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EMISSION FACTOR DOCUMENTATION FOR AP-42 SECTION 10.6.2
Particleboard Manufacturing

1. INTRODUCTION

The document Compilation of Air Pollutant Emission Factors (AP-42) has been published by the
U. S. Environmental Protection Agency (EPA) since 1972. Supplements to AP-42 have been routinely
published to add new emission source categories and to update existing emission factors. AP-42 is
routinely updated by EPA to respond to new emission factor needs of EPA, state and local air pollution
control programs, and industry.

An emission factor is a representative value that attemnpts to relate the quantity of a pollutant
released to the atmosphere with an activity associated with the release of that pollutant. Emission factors
usually are expressed as the weight of pollutant divided by the unit weight, volume, distance, or duration of
the activity that emits the pollutant. The emission factors presented in AP-42 may be appropriate to use in
a number of situations, such as making source-specific emission estimates for areawide inventories for
dispersion modeling, developing control strategies, screening sources for compliance purposes,
establishing operating permit fees, and making permit applicability determinations. The purpose of this
report is to provide background information from test reports and other information to support preparation
of AP-42 Section 10.6.2, Particleboard Manufacturing.

This background report consists of five sections. Section 1 includes the introduction to the report.
Section 2 gives a description of the particleboard manufacturing industry. It includes a characterization of
the industry, a description of the different process operations, a characterization of emission sources and
pollutants emitted, and a description of the technology used to control emissions resulting from these
sources. Section 3 is a review of emission data collection (and emission measurement) procedures. It
describes the literature search, the screening of emission data reports, and the quality rating system for both
emission data and emission factors. Section 3 also discusses issues related to the testing and interpretation
of emission data for wood products industry sources. Section 4 details how the new AP-42 section was
developed. It includes the review of specific data sets and a description of how candidate emission factors
were developed. Section 5 presents the AP-42 Section 10.6.2, Particleboard Manufacturing.
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2. INDUSTRY DESCRIPTION

2.1 INDUSTRY CHARACTERIZATION!-3

Particleboard is defined as a panel product manufactured from lignocellulosic materials, primarily
in the form of discrete particles, combined with a synthetic resin or other suitable binder and bonded
together under heat and pressure. The primary difference between particleboard and other reconstituted
wood products, such as waferboard, oriented strandboard, medium density fiberboard, and hardboard, is
the material or particles used in its production. The major types of particles used to manufacture particle-
board include wood shavings, flakes, wafers, chips, sawdust, strands, slivers, and wood wool. The term
particleboard sometimes is used generically to include waferboard and oriented strandboard, which are
manufactured primarily with wood flakes and wafers. However, for the purposes of this report,
particleboard pertains only to panels manufactured from a mixture of wood particles or otherwise from
wood particles other than wafers and flakes. Particleboard manufacturing falls under Standard Industrial
Classification (SIC) Code 2493, reconstituted wood products, which includes hardboard, insulation board,
medium density fiberboard, waferboard and oriented strandboard in addition to particleboard. The six-
digit Source Classification Code (SCC) for particleboard manufacturing is 3-07-006.

There were 40 particleboard plants listed in the 1997 Directory of the Wood Products Industry.
Table 2-1 presents the name, location, and annual production capacity for the particleboard plants listed in
the 1997 Directory of the Wood Products Industry. Annual capacity for the plants that reported their
capacities in the 1997 Directory of the Wood Products Industry ranged from 1.9 x 108 to0 3.3 x 107 square
meters (m?) (2.0 x 107 to 3.5 x 10® square feet [ft%]) of particleboard on a 1.91-centimeter (cm) (3/4-inch
[in.]) basis. Board densities at these glants ranged from 288 to 1,041 kilograms per cubic meter (kg/m3)
(18 t30 65 pounds per cubic foot [1b/ft°]), with most being in the range of 721 to 769 kg/m3 (45t0 48
1b/ft7).

Particleboard is produced in a wide range of densities. Particleboard with a density of less than
590 kilograms per cubic meter (kglm3) (37 pounds per cubic foot [lb/ft3]), 590 to 800 kg/m3 (37 to
50 Ib/ft3), and greater than 800 kg/m> (50 Ib/ft®) is classified as low-density, medium density, and high
density particleboard, respectively. However, this report does not distinguish between particleboard
densities relative to emissions from manufacturing operations.

Although some single-layer particleboard is produced, particleboard generally is manufactured in
three or five layers. The outer layers are referred to as the surface or face layers, and the inner layers are
termed the core layers. Face material generally is finer than core material. By altering the relative
properties of the face and core layers, the bending strength and stiffness of the board can be increased.

2.2 PROCESS DESCRIPTION!-247

The general steps used to produce particleboard include raw material procurement or generation,
classifying by size, drying, blending with resin and sometimes wax, forming the resinated material into a
mat, hot pressing, and finishing. Figure 2-1 presents a process flow diagram for a typical particleboard
plant. '

The furnish or raw material for particleboard normally consists of wood particles, primarily wood
chips, sawdust, and planer shavings. This material may be shipped to the facility or generated onsite and
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TABLE 2-1. DOMESTIC PRODUCTION OF PARTICLEBOARD IN 19962

Mill name/location

Annual
capacity,
millions of ft2,
3/4-in. basis

Mill name/location

Annual
capacity,
millions of ft2,
3/4-in. basis

Louisiana-Pacific Corp., Arcata, CA

Not available

Willamette Industries, Inc., Albany, OR

200

Willamette Industries, Inc., Simsboro,
LA

Hambéo Forest Products, Inc., Crescent | 36 Willamette Industries, Inc., Bend, QR 157
City, CA

Roseburg Forest Products Co., Dillard, | 350
Georgia-Pacific Corp., Martell, CA 150 OR
Weyerhaeuser, Adel, GA 103 Willamette Industries, Inc., Eugene, OR | 60
Temple-Inland Forest Products Corp., 110 Boise Cascade Corp., La Grande, OR 181
Thomson, GA

Smurfit Newsprint Corp., Oregon City, | 28
Georgia-Pacific Corp., Vienna, GA 124 OR :
Swain Industries, Seymour, IN 30 gmurﬁt Newsprint Corp., Sweet Home, | 42

R

Willamette Industries, Inc., Lillie, LA 105

Allegheny Particleboard Limited Not available

100 Partnership, Kane, PA

Burgess Manufacturing of Oklahoma,
Inc., Guthrie, OK

Not available

Oconomowoc, WI

Georgia-Pacific Corp., Russellville, SC | 125
International Paper, Hanover, MD Not available
Merillat Industries, Inc., Rapid City, 95
Georgia-Pacific Corp., Gaylord, MI 250 SD
Georgia-Pacific Corp., Eupora, MS 24 Temple-Inland, Forest Products Corp., 112
Diboll, TX
Industrial Wood Products, Louisville, 95
MS Triwood Inc., Bassett, VA _ 20
Georgia-Pacific Corp., Oxford, MS 200 Forest Resource Group, Franklin, VA %0
'Georgia-Pacific Corp., Taylorsville, MS | 125 Georgia-Pacific Corp., South Boston, 108
VA
Louisiana-Pacific Corp., Missoula, MT | 150
Masonite Corporation, Stuart, VA 79
Amer-Ply, Newark, NJ 30
Masonite Corporation, Waverly, VA 110
Ponderosa Products, Inc., Albuquerque, | 45
Rodman Industries, Marinette, W1 22
Broyhill Furniture Industries, Lenoir, 35 Weyerhaeuser Forest Products Co., 70
NC Marshfield, WI
Nu-Woods, Inc., Lenoir, NC 23 Fiberesin Industries, Inc., Not available

TOTAL PLANT CAPACITY®

3,584

3Reference 3.

bTotal plant capacity, less the five mills not reporting annual production capacity.
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stored until needed. In mills where chips are generated onsite, logs are debarked, sawn to proper length,
and chipped. After shipping to the site or generation onsite, the furnish may be further reduced in size by
means of hammermills, flakers, or refiners. After milling, the material is either screened using vibrating or
gyratory screens, or the particles are air-classified. The purpose of this step is to remove the fines and to
separate the core material from the surface material. The screened or classified material then is transported
to storage bins. From the storage bins, the core and surface material are conveyed to dryers. Rotary dryers
are the most commonly used dryer type in the particleboard industry. Both single and triple-pass dryers are
used. In addition, some facilities use tube dryers to dry the furnish. Wood-fired dryers are used at most
facilities. However, gas- and oil-fired dryers also are used. The moisture content of the particles entering
the dryers may be as high as 50 percent on a wet basis. Drying reduces the moisture content to 2 to

8 percent. Dryer inlet temperatures may be as high as 871°C (1600°F) if the furnish is wet; for dry
furnish, inlet temperatures generally are no higher than 260°C (500°F). Core dryers generally operate at
higher temperatures than surface dryers operate due to differences in core and surface particle

~ characteristics and because a lower moisture content is more desirable for core material.

A two-stage drying arrangement can be used when the mositure content of the incoming furnish is
highly variable. The first stage (predryer) equalizes the moisture content in the furnish; the second stage
(final dryer) is the main dryer. With this arrangement, tube dryers, rotary dryers, or a combination of dryer
types (for example, a tube predryer followed by a rotary final dryer) may be used.

After drying, the particles pass through a primary cyclone for product recovery and then are
transferred to holding bins. Face material sometimes is screened to remove the fines, which tend to absorb
too much of the resin, prior to storage in the holding bins. From the holding bins, the core and surface
materials are transferred to blenders, in which the particles are mixed with resin, wax, and other additives
by means of spray nozzles, tubes, or atomizers. The most commonly used resins are phenol-formaldehyde
and urea-formaldehyde. Generally, urea-formaldehyde resins are used in panels intended for interior
applications and phenol-formaldehyde resins are used to manufacture particleboard for exterior
applications.

Waxes are added to impart water resistance, increase the stability of the finished product under wet
conditions, and to reduce the tendency for equipment plugging. For furnishes that are low in acidity,
catalysts also may be blended with the particles to accelerate the resin cure and to reduce the press time.
Formaldehyde scavengers also may be added in the blending step to reduce formaldehyde emissions from
the process.

Blenders generally are designed to discharge the resinated particles into a plenum over a belt
conveyor that feeds the blended material to the forming machine, which deposits the resinated material in
the form of a continuous mat. Formers use air to convey the material, which is dropped or thrown into an
air chamber above a moving caul, belt, or screen and floats down into position. To produce multilayer
particleboard, several forming heads can be used in series, or air currents can produce a gradation of
particle sizes from face to core. Figure 2-2 depicts two types of forming machines. :

As it leaves the former, the mat may be prepressed prior to trimming and pressing. The mats then
are cut into desired lengths and conveyed to the press. The press applies heat and pressure to activate the
resin and bond the fibers into a solid panel. Although some single-opening presses are used, most
domestic particleboard plants are equipped with multi-opening presses, which generally have 14 to
18 openings and platens that range in size from 1.2 meter (m) by 2.4 m to 2.4 m by 8.5 m (4 ft by 8 ft to
8 ft by 28 ft). Total press time is generally 2.5 minutes (min) for single-opening presses and 4.2 to 5.8 min
for multi-opening presses. Typical production capacities are 260 to 325 megagrams per day (Mg/d)

24
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(286 to 358 ton/d) for single-opening presses and 520 to 1,180 Mg/d (572 to 1,300 ton/d) for multi-
opening presses. Presses generally are steam-heated using steam generated by a boiler that burns wood
residue. However, hot oil and hot water also are used to heat the press. The operating temperature for
particleboard presses generally ranges from 149° to 182°C (300° to 360°F). Figure 2-3 depicts a
particleboard multi-opening press.

After pressing, the boards generally are cooled prior to stacking. The particleboard panels then are
sanded and trimmed to final dimensions, any other finishing operations (including edge painting, and
laminate or veneer application) are done, and the finished product is packaged for shipment.

2.3 EMISSIONS*7

The primary emission sources at particleboard mills are particle dryers and hot press vents. Other
emission sources may include boilers, particle generation, blending, forming, board cooling, and finishing
operations such as sanding, trimming, edge painting, and laminate or veneer application. Other potential
emissions sources ancillary to the manufacturing process may include wood chip storage piles and bins
(including wood fuel), chip handling systems, and resin storage and handling systems.

Although most particleboard mills have chips delivered from offsite locations, in mills where chips
are generated onsite, operations such as log debarking and sawing, in addition to particle mills, screens,
and classifiers generate particulate matter (PM) and PM less than 10 micrometers in acrodynamic diameter
(PM-10) emissions in the form of sawdust and wood particles. In addition, these processes may be sources
of PM less than 2.5 micrometers in aecrodynamic diameter (PM-2.5) emissions.

Emissions from dryers that are exhausted from th: nrimary recovery cyclone include wood dust
and other solid PM, volatile organic compounds (VOC" ndensible PM, and products of combustion
such as carbon monoxide (CO), carbon dioxide (CO,), anc nitrogen oxides (NO, ), if direct-fired units are
used. The condensible PM and a portion of the VOC’s leave the dryer stack as vapor but condense at
normal atmospheric temperatures to form liquid particles or mist that creates a visible blue haze. Both the
VOC’s and condensible PM are primarily compounds evaporated from the wood, with a minor constituent
being combustion products. Quantities emitted are dependent on wood species, dryer temperature, fuel
used, and other factors including season of the year, time between logging and processing, and chip storage
time.

Emissions from board hot presses are dependent on the type and amount of resin used to bind the
wood fibers together, as well as wood species, wood moisture content, wax and catalyst application rates,
and press conditions. When the press opens, vapors that may include resin ingredients such as
formaldehyde, phenol, and other VOC’s are released. The rate at which formaldehyde is emitted during
pressing and board cooling operations is a function of the amount of excess formaldehyde in the resin,
board thickness, press temperature, press cycle time, and catalyst application rates.

Emissions from finishing operations for particleboard are dependent on the type of products being
finished. For most particleboard products, finishing involves trimming to size and, in some cases, painting
or coating the edges. Other products may require sanding or the application of laminate surfaces or
veneers with adhesives. Trimming and sanding operations are sources of PM and PM-10 emissions. In
addition, these processes may be sources of PM less than 2.5 micrometers in aerodynamic diameter
(PM-2.5) emissions. No data specific to particleboard trimming or sawing are available. However,
emissions factors for general sawing operations may provide an order of magnitude estimate for similar
particleboard sawing and trimming operations, bearing in mind that the sawing of dry particleboard panels
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may result in greater PM, PM-10, and PM-2.5 emissions than the sawing of green lumber. No data
specific to particleboard panel sanding are available. It is expected that water-based coatings are used to
paint particleboard edges, and the resultant VOC emissions are relatively small. Emissions from adhesives
used in the application of laminate surfaces or veneers are likely to include VOC’s.

2.4 EMISSION CONTROL TECHNOLOGY!-2:4-10

In particleboard mills where particles are generated onsite, PM, PM-10, and PM-2.5 emissions
from log debarking, sawing, and grinding operations can be controlled through capture in an exhaust
system connected to a sized cyclone and/or fabric filter collection system. Emissions of PM, PM-10, and
PM-2.5 from sanding and final trimming operations can be controlled using similar methods. These wood
dust capture and collection systems are used not only to control atmospheric emissions, but also to collect
the dust as a by-product fuel for a boiler or dryer.

Methods of controlling PM emissions from the particle dryer include multiclones, packed bed
absorbers (PBA’s), fabric filters, electrified filter beds (EFB’s), wet electrostatic precipitators (WESP’s),
and incinerators. Emissions are generally controlled with multiclones, EFBs, or WESPs. The EFB uses
electrostatic forces to attract pollutants to an electrically charged gravel bed. The WESP uses electrostatic
forces to attract pollutants to either a charged metal plate or a charged metal tube. The collecting surfaces
are continually rinsed with water to wash away the pollutants. Wet PM controls, such as PBA and WESP
systems also may reduce VOC emissions from particle dryers, but to a lesser extent than PM emissions are
reduced by such systems.

A VOC control technology gaining popularity in the wood products industry for controlling both
dryer and press exhaust gases is regenerative thermal oxidation. Thermal oxidizers destroy VOCs, CO,
and condensible organics by burning them at high temperatures. Regenerative thermal oxidizers (RTO's)
are designed to preheat the inlet emission stream with heat recovered from the incineration exhaust gases.
Up to 98 percent heat recovery is possible, although 95 percent is typically specified. Gases entering an
RTO are heated by passing through pre-heated beds packed with a ceramic media. A gas burner brings the
preheated emissions up to an incineration temperature between 788° and 871°C (1450° and 1600°F) in a
combustion chamber with sufficient gas residence time to complete the combustion. Combustion gases
then pass through a cooled ceramic bed where heat is extracted. By reversing the flow through the beds,
the heat transferred from the combustion exhaust air preheats the gases to be treated, thereby reducing
auxiliary fuel requirements.

Vendor literature indicates that an RTO can achieve a VOC destruction efficiency of 99 percent.
The literature further indicates that with a particulate prefilter to remove inorganic PM, an RTO system can
achieve a PM control efficiency of 95 percent. Industry experience has shown that RTO's typically achieve
95 percent reduction for VOC (except at inlet concentrations below 20 parts per million by volume as
carbon [ppmvC]), and 70 to 80 percent reduction for CO. However, RTO’s typically increase emissions of
NO,.

Biofiltration systems can be used effectively for control of a variety of pollutants including organic
compounds (including formaldehyde and benzene), NO,,, CO, and PM from both dryer and press exhaust
streams. Data from pilot plant studies in U.S. oriented strandboard mills indicate that biofilters can
achieve VOC control efficiencies of 70 to 90 percent, formaldehyde control efficiencies of 85 to 98
percent, CO control efficiencies of 30 to 50 percent, NO, control efficiencies of 80 to 95 percent, and
resin/fatty acid control efficiencies of 83 to 99 percent.
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Other potential control technologies for particleboard dryers and presses include exhaust gas
recycle, regenerative catalytic oxidation (RCO), absorption systems (scrubbers), and adsorption systems.

Fugitive emissions from road dust and uncovered bark and dust storage piles may be controlled in
a number of different ways. These methods include enclosur » Wet suppression systems, and chemical
stabilization. Control techniques for these sources are discussed more fully in AP-42 Chapter 13,
Miscellaneous Sources.
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3. GENERAL DATA REVIEW AND ANALYSIS PROCEDURES

3.1 LITERATURE SEARCH AND SCREENING

Data for this investigation were obtained from a number of sources within the Office of Air
Quality Planning and Standards (OAQPS) and from outside organizations. The Factor Information and
Retrieval (FIRE), Crosswalk/Air Toxic Emission Factor Data Base Management System (XATEF), and
VOC/PM Speciation Data Base Management System (SPECIATE) data bases were searched by SCC code
for identification of the potential pollutants emitted and emission factors for those pollutants. A general
search of the Air CHIEF CD-ROM also was conducted to supplement the information from these data
bases.

Information on the industry, including number of plants, plant location, and annual production
capacities, was obtained from the Census of Manufactures and other sources. A number of sources of
information were investigated specifically for emission test reports and data. Searches of the Source Test
Information Retrieval Systemn (STIRS) and the Test Method Storage and Retrieval (TSAR) data bases were
conducted to identify test reports for sources within the particieboard manufacturing industry. The EPA
library was searched for additional test reports. Publications lists from the Office of Research and
Development (ORD) and Control Technology Center (CTC) were also searched for reports on emissions
from the particleboard manufacturing industry. In addition, the National Council of the Paper Industry for
Air and Stream Improvement (NCASI), and representative trade associations, including the American
Forest and Paper Association (AFPA), were contacted for assistance in obtaining information about the
industry and emissions.

To screen out unusable test reports, documents, and information from which emission factors
could not be developed, the following general criteria were used:

1. Emission data must be from a primary reference:

a. Source testing must be from a referenced study that does not reiterate information from
previous studies.

b. The document must constitute the original source of test data. For example, a technical paper
was not included if the original study was contained in the previous document. If the exact source of the
data could not be determined, the document was eliminated.

2. The referenced study should contain test results based on more than one test run. If results
from only one run are presented, the emission factors must be down rated.

3. The report must contain sufficient data to evaluate the testing procedures and source operating
conditions (e.g., one-page reports were generally rejected).

A final set of reference materials was compiled after a thorough review of the pertinent reports,
documents, and information according to these criteria.
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3.2 DATA QUALITY RATING SYSTEM!

As part of the analysis of the emission data, the quantity and quality of the information contained
in the final set of reference documents were evaluated. The following data were excluded from
consideration;

1. Test series averages reported in units that cannot be converted to the selected reporting units;

2. Test series representing incompatible test methods (i.e., comparison of EPA Method 5 front
half with EPA Method 5 front and back half);

3. Test series of controlled emissions for which the control device is not specified;
4, Test series in which the source process is not clearly identified and described; and

5. Test series in which it is not clear whether the emissions were measured before or after the
control device.

Test data sets that were not excluded were assigned a quality rating. The rating system used was
that specified by EFIG for preparing AP-42 sections. The data were rated as follows:

A—Multiple test runs that were performed using sound methodology and reported in enough
detail for adequate validation. These tests do not necessarily conform to the methodology specified in EPA
reference test methods, although these methods were used as a guide for the methodology actually used.

B—Tests that were performed by a generally sound methodology but lack enough detail for
adequate validation.

C—Tests that were based on an unproven or new methodology or that lacked a significant amount
of background information.

D—Tests that were based on a generally unacceptable method but may provide an order-of-
magnitude value for the source.

The following criteria were used to evaluate source test reports for sound methodology and
adequate detail:

1. Source operation. The manner in which the source was operated is well documented in the
report. The source was operating within typical parameters during the test.

2. Sampling procedures. The sampling procedures conformed to a generally acceptable
methodology. If actual procedures deviated from accepted methods, the deviations are well documented.
When this occurred, an evaluation was made of the extent to which such alternative procedures could
influence the test results.

3. Sampling and process data. Adequate sampling and process data are documented in the report,
and any variations in the sampling and process operation are noted. If a large spread between test results
cannot be explained by information contained in the test report, the data are suspect and are given a lower
rating.
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of the tester, which in turn was based on factors such as consistency of results and completeness of other
areas of the test report.

3.3 EMISSION FACTOR QUALITY RATING SYSTEM!

The quality of the emission factors developed from analysis of the test data was rated using the
following general criteria:

A—Excellent: Developed from A- and B-rated source test data taken from many randomly chosen
facilities in the industry population. The source category is specific enough so that variability within the
Source category population may be minimized.

B_—Above average: Developed only from A- or B-rated test data from a reasonable number of
facilities. Although no specific bias is evident, it is not clear if the facilities tested represent a random
sample of the industries. The source category is specific enough so that variability within the source
category population may be minimized.

C—Average: Developed only from A-, B-, and/or C-rated test data from a reasonable number of
facilities. Although no specific bias is evident, it is not clear if the facilities tested represent a random
sample of the industry. In addition, the source category is specific enough so that variability within the
Source category population may be minimized.

D—Below average: The emission factor was developed only from A-, B- and/or C-rated test data
from a small number of facilities, and there is feason to suspect that these facilities do not represent a
random sample of the industry. There also may be evidence of variability within the source category
population. Limitations on the use of the ernission factor are noted in the emission factor table.

E—Poor: The emission factor was developed from C- and D-rated test data, and there is reason to
suspect that the facilities tested do not represent a randorn sample of the industry. There also may be
evidence of variability within the source category population. Limitations on the use of these factors are
footnoted.

The use of these criteria is somewhat subjective and depends to an extent upon the individual
reviewer. Details of the rating of each candidate emission factor are provided in Section 4.

3.4 EMISSION TEST METHODS2

The primary air pollutants of concern from the manufacture of particleboard, plywood, and other
reconstituted wood products are PM (or more specifically PM-10 and condensible PM) from drying
operations, VOC from drying operations and hot presses, and formaldehyde from hot presses. Emission
data for these pollutants have been obtained via a number of different methods, and these methods generate
data that are not directly comparable. To facilitate interpretation of the data generated by different
methods, the paragraphs below identify and briefly describe the procedures that have been used for
measuring emissions of PM and related pollutants, VOCs, and formaldehyde from wood products industry
dryers and presses.
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Test methods for PM (both filterable and condensible) include the standard reference method
(EPA Methods 1 through 5 with Method 5 being the primary PM procedure) and derivatives of Method 5.
Other methods that have been used in the reconstituted wood products industry are EPA Method 17 for
total PM, EPA Methods 201 and 201A for PM-10, EPA Method 202 for condensible PM, Oregon
Department of Environmental Quality Method 8 (ODEQ-8) for filterable PM, and the Oregon Department
of Environmental Quality Method 7 (ODEQ-7) for both filterable PM and condensible PM. The
paragraphs below first describe the essential features of Method 5 and then describe how the other
procedures differ from Method 5.

The primary components of the Method 5 train are the nozzle, the probe, a filter (Which is
maintained at 120  14°C [250 = 25°F] in a heated filter box), an impinger train that is kept in an ice bath
to cool the gas stream to ambient temperature, a meter box, and a pump. The impinger train contains four
impingers; the first two contain water, the third is dry, and the fourth contains silica gel to dry the gas

stream before it enters the dry gas meter. The Method 5 train collects an integrated sample over one to
" several hours at sample points that span a cross-section of the exhaust duct or stack, typically on
perpendicular traverses across the diameter of the stack. At each sampling point, a sample of the gas
stream is collected isokinetically through the nozzle. The captured gas stream moves through the probe to
the filter. Some particles are collected on the walls of the probe, and the remaining material that is in
particle phase at 120°C (250°F) is collected on the filter. The gases that pass through the filter then go
through the impinger train where any organic or inorganic materials that condense between 16° and 120°C
(60° and 250°F) are collected. Typically, the material collected in the probe and filter (front half catch) is,
considered for regulatory purposes to be PM, and the material captured in the impingers (back half catch)
is considered to be condensible PM. The procedures for Method 5 do not require the back half catch of the
sampling train to be quantified. However, as explained below, the Method 5 train may be coupled with a
Method 202 sampling train for measuring the condensible PM emission rate.

The other two methods that have been used to collect total PM emissions from wood products
industry operations, EPA Method 17 and ODEQ-7, encompass the same principles as EPA Method 5 but
have specific modifications. The primary difference between EPA Methods 5 and 17 is in the collection
temperature for the front half catch. In order to maintain a collection temperature of 120°C (250°F), the
Method 5 train employs a heated probe and filter. In contrast, the Method 17 train employs an in-stack
filter, so the collection temperature is equal to the actual temperature of the stack gas. If the stack gas
temperature is less than 120°C (250°F), then any material that condenses at temperatures between the
stack gas temperature and 120°C (250°F) will be measured as filterable PM with Method 17. However, in
a Method 5 train, this material would pass through the front half of the train to the impingers and would
not be quantified as filterable PM. The measures are reversed if the stack gas temperature is greater than
120°C (250°F).

The ODEQ-7 method modifies EPA Method 5 by adding a filter between the third and fourth
impingers to collect any condensed material that escapes the impingers. This filter is maintained at
approximately ambient temperature, and the material collected in the first three impingers and on the
second filter are added to the front-half catch to obtain total PM. This procedure is intended to measure
those constituents in the emissions responsible for the formation of PM once the emissions have cooled to
ambient temperature.

Oregon Department of Environmental Quality Method 8 is a high volume method of sampling
filterable PM emissions, primarily designed for wood product handling cyclone and baghouse exhaust
systems whose primary emissions are solid PM. The primary components of the ODEQ-8 train are the
nozzle, the probe, a filter (unheated, outside stack), a meter box, and a pump. One primary difference
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between EPA Method 5 and ODEQ-8 is in the collection temperature for the filter catch. In order to
maintain a collection temperature of 120°C (250°F), the Method 5 train employs a heated probe and filter.
In contrast, the ODEQ-8 train uses an unheated probe, and an unheated, out-of-stack filter, so the
collection temperature is near the actual temperature of the stack gas. If the stack gas temperature is less
than 120°C (250°F), then any material that condenses at temperatures between the stack gas temperature
and 120°C (250°F) will be measured as filterable PM with ODEQ-8. However, in a Method 5 train, this
material would pass through the front half of the train to the impingers and would not be quantified as
filterable PM. The other major difference between EPA Method 5 and ODEQ-8 is that the Oregon method
does not include a series of impingers, or back half, and, therefore does not quantify condensible PM.

In 40 CFR Part 51, EPA has published two procedures for determining PM-10 emission rates
(EPA Methods 201 and 201A) and a method for measuring condensible PM emission rates
(EPA Method 202). Methods 201 and 201 A are derivatives of Method 35 both of which include an in-stack
cyclone to remove particles with an aerodynamic diameter greater than 10 micrometers (um) from the gas
stream followed by an in-stack filter to collect the remaining particles. The back half of the train is
identical to the back half of the Method 5 train. Both methods require a traverse of the stack, but
Method 201 uses isokinetic sampling with a recirculating system to maintain constant flow through the
cyclone, while Method 201A uses a constant sampling rate, The PM-10 is determined gravimetrically
from the material captured in the sample line between the cyclone and filter and on the filter. Neither of
the two methods specify procedures for determining condensible PM, but both methods indicate that for
applications such as inventories of sources contributing to ambient PM-10 levels, PM-10 should be the
sum of condensible PM emissions and PM-10 emissions measured by the Method 201 or 201A
procedures.

