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PREFACE

The work described herein was conducted by personnel from TRC - Environ-
mental Consultants, Inc., Research Triangle Institute (RTI), Del Green Asso-
ciates (DGA); CHZMHill, Engineers, Planners, Economists and Scientists;
Pollution Control Science, Inc., (PCS); Georgia-Pacific (G-P) in Springfield,
Oregon; the National Council of the Paper Industry for Air and Stream Improve-
ment, Inc. (NCASI); and the Unlted States Environmental Protection Agency
(EPA) Emission Measurement Branch (EMB).

The scope of work was issued under EPA Contract 68-02-3543, Work Assign-
ment 1. The work was performed under the supervision of Eugene A. Brackbill,
P.E., TRC work assignment manager, and John H. Powell, TRC field crew chief.

Robert L. Chessin of RTI monitored process operations and was assisted by
Paul Willhite of DGA. RTI was responsible for preparing Section 3 and Appen-
dix I of this report, both of which deal with process descriptions and opera-
tions. Mark S. Boedigheimer supervised Method 5X analyses performed by
CHiMHill. David Robinson supervised Method 25 analysis performed by PCS.
Victor Dallons supervised NCASI sampling and analysis activities as well as
providing helpful suggestions and comments in support of the test program.
Mitch Steffensen and Pete Fetter of Georgia-Pacific, provided invaluable
assistance and gquidance to TRC, EPA and RTI in the performance of the test
program. Clyde E. Riley, Office of Air Quality Planning and Standards
(OAQP5), Emission Measurement Branch, EPA, served as task managér and was
responsible for coordinating the test program.

Edwin J. Vincent, OAQPS, Chemical and Petroleum Branch, EPA, served as
project lead engineer. He was also responsible for coordinating and directing

the process operations monitoring.
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1.0 INTRODUCTION
1.1 Background

Section 11l of the Clean Air Act of 1970 charges the administrator of the
United States Environmental Protection Agency with the responsibility of
establishing Federal Standards of Performance for New Stationary Sources
(SPNSS} that may significantly contribute to air pollution. When promulgated,
these standards of performance for new stationary sources are to reflect the
degree of emission limitation achievable through application of the best dem-
onstrated emission control technology. Emission data collected from con-
trolled sources in the plywood industry will provide a portion of the database
used by EPA to develop SPNSS.

EPA's Office of Air Quality Planning and Standards selected the Georgia-
Pacific (G-P) élywood plant in Springfield, Oregon, as a site for an emission
test program because it is considered to employ process and emission techno-
logy representative of modern plywood manufacturing plants.

The test program was designed to determine the emission rate of particu-
late matter and condensible and noncondensible organic material emitted from
the veneer drying operation. A second objective was to measure the collection
efficiency of the Georgia-Pacific scrubber system for condensible and non-
condensible organic emissions.

TRC -~ Environmental Consultants, Inc. was retained by the EPA Emissions
Measurement Branch (EMB) to perform emission measurements at the G-P plywood
plant in Springfield, Oregon. Testing was performed during the week of June
8, 1981 on the veneer dryer emissions and their pollution control, a G-P
scrubber system. This report has been prepared in accordance with EPA Con-

tract No. 68-02-3543 under the provisions of Work Assignment No. 1.




W
)

The Research Triangle Institute (RTI), the New Source Standard (NSS) con-
tractor, was responsible for coordinating the overall test program with G-P
personnel and for assuring that process and control equipment operating con-
ditions were suitable for testing. All process data were monitored and
recorded by RTI. Fugitive emissions from the veneer dryers, ambient air tem-
perature and relative humidity were monitored and recorded by RTI.

Additional testing for total organic compounds was performed by the
National Council of the Paper Industry for Air and Stream Improvement, Inc,
{(NCASI) simultaneously with the TRC test program. This testing was performed
at the request of the American Plywood Association (APA} for research purposes

and to provide an additional measure of gQuality assurance.

1.2 Summary of Process and Emissions

The G-P Springfield plant is a combination veneer and lay-up facility, and
is considered to employ process and emission control technology representative
of modern plywood manufacturing plants. The plywood production rate for the
drying operation is approximately 800,000 square feet (3/B-inch basis) per
24-hour day.

The veneer drying operation begins after the veneer has been peeled from
the log at the lathe operation and is transferred to the drying operation.
Here, the veneer is continuously hand-fed onto the dryer feed conveyor and
into the dryer. The purpose of the operation is to thermally drive the mois-
ture out of the veneer in preparation for the lay-up and laminating operations
which follow. During the drying operaion, organic compounds are driven out of

the veneer. These organic compounds are the emissions of interest.




The G-P Springfield plant has four veneer dryers. Each is a steam heated,
multideck unit, with the number of drying zones varying. Each dryer has two
exhausts from the heated zones, except dryer 4, which has three exhausts. The
nine exhausts are ducted to a common manifold which carries the dryer emis-
sions to the G-P scrubber system. A schematic drawing of the veneer dryer

exhaust system is presented in Figqure 1-1.

1.3 Applicability of EPA Reference Test Methods

EPA is required to publish a national reference test method for each reg-
ulated source category and pollutant for which a New Source Performance
Standard (NSPS) is established. Reference test methods are usually specified
by a State regulatory agency during the State Implementation Planning process
and may be different from national reference test methods.

The purpose of establishing a national reference test method is to ensure
that emission data collected from a specific source is representative of that
source and comparable to data collected at other designated sources. The pri-
mary purpose of this teat program was to collect emission data using standard-
ized test methods which allow the data to be evaluated to develop a national
SPNSS. Two different test methods were selected by EPA to measure emissions
from plywood veneer drying operations. These methods are briefly described in

the following subsections and are described in detail in Section 5.

1.3.1 EPA Method 5X (Provisional)

Provisional Methed 5X is similar to the Oregon Department of Environmental
Quality (ODEQ} Method 7 used to measure condensible organic emissions. EPA
Method 5X measures particulate matter and condensible organic matter. "Par-

ticulate matter" is defined as any finely divided solid or liquid material,
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other than uncombined water, that condenses at or above the filtration temper-
ature range of 1350 125°F (177 il4°C), and is collected by the probe and
filter (front half of the sampling train). "Condensible organic matter” is
defined as any material remaining after extraction, filtration and ambient
?vaporation of the ether-chloroform extract of the impinger portion of the
sampling train. Particulate matter and condensible organic matter are quanti-
fied gravimetrically and results are expressed as the mass of collected mater-
ial.

The purpose of the 350°F filtration temperature is to precondition the
Method 25 slipstream sample being withdrawn from the Method 5X sample stream.
This temperature was selected on the basis of average veneer dryer operating
temperatures throughout the industry. This temperature condition excludes
from the Method 25 samples only matter than c¢an condense at or above 350°F.

It does not affect Method 5X results because the remaining sample is caught in

the condenser portion of the train.

1.3.2 EPA Method 25

EPA Reference Method 25, as promulgated in the October 3, 1980 Federal
Register (volume 145, no. 194, 65959 £f.), applies to the measurement of
organic compounds as total gaseous nonmethane organics (TGNMO). Emissions are

expressed as equivalent carbon (C mass. Method 25 sample fractions are

1
separated by a gas chromatographic column, oxidized to carbon dioxide (COZ),
and reduced to methane (CH4) prior to analysis by flame ionization detector
{FID). Since all the sample organic compounds are reduced to CH4, the pro-
blems associated with the variable FID response characteristic for different
organic compound structures is eliminated. This allows comparison of emission
data on a uniform Cl basis. Method 25 is discussed in greater detall in
Section 5 of this report.




Major procedural modifications made to Method 25 were required to measure
accurately emissions from plywood veneer drying facilities. These modifica-
tions are discussed in Section 5. An additional condensate trap immersed in
water ice was placed in the sampling train ahead of the standard dry ice im-
mersed condensate trap. The purpose of the additional trap is to condense
moisture that would freeze in the dry ice immersed trap and cause a premature
sample flow stoppage. 1In this manner gas stream moisture content, which may
range from 30 to 60 percent by volume, may effectively be reduced to 3 percent
or less before entering the dry ice immersed trap.

The use of the Method 5X sampling train as a sample preconditioner also
represents a major modificatien. In addition to the 350°F sample stream
temperature, isckinetic sample extraction from the source using Method 5X was
also deemed necéssary to obtain a representative Method 25 sample. This is
particularly the case when moisture-saturated gas streams, such as those
following wet scrubbing devices, are being sampled. Entrained water droplets
may contain organic materials that would not be collected using the normal

Method 25 constant sampling rate procedure.

1.3.3 ‘Comparabiligg of Test Methods

Methods 5X and 25 are not related and measured results can not be compared
under any circumstances. Condensation temperatures differ by more than
100°F between the two methods, and consequently different condensible com-
pounds are collected by each method. In addition, it has been demonstrated
that Method 5X has limited collection capabilities for organic compounds with
high-vapor pressures. A los$s of organic material is experienced even during

normal Method 5X sample recovery and analysis operations.

~
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1.4 Measurement Program Summary

The measurement program was conducted at the G-P Springfield facility dur-
ing the week of June 8, 198l. The emission tests were designed to measure the
veneer dryer organic emissions and to determine the collection efficiency of
the G-P scrubber system for those emissions. Tests were performed at the
veneer dryer exhaust duct (scrubber inlet) and at the outlet of the scrubber
system.

All emission testing was performed by TRC and NCASI persconnel. RTI per-
sonnel monitored process operating conditions, while DGA personnel monitored
fugitive emissions, ambient temperature and relative humidity. Sc¢rubber oper-

ational data and solution samples were collected by TRC personnel.

l.4.1 Scrubbef Inlet

Preliminary Measurements

Preliminary testing was performed on June 8 to determine volumetric flow
rate and stack gas moisture content.

Method 5X - Particulate and Condensible Organics Tests

Three Method 5X tests were performed, one each on June 9%, 10, and 1ll, con-
currently with tests performed at the scrubber outlet.

Method 25 - Total Organic Tests

Eighteen Method 25 samples were taken at this location concurrently with
the Method 5X tests performed. Six Method 25 samples were taken concur-
rently with each Method 5X test.

1l.4.2 Scrubber Qutlet

Preliminary Measurements

Preliminary tests were performed on June 8 to determine volumetric flow
rate and stack gas moisture content.

Method 5X - Particulate and Condensible Organics Tests

Three Method 5X tests were performed at this location, one each on June 9,
10, and 11 concurrently with tests performed at the scrubber inlet.

1-7




Method 25 - Total Organic Tests

Eighteen Method 25 samples were taken at this location concurrently with
the Method 5X samples (six per test run), and simultaneously with Method
25 samples taken at the scrubber inlet.

Method 9 - Visible Emissions

Scrubber outlet visible emissions were not monitored as planned because of
overcast sky background conditions. The scrubber outlet plume was bluish-
white and was therefore indistinguishable from the overcast sky. Overcast
skies were present on June 8, 9 and 10. During the last test day, June
11, the sky began to clear and only scattered clouds were present in the
afterncon. However, the final test sequence was nearly completed by this
time. Consequently, no visible emission observations were recorded.

Although the scrubber outlet stack had an attached steam plume, the Method
9 observations were not cancelled because of this condition. The method
provides for attached steam plumes by requiring that observations be made
at the point where the condensed water vapor is no longer visible.

1.4.3 Georgia-Pacific Scrubber System

Static pressure upstream and downstream of the system induced draft fan
was measured with U-tube water manometers and recorded at 30-minute inter-
vals. These nmeasurements were used to calculate pressure drop (AP) across
the scrubber system.

Scrubber solution samples were taken every 30 minutes during the scrubber
outlet Method SX test period. One-hundred-ml samples were collected from the
scrubber recirculation tank every 30 minutes during each test. The individual

samples collected during each test were composited for analysis.

1.4.4 Fugitive Emissions

Fugitive emissions from the veneer dryers were monitored by DGA during

each Method S5¥ test.

1.4.5 Ambient Air Measurements

Ambient air temperature and relative humidity were monitored and recorded

by DGA at the beginning and end of each Method 5X test.
1-8




1.4.6 Clean-Up Evaluations

Prior to any emission testing, two Method 5X sampling trains were prepared
and charged, ready to perform a test. The unexposed trains were then cleaned
according to the method and samples recovered. The samples were analyzed to
establish background and/or contamination levels from the sample collection

equipment.

1.5 Report Sections

The remaining sections of this report present the Summary and Discussion
of Results (Section 2), Process Description and Operations (Section 3),
Description of Sampling Locations (Section 4), Sampling and Analytical Pro-
cedures (Section 5), and Quality Assurance (Section 6). Descriptions of
methods and procedures, field and laboratory data, and calculations are pre-

sented in various appendices as noted in the Table of Contents.




