution from the combustion of wood residues. This 

committee met several times with staff members from Oregon State 

University in an effort to find an answer to their problem. As a result 

of these meetings a study was proposed by the Engineering Experiment 

Station of Oregon State University to investigate the disposal of wood 

wastes by combustion. Since the problem was state wide, the original 

committee decided to work through Associated Oregon Industries to 

sponsor the study. The proposal that was submitted by the Engineering 

Experiment Station to Associated Oregon Industries is included in the 

Appendix of this report. 

The project was officially started July 1, 1964 with the presenta- 

tion of a conference, "The Effects of Wood Residue Utilization and 

Disposal on Air Quality ", held in the Jackson County Extension Audi- 

torium in Medford, Oregon. At this conference the purposes of the 
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project were explained to over 30 representatives of the forest industry 

of Southern Oregon. 

The field study was conducted during the months of July, August, 

and September, 1964, with some air sampling equipment left in the 

Medford area for additional atmospheric analysis during October, 

November, and December. A graduate student from Oregon State 

University, Mr. Boris Pavelka, conducted the field study under the 

supervision of Professors G. E. Thornburgh and R. W. Boubel of the 

Mechanical Engineering Department of Oregon State University. 

Monthly progress reports were submitted to Associated Oregon In- 

dustries. The progress reports are included in the Appendix. 
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OBJECTIVES 

The wood waste residue incineration dilema can be divided into 
two phases. The most immediate and pressing problem is to achieve 

maximum efficiency with the existing burners in order that atmospheric 

pollution can be minimized until such time as the burners are eliminated 

by virtue of total timber utilization or replaced by alternate methods of 

disposal. The second consideration is for a preliminary study of 

alternate methods for wood waste disposal. 

Three specific objectives were proposed. Field studies, sampling 

programs, and reports were directed toward the accomplishment of 

these objectives. The objectives were: 

1. The wood waste burner at each of the mills in the Bear Creek 

Valley would be critically examined. A confidential report of the 

findings would be prepared for the individual mill owners giving 

recommendations on how to reduce atmospheric emissions as much 

as possible from the existing burner. A summary of the results of 

this phase of the study would be included in the final report without 

specifically identifying the individual mills involved. 

2. Meteorological and air quality data would be collected. Analysis 

of these data would be used to compile additional information con- 

cerning air pollution factors in the Bear Creek Valley. Predictions 

would be made of pollution levels at other times of the year by 

relating meteorological, seasonal, and air quality data. 

3. A preliminary study would be conducted to determine the feasi- 
bility and costs of alternate methods of wood residue disposal along 

with estimates of air quality expectations if the alternative methods 

were utilized. 
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METHODS AND EQUIPMENT 

Several burners in the Bear Creek Valley were tested to determine 

their characteristics. They were instrumented and then tested under 

typical operating conditions. The instruments and equipment used to 

evaluate individual burners were similar to those used on other burners 

and reported in Bulletin No. 39 of the Engineering Experiment Station3. 

Cinder discharges from the burners were estimated rather than measured 

to cut down on the time and expense of the tests. Previous experience 

has shown that correlation of cinders with burner exit gas temperature 

is valid. General data included Date and Species of Fuel. Data taken 

every 10 minutes included Time of Day, Visual Smoke Indication, Air 

Temperature, Gas Exit Temperature, and Measured Draft at the Burner 

Base. The Theoretical Draft and Ratio of Actual Draft to Theoretical 

Draft were calculated and entered on the data sheet. Remarks on burner 

operation and other information of interest were also entered. A sample 

data sheet is included in the Appendix. 

A information data sheet was compiled for every burner in the valley. 

This sheet listed information concerning the physical characteristics 

of the burner, the draft system, and conveyor system. Quantitative data 

concerning the amount of fuel fed to the burner were estimated and 

listed on this sheet. These quantities were checked against expected 

amounts computed according to the methods outlined in Bulletin No. 39 

of the Engineering Experiment Station3. Any pertinent remarks 

concerning the mill or burner were also entered. A copy of the in- 

formation data sheet is included in the Appendix. Sketches of the 

burner and grate system were made in the field to accompany the in- 

formation sheet. Photos of each burner were also taken. Professors 

Thornburgh and Boubel and Mr. Pavelka visited each burner to gather 
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additional information which was used for the individual letter reports 

to each mill owner. 

The emissions inventory of the valley involved an estimation of 

the amount of particulate matter released to the atmosphere from 

all known sources in the area. Emission factors obtained from the 

U.S. Public Health Service were used for this estimation$. These 

factors are included in the Appendix. Emission sources were evaluated 

through data supplied by various city, county, state, and federal 

agencies. These sources are tabulated in the Appendix. The amount 

of material burned in Teepee waste burners and mill power and 

steam plants was obtained from data gathered at each individual mill. 

The determination of house size, type of heat, number of back- 

yard incinerators, and number of fireplaces was obtained by taking a 

1% stratified random sample of the residences in the valley. The 

method used was as described in the Handbook of Area Sampling9. 

The data sheet used for the collection of these data is included in the 

Appendix. 

Air sampling methods were those used by state and federal agencies. 

The three types of pollutants of interest were particulate of large 

enough size to settle from the air which were collected in a dustfall 

jar10, particulate of small enough size to essentially remain sus- 

pended in the air which were collected on a filter11, and material 

capable of causing soiling which was collected on another filter12. 
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A photo of the airport sampling station is shown as Figure 1. In 

Figure 1 Airport Sampling Station. 

the foreground is the sampler for collecting suspended particulate mat- 

ter. Air is drawn through an 8 inch by 10 inch glass -fiber filter at 

about 60 cubic feet per minute. The filter is weighed before and after 

the prescribed sampling period (8 hours at the airport and 24 hours 

at the extension center and the courthouse) and the weight gain related 

as the suspended particulate matter in micrograms per cubic meter 

of air. 

The dust fall jar is the polyethylene container visible in Figure 1. 

Settleable particulate was collected in the container which was parti- 

ally filled with distilled water. The container was emptied periodically 

and the collected material weighed. The results were reported as tons 

of dustfall per square mile per month (30 days). 

e_ 
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Immediately behind the filter and dustfall stand in Figure 1, the 

shelter for the paper tape soiling index sampler is visible. The soil- 

ing index was only determined at the airport and courthouse as only 2 

samplers were available. Figure 2 shows the soiling index sampler 

on the courthouse roof. Air is drawn through the paper filter tape at 

Figure 2 AISI Paper Tape Sampler 

a fixed rate by a constant volume pump. The tape advances every 2 

hours resulting in a series of soiled spots on the tape. The soiled 

tapes were "read" on an instrument which indicated the amount of 

light transmission through the soiled tape (clean tape transmits 100% 

of the light while an opaque body would transmit 0% of the incident 

light). The results were reported as the soiling index, or COH unit, 

which is computed from the formula: 
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COH (2 - log % transmittance) 100 
1000 lineal feet ft3 1 

minx ft of filter area x 1000 

Figure 3 shows the sampling station at the State Extension Center 

at the south edge of Medford. During operation, the filter was enclosed 

to protect it from the elements. The protective cover was removed to 

Figure 3 Extension Center Sampling Station. 

more clearly show the sampler in the photo. 

Each of the sampling stations were attended by volunteers on 

week days. On Saturday and Sundays the courthouse station and ex- 

tension center station were attended by a paid high school student. 

The airport station was attended on weekends by the same personel 

which attended it during the week since the U.S. Weather Bureau 

Station was manned 24 hours per day, every day of the year. 

Computer programs for the data and its analysis were compiled 

at the Oregon State University Computation Center. Although not 
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exceptionally involved, the programs were never the less unique and 

might be of future use in similar studies. All programs are on file at 

the Computation Center Library if needed. 