Condensible PM emissions can be determined by EPA Method 202. Method 202, which applies
to determination of condensible PM from stationary sources, measures condensible PM as material that
passes through the filter and is collected in the impingers of a PM train. The primary method specifies that
condensible PM be based on the back-half catch of a Method 17 train (which uses an in-stack filter), but
Method 5, 201, or 201A procedures are also acceptable. The method specifies that the impinger solution
be extracted with methylene chloride, the inorganic and organic fractions be dried separately, the residues
weighed, and the condensible PM be determined from the combination of both residues. Note that because
the method allows the use of either a heated filter system or an in-stack filter system, some ambiguity in
results can occur from test to test.

Total hydrocarbon or volatile organic compound emission estimates from wood products industry
dryers and hot presses have been obtained primarily via one of two EPA methods--Method 25 and Method
25A--with Method 25A being the primary method used in particleboard manufacturing plants. Method 25
measures VOC emissions as total gaseous nonmethane organics (TGNMO), and emission levels are
typically reported as carbon concentrations or mass rates. Because organic PM interferes with the organic
analysis, the sample is drawn through a heated filter for PM removal. The method currently requires that
the filter be maintained at 121° = 3°C (250° x 5°F), but these filter requirements have evolved. Initially,
the filter was optional, and temperature requirements have changed over the years. The sample is drawn
from the filter through a condensate trap into an evacuated sample tank. The material in the trap and
sample tank are recovered and analyzed separately, and the results are combined to determine total VOC.
The organic material in the condensate trap is oxidized to CO, and collected in an evacuated vessel; then a
portion of the CO, is reduced to CH, and measured by flame ionization detector (FID). A portion of the
gas collected in the sample tank is first passed through a gas chromatograph to separate CO, CO,, and CH,
from the remaining nonmethane organic material NOM). The NOM is then oxidized to CO,, reduced to
CH,, and measured by FID. This procedure essentially determines the number of carbon atoms present in
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the nonmethane volatile organic material and eliminates inconsistencies associated with the variable
response of the FID to different organic compounds. -

Method 25A is used to provide a continuous measure of the concentration of organic vapors
consisting primarily of alkanes, alkenes, and aromatic hydrocarbons. The stack gas sample is collected
through a heated sample line with either an in-stack or heated filter to remove PM. From the filter, the
sample is directed to an FID, and the concentration of organic material in the gas stream is measured as
calibration gas equivalents or as carbon equivalents. The results depend strongly on the particular
constituents that make up the organic content of the gas stream because the FID has different response
factors for different organic bond structures. In particular, the carbon/oxygen bond in formaldehyde
provides a negative interference, so the response of the FID to formaldehyde is essentially zero, and
responses for other aldehydes and ketones are diminished. Consequently, Method 25A does not include a
measure of formaldehyde emissions and does not accurately quantify emissions of other aldehydes or
ketones in the VOC estimate. Also, Method 25A measures methane, which is not regulated as a VOC.
This may result in the overestimation of VOC emissions from gas-fired dryers which can have significant
methane emissions.

Because the resins often used to bond wood products are formaldehyde-based, the exhaust gases
from the presses and from drying operations are known to contain quantities of formaldehyde and may
contain some amount of other aldehydes and ketones. The available data on aldehyde and ketone
emissions from these operations have been obtained with EPA Method 0011. It is important to note that
Method 0011 has not been validated for wood products industry emission sources. Method 0011 was
developed specifically for formaldehyde emissions, but it has been applied to other aldehyde and ketone
compounds. The procedure collects an integrated sample isokinetically at points along perpendicular
traverses of the stack. The gaseous and particulate pollutants in the sample gas are collected in an
impinger train that contains an aqueous acidic solution of dinitrophenyl-hydrazine. Formaldehyde reacts
with the dinitrophenyl-hydrazine to form a formaldehyde dinitrophenylhydrazone derivative. This
derivative is extracted, solvent exchanged, concentrated, and analyzed by high performance liquid
chromatography.

3.5 EMISSION TESTING ISSUES

Many of the difficulties encountered in developing VOC and PM-10 emission factors for wood
products industry dryers and hot presses arise because of the chemical composition of the organic materials
found in the emission streams from these processes and the use of different test methods described above
to collect and analyze these organic compounds for the historical data base. Also, the chemical and
physical characteristics of these emission streams, particularly the moisture content and temperature
variations, complicate sampling and analysis and data reduction. Particular issues of concern are
complications associated with high moisture in exhaust streams, differing VOC and PM-10 results from
different procedures and associated concerns with the condensible PM-10 as measured by Method 202,
and the interrelationship between the estimates of VOC and PM-10 emissions. These issues are a general
concern in the wood products industry and should be considered when interpreting test data and planning
emission test programs for the industry. The paragraphs below first discuss the characteristics of the
organic material in wood products exhaust streams and then address the general issues outlined above.



3.5.1 Organic Emissions from Drvers and Presses

As green wood is subjected to heat in wood products dryers, some of the organic material in the
wood is volatilized and carried off with the exhaust stream. These organic materials that emanate from the
wood are the primary VOCs and condensible organic PM in the dryer exhaust. Consequently, the organic
compounds found in wood products dryer emissions typically include terpenes, terpene-like materials,
resins, and fatty acids comparable to those found in wood. The boiling points of many of these materials
are in the range of 155° to 370°C (310° to 700°F). These temperatures are greater than typical dryer
temperatures, but the compounds exhibit significant vapor pressures at dryer temperatures. Consequently,
some of these organic compounds are at saturation levels in the gas streams and will condense as the gas
stréam cools.

3.5.2 Moisture Content of Dryer Exhaust

The inherent moisture contents of exhaust streams from particleboard dryers complicate
measurement of PM-10 emissions in these streams. This problem is most prevalent for facilities that have
wet control devices such as wet ESP’s. Because the exhaust from these systems is saturated, moisture
condensation downstream from the control device is common. The PM-10 procedures described above
prescribe an in-stack filter that operates at stack temperatures. If the gas stream contains water droplets,
sample train filter blinding (blockage of gas flow through the filter) is likely to preclude PM-10 sampling.
This problem has been encountered during EPA tests conducted on wet ESP-controlled dryers as a part of
the program to develop emission factors for the wood products industry,

One solution to this problem is to use a heated filter rather than an in-stack filter in the
Method 201 or 201A train. As a part of the testing, Method 202 could be used to determine condensible
PM emissions from the back half of the Method 201 or 201A train. The total PM-10 emissions could be
estimated as the sum of the PM-10 emissions obtained from Method 201 or 201A and the condensible PM
emissions obtained from Method 202. This solution will eliminate the moisture problem, but it does have
two drawbacks. First, since this procedure is different from the procedure used for dry control systems, the
results will not be directly comparable. Second, this procedure exacerbates the problems related to the
interrelationship of VOC and PM-10 emissions discussed below.

353V and PM-10 Me ents

As suggested by the characteristics of the organic emissions from wood products dryers described
above, the dryer exhaust gas contains a substantial amount of organic material that is condensible in the
range of 50° to 120° C (120° to 250°F). Because all of the test methods described earlier contain a filter
to collect PM, the amount of this material that remains on that filter and the amount that will be measured
downstream from the filter depend on the operating temperature of the filter. Consequently, the material
classified as PM-10, condensible PM, and VOC differs, depending on filter temperature. The situation
related to VOC emissions is further complicated by the presence of aldehydes and ketones in the exhaust
streams from dryers and presses. Because these compounds are treated differently by Methods 25 and
25A, results obtained by these two methods are not directly comparable. The paragraphs below first
address the PM-10 issues and then the VOC issues.

The applicability sections for EPA Methods 201 and 201A indicate that if PM-10 results are to be
used for purposes such as inventories, then the PM-10 results from those methods should be added to
condensible PM results from Method 202 to obtain total PM-10 emissions. Because the primary purpose
of AP-42 is to aid in preparing emission inventories, such a combination appears to be appropriate for
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developing AP-42 emission factors. However, condensible PM emissions can be determined via

Method 202 in conjunction with a variety of trains. The available data base on condensible PM emissions
from the wood products industry has been obtained using a Method 202 train following EPA Method 5
and Method 201A trains. Because these trains operate at different filter temperatures, they can generate
different measures of condensible PM emissions for the same facility, Furthermore, because Method 201A
operates with an in-stack filter, the distribution of filterable and condensible fractions will vary from site to
site depending on stack gas temperatures. In addition, measurements of filterable PM by Method 5 and
PM-10 by Methods 201 or 201A on the same stack gas can result in a PM-10 emission rate that is higher
than the filterable PM emission rate because of the differences in sampling train filter temperatures. Such
differences complicate averaging results across facilities to develop emission factors.

As noted in the discussion of Method 25 above, the protocol concerning the Method 25 particulate
prefilter has changed over time. Data collected during the last several years are based on the organic
material that passes through a 120°C (250°F) filter. However, some of the historical VOC data for the
wood products industry were based on Method 235 trains with in-stack filters or with heated filters
operating at 88°C (190°F). Because available data from NCASI testing indicate that substantial quantities
of the organic material in wood products dryers may condense at temperatures between 77°C (170°F) and
120°C (250°F), the results from the historical tests with different filter temperatures cannot be combined
consistently. |

Development of VOC emission factors is further complicated by the differences between )
Method 25 and Method 25A results. First, Method 25A allows the use of an in-stack particulate filter in
lieu of a heated filter, so the organic material that is subjected to analysis via the two methods is not
equivalent. More importantly, the analytical methods are quite different. Method 25 collects an integrated
sample over time and essentially counts the number of carbon atoms in the volatile fraction of the organic
material collected. Consequently, irrespective of the structure of the organic compounds in the emission
stream, the method measures the moles of carbon contained in those compounds. In contrast, Method 25A
provides a continuous measure of the organic material present by measuring the response of an FID to that
material relative to the response of the FID to a calibration gas. If the organic compounds in the exhaust
gas are primarily aliphatic and aromatic hydrocarbons, the two methods provide reasonably comparable
measures, but, if the exhaust contains substantial quantities of oxygenated compounds such as aldehydes
and ketones, the results will differ substantially. This difference is a consequence of the diminished
response of the FID to aldehydes and ketones. Because the hot press exhaust and some dryer exhaust
streams are known to contain quantities of aldehydes and ketones, the two methods are not expected to
produce comparable results for those operations.

3.5.4 Interrelationship of PM/PM-10 and VOC Emissions

Due to source characteristics there is an interrelationship between PM/PM-10 and VOC emissions.
Because of this interrelationship, the differences in the test methods described above can result in
measuring some fraction of the organic constituents in the exhaust stream as both PM-10 and VOC
emissions.

Available test data for wood products dryer emissions indicate that irrespective of filter
temperature, essentially all of the condensible PM that passes through the filter and is collected in the back
half of a PM or PM-10 train is organic material. Also, any organic material that passes through an in-stack
filter used with Method 25A or that passes through a heated filter at 120°C (250°F) as used with
Method 25 will be measured as VOC. At the same time, organic material that condenses between the stack
temperature and 120°C (250°F) will be measured as PM-10 by Methods 201 and 201A. Furthermore,
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material that condenses in the back half of an EPA Method 5 train will be classified as condensible PM by
EPA Method 202.

An overlap in the measured PM-10 and VOC emissions in the historical data base may have
resulted in two instances. First, if the recommendations of Methods 201 and 201A related to including
condensible PM in estimating total PM-10 emissions are followed, condensible PM will be measured as
both VOC and PM-10. Second, some fraction of the organic material retained on the Method 201 or 201A
filter and measured as PM-10 may also be counted as VOC via Method 25 because the filter temperatures
in the Method 25 train can be higher than that of the PM-10 train for these emission sources.

3.5.5 Summary

Several general conclusions can be made regarding the measurement of PM-10 and VOC
emissions for these sources. First, the source characteristics result in an interrelationship between
PM/PM-10 and VOC. The constituent organic pollutants emitted act as both PM and VOC. When an in-
stack filter is used during sampling the measured filterable PM, condensible PM, and VOC will be affected
by the stack gas temperature. Consequently, these measurements should be made under normal operating
conditions; ideally simultaneous measurements should be taken.

Second, the PM-10 and VOC test methods should be conducted to minimize the amount of overlap
in their measurement. Use of Methods 201/201A for filterable PM-10 in conjunction with Method 202 for
condensible PM-10 will provide total PM-10 results on the same basis (distribution of emissions between
the filterable and condensible fraction will be dependent upon stack gas temperature because the 201/201A
train uses an in-stack filter). Use of Method 25A with an in-stack filier will provide VOC data on the same
basis as the PM-10 measurements. In this case, the condensible organic PM-10 fraction measured using
Method 202 will also be measured as VOC by Method 25A. However, the amount of measurement
overlap can be estimated.

Finally, Method 25A has a very low response to formaldehyde, and a reduced response to other
aldehydes and ketones; consequently, the VOC emissions measured by Method 25A will be biased low in
cases where these compounds are present. A separate measurement method (e.g., Method 0011) should be
used to quantify these compounds when they are expected to be present in the emissions; for example, in
the exhaust gases from the presses and from drying operations.
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4. REVIEW OF SPECIFIC DATA SETS

4.1 INTRODUCTION

Council of the Paper Industry for Air and Stream Improvement (NCASI) Technical Bulletin No. 694 and
the associated data base (hereafter referred to as the NCASI data base). The following sections, provide
brief descriptions of these references.

4.2.1 Reference 1

This report documents measurements of emissions of several pollutants from a gas-fired
particleboard core dryer, particleboard press, and veneer press. The test, which was conducted in 1992,

material to 1 part of softwood material. During the test, the core dryer operated at an inlet temperature that
ranged from 102° to 107°C (215° t0 225°F) and an outlet temperature that ranged from 47.2° to0 48.9°C
(117° to 120°F). The average moisture content of the furnish entering the dryer ranged from 6.7 to

7.8 percent, and the average moisture content of material as it exited the dryer was 4.6 percent,

The facility was using a urea-formaldehyde resin to manufacture the particleboard and veneer
panels during the test. The particleboard press platen temperature ranged from 174° to 177°C (345° o
351°F). The veneer press is used manufacture 3- and 5- Ply furniture panels with veneer faces and
particleboard cores. The veneer press platen temperature was maintained at 132°C (270°F).

Emission factors were developed for controlled and uncontrolled filterable PM, filterable PM-10,
and condensible PM from the core dryer. Using the particle size data, emission factors for controlled and
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uncontrolled PM-2.5 and PM-1.0 also were developed for the core dryer. In addition, emission factors
were developed for CO, NO,, VOC (as methane), four aldehydes, five semivolatile organic compounds,
and five speciated VOC from the dryer. For the particleboard press, emission factors were developed for
CO, VOC (as methane), and six aldehydes and ketones. Emission factors also were developed for
emissions of five aldehydes and ketones, and 5 speciated VOC from the veneer press. Emission factors
were not developed for those speciated organics for which the mass collected during at least two runs were
below the detection limit. '

With the exception of the dryer particle size data, all emission data for this test were rated A.

Tests were performed by sound methodologies and are reported in enough detail for adequate validation.
The particle size data for the dryer were rated C because the mass collected was well below the optimal
mass recommended for gravimetric analysis. As discussed in Section 4.3 of this report, the factors

“developed for particleboard dryers from Reference 1 were inconsistent with many of the factors developed
from other data and do not appear representative of the type of source and operating parameters that
characterized the Reference 1 tests. In addition, the dryers were processing a mix of hardwood and
softwood species. Therefore, the Reference 1 dryer data were not incorporated into the: AP-42 section on
particleboard.

4.2.2 Reference 2

The purpose of this test program was to assist EPA in developing emission factors for selected
hazardous air pollutants emitted for several processes associated with the wood products industry. The
sources tested included a particleboard core dryer, face dryer, and press. The test quantified emissions of
uncontrolled filterable PM, condensible PM, and VOC from the core and face dryers; EFB-controlled
filterable PM, filterable PM-10, condensible PM, CO, NO,, VOC, and selected speciated organic
pollutants from the core and face dryers; and uncontrolled filterable PM and PM-10, condensible PM,
VOC, and selected speciated organic pollutants from the particleboard press. Process rates for the dryers
and press were reported on the basis of production. The data from this test are included in the NCASI data
base.

The facility manufactures a high grade, 5-layer particleboard, which is referred to as microboard
and is used to manufacture furniture. The plant typically uses 100 percent pine furnish for the core, and a
combination of 60 percent pine and 40 percent hardwood furnish for the face material. During the test, the
core dryer operated at an inlet temperature that ranged from 523° to 539°C (973° to 1003°F) and an outlet
temperature that ranged from 123° to 127°C (253° to 260°F). The average moisture content of the
furnish entering the core dryer ranged from 47 to 53 percent, and the average moisture content of material
as it exited the dryer ranged from 2.1 to 2.5 percent. The face dryer operated at an inlet temperature that
ranged from 308° to 369°C (587° to 697°F) and an outlet temperature that ranged from 103° to 108°C
(217° to 227°F). The average moisture content of the furnish entering the face dryer was 46 percent, and
the average moisture content of material as it exited the dryer ranged from 6.1 to 6.9 percent.

The facility was using a urea-formaldehyde resin to manufacture the particleboard panels during
the test. The particleboard press platen temperature ranged from 174° to 177 °C (345° to 351°F). The
press exhaust is emitted through eight identical roof vents; six vents are located directly above the press,
and two vents are located above the cooling rack for the pressed panels. Testing was conducted on both
cooling rack vents and on three of the six vents above the press.

Filterable PM and condensible PM were measured using Methods 5 and 202. Measurements of
PM-10 were made with Method 201A. Volatile organic compound emissions were measured by

4-2




Emission factors were developed for uncontrolled and EFB-controlled filterable PM, filterable
PM-10, condensible PM, CO, and VOC (as methane) from the core and face dryers, In addition, emission
factors were developed for filterable PM-10, CO, NO,, VOC (as methane), 15 aldehydes and ketones, 4
semivolatile organic compounds, and 7 speciated VOC from the core and face dryer EFB outlets. For the
particleboard press, emission factors were developed for uncontrolled filterabe PM, filterable PM-10,
condensible PM, VOC (as methane), and 15 aldehydes and ketones. Emission factors were not developed
for those speciated organics for which the mass collected during at least two runs was below the detection

The quality ratings for these emission data are described in the discussion of Reference 8.

4.2.3 Reference 3

The facility typically uses 100 percent pine furnish for the core and face material. During the test,
the core dryer operated at an inlet temperature that ranged from 207° to 240°C (404° to 464°F) and an
outlet temperature that ranged from 68.3° t0 71.1°C (155° to 160°F). The average moisture content of the
furnish entering the core dryer ranged from 15.9 to 19.] percent, and the average moisture content of
material as it exited the dryer ranged from 5.5 to 6.2 percent. The face dryer operated at an inlet
temperature that ranged from 104° to 126°C (219° to 258°F) and an outlet temperature that ranged from
49.4° t0 103°C (121° to 127°F). The average moisture content of the furnish entering the face dryer
ranged from 15,7 to 19.3 percent, and the average moisture content of material as it exited the dryer ranged
from 6.8 to 7.8 percent,




cooling rack for the pressed panels. Testing was conducted on both cooling rack vents and on three of the
six vents above the press.

_ Filterable PM and condensible PM were measured using Methods 5 and 202. Measurements of
PM.-10 were made with Method 201A; the data also were used to estimate filterable PM emissions.
Volatile organic compound emissions were measured by Method 23A. Speciated VOC emissions were
determined with Method 0030, and samples were analyzed for 20 compounds. Speciated semivolatile
organic emissions were determined with Method 0010, and samples were analyzed for 13 compounds.
Aldehyde/ketone emissions were measured with Method 0011, and samples were analyzed for 12
compounds. Carbon monoxide and NO, emissions were measured with Methods 10 and 7E, respectively.
In addition, concentrations of carbon dioxide (CO,) in the dryer exhaust streams were measured using
Method 3A.

In order to provide suitable sampling locations, stack extensions were installed on all sources.
Based on plant personnel, these extensions appeared to adversely affect the performance of the product
recovery cyclones on the dryers, and it is suspected that the filterable PM and PM-10 results from the
dryers are biased high as a result. In addition, for some of the speciated organics, the mass collected on
one or more runs was beyond the calibration range of the instrument. In such cases, the emission rates for
those compounds was estimated for those runs. No other problems were reported for the test.

Emission factors were developed for ancontrolled filterable PM, filterable PM-10, condensible
PM, CO, NO,, CO,, VOC (as methane), 7 aldehydes and ketones, 4 semivolatile organic compounds, and
13 speciated VOC from the core and face dryers. For the particleboard press, emission factors were
developed for uncontrolled filterable PM, filterable PM-10, condensible PM, VOC (as methane), and 11
aldehydes and ketones. Emission factors were not developed for those speciated organics for which the
mass collected during at least two runs was below the detection limit.

The quality ratings for these emission data are described in the discussion of Reference 8.

4,2.4 Reference 4

This reference documents measurements of emissions of filterable and condensible PM, and
formaldehyde from particleboard face and core dryers. The purpose of the test was to demonstrate
compliance with state regulations; the test was conducted in 1989. Both uncontroiled and controlled
emissions were measured. Process rates for the dryers were reported on the basis of production.

The facility manufactures a high grade, 5-layer particleboard, which is referred to as microboard
and is used to manufacture furniture. The plant typically uses 100 percent pine furnish for the core, and a
combination of 60 percent pine and 40 percent hardwood furnish for the face material. The core dryer
typically is operated at inlet temperatures of 480° to 680°C (900° to 1250°F) and outlet temperatures of
130° to 140°C (260° to 280°F). The face dryer typically is operated at inlet temperatures of 320° to
480°C (600° to 900°F) and outlet temperatures of 91° to 96°C (195° to 205°F). The dryers are fired with
sanderdust. Data on furnish inlet moisture contents for the dryers were not reported, but the report states
that the dried furnish has a moisture of approximately 2 percent.

Emissions from each of the dryers are ducted to an EFB followed by a fabric filter. For the core
dryer, emissions were sampled at the EFB inlet, at the stack with the EFB out of operation, and at the stack
with the EFB in operation; emissions from the face dryer were tested at the stack with the EFB out of
service and with the EFB in operation. Filterable PM was measured using Method 5. The back half of the
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sampling train also was analyzed for condensible PM. The organic fraction of the condensible material
was quantified using a chloroform-ether extraction. Emissions of formaldehyde were quantified using
National Institute for Occupational Safety and Health (NIOSH) Method 3500. In addition, concentrations
of CO, in the gas streams was measured using Method 3A (Orsat). In each case, three test runs were
conducted. Emission factors were developed for filterable PM, condensible inorganic PM, condensible
organic PM, formaldehyde and CO,.

With the exception of the formaldehyde, the emission data are assigned a rating of B. The test
methods were sound and no problems were reported. However, the report does not include run-specific
process rates. The formaldehyde data are rated D because the method used is subject to several
interferences and does not provide reliable results.

4.2.5 Reference 5

This reference documents measurements of emissions from the face dryer that is the subject of

- Reference 4. Emissions of filterable and condensible PM were sampled to demonstrate compliance with

state regulations; the test was conducted in 1988. Both uncontrolled and controlled emissions were
measured. Process rates for the dryers were reported on the basis of production.

Data on dryer operating temperature, furnish species, and furnish moisture contents were not
reported. Emissions were sampled at the EFB inlet, at the stack with the EFB out of operation, and at the
stack with the EFB in operation. Filterable PM was measured using Method 5. The back half of the
sampling train also was analyzed for condensible PM. The organic fraction of the condensible material
was quantified using a chloroform-ether extraction. In addition, concentrations of CO, in the gas streams
was measured using Method 3A (Orsat). In each case, three test runs were conducted. Emission factors
were developed for filterable PM, condensible inorganic PM, condensible organic PM, and CO,.

The emission data are assigned a rating of B. The test methods were sound and no problems were
reported. However, the report does not include run-specific process rates.

4.2.6 Reference 6

This reference documents measurements of emissions from several sources associated with the
manufacturing of door cores. Measured emissions included filterable PM, condensible PM, and NO,
from a particle dryer, and VOC from a board press and a board cooler. Emissions of filterable and
condensible PM were sampled to demonstrate compliance with state regulations; the test was conducted in
1988. Only uncontrolled emissions were measured.

The process rate for the dryer was reported on the basis of feed. However, using data on the inlet
and outlet moisture contents of the furnish reported in Reference 7, which documents a test on the same
dryer, the dryer production rate was estimated from the feed rate. Data on dryer operating temperatures
and furnish species also were not reported. However, Reference 7 includes the fumish moisture contents
measured during a later test on the same dryer.

Filterable PM was measured using Method 5. The back half of the sampling train also was
analyzed for condensible PM. The organic fraction of the condensible material was quantified using a
methylene chloride extraction. In addition, concentrations of CO, in the gas streams was measured using
Method 3A (Orsat). Emissions of NO, were measured using Method 7. In each case, three test runs were
conducted. Emission factors were developed for filterable PM, condensible inorganic PM, condensible
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organic PM, NO,, and CO, from the dryer. Emission factors could not be developed for the other sources
because process data were not reported.

The emission data are assigned a rating of B. The test methods were sound and no problems were
reported. However, the report does not include run-specific process rates.

4.2.7 Reference 7

This reference documents measurements of EFB-controlled emissions from the door core dryer
that is the subject of Reference 6. Measured emissions included filterable PM, condensible PM, and NO,.
The test was conducted in 1991 to demonstrate compliance with state regulations.

The process rate for the dryer was reported on the basis of feed. However, using the reported inlet
and outlet moisture contents of the furnish, the production rate was estimated. The report also included
data on dryer operating temperatures. However, the species of the wood furnish was not specified in the
report.

Filterable PM was measured using Method 5. The back half of the sampling train also was
analyzed for condensible PM. The organic fraction of the condensible material was quantified using a
freon extraction. In addition, concentrations of CO, in the gas streams was measured using Method 3A
(Orsat). Emissions of NO, were measured using Method 7. In each case, three test runs were conducted.
Emission factors were developed for filterable PM, condensible inorganic PM, condensxble organic PM
NO,, and CO, from the dryer.

The emisston data are assigned a rating of B. The test methods were sound and no problems were
reported. However, the report does not include run-specific process rates.

4.2.8 Reference 8

As indicated previously, this reference consists of a technical bulletin and the associated data base.
The data base includes data on emission source design and operating parameters, emission test parameters,
and emission measurements for a total of approximately 100 emission tests conducted at 11 particleboard
manufacturing facilities. Because of the extent of the data presented in the data base, a narrative
description of the emission tests addressed is not practical for this report. Instead, the data are summarized
in a series of tables. Tables 4-1, -2, and -3 present data related to the sampling of criteria pollutants and
related pollutants from particleboard dryers. Table 4-1 presents data on dryer design and operating
parameters, including dryer type, type of firing, dryer capacity, emission control device, form of wood
materials dried, and the hot air source. Table 4-2 summarizes the emission data for particleboard dryers.
The table presents for each emission test, the test method, number of runs, volumetric flow rate, stack gas
temperature and moisture, pollutant concentration, emission rate, process operating rate, and emission
factor. Table 4-3 presents a summary of the other operating data that are likely to affect dryer emission
levels. The table includes data on firing type, fuel type, wood species dried, inlet and outlet moisture
contents of the wood furnish, dryer inlet and outlet temperatures, emission control device, number of test
runs, emission factor, and data rating. The data in Tables 4-1 to 4-3 are ordered by pollutant and primary
emission control device. The dryer test code and unit code for each test are provided in the first two
columns of each of the tables. The dryer and parameter codes presented in these tables, as well as the other
tables developed from the NCASI data base, are identical to the codes used in the NCASI data base. The
footnotes at the end of each table define the relevant parameter codes that appear in the table.
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4-5. The data in these tables correspond to the data presented in Tables 4-2 and 4-3 on emission test
parameters and other Operating parameters that are likely to affect emissions. Table 4-6 defines the
Pollutant codes used in Tables 4-4 and 4-5. These pollutant codes match those used in the NCASI data
base and throughout this section.

Tables 4-7 and 4-8 present a summary of the data on particleboard presses. Table 4-7 includes
press design and operating data and emission test parameters including press size, number of vents, test
method, number of runs, stack parameters, pollutant concentration, emission rate, process rate, and
including press temperature, cycle time, board thickness and density, moisture content, wood species, type
of resin, resin application rate, the use of catalysts or Scavengers, wax application rate, pollutant, and

Table 4-9 presents the data on particleboard Press board coolers, and Table 4-10 summarizes the
emission data for miscellaneous particleboard equipment. The emission factors that appear in Table 4-10
are based on tests performed on product recovery cyclones and fabric filters that serve milling, sanding,
trimming, storage, and other operations. Some of the factors are presented in units of pounds of PM

The quality ratings for the emission data presented in Tables 4-1 to 4-5 and Tables 4-7 to 4-10 take
into account the number of test runs, test method, and any other indication that the test results may be
Suspect. Generally, data based on 3 or more test runs were assigned a rating of A, 2-run data were
assigned a rating of B, and single-run data were assigned a rating of D, If there were indications of other

reasons for questioning the data, the rating was further lowered, For example, for tests in which only half

For some of the test results included in the NCASI data base, it was reported that the dryer was
drying partially dried material during the emission test. The codes for these tests are 043-042192A,
043-042192B, 166-100692A, and 166-100692A. The results of these tests were not incorporated in the
emission factors developed for the AP-42 section because they are not considered representative of normal
drying operations.

