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1.0 SUMMARY OF TEST RESULTS 
 
The results of the emissions testing on the Air Curtain Destructor are as follows: 
 

Run Number Particulate (lbs/hr) Carbon Monoxide 
(lbs/hr) 

Opacity (%) 

Run 1 (Startup) 0.81 4.67 1.5 
    

Run 2 3.08 27.62 6.3 
Run 3 1.54 7.06 3.8 
Run 4 1.81 26.27 6.1 

Averages*= 2.14 19.98 5.4 
 
* Averages of Runs 2, Run 3 and Run 4 only.  Run 1 was an engineering test to quantify 
emissions during start up and collect initial flow data from the mobile stack test unit. 
 
 
1.1 DESCRIPTION OF PROCESS 
 
This mechanical combustion unit or MCU is a departure from typical combustion 
equipment upon which most air quality regulations have historically been developed.  
The S-Series MCU has a patented manifold design and it is engineered specifically to the 
dimensions of the combustion chamber.  It has a specialized ceramic refractory lining that 
surrounds the combustion chamber.  Therefore it is quite different from other air curtain 
devices and incineration technologies. This combustion system does not utilize a stack to 
transport combustion gases out of the primary or secondary furnace or boiler, which in 
turn passes into particulate and/or other air pollution control devices such as electric 
static precipitators (ESP’s), bag houses or acid gas scrubbing systems.  The primary 
combustion chamber is also not totally enclosed on four sides like most furnaces or 
boilers. These primary differences present some unique situations with the typical “air 
quality” approval process.  This will be discussed in greater detail in Section 6 of this 
Technical Memorandum. 
 
The engineering aspects of this unit rely on the fact that it is completely self-contained 
and the unit functions in a fashion that does not rely solely on an air delivery system 
blowing air across the unit for optimum emission control or combustion performance.  
The S-Series MCU relies on several systems with integrated supporting functions that 
enhance the operation of the MCU.  This approach has refined the “air curtain concept”.  
We will refer periodically to the S-127 series MCU but the technology for the other S-
Series MCU are identical.   
 
There are several variations of the S-Series MCU manufactured by Whitton Technology. 
The S-127 MCU is 37’4” long, 11’9’ wide and 10’3” in height.  The S-121 model is 
32’2” long, 11’9” wide and 10’3” in height.  The S-127 weighs approximately 50,000 lbs. 
and the S-121 weighs 41,000 lbs.  Whitton also manufactures an S-116 model, which is 
27’ long, 7’ 5” wide, and 7’ 5” in height and weighs 24,500 lbs.  The majority of the 



   

discussions in this memorandum are directed towards the Whitton Technology “S-Series” 
machines and the S-127 specifications are used as the basis for most of the narrative 
describing the Whitton Technology ACD’s as well as potential emission and throughout 
calculations.  These above ground, self-contained, refractory lined combustion units are 
designed to reduce waste stream volume and are primarily targeted for combustible 
material and waste wood waste streams. This technology is a lower cost alternative to 
wood chipping and tub grinding.  
 
The S-127 MCU can combust waste wood, pallets, demolition debris, fiber products and 
landscape wastes in an environmentally safe fashion with maximum volume reduction 
and minimum opacity.  The MCU is a fully self-contained engineered system.  The S-127 
system is capable of processing up to 18 tons per hour of “bulk” wood waste such large 
tree trimmings, pallets and other waste wood material while the S-121 system is capable 
of processing up to 15 tons per hour of waste wood feedstock.    
 
The principle of the air curtain concept is optimized through the Whitton Technology 
design. High velocity air is directed across and downwards at a specific angle into the 
combustion area creating the air curtain on top and a rotational turbulence within the 
combustion chamber or “firebox”.  The rotational turbulence provides an oxygen 
enriched environment within the combustion zone which accelerates the combustion 
process by raising the temperatures within the pit to 2,300°F to 2,800ºF (1,375ºC to 
1,550ºC).   
 
The average theoretical daily processing or throughput rate, based on a typical eight-hour 
day using 5,000 Btu per pound feedstock like wood waste, would be high as high 145 
tons or 90 cubic yards per hour (or approximately 800 cubic yards per day), depending on 
the feedstock.  Opacity and particulate emissions are extremely low during normal 
operating conditions.  Complete combustion of the wood waste insures maximum volume 
reduction with maximum safety since this is being accomplished in a refractory-lined 
chamber that provides for very high operating temperatures while the rotational 
turbulence created by the patented air curtain manifold system provides an over 
oxygenated combustion environment. 
   