Cost analysis data for existing waste burners as well as alternate 

disposal methods were developed from many sources and contact with 

persons in the field. Two excellent references are available which 

explain costs of electrical power generation using wood residue as a 
13,14 fuel Cost breakdowns used 'n the analyses are included in the 

Appendix. Computer programs have been prepared which would give 

minimum costs for optimum location of disposal sites. Such opti- 

mumization was not done for this study as only approximate costs 

were desired in keeping with the objective of only determining the 

feasibility of alternate disposal methods at this time. 
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RESULTS AND DISCUSSION 

Tests on typical waste burners in the valley indicated that the 

burners were capable of doing a reasonable job of consuming the waste 

if they were properly maintained and operated. The critical period 
was during start -up when low temperatures and correspondingly high 

excess air occurred with the resulting excessive smoke and cinder 

discharge. A summary of pertinent results from the actual tests of 

the burners is shown as Table 1. 

Mill 
No. 

Test 
No. 

Fuel Specie Fuel Type Max Temp 
Observed 

°F 

Min Temp 
Observed 

°F 

Time from start 
to first "no" 

smoke 

1 1 White Fir Sawdust, Rough 875 560 1 hr. 40 min. 
Bark 

1 2 " " " " " 790 575 5 hr. 20 min. 

2 1 Doug Fir " " " 570 380 30 min. 

3 1 White Fir Sawdust, Rougi 885 615 1 hr. 30 min. 
Shavings, Bark 

3 2 It " " It It it 830 585 2 hr. 50 min. 

4 1 " " " " " " 

n 

470 - -- Smoked all day 

4 2 If " " " " " 675 495 6 hr. 10 min. 

4 3 Doug Fir Sawdust, Rougi 600 520 6 hr. 50 min. 
Bark 

Table 1. Summary of Waste Burner Tests Near Medford, 1964. 
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The burners tested were all the same general type being fed with 

approximately the same species and type of fuel. Differences in operat- 

ing procedures were the main variable observed between the different 

burners. All of the burners would be described as being in fair to 

good condition. All had forced draft and grate systems which were 

operative at the time of the testing. 

Examination of Table 1 indicates the problems of wood waste in- 

cineration in the area. While the recommended exit gas temperature 

when burning Douglas Fir need only be 500 °F to minimize smoking, 

it should be a minimum of 600° F for White Fir and other similar 

species. The recommendations made several years ago4 that the exit 

gas temperature be maintained within the range of 600 °F to 900 °F 

are still the best criteria for smokeless operation. Note that several 

burners studied were observed operating at temperatures near 900 °F. 

No damage due to high temperature was noted on any of these burners. 

Operation at 600 °F to 900 °F will require that the excess air be control- 

led between 200% and 400% by means of a variable draft system. 

To achieve optimum firing of the waste burner, several changes 

must be made. (1) The forced draft system must be modified so that 

some means of controlling the amount of air fed under the fire is 

available. The least expensive system is placement of variable dampers 

either before or after the fans. (2) The overfire air system must be 

modified so that some means of controlling the amount of air over the 

fire is available. Sliding doors on the air inlets or barometric type 

dampers in the inlet ports are needed. The barometric dampers tend 

toward more automatic control but are more susceptible to damage and 

sticking. (3) A temperature measuring device must be used to indicate 
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the exhaust gas temperature at the top of the burner. Such an indicator 

allows the air systems to be properly adjusted. The best and least 

expensive system consists of a thermocouple at the top of the burner 

with an indicating pyrometer at ground level. Such a system may 

be installed for approximately $300. Specifications for a satisfactory 

system along with a sketch of the system is included in the Appendix. 

(4) Once the burner is equipped with overfire and forced draft control 

systems and a thermocouple for temperature indication, a written 

log of time of day, draft settings, exit gas temperature, type of fuel, 

etc. should be maintained. Various procedures should be tried and 

the results entered into the log for reference. Once a satisfactory 

procedure is settled upon, only slight modifications should be needed 

to fire the burner with a minimum of smoke and cinders. Such a pro- 

cedure, as outlined in steps 1 - 4 was followed at one mill in the Bear 

Creek Valley and the burner operated with a very minimal discharge 

(see Table 1, burner No. 2). (5) The possibility of using a gaseous 

fuel as an auxiliary fuel to start the fire and maintain proper operat- 

ing temperature is being investigated. Table 1 illustrates the long 

start -up period with its corresponding smokiness which is typical 

of teepee burners. Use of gas as an auxiliary fuel would reduce the 

length of the start -up period and eliminate most of the severe smoking. 

(6) Other improvements suggested in previous publications3' 4 still 

apply. These include proper burner sizing, closure of access doors 

and conveyor openings to cut down on excess air, periodic cleaning 

of grates to ensure proper air supply and distribution, introduction of 

shavings and sawdust as low as possible into the burner to reduce 

cinder emissions, tangetial overfire air ports to establish a vortex 
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action within the burner, fueling the burner at as near to a uniform rate 
as possible, and maintaining the burner and all of its auxiliary equipment 

properly. (7) Other possibilities are as yet untried but could probably 

be used to advantage if properly applied. These include intermediate 

fuel storage to give a constant feed to the burner, using recirculated 

gases or direct heat exchange to raise the temperature of the combus- 

tion air supplied to the burner, mechanical air movement of overfire 

air to achieve better control of volume and direction, use of other 

materials for burner construction which would permit higher operating 

temperatures, and use of meteorological forecasting to predict periods 

of burner operation to minimize air pollution. (8) Because of varia- 

tions in rate at which fuel is fed, variations in type of waste and varia- 

tion in moisture content of waste at least a part time fireman should 

be assigned to the burner. His duties should be such that he can 

devote full time to the burner if such is required. He should under- 

stand the needs of the burner for proper combustion much as the 

fireman of a steam generating unit does. 

Wood residue consumed by combustion at the mill site amounted 

to a large quantity of material in the valley. Tabulation at the mills 

indicated the following amounts to the waste burners: 431 tons of saw- 

dust per day, 16 tons of sander dust per day, 168 tons of shavings per 

day, 552 tons of bark per day, and 689 tons of rough stock, such as 

slabs, edgings, and trim, per day for a total of 1856 tons each work- 

ing day. If this were placed in railroad chip cars, it would take about 

75 cars per day to remove the waste from the mill site. This amount 

is now being consumed by the teepee burners of the valley. In ad- 

dition, the mills are burning about 300 tons per day in furnaces to 
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generate steam for kilns or electrical power for mill use. 

The tremendous amount of wood residue burned daily in the valley 

places the greatest share of the blame for the airborn particulate on 

the lumber industry. This can be observed in Table 2 which lists the 

emissions from all sources in the Bear Creek Valley from the emis- 

sions inventory. 

The particulate emissions charged to the lumber industry varies 

from 90% to 96% of the total released from all sources. It is obvious 

that anything that could reduce the emissions from the lumber in- 

dustry would result in nearly a direct equal improvement in the air 

quality of the valley. It should be noted that neither the emission 

inventory nor Table 2 take into account the tremendous particulate 

burden released during periods of orchard heating. When orchard 

heating, to prevent frost damage, is being conducted it releases 

several orders of magnitude more particulate than the mills of the 

area. 

The meteorology of the Bear Creek Valley is another factor which 

couples with the high particulate emission rate to cause the critical 

air pollution problem of the area. Several meterological and geo- 

graphical factors are detrimental to particulate dispersal. A sur- 
rounding range of mountains has an elevation of one to four thousand 

feet above the valley floor. A low wind speed exists (average 4. 7 mph 

at the surface) to heights of several hundred meters. Up -slope and 

down -slope wind conditions give a sloshing effect to the atmosphere 

rather than a complete change in a given period of time. 

Radiation inversions are a common factor of the area. This 

results in a stable air condition with poor pollution dispersal. 



Values listed are weight of particulate emitted in pounds per day with percentage of total loading underneath. 