4.2.9 Reference 9
Ort presents the results of ajr emissions tests performed on May 9-12, 1994, at the
iclebo

This rep
Louisiana-Pacific parti ard plant located in Missoula, Montana. The emission streams were sampled
for filterable and condensible PM, VOC, formaldehyde, NO,, and CO.
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The Missoula plant includes a predryer system, six rotary dryers, two press lines, and two rotary
board coolers. The pre-dry system consists of two 12 foot diameter by 40 foot long triple pass rotary drum
dryers manufactured by Guarantee Performance. Emissions are vented to the atmosphere via two 40 inch
diameter, 90 foot tall stacks. Heat for the predryers is supplied by a 35 mmBTU/hr Coen sanderdust
burner. Emissions from the predryer are controlled by Polutrol multicyclones.

The two dryers which supply Line 2, the surface dryer (C) and core dryer (D), are triple pass rotary
dryers manufactured by Heil. Dryer C is 9 feet in diameter and 32 feet long, dryer D is 8 feet in diameter
and 28 feet long. Emissions from the dryers are controlled by Polutrol multicyclones and emitted to the
atmosphere via two 36 inch diameter, 40 foot tall ducts. Heat for all six dryers is supplied via a ROEMMC
tube by a 50 mmBTU/hr ROEMMC sanderdust burner and a 55 mmBTU/hr Babcock-Wilcox boiler.

The Line 2 continuous particleboard press is ventilated by four roof-mounted axial fans. The
board cooler is vented by two four foot square ducts. The plant processed 100 percent softwoods during
the test period. Urea formaldehyde resin was used in both the face and core layers throughout the test
period. -

Particulate matter and condensible PM emissions were tested in accordance with Methods 5 and
202, respectively. Method 5 and 202 results are reported as front half and back half organic and inorganic
fractions. Volatile organic compounds were tested in accordance with Method 25A, and results are
reported as carbon. Formaldehyde emissions were tested in accordance with Method 0011. Nitrogen
oxides emissions were measured in accordance with Method 7. Carbon monoxide emissions were tested in
accordance with Method 10. :

The dryer and pre-dryer emissions were excluded from this report because the source configuration
is unique and would not yield emission factors of value to any other facility.

A rating of A was assigned to the hot press and board cooler data with the exception of all VOC
data and the board cooler formaldehyde data. The VOC data were rated B because the Method 25A
calibration requirements were not met. The board cooler formaldehyde data were downrated to C due to
super-isokinetic sampling (129-130 percent) for all three runs.

4.3 DEVELOPMENT OF CANDIDATE EMISSION FACTORS

As explained previously, Tables 4-1 to 4-10 summarize the data taken from the NCASI data base
on emissions from particleboard manufacturing. Table 4-11 summarizes the particleboard dryer data from
the other emission test reports (References 1 to 7) that also were reviewed in the preparation of this report.
It should be noted that the data from References 2 and 3 are included in the NCASI data base and are
presented in Tables 4-1 to 4-5 rather than in Table 4-11. In addition, the dryers for which data are
presented in References 4 to 7 match dryers included in the NCASI data base for tests conducted on other
dates. In such cases, the NCASI unit codes are used in Table 4-11 to identify those dryers. Table 4-12
presents a summary of particleboard press and board cooler emission data from References 1 and 9, which
were the only references that contained press and board cooler emission data that were not included in the
NCASI data base.

The candidate emission factors for criteria pollutant emissions from particleboard manufacturing
dryers are presented in Table 4-13. Table 4-14 includes the candidate emission factors for speciated
organic pollutant emissions from particleboard dryers. Table 4-15 presents the candidate emission factors
for particleboard presses and coolers. Tables 4-13 to 4-15 include the number of tests on which the factors
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are based, the range of the factors (minimum and maximum values), and the emission factor ratings. For
those emission factors based on five or more emission tests, the factor standard deviations also are

_ presented. Appendix A presents a series of tables that show which data sets were used to develop each of
the factors presented in Tables 4-13 to 4-15. The following paragraphs describe the general approach used
to develop the emission factors presented in those tables. After the discussion of the general approach, the
factors for individual sources and pollutants are described.

4.3.1 General Approach to Developing Emission Factors

The emission factors were developed by grouping the data by pollutant, control device, and other
parameters that could significantly impact emissions. In this study, the parameters for which separate
emission factors were developed for particleboard dryers are dryer type, fuel type, emission control device,
and wood species. Although data were available for other parameters, emission factors are not presented
separately for these other parameters because either only a single category was reported or the categories
were not exclusive of one another. For particleboard presses, emission factor were differentiated only by
press type. All press emission data are for uncontrolled presses using UF resins.

Emission data for mixed wood species were discarded. Emission factors for specific mixes of
wood species may be calculated by combining emission factors for individual wood species as emission
data for those species become available.

For criteria pollutants (i.e., PM, VOC, NO,, 80,, CO, and CO,), the data were grouped by
specific parameters as the data allowed. However, for speciated organic pollutants (as presented in
Tables 4-4 and 4-5), the data for a specific pollutant generally were grouped by wood species; the type of
control device and the values of the other parameters were not considered. The reason for taking this
approach is that the data are so few, and show such a wide variability, it is unlikely that the data would
demonstrate the effects of specific parameters on emission levels.

The NCASI data base included the results of several measurements of combined emissions of
filterable PM and condensible PM and combined filterable PM-10 and condensible PM. These data were
not used to develop separate factors for these combined emissions. However, the separate factors for
filterable PM and condensible PM from the AP-42 section may be summed as appropriate to determine a
factor for total PM. In addition, factors for VOC emissions are presented in the NCASI data base and in
Tables 4-2, 4-3, 4-7, 4-8, 4-9, and 4-10 on a carbon basis. However, for the purposes of AP-42, the VOC
factors were converted to a propane basis.

The ratings assigned to the candidate emission factors generally are largely a function of the data
ratings and the number of data sets upon which the specific factors are based. Generally, D-rated data
were discarded and were not used in the determination of candidate emission factors. However, in cases
where only D-rated data (or only C- and D-rated data) were available, the data were used and the candidate
emission factor was assigned a rating of E. In addition, factors based a single data set also were rated E.
For factors based on multiple data sets, the ratings were based primarily on the number of data sets. In
general, the candidate emission factors for criteria pollutants were rated D, if based on less than 10 data
sets, factors based on 10 to 19 data sets were rated C, and factors based on 20 or more data sets were rated
B. Factors speciated organics were assigned lower ratings due to the inconsistency and sparsity of the data.
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4.3.2 Particleboard Dryers

The candidate emission factors for particleboard dryers are presented in Tables 4-13 and 4-14.
Generally, dryer emission data were available for the criteria pollutants and several speciated organic
~ pollutants. The control devices for which data were available included multiclones, fabric filters, EFB's,
incineration, packed bed absorbers, and WESP's. Data were also available for uncontrolled emissions
(emissions from the primary product recovery cyclone). Dryer emissions data were available for few wood
species, including Southern yellow pine, oak, Douglas fir, and aspen. However, for much of the data the
wood species is reported as unspecified pines, unspecified, softwoods, unspecified hardwoods, or no
specification is reported. Most of the dryer data pertains to direct-fired dryers that use wood materials for
fuel; some data also are provided on natural gas-fired dryers.

4.3.2.1 Particulate Matter. For emissions of PM, the data from dryers were grouped first by
emission control device, then by wood species, by type of firing (i.e., direct, indirect, or a combination of
both), and by fuel type.. Generally, fuel type was classified either as natural gas or wood (i.e., sanderdust,
wood residue, and other wood forms). Emission factors were developed for emissions of filterable PM,
filterable PM-10, and condensible PM. Although the organic and inorganic fractions of condensible PM
were reported in some of the references, most of the condensible PM data are for total condensibles.
Therefore, where applicable, the organic and inorganic fractions for individual data sets were combined
and only the total condensible PM factors are presented. However, the data on the condensible PM
fractions was used to estimate the percentages of the organic and inorganic fractions of the condensible PM
(as measured using Method 202). These percentages are presented at the end of Appendix A, Table A-3
and are included in the footnotes to the emission factor table in AP-42.

Data were available for one test of PM emissions from a natural gas-fired dryer drying oak furnish
(Reference 1), and the emission factor developed from the data for filterable PM and filterable PM-10 were
10 1b/ODT and 6.4 1b/ODT, respectively. Because the dryer was gas-fired, it would be expected to have
lower PM emissions than from a comparable wood-fired dryer. However, as shown in Tables A-1 and
A-3, the factors developed from the Reference 1 data are 2 to 4 times higher than any of the other factors.
Therefore, it was concluded that the Reference 1 data were not representative of gas-fired dryers drying
oak furnish, and separate PM emission factors for that combination of wood species and fuel type are not
reported in the AP-42 section.

Four of the dryers for which emission data are presented in the NCASI data base are identified as
predryers (1D039, 3D166, 4D166, and 1D182), and three of the dryers are identified as final dryers
(5D039, XD039, and YD039). The results of tests on these dryers are reported separately.

Appendix A, Table A-1 presents the emission factor calculations for cyclone-controlled filterable
PM emissions from particleboard dryers. Table A-2 shows the calculations for filterable PM emissions
controlled with devices other than cyclones. The emission factor calculations for dryer PM-10 and
condensible PM emissions are presented in Table A-3.

4.3.2.2 Volatile Organic Compounds. The data on emissions of VOC are all based on
Method 25A results, with the exception of one data set, which is based on Method 25 results. In some
cases of the emission tests reported in the NCASI data base, a modified Method 25A sampling train was
used. Details are not provided on the type of modifications or the effect the modifications were likely to
have on emissions. Those data sets were assigned a quality rating of C and were not used to develop
candidate emission factors.
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In general, the VOC emission data were grouped by wood species, fuel type, and firing type,
where possible. The candidate emission factors developed from the data are presented in Table 4-13.
These factors are presented on a propane basis. The factors for specific organic compounds that are not
classified as VOC, including methane, methylene chloride, and acetone were subtracted from the factors
for VOC. In addition, because aldehydes and other oxygenated compounds respond poorly to the FID
used in Method 25A sampling trains, the emission factors for formaldehyde were added to the
corresponding VOC emission factors; the VOC factors in Table 4-13 are actually the sum of the
Method 25A results and the corresponding factor for formaldehyde emissions. However, the formaldehyde
factor was not added to the factor developed from the one Method 25 emission test. The emission factor
calculations for dryer VOC emissions are summarized in Appendix A, Table A-4.

4.3.2.3 Other Criteria Pollutants. The data on emissions of CO, CO,, and NO, were grouped only
by dryer type and fuel type; emission control device and wood species were not considered to have a
significant effect on emissions of these compounds. For CO emissions, three data sets were based on
measurements using Method 3A (Orsat). The factors developed from the Method 3A data sets, which
were rated C, were much higher than the factors developed from all but one other data set. For these
reasons, the Method 3A data sets were discarded. For emissions of SO,, only 5 data sets were available,
and four of those were rated D. The D-rated sets were discarded, and the remaining A-rated data set was
used to develop the candidate emission factor. The emission factor calculations for dryer CO and CO,
emissions are summarized in Appendix A, Table A-5. Table A-6 summarizes the calculations for dryer
NO, and SO, emissions.

4.3.2.4 Specjated Organic Compounds. The candidate emission factors for speciated organic
compound emissions from particleboard dryers are presented in Table 4-14. The table includes factors for
51 different compounds. The general approach taken in developing these factors was to group the data by
wood species. The majority of the data were derived from tests on wood-fired dryers drying unspecified
pines. However, data were available for formaldehyde emissions from the drying of Southern yellow pine.
These candidate emission factors were assigned a rating of E due to the scarcity and variability of the data.
Table A-7 of Appendix A summarizes the emission factor calculations for dryer emissions of speciated
organics.

4.3.3 Particleboard Pressés and Coolers

Table 4-15 summarizes the candidate emission factors for particleboard presses and coolers. For
presses, emission factors were developed for emissions of filterable PM, filterable PM-10, condensible
PM, VOC, CO, and 16 speciated organic compounds. The emission factors are presented in units of
pounds per thousand square feet of 3/4-inch thick board (Ib/MSF 3/4). The available data included the
results of measurements of speciated organic compound emissions from a veneer press. Because the
factors developed from these data were generally much smaller in magnitude (as much as two orders of
magnitude lower), the factors developed from the veneer press data are presented separately in Table 4-15.

For condensible PM emissions from presses, the only available data were for measurements of
combined filterable PM plus condensible PM or measurements of combined filterable PM-10 plus
condensible PM. To develop a factor for condensible PM, the filterable PM-10 factor was subtracted from
the factor for combined filterable PM-10 plus condensible PM. The other factors for particleboard presses
were developed using the same general methodology as was described in Section 4.3.2 for particleboard
dryers. The emission factor calculations for particleboard presses are summarized in Table A-8 of
Appendix A.
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For particleboard coolers, emission factors were developed for filterable PM, filterable PM-10,
condensible PM, VOC, and 11 speciated organic compounds. The condensible PM factor was determined
using the same approach as described in the previous paragraph for presses. The other factors for
particleboard coolers were developed using the same general methodology as was described in
Section 4.3.2 for particleboard dryers. Table A-9 of Appendix A summarizes the emission factor
calculations for particleboard coolers,

4.4 STATISTICAL ANALYSIS OF PARTICLEBOARD DATA

To determine the effects of various parameters on emission levels, some exploratory statistical
analyses were performed on the data for dryer emissions of filterable PM. This group of data was selected
because it was one of the largest in terms of number of emission tests for a specific source and pollutant
combination.

Using analysis of variance and regression techniques, the effects and interactions of several
parameters were considered. The discrete variables considered included type of control device, type of
firing (direct, indirect), dryer design (rotary triple pass, rotary single pass, unspecified rotary, and tube),
type of fuel (wood, gas), type of material (core, surface), and wood species. The continuous variables
considered included dryer inlet and outlet temperatures and material moisture contents. A more detailed
discussion of the analysis and the log sheet showing the results of each step are included as Appendix B to
this report.

Although a relatively large number of data points were considered in the analysis, the number of
observations were not well distributed among the various values of the parameters considered. For
example, for rotary single pass dryers, the only data available were for EFB-controlled emissions; no data
were available for filterable PM emissions from uncontrolled, multiclone-controlled, or WESP-controlled
rotary single pass dryers. Furthermore, the data for specific combinations of parameter values showed a
high degree of variability. As a result, the analysis showed that the data were too few and the variability of
the data was too large to demonstrate statistical significance in the effects of these parameters on
emissions, other than the effect of control device. Further analysis of the data for emissions of other
pollutants may show the effects of these parameters on emissions to a statistically significant level, but
such analyses are beyond the scope of this report.
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TABLE 4-6. POLLUTANT CODES

Code Pollutant Code Pollutant

111-T-CH-E 1,1,1-Trichloroethane HEXALD Hexaldehyde

124TMBENZ 1,2,4-Trimethyl benzene HYDROQUIN Hydroquinone
2-5-DMBENZ 2,5 Dimethyl benzaldehyde ISOOCTANE Isooctane

4-M-2-PENT 4-Methyl-2-pentanone ISOVALALD Isovaleraldehyde
44METDIAN 4,4 Methylene dianiline M-P-XYLENE m,p xlene

A-PINENE Alpha ainene M-TOLALD m-tolualdehyde
A-TERPENE Alpha terpeneol MDI Methylene bisphenyl isocyanate
ACETALD Acetaldehyde MEK Methyl ethyl ketone
ACETONE Acetone METH Methane

ACETPH Acetophenone METHENECHL |[Methylene chloride
ACROLEIN Acrolein N-BUTYRALD N-butyraldehyde
ACRYLNIT Acrylonitrile N-HEXANE N-hexane

ALD/KET Aldehydes/Ketones NAPHTHALENE |Naphthalene

B-PINENE Beta pinene NITROBENZ Nitrobenzene

BENZALD Benzaldehyde NOX Nitrogen oxides

BENZENE Bénzene O-TOLALD o-tolualdehyde

BIPHENYL Biphenyl O-XYLENE o-xylene

BIS-2EH-PH Bis-(2-ethylhexyl phthalate) P-CYMEME p-cymene

BROMOMET Bromomethane P-TOLALD p-tolualdehyde
BUTBENPHTH Butylbenzyl phthalate PHENOL Phenol

BUTYLALDEH Butylaldehyde PM Filterable particulate matter
CARBDIS Carbon disulfide PM10 PM-10, PM less than 10 micrometers
CARBTETCHL Carbon tetrachloride PM2.5 PM less than 2.5 micrometers
CHLOROFORM | Chloroform PM1.0 PM les than 1.0 micrometers
CHLOROMET Chloromethane PM10&CPM PM-10 and condensible PM
co Carbon monoxide PROPIONALD Propionaldehyde

Cco2 Carbon dioxide 502 Sulfur dioxide

CPM Condensible PM STYRENE Styrene

CPM-I Inorganic fraction of condensible PM T-FL-METH Trichlorofluoromethane
CPM-O Organic fraction of condensible PM T1-4-DCBUT Trans 1,4 dichlorobutene
CROTONALDE | Crotonaldehyde TOLUENE Toluene

D-N-BUT-PH Di-n-butyl phthalate VALALD Valeraldehyde

DBM Dibromomethane VINYLACET Vinyl acetate

DMS Dimethyl sulfide YoC Volatile organic compounds
ETYLBENZ Ethyl benzene

FOR Formaldehyde
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|
' TABLE 4-15. SUMMARY OF CANDIDATE EMISSION FACTORS FOR PARTICLEBOARD
_ PRESSES AND BOARD COOLERS? _
. No. of | Resin |_Eission factor, Ib/MSF 3/4° Standard
Pollutant tests | type® | Minimum | Maximum | Average | deviation | Rating| Ref.
' PARTICLEBOARD PRESSES
Filterable PM 1 UF 0.030 E 8
" Filterable PM-10 1 | UF 0.016 E 8
Condensible PM 1 UF 0.061 E 8
' VOC as propane? 8 UF | 035 1.8 0.94 0.48 D 1,8
CO 2 UF 0.068 0.11 0.090 D 1,8
. 2,5 Dimethyl benzaldehyde 1 UF 0.00032 E 8
l Acetaldehyde 3 UF 0.0035 0.034 0.014 E 1,8
Acetone 2 UF 0.0082 0.017 0.013 E 8
l Acrolein 2 UF 0.0013 0.0025 |0.0019 E 8
Benzaldehyde 3 UF 0.00088 | 0.0030 |0.0018 E 1,8
l Butylaldehyde 3 UF 0.00092 | 0.0031 |0.0018 E 1,8
Crotonaldehyde 1 UF 0.00050 E 8
' Formaldehyde 4 UF 0.056 049 0.26 D 1,8
Hexaldehyde 3 UF 0.0047 0.11 0.045 E 1,8
. Isovaleraldehyde 2 UF 0.00094 | 0.0013 [0.0011 E 8
Methyl ethyl ketone 2 UF 0.00032 | 0.0025 |0.0014 E 1.8
. Alpha pinene 1 UF 0.00054 E 1
Beta pinene 1 UF 0.00011 E 1
' Propionaldehyde 1 UF 7.2E-05 E 8
Toluene 1 UF 0.00047 E 1
Valeraldehyde 2 UF 0.0020 0.0058 |0.0039 E 8
I VENEER PRESSES
1,1,1-Trichloroethane 1 UF 0.00022 E 1
l Acetaldehyde 1 UF 9.9E-05 E 1
Butylaldehyde 1 UF 0.00014 E 1
l Formaldehyde 1 UF 0.0062 E 1
Hexaldehyde 1| ur 0.11 E 1
‘ Methyl ethyl ketone 2 UF 0.00020 | 0.00035 | 0.00028 E 1
. 4-79



TABLE 4-15. (continued)

No. of | Resin |_E™ission factor, b/MSF 3/4° Standand
Pollutant tests | type® | Minimum | Maximum Average | deviation | Rating| Ref.
BOARD COOLERS
Filterable PM 1 UF 0.014 E 8
Filterablé PM-10 1 UF 0.0034 E 8
[Condensible PM . 1 UF 0.0092 E 8
VOC as propane? 3 UF | 0.040 0.52 0.27 E 8
Formaldehyde 3 UF | 0.011 0.054 |0.027 D 8
Acetaldehyde 1 UF 0.0013 E 1,8
Acetone | 1 UF 0.0020 E 8
Acrolein 1 UF 0.00036 E 8
Benzaldehyde ' 1 UF 0.00042 E 1,8
Butylaldehyde 1 UF 0.00060 E 1,8
[Crotonaldehyde 1 UF 0.00029 E 8
Hexaldehyde 1 UF 0.0011 E 1,8
Isovaleraldehyde | UF 0.00040 E
Methyl ethyl ketone 1 UF 0.00011 E 8
Valeraldehyde 1 UF 0.0015 E 8

Uncontrolled emissions. Factors for VOC on a propane basis. Ernissions not dependent on wood species.
®Emission factors in units of pounds of pollutant per thousand square feet of 3/4-inch thick panel.

“UF = urea-formaldehyde.

dEactors for VOC on a propane basis and have been adjusted for formaldehyde and nonVOC compounds.
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5. PROPOSED AP-42 SECTION

The final AP-42, Section 10.6.2, Particleboard Manufacturing, is presented on the following pages as
it would appear in the documnent.
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10.6.2 Particleboard Manufacturing

Particleboard is defined as a panel product manufactured from lignocellulosic materials, primarily
in the form of discrete particles, combined with a synthetic resin or other suitable binder and bonded
together under heat and pressure. The primary difference between particleboard and other reconstituted
wood products, such as waferboard, oriented strandboard, medium density fiberboard, and hardboard, is
the material or particles used in its production. The major types of particles used to manufacture
particleboard include wood shavings, flakes, wafers, chips, sawdust, strands, slivers, and wood wool. The
term particleboard sometimes is used generically to include waferboard and oriented strandboard, which
are manufactured primarily with wood flakes and wafers. However, for the purposes of this report,
particleboard pertains only to panels manufactured from a mixture of wood particles or otherwise from
wood particles other than wafers and flakes. Particleboard manufacturing falls under Standard Industrial

" Classification (SIC) Code 2493, reconstituted wood products, which includes hardboard, insulation board,

medium density fiberboard, waferboard and oriented strandboard in addition to particleboard. The
six-digit Source Classification Code (SCC) for particleboard manufacturing is 3-07-006.

10.6.2.1 Process Descriptionl'6

Particleboard is produced in a wide range of densities. Particleboard with a density of less than
590 kilograms per cubic meter (kg/rn3) (37 pounds per cubic foot [lb/ﬁ3]), 590 to 800 kg/m3 (37to
50 Ib/ft>), and greater than 800 kg/m® (50 Ib/ft) is classified as low-density, medium density, and high
density particleboard, respectively. However, this report does not distinguish between particleboard
densities relative to emissions from manufacturing operations.

Although some single-layer particleboard is produced, particleboard generally is manufactured in
three or five layers. The outer layers are referred to as the surface or face layers, and the inner layers are
termed the core layers. Face material generally is finer than core material. By altering the relative
properties of the face and core layers, the bending strength and stiffness of the board can be increased.

The general steps used to produce particleboard include raw material procurement or generation,
classifying by size, drying, blending with resin and sometimes wax, forming the resinated material into a
mat, hot pressing, and finishing. Figure 10.6.2-1 presents a process flow diagram for a typical
particleboard plant.

The furnish or raw material for particleboard normally consists of wood particles, primarily wood
chips, sawdust, and planer shavings. This material may be shipped to the facility or generated onsite and
stored until needed. In mills where chips are generated onsite, logs are debarked, sawn to proper length,
and chipped. After shipping to the sit¢ or generation onsite, the furnish may be further reduced in size by
means of hammermills, flakers, or refiners. After milling, the material is either screened using vibrating or
gyratory screens, or the particles are air-classified. The purpose of this step is to remove the fines and to
separate the core material from the surface material. The screened or classified material then is transported
to storage bins. From the storage bins, the core and surface material are conveyed to dryers. Rotary dryers
are the most commonly used dryer type in the particleboard industry. Both single and triple-pass dryers are
used. In addition, some facilities use tube dryers to dry the furnish. Wood-fired dryers are used at most
facilities. However, gas- and oil-fired dryers also are used. The moisture content of the particles entering
the dryers may be as high as 50 percent on a wet basis. Drying reduces the moisture content to 2 to
8 percent. Dryer inlet temperatures may be as high as 871°C (1600°F) if the furnish is wet; for dry
furnish, inlet temperatures generally are no higher than 260°C (500°F). Core dryers generally operate at
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higher temperatures than surface dryers operate due to differences in core and surface particle
characteristics and because a lower moisture content is more desirable for core material.

A two-stage drying arrangement can be used when the moisture content of the incoming furnish is
highly variable. The first stage (predryer) equalizes the moisture content in the furnish; the second stage
(final dryer) is the main dryer. With this arrangement, tube dryers, rotary dryers, or a combination of dryer
types (for example, a tube predryer followed by a rotary final dryer) may be used.

After drying, the particles pass through a primary cyclone for product recovery and then are
transferred to holding bins. Face material sometimes is screened to remove the fines, which tend to absorb
too much of the resin, prior to storage in the holding bins. From the holding bins, the core and surface
materials are transferred to blenders, in which the particles are mixed with resin, wax, and other additives
by means of spray nozzles, tubes, or atomizers. The most commonly used resins are phenol-formaldehyde
and urea-formaldehyde. Generally, urea-formaldehyde resins are used in panels intended for interior
applications and phenol-formaldehyde resins are used to manufacture particleboard for exterior
applications.

Waxes are added to impart water resistance, increase the stability of the finished product under wet
conditions, and to reduce the tendency for equipment plugging. For furnishes that are low in acidity,
catalysts also may be blended with the particles to accelerate the resin cure and to reduce the press time.
Formaldehyde scavengers also may be added in the blending step to reduce formaldehyde emissions from
the process.

Blenders generally are designed to discharge the resinated particles into a plenum over a belt
conveyor that feeds the blended material to the forming machine, which deposits the resinated material in
the form of a continuous mat. Formers use air to convey the material, which is dropped or thrown into an
air chamber above a moving caul, belt, or screen and floats down into position. To produce multilayer
particleboard, several forming heads can be used in series, or air currents can produce a gradation of
particle sizes from face to core.

As it leaves the former, the mat may be prepressed prior to trimming and pressing. The mats then
are cut into desired lengths and conveyed to the press. The press applies heat and pressure to activate the
resin and bond the fibers into a solid panel. Although some single-opening presses are used, most
domestic particleboard plants are equipped with multi-opening presses, which generally have 14 to
18 openings and platens that range in size from 1.2 meter (m) by 2.4 mt02.4mby 85m (4 ftby 8 fito
8 fi by 28 ft). Total press time is generally 2.5 minutes (min) for single-opening presses and 4.2 to 5.8 min
for multi-opening presses. Typical production capacities are 260 to 325 megagrams per day (Mg/d) (286
to 358 ton/d) for single-opening presses and 520 to 1,180 Mg/d (572 to 1,300 ton/d) for multi-opening
presses. Presses generally are steam-heated using stearn generated by a boiler that burns wood residue.
However, hot oil and hot water also are used to heat the press. The operating temperature for particleboard
presses generally ranges from 149° to 182°C (300° to 360°F).

Afier pressing, the boards generally are cooled prior to stacking. The particleboard panels then are

sanded and trimmed to final dimensions, any other finishing operations (including edge painting and
laminate or veneer application) are done, and the finished product is packaged for shipment.

9/98 Wood Products Industry 10.6.2-3




10.6.2.2 Emissions And Controls!-6-11-14

The primary emission sources at particleboard mills are particle dryers and hot press vents, Other
emission sources may include boilers, particle generation, blending, forming, board cooling, and finishing
operations such as sanding, trimming, edge painting, and laminate or veneer application. Other potential
emissions sources ancillary to the manufacturing process may include wood chip storage piles and bins
(including wood fuel), chip handling systems, and resin storage and handling systems.

Although most particleboard mills have chips delivered from offsite locations, in mills where chips
are generated onsite, operations such as log debarking and sawing, in addition to particle mills, screens,
and classifiers generate particulate matter (PM) and PM less than 10 micrometers in aerodynamic diameter
(PM-10) emissions in the form of sawdust and wood particles. In addition, these processes may be sources
of PM less than 2.5 micrometers in aerodynamic diameter (PM-2.5) emissions.

Emissions from dryers that are exhausted from the primary recovery cyclone include wood dust
and other solid PM, volatile organic compounds (VOCs), condensible PM, and products of combustion
such as carbon monoxide (CO), carbon dioxide (CO,), and nitrogen oxides (NO,), if direct-fired units are
used. The condensible PM and a portion of the VOCs leave the dryer stack as vapor but condense at
normal atmospheric temperatures to form liquid particles or mist that creates a visible blue haze. Both the
VOCs and condensible PM are primarily compounds evaporated from the wood, with a minor constituent
being combustion products. Quantities emitted are dependent on wood species, dryer temperature, fuel
used, and other factors including season of the year, time between logging and processing, and chip storage
time.

Emissions from board hot presses are dependent on the type and amount of resin used to bind the
wood fibers together, as well as wood species, wood moisture content, wax and catalyst application rates,
and press conditions. When the press opens, vapors that may include resin ingredients such as
formaldehyde, phenol, and other VOCs are released. The rate at which formaldehyde is emitted during
pressing and board cooling operations is a function of the amount of excess formaldehyde in the resin,
board thickness, press temperature, press cycle time, and catalyst application rates.