2.0 SUMMARY AND DISCUSSION OF RESULTS

A summary of all emission measurements and collected data is presented in
this section. Section 2.1 provides a brief backgrou\nd discussion and defini-
tions of measured parameters. Section 2.2 presents Method 5X particulate/
condensible organics results with a complete breakdown and discussion of par-
ameters at both sampling sites. Method 25 total organic emission results are
described in detail in Section 2.3, which includes a discussion of emissions
at both sampling sites as well as a breakdown of major analytical data.
Section 2.4 discusses visible emissions observations. A summary of scrubber
operal':ional data is presented in Section 2.5. Fugitive emissions are dis-
cussed in Section 2.6. A summary of ambient air measurements is presented in

Section 2.7. A full discussion of the Method 5X clean-up evaluation and

results may be found in Section 2.8,

2.1 Background and Definitions

The test program was designed to measure particulate matter, condensible
and noncondensible organic material emitted from veneer dryers, and to deter-
mine the collection efficiency of the G-P scrubber system as a control for

those emissions.

2.1.1 Particulate Emissions

Particulate emissions are defined as any £finely divided solid or liquid
matter, other than uncombined water, that condenses at or above 350 12505'
(177 1].4°C) and is collected in the probe and filter (front half} of the

Method 5X sampling train.




2.1.2 Condensible Emissions

condensible emissions are defined differently in Methods 5X and 25.
Although called by the same name, these two sample fractions differ signifi-
cantly in content and composition and may not under any circumstances be com-
pared.

Method 5X condensibles are collected in glass impingers containing deion-
ized distilled water and immersed in a water ice bath, and oﬁ a back-up filter
following those impingers. Any material remaining after extraction, filtra-
tion and ambient evaporation of the impinger solution, plus any material
collected on the desiccated back-up filter, is defined as condensible organic
matter. Quantification of this matter is done gravimetrically.

Method 25 condensibles are collected in two stainless-steel traps, one
immersed in water ice followed by another packed in dry ice. Material
collected in the traps is oxidized, rgduced and analyzed by flame ionization.

Results are expressed as a concentration of carbon (Cl).

2.1.3 Noncondensible Emigsions

Noncondensible emissions are measured by Method 25 only and are those that
pass through both ice traps to the evacuated sample tank at the end of the
Method 25 train. These samples are oxidized, reduced and analyzed by FID.
Results are expressed as concentrations of carbon (C

1).

2.1.4 Total Organic Emissions

Total organic emissions are those collected by the complete Method 25 sam-
pling train drawing a preconditioned sample slipstream from a Method 5X
train. These emissions include condensible and noncondensible emissions as

defined above,

2=2
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2.2 Method 5X - Particulate/Condensible Organics Emission Tests

A summary of Method 5X data collected at the scrubber inlet and cutlet is
presented in Tables 2-la (English wunits}) and 2-lb (metric units). These
tables include relevant emission data: stack gas temperature, moisture con-
tent and volumetric flow rate; veneer dryer productidn rate; and a summary of
the total measured particulate/condensible emissions by concentration, mass
emi;sion rate, and emission rate per unit production.

Emission data are presented for the three test series. Testing was per-
formed concurrently at the scrubber inlet and outlet. Emissions at the scrub-
ber inlet averaged 18.3 lbs/hr (8.29 kg/hr) or 0.53 lbs/1000 ft? veneer on a
3/8-inch basis (2.56 kg/l000 m* on 9.5 mm basis) for the three tests.
Emissions from the scrubber outlet averaged 14.9 lbs/hr (6.77 kg/hr) or 0.43
lbs/1000 ft? veneer (2.10 kg/l000 m®*) for the three tests. The concentra-
tions of the emissions from the two sources, however, differed markedly. The
average scrubber inlet concentration was 0.164 gr/DSCF (0.376 g/NM?), while
the scrubber outlet averaged only 0.103 gr/DSCF (0.236 g/NM?}) for the three
tests.

The removal efficiency of the G=-P scrubber system for particulate/
condensible organics averaged 16.4 percent for the three tests. Efficiencies
ranged from 29 percent during test 1 to 6 percent during test 3.

Detailed summaries of this test data are presented in Sections 2.2.1 and
2.2.2 and in Appendix A. Sample equations and calculations are presented in
Appendix B. Field data sheets appear in Appendix C. Sampling logs and sum-
maries are shown in Appendix D. Calibration data for the Method 5X sampling
train are found in Appendix F. Laboratory analysis data are presented in

Appendix G.
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2.2.1 Scrubber Inlet

A summary of Method S5X data collected at the scrubber inlet is presented
in Table 2-2. Data presented include sample volume; stack gas flow rate, tem-
perature, and moisture content; isokinesis for each test; veneer production
rate; front half (particulate) and total (particulate/condensible) emissions.

Tests 1, 2 and 3 were performed at the scrubber inlet on June 9, 10, and
11, respectively. Measured particulate emissions ranged from 0.77 to 2.93
lbs/hr (0.02 to 0.08 1lbs/1000 ft! wveneer), averaging 1.83 1lbs/hr (0.05
lbs/1000 ft® wveneer). Total particulate/condensiblé emissions ranged from
13.4 to 23.0 lbs/hr (0.39 to 0.64 1lbs/l000 ft? wveneer) for an average of
18.3 1lbs/hr (0.53 1lbs/1000 ft* veneer). Particulate matter accounted for
approximately 10 percent of the total sample weight while the remaining 90
percent of the catch was condensible organics.

Measured particulate grain loadings averaged 0.016 gr/DSCF for tests 1, 2
and 3; ranging frem 0.007 to 0.025 gr/DSCF. Total particulate/condensible
grain loadings ranged from 0.124 to 0.198 gr/DSCF, for a three-test average of
0.164 gr/DSCF. The bulk of the total emission concentration was accounted for
by condensible orgaﬁics (90 percent).

The average stack gas temperature was 309°F with an average moisture
content of 32.6 percent. Moisture content varied from 31.8 percent to 34.0
percent over the three tests. The average stack gas flow rate was 12,300
DSCFM and did not vary significantly among the three tests.

Isokinesis averaged 109 percent for the three tests performed. Isokinesis
for test 1 was 116.5 percent due to a nomograph calculation error, while test
2 was high at 111.4 percent due tc a higher than expected gas stream moisture
content. Isokinesis was acceptable for test 3 at 99.2 percent. Leak checks
were performed at the conclusion of each test and leak rates were acceptable

at less than 0.02 cfm.

-
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The mass emission rates for tests 1 and 2 were recalculated using the area
ratio method because of the unacceptable anisokinetic conditions. The results
are presented in Table 2-4 and are only slightly higher than those obtained
from the concentration method, which is the normal approach. 'This result is
- probably due to the small percentage of particulate matter in the gas stream
which would escape collection by the sampling nozzle under superiscokinetic
sampling conditions. An explanation of the area ratio method for calculating
mass emission rates is presented in Section 5.3.1.4 of this report. Mass
emission rates presented in Tables 2-1 and 2-2 represent the average of the

two calculation methods for tests 1 and 2.

2.2.2 Scrubber Qutlet

4 summary of Method 5X data collected at thé scrubber outlet is presented
in Table 2-3. Data presented include sample volume; stack gas flow rate, tem-
perature, and moisture c¢ontent; isokinesis for each test; veneer production
rate; front half (particulate) and total (particulate/condensible} emissions.

Three emission tests were performed at the scrubber outlet. Testing was
performed concurrently with tests at the scrubber inlet on June 9, 10 and 11.

Measured particulate emissions for tests 1, 2 and 3 ranged from 2.59 (0.08
lbs/100 £t?) to 3.70 1lbs/hr (0.11 1lbs/l000 £t?), averaging 3.20 1lbs/br
(0.09 1bs,/1000 ft2 veneer). Total measured particulate/condensible
emissions ranged from 12.6 1lbs/hr (0.37 1lbs/l000 ft2) for test 3 to 16.3
lbs/hr (0.46 ibs/lﬂoo ft*) for test 1., The average total emission rate was
14.9 1bs/hr (0.43 1bs/1000 ft? veneer). Particulate material collected
during these three tests accounted for approximately 21 percent of the total
emissions on the average, while the remaining 79 percent was condensible

organics.

e e m .. ———————————
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TABLE 2-4

COMPARISON OF PARTICULATE AND CONDENSIBLE MEASURED EMISSIONS

Georgia-Pacific Plywood Plant, Springfield, Oregon

WITH CALCULATED EMISSIONS

(Concentration Method vs. Area Ratio Method)

Emission Rate (lbs/hr)

Concentration Area-Ratio

Sample No. Sample Fraction Method Method Average
5X-1-Inlet Front half 2.69 3.16 2.93
{3I* = 116.5)} Back half 18.4 21.6 20.0

Total 21.1 24.8 23.0
5X=2-Inlet Front. half l.67 1.88 1.78
(8I* = 111.4) Back half 15.7 17.7 la.7

Total 17.4 19.6 18.5
5X-1-0Outlet Front half 2.98 3.59 3.30
(%I* = 120.4) Back half 12.0 14.5 13.3

Total 15.0 18.1 16.3
S5X-3-0Qutlet Front half 3.51 3.89 3.70
(8I* = 111.3) Back half 8.39 9.30 8.85

Total 1i.9 13.2 12.6

® isckinesis
2-10

. e



Particulate grain loadings measured at the scrubber outlet averaged 0.022
gr/DSCF for these tests, ranging from 0.017 gr/DSCF to 0.025 gr/DSCF. Total
grain loadings (particulate/condensible) ranged from 0.086 to 0.ll5 gr/DSCF,
averaging 0.103 gr/DSCF for the three tests.

The average stack gas temperature measured during the three tests was
167°F. The meas'urer] moisture content of the gas stream averaged 38.5 per-
cent for the three tests with slight variation.

The moisture content of the gas stream as measured during each test
exceeded saturation at the measured temperature. This phenomenon was not
surprising since entrained water droplets were observed in the gas stream by
TRC and EPA personnel. In accordance with EPA Method 4, the gas stream
moisture content was recalculated assuming saturation of the gas stream at the
average stack gas temperature for each ‘test. an explanation of this procedure
is presented in Section 5.3.1.4. Recalculated gas stream moisture contents
ranged from 37.4 percent for tests 1 and 2 to 39.3 percent for test 3, averag-
ing 38.0 percent. These saturation moisture values were carried through the
remainder of the emission calculations.

Measured stack gas flow rates ranged from 15,200 DSCFM to 17,500 DSCFM,
averaging 16,300 DSCFM. The average outlet stack gas flow rate was measured
ko be approximately 25 percent dgreater than that measured entering the
scrubber system. One reason for the difference in the flow rate measurements
may be leaks within the system (around spray nozzles, in the cyclone ductwork,
and before the fan) which would draw ambient air into the system, Another
reason may be the inherent inaccuracy of EPA Method 2 at stack gas velocities
of approximately 500 feet per minute (fpm). A third possible reason is wind
interference. Since sampling was performed only 9 feet from the top of a 9 -

foot i.d. stack, even a small gust of wind created turbulence within the




duct. Momentary negative flow rates were indeed observed during the test pro-
gram. These reasons may account for the differences between the measured
inlet and outlet flow rates as well as the wide variation in measured flow
rates from test to test.

Isckinesis was acceptable only for test 2 at 102 percent. Isokinesis was
unacceptable for tests 1 and 3 at 120.4 percent and 111.3 percent, respective-
ly. The average isokinesis for the three tests performed was 111.3 percent,
Varying stack gas moisture content was a major factor affecting the unaccept-
able isokinetic conditions. The preliminary determination indicated 15.8 per-
cent moisture, but measured moistures were more than twice this during the
subsequent tests. It was later discovered that different grades of veneer
with varying moisture contents were dried throughout the test program, as
shown in Table 3-1.

The mass emission rates for tests 1 and 3 were recalculated using the area
ratio method because of unacceptable superiscokinetic conditions. The results
are presented in Table 2-4 and are only slightly higher than those obtained
from the concentration method, which is the normal approach. This fact is
probably due to the small percentage of particulate matter in the gas stream
which would escape collection by the sampling nozzle under anisokinetic sampl-
ing conditions. BAn explanation of the area ratic method for calculating mass
emission rates is presented in Section 5.3.1.4 of this report. Mass emission
rates presented in Tables 2-1 and 2-3 are the average of the two calculation
methods for tests 1 and 3. Leak checks were performed at the conclusion of
each test and leak rates were acceptable at less than 0.02 cfm. Some diffi-
culty was encountered maintaining probe and filter outlet temperatures at 350
:ZSOF during these tests. Further discussion is presented in Section

5.3.1.1.



2.3 Method 25 - Total Organic Tests

—_— —_ -

A summary of the Method 25 total organic data (condensible and nonconden-

sible) collected at the scrubber inlet and outlet is presented in Tables 2-5a

(English units), 2-5b (metric units). These tables include TRC, PCS, and
NCASI average emission data: stack gas flow rate, moisture content and tem-
perature; veneer drying production rate, and a summary of the total organic
emissions by concentration, mass emission rate, and emission rate per unit

production. All emissions are expressed as carbon (C NCASI calculates

1) -
the emission rate as 1lbs/hr equivalent methane (CH4) instead of carbon
(Cl). Their data in the tables have been converted to 1lbs/hr C1 to
present the data on a consistent basis, conforming with Method 25.