SOURCE OF 
EMISSIONS Jan. Feb. March April May June July August Sept. 
Home Heating and 
Fireplaces (Includes 
Apartments) 

2,413 
4.60% 

1,954 
3.76% 

1,242 
2.42% 

782 
1.53% 

479 
0.94% 0 0 0 

479 
0.92% 

Incineration - Stores 30 30 30 30 30 30 30 30 30 

Markets, and Backyard 0.06% 0.06% 0.06% 0.06% 0.06% 0.06% 0.06% 0.06% 0.06% 

Field Burning, Agri- 
culture and Land 0 0 0 0 0 0 

- 
0 

2,000 
3.82% 

1,000 
1.93% 

Clearing 
Automobile Wrecking 1, 250 1,250 250 1,250 250 1,250 250 1, 250 1, 250 1, 250 1,250 250 1, 250 

and Burning 2.38% 2.38% 2.38% 2.38% 2.38% 2.38% 2.38% 2.38% 2.38% 

Industry - Includes 32 32 32 51 51 60 60 60 60 

Rock and Construction 0.06% 0.06% 0.06% 0.10% 0.10% 0.12% 0.12% 0.12% 0.12% 

Gasoline Burning 400 400 450 450 450 500 500 500 500 

Motor Vehicles 0.76% 0.77% 0.88% 0.88% 0.89% 0.99% 0.99% 0.95% 0.96% 

Diesel Burning 900 900 1,000 1,000 1,100 1,100 1,100 1,100 1,100 
Motor Vehicles 1.72% 1.73% 1.94% 1.96% 2.17%n 2.18% 2.18% 2.10% 2.12% 

Sawmill Steam and 6, 600 6, 600 6, 600 6, 600 6, 600 6, 600 6, 600 6, 600 6, 600 

Power Plants 12.58% 12.70% 12.83% 12.95% 13.00% 13.11% 13.11% 12.60% 12.73% 

Sawmill and Plywood 40,821 40,821 40,821 40,821 40,821 40,821 40,821 40,821 40,821 

Teepee Waste Burners 77.84% 78.52% 79.38% 80.38% 80.38% 81.06% 81.06% 77.96% 78.75% 

Summation 52,446 51,987 51,425 50,984 50,781 50,361 50,361 52,361 51,840 
100% 100% 100% 100% 100% 100% 100% 100% 100% 

Oct. Nov. Dec. 
1,242 1,936 2,413 
2.41% 3.73% 4.60% 

30 30 30 
0.06% 0:06% 0.06% 

1,250 1,250 1,250 
2.38% 2.38% 2.38% 

51 32 32 

0.10% 0.06% 0.06% 

450 400 400 
0.87% 0.77% 0.76% 

1,000 900 900 
1.94% 1.73% 1.72% 

6, 600 6, 600 6, 600 
12.83% 12.70% 12.58% 

40,821 40,821 40,821 
77.36% 78.54% 77.84% 

51,444 51,969 52,446 
100% 100% 100% 

Table 2. Daily Particulate Emissions in the Bear Creek Valley. 

- 

0 0 0 

- 

- - - - - - - - 
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Inversions occurring during the winter months are apt to last for several 

days but during the summer they are generally broken by noon or earlier 
due to the heating by the sun. A more complete discussion concerning 

the meteorology of the area maybe found in the 1960 report of Air 

Pollution in Medford, Oregon7. Further analyses are presently being 

conducted by various groups and persons and will be reported at a 

later date. 

The measurement of air quality, made during this study, was very 

informative. The results are not only significant by themselves but 

are of interest when compared to previously reported air quality 

data. Air quality, for purposes of this study, was determined only 

for settleable particulate, suspended particulate, and soiling index. 

Settleable particulate, sometimes referred to as fall or fall- 

out, was measured at all three of the sampling stations. The dust - 
fall jars were changed daily to determine if a daily variation existed 

in the amount of material settling out of the air. The data obtained 

are shown in Table 3. 

Dustfall, Tons per square mile 
, Courthouse 

per month 
Extension Center Day of the Week Airport 

Sunday 44.8 47.0 16 . 2 

Monday 41.1 66.0 65.7 
Tuesday 58.7 40.9 73.3 
Wednesday 27.5 72.3 63.9 
Thursday 58.7 59.2 41.1 
Friday 45.1 41.1 58.2 
Saturday 74.2 41.1 40.2 

Table 3. Dustfall in Medford During August and September, 1964. 
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Statistical analysis of the dustfall data by the analysis of variance 

procedure indicated no significant difference (5% level) between 

samples taken at the different stations or samples taken on different 

days. 

The background level of dustfall determined by the State Sanitary 

Authority during this period was 5.3 tons per sq. mi. per month. The 

dustfall at the sampling stations therefore ranged from 10.9 tons per 

sq. mi per month to 68.9 tons per sq. mi. per month above background 

with a mean of 46.0 tons per sq. mi. per month. Since the State of 

Oregon considers anything greater than 15 tons per sq. mi. per month 

above background as excessive in residential and commerical areas, 

the dustfall level was far from being acceptable during the sampling 

period. Of the three sampling, stations, only the extension center was 

within 1/2 mile of an operating waste burner and low enough to receive 

cinder fallout. This probably explains the variation between days at 

this site and also the low Sunday reading. The other two stations 

were at least 30 feet above the ground and more than a mile from the 

nearest waste burner. Any particulate falling into these collection 

jars represented the general atmospheric burden rather than any local 

effect. Data from approximately the same locations taken in March 
7 

to September of 1959 ranged from 10.4 tons per sq. mi. per month 

to 50.2 tons per sq. mi. per month above background with a mean of 

29.4 tons per sq. mi. per month. It would seem that dustfall in the 

valley has increased rather than decreased as one would hope. Dust 

fall represents a real and serious problem to the Bear Creek Valley. 

Suspended particulate matter, known technically as aerosols, 

consists of smoke, dusts, and fumes which are solid and droplets of 

- 

,. 
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viscous liquids. It varies in size from well below 1 micron to approxi- 

mately 100 microns 15. Suspended particulate was measured at all 
three sampling stations. At the airport station the particulate was 

sampled for 8 hour periods to determine if a cyclic time factor was 

significant. At the extension center and the courthouse, the samples 

were taken for a 24 hour period, 11:30 A. M. to 11:30 A.M. The 8 

hour samples at the airport were combined to give a 24 hour sample 

for comparison with the other 24 hour samples. Values were 

reported as the standard unit, micrograms per cubic meter of air 
sampled. Data obtained at the airport station are shown in Tables 

4 and 5. 

Day of the Week Suspended Particulate Matter, micrograms/ cubic meter 

Sunday 38.0 
Monday 64.7 
Tuesday 79.3 
Wednesday 57.3 
Thursday 60.0 
Friday 58.3 
Saturday 48.7 

Table 4. Average Suspended Particulate, Airport Station, 8 -21 -64 to 
11- 11 -64. 

Time of Day Suspended Particulate Matter, micrograms /cubic meter 

0330 - 1130 72.1 
1130 - 1930 54.9 
1930 - 0330 47.7 

Table . Average Suspended Particulate, Airport Station, 8 -21 -64 to 
11- 11 -64. 
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Statistical analysis of the suspended particulate at the airport, 

by the analysis of variance procedure, indicated that the differences 

between the day of the week and the time of sampling were both sig- 

nificant (5% level). The interaction was not significant. The lowest 

particulate value was observed on Sunday with the next lowest on 

Saturday. This would appear to indicate that some source, or sources, 

which shut down on the weekend were responsible for a large share 

of the suspended particulate matter. Teepee waste burners fit this 

category. The highest suspended particulate occurred between 3:30 

A. M. and 11:30 A. M. This was the period when the mills were 

starting operation and the waste burners were smoking the most. 