The MCU is constructed on 10-inch square skids.  The MCU can be moved or relocated 
at a site very simply by attaching hooks, cables etc., to either pad eyes or lift lugs and 
then lifting or dragging the entire unit along the ground by a front end loader, backhoe, 
crane or similar equipment.  The Diesel engine is mounted on a channel rack.  The entire 
front deck is covered with ¼" (6.35 mm) steel diamond plate. All welds are continuous 
fillet welds for overall strength. The entire structural unit receives two coats of primer 
and three coats of orange gloss enamel paint for optimum protection. 
 
The forward equipment deck supports a four-cylinder diesel engine, 100-gallon fuel tank, 
the drive system and the fan. When viewing from the front of the unit, the patented 14" 
diameter air disbursement manifold is mounted on the top left side of the combustion 
chamber.  The entire combustion box or chamber is comprised of refractory panels.  The 
rear of the combustion chamber is constructed with refractory lined panel doors.  The 



   

doors swing open in opposite directions for access to the interior of the unit for removal 
of residual ash.  After cleaning, the doors are closed and the unit is ready to operate.  
Attachment A contains schematic drawings of the MCU. 
 
The diesel engine, operating at 1,500 to 2,000 RPM (max. 2,400 RPM) drives the fan 
mechanism in order to achieve approximately 2,000 RPM’s that generate a minimum 
airflow of 15,000 cubic feet per minute (CFM).  This high velocity air is directed down 
the manifold through restricted outlets. The fan is designed so as to direct high velocity 
air down a patented air disbursement manifold that redirects the air over and down into 
the combustion pit.   
 
Measurements from the S models verify that the unit can operate at a minimum average 
nozzle discharge velocity over 9,050 feet per minute (FPM) with minimum nozzle 
discharge airflow of 760 CFM per 12” nozzle length.  Several of the readings during 
testing exceeded 9,050 with the highest reading being 11,559.58 FPM (October 1998).  
This results in complete combustion of all wood feedstocks while providing excellent 
particulate control.  
 
The air curtain delivery system for this MCU acts as a “lid” over the firebox, trapping 
particulate while simultaneously providing excess oxygen to the combustion area thereby 
promoting a more intense and uniform fire and insures complete combustion of the 
feedstock (combustible material).  The fan, operating at approximately 2,000 RPM's and 
6" w.g. (1,490 Pa) minimum static pressure, produces in excess of 18,000 cubic feet (510 
m3) per minute of airflow.  The manifold is equipped with patented “scuffers” that 
partition off the required amount of air through the entire length of the manifold so as to 
maintain a uniform discharge rate along the entire length of the firebox or combustion 
chamber.  As mentioned previously, the vanes in the discharge nozzle produce discharge 
port exit velocities of 760 CFM per foot of nozzle length.   
 
The system’s effectiveness in entraining particulate under the continuously operating air 
curtain is designed to produce very minimal fugitive emissions into the atmosphere.  
Most authorizations in the United States require the operator to maintain opacity between 
10 to 20 percent. In the United States obtaining authorization for operation of the MCU 
(in most states) has been reduced to a very simple process primary associated with wood 
waste and herbaceous waste streams. 
 
The manifold system that produces and distributes the air curtain serves as a very 
effective particulate control mechanism while at the same time providing the equivalent 
of “over fire” and “under fire” air supply continuously promoting complete combustion.  
The velocity and aspect of the air introduced into the Whitton Technology S Series 
combustion chamber greatly enhances the primary objective of most incineration devices, 
which is complete combustion at very high temperatures. Temperatures achieved by this 
unit while burning wood, vegetative and similar combustible materials typically range 
between 1,600ºF to 2,300ºF.  The refractory walls contain the heat within the combustion 
chamber so that 24” away from the outside of the refractory walls the ambient 
temperature is only slightly higher than the surrounding atmosphere. 