Emission data are presented for the three test series. Testing was per-
formed simultaneously at the scrubber inlet and outlet on June 9, 10 and ll.
Total organic emissions entering the sc¢rubber system ranged from 23.8 lbs/hr
(L0.6 kg/hr) or 0.67 1lbs/1000 ft? veneer (3.20 kg/l000 m®) to 35.8 lbs/hr
{(16.2 kg/hr) or 1.05 lbs/1000 £t?® (5.10 kg/1000 mﬁ), averaging 30.2 1lbs/hr
{13.6 kg/hr) or 0.87 1bs/1000 ft? veneer (4.22 kg/l000 m?). Emissions
exiting the scrubber system ranged from 30.9 1lbs/hr (13.8 kg/hr} to 43.6
lbs/hr (19.6 kg/hr} or 1.22 1lbs/l000 ft? (5.87 kg/l000 m?) for an average
emission rate of 38.8 1lbs/hr (17.5 kg/hr} or 1.12 1lbs/1000 £ft? veneer (5.39
kg/1000 m?}. The collection efficiency of the system was measured to be
less than zero for tests 1 and 2 and 13.7 percent for test 3. The average
cgllection efficiency of the scrubber system was less than zero.

Detailed summaries of these test data are presented in Sections 2.3.1 and
2.3.2, and in Appendix A. Sample equations and calculations are presented in
Appendix B. Field data sheets appear in Appendix C. Sampling logs and sum-
maries are shown in Appendix D. Laboratory analysis data are presented in

Appendix G,
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2.3.1 Scrubber Inlet

A summary of Method 25 condensible and noncondensible organics data
collected at the scrubber inlet is presented in Tables 2-6 and 2-8. Table 2-6
shows relevant emission data and presents total corganic emissions calculated
by TRC, PCS, and NCASI as concentration, mass emission rate, and emission rate
per unit production. Table 2-8 presents a breakdown of the total organic
emissions into condensible and noncondensible organics as analyzed by the
three laboratories. In addition, individual sample train analyses results are
shown. The relative standard deviation between the paired sample trains is
also presented.

Emissions of carbon (Cl) from the scrubber as analyzed by TRC, PCS and
NCASI showed good overall correlation. The precision of the test data between
paired samples (relative standard deviation-RSD} was excelleﬁt overall,

averaging 19.8 percent RSD for the three laboratories involved.

2.3.2 GScrubber Qutlet

A summary of Method 25 condensible and noncondensible organics data
collected at the scrubber outlet is presented in Tables 2-7 and 2-9. Table
2-7 shows relevant emission data and presents total organic emissions calcula-
ted by TRC, PCS and NCASI as concentration, mass emission rate, and emission
rate per unit production. Table 2-9 presents a breakdown of the total organic
emissions into condensible and noncondensible organics as analyzed by the
three laboratories. In addition, individual sample train analyses results are
shown. The relative standard deviation between paired sample trains is also
presented.

Emissions of carbon (C from the scrubber as measured by TRC and NCASI

1)
showed good correlation. The average emissions calculated by TRC were
glightly greater than those calculated by NCASI and PCS. There is no apparent

2-16
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explanation for this difference. The precision of the test data between
paired samples (relative standard deviation) was excellent overall, averaging

12.8 percent RSD for the three laboratories involved.

2.4 Visible Emissions

Visible emissions observations were not conducted during this sampling
program as planned. Overcast skies prevented an accurate determination of the
scrubber outlet plume opacity. Further details of the decision to abort this

phase of the test program are presented in Sections 1.4 and 5.7.

2.5 Scrubber Operational Summary

A summary of operational parameters of the G-P scrubber system during the
test program is presented in Table 2-10. Pressure drop measurements (AP)
across the scrubber system are presented as well as scrubber solution analysis
data.

Scrubber solution samples were taken from the recirculating tank every 30
minutes and then composited into one sample per test. Sample analyses for
total organic carbon (TOC) ranged from 3,010 mg/l for test 1 to 2,860 mg/l for
test 3, averaging 2,956 mg/l for the three tests.

Pressure drop (AP) measurements across the scrubber were made at 30
minute intervals during the test program. The AP gradually increased during
tests 1 and 2, and averaged 14.2 and 15.0 inches water, respectively. During
test 3, however, the AP peaked shortly after the start of testing and then
gradually declined for the rest of the test, averaging 13.9 inches water. The

three test average AP was 14.4 inches water.
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TABLE 2-10
GEORGIA-PACIFIC SCRUBBER SYSTEM OPERATIONAL DATA SUMMARY

Georgia-Pacific Plywood Plant, Springfield, Oregon
June 1981

Pressure Drop

Measurements Scrubber Solution
AP Volume Collected TOC
Run Number Date Time {in. H»0) (ml) {mg/1)
1 June 9 1400 12.5
1430 13.0
1500 14.0
1530 14.8
1600 14.5
1630 14.7
1700 15.1
1730 15.2
Average 14,2 800 3010
2 June 10 1300. 14.7
1400 14.8
1430 15.0
1500 14.8
1530 15.2
1600 15.4
1630 15.3
Average 15.0 . 700 3000
3 June 11 1145 13.8 .
1215 14.5
1245 14.0
1315 13.9
1345 13.8
1415 14.2
1445 12.9
Average 13.9 700 2860
2-22
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2.6 summary of Fugitive Emissions (Provided by RTI)

The temperature and pressure changes that a veneer dryer is subjected to
make it very difficult for a dryer to be completely air tight. Door seals and
skins, green and dry end baffles, and abort stacks will with time all even-
tually develoé leaks. Door seals and dryer skins most readily develop them.
At Springfield all the dryers had fugitive emissions. The three older dryers
leaked more from around the elephant ears than from individual door seals.
The jet dryer also experienced door leaks with quality checks showing varying
amounts from one day to another. It was impossible to estimate volume of fug-
itive gases from any fugitive source.

At the abort stacks there were also fugitive emissions. Very little was
seen from the jet dryer abort stacks, while opacities (uncfficially) up to 30
percent were seen from the other three dryer abort stacks. Cooling section
air volumes are large. No bluish haze was seen coming from cooling section
exhausts from the three longitudinal dryers. However, the jet dryer cooling
stacks showed some bluish opacity.

All of the fugitive emissions evaluations were purely gualitative and

visual. Tables 2-1lla, 2-1lb and 2-llc contain fugitive emission data.

2.7 Aambient Air Measurements

A summary of ambient temperature and relative humidity measurements by RTI
and DGA 1is presented along with process information in Table 3-1. Ambient
temperatures ranged from 54° to 75°F, while relative humidity ranged from

36 percent to 76 percent during the test program.
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2.8 Clean-Up Evaluation

Results of the clean-up evaluations performed on both Method 5X sampling

trains are presented in Table 2-12. Clean-up evaluation rationale and pro-
cedures are presented in Section 1.4.6 and Section 6.l1. Front half total
residue collected was 55.5 mg and 12.1 mg for the inlet and outlet sampling
trains, respectively. Back half total residue collected was 39.8 mg and 164.2
mg, respectively. Total.residue collected during the clean-up evaluation was
96.3 mg and 176.3 mg for the inlet and outlet trains, respectively.

The high blank value of the inlet probe wash is probably due to the fact
that the probe was not acid washed before the evaluation. The high value
detected’as impinger residue was probably due to a large amount of chromium
residue (2.50 mg/l) remaining from the pretest chromic acid wash of the glass-
ware. Further analysis for chromium was performed on the actual test impinger
solutions with only a trace amount being detected in test 1 samples. There-
fore, it is believed no test sample interference resulted from chromium con-

tamination. Chromium analytical data are presented in Appendix G.

2.9 Possible Test Interferences

A possibility exists that components and reagents used in the Method 5X
sémpling train may cause interferences with the Method 25 samples drawn from
the Method 5X train. At the time of this report, a study is being performed
by TRC to quantify the possible interfering effects of acetecne, silicone
vacuum grease, and silicone rubber sealant (RTV) on the Method 25 procedures.

The scrubber outlet Method 5X filtration temperature could not be main-
tained in the planned 350 :ZSOF range due to insufficient heater capacity.

Temperatures ranged from 310° to 340°F. Although not a factor in the




TABLE 2-12

METHOD 5X CLEAN-UP EVALUATION RESULTS, JUNE 8, 194l

Georgia-Pacific Plywood Plant, Springfield, Oregon

Train Residue Weight (q)
Component Sample Fraction Inlet Qutlet
Probe Wash (DD H,0) 0.0337* 0.01le
Front Half Probe Wash (acetone) 0.0448 0.0113
Front Filter NAt NAT
0.0229

Front Half Total 0.0785

Impinger Water

Organic BExtraction 0.0014
Back Half Evaporation 0.0230
Acetone Rinse 0.0151
Back-up Filter _NAYt
Back Half Total 0.0395
Total Sample 0.1180

0.0019
0,1360%¥
0.0260

NA+

0.1639
0.1868

h

Probe not acid washed prior to test progran.

Upon further analysis, it was discovered that Sample 5X-0-0~4 contained
2.50 mg/liter chromium, indicating residue remaining from the chromic acid

cleaning sclution used in the pretest preparation of the glassware.

Filters not inserted into trains.
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Method 5X sample collection, this may have resulted in a slight low bias for

the Method 25 samples. Organic materials which would have passed through the
. o

filter at 350 +25F may instead have condensed and been collected on the

lower temperature filter.
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3.0 PROCESS DESCRIPTION AND OPERATIONS (Provided by RTI)

This section describes the plywood manufacturing process, specifically the
veneer drying process and its emission control, a G-P scrubber system. Pro-
duction monitoring as well as process operational conditions during the test

program are also discussed.

3.1 Process Equipment

The veneer drying operation begins after the veneer has been peeled from
the log at the lathe operation. The veneer then proceeds to the drying opera-
tion. Here, the veneer is continuously hand-fed onto the dryer feed conveyor
and into the dryer. The purpose of the operation is to thermally drive the
moisture out of the veneer in preparation for the layup and laminating opera-
tions which follow. During the drying operation, organic compounds are also
driven out of the veneer.

The G-P Springfield plant has four veneer dryers. Each is a steam heated,
multideck unlt, with the number of drying =zones varying between dryers.
Dryers 1, 2 and 3 are longitudinal dryers, with 22, 18 and 18 zones, respect-
ively. Dryer 4, a new unit, is a 22 zone jet dryer. Each dryer has two
exhausts from the heated zones, except dryer 4 which has three exhausts. Atop
each exhaust is an abort damper for emergency use only. These are a source of
fugitive emissions. The(gzgﬁg:sxhausts are ducted to a common manifold which

N\

carries the exhaust to the Georgia-Pacific scrubber system.

LN R

—

3.2 Emission Control Equipment

The Georgia-Pacific scrubber system shown in Figure 1l-1 includes a wet
spray zone, six wet cyclones, a packed tower, and a mesh pad entrainment

separator. As dryer exhaust gases pass through the 35.25-inch inside diameter




duct, six nozzles 1inject water countercurrently into the gas stream to
saturate and cool the gas stream, thereby condensing the organics. Solids are
separated and agglomerated droplets are collected in the six wet cyclones
which follow. The remaining moisture laden gases are drawn through an induced
draft fan and forced through a packed tower and a mesh pad to rid the effluent
of aerosols. All water within the scrubber system is recirculated. The gas
stream, at approximately 165°F and 35 percent moisture by volume, then

discharges to the atmosphere through a 9-foot i.d. stack.

3.3 Production and Control Equipment Monitoring

All production moniteoring data collected by RTI and DGA is presented in
Table 3-1. Scrubber operational data, collected by TRC, is presented in

Table 2-10.

3.4 Process Operating Conditions During Test Program

The operation of each dryer is set according to the size, thickness, and
kind of wood being dried. The operaticn of the three longitudinal dryers does
not frequently vary, but it appears that the jet dryer makes more frequent
changes. During the testing hours of the first day (June 9) there was a
change of production, despite efforts on Georgia-Pacific's part to keep the
dryer operation steady state. Dryer 4 changed from drying 1/6-inch sapwecod to
1/6-inch heartwocd. This was not considered to be a major change worthy of
cancelling the test run.