Suspended particulate data for all three stations are compared 

in Tables 6 and 7. These values are less than those of Table 4 and 

5 because they are reported for August, September, and October 

only. The data of Tables 4 and 5 were analyzed for the month of 

November also when particulate dispersal was severely hindered by 

the increased inversion. 

Day of the Week Suspended Particulate Matter, micrograms/ cubic meter 

Sunday 55.8 
Monday 62.7 
Tuesday 72.1 
Wednesday 74.5 
Thursday 73.4 
Friday 88.8 
Saturday 63.6 

Table 6. Average Suspended Particulate, Medford, Oregon, 8 -21 -64 to 
10- 11 -64. 
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Location Suspended Particulate Matter, micrograms /cubic meter 

Airport 
Extension Center 
Courthouse 

Low Median High 

21 
32 
35 

44.3 
84.6 
79.8 

94 
159 
147 

Table 7. Average Suspended Particulate, Medford, Oregon, 8-21-64 to 
10- 11 -64. 

Statistical analysis of the data from all three stations, by the analysis 

of variance procedure indicated that the differences between the day of 

the week and the location were both significant (5% level). The inter- 

action was not significant. Again the relatively low values for Saturday 

and Sunday are apparent from Table 6. The suspended particulate at 

the airport was much lower than that at either the extension center or 

the courthouse. The airport sampling station was the farthest distance 

from any waste burner while the extension center station was the closest. 

This would also tend to indicate the waste burner as the largest contri- 

butor. The background level of suspended particulate determined by 

the State Sanitary Authority during the period of testing was 55 micro- 

grams per cubic meter. The State regulations classify anything less 

than 150 micrograms per cubic meter, plus normal background, as 

acceptable quality air. According to Tables 4, 5,6 and 7 the air in 

the valley is of acceptable quality as far as suspended particulate is 

concerned. The background seems realistic because the weekend 

values check with the State's value. 

The amount of suspended particulate recorded during this study 

at the courthouse ranged from a low of 35 micrograms per cubic meter 
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to a high of 147 with a mean of 80. Data reported by the U.S. Public 

Health Service15 for 1961 at the same site reported a low of 45 micro- 

grams per cubic meter to a high of 249 with a mean of 123. It must 

be remembered though that the values increase in the winter months 

when the inversions are most severe. The sampling reported in 

Table 7 is only for August, September, and the first part of October. 

A value of 411 micrograms per cubic meter was measured at the 

airport station for the 3 :30 A.M. to 11:30 A.M. filter on November 9, 

a Tuesday. This value exceeds the maximum reported for 1961 and 

also greatly exceeds the State standard for acceptable quality air. 

The soiling index of the atmosphere over Medford was determined 

at both the airport and the courthouse. Statistical analysis of the 

data, by the analysis of variance procedure, indicated that a signi- 

ficant (5% level) difference existed between days of the week and time 

of day at both stations as far as the soiling index was concerned. The 

difference in the index at the two stations was also significant. No 

interactions were significant. The data are presented in Table 8. 

Examination of the soiling index data also shows a source, or 

sources, causing an increase in soiling which is the greatest during 

weekday periods of 6:00 A.M. to 10 A.M. when the teepee burners 

are smoking the most. The airport station had the least soiling, prob- 

ably because it was further removed from the sources of pollution. 

The State of Oregon has no regulations concerning the permisible 

soiling index of the atmosphere. A value greater than 0. 9 COH per 

1000 lineal feet indicates undesirable soiling properties. The soil- 

ing index approached 0. 9 a few times but did not reach or exceed it. 

This seems to indicate relatively "clean" air. It is probable that the 



COH/ 1000 lineal feet, Courthouse 

ay 
Time Sun Mon Tues Wed Thur Fri Sat Avg 

2400 

0200 

0400 

0600 

0800 

1000 

1200 

1400 

1600 

1800 

2000 

2200 

2400 

.301 

286 

.280 

.323 

.385 

282 

.190 

.170 

.190 

.246 

.275 

.282 

.274 

.256 

.265 

.548 

.626 

.536 

.394 

.289 

.278 

.289 

.333 

.322 

.278 

. 261 

.291 

.416 

.598 

.514 

.318 

.361 

.289 

.326 

.360 

.338 

.298 

.313 

.322 

.511 

.617 

.499 

.362 

.264 

.267 

.281 

.325 

.314 

.307 

.293 

.356 

.490 

.583 

.512 

.392 

.289 

.257 

. 295 

.336 

.323 

.350 

.346 

.370 

.490 

.574 

.530 

.405 

.306 

.243 

.300 

.363 

.365 

.362 

.364 

.327 

.410 

.538 

.450 

.340 

.251 

.224 

.273 

.351 

.344 

.310 

. 302 

.316 

.471 

.560 

.474 

.355 

.275 

.250 

.287 

.335 

.327 

Avg .268 .368 .376 .365 .369 .388 .353 .355 

COH/1000 lineal feet, Airport 

Sun Mon Tues Wed Thur Fri Sat Avg 

.330 .258 .311 .334 .348 .332 .376 .328 

.292 .259 .288 .353 .329 .365 .342 .317 

.296 .287 .348 .402 .397 .437 .410 .366 

.361 .447 .501 .495 .513 .530 .562 .468 

.349 .528 .611 .473 .573 .562 .447 .499 

.263 .501 .551 .378 .378 .440 .386 .412 

.167 .296 .319 .197 .319 .252 .215 .247 

.139 . 20 7 .240 .163 . 191 .186 .164 .181 

.131 .206 .208 .152 .178 .168 .164 . 170 

.192 .261 .261 .241 .192 .229 .228 .232 

.250 .325 .352 .376 .318 .338 .331 .325 

.289 .368 .337 .360 .351 .380 .384 .354 

.259 .326 .368 .321 .339 .346 .326 .325 

Table 8. Average Soiling Index Values, Medford, Oregon, August, September, October, 1964. 
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soiling index would exceed 0. 9 many times during the winter months 

when the inversion is most severe and atmospheric dispersal of 

pollutants the least effective. 

Since it is generally agreed within the lumber and plywood in- 

dustries that a sizeable quantity of residue will have to be disposed 

of by incineration for many years to come, a cost analysis for various 

disposal methods was needed. This study provided an excellent op- 

portunity for such an analysis in one given area. Cost data were 

developed for existing teepee burners; highly modified and refined 

teepee burners with a temperature measuring device, auxiliary gas 

fuel, and full draft control; multiple chamber incinerators with air 

cleaning devices; and spreader stoker electrical power generating 

stations. Cost breakdowns for each proposal are included in the 

Appendix. Power generation cost figures were computed assuming 

that the mill presently pays 9 mill per kw -hr for power and that any 

excess power could be sold at 2 mill per kw -hr. Any change in 

power costs or purchasing policy of the utilities would reflect on 

these data. Results of the cost analysis are presented in Table 9. 

Type of Refuse Disposal Cost, $ /Unit (200 cubic feet) 

Present Teepee Burner 0. 27 

Modified Teepee Burner 0. 52 

2 - 30 unit /hr Incinerators 2.58 
3 - 20 unit /hr Incinerators 2. 83 

4 - 15 unit / hr Incinerators 3.00 

2 - 30 Megawatt Generating Stations 1.67 
3 - 20 Megawatt Generating Stations 2. 15 

4 - 15 Megawatt Generating Stations 2.49 

Table 9. Wood Residue Disposal Costs. 

- 
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In developing Table 9 it was computed that the average waste burner 
in the valley costs $6, 680 per year to operate. This is a sizeable fig- 

ure in any budget and should convince management to properly main- 

tain and operate this piece of equipment. 

A quick look at Table 9 might seem to indicate that it would be 

unwise to construct multiple chamber incinerators because they 

would cost more per unit of residue than power generating facilities. 
One would probably want to consider the capital outlay for the com- 

parative facilities before coming to any conclusion. Table 10 pre- 
sents the data for the various cases. 