Emissions from finishing operations for particleboard are dependent on the type of products being
finished. For most particleboard products, finishing involves trimming to size and, in some cases, painting
or coating the edges. Other products may require sanding or the application of laminate surfaces or
veneers with adhesives. Trimming and sanding operations are sources of PM and PM-10 emissions. In
addition, these processes may be sources of PM less than 2.5 micrometers in acrodynamic diameter
(PM-2.5) emissions. No data specific to particleboard trimming or sawing are available. However,
emissions factors for general sawing operations may provide an order of magnitude estimate for similar
particleboard sawing and trimming operations, bearing in mind that the sawing of dry particleboard panels
may result in greater PM, PM-10, and PM-2.5 emissions than the sawing of green lumber. No data
specific to particleboard panel sanding are available. It is expected that water-based coatings are used to
paint particleboard edges, and the resultant VOC emissions are relatively small. Emissions from adhesives
used in the application of laminate surfaces or veneers are likely to include VOCs.

In particleboard mills where particles are generated onsite, PM, PM-10, and PM-2.5 emissions
from log debarking, sawing, and grinding operations can be controlled through capture in an exhaust
system connected to a sized cyclone and/or fabric filter collection systern. Emissions of PM, PM-10, and
PM-2.5 from sanding and final trimming operations can be controlled using similar methods. These wood
dust capture and collection systems are used not only to control atmospheric emissions, but also to collect
the dust as a by-product fuel for a boiler or dryer.
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Methods of controlling PM emissions from the particle dryer include multiclones, packed bed
absorbers (PBAs), fabric filters, electrified filter beds (EFBs), wet electrostatic precipitators (WESPs), and
incinerators. Emissions are generally controlled with multiclones, EFBs, or WESPs. The EFB uses
electrostatic forces to attract pollutants to an electrically charged gravel bed. The WESP uses electrostatic
forces to attract pollutants to either a charged metal plate or a charged metal tube. The collecting surfaces
are continually rinsed with water to wash away the pollutants. Wet PM controls, such as PBA and WESP
systems also may reduce VOC emissions from particle dryers, but to a lesser extent than PM emissions are
reduced by such systems.

A VOC control technology gaining popularity in the wood products industry for controlling both
dryer and press exhaust gases is regenerative thermal oxidation. Thermal oxidizers destroy VOCs, CO,
and condensible organics by burning them at high temperatures. Regenerative thermal oxidizers (RTOs)
are designed to preheat the inlet emission streamn with heat recovered from the incineration exhaust gases.
Up to 98 percent heat recovery is possible, although 95 percent is typically specified. Gases entering an
RTO are heated by passing through pre-heated beds packed with a ceramic media. A gas burner brings the
preheated emissions up to an incineration temperature between 788° and 871°C (1450° and 1600°F) in a
combustion chamber with sufficient gas residence time to complete the combustion. Combustion gases
then pass through a cooled ceramic bed where heat is extracted. By reversing the flow through the beds,
the heat transferred from the combustion exhaust air preheats the gases to be treated, thereby reducing
auxiliary fuel requirements.

Vendor literature indicates that an RTO can achieve a VOC destruction efficiency of 99 percent.
The literature further indicates that with a particulate prefilter to remove inorganic PM, an RTO system can
achieve a PM control efficiency of 95 percent. Industry experience has shown that RTOs typically achieve
95 percent reduction for VOC (except at inlet concentrations below 20 parts per million by volume as
carbon [ppmvC}), and 70 to 80 percent reduction for CO. However, RTOs typically increase emissions of
NO,.

Biofiltration systems can be used effectively for control of a variety of pollutants including organic
compounds (including formaldehyde and benzene), NO,, CO, and PM from both dryer and press exhaust
streams. Data from pilot plant studies in U.S. oriented strandboard mills indicate that biofilters can
achieve VOC control efficiencies of 70 to 90 percent, formaldehyde control efficiencies of 85 to
98 percent, CO control efficiencies of 30 to 50 percent, NO, control efficiencies of 80 to 95 percent, and
resin/fatty acid control efficiencies of 83 to 99 percent.

Other potential control technologies for particleboard dryers and presses include exhaust gas
recycle, regenerative catalytic oxidation (RCO), absorption systems (scrubbers), and adsorption systems.

Fugitive emissions from road dust and uncovered bark and dust storage piles may be controlled in
a number of different ways. These methods include enclosure, wet suppression systems, and chemical
stabilization. Control techniques for these sources are discussed more fully in AP-42 Chapter 13,
Miscellaneous Sources.

Table 10.6.2-1 summarizes the emission factors for PM emissions from particleboard dryers.
Factors for emissions of SO,, NO,, CO, and CO, from particleboard dryers are presented in
Table 10.6.2-2, and factors for emissions of organics from particleboard dryers are summarized in
Table 10.6.2-3. The factors for dryer emissions are presented in units of pounds of pollutant per oven-
dried ton of wood material out of the dryer (Ib/ODT). Factors for PM emissions from particleboard presses
and board coolers are presented in Table 10.6.2-4; the factor for press emissions of CO is presented in
Table 10.6.2-5; and factors for press and board cooler emissions of organics are presented in
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Table 10.6.2-6. The units for the press and board cooler factors are pounds of pollutant per thousand
square feet of 3/4-inch thick panel produced (Ib/MSF-3/4),

Emission factors for mixed hardwood and softwood species are not reported in this section.
Emission factors for specific mixes of wood species may be calculated by combining emission factors for
individual wood species in the ratio specific to a given application, as emission data for those species
become available. For example, a VOC emission factor for a direct wood-fired rotary dryer processing
60 percent pines and 40 percent hardwoods (and operating at an inlet temperature below 730°F) may be
calculated using the VOC emission factors for unspecified pines (0.95 1b/ODT for dryers with an inlet air
temperature of less than 730°F) and hardwoods (0.35 1b/ODT), and the ratio of 60 percent to 40 percent.
The resultant emission factor, rounded to two significant figures, would be 0.71 Ib/ODT.
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Table 10.6.2-3. EMISSION FACTORS FOR PARTICLEBOARD DRYERS--ORGANICS?

EMISSION
Emission | FACTOR
Source CASRNP Pollutant Factor RATING
Rotary dryer, direct wood fired voce 1.1¢
Southern yellow pine
(SCC 3-07-006-06) 50-00-0 Formaldehyde* 0.021
T |
(s?cc 3_0713002102) mwetar 177.55-6 1,1,1-Trichloroethane* 1.2E-05 E
95-63-6 1,2,4-Trimethyl benzene 9.0E-05 E
5779-94-2 2,5-Dimethyl benzaldehyde 3.3E-05 E
108-10-1 4-Methyl-2-pentanone* 8.1E-05 E
101-77-9 4,4-Methylene dianiline* 3.3E-05 E
80-56-8 Alpha pinene 0.46 E
10482-56-1 Alpha terpeneol 0.066 E
75-07-0 Acetaldehyde* 0.010 E
67-64-1 Acetone 0.0079 E
98-86-2 Acetophenone* 6.4E-05 E
107-02-8 Acrolein* 0.0033 E
107-13-1 Acrylonitrile* 8.9E-05 E
127-91-3 Beta pinene 0.16 E
100-52-7 Benzaldehyde 0.0026 E
71-43-2 Benzene* 0.00022 E
92-52-4 Biphenyl* 3.9E-05 E
117-81-7 Bis-(2-ethylhexyl phthalate)* | 0.00032 E
74-83-9 Bromomethane* 2.8E-05 E
Butylbenzyl phthalate 1.4E-05 E
Butylaldehyde 0.0031 E
75-15-0 Carbon disulfide* 1.8E-05 E
56-23-5 Carbon tetrachloride* 1.2E-05 E
74-87-3 Chloromethane* 0.00011 E
08-82-8 Cumene* 6.9E-05 E
84-74-2 Di-n-butyl phthalate* 2.3E-05 E
Dimethy! sulfide 1.4E-05 E
100-41-4 Ethyl benzene* 3.8E-06 E
50-00-0 Formaldehyde* 0.030 E
66-25-1 .| Hexaldehyde 0.016 E
123-31-9 Hydroquinone* 6.0E-05 E
590-86-3 Isovaleraldehyde 0.00052 E
108-38-3, m,p-Xylene* 0.00011 E
106-42-3
m-Tolualdehyde 0.00035 E
78-93-3 Methyl ethyl ketone* 0.0013 E
9/98 Wood Products Industry 10.6.2-9



Table 10.6.2-3. (cont.). '
EMISSION '
Emission | FACTOR
Source CASRNP Pollutant Factor RATING
Rotary dryer, direct wood-fired, 75-09-2 Methylene chloride* 0.00066 E I
unspecified pines,d <730°F inlet air
(SCC 3-07-006-02) (cont.). 110-54-3 n-Hexane* 2.6E-05 E
08-95-3 Nitrobenzene* 1.7E-05 E
95-47-6 0-Xylene* 1.4E-05 E l
99-87-6 p-Cymene 0.0062 E
100-42-5 Styrene* 0.00012 E I
Trans 1,4 dichlorobutene 2.4E-05 E
108-88-3 Toluene* 0.0017 E
110-64-3 Valeraldehyde 0.0045 E I
108-05-4 Vinyl acetate* 2.9E-05 E
Rotary dryer, direct wood-fired, voc® 8.2f D
?gg‘g@‘%@‘fé’&‘;‘fga)’g‘)"w inlet2ir 15779.942  |2,5 Dimethyl benzaldehyde | 0.0053 E .
80-56-8 Alpha pinene 1.9 E
10482-56-1 Alpha terpeneol 0.17 E '
75-07-0 Acetaldehyde* 0.072 E’ '
67-64-1 Acetone 0.16 E
107-02-8 Acrolein* 0.023 E l
127-91-3 Beta pinene 0.82 E
100-52-7 Benzaldehyde 0.12 E '
Butyl aldehyde 0.029 E
67-66-3 Chloroform* 0.00010 "E
123-73-9 Crotonaldehyde 0.010 E '
98-82-8 Cumene* 0.0020 E
50-00-0 Formaldehyde* 0.17 E
66-25-1 Hexaldehyde 0.022 E .
590-36-3 Isovaleraldehyde 0.018 E
108-38-3, m-, p-Xylene* 0.0076 E l
106-42-3
78-93-3 Methyl ethyl ketone* 0.0092 E -
75-09-2 Methylene chloride* 0.0022 E '
n-Butyraldehyde 0.030 E
529-20-4 o-Tolualdehyde 0.011 E
95-47-6 o-Xylene* 0.00045 E I
99-87-6 p-Cymene 0.011 E
104-87-0 p-Tolualdehyde 0.026 E
123-38-6 Propionaldehyde* 0.011 E I
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Table 10.6.2-3. (cont.).

EMISSION
Emission | FACTOR
Source CASRNP Pollutant Factor | RATING
Rotary dryer, direct c\lwood-ﬁred, 100-42-5 Styrene* 0.00036 E
unspecified pines,” >900°F inlet air e *
(SCC 3-07-006-04) (cont.) 108-88-3 Toluene 0.021 E
110-64-3 Valeraldehyde 0.014 E
Rotary dryer, direct wood-fired voc* 0.358 D
Hardwoods
(SCC 3-07-006-10)
Rotary dryer, direct glarural gas-fired vocCe 0.90" D
Unspecified pines
(SCC 3-07-006-11) ' Methane 0.27 E

3 Factors represent uncontrolled emissions. Emission factor units are pounds of poliutant per oven-dried ton of
wood material out of the dryer (I1b/ODT). One Ib/ODT = 0.5 kg/Mg (oven-dried). Reference 6. SCC = Source
Classnﬁcatlon Code. * = hazardous air pollutant.

b CASRN = Chemistry Abstracts Service Registry Number.
¢ Volanle organic compounds as propane. Based on results of EPA Method 25A.
Unspec1ﬁed pines = mixed pine species or the specific pine species processed were not reported.
€ Formaldehyde has been added.
f Formaldehyde has been added; acetone and methylene chloride have been subtracted.
g Formaldehyde has not been added, but is suspected to be present, which would increase the VOC value given.
Formaldehyde has been added; methane has been subtracted,
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Table 10.6.2-4. EMISSION FACTORS FOR PARTICLEBOARD PRESSES

AND BOARD COOLERS--PARTICULATE MATTER?

Filterable®
EMISSION EMISSION EMISSION
FACTOR FACTOR FACTOR

Source PM RATING PM-10 RATING | Condensible | RATING
Batch hot press, UF resin | 0.030 E 0.016 D 0.061 D

(SCC 3-07-006-51) '
Board cooler, UF resin 0.014 E 0.0034 E 0.0092 E

(8CC 3-07-006-61)

& Reference 6 unless noted otherwise. Emission factor units are pounds of pollutant per thousand square feet of
3/4-inch thick panel produced (Ib/MSF-3/4). One Ib/MSF-3/4 = 0.26 kg/m®. SCC = Source Classification Code.
Factors represent uncontrolled emissions. All data for mills using urea-formaldehyde resins.

b Filterable PM is that PM collected on or prior to the filter of an EPA Method 5 (or equivalent) sampling train.
¢ Condensible PM is that PM collected in the impinger portion of a PM sampling train.

Table 10.6.2-5. EMISSION FACTORS FOR PARTICLEBOARD PRESSES
AND BOARD COQLERS--CO?

EMISSION
FACTOR
Source co RATING
Batch hot press, UF resin 0.090° D
(SCC 3-07-006-51)

3 Factors represent uncontrolled emissions. SCC = Source Classification Code. Reference 6 unless
otherwise noted. ND = no data available. Emission factor units are pounds of pollutant per thousand
square feet of 3/4-inch thick panel produced (Ib/MSF-3/4). One Ib/MSF-3/4 = 0.26 kg/m>. All data for
rmlls using urea-formaldehyde resins.

b References 3.6.
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Table 10.6.2-6. EMISSION FACTORS FOR PARTICLEBOARD PRESSES
AND BOARD COOLERS--ORGANICS?

2 Emission factor units are pounds of ollutan§ per thousand square feet of 3/4-inch thick panel produced
(Ib/MSF-3/4). One Ib/MSF-3/4 = 0.26 ke/m”. Factors represent uncontrolled emissions. Reference 6 unless
otherwise noted, SCC = Source Classification Code. All data for mills using urea-formaldehyde resins.

p . = hazardous air pollutant.

References 3,6.
g Reference 3. ) _
CASRN = Chemistry Abstracts Service Regxsn-y Number.
asis. Factors are based on Method 25A.

¢ Volatile organic compounds on a propane
Formaldehyde has been added; acetone has been subtracted.

f
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. o EMISSION
_ d Emission FACTOR
Source CASRN Pollutant Factor RATING
Batch hot press, UF resin voCe 0.940f D
' (SCC 3-07-006-51) 5779-94-2 2,5 Dimethyl benzaldehyde 0.00032 E
75-07-0  [Acetaldehyde* 0.014° E
67-64-1 Acetone 0.013 E
l 107-02-8 Acrolein* 0.0019 E
100-52-7  |Benzaldehyde 0.0018° E
' Butylaldehyde 0.0018° E
123-73-9 Crotonaldehyde 0.00050 E
50-00-0  |Formaldehyde* 0.26° D
l 66-25-1 Hexaldehyde 0.045° E
590-86-3 Isovaleraldehyde 0.0011 E
78-93-3  |Methyl ethyl ketone* 0.0014° E
' 80-56-8 a-Pinene 0.00054° E
127-91-3 | b-Pinene 0.00011¢ E
123-38-6 Propionaldehyde* 7.2E-05 E
' 108-88-3  |Toluenc* 0.00047° E
110-64-3 Valeraldehyde 0.0039 E
l Veneer hot press, UF resin 71-55-6 1,1,1-Trichloroethane * 0.00022¢ E
(SCC 3-07-020-21) 75070 | Acctaldehyde 9.9E-05° E
Butylaldehyde 0.00014°¢ E
' 50-00-0 Formaldehyde* 0.0062°¢ E
66-25-1 Hexaldehyde 0.11¢ E
78-93-3 Methyl ethyl ketone* 0.00028¢ E
' Board ¢ooler, UF resin vOoC* 0.27¢ D
(8CC 3-07-006-61) 50-00-0 Formaldehyde* 0.027 D
75-07-0 Acetaldehyde* 0.0013° E
' 67-64-1 Acetone 0.0020 E
107-02-8 | Acrolein* 0.00036 E
100-52-7  |Benzaldehyde 0.00042° E
l Butylaldehyde 0.00060° E
123-73-9 Crotonaldehyde 0.00029 E
l 66-25-1  |Hexaldehyde 0.0011b E
! 590-86-3 Isovaleraldehyde 0.00040 E
78-93-3 Methyl ethyl ketone* 0.00011 E
. 110-62-3 Valeraldehyde 0.0015 E
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APPENDIX A

SUMMARY OF CANDIDATE EMISSION FACTOR CALCULATIONS







APPENDIX A

This appendix consists of a series of tables that illustrate how the candidate emission factors were
developed for particleboard manufacturing. Tables A-1 to A-3 address PM emissions from particleboard
dryers. Table A-4 presents the calculations for VOC emissions from dryers. Factors for emissions of CO
and CO, from dryers are addressed in Table A-5, and Table A-6 addresses factors for dryer NO, and SO,
emissions. The calculations of the candidate factors for emissions of speciated organics are presented in
Table A-7. Tables A-8 and A-9 summarize the calculations for particleboard presses and board coolers,
respectively. '

The tables are organized similarly. Each line (row) represents the results from a single emnission
test. The test and unit codes provided in the tables match those specified in the NCASI data base. For data
derived from any of the other references, the test and unit codes indicate the reference number and an
arbitrarily designated source number (e.g., 1-1 for Reference 1, dryer or press No. 1). The data (table
rows) are grouped according to the general criteria described in Section 4.3 of this report. Below each set
of data that were grouped, the average, minimum, and maximum emission factors are indicated (labeled as
"Ave.", "Min.", and "Max.", respectively). The entries labeled "Ave." are the candidate emission factors
presented in Chapter 4 of this report and the AP-42 section. For data groups that consist of the results of
only one test, the entries for minimum and maximum factors are omitted. For those groups that include the
results of five or more tests, the standard deviation of the factors (labeled as "SD") also is provided below
the maximum factor for the group. A horizontal line below each group separates that group from the
subsequent group. Data sets that were not used are indicated by shading, and the reason for excluding the
data is provided in the comment column of the table.

It should be noted that a number of the data sets are repeated because they were used to calculate
more than one candidate emission factor. For example, the data for cyclone-controlled PM emissions from
dryers that corresponds to Test Code 045-041593B was used to develop the candidate factors for the
drying of Southemn yellow pine and unspecified pines.

A-1






£z PAY  JAD SPOOMPIEY ‘pary-pooas 190N1p *f SqurAiy
4 62¢ 4 o). S 3 r A T o 4 OLe VN 001 QOOMH 1Snds Wd (910¢ V88ZZ0I-£91
i1 ) | V685TR0-£91

| BAY  DAD sawnd ‘pany-su3 Jeregvn ‘g sjquisiy
g4 160 z JAD SN SN e 0% o1 ddd ¢4 d53NId SYON Hiod Wd Z0Tdl  VE6£1L0-707
a4 691 4 JAJ SN SN I't 08 oI AHd §¢ dSHNId  SYON HLOg Wd 202AzZ 4E6£1L0-207

8¢ as

I e

640 "y

6c PAY  DAD saund ‘paiy-poosm 10a1p ‘W4 spqeany
g 61 £ 20D 0z stz SN VN OOl  dSANId ISNas Tulia Wd 87zdc It
Y O8Il £ JAD 1Tt 61T 6L g0z JOOMH $6  JSHNId J9dM TG Wd 0601 JE66110-0c0
¥V 69¢ £ QAD 09 Wr s 7z ¢ IOOMH $6  JdSHANId JTMM Ta Wd 0£00ZT J£60Z10-0£0
Y o 6L0 £ JAD 001 Il ¥s g9 ¢z JOOMH £ dSANId ISNAS Tng Wd {91QZ 49882790-£91
4 18¢ z SAD 9T oz 99 gzl 7 AOOMH 86  BNIAAS ISNAS HTuLIq Wd SH0aT  VESSTRO-SHhO
d 1I'n [4 JAD  OFL o6k Lt 0TI 1z JOOMH 86 ANIAS ISNAS THMQ Wd $4047  dE65THO-SEO

gy Uy

It e

08 AY  DAD aurd moffa4 wramnog ‘panty-poom anp N S1qesanig

=21

£:34 Z QRO 9L 0Zz 99 g7l 7 TOOMH 86 HNIdAS 1SNAS =Ha Wd Sh0Al  VE6SIPO-SHO
AOOMH 36 HNId AS LSNAS FALia

HEGSIHO-S+0

Wd s+0Qz

! Laoan | sumwr | (feotasp | 1opmo 19UT ) 19pno | jopm % | 2 WrEInfjodf apod
ele(] 10108} Jo [oaues o ssarasp 24 “Iuiuon {3)sa10ads poopy eng | Sumng nmn
vorssiry | oN | votsstug | ‘amgeroduis 0 ANISION
(e) Wd FTEVYAL T GATIOUINOD ANOTIAD-SNOLLY TN TVD AOLIV NOISSIAT WA NG MYOHITOLLEVd 40 AAVINIANS T-VATEVL

. pog 159].

SIFINTLC))

R



*quopAd = JL OlNSp [OTU0D UOTSSIUIY m
‘somads pooaujos payLoadsin = JOOMS
Feo = VO 29 sedno = HAd ‘sowods poompivy potjadsun = QOOMH ‘servods omd wmowqun = J§ INId omd mojod wapnog = NId AS sapvads poop, (3}
528 [eInyeu = SYON ‘esyar poom = JENIA “spIopee = 1SNAS sadfy e ()
¥t 192U P peILy-1201p oq = HLOG Sy paup = YR sedf Funity { 2)
g~} 9B Ut POLJUSPI P00 weinliog (@)
-parer jou = YN ‘ejquondde 1ou= YN ‘poyads ou=gN (8}
ek :

wong | % g Sedh | (@wemiiod] opod ap0) ol
(o)sa0ads poopy - fong | Suuyg L) |

e T ot | (foataop | o | 1ot | 11 AR
ere(] ‘J0108) Jo Jonuoo as % )

vorssrugg | coN | wotsswrg | ‘amereduwiay, SISO

(ponumuo) -V HTHVL

e




3543 [BU01} 2qTa) 11 ST[SRO(] “PRIY-POOM DD A SGRINY PIJ[oIIUC0-TOHRIUNIU]
BApEUYN9eL V770 E___ONI__06Z 8% 67 0€l_O0l _QOOMNO6 ¥4 LSNAS HLIQ Wd 7810 __ V688060-281
A0 i5Le 1:36)

i PRy saund ‘pasy-poom AN ‘P SIGRIANY PIJ[0N00-INTY SUqR,]
1 ob £ A 0T ST T SN VYN 00i dSANId 1SNas Hukd - Wd 8220 (A

170 T
91°0 WY
61°0 ony SPOOMPIEY ‘PRY-POCM VAP A J AGRINNY PafONL0d- g1
v 120 3 €2 07 888 TE  €0F YN 001 QOOMH LSnds Mg Wd L91aF  €060Z01-L91
v 610 3 442 0z 126 €f €9 VN 001 QOOMH 1SNds =aHd Wd L91A¥  VO60Z0L-L91
g 910 T - @ SN W 6T  0st VN 001 (OOMH 1SNAS HIMQ Wd L91ay  V066160-L91
v 120 12 g1 WT 08 0f €9 VN 001 CJOOMH 1SNAs  Hyed Wd 191A¥  VO063160-L91
10 £33 sauntd “pary-58d [eITIRU ‘W A[GEraL) pof[onuod-g1x
| Y ¥l0 £ ®H SN SN SN SN ol UL S¢ dSANId  SYON  HLIO€ Wd 2070X  V88LIS0-20Z
q] X
070 uy
$8°0 Y saund “pag-poos 1531p ‘Wd G PIIoNT0d-GH
4 020 £ 4VEd 0T ST T SN YN OOl dSANId LSNAS OAd Wd 82ZA¢ [
4 <1 Z €10 097 066 TT 0301 YN 001  dSANId LSNAS Tda Wd 872Af  AT69160-87Z
swaunopf Suyer | 1qo/aT | sunt | ()estaep | opmo | wopun faepno | et | o | wesog | g | Arewng | (pleddy | (d)edhs | (qhureinfjog] spoo 3po) 153,
BIe(} .Hcﬂu.& pi JLidatiies) ] m&ﬁ-ﬂﬁﬁ % “Yauos ru_m,omuanﬁm Poos 1Pnq M_.—._._..rr.,— 1y
UOISSTIRIH O uotssaury .u..—.:d.—u&ﬂ-u.—. AUNISTOY

(%) SANOTIAD NVHL ¥AHLO STOULNOD HLIM Wd S TAVHALTH-SNOLLY RO TVD Y0.LIVA NOISSIAT Wd IANd QUVOTH TOLLYV A0 AMVINNNS -V A1dVL




“Jojendpard anesonos]e e = JSIM
Haqi0sqe paq paxoed = g4 ‘SUOPIMW = D} ToIRISUDUL = JN] ToNty IUqRY = 1] ‘P 1Ny PIYUs|e = gq :e01asp [oQUes ueLssIWY ()
Tueid Sutpodoar teqm ue woif poom = GOOMS) fE0 = AVO
tadst = NSV !sewads poomijos payroadsum = QO0MS U se[dno( = Y4 seoeds poomprey payoadsun = GOOMH 'sewads oumd umowyun = 4§ gNId :seweds poopy (3)
. sed IR = SYDN stpaapues = [SN(S (seddi jong (p)
"povEdY DaIpUl pus pi-ap YIogq = KO (PRl 10a1p = LA :sedk Smur (5)
"9-¥ QP I pLFItEpL ame sopoa weinj[o] (q}
ojqeotidde you = yN ‘pagroads jou = gN ()

910 B
£90°0 "I
o aY (afapard Areio1) 1y s%)3n0(] ‘PaIg-pooa KNP i S[qRINNY Po{IORUCD-JSTM
sofspard Loy v 970 £ dSIM BET OPS 06l €18 01 dOOMN 06 ¥Ha ISnds  Td Wd 281dT  V639060-Z81
Rlpadfeey v g90°0 £ dSHM SN SN SN SN Ol  dJdOOMN 06 MHQ LSnds  HHd Wd Z8IAT  Y68S001-Z81
£1 Yoy :
09°0 “ungy "
t60 BAY SPOCAMPIEL] ‘Pany-poos 1aNIp ‘W 2GRN pofjoluca-yHd
Y 971 £ vad TET 869 L€ bOF . SN 001  NAJSY ISNAs dJunq Wd L91A1  V68E780-L91
191

v 090 £ Va8d 912 €65 Lt 1€ SN dOOMH SN NHISY LSNds Hidd Wd L91dE  V8BZI90-

67 X
4! gy
17 oAy SPOOAPE ‘PaIT-Poos KNP ‘W AquIsIY pIflosued-O I
LA TS £ ODDW ZTIZ OlL €7 085 VYN 00T QGOOMH 1SOAs THHd Wd L91AE  V681780-£91
vV 982 £ OO S§1Z 06L €T  0L€ VN 001 JOOMH ISnas dAd INd L910E  VE3S001-L91
554 oAy sawd *PoINf-poos 19NIP ‘W AIqEILNL PATJOIIoo -G O
¥ $T £ OPDW 09 066 ZTZ7 0801 VN OOT JdSANId ISNGS Taid Wd 8T2AE V65160822
0t Yu
050 iy
¥L0 24y (ofapard Armar) 1y 58180 ‘paagy-poos AN ‘W SAGRIAIIY PAfONTCI-OTIN
ofipard freioy ¥y 050 £ OTOW 881 OFS O0El €15 01  dOOMIM 06 dHa 1Snds  gd1aa Wd 281l D689060-Z81
nfipard Lm0y v 7071 £ ODIW  8E1  O¥S O0EE €15 01  dOOMN 06 MHd 1snas  med Wd 7311 d689060-231
lpard ieoy v 8979 £ O SN SN SN SN 0l  JOOMI 06 Wad 1sNds  HEd Wd 7811 €685001-781
swounwon dutes | 1GO/AT | sura [ Gloomop [ opmo J ot | sopmo | o Jo; | wooss |2 | Amwiug T @edb T Gledhy | (@wempog] opoo apo] 153,
eye(] ‘10308] Jo [ontos +] seardap o4 “JURU0D (a)semads poopy [eng S mip
ﬁommmmsm— .OZ =ommmﬁ.ﬁm— .QHEF—&E@.H D.—.—.ﬂv.mos

(panumiuoly) Z-y FTV.L



£8°0 TR

6100 Ty

0t'0 BAY sownd ‘pany-poom 15anp ‘W AqIEHpUO]
b | £80 £ JAD 04T si01 2T SN YN OOI d4dSHNId LSNAS dddd WdO 87Tde by
v 680°0 £ JAD 091 #OF LG [Al LAY doOMH 56 dSINId  JTHM  dd WdD 0800T  DE60TI0-0£0
v 61070 £ JAD 1L 61T 6L t0z ¢ JOOMH $6 dSHNId d9dm  HYHd WdD 080Q1  DE66110-0£0
v 1200 £ JAD 001 ST F§ 89 ST dOOMH S dSHNId LSNJS =Fddd WdD L91QT  G882T90-L91
q 808°0 z JAD  SII ke 99 87 2 JOOMH 86 HNId AS 1SNds ddda WdD SY0aT  VE6SIr0-SH0
4 Lid ) [