It is normal for small plugups in the feeding and outloading mechanisms to
occur and this did happen during the tests. On the third test day (June 11)
there was more of this type upset thaﬁ usual on Dryer 4, but these were con-

sidered minor and insufficient cause for cancelling a test.
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TABLE 3-1

SUMMARY OF OPERATING CONDITIONS {(Provided by RTI)

Georgia-Pacific Plywood Plant, Springfield, Oregon

June 8 June 9 June 10 June 11
I Production
(ft* per hour
on 31/8-in. basis)
Sapwood 19,935 21,604 21,509 19,847
Heartwood 12,050 14,143 12,863 14,221
Total 31,424 35,747 34,372 34,008
II Redry Rate (%) 9.7 9.0 9.6 11.4
II1 Steam Use (lbs No 51,430 50,467 51,450
per hour} Evaluation
IV Temperatures No steady steady steady
Evaluation 325-375°F 325-375°F 325-375°F
V Pugitives No
Evaluation
1. abort stacks 150-300 CFM* 150-300 CFM* 150-300 CFM*
2. door leaks nos. l&4 nos. 1,2 & 4 less small leaks
than on June 9
3. above dryers nos. 1 & 3 had noticeable
blue haze above all
dryers
4, cooling stacks 4 4 4
VI HWeather No cloudy, cloudy, small morning fog,
Evaluation showers, showers, sunny,
mid 60s 609-75° 549-66°
53-74% 36-70% 51-76%
rel. rel. rel.
humidity humidity humidity
*par dryer, except no. 4
3-3




Steam usage, dryer temperatures, and drying tlmes were maintained evenly
throughout the three days of tests. Process operating conditions are
summarized in Table 3-1.

Production figures provided are not the actual square footage of green
veneer dried in the steam-heated dryers but rather a figure that accounts for
trim and shrinkage. A full green veneer sheet 1s approximately 54 inches by
101 inches and will eventually be trimmed to 48 inches by 96 inches following
shrinkage in the dryer. The amount of shrinkage depends on the original
moisture level. As is the case with all western softwoods, Douglas fir
sapwood will shrink more than heartwood. An expected shrinkage loss is 5
percent to 7 percent. The production figures reported are, therefore, approx-
imately 85 percent of the actual throughput of the dryers. All veneer has

been converted to a 3/B-inch basis.
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4.0 DESCRIPTION OF THE SAMPLING LOCATIONS

This section presents a description of each sampling location and a sum-
mary of the work performed at each site. Figure 4-1 presents a schematic

layout of the veneer dryer exhaust system and identifies all sampling loca-

tions.

4.1 Scrubber Inlet

The inlet to the scrubber system was sampled employing EPA Methods 1, 2,
4, 5X and 25 in the 35.25-inch inside diameter insulated duct at sampling
porLts 450 above the horizontai duct axis. These ports were located 30 feet
downstream (>8 diameters) and 24 feet upstream (>2 diameters) from the
nearest respective flow disturbances. In accordance with EPA Method 1, sam-
pling was performed at 12 traverse points. Sampling port and traverse point
locations are preéented in Figure 4-2. Duct static presasure was also
measured at this location.

Method 5X tests performed at this location were 60 minutes in duration as
were the Method 25 tests performed simultaneously. A total of three Method

5X and 18 Method 25 tests was performed at this location.

4.2 Scrubber Outlet

Sampling ports were located 9 feet upstream (1 diameter) from the top of
the 9-foot i.d. stack and approximately 6 feet (2/3 diameter) downstream from
the mesh pad entrainment separator. In accordance with EPA Method 1,
sampling was performed at 48 traverse points. Sampling port and traverse

point locations are presented in Flgure 4-3.
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Method S5X teats performed at this location were 96 minutes in duration.
Method 25 sampling began 18 minutes into each Method 5X test and ran for 60
minutes, leaving 18 minutes of Method 5X testing after the completion of the
Method 25 tests. A total of three Method 5X and 18 Method 25 tests were per-

formed at this location.

4.3 Scrubber Operational Measurement [ocations

Scrubber solution samples were taken from the scrubber recirculation tank
during each test. Pressure drop across the scrubber system was calculated
from static pressures in the duct measured at the scrubber inlet and at two
pressure taps each located 2 feet from the scrubber fan inlet and outlet.

These sampling locations are shown in Figure 4-1.

4.4 Fugitive Emissions

Fugitive emissions were observed by RTI and DGA around the veneer dryers

and their abort dampers.




5.0 SAMPLING AND ANALYTICAL METHQDS

This section presents descriptions of sampling and analysis procedures
employed during the emission testing conducted at the Georgia-Pacific plywood
facility in Springfield, Oregon during the week of June 8, 1981. EPA Methods
1, 2, 4, 5X*, 9, 22 and 25 were used toc measure emissions at the veneer dryer
exhaust and from the scrubber outlet. These methods are presented in greater

detail in Appendix G.

5.1 EPA Reference Methods Used in This Program

The following EPA Reference Methods were used for the testing at the G-P
piywood plant. These methods** were taken from CFR 40, July 1, 1980, part
60, "Standards of Performance for New Stationary Sources," Appendix A, pp.

183 ff.; and Federal Register, volume 45, no. 194, Friday, October 3, 1980,

pPp. 65959 ff.

Method 1 - Sample and Velocity Traverses for Stationary Sources

This method specifies the number and location of sampling points within a
duct, taking into account duct size and shape and local flow disturbances.

Method 2 - Determination of Stack Gas Veiocity and Velumetric Flow Rate

This method specifies the measurement of gas velocity and flow rate using
an S-type pitot tube, manometer, and temperature sensor. The physical
dimensions of the pitot tube and its spatial relationship to the temper-
ature sensor and a sampling probe are also specified.

Method 4 - Determination of Moisture Content in Stack Gases

This method specifies the procedures by which the water vapor content of
a gas stream be can determined.

® Method 5X will be assigned a reference letter designation when the NSS
regulation is proposed in the Federal Register. This method was derived
from EPA Method 5 and ODEQ Method 7.

** With the exception of the Provisional Method 5X, which has yet to be
proposed.

5-1




Method 5X - Determination of Particulate and Condensible Organic

(Provisional) Emissions from Stationary Sources in the Plywood Industry

This method, based upon EPA Method 5 and ODEQ Method 7, describes pro-
cedures for measuring emissions in the context of the following defini-
tions. Particulate matter is material which condenses at or above fil-
tration temperature and is collected by the front half of the sampling
train. Condensible organic matter is that material which remains after
extraction, filtration, and evaporation of the impinger portion of the
train.

Method 9 - Visual Determination of the Opacity of Emissions From Sta-
tionary Sources

This method specifies the procedures by which opacity of emissions are
measured.

Method 22 - Visual Determination of Pudgitive Emissions from Material

Processing Sources

This method specifies the procedures for visual determination of the pre-
sence and total time of occurence of fugitive process emissions.

Method 25 - Determination of Total Gaseous Nonmethane Qrganic Emissions

as Carbon

This method describes procedures for the sampling and analysis of gaseous
nonmethane organic emissions., An emission sample is drawn through a con-
densate trap and into an evacuated tank. Trap and tank contents are oxi-
dized to carbon dioxide, reduced to methane, and analyzed by a flame ion-
ization detector.

5.2 Preliminary Measurements
n
Before the start of emission sampling, each location was tested according
to EPA Methods 1, 2 and 4 to determine the preliminary stack gas velocity and

moisture content within the ducts,.

5.3 Measurements for Particulate, Condensible and Noncondensible Emissions

5.3.1 EPA Method 5X (Provisional) - Particulate and Condensible Organic
Compounds

This section presents a summary of procedures followed by TRC during par-
ticulate and condensible organic sample collection, recovery and preparation,

analysis, and data reduction. Deviations from the specified method are

|




explained in this section. Further details of this method are presented in

Appendix G.

5.3.1.1 Methed 5X - Sample Collection

The sampling train was a modified EPA Method 5X train as shown in
Figure 5-1. This train was designed and built by TRC. A slipstream was
drawn from behind the heated Methed 5X filter to quadruplicate TRC and dupli-
cate NCASTI Method 25 sampling trains. Vacuum grease was used in the assembly
of the Method 5X train ahead of the Teflon sample line-impinger train connec-
tion for test 1. This may have caused contamination of the total organic
compound samples for test 1. No vacuum grease was used at those locations
during tests 2 and 3. A minimum amount of grease was used in the impinger
train. Leak checks were performed on the complete sampling train (modified
SX train attached to the six Method 25 trains) before and after each test.
Field data were recorded on standard EPA Method 5 data sheets which are pre-
sented in Appendix C.

The Method 5X sampling train is essentially the same as that described by
EPA Method 5 with the following modifications. A flexible Teflon sample line
was used to connect the outlet of the 4-1/2 inch glass-fiber Gelman Spectro-
grade no. 64948 filter to the impinger train. ©Since the filter was at a
higher elevation than the impinger train, condensation in the sample line ran
into the first impinger and not back into the filter. The Method 5X impinger
train consisted of four impingers and a 2-1/2 inch glass-fiber filter. The
first impinger was a modified Greenburg-Smith (impingement plate removed)
charged with 100 ml of deionized distilled (D.D.) water. The second impinger
was a regular Greepburg-Smith unit also charged with 100 ml D.D, water. The

third was another modified Greenburg-Smith and was empty. The fourth was
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also a modified Greenburg-Smith type and was charged with 200 grams of silica
gel. A 2-1/2 inch glass-fiber filter (similar to the 4-1/2 inch filter) was
inserted between the third and fourth impinger to collect any organic
material condensed but neot collected in the impingers.

Prior to initial field use, all glassware was washed with a chromic acid
solution and rinsed with D.D. water and acetone according to Method 5X.

Sampling train operations were identical to those of EPA Method 5, with
several exceptions. In order to prevent condensation of organic materials in
the probe and on the 4-1/2 inch glass-fiber filter, the stainless steel probe
and the filter were heated to 350° 125°F. Thermocouples were inserted
into the probe and the filter outlet gas stream to ensure that proper tem-
peratures were maintained. These temperatures were noted on the field data
sheet during routine data recording intervals.

During sampling at the scrubber outlet it was sometimes impossible to
maintain probe and filter outlet temperatures in the range of 350o iZSOF
because of insufficient heater capacity. Probe and filter outlet tempera-
tures ranged between 310o to 340°F at the scrubber outlet throughout the
test program and averaged about 3200F. Filter box temperatures were main-
tained at 350° :ZSOF with no problems.

Impinger outlet temperatures were honitored and maintained below GBOF
throughout the test program. These temperatures were not, however, recorded
on the scrubber outlet field data sheets.

Velocity pressure at the scrubber outlet was extremely low as measured by
the S-type pitot tube, hovering near the lower detection limit of EPA Method
2. In addition, wind gusting across the top of the stack sometimes caused
turbulence within the 9-foot i.d. duct, creating the illusion of negative
flows. If this phenomenon was more than momentary, sampling was halted until
flows again appeared positive, and then restarted.
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A 2 1/2-inch filter was used in the front half of the inlet sanmpling
train for tests 1 and 2, and the outlet sampling train for test 2. This was
done because the 4 1/2-inch filter assembly would not pass the leak check.
During outlet test 3, the filter assembly was broken in the process of
changing sampling ports. The filter was recovered and replaced with another

filter assembly to complete the test.

5.3.1.2 Method 5X — Sample Recovery and Preparation

Sample recovery was performed 1in an improvised laboratory on site.
Because this area had a clean, wind-free environment and was well lighted, it
was suited for sample recovery and preparation for shipment.

Sample recovery was performed in accordance with EPA Methods 5 and 5X as
presented in Appendix G. At the conclusion of each test run, separate sample
fractions were collected from each Method 5X sampling train by a three-person
clean-up crew. The 1liquid samples were placed in glass sample jars with
Teflon-lined 1lids, and the filters were pléced in inert petri dishes and

sealed. The sample fractions collected were as follows:

Container 1 4-1/2 inch glass-fiber filter (2-1/2 inch filters were used

during test I-1, I-2, and 0-2).

Container 2 - D.D. H,0 wash of nozzle, probe and front half of the 4-1/2
inch filter holder.

Container 3 - Acetone wash of nozzle, probe and front half of the 4-1/2 inch
filter holder.

Container 4 - Exposed impinger solution from impingers 1, 2 and 3 and D.D.
H40 wash of impingers, connectors, Teflon sample 1line, back
half of 4-1/2 inch filter holder and front half of 2-1/2 inch
filter holder.

Container 5 - Acetone wash of first three impingers, connectors, Teflon sam-
ple line, back half of 4-~1/2 inch filter holder, and front half
of 2-1/2 inch filter holder.

Container 6 - 2-1/2 inch glass-fiber filter.

5-6
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The probe and nozzle were brushed and rinsed three times with D.D. H2 ’
which was deposited in container 2. The front half of the 4-1/2 inch filter

holder was also rinsed with D.D. H2

The probe, nozzle and front half of the 4-1/2 inch filter holder were brushed

O, which was deposited in container 2.

and rinsed with acetone in the same manner and deposited in container 3,

The Teflon sample line was drained into the impinger train. The Teflon
sample line was not brushed because the particulate catch in the sample line
is generally considered to be insignificant. Impinger contents were weighed
to determine moisture catch and deposited in container 4. The Teflon sample
line, impingers, connectors and the back half of the 4-1/2 inch filter holder
were rinsed three times with D.D. HZO into container 4, and then rinsed
three times with acetone into container 5.