Type of Refuse Disposal Total Capital Outlay for all Mills 
in Bear Creek Valley Area 

Present Teepee Burner $ 190. 000 

Modified Teepee Burner 304, 000 

2 - 30 unit /hr Incinerators 1,310,000 
3 - 20 unit /hr Incinerators 1, 305, 000 
4 - 15 unit /hr Incinerators 1, 328, 000 

2 - 30 Megawatt Generating Stations 12, 708, 000 
3 - 20 Megawatt Generating Stations 13, 328, 000 
4 - 15 Megawatt Generating Stations 13, 350, 000 

Table 10. Capital Outlay for Various Disposal Systems. 

This brief analysis of costs is certainly not to be taken as the final 

answer for all time. It was only desired to obtain preliminary figures 

for this study. If serious consideration is to be given to any proposal 

it would have to be compiled with the aid of engineering consultation, 

site optimization studies, analysis of transport systems, etc. The data 

presented in Tables 9 and 10 does appear to be representative for the 

Pacific Northwest as of the date of this report. 



32 

CONCLUSIONS 

All the burners in the valley were found to be in need of repair or 

modification and recommendations were so made to the mill owners 

by letter. It is hoped that the mills will comply with the recommenda- 

tions submitted as a significant decrease in the amount of pollutants 

emitted to the valley would surely result. Other suggestions mentioned 

in this report would further reduce emissions if they were adopted for 

all burners in the area. It is believed that the particulate emissions 
from the waste burners in the valley could be cut to 1/2 to 1/3 the 

present amount if all the suggestions of this report were implemented 

at all waste burners in the area. This would be a dramatic reduction 

in air pollution over the valley. The visibility would improve, soil- 

ing of clothes and materials would decrease, and piles of cinders and 

unburned wood residue would no longer be visible in downtown Medford 

The recommendations contained in this report are not to be inter- 
preted as applying only to the Bear Creek Valley. Experience has 

shown that combustion of wood waste in teepee burners does not vary 

as much with species of wood and type of waste as is popularly im- 

agined. If combustion principles are understood and applied, the 

burners can be operated with a minimum of emissions. The recom- 
mendations made in this report should therefore be considered to 

apply to all teepee burners burning wood waste. 

Air quality in the Medford area was found to be sub -standard. 

The major contributor to the poor quality was the teepee waste burner 
which completely overshadowed other emission sources. Orchard 

heaters do cause a greater deterioration of air quality but their use 

is only for a few days each year while the teepee burners are fired 
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all year. The fruit growers are also trying to eliminate the problem 

and further adoption of smokeless orchard heaters will shift more of 

the blame from orchards to mills. The effect of excessive amounts 

of pollution on the economics of the valley is impossible to measure. 
Cancelled airline flights, soiling of clothing, and deterioration of 

property, for example, are only a few of the many factors which must 

be considered. 

Winter air pollution episodes are more severe than those of the 

summer because of additional particulate matter due to home heating 

plus the greater effect of the extended inversions which prohibit dis- 

persal of pollutants. Even without the orchard heating, the suspended 

particulate, soiling index, and dustfall in the Medford area may be 
expected to exceed desirable limits during the late fall, winter, and 

early spring. The people of the area may appear to accept this as 

part of the "price" of living in Medford. How long they will continue 

to tolerate present levels, or possibly increasing levels, is not known. 

Other methods already exist, for disposal of wood residue by 

combustion, which result in minimal emission of pollutants. The 

economics of these methods might prohibit their adoption if the mills 

cannot compete on the open market when forced to pay the increased 
disposal costs. Incineration of the wood residues in either multiple 

chamber incinerators or steam -electric stations with air pollution 

control devices would reduce air pollution in Medford to about 1/ 10th 

of what it is today. To go to such a facility would cost the mills of the 

area approximately $1.50 to $2.25 more per unit than their present 
disposal costs. This would amount to about $3, 000 per day more than 

they are presently paying. This increase amounts to about 3/4 million 
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dollars per year in this one area. The yearly cost to the average mill 

would be about $40, 000. 

The problem is not simple. Much needs to be done before a sol- 

ution is available that will be acceptable to all concerned. Very 

little is known concerning the size distribution, transport character- 

istics, physical or chemical properties, light scattering and reflecting 

properties, soiling characteristics, or toxic effects of the particulates 

emitted from wood combustion processes. Even less is known about 

the gaseous pollutants from these processes. Most studies and reports, 

including this one, choose not to mention gaseous pollutants even 

though their weight has been estimated at twice that of particulate 

emissions8. Any research team, interested in the study of pollutants 

from wood combustion, does not lack for problems but rather for 

money and time to attack the problems at hand. 

It is apparent that teepee burners need to be regulated as far as 

their emissions are concerned. At this time, arbitrary regulation 

does not appear to be the answer. A committee composed of members 

of regulatory agencies, the lumber industry, research agencies, and 

the concerned general public is suggested to work on realistic regu- 

lations and come up with a workable agreement before pressures 

become so great that the burners are simply banned as has been done 

in many areas of the State of California. 
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Research Proposal 

A STUDY OF WOOD WASTE DISPOSAL BY 
COMBUSTION AND ITS EFFECT ON AIR 

QUALITY IN THE MEDFORD AREA 

INTRODUCTION 

This proposal has been prepared at the request of the Forest Industries 
Air Quality Committee of Associated Oregon Industries. The purpose of the 
study is to investigate air pollution factors related to burning of wood waste 
residues, and includes the following areas of consideration: 

1. Summary of existing data and collection of new data relative to 
volumes of wood waste, atmospheric pollution, and meteorological 
data for the area. 

2. A study of existing wood waste burners in the area, together with 
an evaluation of measures that may be taken to improve on the 
reduction of smoke and fly ash from such burners. This phase of 

the study may include experimental manipulation of one or more of 
the wood waste burners that are properly equipped for such research. 

3. A preliminary evaluation of alternative methods for the disposal of 

wood waste residues by means other than burning at the mill. 

In considering this research there is a danger in over -estimating the 
probability of finding a successful method for smokeless operation of the 
present tepee -type wood waste burner. Careful evaluation of the problem 
seems in order to avoid over optimism. 

Findings of research conducted at Oregon State University during 
1956 -57, indicate that the tepee -type wood waste burner is a rather poor 
incineration device. Operation that is free of both smoke and fly ash can 
only be accomplished under ideal conditions when the device is fed at a 

constant rate with fuel of a low- moisture content and a low ratio of saw- 
dust and other fine materials. 

Conditions for satisfactory operation in present day sawmill opera- 
tions are difficult to achieve. Due to increased efficiency of wood 
utilization, the residue to be disposed of by burning has changed greatly 
in characteristics. The percentage of low- moisture, high -fuel value 
residue has decreased and the percentage of wet bark and sawdust has 
increased in most cases. In addition, the rate of waste wood supply to 
the burner is very uneven at most mills and usually involves a period of 
total shutdown during the night. 



Results of the earlier research done at Oregon State University are 
summarized in Circular 39, "Wood Waste Disposal and Utilization, " and 
Reprint No. 70, "Wood Waste Incineration, " of the Engineering Experi- 
ment Station and are available upon request. 

Because of the above factors and certain other considerations, the 
possibility of achieving "air pollution free" operation of tepee -type burners 
at individual mills is small indeed. 

OBJECTIVES 
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The wood waste residue incineration dilemma considered herein can 
be divided into two phases. The most immediate and pressing problem is to 
achieve maximum efficiency with the existingburners in order that atmos- 
pheric pollution can be minimized until such time as the burners are elimin- 
ated by virtue of total timber utilization or replaced by an alternate method 
of disposal. The second consideration is for a preliminary study of alter- 
nate methods for wood waste disposal. Collection and transportation to 
an efficient and properly located incinerator, utilization for power generation 
adequately designed incinerators at individual mills, or grinding followed 
by land disposal are some possibilities. 