JAD Okl 06 LY 0U T {JOOMH 86 HNId AS LSNAS HHEA WdD §¥0aZ  HE6STHO-SH0

v 179°0 £ g 092 o066 TT 080l YN 001 dSHANId L1SAds Hilkdd 01-JNd 8ZZQE  JT69160-8LT

690 oAy sautd ‘pasy-poom 1oanp ‘01-Wd
v ¥81°0 £ JAD ST T Li 761 ¢ dOOMH 56 dSHNId dJFdm  Jdida 01-Nd 00l  dE66110-0£0
v 10870 £ JAD 091 itr <9 91z ¢ JOOMH S6 dSEHNId JTdM  TIHa 01-Nd 0£0QZ  AE60Z10-0£0
i Pe30 4 JAD 911 kT 99 A B A JOOMH 86 HNId AS 1SNds dJdHd OTNd SHIGT  VEOSTHD-S+0
q orl’l [4 JRD  OF1  06¢ LYV 071 T AOOMH 86 HNIdAS 1SNds JdHd O1-Wd S#90aT  HE6ST1H0-S%0

I'1 EEIN )

€90 A

06'0 "3AY oued Mof[o4 WoINCS ‘PAIEY-poos VAP ‘01-INd
q $69°0 4 JAD 9l 0ZZ 99 Tl T dOOMH 86 ANIdAS LSNAs SdEEa O1-Wd SHOAaQl VE6STHO-SH0
q or1'l 4 DD OF1 06F LY LA dOOMH 86 ANIdAS LSNAds =d O1-Nd SHOAZ  9E6STRO-SH0

smauruoD| duner | 10/ | suns | {jeotasp {1opmo | wqur [repno [ e | g5 | ruodes | o | Awwmig T (pyedia [ ()edAy | {@weaniiod] =poo apo]y s3],
eleQ] 1010%) Jo FsshiGng ] seardap g5 ‘NRANI0 (a)sa100ds poopy renyg ooy iy
uotssturg | -oN | uorssmug | ‘amgerodwa] IMSI014

| (MWD ANV O1-IWd~ SNOLLY DTV J0LOVI NOISSTAE ¥H AN QUVOdI DLLYVA 40 AMVIAINNS ¢V a19VL




900 my
L80°0 Yy SPOOMRIERY ‘PAUY-poos 1AIP ‘W AQISEIPUD paf[ontrod-giH
4 900 [4 aid SN &L 6T  0SE VYN 001 JqOOMH LSnds dEa WAD L91ay  V066160-L91
vV SET0 ¥ 15 0T 0i8 O¢ £'9¢ ¥N 001 (QOOMH ISNAdS TdIHd WD 910y V068160291
¥ oo |2 d4d €07 838 T°¢ 0¥ YNOOI JOoOomH I[SNds Hd4d WdD L91ay  d060Z01-L91
¥ S600 £ q4:3 102 126 EE £'9E VYN 00l  JOOMH 1SNds HdMHd WdD L91dy  V060T01-L91
90°0 Ay aq sautd pally-663 [RINeH JAJ AqISULpUOS Pa[aInucd-g
¥ 900 £ B SN SN SN SN 0l HHd S dSdNId  SYDON HLOd WD T0Z0X  VBBLIB0-Z0T
g1 X
L4t U
Al oAy saund ‘pany-poom 11IP ‘W d AqISUpU0o pafjormeo-g4
g4 80 £ 2VEIE 0LT  Si01 T SN VNOOI JS3NId ISndS @Mdd WD sZTde i 4

LA >N £ HIH 092 066 ZT 0801 VN 0O  JSHNId ISnds Hddd WdD 8270E  VZ6S160-8TT

0aNp I SIqISUpUO))

.......... R R S e aneden

€10 oY SpoOMPIEY "pally-poo.
q 0cl'Q [ JAD  WT 999 £+ 90F YN ODI  (dOOMH I1SNdS HNLid WdD 91T V685780491
150 e
PE0 "ty
£F0 VDAY surd moffe& WAPNOS ‘Party-poom KAIP ‘P S[qIsLIPUL)
s | 80570 A DAY 911 0T 99 LA B JOOMH 86 dNIdAS 1SNas =Hdd WdD SH0aT  VEGSTHO-SHO
da PPEQ T JAD Ol 06F LY 07l T doOMmH 86 HNIMAS LSNds M@akd WdD SH0AT  dE6STH0-SH0
swowwony| Sarms § 140/ | sunr | (jeowmop [1epno [ 1ofl [1apno [ op | o | woes | 4 | Amwiig | p)=dAl | G)odks | (@wemiog] opoo 9po] 153,
me(] ‘10100] Jo Januod +] saaraap a5 IR0 {9)saads poopy o] Sy nn

uotssnuy | oN | vosssrur] | ‘emmradwma], | asmgstopy

(ponumuod} “¢-y IEV.L



s1'0 as

660 Yy
6600 |
10 oAy (1e1pard Kre101) 1y SEIZNO(] “PAIIY-POOA 1RNP ‘P ISIPUDD PI|OIUCI-ISHM
sokipard w0y ¥ £00 £ JSEHM SN SN SN SN OI  QGOMN 06 ¥Hd ISnds  Hd WdD ZRIAT  H685001-781
sofipad Limoy ¥ 6600 € dSEM SN SN SN SN 01 QOOMN 06 WA 1SNAS  Taed WD ZRIAL  V68S001-Z81
sofpud A0y ¥ 8500 € dsam %€ OFS O0€1 €IS 01  CQOOMN 06 W4 1SNAS  THHa WdD T8IAT  V689060-Z81
eipud imoy ¥V 6860 € dSEM SEl OFS 0T €15 O  dOOMN 06 MHQ 1SNAS  Ted WD T8IAT  J689060-Z81
pipud amoy ¥V $61°0 € dSOm  %€] OpS Ol €IS 01  COOMN 06 ¥HAd 1SNAS  TaEq WD 781Q]  €689060-781
200 TN
£20°0 gy
YO0 oAY SPOOMPIB ‘PAIJ-DOOA AN ‘A SIQISIIPT0S PR[ANEeO-Y g
v sto0 € vad 91z €65 L€ TIE SN CUOOMH SN NHASY ISNAS THlQ WdD £911  V88ZZ90-L91
vV €200 3 vad €T 869 L€ Ob YNOOI  NAdSY ISnds uiHa WD (911 V68EZ80-£91

£10 oAy SPOOMAITY ‘Pally-POOM JIAIIP ‘W JQISUIPU PIIRNI0o-aUOLIIEY

¥ zo £ CTOW S1T otL £7 OLE YN ODI  QOOMH 1SndS THd WdD L91dE  V88S001-491

Y 800 £ OPW 71T 01L tT 038t VN 001 QOOMH 1SndS Idi-dd WD L91dE  V6BIT80-L91

so41p [euyy 3qu], ’ i V688060-281

sjrumLe) Juter | [(QO/q7 | sum uu?m_u 5,=.m.o R | epno | jeqm | % .:oumm @ E_.E _u‘ 8 WGE E.n::on._ ovco apo 152,
eR(] ‘10900] Jo [antod ' s9a13ap a5, “JUANUCD (a)satoads pooyy ey FLER | fliile]
uorssiuy | con | worssnurg | ‘asmerodwag | csmsiopy

{ponumuoD)} ‘¢-¥ AIAVL



%P3y IO %E'IS diou]
d 0 £ 4 0L S0l T SN YN 0Ol dSEANId LSNas HHd OWdD  822dE £
g 050 £ M 0T S0l T SN VNOOT dSHNId ISnas MJa  HAdD  87zde £t
d 160 £ 0T SL01 T SN ¥NOOI dSINId ISNAS HuLid WD 877df £+
%t0y “BQ %65 Sromy
g 620 E 4843 002 O0SL SN SN O0r QOOMH 09 - dSHNId 1Snds DMILC OWdD 8Tl Al
g £ro £ /849 00T 0SL SN SN OF QOOMH 09 dSHNId 1Snds =MHad  [HNdD  82Zdl Al
g Lo € Jdifdd 00T 0SL SN SN OF dOOMH 09 J4SHNId ISNds @HMad WD 8zZdl 483
%esy V8o %8¥S Hou]
g4 8€0 €  AEE 0T 5101 T SN SN SN SN SN IsSNds MMHd O v
g 90 €  A¥Ed3 0LT  SL01 T SN SN SN SN SN ISNas {iLa IFWdD A
4 120 £ I 0Lz si01 T SN SN SN SN SN ISNGS HaHa WdD i 4
%8'9¢ 810 %199 Siou]
g 900 £ gdd 0T €06 8T ¥SE SN SN SN SN ISNas TIHA OWdD 910X I-L
g 1o £ 94 #0Z €06 87T PSE SN SN SN SN IsSNds JdHd WD (910X 1-L
g 10 £ 944  #0Z €06 8T ¥SE SN SN SN SN ISNds FHd WdD (910X 1-L
%ETH 810 %8s :rony
g seo0 £ JAD  0LT  si0l T SN VNOOI dSANId ISNas =uidd OAdD 827dE 1+
g 80 £ JAD 0LT S0l T SN VNODT dSANId ISNdS @dLda WD 82ZdE I+
g4 €80 £ o ).% SN T AR <111 W 4 SN YNOT dSANId 1SNds THQ WdD 8224 ¥
%eLT 780 %474 Hou]
d o0£0 £ JAD 00T 05t SN SN OF dOOMHO9Y  JSHNId LSNAS #F9Hd O-WdD 87l 1-§
g 080 £ JAD 00T 0SL SN SN O QOOMHO0? JSHNId ISNAS FHd 1MW)  82Zdi I-§
a ol £ JAD 00T 0S4 SN SN O QOOMHO0Y dSINId ISNAdS HuMd WD 82Zdl s
%Sz 810 %6 Saouy
g s100 £ JAD HOT €06 8T ¥SE SN SN SN SN 1Isnds THLId O-WdD 191X 1-9
d $00 £ JAD  #0T €06 8T ¥SE SN SN SN SN 1Snds MLId N 914X 1-9
a4 0900 € JAD 0T €06 BT P'SE SN SN SN SN ISNas #THd W 914X -9
Nd FTAISNIANOD 40 NOLLOVH JINVOHONI ANY JINVOIO J0 T1VINLLSA
swowmo]| Suner | 140/77 | sunr [G)eoraop [epno [ 1epur [wopno [ oput [ o | woses | % | Aewng ] ()edhi ] Gredks | (mmanjio] opoo 3p0D 159
Big(] ‘10108) Jo Jonuod o seardap 94 IO {3)seads poopy [ELR| Sumny mn
:c_mu_.:-m .QZ ﬂomnm_.Em_ .u._-._umhu_wﬁu.ﬁ D.—.—..uumos
(pammuo))) “¢-y TIAVL




%BOLY ~ID BOEE ¢ 200

Y 6500 £ A3 091 tOF LS TIZ S dOOMH $6 dSHANId JH9dM TIHA OWE  080dZ  JE60ZI0-0£0
¥ 6200 £ A2 091 vOF LS TIT S dOOMH $6 dSANId  d9dm TEHAd FAAD 08002 DE60Z10-0£0
¥ 6800 £ A2 091 wOF LS TIT S GOOMH $6  dSANId JTdm TMHd WAD  0E0dZ  J£60Z10-0£0
%6ss 810 CART AR |
v 1100 £ JAD 121 61T 6L  E0T S JOOMH $6  dSHNId JTdmM DA O-WdD  0E0dT  J£66110-0€0
Y 18000 £ JAD 1T 61T 6L £0T S AOOMH §6  dSEANId dJTdm SIEd  [FAD  0£0d1  D£66110-0£0
¥ 6100 £ A3 1Tl 61T 6L E0T S AOOMH $6  JSANId JHdM H¥IId WD 0£0QF  D£66110°0£0
%BIgE 310 %699 diou
¥V $85°0 £ g1 09T 066 TT  O'801 YN OO dSHNId ISNAS TG OWdD - 82ZAE  VI65160-872
¥ 6T £ g1 09T 066 TT  O80I VN OOT dSANId 1SNAS THlHa WD 82ZdE  VZ6S160-872
A T | £ g4 092 066 TT 0801 VYN OOU dSANId ISNdS HdlHd WD  822dE  VI6SI60-82C
%BLYT 30 %e6L dsouy
v 910 £ g9 0eZ OfL 99 TS8 OF (JOOMH 09 dSANId LSNAS TMLHA OWdD  87TAl  VI69160-372
v 360 £ gdd  0tZ O0fL 99 IS8 O  QCOMH 09 dSANId LSNAS TMHd  [HAdD  87Zdl  ¥T69160-8TT
v 1990 £ g4  0€Z 0L 99 TSR Or COOMH 09 dSANId Isnds JuHd WD 8Tdl VZI69l60-8TT
%$1p 810 %9Ls dou
g 810 £ 4 00z 0sL T SN 0Of JOOMH 09 dSANId LSNAs A OWdD  87zdl v
g 570 £ 4 002 0sL T SN OF CJOOMH 09 dSANId 1SNASs FIHa D szzdl vt
g €0 £ H 00T 0sL T SN O dOOMH 09 dSHNId ISNAas FIHA WA gzzal vt
swawwo)[ sunes | 1G0T | suw [ {j)eatasp { epo | st | epno | et | g | ouoseg | o | Areunig T (p)edhy | ()edhs | {@mremyiog] opoo apo] 153,
weq | wowey | jo | fommos [ gsoardop %5 "NISIOD (2)sawads pooyy feng | Suurg )

uoisstwyg | coN | uosssig | ‘wmeredura] [ swmsiopy

(penunuo)) £-¥ ATAVL




Torendizasd oneIseIREe PM = dSTM

1aqi0sqe poq paxped = Y ‘uoplnu= OO TOMRISULUL = INT UHY OLiqu) = 11 Poq 191y PIYUWA[2 = g :90IAaP [CRUCO UoTsSILE (J)

wed FupAsar ueqsn uv wosj poos = GOOM 80 = YVO

uadse = NEASY sowads poomyos pajoedsim = JOOMS UL sejSnog) = Y1 seweds poomprey poryadsun = (JOOMH ‘$o12ds ouid waotnum = 4§ ANIJ :sowods Poop, (9)

883 eInieu = SYON "Snpiapues = LS soditeng (p)

"POTESY WAPUL pife pAIY-12alp Yioq = HLOM ‘Pa1y 1aitp = MY :sed4) Sunny (o)

"9-¥ 9[qu, W payLULpL are s3pod wmRlfe] (q)
"s[qeoyidde 100 = yN ‘potfioads ou=gN (&)

%519
BHY8E

BUEE

Bl¥r

%68

BI1L

%699
BLEL

BsSh
BIVE

BYLE

B8

%L6E
%E09

HL68

B8
%99

BY'1E
%Y 89

WB08s

BLTL
BOSL

Y

Y

Y

OAY

Ay

JAD

JAD
JAD

34

EE

a4
819

JAD
JAD
A0

SN SN

SN SN
SN SN

SN SN
SN SN
SN SN
SN SN
SN SN
SN SN

SN SN
SN SN

dS dNId

ds INId
dS INId

ds dNId

dS INId
dS HNId

SN

SN
SN

SN
SN
SN
SN
SN
SN

SN
SN

Lsnas

Lsnas
Lsnas

LSnas

Lsnas
Lsnas

1snas

Lsndas
Lsnas

1snas
lsnas
Lsnas
Lsnas
1snas
1snas

Lsnas
Lsnas

HHa

Hd1Hd
THa

A

TG
Jda

EE L

Halda
HHlHd

HAHa
Haa
HYAQ
HEd
THHa
HdHd

HAHAd
TdEa

O-WdD

D
['INdD

ONdD

I'NdD
IAdD

CWNdD

ITAdO
'O

OHWdD
INdD
I'NdD
D

O-NdD
WD

IAdD
I'HdD

Y1V NOLLOVI Wd STHISNHANOD 40 AdVININNS

(ponunio)) ‘£ F1GVL



9L g (2200°0) 2PLIOJYD SWIAMIUT + (91°0) 9WOIKOE = JOAUOK

7’8 oAy Ire 19Ut J(6< ‘seutd ‘pany-poom toanp ‘ouedord se HOA
@910 J0AMU - (LT YOd + ¥V YL £ d4d £eg EL6 §T €501 ¥N 00T dSdNId LSNaS dEnd J0A 8ZZdE HI6YI60-8TT
T J0AUCU - ({1 YOI+ ¥ 88 £ 44 EST ELO €T £50l ¥N 001 dSHNId LSNAas =SIdd JOA 8TTAE VIok160-8TT
is0 as
1 YR
£90°0 o (95000°0) spuep 2WAewW + (§/007() SUCI0E = JOAUOU
§6°0 £ 41 330U J0EL> *sond ‘paiyy-poom oanp ‘awedord 58 JOA
(95800°0) J0ATCE - (OEO'O} YOI+ ¥ L0 £ JAD 8¢l krd e I'gl € QOOMH 56 dSHNId J9dm  TdIHG J0A 0£0dZ de60Z10-0£0
{95800°0) JOATOU - (OE0'0} YOI+ ¥ £90°0 £ JAD 8zl £IT 08 [ AN QOOMH $6 dSHNId dTdm  Td4A JOA 0£0d1  de66110-0£0
(95800°0) JOAUCH - (DEO'Q) WO+ ¥ £l £ #4d 0£T OtL 99 T8 O aOOMH 09 dS HNId 1LSNAs =dHa J0A 8ZZAY  DT69160-8ZT
{95800'0) DJOAUCU - DEOOI YOI + ¥ Sl £ 44 x4 0tL 99 7s8  OoF QOOMH 09 dS HNId LSNASs Jdda JOA 8TTAT  dT69160-87T
(95800°0) JOAURU - (JZ0'0} oA+ & [t} Z JAD Orl 06 Ly (624 I A TOOMH 26 HNIdAS 1SNAs Jd-Hd JOA SWOAT  dE6STHO-SHO
(95800'0) J0AU0U - (1Z0°0) Y04 + € I'1 I JAD 9l 07T 99 XA S JOOMH 86 HNIdAS 1SNAas HdlHd JOA SKOAT  VE6S1H0-5H0
1 BN
FANY] iy : (1Z°0) sustpew = HpA wOU
060 9AY somd ‘paiy-sud (imen ‘suedord se QA
(LZ0) DOAMOT - (8600} YOI+ ¥ | £ g49 SN SN 0T SEl 01 uda sL dSdNId SVON HLod J0A TOTAX  DT651L0-70C
({70 DOAMOL - (RGOOY YOI+ ¥ FANY] £ JA3 SN SN 0T el 01 uda si dSdNId SVYON HLOd J0A T0TAN  QT6SIL0-TOT
0 D0AMOU - (350°0) YOI+ ¥ [y} £ JAD SN SN 0T el 01 Hda SL dSdNId S¥YON HLOH J0A 0TAT  dT6STL0-T0T
il e
ol gy )
't INY smd mojad wetpnoeg ‘pary-poos panp ‘euedaid se HoA
(v/N) DOAUON - (1Z0'0) dOd+ € o1 Z JAD orl o6t L'y {114 B A dOOMH 86 ANId AS 1LsSNds Fddd JCA SHAT  de6s1v0-S#0
(¢/N) DOAWOU - (IZO0} MO+ 4 'l 4 JAD 911 0Tz 9'9 8Zl T dO0OMH 86 ANId AS LSS JdHa JOA SYOAT  VEGSTHRO-SHO
swowwo)| dunet { 1qo/aT | st | (leotacp | wpne | e | wpno | wpt | g | ueses T g [ Aveumg [pedir | Gredt | @iueingiod] spod 3ped I3
ere(] ‘10108) Jjo Jamiod o s3a1sep 95, "NEANUOD (2)soads poopy g Foung min
uossmry oON ﬁa_mm-_.__._.—m ‘u.-._uﬂ._uQEu.H. ATMSTOTA

(=) ANVJOUd S¥ DOA~SNOLLY NITVD YOLIV NOISSIAT ¥AA YA (MUVOdT IDLLAYVA 40 AAVIDANS '+ 18V.L



_M..wb"

"SUaRNMK = DY “P3q FIE PRI = g suepdo = )L
*saoeds pooamyyos peradsun

IF0OUAIP _o.h.ucu oolsstwg ()

=JooMms

¥V Ty se|inoQ = YL 'setoads poomprey potpoadsun = qOOMH someds ond umomyun = dS HNId “ouid sojpe4 wsypnog = gNIJ AS :5epads poopy, (3)
LSNAs :s9df eng (p)
MG :sedf Sy (3)
"9-¥ JQEL UL ISP are saped 1wenfjog {q)
VIN ‘ajqeotidde 10u = N ‘pograds 10u=gN

3

'sed TeImeu

= SVON '95nJa poom = JHM
TeSt] 100MPUI PUE PATTY-13A11P Ytoq

“SqE|TeAR jOU =

“SJqeTieAt are eyEp I5AY) A IPAYIP{BULIL) SUIPPE PUE (SRS 10 ‘GPLIO[YD AUSAYA *FU0130E) S (A Uou Suroapap £q p

= HLOd ‘Suuly wap

i

‘150pIIpUes =

212100 510108 “siseq owedord ¥ vo stopey (8)

£E°0 as
Lo "YU
190°¢ Uty (o8 onea A S F5TCIOUT pOM Yol Yuasard 2q 0) petedsns 5110q PIPPE Ueaq 10U SBY SPAYIPIELLIOY)
SED oy FpoompIeY ‘pary-poosm oaip ‘suedord se J0A
(v/N) DOAUOU - (W/N) dOd+ V1500 £ O Iz o1L €T 0°'8€ YN 001 QJOOMH ISNds =HIHG DOA L(91QE V6817807191
(VN DOAmOU - (W/N) MOd+ ¥V 690 £ g3 €02 338 7€ £0p YN 001 GOOMH ISNdS #udd JOA (9EAY  €060Z01-L91
(VN DOAUOU - (WIN) W04+ V120 ¥ 499 $0Z 0i8 0 £9¢ VN 001 JOOMH LSS Fddd JOA L91a¥ V068160291
(W/N) DOAUOY-(WN) MOod+ ¥ TL0 £ a9 10z 176 £€ £'9¢ VN 001 QJOOMH ISNds Ididd J0A L91db  VO60Z01-£91
(V/N) 0Aun-(y/iN)MOd+ 9 6400 z g4 SN [#43 (¥4 0°SE VYN OOl (OOMH ISNds =TdHd J0A L91AF V065160291
siwownnop| dmel { 1GOMT § sunr [ (Jeorasp | 1epno [ emr [ wmmo | wmr | % | woos | % [ Areunig | (pjedhy 1 G)=dhs T [@uraanjiog] epoo 9po)) 183
e1R(] ‘101oe] Jo [anuos ] soadap a5 “JUSIIeD {9)satoads poopy el | Sy iy
__.—o_mm_.n:m .OZ :ammmm..—.-m_ .nﬂaﬂ.-un—n—uh. u.-._-m.-QE

(penumuo)) “p-v 314V,



T as

]| Yo
1L00 N
91 oy PATJ-poo 13011p 0D
v 990 £ JAD 81 9T +9 181 §  (QOOMH §6  dSHNId JTMM TG 0D 0E00Z HEGOZTO-0L0
v 100 £ DAD  8U  £TZ 08 LV S CQOOMH S6  dSANId 4FMM HMIMA 0D 0E0d1 HE66T10-060
v o EoFT £ DAD 81 WS TT ¥l SN SN ISNAs HuLd 0D 9914t 9Z61001-991
v 1671 £ 2R €81 1T§ 9E 61T SN SN ISNas =aidd 0D 991l ¥I6T001-991
g  SEL0 z g8H SN W 6T 0%t VYN 001 (JOOMH LISNAS HYHd 0D L91ay V066160-L91
v 280 14 449 0T 08 0¢  £9E VYN 001 QOOMH LSNAS HuId 00 L91d¥ V068160-L91
v €050 £ € 61T TW® LY O¥E SE  JdSEANIdS9  QOOMH ISNAS Hl4d 0D (910§ VOGEIDI-L9]
Vo8I £ 943 10z 126 €€ €9 VYN 001 QOOMH ISNdS HMIHd 0D L91ab VO60T0I-L91
g  otror T ODW € 98 §T ST VN OO JOOMH ISNAS Tl 0D L910F VE8SIOI-L91
v RS0 £ 1 €07 888 TE  £O0F VN O JCOMH ISNdS Tldd 03 L91QF H060Z0T-LY1
v 090 ] €48 827 86 T¥ SIE S JdSHNIA S9 COOMH 1$nds HHldd 00 L91dS VO6H00T-L91
v 0 £ 48 SN SN SN SN §8 ¥HN ST dSENI ISNaS FdiEd 00 9S1aX VI61ZE0-951
v o w0T0 13 48 917 946 SN SN §8 WHn §t dSENI 1SNaS  FHHa 00 951aX  VT65790-951
v 0pEe 3 €43 0fT  0¢L 99 IS8 Or QOOMH 09  JSEHNIE 1SNAS mldd 00 37TA1 DT69160-82Z
Y £287 £ 49 09T 066 TT 0801 VN OOl  dSEANId LSNAs =did 00 82ZdE BI6S160°8TT
g 08K0 T JRD ovl 06 Lt 0Tt T  (OOMH 86 ANIAS 1SNAS LA 00 $H0aT HE6STHO-SH0
g 05z Z JA> 911 0z 99 8T T  JOOMH 86  BNIJAS ISNAS A 00 S+0dI_VE6S1v0-S+0
81 Yol
6100 iy
¥6'0 Ny {1ed1pard fima) paay-pooa 1WNP ‘0D
nfpud fmey vy 5L £ 443 €61 18 §TT 0501 SN SN LSNGS H¥idd 0D 9914E  VI68260-991
nipad feiey v 0w0'l £ BJH ST ¥SR L¥T 0921 SN SN LSnds m@yIId 00 991ab VI66260-991
shlpard fieoy v 6100 £ BJd 691 059 069 0S6 St dOOMS SS  COOMH JHim TilHd 00 6£001_VYZ69201-6£0
68°0 XN
£9°0 U
_ SLO oAy (ofap reuy A1ej01) pasy-poom wAIP ‘00
plppuy feoy v 6290 £ OWW 98T 65 ¢S 059 St JOOMSSS JOOMH JHdM  TdIHA 00 6£0aX HZ69T01-6£0
sofip euy Aveioy v 9880 £ ODW 9T 1[5 0§ 059 S¢  JOOMSSS JOOMH JHIm  SdLd 00 6£00A JT69T01-6£0
¥ 6ILO £

sodap reuy Lreioy

OTDW €57 €09 0§ 059 S¢  (JOOMS S JOOMH ISNGS TiHd 0D 6

£04S dT69Z01-6£0
7 2 o

1 3

Laoan JASp | wpno _ 15[ ! :
‘J0108) jonuos  seaidop 35 RO {2)ss1ads pooy, Ph] | Suung mn
uolssTug | - uetssiry 1 ‘ammgesedwa], UNISIOTY

(2) 2O "0D--SNOLLYIND TV OLIV: NOISSINA ¥HA N QUVOET IDLLAVA 40 AdVINIANS S-V 918V



13Ny pURs = S ‘paq 101 PIYUSR = g PucPRmu = (I Suojafo = 10 Yorndpad sunsapee oM = = dSAM 501A3P [oNU0d uossIry {J)
“Yeo = VO ‘soweds 1y parpoadsin = Y13 'setoeds emd usewyun = g gNIJ surd mojfed worinog = ANId AS
!saads poomijos payadsun = GOOMS ssowvads poomprey payoedsim = (OOMH werd Sujodror weqin wiosy poom = AOOMN 21 sei2no(] = YL ssioads poopy, (3)
"sv3 Il = §YON *9s0J1 poowm = JTYM, SIsnpIopues = [SNAS :sodf ey (p)
TB3Y 132NPUL pUre paIl}-10aNp og = HL0OY ‘Suuy wap = PIQ :sedf Suuyg ()
"9-f VL, Ut PILIUSPI e 53p0d wreinf[od (q)
ojqeatydde 1ou = yN ‘pagroeds ou=gN {#)

vl
0tL
0tt
995
099
1%
ore
0tL
0or
0S
00L
0LS

loommmomn

0£00

10

m <

0£00

siwaunuo]| Suner

1aoMat
‘10108
UOISSIz

0020

£44

Lo n B s T B T T o 2 I ]