Prior to tests 2 and 3 both the probe and Teflon sample line were washed
with D.D. H20 after the acetone wash to remove any acetone residue which
might have contaminated the EPA Method 25 samples. These washes were dis-
carded and the components allowed to dry at ambient conditions before being
reassembled. A possibility of Method 25 acetone contamination exists for
test 1.

Both filters were removed from their holders and deposited into their
respective petri dishes, containers 1 and 6. Filter residue on the filter
holders was scraped and deposited into the same acetone rinse containers as
the front halves of their respective filter holders. The stainless steel and
glass filter frits used in the filter holders were not rinsed during sample
recovery, because any organic material collected on the frits is generally
considered to be insignificant. Glass and/or metal particles could become
detached and contaminate sample fractions.

Silica gel samples were weighed immediately at the conclusion of each

test and the weights recorded by the clean-up crew. All Method 5X samples
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were packed in shock-proof containers and driven to the CHZMHill laboratory

in Corvalis, Oregon for analysis at the conclusion of the test program.

5.3.1.3 Method 5X - Sample Analysis

With the exception of the silica gel samples, all sample fractions were
analyzed by CHZMHill. CHZMHill was chosen to perform the analytiecal
phase of the Method 5X sampling program because of their extensive experience
with Oregon DEQ Method 7, from which EPA Method 5X was derived. All analyses
were performed in accordance with EPA Method 5X and as approved by EPA/EMB.

The sample fractions were analyzed as follows:

Container 1 - (4-1/2 inch glass-fiber filter) - desiccate and weigh after 24

hours.

Container 2 - (D.D. H;0 probe rinse}) - evaporate, desiccate and weigh after
24 hours.

Container 3 - (acetone probe rinse)} - evaporate, desiccate and weigh after
24 hours.

Container 4 - (impinger water solution and D.D. H,O0 rinse) - extract,

desiccate and weigh.

Container 5 - (impinger acetone wash) - evaporate, desiccate and weigh.

[,
I

Container {(2-1/2 inch glass-fiber filter) - desiccate and weigh after 24

hours.

Silica gel samples were weighed on site with a triple-beam balance at the
conclusion of each test by the Method 5X sample recovery crew. The weight
gain of the silica gel was determined to the nearest 0.5 gram and recorded.

All analytical data were recorded on the data sheets as presented in
Appendix H. Sample residue remaining after analysis was retained for 90 days

after the end of the field program after which they were discarded according

to EPA instructions.




5.3.1.4 Method 5X Data Reduction

All Method 5X data reduction was performed in a manner identical to pro-
cedures described by EPA Method 5. (See BAppendices B and G.} The only
variation from these calculations was as follows. Because of the
unacceptable super- isokinetic sampling conditions during tests 1 and 2 at
the scrubber inlet and tests 1 and 3 at the scrubber outlet, the particulate
mass emission rate (MER) for these runs were calculated by two methods: the
concentration method (by whic£ calculations are normally done) and the area
ratio methed.* With the former method, the concentration of particulate
matter entering the nozzle 1is calculated and then multiplied by the

volumetric flow rate to obtain the mass emission rate:

{m/V) x Q = MER (lbs/hr) (Eq. 5-1)
where m = amount of particulate sampled (lbs)
V = volume of sampled gas (DSCF)
Q = volumetric flow rate (DSCF/hr)

If the nozzle sampling velocity is greater than the stack gas velocity
(superisokinetic sampling conditions), then the calculated mass flow rate
will be less than the true MER. This is because the heavier particles will
leave their streamlines {gas streamlines diverted into the nozzle) and will
not enter the nozzle, as they would under isokinetic conditions. Since the
volume of gas sampled is greater than what would be sampled under isokinetic
conditions, the concentration (m/V) will be less than that under isokinetic
conditions.

With the area ratio method, the mass of particulate matter collected is
divided by the sampling time and then multiplied by the ratio of the stack

area to the nozzle area to obtain the mass emission rate:

®* Brenchley, D.F., C.D. Turley and R.F. Yarmac. Industrial Source Sampling.
Ann Arbor Science Publishers, Inc., 1973, p. 173 ff.
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{(m/t) x (AS/An) = MER (lbs/hr) {Eq. 5-2)
where m = amount of particulate sample (lbs)
t = sampling time (hrs)
Ag = area of stack (ft?)
A, = area of nozzle (ft?)

Again, if the nozzle sampling velocity is greater than the stack gas
velocity, then the MER calculated by this method will be somewhat greater
than the true MER. The lighter particles follow the diverted streamlines
into the nozzle; the amount of particulate matter sampled in time (t) is
therefore assumed to be greater than what should be sampled. The volume of
sampled gas is not a factor in this calculation. The average of the two
calculated MERs was used as an estimate of the true MER.

Gas stream moisture content measured at the scrubber outlet exceeded the
saturation wvalues for the duct temperatures measured. Therefore moisture

values were recalculated using the following psychometric equation:

P
v 100 -
§ HO = —2=0 (Eq. 5-3)
2 P
B
where Py = vapor pressure of air at a given temperature
Pp = barometric pressure

5.3.2 EPA_Reference Method 25 - Condensible and Noncondensible Organic

Compounds

This section presents a summary of procedures followed by TRC during con-
densible and noncondensible organic sampling egquipment preparation, sample
collection, field sample recovery, and sample analysis. The TRC Method 25

sampling train is shown in Figure 5-2. Deviations from the method are also

|
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explained in this section. Further details of Methed 25 are presented in

Appendix G. NCASI Method 25 procedures are also presented in Appendix G.

5.3.2.1 Method 25 - Sampling Equipment Preparation

This procedure is based on and supplements EPA Method 25, "Determination

of Total Gaseous Nonmethane Organic Emissions as Carbon."*

Condensate Trap

After being checked for any sign of physical damage, each trap was inter-
connected to a hydrocarbon (HC)-free air cylinder, flowmeters and CO2 moni-
tor (nondispersive infrared detector (NDIR)})) and inserted in the furnace as
shown in Fiqure 5-3., The trap was then purged with the HC-free air at a 100
ml/min flow rate with the furnace operating at a témperatute of 600°%C. A
propane torch was used to heat those portions of the trap and probe assembly
that extend outside the furnace. The purge was performed until the CO2

monitor indicated a concentration of 10 ppm or less.

Sample Tank

Each sample tank was connected to a cylinder of HC-free air, a vacuum
pump, and a mercury manometer as shown in Figure 5-4. The tank was evacuated
to 29 inches Hg vacuum after which the three-way valve was switched and the
tank pressurized to 10 inches Hg with HC-free air. This cycle was repeated
three times. After the third pressurization, the tank was connected to the
TGMMO analyzer and a sample analysis was performed. If a nonmethane organic

concentration greater than 10 ppm was measured, the tank was again subjected

® Federal Register, volume 45, no. 194, October 3, 1980, pp. 65959-73.
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to the evacuation-pressurization analysis procedure until accepted. Each
tank was then evacuated and pressurized with dry nitrogen for shipment to the

field.

Flow Control ARssembly

The sampling train was assembled as shown 1in Figure 5-5 and leak
checked. The probe end cap was removed and the probe connected to a flow
meter as shown. The sample flow shut-off valve was opened and the flow con-
trol valve adjusted to achieve a flow rate of 50 +5 ml/minute. The flow con-
trol adjustment screw was sealed after the flow rate was achieved, Thé flow
cont?ol valve number and calibration data were recorded on forms presented in

Appendix E,

5.3.2.2 Method 25 - Sample Collection

The sampling train was a modified EPA Method 25 apparatus. The modifi-
cation consists of placing an additional condensibles trap, immersed in a
water ice bath, ahead of the ¢trap immersed in dry (C02) ice. (See
Figure 5=2.) The additional trap is intended to remove the high moisture
content associated with the process emission streams and prevent freezeup in
the dry ice trap which leads to premature sample flow stoppage.”*

The sample tanks were shipped to the site slightly pressurized with dry
nitrogen. Immediately prior to each test, tanks were evacuated. The tank
vacuum, ambient temperature and barometric pressure were recorded on the

field sampling data sheet. (See Appendix C.)

* "Method Development for the Plywood/Plywood Veneer Industry,” EPA Contract
68-02-3543, Work Assignment 1. TRC - Environmental Consultants, Inc.,
August 1981.
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With the flow shut-off valve in the closed position, the train was
checked again after a minimum period of 10 minutes. If the indicated vacuum
had not changed, the portion of the sampling train behind the shut-off valve
did not leak and was considered acceptable. Assuring that the probe tip was
tightly capped, the front part of the sampling train was leak checked by
opening the flow shut-off valve. After a short period to allow pressure
stabilization (not more than 2 minutes), the indicated gauge vacuum was
formed. The tank vacuum as indicated by the vacuum gauge was recorded and
assembled as shown in Figure 5-2. The pretest leak check was then per-
formed. After a minimum period of 10 minutes, the indicated vacuum was again
noted. The Jleak check was considered acceptable if no visible change 1in
vacuum occurred. The pretest leak rate (inches Hg/10 minutes) was recorded
if observed. At the completion of the leak checks, the sample flow shut-off
valve was closed.

After the leak check had been performed, the sample tank number and trap
numbers for each sampling train were recorded on the field data sheet with
the respective test run number and sampling site. Four TRC and two NCASI
sampling trains were connected to each Methed 5X sampling train at the
insulated outlet of their respective hotbox filters. Immediately prior to
sampling, the gauge vacuum and clock time were noted. The flow shut-off
valve was opened and sampling begun. TRC gauge wvacuum readings were recorded
every 5 minutes during the sampling period. At the end of the sampling
period, the flow shut-off valve was closed, the time and final gauge vacuum
recorded. After the Method 5X sampling was completed, the Method 25 probe
lines were disconnected from the Method 5X interface and tightly capped.

A post-test leak check was performed prior to disassembly of the sampling

train. After assuring that the probe had been tightly capped, the flow shut-
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off valve was opened and the gauge vacuum monitored for a minimum of 10
min;tes. The leak check was acceptable if no visible change in tank wvacuum
occurred, The post-test leak rate (inches Hg/10 minutes) was recorded if
observed. At the completion of the leak check, the £flow shut-off valve was

closed.

5.3.2.3 Method 25 = Field Sample Recovery

After the post-test leak check was completed, the TRC sampling train com-
ponents were disconnected. Both ends of each condensibles trap were tightly
sealed. The traps were then packed in dry ice for sample preservation and

shipment to the laboratory.

5.3.2.4 Method 25 - Sample Analysis

Two inlet sampling trains and two outlet sampling trains from each tast
were analyzed by TRC. The other two inlet sampling trains and two outlet
sampling trains from each test were analyzed by Pollution Control Science,
Inc., (PCS). NCASI analyzed the samples collected with their equipment.
Additional analyses of the PCS analyzed samples were performed at the TRC
laboratory. The purpose of this approach was to identify the cause of the
poor paired sample data precision obtained during the method developmeﬂt pro-
gram,

The analyses were performed in general accordance with the method as pub-
lished (Appendix F). Prior to the nonmethane organic analysis of the tank
samples, a preliminary analysis was performed with an FID to determine the
relative sample concentrations. The purpose of this analysis was to provide

additional information for the resolution of any poor precision. If the pre-
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liminary tank sample analyses indicated relatively equal tank concentrations
for paired samples, the nonmethane organic analyses should also produce

relatively equal values. These data are presented in Appendix F.

Preliminary Sample Tank Analysis

The preliminary sample tank analysis was performed using the nonmethane
organic analyzer. However, the separation column, oxidation catalyst, and

reduction catalyst were bypassed. The sample tank was pressurized to approx-
imately 100 mmHg gauge and then connected to the analyzer. The sample loop
was purged and charged with sample gas. The sample was then injected from
the loop into the analyzer, bypassing the separation column and catalysts,
and introduced directly to the flame ionization detector. The detector
response was plotted and scaled by the integrator. The responses for paired

sample tanks were compared for relative magnitude on a ppm CH (methane)

4
basis and recorded for reference during the nonmethane organic analysis pro-

cedure.

TRC Analysis Equipment

The analyzer was fabricated by TRC using the following base components:
Varian Model 2800 gas chromatograph with flame ionization detector; and
Hewlett-Packard Model 3390A Reporting Integrator.
These components were interconnected to provide an analyzer scheme very sim-
ilar to that described in the method. However, TRC has made some changes
which improved the ease of operation without affecting analyzer performance.
Figure 5-6 is a schematic rendering of the analyzer as assembled. A high-
grade, HC-free carrier gas is used which eliminates the necessity for the

purification furnace.
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A six-port valve (Carle Model 5521) was substituted for the two four-port
valves in the oxidation catalyst flow scheme. One four-port valve was used
instead of two four-port valves in the reduction catalyst flow scheme. In
effect the latter valving modification precluded hydrogen venting within the
laboratory.

The exit line from the oxidation furnace to the six-port valve was heat
traced to avoid condensation. Additionally, all four switching valves incor-
porated in the analyzer were enclosed in a heated, insulated compartment
thermostatically controlled to maintain a constant 100%¢ temperature.