   

 
The refractory panels and door frames are poured with a castable refractory of 4" (102 
mm) rated at 2,800º F (1,540ºC).  After curing, the castable thermal ceramic panels have 
a cold crushing strength of up to 5,000 PSI (352 kg/cm2).  Each panel weighs 
approximately 1,200 lbs. (544 kg) and is equipped with two steel pad eyes for easy 
removal and replacement.  The two refractory panel doors weigh approximately 1,700 
lbs. (771 kg) each.  Four custom hinges support the doors. 
 
The intense oxygen flow coupled with the specific geometric design of the firebox 
essentially creates an after burner effect.  By re-circulating the air under the curtain, 
residence time of the particulate is increased long enough for their effective combustion 
(pyrolization) with virtually no smoke or ash escaping.  As a result of the extremely high 
temperatures and the high velocity airflow directed over, under and into the combustion 
chamber or “fire box” at precise angles, the MCU contains particulate emissions 
extremely efficiently while again promoting complete combustion of the fuel (feedstock). 
 
The patented manifold system serves another important aspect besides particulate control 
in that it creates an after burner effect inside the combustion chamber to destroy potential 
fugitive emissions.  The refractory lined unit provides exterior safety while in the interior 
the refractory maintains extremely high temperatures.  Due to the continuous air curtain 
and associated turbulence inside the combustion chamber, extremely high temperatures 
are experienced while again achieving complete combustion. 
 
1.2 THE PRINCIPLE OF AIR CURTAIN INCINERATION 
  
The primary operating principle of an air curtain in this application is to control 
particulate emissions.  Another advantage in this specific application is that it provides 
more oxygen for the fire that results in complete combustion.  The introduction of a 
controlled high velocity air stream across the upper portion of the combustion chamber 
creates a powerful curtain of air excluding the major pathway for particulate and other 
fugitive emissions.  When introduced during the combustion process, the super-heated air 
created in this process actually becomes a rotating mass of high temperature air averaging 
up to 2,300ºF (or 1,260ºC) that has been trapped in the combustion chamber.  
 
The fuel input (waste material) and airflow can be modified rather simply.  A reduction 
or increase in the air velocity from the air curtain manifold into the combustion chamber 
changes the aspect of the fire within the combustion chamber.  Fuel modification is 
accomplished by changing the feed rate of the combustible material so that good 
combustion is achieved and maintained without the need for supplemental fuel sources 
such as natural gas.  This also eliminates the need for over fire or under fire air in order to 
achieve maximum Btu production from the fire and insure complete combustion, which 
results in significant volume reduction.  The sustained turbulence results in complete 
combustion of the loaded feedstock (waste material).  The protective (air) curtain created 
by the rotating air significantly reduces fugitive emissions.  Again the “S-Series system” 
provides redundant levels of pollution control, not redundant pieces of combustion or air 



   

pollution devices.  The following simple diagram illustrates the fundamental operating 
principal of the self-contained refractory lined combustion unit MCU.  

 
 

 
 
 

1. Air curtain system manifold showing nozzles that direct high velocity 
airflow into refractory lined combustion box. 

 
2. Refractory lined walls used to both absorb and reflect heat back into the 

primary combustion area surround the combustion chamber or firebox. 
 

3. Combustible material (feedstock) to be burned. 
 

4. Airflow schematic forming high velocity “air curtain” that acts as a 
controlling device to trap fugitive particulate while providing increased 
oxygen for fire. 

 
5. Representative airflow produced by air curtain refracting off of the 

chamber walls that over-oxygenates the fire maintaining high temperatures 
in the firebox that provides for more complete combustion of material. 

 
 
1.3 OPERATION OF THE WHITTON TECHNOLOGY AIR 

CURTAIN DESTRUCTOR 
  
The combustion chamber or firebox is loaded using a backhoe or front-end loader.  A 
small skid steer loader with a grapple attachment can also be used for loading or 
“packing” the combustible material. Care should be given to the direction of prevailing 
winds and should be away from the loading side of the firebox.  In order to understand 
how to load the firebox, you must first understand why it is important to do so in a 
specific manner.  The normal starting procedure is to start a fire in the bottom of the 



   

firebox.  A fire started in the bottom will climb to the surface igniting material on the way 
up.  The procedure is relatively straightforward: 
 

1. Load sufficient small, dry and clean brush or wood into the bottom of the 
firebox to a level of about 2 to 3 feet, making sure the entire bottom area 
of the firebox is covered. 