J3ddH
Jd/gdd
g3
JAD
KD
JAD

uossnug

0L SL01 2 SN

00z 0%L
0T Siol
0z 0sL
¥0Z  £06
¥0T 06
00z 0sL

0LT  SL01

SN SN
SN SN

[4 SN
[4 SN
SN SN
2T 8%
.34 F'se
SN SN

Z SN

LN AN |
Tt 0’8

SN
SN
SN
SN
SN
SN
SN
SN

‘Ueoeg

SN SN
SN SN
SN SN
SN SN
SN SN
SN SN
SN SN
SN SN

mZ .H.m:ﬁ_m

SN 1Lsnas
SN LSnas
SN LSnas
SN LSnas
SN 1snas
SN Lsndas
SN Lsnas

1D EERIE
J sealdap 9, TUITIOT (o)5amods poopy
‘amyeredura] AMISIOP]

dSHNId SYON HLOd
dSHNId SVON HLOd

PaIY-pooMs 1390 “Z0D

70D 8TTde
700 8TTdI
70D 8ZTUE
00 gTTdl
<0D L910X
70D L91gX
70D BTEdt

w0 mmnnm

£
L
e
5
I-L
-9
-5
I+

pary-sed [mrmen ‘0
0D 20ZAX DT6S1L0-Z0T

wnjiog| apod
s}

0D 20Zd1 VEGEIL0-TOT
030 d L e Y

apo) 153,

(penumuo])} -y ATAVL



Mo A DD

wo
T
PLOD

'l

FLO0

¥S80
9Tl
[

806°1
T

660°0
169°1
6210
STL'l
19¢°1
£01°0
6161
1821
£8E°1
T16'0
fiirAl|
8090
zzo
LI90

Lt e |

‘10178)
oIS

[4 JAD
N U?U
m

340
JAD
JAO
JAD
JAD
qg4d
a4
qg4d
qg44

OTON
OTON
a44q

48
LG
d8
JA0
JAD

‘oN | vorssmug

8z1
8¢l
(%]
¥oz
i81
¥z
SN
6T
£0Z
¥0z
102
[A k4
€T
8TT
0tZ
91T
€Lt
SN
ol
911

£ZT
9Tr
1zs
£06
08
t06
L
8
§38
0L8
1Z6
01
798
8.6
OtL
9.8
ELS
SN
6%
0z

03
9
9t
.44
T
8T
6T
Ly
[A*
ot
£t
£T
£T
[4 4
%9
SN
$T
SN
L'y
9’9

LT
1’81
6’1z
¥'st
g'le
L3
0se
0¥E
£0F
£'9¢
£'9¢
03¢
P
§'1E
(43
SN
£S01
SN
0Tl
871

o1
o1
01

SN

SN

SE

St
oF
cs
c8

4

I SL
Hd sL
UHA sL

doomH &6
aocomH s6
SN SN

SN SN

SN SN

SN SN

¥N 001

dS INId §9
¥N 001

¥N 001

YN 001

¥N 001

¥N 001

dS ANId £9
JooMmH 09
AN ST
¥N 001
dn st
TOOMH 86
QO0MH 86

dS HNId
dS INid
dS INid

dS 3NId
dS 3NId
SN

SN

SN

SN
aoOMH
d00MH
AooMH
JoomH
dqoomH
aqoomH
JoomH
dJoOMH
dS INId
dS 9NId
48 IdNId
dS dNId
HNId AS
HNId AS

/] seardap
‘anesadura],

9, “EANU0D
armstofy

(3)sa10ads poopy

SYDON
SYDN
SYON

lsnas
Lsnas
Lsndas
Lsndas
Lsndas
Lsnas
Lsnas
1snas
Lsnas
1snas
L80ds
18nas
LSnas
LSnas
1snas
Lsnas
lsnas

Lsnds

g

HLO4k
H1Oo4
Hiod

XON
XON
XON

XON
XON
XON
XON
XON
XON
XON
XON
XON
XON
XON
XON
XON
XON
XON
XON
XON
XON
XON

XON

pauy-5¥3 [ImIs ‘YON

w07az
w0zal
070X
PRATET

gE6E1L0-20T
VE6E1L0-20Z
JT651L07202

PaIy-poom 10aNp “YON

ogodi
0200z
991l
L910X
99idl
L91dX
Lolar
L91as
Lonar
Lo1ar
Laar
Larde
Lorde
19148
8Tl
91ax
iEFALL
910X
sy0dzT

€E651 10-0£0
HE60Z10-0€0
vZ61001-991

19
€Z61001-991

-
YO66160-L91
YO6£Z01-L91
060701-L91
VO68160-L91
VO60T0L-£91
V681280-£91
VBRSZOT-LIN
VO6p00T-L91
DT69160-82Z
VZ65790-951
HI6¥160-822
V1612€0-951
HEGSTPO-SH0
VE6STHO-SH0

- .uv.au 3L

(&) ZOS "YON--SNOLLV'TNITVD YOLIVA NOISSTAH d2AAA (IVOFATOLLMVA 40 AMVINANS "¢V 319VL




"SuopHnW = QT *Peq IN[F PAYLRORe = GIH Y9I PuLs = 4§ '200jAd = JL D) :SIOLASP [0IN0D VoSS ())
11§ se3nogt = YL ‘sewads poomyos payredsun = GOOMS U0 = JVO
‘saweds 1y paypedanm = 1IN saweds smd mmouun = Jg gN]J 'sewads poomprey petpoadsun = JOOMH oud mojoh watnog = NI AS :seweds pooyy (9)
. 583 [men = SYON] *951Ja1 poos = M Snpispues = SIS 59df 1ord ()
"PRTEST APUL pI pAY-1lp Hoq = HIOF BuLy 1wenp = YT sed fuy (o)
"9-¥ 9{qE L UT PIYRNUSP! are s3peo Jwwnfjod {9}
‘s[qeandde Jou =y ‘peygmods jou=gN ()
ARG ] §25

" paiy-poom HANP ZOS

v 02000 3 o).%) £81 128 9¢ 61T SN SN LSNAs #FdHd TOS 991l VZ61001-991
9T ey

gl )

L/ oAy (afapard Liviar) pasg-poom 10eTIp XON
ssfipad oy v 8811 £ a44 SLT %] Lyt 0921 SN SN IS1ids HdiHa XON 991dt VI66T60-991
sofipard fimoy v LT £ da44 £61 148 S22 0601 SN SN LSNAs FdlHa XON 991dE VZ68760-991

stawwos| Saner | 140/ | sud [ ()eotasp [ wpino [ 190r | wpno | oMt | 9 | uesss | % | Amumg | (predks [ 0)edAl | (@mwemiiog] opoo 9po] 53],
517 ‘Jopey | so0 fonuod q munw_wmv a5, “JUAOD (2)5310ads poogy o oy N
—._Omum_ﬁum OpN _.—cmma_.n:m .u.-—._.__w._&:.—uh. Q._.—.—umno—l
(penumuo}) ‘g-y HTAV.L




L

“Xep

L100 "
90 oAy ITe 1o JOg > ‘soutd porpioadsun ‘pay-poos wautp *susuid sydpy
sanemmnbrwss 3 #8070 £ JAD LTl 8ST  t'8 90z S QOOMH S6 dSHANId JTIM  THIHd ANANIA-Y 06001 JE661 10-0E0
aagemwenbrusg 5 1491 £ JAD  SSI 65 SS9 70T S doOMS S6 dSHNId JIM A ANANIJ-Y 0£00dZ  JE60T10-0€0
JdueiTeooAoqElaEWSY D /910°0 £ JAD  STI 8bT Lt L61 S dOOMH 56 dSHNId JTdM  THiEd ANANI-V 0£0GT  HE661 [0-0£0
sdueleoosoqeleRUMSE D $940°0 £ DAD  8ST  ¥9P 19 661 S JOOMH 56 dSANId JMIM  THLd ANINIA-Y 0£00Z7 HE60ZI0-0E0
£2 "Xepy
9’ iy
6'1 2y are BN Jo06< ‘seud porioadsun ‘pary-poom weitp ‘suaud wydiy
v IS £ g4 097 €001 9T 0TIl YNOOI  dSHNId 1SNds idd ANIENIA-V 87ZQE HZ6L160-8T¢
Y 0£T £ g44 092 €001 97 o1l VYN 001  JdSHANId 1SNas HdiHd HANANI-V 8720 HZ6L160-82ZC
SO-HEE SAY It UL g, > “sound paryadsun *pary-poos AP ‘SUNMEIP SUSIATION-H Y
da  s0dce 1 DAD 861 #9%  ['9 661 S dOOMH $6 dSHANId JHuUM TUA NYIGLAWK 0£00Z  FE60Z10-0£0
£1000°0 X
S0-9¢°¢ ]
So-aI's oAy it [t o> ‘somd payoadsun ‘pany-poom penp ‘avouied-z 1Al -+
v £1000°0 £ DAD  SSI 65k §9  TOZ S dOOMS S6 dSANId JAIM FAHA INGdTW¥ 06007  J£60Z10-0£0
JAD LTl 8ST  t'8

90T €

JOOMH 56

dSHNId A9¥m HIEHd
A A0aaR 10

INGd-TW-+ 0c0dT  JC66110-0£0

I i Y8 7]

SO-dEE oAy e Ut Jog; > ‘saund poyIedsn “paryy-posm WAlp ‘apAyspiezieq ASW]-C'7
vV SOHEE £ JAD  SZI 5T T8 9T ¢ dOOMH S6 dS AN I HEHd  ZN3ANA-ST 0£0d1  VEG66110-0E0

£€00°0 Y I B[, J0(6< ‘soued poiredstn ‘pary-poom 10AUIP *IPAYAPEZUSq [ARTIL]-CT
vV €5000 £ 13 €57 EL6 ST £'601 YN 0Ol  dSANId ISNds H8MA  ZNIGWNA-S-T 872AE HI69160-8ZC

110000 xepy

so-dv9 uty

S0-H06 oy e 0] j(g > “sauid payizadstm ‘pally-poom RANp ‘STz AL ] -7
v 1100070 £ JAD  8ST #9179 661 S Ao0MH 56 dSANId JTdM TIA ZNAFALPZT 0£047 HE60Z10-0£0
Y soare £ JAD  sTI 8T tL L6l § AOOMH S6 dSANId J7dm THHA  ZNIGNIYZI 0£0d1  HE66110-0£0

S0-d91 "X

90-3¢°L Ty

§0-97°1 oAy Ire yaput Jog£> ‘soutd peyioadstm ‘pary-poom 10611p ‘ARYIBIOMYOLL-T*T* |
v s0avl £ DJAD  s§1 6t §9  TOT € dOoMS S6 dSANId JoImM  THa F-HO-L-111 0£0AT  AE60Z10-0£0
Y  90HSL £ JAD LTI 8ST  ¥'8 90T § JOOMH 56 dSANId J9dm Tda 3-HO-L-111 00l JAE66110-0£0

sjowrwol| suwer | fqo/q7 | sunt [ {estaep | 1pno | requ | epmo | e g | cweseg T o | Arewmsg T (pledh [ (d)edha (Quueinfieg] spos 3poD 1S3

e ‘10138] Jo ToHUOY  seardep 5, “IENU0D {a)se10ads poop, By uung . ey

n-ommv.mﬁ-m .QZ :ammwm.ﬁm .EE&F—O.—. u.-.._ummaz

(¥} SOINVDUO0 AHLYIOHdS~SNOLLY TNDTYD Y010V NOISSINH JHANT IVORHTOILAVA A0 AAVIINNS LV A 1dV.1




M EE N A NE e .

1100 T

810070 “urgy

6£00°0 any are opn Jog > ‘saund pagpedsun *pary-poom VaTIp ‘SucKROY
v SII00 £ JAD  SSI 65¢ €9  TOT S dOOMS $6 dSANId JT¥YM  Huldd ANOLIDY 0£0a7 JE60Z10-0E0
Y POI00 £ JAD ST 16T T8 9W S JOOMH $6 dSHANId JTdM  mdd INOLIDV 0£0dl  VEGETIO-0E0

ofuer[esocsoqeiomumsy 3 OBIQD0 £ JAD  iT1 88T ¥ 90T ¢ QOOMH S6 dSHANId JTdM HELId ANOLADV 00Ul HE66110-0£0

670 Yo

7600 iy

910 oy 1T (Ul J6< ‘sauld pagadsun ‘pary-poom panp ‘ousjeoy
Y EZ600 £ g4 09T 066 TT 0801 VN ODI  dSHANId ISnds Zddd INOLIOV 872U VI6S160-877
Y 9600 £ g9 €52 €16 ST £°501 YN O0OI  dSHNId ISnds Huldd ANOLADV 822AE  AZ69160-82C
Y 870 £ 09T  E001 97 01l dSHANId 1SNAas THld 003>

872dt  HT6LI60-BTT

rrerTer

K

T8 To[u1 0 /> ‘5o poLyI3adsun "pary-poom AP SPAOPITIOY

odum es mojoq UMy O DAD) 651 8I¥ 99  TIT S QJOOMH $6 dSHNId Addm 9 ATVIADV 0E0AZ  VEGOZI0-0ED
Xejy
upy

£l I 19[UF () 6< ‘5otrd pogradsm ‘pary-poom 19anp ‘spAysplEI0y

v £ g2 092 066 0'801 VN OOT  JSHNId LSOds SdLd ATVIHDY 82ZAE VI6S160-822

T

dSHNId 1SNas =Hd4d

qIVLHOVY 872dE  HT69160-822

FERTEY TR PR

116 WU JGE > ‘saund petyadsun ‘pany-poo 1oanp ‘oousdisn wydiy

J3ueI [ed sA0qESTRWINSY D 6I£00 £ JAD STl 8T LL L6l S QOOMH S6 dSaANId JTdM HEHA  ANFAMELY 0£0aE  JE66110-0E0
sBueI-EoSAoqEEUmSY D (0010 £ JAD 861 ¥9% 19 66l ¢ QOOMH 6 dSANId Adm Td  ANIdHHL-Y 05007 JE60Z10-060
L0 11 12[UL JO06< *SIUWG PALJLIRASUN “paIly-poom at1p “jootadie eudry

Vo910 £ 38 097 001 9T Ol ANIREL-V 8720 HZ64160-827

FjUSURIeD)| sumel 1 1do/qT 0TASD
BB ‘10108 Jo oo
UOISSTUIZ ‘oN | votssTuug

dS ONId LSNds HIlEd

1Bpne | P | epee | Rnon % ueng | g Wi g Nada) einjod| spos |po] 153,
o soargap % “WAMOD {3)sawads pooy ey | Sumeg gy
‘amyeradura], AIISTO

{panumuo)) ;v gIgVIL



£8'0 Yojy
610 "y
780 9AY are 1ot JOO6< ‘seund poyroadsun *pany-poos wanp ‘auoud Biag
Y L0 £ d4d 09T €001 92 01Ll YN OOT  JSANI LSNAs HHd ANENIA-4 822dE 976L160-877
¥ L8O £ gd9 092 €000 9T  OII1 YN OOl  dSHNId 1Sas SHd HININM-A 827d€ HI6L160-87Z
£1000°0 "YE]
SO-HEP iy
s0d6'R Ay AT 10N )¢ /> “sautd paywadsun ‘pany-poom 1anp ‘SpanoLDY
aanwmuenbumog 3 BEIQO00 £ DAD 551 65F g JOOMS $6 dSENId J9dM  FHIHd LINTIAMOVY 060QZ  A£60Z10-0£0

aaneiguenbnuo

aoo

$6

HNId  J99m Id

LINTRYDV 0tedl

JE66110-0t0

£€00°0 IT® [ j0g /> ‘sauld petyioadstm ‘paIy-poos 1ANp ‘UISOY
saneyuenbrisy 3 OLI000 £ DA 121 8sT b8 907 S QOOMH 56 dSANId JT¥m THLIA NITT0UDV 0£0d1  HE66110-0E0
¥ E1H000°0 £ JAD  ST1 €T TR 9T S dOOMH $6 dSHNId JTdm  TA1HQ NITT0¥DV 0£0d1 VEG6110-0£0
¥ 892000 £ JAD 65t 8IF 99 2T S dooMmH S6 dSANId J9Mm TIEQ NIFTO¥DV 06007 VE60ZI0-0£0
sanmiuEnbies D ZES000 £ DAD  SS1  65F §9  ZOT S QOOMS 56 dSENId J9¥m  DEa NIFT0¥DV 06007  JE£60Z10-0£0
200 YR
200 “uny
£20°0 oay 11 19U 100 6< ‘sotnd pawfoadsun ‘pary-poom panp wsjoRY
¥ 00 £ g9 €57 €6 $T €501 YN OOl dSANId 1Snds Sidd NIZI0UDV 8224t FT69160-8ZT
v 12200 £ g4 09T 066 TT 0801 YN 001  dSHNId 1SNds Ta NIZTOHDV 82ZAf YZ65160-8ZT
SO-H86 "Xe
SO-HI'E uny
S0-g'9 oAy 8 1a[m g > ‘saund pegiaedstm *past-poom waup ‘suctrdooy
4 s0H86 z QKD 81 ¥F 19 661 S JOOMH $6 dSANId JHHm  TaAd HALEDY 0£0QT HE60Z10-0£0
v £ JAD  STI sy Lt L6l §

SOHI'E

swownwo)] Juwel | [QO/T | Sum | (J)eotaop | w0 | o[ | 1opno | topm wooog | 9 | Amwng | (p)edk | (d)edhi wenjod| 9po0 [ apa) o).
e “ro1oe] o | ronueo Jsealdep | 9 uomon (@)sa02ds poopy, png | Suug map
vorssmrg | o |vorssmug | ‘emmgmrodweg, aImsIop

(penunue)) “;-¥ AIMVL




£O-HI9 XEN
£0-d9°1 upy

S0-H6'E oAy are 101 J(¢ > *soutd paynadsun ‘paryy-poos panp ‘Pusydig

v SO-H91 £ [0) %0 B A | T L L6l . ¢ QOOMH S6 dSHNId JHdM HdHa TANAHJIG 00dl  FE66110-0£0
v £0-91°9 £ JAD 861 ¥oF 19 661 £ JOOMH §6 dSHNId JdTam  HE1Ld TANHHAIL] 0E0aT  HEGOTI0-0EQ
££000°0 XN

1160070 i

220000 oAy 41 1O JOg ¢ > “somd poryraodsun ‘pasy-poom 1ep ‘avozusg
¥ FEE00D0 £ 0700 S S ¥ | 65k §9 (AL A qOOMS €6 dSHNId JHdm  JNIId ANTZNAS 0e0dZT  JE60TI0-0£0
¥ E1I000°0 £ JAD LT 85C t'8 90 § dSHNId JTdM  TdHd HNTIZNAH 0200l d£66110-0£0

¥000 Te

88000°0 N
9200°0 oy are Ut 4og > “seumd peioadsm ‘pauy-pooss wanp ‘epAyspeziog
vV  SI8000°0 £ JAD ST i T8 97T € TOOMH $6 dSHNId J9dm TAHA dTvZNIE 0£0d[ VE66ET0-0£0
Y TG00 £ DRI 651 81 99 T S JOOMH $6 dSHNId Jd9dm TdHA A'TVZNAE 06007  VE60ZI0-0£0
1o oAy

08 190 ) 6< “saurd paloedsim ‘pary-poosm 1enp SpAyapezusg
¥ RIT0 3 HIH €52 €6 ST €501 dS ANId 1SNAs

650 XU LB HEIGHREE:

0100 N
g oAy

I [ J0EL> “seud pelgiadsum ‘pany-poosm jatip ‘suomd wiog

aapemuenbauog 9850

] £ JAD S5 68k S99 TOT S dOoMmS §6 dSHNId JTdM  FdLa ANHNIJ-| 06047 AE60Z10-0£0
JdumEosAlqBlaRIS] D ZEYO0 £ JAD 88T ¥9¢ T'9 661 S dooMmH 56 dSENId dJTdm  HMHa ANENId-9 0£0AT HEGOZ10-0£0
oBuvrErosoqeloEumsy O O[O0 £ QLD STy 8T LL L6l S dOOMH §6 dSHNId dTIM  TdIIa ANINId-E 0£0T  FE66110-060
saenumeabusg 3 g07o'0 £ JAD LIl BST ¥R 90T S QOOMH 6 dSHANId JIM LA ANHNI-E 0£0A1  AE661 10-080
swounse))| Super | 1qoMAT | s TGJorasp T 1epno | et [ sopno [ 3w | % | wows | % | Areunsg | (pjedis [ (o)odha (Qnmeniog]| apoo 3pe]y 1591
e ‘10158) Jo | jonuod [ yssardop 9% ‘WAIU0D (s)sawads poopy png | uwy )y
LiER ] oN | uotsstwg | ‘amerodusa], AN .

(penunuo}) “i-¥ 419VL



810000 YW
S0-asF u
110000 AV I 19U JOE > ‘soutd Paytadsun ‘Pasy-poos 1IATIP ‘AURYIWION

Y 8100070 £ DAD  sS1 6sF  §9 70T € JOOMS S6 dSANId JHdm THQ TIWNOYOTHD 08047  JE£60Z10-0£0
LAk (2 £ JRD LTl 85T ¢8 907 § dCOMH 56 dSANId JHiM TMIHA LAWOYOTHD 060l  JE66110-0£0

010000 oAy e 1o JOQ6< “sauid patgiadsim ‘pallj-poos 13aNp “UDOJOIOND
g 010000 [4 @l 097 £000 9T 011l YN OOL  dSANId 1SNAS TG WAOJIOWOTHO 872de  HT6L160-827

S0-29'1 "Ye

90-38'L "y _

S0-9z1 Ny ate 1equr JogL > ‘sourd pagroadsun ‘pasy-pooas 10enp ‘SpLO[YIRII UCGIE)
v 039 £ JAD  S§1 65F S99 ZTOT S dooMS $6 dSHANId JRIM THINA THOLALAMYD 06047 JE60Z10-0£0
v 9038t £ JAD LT 85T '8 90z § AQOOMH 56 dSANId JRIM THA  THOLALEMYD 0£0di  4£66110-0£0

[ L Xe

50971 gy

S0-d8'l oAy 118 1o JOgL> ‘sourd paygadsun ‘parg-poom 10ea1p ‘JPYINSIP UOGIED)
g soare 4 JAD  SS1 65t S99 TOT S adooMS 6 dSANId JMim TG SIATIVD 0£0AT  AE60T10-0£0
v 3 JDAD ITE 88T #8907 S QJOOMH §6 dSANId JMm  THLig SIATEYD 0£0a1  AE66110-0£0

bria i = e = S

oAy 1 19 Jog S > “sautd patjoadsun ‘pary-poos 10anp ‘opAYspe|AIng
v ; £ JAD 651 81t 99  TIT S JoOMH $6 dSANId Jodm TEHA HAATVIALNE 0504Z  VEGOTIO-0L0
v - £ JAD  STI LET TR 977 ¢ JOOMH $6 dSANId JTdm NE4A HAATVIALNG 060l VEGKII0-0£0
XY I8 13U J((6< *soutd paladsim ‘paryy-poom anp ‘apifeprAing
v g £ g 092 066 TT 0801 YNOOI  dSANId LSNGS H¥Hd HAATVTIALNG 822dE VI65160-877
MY Are yopu Jg > ‘sound payyioadsm ‘pery-poom 10anp “sreeyiyd |AzusqAing
qd ' z JAD STl 8kL 1L L6l S JOOMH $6 dSHANId JTdm THHA HLHINSALNE 080a1  3€66110-060
TR
“uTp)
oAy are P Jogs> ‘ssmd poywadsum ‘pany-poom paNp ‘sweRWOWIOIG
v 2 £ JAD LTl 85T +'8 90T S dOOMH $6 dSANId JTdm TId  IHWNOWOYM 0£0at  JE66110-0£0
v 50H9F £ DAD SS1 65k €9 TOT § dOOMS S6 dSANId JdM TEdd  LEBNOWOYE 0£007  J£60T10-0E0
850000 “Yep
SO-FH'9 I
TE000°0 £ a1 191w O g4> ‘sound potgroadsun ‘pasty-poom wanp ‘(erppgd (Axaiime-7)-sig
¥ 350000 £ JAD 881 t9F 19 661 € JOOMH $6 dSHNId JTum  mLd Hd-HAZ-SI9 0£00Z  JE60Z10-0E0
v s0-dr9 £ JRD STl 8T tL L6l € JOOMH $6 dSANId JM  THlIa Hd-HAZ-SI9 0041  JE66110-0£0
swowwe)} sumes [ Lq0/MT | sun §g)eotasp | epno | e Fiepno |owem | g | woses | 4 | Ammmg [ (pledAs | (e)edAi (@umeimjodf spoo apo]) 152]
we(] ‘so10ey Jo Tajuod A mun_muﬂ 2, R0 (o)satoads poopy g Suury mn
nﬁ._ma__hm— .QZ ﬂa_mm_.:_m .u.-aa.-uq—:.—uh. u.:..ummoz
(penunioy) £-v HTEVL




900 Xe

SI00 Iy

0£0°0 "y Ire 197 JOg > "semd parpoedsun ‘pany-poom wanp ‘epAapeuio,
¥ 6£900 £ JAD 65T sIF 99 TW S JOOMH $6 dSHANId JHEm  HHA ¥od 0£0dT  VE60ZI0-0£0
Y 8100 3 JAD ST T T8 97T ¢ doomH $6 dSANId Jhim  HYIAd d0d 050dT  VEGGI10-0£0
4 L100 z JAD  OFl 06F Lt A N JOOMH 86 HNIdAS ISNds Huldd H0d SHdT  dE6STHO-SKO
g sHoo 4 DA 911 0T 99 871 ¢ QOOMH 86 ANIdAS 1SNAs =TdLia HOd SHOAT  VEGSTHOSHD

LT0 ET e 19T JO06< ‘souid paifioadsin ‘pary-poos 1ANp ‘opAYoPHULO,]
Y {910 £ g9 €62 €6 5T €501 YN OOI  dSHNId LSNGS TaLd A0 872AC  dT69160-8T

$20°0 Yoy

L10°0 “upy

1200 Y amd moffof wssynog ‘pAIY-poom panp ‘apAtep|euLio]
g 100 T LD OFT  06F  L¥ 0Tl ¢ JOOMH 86 ANIAS Lsnds HdLIa H0d S04 HE6S1H0-SP0
g S0 z QA0 91 0T 99 87l T AdOOMH 26 ANIdAS LSNAs Tald MO SHOAT  VEGSTHO-S+0

90-98'¢ Y 1T 1370 JOEL> ‘saund poytoadsim “pauLj-pooi 10211p ‘Suszuaq JAT
d 90-4ds8e z JAD Tl BST  v'8 907 ¢ JOOMH 56 dSANId JTim  HHHa ZNAFTALE 0601  HE66110-0E0

So-gr'1 WY are PR JOEL> “seutd payadsim *paly-poom PASIP *opgms (AU

[l JAD S5 68% SO 70T S ds ANI SWA 0£0AT  J€60Z10-0£0

AOOMS §6
HODME 98

T T

SOrHEE g

SO-aF1 N

SO-HET oAy Ir2 Jo[m Qg L> “souid pagoedstm ‘paity-poom wanp ‘sreeyiyd 1Ang-u-ig
¥ S0 3 Q0D szt 8T LL L6l § {JOOMH $6 dSANId Jd¥M HAHA HJLO§N-d 0£0d1  FE66110-050
V  S0HEE £ DA 881 9% 19 661 S JOOMH 56 dSIANId A9¥M MAd Hd-LNG-N-d 08007 HEGOZIO-0ED

010000 "Key

SO-HLE "y }

S0-d46'9 aay I® RIW JOg > *said patyiosdsun ‘paiyy-poom 10a1p ‘austuny)
Y Z01000°0 £ D BST ¥9Fr 19 661 € aooOMH S6 dSHNId J9¥mM  THHd ANTINND 0E0dZ  HE60Z10-0£0
v SodLE £ 2D ST1 #T Lt L6l § {JOOMH S6 dSHNId J9um  HAMEA ANHEWND 0E0d1  HE66110-0£0

0Z00°0 any IR WU L((6< ‘5ouE paEIdsn: ‘pall-poom 100TIp oUITIRY)
v g1 097 €001 9T  OHI VNOOT  JdSHNId 1SnNdS mMHa

HNHNND 8TTAE 9T6L160-82T
Y %E i 3

0100 g
0100 u
010°0 £ 1re 19 J006< ‘samd payoadsun ‘pary-peom 19anp ‘apAYaprELOILY
v 20100 £ 2 €5 €6 §T 60l VN 00T  dSINId 1SNAS A0 SATYNOLOMWD 872d€ HZ69160-877
vV 10100 £ O 09T 066 T 0801 VN OOT  dSHNId LSNdS M40 A TYNOLOYD 872dE  VI6S160-872
swawnwo)y| duier | 1OAT | sun T (jeormop [ opno | 1o [ wepno | jopn | 9 | wooes | % | Awung | (p)eddi [ (edds (@umeiniog| spoo 9po) 13,
ML ‘1017ey jo | onwos | fsoarfop 9 WO (a)samoads pooy, Png | 3oug wury
UOISS I ON ﬂommnmﬁ—m -u.-._EQ&EuF UNMISTOLA]
(ponwuo)) £V FTAVL



8100 oAV 1% 10T JO06< 52U POYBodsun “paily-poo 10aI1p 9PAYSP[RIS[EAOS]
v 18100 € @4 £ST €6 ST €501 ¥N 001  dSENId 1SNAS MiHA  aTVIVAOSI 87ZaE  HI69160-822
$0°50°9 oKy ITe 13| JOE L> ‘U payiyadsun paitj-poom HATp suounbospAH

e B[ JOEL> “so . !
dSANId J9dM  FdHd A'TVXHH 0£0AT  VEGOTIO-0LO
116 19T JQ6< '5aUld paLyLoadstm ‘paly-poowm 10aNp “PAIPPEXSH
dS dNId LSNds HdeEd Q' TVXHH 872dc  JT65160-8¢T