The separation column used was prepared by Supelco, Inc. It was a 4-1/2
foot long, 1l/B8-inch diameter stainless steel tube with two packed sections.
The Llnjection side section was 3 feet long and contains 10 percent 0OV-101
{ligquid methyl silicone}) on 80/100 mesh Supelcoport. The following section
was 1-1/2 feet long packed with 60/80 mesh Poropak Q.

The reduction catalyst was a Byron Instruments unit with 1integral
heater. This was mounted within the Vafian gas chromatograph oven to ensure
constant temperature operation.

Although not clearly shown in Figure 5-6, a single combustion air source
services both the oxidation catalyst and the flame ionization detector.
Individual metering valves are used after the flow splitter to regulate the
supply to each device.

The condensate recovery and conditioning apparatus equipment was assem-
bled by TRC as shown in Figure 5-7 and was essentially the same as the con-
figuration detailed by the method. The NDIR incorporated was an Anarad AR
400, with a range of 0 to 10,000 ppm C02.

The TRC arrangement did not incorporate the vacuum pump in a direct link
with other equipment. Instead it was located remotely. This was done to
avoid contamination by the oil mist vented from the vacuum pump.
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A tube furnace was used for wvolatilization of the condensate trap
sample. This provides more even, high temperature heating of the trap. A
propane torch was used to heat those parts of the trap, including the probe,
which remain outside the furnace during the sample recovery procedure.
Valves A, B, C and D in Figure 5-7 and thelr connecting tubing were enclosed
in a thermostatically controlled oven maintained at 180°¢ to prevent con-
densation. An oxyg9en rich carrier gas passed through the condensate trap

during heating and oxidized the organic compounds to CO_, and water vapor.

2
The flow exited the trap, passed through a water trap and NDIR, and entered

the intermediate collection vessel.

Analyzer Operating Conditions:

Gas Regulator Pressure (psig) Flow Rate (cc/min)
Helium 42 25
Air 45 30 FID

50 Oxidation Catalyst
Hydrogen 20 30

Separation column normal temperature - 0°C
Separation column backflush temperature - 100°C
Oxidation catalyst temperature - 750°C
Reduction catalyst temperature - 100°C (32 VAC)

Condensate Recovery Conditions:

Gas Requlator Pressure {psig) Flow Rate (cc/min)
Oxygen 10 150
Air 15 50

Oxidation catalyst temperature - 850°C

Details of the NCASI analyzer and procedures are presented in Appendix H,

Nonmethane Organic Analysis Procedure

The analysis was performed in accordance with the published procedure.
(See Appendix H.) However, the condensate trap carbon dioxide purge (Section
A.3.2 of the published procedure) was modified. After briefly purging the
trap according to the procedure, the valves were switched so that the trap
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was bypassed. After the trap had been bypassed, the carrier gas flow con-
tinued through the system and into the tank for approximately 5 minutes. It
was then vented to the atmosphere through the valve located downstream of the
NDIR. (See Figure 5-7.) This time period was sufficient to purge the inter-
connecting tubing and NDIR cell volume. Prior to resuming flow through the
condensate trap, the valve was switched to introduce again the flow into the
sample tank. The trap was removed from the dry ice bath and allowed to warm
to room temperature (determined by touch). The trap was placed back into the
dry ice bath and the valves switched to resume carrier gas flow through the
trap after frosting appeared on external trap surfaces. The procedure was
then completed as described. This modification to the procedure was intended

to assure the removal of any CO. which may be trapped within the ice

2

crystals present in the trap.”*

5.4 Preliminary Moisture Determination

Preliminary moisture tests were performed at the scrubber inlet and
outlet prior to emission testing. Testing was performed in accordance with
EPA Method 4, Data were recorded on field moisture determination forms as

presented in Appendix C.

5.5 Preliminary Velocity Determination

Preliminary velocity measurements were made at the scrubber inlet and
outlet prior to emission testing. EPA Methods 1 and 2 were followed in
measuring the velocity of the gas stream. Data were recorded on the field
data sheets (Traverse Ppoint Location for Circular Ducts and Preliminary

Velocity Traverse, Appendix C).

¢ "Tnvestigation of Carbon Dioxide Interference with Method 25." EPA Contract
68-~02-2814, Work Assignment 41. Midwest Research Institute, April 15,
1981, p. 7.
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5.6 Visible Emissions

Scrubber outlet visible emissions were not monitored as planned because
of overcast sky background conditicns. The controlled emissions were bluish-
white which made it impossible to distinguish the emissions from the overcast
sky. Overcast skies were present on June 8, 9 and 10. During the last test
day, June 11, the sky began to clear and only scattered clouds were present
in the afternoon. However, the final test sequence was nearly completed by
this time. Consequently, no visible emission observations were recorded.

Although the scrubber outlet stack had an attached steam plume, the
Method 9 observations were not cancelled because of this condition. The
method provides for attached steam plumes by requiring that observations be

made at the point where the condensed water vapor is no longer visible.

5.7 Pressure Drop Measurements

The pressure drop across the scrubber system was measured in order to
determine if the unit was operating at design conditions and to provide a
means of correlating a scrubber operating parameter with collection effi-
¢ciency. U-tube water manometers were used to measure static pressure at

three points at 30-minute intervals during the test period. Measurements

~ were made at the inlet sampling location, Jjust before, and just after the

induced draft fan. Pressure drop across the scrubber system was then cal-

culated from the static pressures.

5.8 Scrubber Solution Samples

Scrubber solution samples were taken from the holding tank of the recir-
culating system concurrently with the particulate/condensible organics test-

ing performed at the scrubber outlet. These samples were taken to determine
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the relationship between the total organic carbon content of the scrubber
solution and the actual measured emissions.

A 100-ml sample was taken approximately every 30 minutes while Method 5X
was being performed at the outlet. These samples were taken by dipping a 100
ml graduated cylinder into the holding tank. Sample numbers and collection

times were recorded on the Scrubber Solution Sample Ceollection form. The

100-ml aliquots collected during a test were composited into one sample jar

for that test.

The composite samples were placed in shock-proof containers and trans-
ported to CHZMEill at the conclusion of the test program. The scrubber
solution samples were analyzed for total organic carbon (TOC) following Stan-
dard Method 415.1. All analyses were performed within two weeks of sample

collection.

5.9 Fugitive Emissions

The purpose of these measurements was to visually determine the frequency
of occurrence of emissions that are not emitted directly from the process
stack or duct. These are generally referred to as fugitive emissions and
include such emissions as those: {1) escaping capture by process equipment
exhaust hoods; (2) emitted during material transfer; (3) emitted from build-
ings housing material processing or handling equipment; (4) emitted directly
from process eguipment.

EPA Mathod 22 modified guidelines, as presented in Appendix F, wére used
to determine fugitive emissions from the veneer dryer doors and abort
stacks. The method does not require that the opacity of emissions be deter-
mined. Instead, the amount of time that any visible emissions occur during

the observation period is measured.
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FPugitive emissions from the veneer dryers were monitored by RTI and DGA.

Observations were recorded periodically throughout the test program.

5.10 Ambient Temperature and Relative Humidity

Outdoor ambient air temperature and relative humidity were measured with
a psychrometer at the beginning and end of each test period. Measurements
were made by RTI and their subcontractor to determine if a relationship
exists between ambient temperature and relative humidity, and the emissions

from the veneer dryers. Data was recorded on a form presented in Appendix I.
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6.0 QUALITY ASSURANCE

The TRC quality assurance program is designed to ensure that emission
measurement work is performed by gqualified people using proper equipment
following written procedures in order to provide accurate, defensible data.

This program is based upon the EPA Quality Assurance Handbook for Air Pollu-

tion Measurement Systems, Volume III (EPA-600/4-7-027b).

At the beginning of each day, a meeting was held to orient personnel to
the activities scheduled for that day and to discuss results from the pre-

vious day, and to determine if any special considerations were appropriate

for the day's work.

6.1 Method 5X

TRC's measurement devices, pitot tubes, dry gas meters, thermocouples,
probes and nozzles are uniquely identified and calibrated with documented
procedures and acceptance criteria before and after each field effort.
Records of all calibration data are maintained in TRC files. Samples of
these calibration forms are presented in Appendix F.

All Method 5X sampling shall be 100 +10 percent isokinetic. Probe and
hotbox temperatures were maintained at 350° :QSOF. Deviations from these
c¢riteria were reported to the EPA/EMB task manager to decide whether a test
run should be repeated or continued.

A single clean-up evaluation test was performed on each initial set
{collector train) of glassware prior to collecting field samples. The eval-
uation tests (Method 5X) were performed in the field clean-up laboratory and
were observed by the EPA task manager. Necessary changes or modifications to
the clean-up procedures were specified by the EPA task manager prior to

collecting £field samples. The sets of glassware, including the probes,



were prepared and precleaned before conducting the <¢lean-up evaluation
tests. The impingers were precharged as specified in the actual test pro-
gram, Afterward, the sample collectors, including probes, were cleaned and
the blank samples recovered and analyzed as specified in the actual test pro-
gram. Results are presented in Section 2 of this report.

In summary, the evaluation tests were designed to precondition the sample
collectors, to establish blank background values, and to educate the clean-up
personnel in specific sample recovery procedures.

Acetone was provided by CHzMﬂill in glass-lined containers. Both the
acetone and D.D. water were analyzed by CHZMHill prior to field use. Resi-
due data from this preliminary analysis was evaluated by the EPA/EMB task
manager with respect to the suitability for use during the test program.
These data are presented in Appendix H. In addition, three blank samples of
D.D. water, acetone, and both 2-1/2 inch and 4-1/2 inch filters were
collected for background analysis. All clean-up evaluation and blank samples
were analyzed in conjunction with the actual test samples.

All sample recovery was performed by a three-person clean-up crew.
Appropriate sample recovery data were recorded on the sample identification
leg, sample handling log, chain-of-custody form, and analytical data forms as
presented in Appendix D.

Recovered samples were secured in padlocked, shock-proof, steel con-
tainers for storage and shipment for analysis.

All preparation and analysis of Method 5X samples were performed by
CHZMHill, which has extensive experience with Oregon DEQ Method 7, from
which Method 5X derives. CHZMHill adhered to the standards of quality

assurance set forth in the Quality Asgsurance Handbook for Air Pollution
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Measurement Systems, Volume III (EPA-600/4-7-027b} and the Handbook for

Analytical Quality Control in Water and Wastewater Laboratories (EPA~600/4-~

79-019, March 1979).

6.2 Method 25

Method 25 traps were burned out according to the method prior to testing
and spot-checked for contamination. All Method 25 tanks were flushed with
nitrogen and checked for contamination prior to field use.

Six sampling trains were used to provide a check on data precision. Two
trains were analyzed by TRC; two by PCS, and NCASI analyzed the remaining two
trains. All tanks and traps have permanently engraved identification numbers.

Analyzers were calibrated over the specified ranges using certified cali-

bration gases. Certification forms are provided in Appendix F.

6.3 Method 9
The TRC observer had been certified within the past 6 months to perform

vigible emission evaluations.




APPENDIX A
SUMMARY OF TEST DATA

A.l EPA Method 5X - Results
A.2 EPA Method 25 - Results




APPENDIX A.l
EPA METHOD 5X - RESULTS
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Calibration Factor
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Average Orifice Pressure Drop - in. Hz0
Average Meter Temperature °F
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Average Stack Temperature °F

Meter Volume at Meter Conditions - Fr?
Total Water Vapor Collected - ml

$ (0, in Stack Gas (Dry)

$ 07 in Stack Gas (Dry)

% (0 in Stack Gas (Dry)

Total Particulate Catch - Mg

% Hydrogen in Fuel

% Carbon in Fuel

% Sulfur in Fuel

% Nitrogen in Fuel

% Oxygen in Fuel

Gross Califoric Volume of Fuel - BTU/1b
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Stack Area - Ft?

Nozzle Diameter - in.
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PARTICULATE TEST DATA

e (IS5 — (Y30
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Input A
P bar
As

In

Time
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Tm

Pstk -

Tstk
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Vi
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Input 8
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Input C
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Vi (std)
$ H20
Mws

Vs

Qs
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F

Barometric Pressure - in. Hg 2663
Stack Area - Ft? GL.18
Nozzle Diameter - in. 02535
Total Sampling Time - min, o>
Calibration Factor ) 0-99.
Pitot Coefficient v. 3y
hverage Square Root of Velocity Head (in. Hy0) S i
Average Orifice Pressure Drop - in. Hz0 - (-“AR
Average Meter Temperature °F v 9
Average Stack Pressure - in. H0 —t §
Average Stack Temperature °F 309
Meter Volume at Meter Conditions - Fe? Y3.09
Total Water Vapor Collected - ml 40
t C0; in Stack Gas (Dry) d
% 07 in Stack Gas (Dry) 209
- % Q0 in Stack Gas (Dry} o

Total Particulate Catch - Mg

4z,

=1, .