 
2. Establish that there is sufficient small material (less than two inches in 

diameter) in the bottom, followed by larger diameter branches or untreated 
lumber.  This should then be followed by larger material such as logs (six 
to ten inches in diameter) followed by larger diameter material and 
stumps.  Sufficient time should be allocated in constructing this “second 
layer” and insuring that it is also well packed and that it is level across the 
firebox. 

 
3. All material placed in the firebox should be tightly packed.  If there are 

large air spaces between the combustible material it will not ignite 
efficiently and combustion will not accelerate and progress properly 
causing the initial fire in the combustion chamber to be difficult to 
maintain which could lead to excessive smoking during startup. 

 
4. Feedstock in the firebox that will be ignited should be kept about two feet 

below the top of the firebox.  Care should be taken to ensure material does 
not extend above the top of the firebox.  The loading of material into 
firebox is always performed from the opposite side of the manifold. 

 
5. A petroleum-based product is often used to aid with ignition.  This is 

usually accomplished using 5 gallons of diesel fuel.  A torch device is 
used to ignite the fuel that is spread over the feedstock or wood waste.  
Charcoal, fiber ignition logs or a propane ignition device can be used for 
lighting the fire. 

  
Once flames begin to appear above the manifold, engage the operating 
lever of the motor with the throttle at idle speed.  As the fire begins to 
spread and temperatures increase the RPM’s of the MCU should also be 
increased by approximately 200 RPM’s.  After the diesel plume has 
dissipated and the MCU startup plume is visible (i.e. white smoke) the 
engine speed is increased again by 200 RPM’s.  As RPMs are increased in 
increments of approximately 200 RPM’s, visible opacity should be 
reduced to 10% (from approximately 20-25% during the initial 20 minute 
startup phase). 
 

As the temperature of the fire in the combustion chamber increases, the engine speed is 
also increased to approximately 1,800 RPM’s.  Ultimately, the normal operating range 
of the S-127 MCU should be between 1,500 and 1,900 RPM’s. 

 



   

Adherence to the startup procedures described should achieve optimum operating 
temperatures in the combustion chamber and therefore opacity should not exceed a 
Ringelmann Smoke Number of 1.0 after 30 minutes of operation.  Once again the opacity 
is used to verify good combustion and is a consistent verifiable measure of appropriate 
operating conditions. 
 
It is imperative to observe what type of material should be added to the fire, when to add 
additional material, and where to place the material.  This is a function of the dynamics of 
the fire and the procedure is refined through experience with the MCU.  Material is 
slowly added for the first 60 minutes after engaging the air distribution system.  It takes 
approximately one hour for the fire to reach maximum temperature.  If hot spots develop 
in the fire, dense material such as stumps or shorter denser pieces of waste wood should 
be placed in these areas. 
 
The fire across the top of the MCU should be relatively level and at no time should new 
material be stacked higher than the MCU manifold. The firebox must be loaded 
continuously throughout the day in order maintain sufficient operating temperatures.  If 
the fire is not loaded continuously, the heat will subside which will result in excessive 
smoke and increased opacity.  All loading should stop about two hours before the fire is 
to be extinguished.  As the fire burns down the airflow through the manifold must be 
maintained and possibly slightly increased in order to keep the remainder of the material 
burning hot.   
 
The volume of material that can be processed per hour is a function of density of the 
waste material, moisture content of the waste material, loading techniques and the time 
period in which optimum temperatures in the pit can be retained.  Upon completion of the 
combustion stage (i.e. when an active hot fire is being continuously maintained), the 
waste material will be reduced in bulk by 95% leaving only 5% in volume as residual 
ash.  System efficiency will be reduced once the residual ash build-up reaches 
approximately 2.5 to 3 feet (91 cm) in the bottom of the firebox.  Typically after a few 
days of operation the ash will need to be removed from the system. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



   

2.0 TESTING LOCATION AND PROJECT TEAM MEMBERS 
 
On October 10-11, 2000 a test was performed on a new Whitton S-127 Air Curtain 
Destructor (ACD).  The test site was located in Clarkston, Michigan.  
 
The test was performed to identify the source characteristics and quantify emissions of 
particulate matter, carbon monoxide, oxides of nitrogen, and sulfur dioxide. 
 