Ldo/at 1
‘1010%] (a)sawads pooyy
OSSR oN | uorssurg § ‘ermeredwa], SMmstopy

(pemunuo]) f-¥ ATV



St0
61°0
L0
HWED
L81°0

1£00°0

JAD

SN SN
SN SN

0T el ol dHq se

0T

sourd ‘paiyg-sed pargeu ‘suepopy
HLIW 20ZdT dZ6S1L0-T0T
HLAW Ncmem Uﬂmm:b.ﬁon

dSHNId SVON HLOd

Xejy
L10000 Iy
£100°0 MY _ e Jopn JogL> “sound pagwadsim ‘paagy-poos palip ‘suciey 1Aqe [Kyapy
Y 629000°0 £ 9). % I 4 SRR AR 4 97T ¢ QCOMH 56 dSANId J7dm  HLa AT 0€0AT  VEGST10-0E0
¥ 0OLIG000 £ JAD  LT1 86T vE 90T ¢ aooMH S6 dSANId JTdM  HHLId MEW 0€0dl  A£66110-050
¥ 1180070 £ JAD  S§T 65%  £9 TO0T § doOMS S6 dSANId JTiM  THa AN 0£0aT  E60Z10-0£0
76000 MY At P J006< ‘saud petyodsin ‘pary-poom AP SUOKY [APS [AIOW
¥ £7600°0 £ 44 €57 £i6 ST £501 YN OOl  JSANId ISNas TaiEd AN 872Af  HI69160-8TT
SH000'0 KRy
$T0000 Uy
SE000°0 oay _ Ire 1O[UI JOEL> ‘sound payadsti ‘paity-poos 1R SpAtapEn[o -1
g  SH000 [4 JAD 681 81+ 99 T S JOOMH 56 dSaNId d¥m  JHIHa aTVIOL-W 06007 VEG0ZI0-0£0
d  ST000°0 1 JAD STl 157 T8 97T § QOOMH $6 dSANId JTdm  HIEd ATVIOL W 0601 VEG6110-0£0
$1000°0 Xe
SO-H6'L “umy
110000 any 1re o[ J0g £> “sound ponyoadsim ‘pary-poosm 1oanp ‘suspiy-d “-w
Y 0SI0D0'0 £ DD SET 65 59 T0T ¢ dooMms S6 dSHANId J9dM THLIG  ANTIAX-dWN 0£00Z  AL60T10-0£0
¥ ¥6L00000 3 JAD LTl 88T ¥8 90z ¢ AOOMH 56 dSHNId JH¥M TG ANFTAX-d-W 050d1  HE66110-0£0
91 00°0 Y I 19 JO6< *soud porioedsum ‘palyy-poom j3alp ‘austAy-d -

VN 001

dS HNId .H.wDQm mz:n_n m.zm\;um d E wNNQm HI6L160-8TT

75000°0 a2 19 g > *sound potyodsun ‘pary-paom 109Mp ‘IpAYSPRISFEAOS]
¥ 080000 £ JAD 65T 81t 99  TIT S QOOMH S6 dSHNId JTiM H¥HA  QTVTVAOSI 06007 VEGOZIO-0E0
vV LET000'0 £ JAD  SZTI lET T® 9L S QOOMH §6 dSHANId JTM A QTVIVAOSI 060AT VE66TI0-050
sweumody sSunes | [o/T [ sunr [G)ecwsp [1pmo T iemur [ wpno | wep ] 9 | woosg | % [ Arvwng ) (pledh T G)edh (@uminod| spoo 3poJ 159],
eleq] ‘50108] Jo [enuos o soalgep a, ‘W0 (2)saads poogy, fong | Suungy min
UOISSIY op | uotsseug | ‘aanmeraday SIMSTOTA

(penumuoD)} *£-¥ AV



tI0'0 Ryl

LIGOO uy
79000 oAy Ire o[ g > *sautd payadsun ‘paily-poom panp ‘arawfy-d
sapemwenbnmog O pEECO0 £ JAD LUl 8T b8 907 § JOOMH 56 dSHANId J9dM  Fddd HWAINAD 0£001  AE66110-0£0
sanmuuenbrmos 5 1E£10°0 £ JAD  S§1 65F §9 70T ¢ dOOMS $6 dSHNId J9dM  T¥d FNTNAD 05007  JE60T10-0£0
sfuer-jeo sacqelopwmsy D 658000 £ 2D 8ST ¥ 19 661 ¢ JoOMH $6 dSANId J9dm  TYHd HWAINAD 0£00Z  HE60TIO0E0
sduer e osoqeioreumsy O 01000 £ o) 4 G A AT L6l § JOOMH $6 dSINId M  HIHA HWAINAD-D 0£0AT  HEG6I10-0£0
cI0°0 Yep
99000 Uy
oo oAy Ire UL JO06< ‘seund payoadstm ‘painy-poos 10anp ‘auswAy-d
Y 6k10°0 £ gdd 09T €001 97 o111 YNOD1  d4SHNI 1SNds THHa PNTAADd 8Z2AE  FT6L160-8TT
d 99000 4 g4 092 €001 9T o1l VNGOl JdSHANM ISNAS HMa BNDAADd STTAE  HI6L160-8TT
SO-HET ETT :
90-96'S U
S0-g¥ 1 Ny 15 19[M JOEL> “setd payioadsun ‘palf-pocsm AP ‘SN -0
¥V SOHET £ JAD  SS1 65t €9 ZOT S dOOMS $6 dSHNId J9IM  TdHa ANTTAX-0 0£00Z JE60T10-0€0
¥ 90-H6'S £ JAD LIl BST  t'8 907 § JOOMH §6 dSHNId J9dm  HElHa ANTTAX-0 080l  JE£66110-0€0
SHO000 oy Ire 15[ J006< ‘soud palyioadsun ‘paiy-poom 1o au}d) -0
d  I5H000°0 z g4 092 €001 97 011t VNOOI dSHNId 1Sndas Sld ANTTAX-0 872AE HIZ6L160-8ZT

. e T o B XS 1R

201 8] st 23

EAAN X 5 ; K
110°0 Y 108 18] JOOE< “soumd payn

SUD ‘paly-poos AP “OPAYSPERIOL-0

Y $010°0 £ @14 €57 €6 ST €501 YN OOI dSdANId ISNds JMHd ATVIOL-O 877AE  AT69160-32T
SO-HL'T £ e 130T J(E{> $9md poLIoadstn *Pparg-paom RANp JUSTAONIN
a  vLI00000 1 2D SZ1 8T Lt L6l § JOOMH £6 dSHANId JIM TIHA  ZNIGOULIN 0€0dl  AL66110-0£0
SO-HY'T oAy e UL JgL> *souid poyyadsun *pally-poos DAP ‘AUBXIH-U
v S0H9T £ JAD  SS1 6k S99 TOT S AO0MS $6 dSANId JM  FdHa ANVXEH-N 08007  JE£60T10-0€0
0£0°0 oy e 9] JO06< *sauld palyLradsun ‘panj-peos WP pAyepreiiing-u
Y 86700 £ B9 €57 €16 ST €501 YN 00l dSHANId ISNAS TMLd QTVIALNE-N 872Af 9769160877

1£000°0 Xepy
0%000°0 Uy

$5000°0 oAy a1 121N (g L> ‘sotd poryicadsun ‘pany-poos AP ‘2pUo> Suapfiptaly
v 090000 £ JAD  SST 65 §9 TO0T S aOOMS S6 dSHNId M AT THOANAHIAW 08007  JE60ZT10-0£0
v 120000 £ JAD  LE1 8T ¥B 90T S QO0OMH $6 dSANId JIM  TYIAA  THOANTHLIW 0801  AE66110-0£0

TZ00°0 e e 1[N J((5< “SAUd PAYLISUSTN ‘Pasy-PoOM 101D “IPUOY SUSJAUAIN
¥ 817000 £ g9 0% €001 9T  OIII YN OOl  JSHANId 1SNas @MHa THOENTHLANW

8TTAE dTO6LIG60-BIT

4

g

LA0MT
30108] Jo

ToTsSTIWL] ‘ON

% "WRTUCD (2)sat0ads pooy Png | Sy wap

InIsTo}

{penunuo)) ;- HIAVL




| k .

30 as
91 wnwiyepy
SE0 umuny : (E£10°0) ouoI0E = JOALOU
¥6'0 aZesony (DOAUOU - YOuI+) s5ard yoTeq ‘UIsaI A1) ‘J0A
EI00)D0AU0 - (97OMOd+ ° 18O . SN SN SN SN SN SN VST J0A 99147 H768001-991
(E100)D0ATOU - (9T00HOd+ ®  IE] SN SN SN SN SN SN VST J0A  991dI YZ68001-991
(C100)DDAYCU - (9Z0NMOE+ V  $60 b1 JOOMS 98 QJOOMHE VST JOA 1§ 11
POPPR 10U WO (EI00)DOAOU - ¥V €90 SN SN SN SN 001 QOOMH ST JOA  L91dI A4885701-L91
(E10000AU - (97000 + €  $60 %90 A St dO0OMS §§ AoOMH VI JOA  650dl HT69T01-6€0
€10000AUY - (970)40I+ d €0 SN SN SN ATV SN NAJSY VTN J0A  L91d1 4061201-L91
EI000D0AT - (97 O0MOA+ | €1 Mai9ll A 0T JOOMH 08 ds ANId VST JOA  87Zd1 WZ66160-827
(E100D0ATOY - (97'0)H0A+ V81 SN A SN SN SN ANId AS VST J0A  0E0dI DE61Z10-0£0
1500 ~ogelony ssa1d ypo1eq “ulsal ][] ‘Wd SqBULpID)
01-Nd - NdDBO 1IN 5% paremmsg] 19500 ds ANId WdD

TR R

9100 agelony ssaud Yp1eq UIsal 4} “O1-Wd AL

g 9100 s LA U S ¢/ QJOOMH 08 dSANId  VIOZA Ol-'Wd  82ZdI 1266160877
0£0°0 JFetony ssa1d tpreq uIsal 41} A SIGEIOL]

q OEOQ T/qt €21 A 0T JOOMH 08 S HNId SN Wd  8Tzdl

‘1o1oe) ) (p)sarzads poop,
UCISSTIRY

(¥) SNOLLY NIV YOLOV NOISSTAR SSTid QU VOIT IDLLUVd 40 AdVINNIS 8-V A 1HV.L



0£00°0 wnuIxep

880000 MUITUTY
8100°0 sdesany ssard goeq ‘wisal ) ‘spAyeprezUeq
Y 880000 SN SN ! JOOMS 98 JoOMH 1100 A TVZNId -1 -1
g S1000 Marsel A 0T JOOMH 08 dS INId 1300 QTVINIE  8ZZdl HI66160-372
Y 0E000 SN s SN SN SN ANId AS 1100 QTVZNAE  0£0di VEGIZEO-0E0
ST00'0 UMBIXE
£100°0 WY
6100°0 serAy ssard goreq ‘UIsAU () "We[oloY
g £1600 nyqrsol A 02 dCOMH 08 dS dNId 1100 NIF10¥DV  8ZZd1 HZ66160-872
¥ S7000 SN S SN SN SN ANId AS 1100 NIFI0MDY  05£0d1 YEG1Z10-0£0
L10°0 UmMTITXELN
78000 wnanTy
£10°0 oderony ssard 1jo1eq ‘TIsal L]} ‘OU010Y
d 78000 marsol A 02 JOOMH 08 ds aNId 1100IN INOLHOY  8ZZdl HZ66160-822
¥ LI00 SN S SN SN SN ANId AS 1100 HNOLIOV  0£0dl VE61Z10-0£0
rE00 wnuIyeR
S£00°0 WNWIOT]
Y00 9duroay ssard yoreq ‘msar 1} ‘epAYRprEIROY
¥ SE000 SN SN ¥l dooMms 98 JOOMH 100N aTviidv 11 -1
4  6b0070 myqrgor A 02 doOMH 08 48 ANId 11001 aQIvidov  87Zdl HZ66160-87C
¥ P00 SN s SN SN SN ANIdAS T100W QTVIIOV  0E0dl VE61Z10-080
ma.ma.m wM.EP;q ssard J2a1A r._._mu.- n__.D .oﬁmﬁvﬂ-ﬁﬁoﬁ
sadwawy ¥ S0-H66 SN SN+ dooMms 98 doOMH 1100 amwilav 1 (4.
ZE0000 SqEIOAY ssaud foreq “utsar 1) “apAueplEZuSq |AqewI( §°T
d  Z£000°0 SN S SN SN SN ANl AS 00N ZNIINA-S-T  0£0d] VEGIZI0-0E0
T2000°0 ofeiaAy ssatd 1o9Uan ‘UIsA 1) URIPSOIOPUL [T
| ssaidseowo, ¥V ZZ000'0 SN SN #I JdOOMS 93 JOOMH 0E00N THOL-11 T1 1
1o WIWITYE
8900 WRUTITY
060°0 ofeseay ssaud yreq ‘misar g ‘0D
v 8900 SN SN +I dooms 98 QOOMH 00 11 I°1
a 110 %90 A SF JOOMS §¢ QOOMH oI 0D  650dI HI69T01-6£0
swaurwoD)) 3unes 1 p/e ASIA/AT a1l iaog | % | puems | g | Amumg | ()popews (@enfiod!  apoo apoy 183
ALl ‘1o10e) oydde file) {(p)sawoads poepy 159], mipy
ﬂcmmm_.—._.—m_ nﬂ?w

(penumuo)} ‘g-v ATAVL



110 aderoay ssaid Iouoa ‘uIsal ) ‘SpANIPeXL]

ssad mousp, ire SN SN ¥l GOOMS 98 JO0MH 1100 ATVXHH [ (AL
7o TOMUNERA
LPO00 UWIMTUTTA

SEO0 oderoay ssud yoreq “wisas 1) *opAysplexay

v o SN SN ¥1 aooms 98 TOOMH TTO0N aTVXAaH I-1 I-1

d LP00D /a1 <ol A 0T QOOMH 08 dS ANId 1100 QTVXHH  8ZZdl HZ66160-82Z

0z0'o

SN

SN

SN SN

790070 __.n.w Ia30a ‘misal g *ap. :m!«:..-@..m
ssadiole ¥ 790070 SN ¥l JoOMS 98 aoomH 1100 Wod Z1 il
6570 WmIye
9500 WMITaTA
970 a9esoy ssard yo1eq “utsar 1) “spAyapjruniog
¥ 110 SN SN 1 AOOMS 98 aocomt L1006 wod Il -1
1 00 nMqosr A 02 QdOOMH 08 dS ANId 1100 ¥od 8zZdl HZ66160-37C
g 9500 %%0 A S¥ dOOMS §¢ dOOMH $-0l ¥od  6E0dI HZ69Z01-650
posniefusness ¥ 6470 SN § SN SN SN ANId AS 100N Y04 0£0d1 VE61ZI0-0E0
050000 ofelony ssard o1eq "uisal 7} ‘opAYepIETOIe)
g 055000 Ao A 02 dOOMH 08 ds gNId TI00N  JATYNOLOWD  8zZdl HZ66160-32Z
¥1000°0 senay ssald 1ootoA “TIsal ] OpAYRPRIAING
ssardsomor ¥ 10000 SN SN ¥l dooMms 98 JOOMH 00 HIATVIALNG  Z-1 (Al
1£00°D WIS
760000 WY
8100°0 sBunay ssard yoreq ‘wsal g1} *opAyeprelAing
Y 260000 SN SN ¥l AOOMS 98 dOOMH TI00W HAATVIALNE 11 -1
4  riodo pqMeor A 0z dJOOMH 08 dS aNId T100W  HAATVIALNG  87Zdl H766160-827
¥ 1£00°0 SN s SN SN SN HNId AS TI00W HAATVIALNG  0£0dl VEGIZI00ED
swsmmo)| SuHes | /¢ S/ T yamg { 9 | ‘puwens |9 | Awunig | p)poyewm (Qweinfog)  spoo 3poD 153,
ereQ ‘sojoey otdde e (p)setsads pooy, B3, )
=e_mm_.=._m— ua_?f

(pemumuo)) g-v A1V




*se13eds poomiyos pagwadsun = JOOMS

tapdew = GIJVIN Wedse = NHASY ‘sowads poomprey parpoedstm = qOOMH ‘sopeds aud wwowpm = J§ NI ‘ownd moffa& waynog = gNIJ AS sowads poog {(p)
‘00SE PO HSOIN = D0SEN S0y WSIquiy ul spunoduo]) orreSzp o1vo 1, Jo UoNBUMLNA(]
10§ spdR] Jo umiptediuo)) ‘G-I, = §-OLL '$oUCKY pue sapAp|e 1o {100 POTRIY 115 = T100M :(uren Sugdures oreSio s[uefon) GE00 POWeI VdH = 0EGOIN
‘01 POYISIAl VJH = 0TI €T POURIN ¥dH = ST “VSTZ PO V. JH = YSTIA “T0T PORRIN Vdd 49 pemofo} VIZ POYRIN VdE = Z0T/VIOTIN

'g poyly (QFJO) SEnd Mmusunionauy jo jwawpede( woda10 = §0 VI0Z POWSIN VdH = VIOZIN 'S POMISI VdH = S spoyiow 153, (9)

‘9-p B, W POLIUSPT 2IE 59P0D TUEIN|[Og {q)

"paytoads 10u = N (2101208 10J £1( () 5,D0AUCU 10 Toloe] Sunsengns pue (97 () 2owe) pAyspjeuuo) Smppe £q papatico pue siseq swedoid v uo DA 10§ s10wy (&)

8500°0 Wnuepy
0T00°0 WMDRALY
6£00°0 oferony ssard yoreq ‘wisar ) ‘epAyapreIse s
g 0000 Wasol A 07 doomH 0% 48 ANId T100W aTviva  87zdl HZ66160-372
¥ 85000 SN § SN SN SN HNId AS TI00N aQIVIVA  080dl YEGIZI0-0£0
hgcc.c omu.uu..—e« seasd ..m..uqsn— ‘Emu._ ..n—.: noﬂuzmah.
v L¥000°0 SN SN ¥l qooms 98  JOOMH OE00N ANANTOL T 71
SO-HTL ~ ogeioay ssa1d yojeq “uIsal () ‘opAyepeUoHdoL]
2 SOHTL marsel A 0z oOMH 0% dS ANId 1100W  JTYNOIdOMd  87Zdl HZ66160-3ZT
110000 agBIoAY ssard Yoreq “UisaI J() “usuid vlog
¥ 110000 SN SN ¥l dooms 98  J0OMH 000N ANINMD 21 1
. ¥S000°0 aBReAY ssard yoreq *ursay 1) ‘sustnd eyd|y
¥ ¥50000 SN SN ¥l qooms 98  JOOMH 0£00W INANIY T -1
SECODD WUITYEH
0TO000 umuTg
$7000°0 aBuroay ssard 1oouRA ‘ISl ] ‘(ouoTwINgG-7) Su01RY [N [AYIaRy
ssadisouep, ¥ 020000 SN SN ¥l dooms 98 dOOMH 0£00  HNONVLNEZ T fall
ssad o, ¥ SE0GO0 SN SN il dJooms 9% doomH T100W NN 71 1
$700'0 MUYy
TEODD0 Ll o
+100°0 sdesony ssard 1oteq ‘uisal Jp) ‘suole Ao AN
¥ SZ00C SN SN vl aooms 98 doomH 1100 b I -1
D 600070 marser A 07 JoOomH 08 ds INId 1100 AN 8TEdl HZ66160-87
£100°0 UMWY
$6000°0 ummany
1100°0 aduseny seard yoyeq ‘msat 1) ‘apAyepreISEAOS]
g  E1000 ngqreopr A 07  JOOMH 08 ds aNtd 100N aIVIVAOSI  8ZZdl HZ66160-32Z
¥ #6000°0 SN § SN SN SN ANId AS FIOON  IVIVAOSI  0£0dl YEGIZIO0LD
siowutoy] dunes | /¢ ASW/AT el aws [ g ]| puossg | g | Awuyg | fjpopew (qhmenog]  epoo apo] 152,
we( ‘10108§ andde 0 {p)satoads peogy w3, wun
n__u_mm_.:.ﬂ ﬂaB

(pemunuo)) g-y HTAV.L







APPENDIX B

SUMMARY OF STATISTICAL ANALYSIS OF PARTICLEBOARD DRYER PM DATA

«~ Ui






I

APPENDIX B
SUMMARY OF STATISTICAL ANALYSIS OF PARTICLEBOARD DRYER DATA

B.1 BACKGROUND

In terms of classic engineering experimentation problems, the data from the wood products
industry, and in particular, those from particleboard that were examined fit the pattern of a multi-way
factorial experiment with continuous covariates of interest. A multi-way factorial experiment is one
in which there are multiple factors (such as wood type, dryer type, fuel, and air pollution control
device in the particleboard example), with each of the factors have a small number (at least 2 and
usually less than 10) of different levels. In the factorial experiment, at least one test is run at each
combination of the different levels of the different factors. In such an experimental study, an analysis
of variance (ANOVA) procedure can be used to examine the effects of each of the factors and on the
various orders of interactions of those factors (two-way, three-way, etc.) on the outcome variable (in
our example emissions). An interaction occurs when the effect of one factor varies across different
levels of another factor. For example, if difference between the emissions from core and surface
drying differ by type of fuel, then material and fuel would exhibit a two-way interaction. If the
experiment also involves continuous variables such as temperature and moisture, which are not
controlled but are allowed to vary naturally, then they are considered along with the factors in the
analysis by using an analysis of covariance (ANACOVA) type model.

For the techniques described above to work reasonably well when applied directly, there must
be at least one data point in most of the cells generated by cross-classifying on all of the levels of all
of the factors of interest. For example, for two types of material [core and surface], two types of fuel
[gas and wood], three types of dryer/firing [indirect, direct single pass, direct triple pass], and four
levels of control [uncontrolled, EFB, multiclone, and WESP), there must be at least one "test" in
each of the 48 cells created by the cross classifications of these variables. Because the particle board
data were not created in an experimental procedure designed to look at all of the factors that we
wanted to consider, it was not possible to proceed directly to the analyses using ANOVA or
ANACOVA procedures. Consequently, many of the analyses that were performed were designed to
determine where in the multi-factorial framework there were data and to explore the data in a
preliminary fashion to see whether grouping of levels and possible of factors could reduce the
"experimental design” to a manageable size.

The following numbered paragraphs pertain to the analyses performed, the commands and
output for which are presented in the output log that follows. The analysis was performed using
STATA statistical software. The paragraphs below are tabulated to relate directly to the numbers on
the STATA output that were generated during the analysis. Each paragraph corresponds to a
handwritten number-that is in the right hand margin of the output log.

Comments on the Morning Particleboard Log
1. Inall of the STATA statements , the "if Poll==1" component of the statement is used to

inform STATA that the analyses are to be performed only for filterable particulate matter
(PM), which is coded as 1. '

2. The tabulation of dryer type by firing type indicates that essentially all of the PM data are for
direct-fired dryers (DFIRE). Only three tests for a rotary triple-pass (RTP) dryer are
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available for dryers that are both direct- and indirect-fired. These results suggest that effect
of firing type on emissions cannot be evaluated with the available data, so firing type can be
ignored in the remaining analyses. Although not performed in this analysis, one might want
to look at the emission levels for those three tests for "BOTH" in comparison to the 30 for
direct-fired for triple pass. If no difference, lump the data from *BOTH" into the remaining
analyses. If different, exclude them.

At this point, because firing type is relatively unimportant due to lack of adequate distribution
of observations, the data were examined as a function of dryer type using box plots.
Although the box plots do not appear on the log, the on-screen review suggested no real
difference in distribution other than for tube type dryers. These preliminary results suggest
that the possibility of collapsing data across rotary dryer types might be considered for later
analyses. However, some additional exploratory analyses were first performed.

These two cross-tabulations examine the number of tests in the cells defined by different
levels of (1) dryer type and control device and (2) dryer type and material (core or surface).
The first tabulation shows that only EFB’s are available on rotary single-pass (RSP) dryers
but that RTP dryers have a spectrum of controls. The second tabulation suggests that
differentiating the effect of material type as defined by core or surface might be difficult as
only 12 of the 43 tests used a specific material, and material type is unknown for 18 of the 43
tests.

In order to obtain a better picture of what can be interpreted from the combination of dryer
type and material type, a new variable was created that combines core/surface material with
the use of an RTP dryer. After the new variable was created, it was cross-tabulated with
control device. The results of the cross tabulation indicated that for tests in which only core
or surface material were known to be dried all were uncontrolled.

In the next step the emissions from RTP driers as a function of material type were compared
using a box plot without regard to the type of control device . The plot, which is not in the
log, seemed to indicate substantial overlap. In particular, the levels of 1 and 2 for the new
variable, which depicted uncontrolled core and surface material showed little difference. To
confirm the results for the boxplots, which suggested little difference in the groups, a one-way
analysis of variance was used to compare the four groups. The p-value (0.28) for the overall
F-tests indicates that these data do not provide evidence of a difference in groups. (Note that
a p value less than 0.1 would indicate weak evidence of some difference. For illustrative
purposes, individual differences in means were estimated using bonferroni correction, but in
practiceFtfe-nonsignificance of the F-test indicates that individual comparisons need not be
performed. -

s

The description of the rationale and the results from this box plot seem sufficient. The
objective was to look at EFB control as a function of dryer type. Material type was ignored
because the analyses immediately above indicated that it was not an important variable.

A new variable is created that combines wood type (1=hard, 2=soft, 3=mixed,
4=unknown) with RTP dryers (i.e. this variable identifies tests by wood type on RTP
dryers). The cross-tabulation shows the difficulty of examining the effect of wood type on
control, as the types of control differ distinctly by wood type. In classic AP-42 terms, this

B2 .
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10.

11.

12,

means that controlled emission factors could not be developed as a function of wood type for
specific control options.

The above analyses suggest that to avoid confounding the problem, control device
performance must be examined by wood type. Consequently, separate box plots were
developed for each of the two primary wood types; the notes in the log describe the results.

Cross-tabulation of dryer type with fuel type indicates a reasonable distribution of wood types
across the RTP category of dryer. Consequently, a variable was generated that indicate fuel
used in RTP dryers. Note that the value of this variable will be missing if another type of
dryer is used.

Cross-tabulation of the newly created variable with control device shows reasonable

distribution of controls for dryers that use wood as fuel (rtpfuel =1) but limit variation in the
other fuel types.

Generate graph of uncontrolled (i.e. control=cyclone) emissions as a function of fuel type.
After looking at these graphically, test for differences using the STATA procedure "oneway".
Because of variability in the data, results do not differ statistically.

This concluded the morning session. The analyses were principally exploratory, but they did indicate
that the data on material type (surface/core) and dryer type were inconclusive. These preliminary
findings are carried forward in the afternoon session to develop a model for the data.

Comments for the Afternoon Particleboard Log

1.

Because the preliminary analyses suggested that wood type might be important and because
the effect of dryer type is likely to be important to NCASI, a cross-tabulation was run and a
new variable was created to define a variable with a distinct level for each cell in the cross-
tabulation for which there are data, The first page of the log is devoted to creating this table.

The variable created in (1) was cross-tabulated with control device and fuel type to develop an
understanding of the distribution of tests available for analyses. The results indicate that
emissions from multiclones and WESP’s can be evaluated for only one dryer/wood
combination each. Uncontrolled emission data are available for five combinations, but only
two of those have more than one test, while limited data are available for several dryer/wood
combination for EFB’s. For the fuel analyses, both RTP with hardwood (Category 5) and
RTP wit-softwood (Category 6), differences by fuel type could be examined.

Graphical comparison using box plots show the effect of fuel for drying hardwood in an RTP.,

The apparent differences illustrated in the box plots do not account for differences in control
level.

On the next two pages, an ANOVA analysis is run. These models contain only the main
effects of dryer/wood type, control device, and fuel type. One assumption imbedded in this
model is that any effects are additive. The ANOVA table indicates that the model explains
slightly more than 45 percent of the variance in emissions for these dryers (*=0.4576).
However, the only factor that showed much relationship was control (based on the size of the
p-values in the first table). Note that small p-values signify a result other than chance while
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10.

11.

large p-values are indicative of fio effect. The regression results show that not much is
happening, but that is not totally surprising as these data exhibit a substantial amount of
variability, and a total of 18 parameters are being estimated.

Because the variable typewood showed no effects whatsoever, it was examined further
graphically. The plot suggested that an effect might be determined from only the RTP dryer
data. That possibility is examined in the next ANOVA model. This model again indicates
absolutely no effect for the variable (p>0.95), so a decision was made to drop that variable
from the model.

The revised model with only fuel type and control device type shows control device to have a
strong effect (p=0.03) so the "regress" statement was used to examine the effects of

‘individual levels. The resulting table has an entry, "_cons" at the beginning of the table.

This value represents the mean emission factor for the cell that represents level 6 for control
(incinerator) and level 4 for fuel type (unknown). The other parameters in the table represent
additive effects relative to that "reference cell”. For example, to estimate uncontrolled PM
emissions (level 4) from a system using wood (level 1), simply add 0.217, 2.628, and 0.920.

The next model considers the effects of control device, fuel, and their interaction (the
Cont*Fuel term). The lack of significance for this term (p=0.93) suggests that leaving it out
was reasonable.

Because the interaction was not significant, it was removed from the model, and the model
was rerun. This new model showed fuel to be not significant (p=0.37) so it was removed,
and a model that included only control was run. This model was run and showed a
significant control effect, so the "regress" command was issued to obtain the individual
effects. Again, "_cons" is the estimate of PM emissions for an incinerator controlled RTP
dryer, and the other emission levels can be obtained by adding their parameters to those from
the "reference cell."”

Because the ANOVA model was reduced to a single factor, the "oneway" command can be
used to compute individual differences and to test the significance of those. Ignoring the
bonferroni correction (i.e., divide the p-values in the table by 10) the emissions from EFB’s
are different from those of multiclones and cyclones but not from the emissions from
WESP’s. Similarly, multiclones and cyclones do not appear to differ. Based on these results,
the groups were combined as indicated in the log (9%).