‘ ac T E A

% Hydrogen in Fuel Sla ',',__.. Sl
& Carbon in Fuel -lm SarhaeEd
¥ Sulfur in Fuel T;F'irlli ;1j
% ¥ictrogen in Fuel , 29, 15330132
% Oxygen in Fuel . TR AT ES TS

Gross Califoric Volume of Fuel - BTU/1b

. . ‘ . ofdan ],1].:.3541'
Meter'Volume at Standard Conditions (Dry)-Ft? 2 '\( . IT-';:'E;-::E:-EED_.:!':_:]
% HzQ Vapor in Stack Gas 3.8 ! ]
Molecular Weight of Stack Gas (Wet) 5. N b e e tiee gl
Average Velocity of Stack Cas - FPI Yoo
Actual Stack Gas Flowrate - ACPM - 37200
Stack Gas Flowrate (0.0% Hy0; STP) - DSCFM (A0
% Isokinetic {Avg. Nozzle Vel/Avg, Stk Vel) 35 .1

Particulate Concentration-1b/DSCF
Particulate Emission Rate-1b/hour
F Factor - DSCFAM BTU

Particulate Emissions - lbs/AR BTU

0. 003 xig > / /-6 xre 2
0173 / 2.5 |

Q_L,f. Rev. 2 6/17/81




PARTICULATE TEST DATA

TEST Sx -1 TDE (Yoo to 1732
LoCATION __(0 T2 X ATE _ Tiye 7,19 5)
FIRM (5 P- # Zfﬁd—@jﬁm PRATECT N, . ;Y 60-ETFOD
[nour A ]
P bar Barometric Pressure - in, Hg 29 28
As Stack Area - Ft? -
Dn Nozzle Diameter = in. 2., oY
Time Total Sampling Time - min. 9 b
Y Calibration Factor /.00 .
Cp - Pitot Coefficient 0. 5Y
(aP) 1/2 Average Square Root of Velocity Head (in. H30) o 115
aH™ - Average Orifice Pressure Drop - in. Hz0 0.70
n Average Meter Temperature °F Y/
Pstk Average Stack Pressure - in, H;0 O
Tstk Average Stack Temperature °F /b6
Vi HMeter Volume at Meter Conditions - Fe? 39.%3
Vi Total Water Vapor Collected - ml oS 2

> (0 % CO2 in Stack Gas (Dry) & '
02 - % 0y in Stack Gas (Dry) 20-9

— G0 - % Q0 in Stack Gas (Dry) o

Input B Panl / Corrdl
M Total Particulate Catch - Mg 56.9 230
Input C

., %H % Hydrogen in Fuel
5 C % Carbon in Fuel
%5 % Sulfur in Fuel
T M % Nitrogen in Fuel
£ 0 % Oxygen in Fuel o
GCv Gross Califoric Volume of Fuel - BTU/1b
Calculared )
Vm (std) Meter Volume ar Standard Conditicns (Dry)-Fe3 38.3
Y HO % 430 Vapor in Stack Gas 25 3
Mws Molecular Weight of Stack Gas (fet) 24.7
Vs Average Velocity of Stack Gas - FP{ 457
Qs Actual Stack Gas Flowrate - ACEM L% 00
Qs (std) Stack Gas Flowrate (0.0% Hp0; STP) - DSCFM ' 5/00
$ 1 % Isokinetic (Avg. Nozzle Vel/Avg. Stk Vel) {2715
Cs Particulate Concentration-1b/DSCE 0.3272 %075 /1,32 %1075
Er Particulate Emission Rate-1lb/hour 2.96 /2.0
F F Factor - DSCF/M BTU
E Particulate Emissions - 1bs/AM 3BTU

A-5 6/17/81
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PARTICULATE TEST DATA

TEST §X-2 TIME IYo0 — 1530
LOCATION Dot f i X OATE _ Jwena  s0, 197
FIthP-S%&ZfPﬁ-ﬂgf’ﬂd PROJECT NO. Y 60 - E
Inout A

P bar Barometric Pressure - in. Hg 29. 7|
As Stack Area - Ft? 63. 62
Dn Nozzle Diameter - in. Y i
Time Total Sampling Time - min, 26

Y Calibration Factor /. O

Cp Pitot Coefficient g. 5§49
(aP) 1/2 Average Square Root of Velocity Head (in. H20) 0./32
aH- Average Orifice Pressure Drop - in. Hz0 0.5 5
Tn Average Meter Temperature °F 7 ¥
Pstk Average Stack Pressure - in, Hy0 o

Tstk Average Stack Temperature °F /66

Vm Meter Volume at Meter Conditions - Fe? 3682/
vl Tatal Water Vapor Collected - ml 745

——>00; % 007 in Stack Gas (Dry) j#)
02 % 07 in Stack Gas (Dry) 30. %
— 00 - % 0 in Stack Gas (Dry) (0]

Input 8 . fart VAR P S
M Total Particulate Catch - Mg 41.9 / 2/5 7
Inpur C

i H % Hydrogen in Fuel

1 C % Carbon in Fual

45 % Sulfur in Fuel

5N % Nitrogen in Fuel

$0 § Oxygen in Fuel

Gev Gross Califeoric Volume of Fuel - BTU/1b

Calculated .

vm (std) Meter Volume at Standard Conditions (Ory) -Fe3 37.3

% He0 % Hy0 Vapor in Stack Gas 37.45
Mug Molecular Weight of Stack Gas (Wet) 9. &
Vs Average Velocity of Stack Gas - FPI 525

Qs Actual Stack Gas Flowrate - ACRM 334900
Qs (std) Stack Gas Flowrate (0.0% H;0; STP) - DSCFM 17500
s % Isokinetic (Avg, Nozzle Vel/Avg. Stk Vel) ol .l
Cs Particulate Concentration-1lb/DSCF 2YEB x:o"-/ i.28x1p™
Er Particulate Emission Rate-1b/hour 2.52 / 13.4
F F Factor - DSCFAM BTU
Particulate Emissions - lhsARM BTU
A- - (c; Rev. 2 6/17/81
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PARTICULATE TEST DATA

——(C0;

—_—— e

TEST A X3 TIME Yy~ (445 boooe
woaatioN _ () Khe T DATE  Jwnre i), 148 R
e G. P - Spfd. Jepa- %m?nmm I4bO-EBO
y 7 d T . =
iH‘_:-::';E"é"l
Input A 0. 304
P bar Barometric Pressure - in. Hg 29 65 ‘ ~:'fl"_'
As Stack Area - Ft? 472 L7 . Ef-.'-‘l-l
Dn Nozzle Diameter - in. o 504 0. 155
Time Total Sampling Time - min, A . 0,52
Y Calibration Factor /.0 . ‘°"‘.'f;:f}_ l
Cp Pitot Coefficient 0. By oo,
(apy 1/2 Average Squate Root of Velocity Head (in. H30) o.iz & %G
H Average Orifice Pressure Drop - in. Hp0 0-52 = 13‘..'
T Average Meter Temperature °F 7 S . '-'
Pstk Average Stack Pressure - in. Hy0 7l i
Tstk Average Stack Temperature °F /e 2 _"
Vm Merer Volume at Meter Conditions - Ft? 2 J.1 2 .
Vi Total Water Vapor Collected - ml L 20,77
% (05 in Stack Gas (Dry) o .
0z % 02 in Stack Gas (Dry) 20.9
- % 0 in Stack Gas (Dry) (2, 27
o g
Inpur B Pt / h'w:ﬂ— E-ﬂ- .'- l
My Total Particulate Catch - Mg 6t 6 J 149472 =0
b ] pm ] -
Inpur C f}i 0 '
$ H % Hydrogen in Fuel 111..
s C % Carbon in Fuel
£ S $ Sulfur in Fuel l
5N % Nitrogen in Fuel
£ 0 % Oxygen in Fuel
GCV Gross Califoric Volume of Fuel - BTU/1b ‘ il
Calculated Wy Tl ""‘:l
Y (std) Meter Volume at Sta.ndar;l Conditions (Dry)-Ft? 30Y e %:,m,*:;-.},dl
% H20 % Hz0 Vapor in Stack Gas 39.¢6 J7. 3)
Ms Molecular Weight of Stack Gas (Wet) L Y.5 (24.6)
Vs Average Velocitv of Stack Gas - FP Sop l
Qs Actual Stack Gas Flowrate - ACRM 31 800
Qs (std) Stack Gas Flowrate (0.0% Hy0; STP) - DSCFM {E000 (Iélmy
V1 % Isokinetic (Avg., Nozzle Vel/Avg, Stk Vel) i1i.8 . (171.3) l
Cs Particulate Concentration-1b/DSCF 363 %03/ G, 7x 0%
Er Particulate Emission Rate-lb/hour 349 / g.1¢ (3.5’/6-‘{2;
F Factor - DSCF/MM BTU '
Particulate Emissions - 1bs/BI BTU
Rev. 2 6/17/81
A-7 I




APPENDIX A.2
EPA METHOD 25 - RESULTS




a3ed

L 9t~ 901~ V¥"ZE- S 6I- 811 9°Fk- 5K 9if~- €°1 6°99- Z°Ef- TII- 6°f@- (3} Kouai01373 13qqnidg

[ 311 0°SC [ 313 6°LY L°LZ T1°LT 0°8€ 676¢ 8 0L ¥°SS [-Lt E'EF ¥0QS {24/Ta qy) aetano 1eqqniog

L ofr 56T L 14 0°LC rIe 6°52 [ 11 0" 62 T'I0 T'fE 0-at 8°61 ¥°LT {14/15 q1) 3e7uI 13qqnisg

ebeleny 11P30A0 ISYON 8dod ML T6YIN [a¥] J4l I5VON §24 UL 15YON S DUl TX103RIOqU] Ted]1ATRUY
obeiary 18-0T-9 18-01-9 19-6-9

Ly [4 1 Jaquny uny 183}

uobelp ‘pie]31buyads ‘jupiad poomd1d 51371o504-w1b1089

=Y TlavL

SININAUNSYAW ROISSIKA ST GOHIAW ¥d3 20 AUVWHNS JA1LVHVINOD

A-8




R I L W —

| (au/sqr) aequy/(Iy/eqr}l 3eTane -  {(Iy/Eqr) 19[uT] 0O[ s 7
*sbelea? Jo WOTAIRINO[ED Uf Papn[ouf 10U UOTIVIJUSIUCY

*{poywa[ yuwl) pajdejep @uou 1-p'u
I3 T (8) wefouayoyjly 1eqqniog
09t € oS (aus/'5 sar) e3em voyssyan
ozI BETZ (1o wdd) ebrieay 1704
asol oLvI [ 1 ¢ 911 {{5> wdd) uoyaeijuesucy perdurg [w3oL
124 £y 98L zolt {1y vdd) voyieirvesuc) 9(q1sUBPUODUCYH
¥C9 LZOT ELET ¥IO0T TEIOL
E6T 961 L 1] de1r ea1 Zpo
{1 (7 ov6 s¥S deixr ea1 ofn
(15 wdd) uotaeIluesUO) ©[qTBEUSPUOD
¥T°F ¥6°Z o[°e T A (518371) eun[op e[dueg
0-05-t-5¢ O-09-f-&¢ @-18-L-52 V-16-£-5C Tequny oldmey
q1a1iNQ Jeqqniodg qeTul leqqniog uoryelc]
18-11-9 LELL
ﬂ a oquny uUnyd 18],
6°99- 6'to- (v} sfouetosyjia 1aqqniag
, ¥-sg Al 4 ¥ 05 ¥oLE {13/T2 =qr) oawy uoyssjma
5691 11121 £9Lt 9011 ("> wdd) ebuzaay ayea
SO6T yerT STSI oSkl 9981 LE9T 970 9911 (!0 wdd) uoyawajuesucp patdues [eiol o m
o1e L89 vig Y00 :1:] 9rs ‘pru 60Y (T2 mdd) uoyavazuesuo) e[qyeUpuUSIUCH '
S60T LEL 1oL 9¥9 (1171 €601 Lit . TY10L
| TOt Itt (413 €97 ori (T3 oot . de1y eox Zon
| 6L So¥ 113 113 85L ste iLy : derg so1 ofn
(1> mdd) uoyiwijuesuer srqyeuepuod
8s°Z 59°Z 892 ¥9°Z gE°¢C gn-c aL-z ¥9°Z (818371) eum{oa erdueg
A-05-7-5Z ¥-05-7-SL g-15-Z-5¢ V-16-T-SC 8-08-1-5f V—O0S-1-5¢ g-18-1-6¢  V¥-168-[-5¢ Jequny efdurg
| 3eTInn Jeqqnion JejUl Jeqqnasg 3Jo{ang Joqqniog JeJU] Teqqnisg I ELE
TR-07-9 18-6-9 LEL
[4 T 18quny UNY 3681

(ovL &g syefieuy)
uobaig ‘preyjbuyadg ‘jueig poomild ay7jjord-vybioen

SINFWAUNSYIN ROIGITHA ST OOMLIW Vad X0 INVHWNG

-V FTavL




[{1y/eqr) jerys/{ay/eqr) 3e[ano - (1y/sqr) aetuyl por «»