The following specific objectives are proposed for this study: 

1. The wood waste burner at each of the mills included in the study 
will be critically examined. A report of findings will be prepared 
which will provide mill owners and the industry with information 
on how to reduce smoke and fly ash emissions as much as possible 
with existing equipment. The findings of this phase of the study 
will be incorporated in the final report. 

2. Meteorological and air quality data will be collected. These data 
will be analyzed to obtain additional information on air pollution 
factors in the Medford basin. From the collected data, an attempt. 
will be made to predict pollution levels at times of the year other 
than the period when this study is conducted. 

3. A preliminary study will be conducted to determine the feasibility 
of alternate methods of wood waste residue disposal. This study 
will utilize existing information and will require the cooperation 
of individual mill owners in the furnishing of data. 

4. Findings of the investigations will be published in a final report 
within 90 days after the termination date. 

In keeping with the policies of Oregon State University, the investigators 
are anxious to be of assistance to industry, the Oregon State Sanitary Authority, 
and other groups that are interested in preserving the purity of our air resources. 



Director: 
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PROJECT PERSONNEL 

Richard W. Boubel, Assoc. Prof. of Mech. Engr., 
Oregon State University, Corvallis, Oregon 

B.S. - ME 1953, Oregon State University 
M.S. ME 1954, Oregon State University 
Ph. D. - Environmental Science and Engineering, 1963, 

University of North Carolina 
At Oregon State University, Dept. of Mech. Engr., 

1954 -60 and 1963 to present. 
Registered Professional Engineer in Oregon. 

Associates: Martin E. Northcraft, Assoc. Prof. of Civil Engr., 
Oregon State University, Corvallis, Oregon 

B.S. - CE 1955, Oregon State University 
At Oregon State University 1955 to present. 
Registered Professional Engineer in Oregon. 

George E. Thornburgh, Assoc. Prof. of Mech. Engr., 
Oregon State University, Corvallis, Oregon 

B.S. - ME 1944, Nebraska 
M.S. - ME 1950, Iowa State 
At Oregon State University 1952 to present. 
Registered Professional Engineer in Oregon 

Research Asst: A qualified graduate student capable of assisting and 
collecting data will be chosen. Selection will be by the 
Director and associates with the approval of the 
Lumbermen's Committee. 

- 



EXHIBIT B 

BUDGET 

Personnel 
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Principal investigator (R. W. Boubel) $1, 500 
Research assistant 1, 500 
Hourly wages - miscellaneous labor 500 
Secretarial 200 
6.3% FICA 233 

Subtotal, Personnel $3, 933 

Supplies and Services 

Computer rental 200 
Telephone 100 
Miscellaneous 50 
Report preparation, photographic, etc. 200 

Subtotal, Suppliès and Services 550 

Travel and Per Diem 

Car mileage - 4000 miles 400 
Airplane rental - 15 trips from Corvallis 

to Medford, 3 hr each at $15 per hr 675 
Per diem - 50 man days at $15 per day 750 

Subtotal, Travel and Per Diem 1, 825 

Indirect Costs - 50.6% of salaries and wages 1, 990 

TOTAL $8, 298 
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Progress Report No. 1 

A STUDY OF WOOD WASTE DISPOSAL BY COMBUSTION AND ITS 

EFFECT ON AIR QUALITY IN THE MEDFORD AREA 

by 

R. W. Boubel, Project Director 
July 31, 1964 

The project has been under way for slightly more than one month 
and appears to be proceeding according to the originally estimated time 
schedule. 

The seminar, "The Effects of Wood Residue Utilization and 
Disposal on Air Quality ", held in Medford on July 1, was well attended 
and well received. It served to establish a very good relationship 
between the project personnel and the mill personnel of the area. 

The orderly and rapid pace of the project to date is due in a 
large respect to Mr. Boris Pavelka who has been employed as the 
research assistant on the project. Mr. Pavelka started his literature 
search concerning the project on June 22 and, since June 29, has been 
actively working in the field. He has visited most of the wigwam burners 
in the Medford -White City -Central Point area and has compiled very 
thorough records about the burners' operations. Mr. Pavelka has also 
reviewed and summarized a great deal of meteorological and air quality 
data pertinent to the Bear Creek Valley area. 

Professor George Thornburgh and Richard Boubel have spent 
12 man -days in the area since the start of the project. They have worked 
with Mr. Pavelka to familiarize him with the study problems. In addition 
to the time spent in the field, both Professors Thornburgh and Boubel have 
spent several days on literature survey, equipment preparation and cali- 
bration, etc. , as required for the study. 

Professor Thornburgh and Mr. Pavelka set up the necessary equip- 
ment and tested one burner in the area to determine its combustion charac 
teristics. Mr. Pavelka gathered additional data on subsequent days' tests 
of this same burner. Mr. Pavelka also gathered test data on a second 
burner in the area. Further tests similar to these are planned. Prelimi- 
nary anaysis of the results seems to indicate that both burners were capa- 
ble of consuming sawdust and bark residue with a minimum emission of 
smoke if sufficiently high temperatures were maintained. 



43 

Mr. Pavelka has taken several photographs in the area which will 
be used to document the study. Both black- and -white as well as colored 
photographs are being collected. 

Air quality sampling equipment was ordered immediately after the 
study was started. A portion of this equipment was back -ordered at 
the factory. No extended delay is anticipated. One specialized piece of 
sampling equipment currently in use is an AISI paper -tape sampler 
which is gathering continuous soiling data concerning the Medford atmos- 
phere. This sampler was located on the roof of the courthouse and will 
remain there during the remainder of the study. It draws an air sample 
through a paper filter tape which is advanced every two hours. The spots 
on the tape are then checked with an instrument which indicates the soiling 
property of the air sampled. Not enough data have been gathered to make 
any definite conclusions on the soiling variation through the day or through 
the week, although certain cycles, which will probably prove significant 
to the project, are beginning to appear. 

Several contacts have been made by telephone, letter, and in 
person, which will aid the study in the following months. A statistical 
consultant has been employed through the Computer Laboratory of 
Oregon State University, and he will start data analysis, programming, 
and statistical testing in the near future. Arrangements are also being 
made for additional photographic documentation which will aid in further 
clarifying the problems of air movement within the valley area. 

So far, excellent cooperation has been maintained between the 
industries contacted and the study personnel. The AOI Committee 
should be complimented for the fine work it has done in this respect. 

Respectfully submitted, 

R. W. Boubel, Ph. D 

Associate Professor 
of Mechanical Engineering 
Project Director 

RWB/jmj 

- 
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Progress Report No. 2 

A STUDY OF WOOD WASTE DISPOSAL BY COMBUSTION AND ITS 

EFFECT ON AIR QUALITY IN THE MEDFORD AREA 
by 

R. W. Boubel, Project Director 
August 31, 1964 

The second month of the project has been completed, and 
the proposed time schedule has been adhered to. It appears that 
the field study will be completed in mid- September, and the data 
analysis and final report should be completed some time in November 
or December as planned. 

Mr. Boris Pavelka has completed the survey of the wigwam 
burners in the Medrod -White City- Central Point area with the 
exception of one burner. It is hoped that he can secure the necessary 
information from the mill management at this final site in order to 
complete this phase of the program. 

Professors George Thornburgh and Richard Boubel have visited 
all operating burners in the area and have listed suggestions for 
improvements at each burner. These suggestions will be compiled 
in individual reports which will be sent to the mill management 
concerned. These reports will be sent out in the near future. 

Three samplers to obtain continuous data on the suspended 
particulate matter in the atmosphere have been located in the area. 
One of these is located on the roof of the Extension Center, one on the 
roof of the Courthouse, and one on the roof of the airport control tower. 
These samplers draw air through a special glass -fibre filter at the rate 
of about 60 cubic feet per minute. The filters are weighed before and 
after the prescribed sampling period and the weight gain related to the 
amount of suspended particulate matter. All three samplers will be 
kept in operation for at least another month. In addition, a second 
AISI paper -tape sampler has been put into operation at the airport 
sampling site. 