2.1 Contact Information in Regards to Test Data: 
 
Milan Kluko, Fountainhead Engineering, Ltd.  Phone (312) 332-4434 
David DeRuiter, DeRuiter Environmental, Inc.  Phone (850) 933-5622  
  
2.2 Personnel On-Site During Testing: 
 
Larry Tester, Genesis Air, Inc. 
Scott Mignery, Genesis Air, Inc. 
David DeRuiter, DeRuiter Environmental, Inc. 
Milan Kluko, Fountainhead Engineering, Ltd. 
Bruce Bawkon, Fountainhead Engineering, Ltd. 
Tom Snyder, Dart Industries, Owner of the S-127 Air Curtain Destructor 
 
 
 
 
 
 
 
 
 



   

3.0 PROCESS DESCRIPTION 
 
3.1 Air Curtain Destructor (ACD) 
 
The Whitton Technology Air Curtain Destructor (ACD) was developed for disposal of 
waste wood and landscape wastes with maximum volume reduction and minimum 
opacity.  The Whitton technology uses high velocity air is directed across and downwards 
at specific angles into a refractory lined combustion chamber creating an air curtain on 
top of the chamber while also sustaining a significant rotational turbulence within the 
combustion area.  This rotational turbulence provides an oxygen enriched environment 
within the combustion zone which accelerates the combustion process by raising the 
temperatures in the chamber to approximately 2000 degrees Fahrenheit and promotes 
complete combustion.  The air curtain integrated into this operation acts as a lid over the 
combustion chamber minimizing fugitive emissions during the combustion process.  The 
Whitton technology S-Series air curtain technology uses patented airflow velocity and 
aspects to achieve particulate capture.  The Whitton air curtain technology serves as the 
primary integrated air pollution or particulate controlling technology for this refractory 
lined system.  A more detailed description was included in Section 1. 
 
The average theoretical daily processing, or throughput rate, based on an eight-hour day 
using 5,000 Btu per pound feedstock like wood waste, would be as high as 145 tons or 90 
cubic yards per hour. 
 
3.2 Operating Conditions During Testing 
 
The ACD was fully stoked and allowed to reach operating temperature prior to beginning 
testing.  The feed rate throughout testing averaged approximately 90 cubic yards per hour 
based on field information provided by Fountainhead Engineering, Ltd.



   

4.0 SAMPLING AND ANALYSIS METHODS 
 
The emission testing was performed in accordance with the methods described in 40 
CFR, Part 60, Appendix A.  The following are descriptions of the methods used. 
 
4.1 Sampling Methodology 
 
Due to the unconfined and turbulent nature of emissions resulting from the operation of 
the Air Curtain Destructor (ACD) Unit, some USEPA (United States Environmental 
Protection Agency) Test methods were modified.  Specific modifications per method are 
discussed in Section 4.2. 
 
Sample gas and particulates were collected over the combustion area using a mobile 
sampling unit consisting of a platform lift with a 10’ support leading to a stack structure.  
The stack structure was 4 feet in length and 14” in diameter.  Straightening vanes were 
installed at the bottom of the structure.  The Method 5 sampling train was suspended 
from the mobile sampling unit, and the nozzle was located in the center of the stack 
structure.   
 
There were twelve traverse points over the top of the ACD unit.  Using USEPA Method 1 
the Project Team selected sample point locations.  The entire top of the ACD unit was 
treated as the edges of a rectangular stack. 
 
The vertical location of sampling was determined by positioning the stack structure in the 
air curtain produced by the manifold. When the stack structure was placed into the air 
curtain itself, velocity pressure became negative due to draft effects.  This served as 
positive identification of the vertical location of the air curtain in relation to the actual 
sample point.   The entire stack structure was then raised out of the air curtain to an area 
where velocity pressure was maximized (approximately 8-12” above the air curtain).  
This was the point of sampling.    
  
A schematic of the sampling train used is provided in Appendix C: Process and Sampling 
Schematics.    
 
4.2 Summary of Modified USEPA Methods 
 
USEPA Method 1 – Sample and Velocity Traverses for Stationary Sources 
 
USEPA Method 1 was used to determine appropriate sample point locations.  These 
points are then used to sample the stack gas for temperature, moisture content, and stack 
gas velocity. 
 