To examine whether emissions from EFB’s differ from emissions from WESP’s, a new
variable was created that included only those two control levels, and a simple two sample t-
test was runwith the command "test”. The results confirm that the two control levels do not
result in significantly different emissions, given the variability. However, note that the point
estimates do vary somewhat (0.22 for EFB’s and 0.48 for WESP’s) using only data from RTP
dryers.

A summary table shows the descriptive statistics for the different control types for RTP

dryers. Again, ignoring the PBA category, the results suggest two emission factors are
appropriate. ‘
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12. A series of boxplots was generated for various groups of data to show that other factors did
not matter ance we controlled for dryer type and control device.

13, A new variable was created that has a single level for each combination of dryer type (using
only RSP and RTP dryers) and control device for which we had PM data. The variables
moisture and temperature were examined graphically for each of these categories, and (13*)
new variables were created that have the effect of comparing actual temperature to 200°F and
actual moisture change to 50 percent. The purpose of these transformations is to generate
models that have intercepts that can be interpreted meaningfully, as intercepts in the models
now correspond to emissions at temperatures of 200°F and moisture changes of 50 percent.

14.  An analysis of covariance model was run with the command ANOVA. Note that the option
“cont” was used to signify that these variables are continuous and not factors with different
levels. In the first model, temperature was very insignificant (p=0.8), so it was removed and
a reduced model was run. In the second model, moisture was not at all significant (p=0.5).
Taken together, these results suggest that temperature and moisture are not strongly related,
so there is no need to consider them in developing emission factors.

This ends the analysis.




« s




LCG Rea. PAARE LEZeAD

ATl BN ELY e

tabdlats DType FType Lf Pollm=l @

| FType
DTypel DEFIRE BOTH | Total
]sP | 6 0 8 (::)
RTP | 30 3 33
RU | 2 01 2
TUSE | 1 01 1
UNK | 1 Q) 1
........... o e e o A e
Tetall 40 3 43

graph £F if Poll==!, box by(DType)

> botzom end of emissions
tabulatas DType Cont Lf Poll==]

“ Based on boxplet little difference between RSP and RT? and U, but tube at C:zs

* Note that all RSP systems have ZFB
tabulate DTyme CS Lf Poll=al

| €S

* Generacs a variable that combines core/surface with RT® and then compare to

> egontrol measure with tabulate command

generate ripcs=l if DTyme==? ¢ CJa=l
{68 missing values generated)

Tpcs=Z L{ DType==2 § CS==?
nges made)

replace ripes=3 if DType==2 & C3aml
(21 real changes madsz)

c

LAY ]
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replace ctpcs=4 if DType==2 i OS==4
(19 real chandes mage)

tabulate rtpes Cont Lf Poll==}

| Cont

rtpes| EFB MCLO WESP cYC PRA | Total
___________ +-___--__-_-_-_—_----——--_—---_—------——---———--——--—_-_+-_-__-----
11 o] Q 0 3 0| 3

2 1 0 Q [} 5 0| E]

3 5 1 0 4 g | 10

4| 2 K 5 0 2 | 15
----------- +—--——--—_-----———----——--_——---————--—m——---——----——--—+-—_---—_—q
Totall 7 7 E} 12 2 1 33

* Graph using box plets smissien factor (EF) versus ripes to compare emission
> s from core drying (ripes=l) ¢ those from surface drying (ctpcsaz)

sort rtpcs

graph EF if Poll==l, box by(ripes)

* Graphically we have large csverlap between core and surface, we can use the
> command oneway to test whether the levels differ

graph ZF if Poll==l, box by(ripcs) saving(pbbox)

oneway EF rtpcs if Poll=mal, bonferreni

Analysis of Variance

Seurce ss df MS £ Prob > ¢
detweean groups 21.0938838 3 7.03129453 1.33 €.2327
Within groups 152.9108681 29 3.27278143 -+
Toral 174.004345 32 5.43764203

SBartlett's test for equal variances: ¢hi2(3)] = 2.0129 Prob»chil = 0.029

(Bonferroni
Row Maan-|
Col Mean | L i 3
--------- | e e e Rt e e —————
2 | 1.74933
i 1.000
|
31 -.272667 -2.022
! 1.000 0.712
|
4 | -.594887 ~2.334 -.322
! 1.000 0.345 1.000

* Based qg.the global F-test in the top line, neone of the four groups differ,
> so0 we can conclude that core anrd surfac= do not differ. Note, also that if
> these had diffared, the bottom table gives estimates of the mean differences

> and p-values for the bonferroni multiple comparison test. To obtain the p-va
> lues for the Fisher LSD tast, cdivide the p=values in this table by the number
> of comparisons (i.e, 6 in the above table}.

tabulate DType Wood Lf Poll=m}

| Wood ,

DTypel HARD sGiT MIXED UNK | Total
___________ e e e e rE A — e EE e ————
RSP | o] 3 1 21 [

RT? | 13 14 2 q | a3

RU 1 Q 1 g1 2

TUBE | 0 M o] 0| 1

LNE | 0 3 Q0 1 1
----------- +-_,-_____--______-----___-_--_____-_----_--_+------——--
Tatall 14 - 4 7 43

@



- sort DType
graph EF if Poll==l & Cont==4, box by(DType) @
graph EF if Poll==l & Cont=el, box by(DType)
. * Previous graph was used to compare RS? and RTP for EFB esatrel (because all

> RSPs are controlled by EFBs). It showed an extreme differsnce between the W
o s0 do not separate for now.

v

* Generate a new variable that combines wood~type and rtp deyer

generate gcipwood=l {f DType==2 § Wood==]
(55 missing values generated)

replace rtpwood=2 if DType==2 & Woodw==?
(21 real changes made)

replace ripwood=3 if DTypew=2 & Wood==3 @
(3 real cnhanges made)

replace ctpwood=4 if DType==2 & Wood=m=4
(10 real changes made)

tabulate rtpwood Cont Lif Poll=wl

| Cont
rtpwood| EB MCLO WES? cYe PSA | Total
___________ +-.______—-------—_-.-—-—--------——-----——----..--——_..----..4-—-.-_----..-
1 4 7 Q 0 2 | 13
2 l 0 S 8 01 L4
3 2 0 0 0 01 2
4 0 0 0 9 Q1 4
------------------------------------------------------------------ o ey o
| 33

v Problem in assessing the effezct of hardwood versus softweed hecause wood
> pe is <¢onfounded with control type as the controls differ dramatically foc ¢
> & Lwo wood types.

o
T

T Use speciiic wood types to look at control effacts

SO0Ct Cont

graph Tf if Poll==]l & ctpwood==1, box by(Cont) (::)
graph £fF if Poll==]l & rtpwood==2, box by(Cont)

- * Graphs suggest that WESP better than uncontrolled and EFB better than multi
> clone .

tabulate DType fuel if Poll=al

| Fuel

generate ctpfuel=l [{ DType==2 § Fuel==l
(533 missing values generated)

replace rtpfuel=2 if DType==2 & Tuela=?
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(10 real changes made)

replace rtpfuel=3 if OTywme==2 § Fuel=m)
(L9 real c<hanges made)

feplace rtpfuelad if OType==2 & Fuel==4
{3 real changes made)

tabulate ctpfuel Cont if Polle=l

| Cont 0
rtpfuel] EFS MCLO

WESP cYe PBA | Total

___________ +—_--___--___—----——---—----—--——-----n-----——--——-——---,—------——-
11 1 3 5 & Q1 13

21 1 3 0 2 01 §

3 4 Q 0 4 2 | i0

41 1 1 Q 0 0 2
——————————— +--——--———~----——---n——--———-------———----u_—--—-—--—_--&-—_--—----
Totali 7 7 S 12 2 | 33

graph EF if Poll==l & Cont==d4, box by rtpwood)
not seorted

@

SOrT ripwood

graph EF if Poll==l & Cont==4, box by(rtpwood)
soprt rctpfuel

graph E£F if Poll==l § Cont==4, box by(rtpfuel)

.o V.sually, steam and natural gas look lewer than woed and mixed, but wan: te
> 28t using onaway

qéaph 2T if Poll==l 5 Contw==4, box by(ctofuel)
¢neway L rtpfuel if Poll==] & Contw=d, bonferreni

Analysis of Variance

Souzrze 53 df M3 g Prob > F
S8etween grouns 10.4880161 2 5.24300807 Q.54 0.8019
Wicthin groups 37.9140696 9 9.75711885

Total 98,23000858 11 8.93837143

Bartlett's test for egual variances: chi2(2) = 3.5685 Prob>»chi2 a 0.168

Comparison of EF by rtpfuel

(Bonferroni)
Row Mean-|
Col Mean | 1 2
--------- | el
2 1 gp - =2.48
1T 1,000
|
3 - ~.0675 2.5475
|

T1.000 1.000
T Even though no statistical difference, will maincaln these as diflecent cac
> egories because of the magnitude of the differance

save pbdry, replace
file pbdry.dta saved

exit




tabulate DType Wood if Poll==
| Wood
DType | HARD SOFT MIXED UNK | Total
___________ . e e — e ——-— e —reme— e mmm e h e e ——
RSP | 0 3 1 21 6
RTP | 13 14 2 4 | 33
RU | 1 0 1 0| 2
TUBE | 0 1 0 0| 1
UNK | 0 0 0 1] 1
----------- e e e
Total] 14 18 4 71 43
generate typewd=l if DType==1 & Wood==2
(68 missing values generated)
replace typewd=2 if DType==1 & Wood==3
(7 real changes made)
replace typewd=3 if DType==1l & Wood==4
{4 real changes made)
replace typewd=4 if DType==2 & Wood==l
(18 real changes made)
replace typewd=5 if DType==2 & Wood==2
(21 real changes made)
replace typewd=6 if DType==2 & Wood==3
(3 real changes made)
replace typewd=7 if DType==2 & Wood==
(10 real changes made)
replace typewd=8 if DType==3 & Woods=2
(0 real changes made)
replace typewd=9 if DType==4 & Wood==4
(0 real changes made)
tabulate DType Wood if Polls=
| Wood
DTypel HARD SQFT MIXED UNK | Total
___________ e ————, e EEE A mmm e e e b ———————
RSP | 0 3 1 21 6
RTP | 13 14 2 4 | 33
RY:-} 1 0 1 0 2
TUBE | 0 1 0 01 1
UNK | 0 0 0 11 1
----------- +—-‘-----—-_1--——————————-----—‘-—————-n—-----—-——+————-—----—
Totall 14 18 q 71 43

replace typewd=8 if DType==3 & Wood==]l

(1 real change made)

replace typewd=9 if DType==3 & Wood==3

(1 real change made)

replace typewd=10 if DType==4 & Wood==2

(1 real change made)

replace typewd=11l if DType==5 & Wood==



(2 real changes made)

tabulate typewd Cont if Poll==1

5]
=
[

cYc

MCLO WESP

EFB

Cont

tvpewd |

COO0O0COOr~0OA

O0OO0O0OWVMOO0OOO0OO0OO

COoOOROD0OO0OO0OO0O

MANTANODODODO

HTNMMTOHO~NO000
~

15

13

Total

PBA |

cont

typewd|

COoOOMNODOOOO OO

AN OO~ O
— —~

. e m A mm e mhm————————

43

Totall

tabulate typewd Fuel if Poll==]l

| Total
e ———

UNK

MIXED

SNG
-_——-—----.-—+-—--——-——--——-——---—————-—--—-—-——-———-——--—---

WOQD

| Fuel

typewd]|

Lat B B o ag T ol oV - N R
~ ~

OCO0OO0ONOOOOOO0OO

COMANT OO0

OCOO0OTMNOOO O~

MAATr~dOO0O0O0O A0
—

Moerbvorono

-

— ™

L LT e p——

+—_.__----...-_.__—-..--—---——-._--.-_—-...._---...——..--.__

43

12

21

Totall

sort Wood

SQrt Fuel



' graph EF if typewd==4 & Poll==l, box by(Fuel) @
. * The lines above create a new variable representing combinations of dryer
vy
> pe and wood type. These combinations are then tabulated versus both control
> device type and fuel type. The plot showed some differences as a function
of
' > fuel type for the RTP with hardwood but may be a function of control
tabulate typewd Cont if Poll==
| Cont
I typewd| EFB MCLO WESP cYc INC | Total
___________ +---—___---_-———-------——----*____---____---_—--_-_-__--+--___---__
11 3 0 0 0 01 3
2 17 1 0 0 0 01 1
3 2 0 0 0 0 | 2
l 4 | 4 7 0 0 01 13
51 1 0 5 8 0 | 14
6 | 2 0 0 0 01 2
71 0 0 0 4 0| 4
l 8 | 0 0 0 1 01 1
9 | 0 0 0 1 0| 1
10 | 0 0 0 0 11 1
11 | 0 0 0 1 0| 1
l ........... LS o brmmmaneee
Total| 13 7 5 15 1| 43
l | Cont
typewd| PEA | Total
___________ e - ——— -
1 Q! 3
2| 0| 1
31 0 i 2
4 | 2 1 13
51 01 14
6 | 0| 2
I 71 0 | 4
8 | 0 | 1
9 1 01 1
10 | 0| 1
' 11 | 01 1
___________ . e - ————————
Totall 21 43
' . tabulate typewd Fuel if Poll==
| Fuel
' typewd| wWooD SNG MIXED UNK | Total
......... e e e e e e e e e e e e e o e
11 3 0 0 01 3
2 |- 1 0 0 0 1
3 1 0 1 0| 2
41 4 4 3 2 |, 13
51 11 - 2 1 01 14
& | 0 0 2 0| 2
71 0 0 4 01 4
8 | 0 0 1 01 1
9 0 1 0 01 1
10 | 1 0 0 01 1
l 11 | 0 1 0 0| 1
___________ e e e e — e e s s ————— —
) Total | 21 8 12 21 43
l anova IT typewd Cont Fuel if Polls=] @




10.0875é

8.5%58374
9.824925
7.875495
7.529168
4.918487
7.280482
7.384455
7.218251
5.129329
9.517948

3.965055
6.918582
7.632588
10.70624

4.514393
2.780358
4.917059

= 0.457%
= 0.0888

Prob > 7

Number of obs = 43 R-squared
Root MSE = 1.99797 Adj R-squared
Source | Partial S8 df MS F
___________ o e e e e e
Model | 84.1958512 17 4.95268595% 1.24
|
typewd | 5.150839086 10 .515083906 0.13
Cont | 42.5076237 4 10.6269059 2.66
Fuel | 13.0281&78 3 4.34272253 1.09
l
Residual | 99.7968485 25 3.99186594
----------- +-—-—-.—--—_--._-._----—----.--———---u-.--_—.----.-—-.-----.--__
Total | 183.99231 42 4.38B075928
regress
Source | 33 df Ms Number of obs
--------- Sttt bl B DD L S T P F( 17, 25)
Model | 84.1956612 17 4.95268595 Prob > F
Residual | 99.7966485 25 3.991865984 R-squared
————————— bttt dedb bbb LA L DL L L L LT Adj R-squared
Total | 183.99231 42 4.38076528 Root MSE
EF Coef Std. Err t Prlt] [95% Conf.
cons .0753594 4.851668 0.01se 0.988 -9.916839
typewd )
1 . 7630916 3.7849658 0.202 0.842 -7.032191
2 1.336425 4.121554 0.324 0.748 -7.1520758
3 .6815212 3.4%3003 0.195 0.847 -6.512453
4 .4817137 3.421861 0.141 0.889 -8.585741
5 .2566174 2.26257 0.113 0.911 -4.403232
6 .4168174 3.33272 0.125 0.%02 -5.447247
7 1.259849 2.97377s 0.424 0.875 -4.86475¢
8 .1323492 3.440529 0.038 0.970 -6.953553
9 -.69 2.82555% -0.244 0.809 -6.509329
10 -1.018479 5.11591s -0.199 0.844 -11.55491
11 (dropped)
Cont
1 -.5649037 2.199988 -0.257 0.799 -5.095863
2 1.950757 2.411135 0.809 0.426 -3.015068
3 -1.011098 4.1988%94 -0.241 0.812 -9.65478
4 2.139365 4.,15961 0.514 0.612 -6.427513
S (dropped)
& (dropped)
Fuel
1 1.163119 1.875751 0.694 0.494 -2.28815%
2 F-= 734724 1.897022 -0.433 0.66%9 -4,22980¢
3 . 3729269 2.206384 0.1l69 0.867 -4.171208
4 . (dropped)
anova EF typewd Cont Fuel if Poll==
Number of obs = 43 R-sguared
Root MSE = 1.99797 Adj R-squared
Source | Partial SS df M3 F
___________ +_------.--._-_----......._-----——.._----._-——_.—---_.-.---..-..__
Model | 84.1956812 17 4.95268585 1.24
!
typewd | 5.15083908 10 .515083906 0.13

S




Cont
Fuel 13.0281678 3
Residual 99.7966485 23
Total 183.99231 42

42.5076237 4

10.8269059
4.,34272253

3.99186594

4.38076928

* The ANOVA table above suggests that there are no significant differences
> between the emission factor for different levels of typewd (variable

v

» device.

sort typewd

. graph EF if.Poll==1, box by (typewd)

anova EF typewd Cont Fuel if Poll==] & DType==

combining dryer type and wood type) after contrelling for fuel and control
This result is examined graphically with the box plet below

®

Number of obs = 33 R-scuuared = 0.4418
Root MSE = 2.10117 Adj R-sguared = 0.1881
Source | Partial ss df MS F Prob » ¢
........... e e e e e e e e ————————— = -
Model | 76.8763843 10 7.68763843 1.74 0.1337
|
typewd | 1.42246709 3 .474155898 0.11 0.9549
Cont | 41.443559 4 10.3608897 2.35 0.0881
Fuel | 13.0379888 3 4.34599628 0.98 0.4182
|
Residual |, 97.1281608 22 4.4149164
........... e e EEEE A e —E A mmE———r o m————
Total | 174.004545 32 5.43784203

* Above results suggest that for RTP dryers (DType=2) the type

no
> impact emissions.

anova EF Cont Fuel if Poll==l & DType==

2

Model is revised to remove that variable

of wood has

Number of obs = 33 R~squared = 0.433¢
Root MSE = 1.98545 Adj R-squared = 0.2750
Source | Partial S3 df MS F Prob » T
——————————— o o o
Model | 75.4539172 7 10.779131 2.73 0.0298
|
Cont | 68.53444%4 4 17.1336123 4.35 0.0083
Fuel | 12.898035 3 4.299345 1.09 0.3713
|
Residual | 98.5506279 25 3.94202512
T mmamem——m——- e e e e e e E E - ————————
Total | 174.004545 32 5.43764203
regress
Source | 55 df MS Number of obs = 33
————————— o ——————— F( 7, 25) = 2.73
Model | 75.4539172 . 7 10.779131 Prob > F = 0.02%8
Residual | 98.5506279 25 3.94202512 R-squared = 0.433s
--------- e e e e —————————————— Adj R-squared = 0.2750
Total | 174.004545 32 5.43764203 Root MSE = 1.98535
EF Coef std. Err T P>t [953% Conf. Interval]
cons .2165638 2.168196 0.100 0.921 ~4.24892 4.682047
Cont



1.64975

1 -.4083936 =-0.248 0.807 ~-3.808117 2.98933
2 _2.475268 1.860042 1.331 0.195% -1.355582 5.305094
3 -.6522234 1.958731 ~0.333 0.742 -4.882187 3.37774
4 2.628394 1.54975 1.593 0.124 -.7693299% 8.026117
6 {dropped)
Fuel
1 .9196596 1.620253 0.588 0.575 -2.417315 4.256634
2 =-.9205957 1.856093 -0.558 0.583 -4.331382 2.4%0191
3 .7134382 1.85229 0.432 0.870 ~2.689519 4.1186391
4 (dropped)
ancva EF Cont Fuel Cont*Fuel if Poll==1 § DTvpe==2 (::)
Number of obs = 33 R-squared = 0.4550
Root MSE = 2.12502 Adj R-squared = 0.1895
Source | Partial ss df M3 F Prob > F
——————————— +-———-—-—-——--——---——-—-—-——-—--—-—-—-----.----——---———-
Model | 79.1743472 11 7.1976&793 1.59 0.1725
|
Cont | 48.832789 4 12.2081922 2.70 0.0583
Fuel | 7.251394¢4 3 2.41713155 0.54 0.86832
Cont*Fuel | 3.72043003 4 .930107508 0.21 0.9322 of
|
Residual | 94,8301979 21 4,51572371
___________ F e e e e E e m e ———
Total | 174.004545 32 5.43764203
anova EF Cont Fuel if Poll==] & DType==2
Number of obs = 33 R-squared = 0.4338
Root MSE x® 1,98545 Adj R-squared = 0.2750
Source | Partial ss df Ms F Prob > 7
___________ o e e e e e mmm v ——-—— e — - — e
Model | 73.4539172 7 10.779131 2.73 0.0298
|
Cont | 68.5344494 4 17.1338123 4.35 0.0083
Fuel | 12.898035% 3 4.299345 1.08 0.3713
!
Residual | 98.5506279 25 3.94202512
___________ e e e e e e e = —————_————— e
Total | 174.004545 32 5.43764203

* The above model suggests that fuel is unimportant so remove from model (::::>

. anova EF Cont if Poll==]

_ - Source |
e e v +
Model |
|
Cont |
|
Residual |
——————————— +
Total |
regress

Source | SS

_________ e m . m——————
Model | 62.5558822
. « Ui

& DType==
Number of obs = 33 R-squared = 0,3595
Root MSE = 1.99507 Adj R-squared = 0.2680
Partial s5 df Ms F Preb > F
62.5558822 4 15.638970% 3.93 0.0118
62.5558822 4 15.86399705 3.93 0.0118
111.448663 28 3.98030939
174.004545% 32 5.437e64203
df MS Number of obs = 33
-------------- F( 4, 28) = 3.93
4 15.83898705" Prob > F = 0.0118




Residual | 111.448663 28 3.98030939 R-sguared = 0.35%95
————————— e e e e ——— Adj R-squared = 0.2580
Total | 174.004345 32 5.43764203 Root MSE = 1,9951
EF Coef Std. Err t P>lt] [85% Conf. Interval]
_cons .93 1.410728 0.8659 0.515 -1.95974¢ 3.81974¢

Cont
1 -.7142857 1.599618 =-0.447 0.859 =3.99095 2.582378
2 1.761429 1.599¢l1e 1.101 0.280 -1.51523¢ 5.038093
3 ~.448 1.669196 ~-0.267 0.791 -3.865194 2.973194
4 2.459187 1.523761 1.614 0.118 -.6821159 5.580449

8 (dropped)

eneway ET Ceont if Poll==1 & DType==2, bonferroni (::)

Analysis of Variance

Source SS df Ms F Prob » F
Between groups 62.5558822 4 15.6389705 3.93 0.0118
Within groups 111.448663 28 3.98030939

Total 174.004545. 32 5.43764203

Bartlett's test for equal variances: chi2(4) = 42.9865 Prob>chi2 = 0.000

Comparisen of EF by Cont

(Bonferroni)
Row Mean-| )
Col Mean | EFB MCLO WESP cYc
--------- | A A A - — Ty .
MCLO | 2.47571
| 0.278
|
WESP | .268288 -2.20743
| 1.000 0.692
I
cYc | 3.17345 .697738 2.90517
! 0.024 1.000 0.107
i
PBA | .714286 -1.786143 .446 ~2.45917
| 1.000 1.000 1.000 1.000

* Based on combination of statistical and engineering concerns the analyses
> suggest combining cyclones and multicleones in one group and the remaining q*
> controls in the other group for RTP dryers with ne further segregation.

. generate grpcont=l if Cont==1
(47 missing values generated)

. replace grpcont=2 if Cont==3
(5 real changes made)

ttest EF if DType==2 & Polls==] ,by(grpcent)

Variable | Obs Mean std. Dev.
......... e e o —
1] 7 .2157143 .0854122
2 | 5 .484 .3907429
--------- +-----—_-------------———--—-------.-.
combined | 12 L3275 .2803285




mean (y) (assumlng equal variances)
-1.7%9 with 10 d.
0.103s8

Ho: mean(x)
t
Pr > ||

. ttest EF if DType==2 § Poll==l by (grpcont) unequal.

Variable | Cbs Mean sStd. Dev.
--------- e e e m e e ——.—————
1] 7 .2157143 .0854122
2 | 5 .484 .3907429
--------- e m e — S ——m et — e ————
combined | 12 3275

Ho: mean(x) mean (y) (assuming unequal varlances)

t =-1.51 with 4.27 d.¢f.
Pr > |t] = 0.2011
. sSort Cont
. by Cont: summarize EF if DType==2 & Poll==],
-> Cont= EFB @
Variable | Obs Mean Std. Dev. Min Max
--------- +---—-..-----——----——---—-——-———-——---------——----—---——---
EF | 7 .2157143 .0854122 la 4
-> Cont= MCLO
Variable | Obs Mean S5td. Dew. Min Max
_________ e e e e e m e m e — e m
EF | 7 2.691429 1.430401 .99 5.17
-» Cont= WESP
Variable | Obs Mean sStd. Dev. Min Max
—————— e e e e e e ——————— - e
EF | 5 .484 .39807429 .08 1.02
-» Cont= cYc
Variable | Obs Mean Std. Dewv. Min Max
_________ e e . — E E E  — ——— e ——— e e
EF | 12 3.389167 2.989378 .92 11.11
-» Cont= INC :
Variable | Obs Mean 5td. Dev, Min Max
_________ e e e e e e e m— e
EF | 0
-> Cont= PBA
Variable | Obs Mean Std. Devw Min Max
- e - + ------ T R RN L L E R WL L ek ey L L e g D e - =  —— -
EF I 2 .93 .4666305 .6 1.2¢6
s50rt Coﬁt

graph EF if DType==2 & Poll==l, box by(Cont)

graph EF if DType==1 & Poll==1, box by(Cont)
s50xt Wood

graph EF if DType==1 & Poll==1, box by (Wood)
sort Fuel .

graph EF if DType==1 & Poll==1, box by (Fuel)




generate grpfin=1 if DType== @

(357 missing values generated)

replace grpfin=2 if DType==1 and Cont==
invalid ‘and’
r(198);

replace grpfin=2 if DTypes=l & Conts==
(13 real changes made)

replace grpfin=2 if DType==1 & Cont==
(0 real changes made)

replace grpfin=l if DType==1 & Cont==1
(13 real changes made)

replace grpfin=2 if DType==2 & Cont==
(13 real changes made)

replace grpfin=2 if DType==2 & Cont==
(5 real changes made)

. replace grpfin=2 if DType==2 & Cont==
(0 real changes made)

replace grpfin=2 if DType==2 & Cont==
(2 real changes made)

. replace grpfin=3 if DType==2 & Cont==
(8 real changes made)

. replace grpfin=3 if DType==2 & Cont==4
(24 real changes made)

* Plot continuous variables as a function of groups
graph DMI grpfin if Poll==1

generate DMCHG=DMI~-DMQO
(3 missing values generated)

graph DMCHG grpfin if Poll==l
graph DTQ grpfin if Pollma}

generate DTnew=DTO-200
(14 missing values generated)

generate DMnew=DMCHG-50
(3 missing values generated)

* Above computations have the effect of moving axes te obtain meaningful
> intercept parameters

anova EF grpfin DTnew DMnew if Poll==l, cont (0Tnew DMnew)

@ Number of obs = 29 R-squared = 0.5056

Root MSE = 1.8225 Adj R-squared = 0.,4232

Source | Partial 35 df M F Prob > F

----------- o e e e .

- Model | 81.5215005 4 20.38037351 6.14 0.0015
|

grpfin | 58.1983408 2 29.0991704 8.7¢ 0.0014

DTnew | .197309594 1 .197309554 0.06 0.8095

- s



DMnew | 3.76803824 1 3.76803824 1.13 0.2578
|
Residual | 79.7157142 24 3.32148809%
___________ +___---__--___-___-_--__-_---_-_-__,----___-___-__--_
Total | 161.237215 28 5.75847185
regress
Source | S5 df M5 Number of obs = 29
--------- e b T F( 4, 24) = 6.14
Modal | 91.5215005 4 20.3803751 Prob » F = 0.0013
Residual | 79.7157142 24 3.32148809 R-squared = (.505¢
--------- i i T L L T Ty Adj R-squared = 0.4232
Total | 161,237215 28 5.75847195 Root MSE = 1,822%
EF Coef std. Err t P>t (95% Conf. Interval]
_cons 2.811272 1.0824586 2.64¢ 0.014 .6184697 5.004074
grpfin '
1 . 34867632 2.597168 0.134 0.895 -5.013528 5.707053
2 =3.012913 .8491814 -3.548 0.002 ~-4.765498 -1.26033
3 (dropped)
DTnew -.002559%9¢% .0105031 -0.244 0.810 -.0242372 .0191174
DMnew -.0408921 .0384028 -1.085 0.298 -.1201517 .0383675
anova IF grpfin DMnew if Poll==l, cont (DMnew)
Number of obs = ) 36 R-squared = 0.3201
Root MSZ = 1.90511 Adj R-squared = 0.2563
Source | Partial ss df M5 F Prob > 7
___________ e e e e e e e mm e E e — e ————— e e
Model | 54.8740609 3 13.224687 5.02 0.0053
|
grpfin | 43.3047014 2 21.6523507 5.97 0,0063
DMnew | 1.42668497 1 1.42688497 0.39 0.5351
|
Residual | 116.141633 32 3.62942602
----------- e e e m e m A e — e m .
Total | 170.815694 35 .4.88044839

* Above computations suggest no significant temperature or meisture effect

save pbdry, replace
file pbdry.dta saved

exit

£