The statistical analysis has been started and necessary prog- 
raming is being compiled by a staff member of the Computation 
Center. Although the program and analysis are unique to this study, 
no trouble is anticipated at this time. 



An emissions inventory of the Bear Creek Valley is nearly 
completed. This will give a picture of all air -pollution emissions in 
the area so that the amount of emissions from wigwam burners may 
be assessed in relation to the total. This will be an approximation, 
but it is hoped that it will yield enough information to be valuable. 

As previously reported, excellent cooperation has been main- 
tained. Interest in the project appears to be increasing rather than 
decreasing, and all personnel connected with the project have hopes 
for some definite conclusions at the completion of the study. 

Respectfully submitted, 

R. W. Boubel, Ph. D. 
Associate Professor of 
Mechanical Engineering 
Project Director 

RWB/jmj 
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Progress Report No. 3 

A STUDY OF WOOD WASTE DISPOSAL BY COMBUSTION AND ITS 

EFFECT ON AIR QUALITY IN THE MEDFORD AREA 

by 
R. W. Boubel, Project Director 

October 1, 1964 

The third month of the study has been completed and the field work 
finished with the exception of some sampling which will extend through 
November. Mr. Pavelka has obtained some assistance from local 
Medford people for changing the sample filters, so only a minimum of 
additional work on our part is involved to obtain the extra data. 

A survey of the area and a site visit to a typical waste burner was 
made with Mr. Eric Allen of the Medford Mail Tribune. This resulted 
in an article in the Sunday, September 21, Edition, which was very 
favorable to the study and to the.industry. 

Individual reports are still being prepared and will be sent out as 
a group when all are completed. A meeting has been scheduled at the 
Forest Research Laboratory at Oregon State University on October 2 

to decide the form and extent of the reports resulting from the study. 

The statistical analysis of data is progressing, and all necessary 
data and programming have been obtained. The time consuming opera- 
tion of fitting the data to the program is now underway. 

The emissions inventory of the Bear Creek Valley has been com- 
pleted, and the data are ready for analysis. Projections as to future 
emissions may not be included in this study, as was originally hoped, 
because of a lack of data concerning the planned growth of the area. 
The planning commission has hopes that such data will be available in 
the future at which time the analysis can be made. 

Now that Mr. Pavelka has returned to Corvallis we ask that any 
questions or communications with the project personnel be sent to us 
at Corvallis. 

Respectfully submitted, 

R. W. Boubel, Ph. D. 
Associate Professor 
of Mechanical Engineering 
Project Director 

RWB/jmj 
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Progress Report No. 4 

A STUDY OF WOOD WASTE DISPOSAL BY COMBUSTION AND ITS 

EFFECT ON AIR QUALITY IN THE MEDFORD AREA 

by 
R. W. Boubel, Project Director 

November 1, 1964 

The fourth month of the study has been completed. This was the 
final month of the study, as stated in the contract. With the exception 
of the final report, the work has been completed. Sampling is still 
being conducted at the three sites in the Medford area, but these data 
will be used for thesis material for Mr. Pavelka and not in the general 
overall analysis. 

A meeting was held October 2 at the Forest Research Laboratory 
at Oregon State University. It was decided at the meeting that the 
final report would be distributed by Associated Oregon Industries. 
The report will be ready some time in December, 1964. After the 
final report has been given a decision will be made as to any ad- 
ditional reports or studies. 

Individual reports have been sent to each of the mills in the Bear 
Creek valley whose burners were examined during the course of the 
study. These reports recommended changes of an individual nature 
to each of the mills. The final report will carry the general recom- 
mendations which will apply to all burners. 

Respectfully submitted, 

R. W. Boubel, Ph. D. 
Associate Professor of 
Mechanical Engineering 
Project Director 

RWB/jmj 



BURNER TEST DATA 

Mill Name and Location 

Date 

Sheet 
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Fuel By 

Time 
Visual 
Smoke 
Indicat. 

Air 
Temp 
°F 

Gas Exit 
Temp 

Draft 
in. H 0 

`Theo. 

Draft 
Ratio 
% 

REMARKS 
MV °F Act. 

, 

of 



Mill Name 

Location 
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BURNER DATA SHEET 

Manager or Owner 

Date 

Base Diameter 

Height 

Top Diameter 

Top Screen Type 

F. D. Fan Type 

Time of Day 

Size 

F. D. Fan Horsepower 

Type Grates 

Grate Location 

Number 

Area 

Overfire Openings Size 

Overfire Openings Type 

Conveyor Inlet Height Size 

Relief Vents Type Size 

Burner Condition 

Number 

Control 

FUEL: Flights Per Minute 

Fuel Type 

Sawdust (lb per flight) 

Sawdust (lb per min.) 

Sander Dust (lb per min.) ) 
Planer Shavings (lb per min.) 

Bark (lb per flight) 

Bark (lb per min.) 

Rough Stock (lb per flight) 

Rough Stock (lb per min.) 

REMARKS: 
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PARTICULATE MATTER FROM VARIOUS SOURCES 

22 pounds of particulate for each ton of incinerated material 
2 pounds of particulate for each ton of fuel oil 
6 pounds of particulate for each million cubic feet of natural gas 

22 pounds of particulate for each ton of wood or sawdust burned 
9 pounds of particulate for each thousand gallons of gasoline 

80 pounds of particulate for each thousand gallons of diesel oil 
250 pounds of particulate for each car body and chasis burned during wrecking 
115 pounds of particulate for each ton of foundry production 

80 pounds of particulate for each ton of rock or cement handled 
2 1/2 pounds of particulate for each million BTU consumed by industry 



LOADING FACTORS FOR VARIOUS EMISSION SOURCES 

10 pounds 
10 pounds 
20 pounds 
10 pounds 

5 million 
15 million 
20 million 
25 million 
20 million 
15 million 
10 million 

5 million 

of material incinerated per 
of material incinerated per 
of material incinerated per 
of material incinerated per 
BTU for heating each 1000 
BTU for heating each 1000 
BTU for heating each 1000 
BTU for heating each 1000 
BTU for heating each 1000 
BTU for heating each 1000 
BTU for heating each 1000 
BTU for heating each 1000 
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month per backyard incinerator 
month per fireplace (Oct. , Nov.) 
month per fireplace (Dec. Jan., Feb.) 
month per fireplace (March, April) 
ft2 of house or apartment (Sept. ) 

ft2 of house or apartment (Oct.) 
ft2 of house or apartment (Nov.) 
ft2 of house or apartment (Dec. , Jan.) 
ft2 of house or apartment (Feb.) 
ft2 of house or apartment (March) 
ft2 of house or apartment (April) 
ft2 of house or apartment (May) 

60 million BTU per month for laundries 
60 thousand pounds per month incinerated at stores, super markets, and 
restaurants 

5 cars per day burned at wrecking yards 
92 tons of agricultural residue burned per day (August) 
46 tons of agricultural residue burned per day (Sept.) 

5000 tons of rock and cement handled per month (Jan. , Feb. , March) 
8000 tons of rock and cement handled per month (April, May) 
9000 tons of rock and cement handled per month (June, July, August, Sept.) 
8000 tons of rock and cement handled per month (Oct.) 
5000 tons of rock and cement handled per month (Nov. , Dec. 
300 million BTU per month for industry (Jan. - Dec.) 