The modification to USEPA Method 1 was to treat the entire open area at the top of the 
ACD as a large rectangular stack.  Also, the number of sample points was reduced to 
twelve rather the recommended sixteen points due to terrain and sample train movement 



   

considerations. A diagram of sample traverse locations is located in Appendix C: Process 
and Sampling Schematics. 
  
USEPA Method 2 – Determination of Stack Gas Velocity and Volumetric Flow Rate 
 
EPA Method 2 was used to measure the velocity pressure and temperature of the stack 
gas exiting the unit.  A calibrated S-type pitot tube with an inclined manometer and 
temperature meter were used to obtain the specific data. 
 
A differential pressure gauge with greater sensitivity was used due to low range gas 
velocities.   
 
The stack structure was used only for turbulence reduction and flow confinement 
purposes.  Its diameter was not used in any volumetric flow rate calculations. 
 
USEPA Method 5D – Determination of Particulate Matter Emissions from Positive 
Pressure Fabric Filters 
 
A section of this Method was applied to compensate for the unconfined nature of the 
source.  A temporary stack structure was constructed according to Figure 5D-1 of this 
method, equipped with flow straightening vanes to decrease turbulence and a single 
sample port.  The nozzle of the Method 5 sampling train was located at the center of the 
stack structure. 
   
4.3 Summary of Test Methods Used as Written 
 
USEPA Method 3A- Gas Analysis for the Determination of Dry Molecular Weight 
 
The stack gas is sampled and analyzed for oxygen, carbon dioxide, carbon monoxide, and 
nitrogen content.  These percentages are used to determine the dry molecular weight of 
the stack gas.  An ECOM S+ provided this information for carbon dioxide and oxygen.  
A Thermo 48C (NDIR) provided this information for carbon monoxide.    
 
USEPA Method 4- Determination of Moisture in Stack Gas 
 
As part of the pollutant measurement method, stack gas samples are collected during each 
run.  These samples are taken from the ductwork by application of the Method 5 
sampling train consisting of a sample nozzle, heated sample probe, sample line, 
impingers in an ice bath, vacuum pump, and dry gas meter.  The condensed moisture is 
measured and the sample gas volume is used to calculate the percent moisture. 
 
USEPA Method 5 – Determination of Total Particulate Matter 
 
Total Particulate concentrations were measured by the application of Method 5.  Method 
5 procedures withdrew PM emissions isokinetically from the source and then collected 



   

them on a pre-weighed filter.  The samples collected were then prepared for analysis in 
accordance with Method 5.  Larry Tester of Genesis Air, Inc, performed sample analysis. 
 
USEPA Method 9 – Visual Determination of the Opacity of Emissions from Stationary 
Sources 
 
Method 9 requires that a Certified Observer of Visible Emissions make a reading of 
estimated opacity above the source. David DeRuiter of DeRuiter Environmental, Inc, 
performed opacity readings. 
 
USEPA Method 10 – Determination of Carbon Monoxide Emissions From Stationary 
Sources 
 
Method 10 involves the extraction of an integrated gas sample, which is conditioned and 
analyzed by an NDIR (nondispersive infrared analyzer) for carbon monoxide.  The 
specific Model used a Thermo 48C High Level Gas Filter Correlation (GFC) CO 
Analyzer set on the 0-1000 ppm Range. 
 
Analysis of Combustion Gases (SO2, NO, NO2, CO, O2) 
 
An integrated gas sample was extracted and monitored continuously using an ECOM S+ 
five-gas analyzer.  The ECOM S+ is a microprocessor based portable emission analyzer 
utilizing electrochemical sensors and gas conditioning systems.  This information was 
collected for informational purposes to help quantify potential emissions from the ACD 
and was not used in any carbon monoxide calculations. 
 
4.4 Quality Assurance 
 
As part of the test requirements, certain quality assurance procedures were followed so 
that a quality emission test would be guaranteed.  The following calibrations were 
performed as part of this quality assurance: 
 
Calibration Units   Parameter 
 
Dry Gas Meter   Y Factor 
Probe Nozzles    Diameter 
Pitot Tube    Geometric Specifications 
Temperature Sensors   Degrees (+ or -) 
NDIR detector    EPA Protocol Calibration Gas (0 and 452.5 ppm) 
Chemical Detectors   EPA Protocol Calibration Gas (0 and 452.5 ppm) 
 
All calibrations were found to be acceptable and within the required limits. The results of 
these calibrations can be found in Appendix D: Calibration Data. 
 
 
 



   

5.0 DISCUSSION OF TEST RESULTS 
 
5.1 Start up 
 
Run 1 is representative of operating conditions during the first 30 minutes of operation 
after even combustion has been attained and the Air Curtain Destructor (ACD) is not up 
to full operating temperature. Sampling was done at a point in the center of the ACD, and 
no traverses were made.  The sampling was executed at a constant flow rate. 
 
The results are presented below and full test data is presented in Appendix A: Method 
Calculations and Test Data. 
 

Run Number Particulates (lb/hr) Carbon Monoxide 
(lb/hr) 

Opacity (%) 

Run 1 (Start Up) 0.81 4.67 1.5% 
 
5.2 Normal Operating Conditions 
 
Run 2, Run 3, and Run 4 are representative of emissions of the ACD while at efficient 
operation.  The results are presented in the table below and full test data is presented in 
Appendix A: Method Calculations and Test Data. 
 

Run Number, Date, 
Time 

Particulates 
(lb/hr) 

Carbon 
Monoxide 

(lb/hr) 

Opacity (%) 

Run 2 10-10-2000, 1432 
Start 

3.08 27.62 6.3 

Run 3 10-10-2000, 1636 
Start 

1.54 7.06 3.8 

Run 4 10-11-2000, 1210 
Start 

1.81 26.27 6.1 

Averages 2.14 19.98 5.4 
 
 
5.3 Opacity 
 
Opacity averaged 5.4% during the testing period.  There is very little opacity when the 
ACD is in full operation, with typical readings being in the 5-10% range.  Opacity 
readings tended to increase during the charging of the ACD with fuel to levels ranging 
from 15-25%.  This increased opacity would continue for approximately 1-2 minutes due 
to agitation of partially combusted materials, but would then fall to normal levels of 5-
10% after re-equilibrating. Opacity data sheets are located in Appendix B: Field Data 
Sheets. 
 



   

 
5.4 Sulfur Dioxide and Nitrogen Oxide 
 
Emissions of sulfur dioxide and nitrogen oxide were minimal.   
 
Sulfur dioxide readings of approximately 1 part per million (ppm) were obtained during 
Run 3, but there was no sulfur dioxide present during the other runs.  This reading is 
considered a trace amount and was not included in emissions calculations. 
 
Nitrogen oxide was also detected in a trace amount of approximately 1-4 ppm at various 
stages of the testing. This concentration reading was not consistent and was not included 
in emissions calculations. 
 
Data sheets are presented in Appendix B: Field Data Sheets. 
 
5.5 Errors Discussion 
 
There is a significant variance in the carbon monoxide data between Runs 2 and Run 4 as 
compared to Run 3.  A possible cause for this is the increased combustion efficiency of 
the ACD after continued operation.  Both Run 2 and Run 4 were performed 
approximately 1.5 hours after initial startup, while Run #3 was performed after the ACD 
had been in operation for nearly 5 hours.  Regardless, all three runs were counted in the 
average for carbon monoxide emissions. 
 
The weather conditions at the time of sampling were near standard conditions.  Wind 
direction was predominantly from the northwest, blowing across the ACD at a 45 degree 
angle length to width at speeds between 4-16 knots.  The ACD was shielded from these 
winds by surrounding topography and semi trailers stored on the site.  The effects of wind 
shear across the top of the ACD, especially in the sample zone, are judged to be minimal.  
Weather data is presented in Appendix B: Field Data Sheets. 
 
The isokinetic sampling rates (the velocity at the sampling nozzle compared to the 
velocity of the stack gas) were slightly high (109.5%, 110.5%, and 117.2%) for Run 2, 
Run 3 and Run 4, respectively.  Depending on the particle size distribution, this tends to 
understate the particulate loading, especially for particulates of larger diameter.  Given 
the relatively low pounds per hour emissions rate, these higher isokinetic rates are not 
considered a significant error and will not have a major impact on total emissions 
calculations.  The particulate sample filter was sent to AAC Trinity Laboratories in 
Farmington Hills, Michigan for particle size distribution analysis.  The results will be 
published as an addendum to this report when they become available. 
 
 
 
 
 
 










































































