1.33 million gallons of gasoline per month (Jan. ,Feb. ) 

1.45 million gallons of gasoline per month (March, April, May) 
1.57 million gallons of gasoline per month (June, July, August, Sept. ) 

1.45 million gallons of gasoline per month (Oct.) 
1.33 million gallons of gasoline per month (Nov. , Dec.) 
0.34 million gallons of diesel per month (Jan. , Feb.) 
0.40 million gallons of diesel per month (March, April) 
0.46 million gallons of diesel per month (May - Sept. ) 

0.40 million gallons of diesel per month (Oct.) 
0.34 million gallons of diesel per month (Nov. , Dec.) 
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DWELLING SURVEY FOR EMISSIONS 

House Size: < 1000 , 1000 -2000 
3000( 

Heat: Oil , Gas , Elect. 
Sawdust , Other (specify) 

Fireplace: yes , no 

,2000 -3000 

, Wood 

Backyard Incinerator: yes , no 
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BURNER COSTS 

in place. Assume original burner plus conveyor costs $10, 000 

Taxes at 2% $ 200 per year 
Interest at 6% 600 
Depreciation at 20% 2000 
Insurance at 0. 1% 20 
Labor of firing 2 hours per day 1250 
Labor of cleaning and maintenance 4 hr /week 520 
Power cost of 75 hp of blower & conveyor at 

9 mill per KW-hour 2100 

TOTAL $6680 

At 24, 000 units per year = $ 0.27 per unit 
* ** *** * * * * * ** *** ** * ** 

If $1000 more is required for instrumentation and controls plus $50000 for 
auxiliary burners with controls: 

Taxes at 2% $ 320 per year 
Interest at 6% 960 
Depreciation at 20% 3200 
Insurance at 0.1% 16 

Labor of firing 4 hours per day 2500 
Labor of cleaning and maintenance 4 hr /week 520 
Power cost 2100 
Auxiliary fuel at $10 per day 2600 

TOTAL $12216 

At 24, 000 units per year = $ 0.52 per unit 



II 
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INCINERATOR COSTS 

30 units per hour, 2 required. 
Unit Cost Total Cost 

Construction Cost $655, 000 $1, 310, 000 

Operating Costs 

Taxes 13, 100 26, 200 

Interest on Investment 39, 300 78, 600 

Insurance 655 1, 310 

Maintenance and Depreciation 35, 800 71, 600 

Hauling Costs 315, 000 630, 000 
Water 100, 000 200, 000 

Electricity 5, 800 11, 600 
Labor 115, 000 230, 000 

Total Annual Costs $624, 655 $1, 249, 310 

Unit Cost = $ 2. 58/ unit 
* * * * * * * * * * * ** * * * ** 

20 units per hour, 3 required. 
Unit Cost Total Cost 

Construction Cost $435, 000 $1, 305, 000 

Operating Costs 

Taxes 8, 370 26, 200 

Interest on Investment 26, 100 78, 300 
Insurance 435 1, 305 

Maintenance and Depreciation 24, 800 74, 400 

Hauling Costs 209, U00 627, 000 
Water 71, 000 213, 000 

Electricity 4, 350 13, 050 

Labor 110, 000 330, 000 

Total Annual Costs $454, 055 $1, 363, 255 

Unit Cost = $ 2. 83 /unit 

I 

- 
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INCINERATOR COSTS, continued 

III 15 units per hour, 4 required. 

Unit Cost Total Cost 

Construction Cost $332, 000 $1, 328, 000 

Operating Cost 

Taxes 6, 650 26, 600 
Interest on Investment 19,900 79, 600 
Insurance 332 1,328 
Maintenance and Depreciation 17, 600 70, 400 
Hauling costs 157, 000 638, 000 
Water 55, 000 220, 000 
Electricity 3, 640 14, 560 
Labor 105, 000 420, 000 

Total Annual Costs $365, 122 $1,460,488 

Unit Cost = $3.00 / unit 
* * ** * * * ** *** * * * * * ** ** * * ** * * ** ** 
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POWER GENERATION COSTS 

30 megawatts, 2 required. 

Construction Cost, 2 at $6, 079, 500 = $12,708, 000 of which 
$2,400,000 is cost of Turbo -generator. 

Operating Costs 

Taxes $ 255,000 
Interest 765,000 
Hauling cost 630, 000 
Insurance 12,000 
Maintenance and Depreciation 480, 000 
Labor 320, 000 

$2,462,000 

Cost per kw -hr = 5. 1 mill 

Cost of refuse disposal assuming 30 megawatts used by mills 
during operation, mills pay 9 mills per kw -hr, excess power 
sold at 2 mills per kw -hr = $1.67 / unit. 

* * * * * * * * * ** * ** * * * * * * * *** ** ** 
20 megawatts, 3 required. 

Construction cost, $13,328,800, Turbo -generator $2,400, 000. 

Operating Costs 

Taxes $ 268, 000 
Interest . 800,000 
Hauling cost 630, 000 
Insurance 12,600 
Maintenance and Depreciation 505, 000 
Labor 470,000 

$2,685,000 

Cost per kw -hr = 5.5 mill 

Cost of refuse disposal = $2. 15 /unit. 

I 

III 
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POWER GENERATION COSTS, continued 

III 15 megawatts, 4 required. 

Construction Cost, $13,350,000, Turbo- generator $2, 400, 000. 

Operating Costs 

Taxes $ 268,000 
Interest 800, 000 
Hauling cost 630, 000 
Insurance 12, 600 
Maintenance and Depreciation 505, 000 
Labor 640, 000 

$2, 855, 600 

Cost per kw -hr = 5.9 mill 

Cost of refuse disposal = $2.49 / unit. 
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Specifications for Installation of a Thermocouple 

on a Teepee Wood Waste Burner 

Prepared by R. W. Boubel 
Oregon State University 

Corvallis, Oregon 

The purpose of this installation is to give a satisfactory indication of the 
temperature of the exhaust gases leaving the top of the burner. All con- 
tract negotiations shall be between the mill owner and equipment sup- 
plier. 

EQUIPMENT 

Thermocouple - The thermocouple shall be a Honeywell, 1/8" diameter 
Meg O Pak No. 2K2M22 -G- 120 -8- VII- B600- 9B2B6, 10 feet long with 
50 feet of asbestos and glass enameled wire attached. 

Indicating pyrometer - The pyrometer shall be a Honeywell No. 105x211 -P, 
6" calibrated scale, Range 0 to 1600 °F, Type K thermocouple, Scale 
No. 60561. 

Extension wire - Any extension wire needed shall be Honeywell No. 5W2P16 

20 gauge polyvinyl on polyvinyl insulation. 

INSTALLATION 

The specified equipment is to be installed at the job site by Honeywell. 
The installation shall be as indicated on the accompanying sketch. 

The thermocouple shall extend horizontally 8 feet past the top shell of 

the burner at right angles to the conveyor opening. 

The asbestos and glass lead wire shall be supported on standoffs every 
5 feet along the burner shell. The standoffs shall hold the lead wire 
securely at a minimum distance of 1 foot from the shell. 

Extension wire as necessary shall be used to connect the end of the 
asbestos and glass lead wire to the pyrometer. The extension wire 
shall be supported every 10 feet and kept a minimum of 5 feet from the 
burner shell. 
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The pyrometer shall be installed in a weather -proof housing which will 
be supplied and located by the owner. This housing shall be a minimum 
of 15 feet from the burner shell and located at eye level. 

GUARANTEE 

All normal manufacturer's guarantees for equipment and installation 
shall apply. 



NOTE: Pyrometer installed in weather -proof 
housing furnished by owner. Locate 
at eye level (approx. 5 ft) at least 
15 ft from burner shell. 

Honeywell No. 2 K 2 M 22 
Thermocouple - Install 
90° from conveyor 
opening. 

Honeywell No. 105 X 211 -P 
Pyrometer 
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Honeywell No. 5 W 2 P 16 
Lead wire as required. 

INSTALLATION DRAWING 

Thermocouple with indicating pyrometer 

Not to scale 8/24/64 
R. W. Boubel 