9"y (%) ghoveyayjya 1eqqnios
1§} 65T (14/% 8qQ) s30Y uojssyma
€ng 1011 (> wdd) ebeieny 1yEg
FGOT 4 {3 966 ozl {{> wdd) uoyjerjuesuoy pejdueg [e3jog
0°RE ET) EDT 6ST (I3 wdd) uoyiwzjussuo)y s[qjsuspucoucy
1L (41} trot TVLOL
Iit 91t 3 derg sa1 %o
SES LLs 96¥ deay es1 ofu
{1y wdd) UoyjeijUaouol) elqiouspuod
8Z0°¢€ SCl'C (11 M SPI'E (63e37{) swn(oa ayduws
4-05-C-5¢ ¥-0S-£~S¢ a-15-t-5¢ 2-15-£-52 JequnN @ [du¥s
IB[AING 1eqqnIdg 3JOIUT leqqnioag oy w207
18=~T1~9 CELN]
£ 1FqQEny unyg g6l
[ ¢ - (v} ,foustoy33yg 1sqqniag
a-oc Tt 6°CY 8°61 {3u/I sqt) e3vy uoyesymy
(A 3 T6E1 6LST (1.1:] Ty wdd) ebeieay 1yed
168 teor 09T FZET 891t 60610 L06 €08 (75 wdd) vorawajusouo) patdmes yeiol
LI [3 {3 ] CEV 9l 113 [ 2 0°Sl {T5 wdd) uoyawiauaduc) B[QYEURPUOSUON
L9 9L 8l6 168 (441 9851 rag oL . TYLOL
ZoT aTT 89¢ ISE L1t aok ¥oT B9z deap eor oo
1L5§ P6S 0S5 6CS 506 08Tl ozL (3¢ deay, eo; ofn
_—u mdd) uoy3iRIjuesuo) e[qIIUaIpPUC)
969°C LT LL9e e Lve't Wy e ELL"Z ts9°2 , (g10371) ewngop s[dweg
a-0S-I-Z J-0S-i-5¢ a-18-7-8¢ O-13-1-S81 0-05-1-5¢ O-05-1-5¢ d-16-1-5¢ O-15-1-5¢ Toquny e[dueg
38 [3ANQ Ieqqnidg JeTUy Jeqqniog 3e[3nQ leqgniog J9[U] Ieqqniosg uofaeao]
Te-0T1-9 19-6-9 s3eq
z I Jequmy uny 3I86%

(504 4Aq gyek[ruy)
uobaig ’preyibuyrds ‘juepd poomal[d o13T0RI-0fblORn

SINIHFUNSYAHW HOISSIHA S7 (OHLAW VAT 40 AHVWWNG

-y TIEVL

A-ic




[{1y/eqr) Asquy/{Iy/9qr) aefano - (Tu/sqr) F[Ur] 00T »»
"Jo0 Y peujjep panjuiedus) paepuels »

B 1L 9°LE- A (8} eefouetor3ig 2eqqniog
LoLe | A {3 6°6C 062 € Le 0°6z (au/Ta sq() eawvy uoyssyuz
(313 yEET et 11141 Lot oTeI {15 wdd) sbuisay 1784
LT4] pTOT 1214 yOCT  @¥IC 17141 566 PEST  TZET 62T LITT T621 (15 wdd) uoyaeajusouey perdmeg feaoy

T

1) 69 602 91 ot ¥ EET £9 13 6¥ L] 19 {13 mdd) uoyawijussuony e1QTEULPUOD-UCN —

)

cve 6¥6 141 crIT  OFOT oLZT L]:] TEST 9221 £rzt  Srotl A {141 {15 wdd) uoyiwiueauo) erqisuepuc) N g
N7y 1s°'0T CR"OT €0°'ZT 90°T1L [ 1 96 ¥g'g ag-Iv €6°IT LE"8 560 {s0103%[) euntop e[dumusg
¥-11 £-11 =11 T-11 ¥-01 £-01 -01 1-01 ¥v-6 -6 -6 1-6 Tequny e[duvg
i Jelann Jeaqniog Je(Ul Jeqqniog 1e[ang deqqniog  36[U] Jeqqnidg  38[3NQ Teqqnlog  J@[UI Jeqqniag uot1R201
| 1A-TT-9 T8-07-9 18-6-9 e3jeq
_ 11 i [ Iequny uny 188

{15von £q syskyeuy puw bujrdmeg)
uobeip ‘pteyzburadg 'juv[a poomild oyjyoeg-eybioes

SLNFWIHUNSVAR ROISSTWA ST QOHLIW VdT A0 AUVWWNG

S-¥ T1EVL




.
E om 0 2 O 0 EE S ay am e

o e Rk .S EE N

APPENDIX B
SAMPLE EQUATIONS AND CALCULATIONS

B.1l EPA Method 5X
B.2 EPA Method 25




APPENDIX B.l
EPA METHOD 5%
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EMISSION CALCULATION SYMBOLS

La - Allowable leak rate, cfm

- Total meter sample volume, ft3 '

v
mtotal

Ttotal - Total sampling time, min

Lp = Final leak rate of sampling train, cfm

Vme
total

Y - Dry gas meter calibration factor, dimensionless

- Standard temperature, 0F

std
Tm”_'g - Average dry gas meter temperature, °p
—_ "
Pbar Barometric pressure, ''Hg
- . : "
AHavg. Average orifice pressure drop, H20
- [}
PStd Standard pressure, "Hg

VI - Volume of liéuid collected in impingers, ml

VSG - Volume of liquid collected in silica gel, grams
MS - Molecular weight of stack gas, 1b/1b-mole

ZCO2 - Percent CO2 by volume (dry basis), %

%#C0 - Percent CO by volume (dry basis), ¥

%NZ - Percent N2 by volume (dry basis), %

202 - Percent Oi by volume (dry basis), ¥

DSt - Average duct gas density, 1bs/ft3
-— "
Psavg Average duct static pressure, HZO
0
Tsavg - Averapge duct temperature, F

EA - Excess air, Z

v, - Average duct velocity, ft/miﬁ

Cp - Pitot tube coefficient, dimensionless

(/E?)avg - Average square root of velocity head, /"ﬁ;@

. 2
As - Cross-sectional area of duct, ft

- Total volume sampled corrected for excessive leakage, ft3

Gy
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EMISSION CALCULATION SYMBOLS (cont'd)
Q = Duct volumetric flow rate, acfm
Qstd

D, - Nozzle diameter,” inches

F - F factor, DSCF/MM BTU

ay
/o

Parcent by weight of hydrogen in fuel
#C - Percent by weight of carbon in fuel

%5

Percent by weight of sulfur in fuel

]
|-
1

Percent by weight of nitrogen in fuel
%0 - Percent by weight of oxygen in fuel
GCV - Gross calorific value of fuel, BTU/ib.

C - Actual particulate concentration, grains/acf

Cg; - Particulate concentration, grains/dscf

ER - Particulate-emission rate, lbs/hr

E - Particulate emissions, lbs/MM BTU

Cy @ 127 €0, - Particulate concentration, grains/dscf @ 127 co,
Cs @ 50% EA - Particulate concentration, grains/dscf @ 50% EA
CLb ~ Particulate concentration, lbs/1000 duct gas

CLb @ lZZCOz- Particulate concentratiom, 1bs/1000 lbs @ 12% CO2
CLb @ 50% EA - Particulate concentration, lbs/1000 1bs @ 50% EA

Mn - .Total particulate collected, mg

= Duct volumetric flow rate, corrected to dry standard conditions, dscfm

- e

- e
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nE AW - E.

T\’\w 5x-1 - X

1. Allowable Leak Rate

La = 0.02 cfm or (.04 Vm total which ever is less,

T total

0.04 Ym total _ 0.04 x 4.2l
Ttotal o

La = 0.073| cfm

2: Correction for Excessive Leak Rate
Lp =¢. ©l0 c¢fm

if Lp > La use Vine total in place of Vo total in all subsequent
equations,

=V - (lp-1a)T

v
mc total m total total

= - - = 3
Vmc total - ( ) : fe

3.,Vd1ume of Sample Measuréd_by Dry Gas Meter, Corrected to Standard Conditioms

v =y v Tsed + 460 Phar + A?aa‘g
m total (std) m total S rP ——

m avg + 460 std

T4 + 460 29.92

.0 :
29.75 L T2 & . . - }
V. total (std) = 4620 xc,‘ﬁ(ﬁa + 460) +13.6 |- 5.4, (0_9%3)[&,%9&]

vm total (std) = 45.% dscf

4. Moisture Content of Duct Gas

' ' Vr 4 V
% Hy0 = 0.04707 (V1 + Ysc) . 100

v
m total (std)l+ 0.04707 (V, + Vg.)
% H,0 = 0,04707 ({46+ < ) x 100
45.% + 0.04707 (YNo+ 5 )

c- = lr_ a
%H,0= 307 7

B-3
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Ms

Ms

Ren

5. Molecular Weight of Stack Gas

—

(0.44 x % C09)+(0.28 x % CO)+(0.28 x % Np)+(0.32 x % 09p) (;

L=

-~

-

(0.44 x O. )4(0.28 x © )+(0.28 x 191 )+(0.32 x 20.7 ) (1

Ms = 5.9 1b/lb-mole

6. Average Duct Gas Density

_ P Ps avg
= 0.0458 x Ms bar + 13.6

st T
s avg + 460
A
D ¢ " 0.0458 x + 13.6
+ 460
= 3
Dst lbs/ft

7. ELxcess Air

[02-05zco ]
0.26h % Ny - (% 0, - 0.5% CO)
2 VA
- 0.5
0.264 x

E

= 100

l'——'

{ = 0.5 x )]

EA = %

8. Average Duct Velocity

v, = 5129.4 C_ (/EP)avg /s ave + 260
P bar s av ) Ms

13.6
Vs = 5129.4 x 0-34 xtmﬁf}/' 303 + 460

. -2, .
Gﬂﬂj + e 6) i 4

Vs = 3920 ft/min

> X—

% H, 0

100

2.9
100

)+01a(/520)l

J>+0 18 ( 3l ) l'

2




o
™
7
%
p
I
l
-

"-

9. Duct Volumetric Flow Rate

Q“VSK:AS

Q=3920x L.78

Q =2660C aefn

10. Duct Volumetric Flow Rate, Corrected to Dry Standard Conditions

)
S_avg
Q = Q (;_ % H20 (Tstd + 460 (Pbar + 13,6
std . 100 Ts avg + 460 Potd

| -2,
. 39 68 + 460 2515 + T3.6
Qg = Tew00 100 203 + 460 29,92

= |?—Lf00 dscfm

. i .(_

Qstd

8

11. Isokinetic Factor

_5.67 (s avg + 460) ('m std)

P % H,0\/ oy 2

savg\ V_ x T - 2 {(Dn)” x 0.7854
(;bar * 13.@) s total ( 100 144
/

[ - 5:67 (303 + 460) (1373 )

bs 15+ =2, 3920% (o - 3.9 (.'La’)‘)z x 0.7854
13.6 § ° 100 144

T= 6.z

I

*ilii-""ﬁiil{_ -

12. F - Factor NA-

F=103.64%2 H+ 1.53%2 C + 0.57% S + 0.14% N - 0.46% 0)

(0-93?2)

ill GCV
) F = 106(3.64 X +1.53 x +0.57 x +0.14 x -0.46 x
; F = DSCF/MM BTU

-l T
B
L




Actual Particulate Concentration P
s avg)( 1 yHo 0

¢ o 0:01543 x Mn (Led + 460) (Boar + 13.6 " 100
vmstd 5 avg + 460 'Pstd
—2-1 3.9
¢ - 0.01543 x532.3(68 + 460) (975 + T3.8) (l' 100)
- y3-3 (203 + 460) (29.92)
C =0.092 grains/acf

Particulate Concentration, Corrected to Dry Standard Conditions

¢ = 0.01543 x Mn
8 v
mstd
S42.73
C = 0.01543 x —<""2
s N5 3
c = ¢.19% grains/dscf = 2.8¢ X\0™° 15‘5/030‘—‘

Particulate Emission Rate

ER = 0.008571 x Cs X Qstd
ER = 0.008571 x0-199% x | =400
ER = 2l.| 1bs/hr.
Particulate Emission N pr.
20.9
E 0.0001429 Cs x F (mz)
- 20.9
E 0.0001429 x x (5673—:————)
E = 1lbs/MM BTU

Particulate Concentration Corrected to Dry Standard Conditions and 12% CO,

o 0o o 12
¢, @ 12% co, 7o, * . N A&
12
CS Q@ 12% 002 = X
(% @ 12% CO2 = grains/dscf @ 12% co,

B-6
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Modified EPA Method 5X Calculations

All calculations and nomenclature are the same as in Method 5,

with the following additions.

Nomenclature

(@]
1l

Ether-chloroform-water blank residue concentration, mg/ml,

m = Residue mass from acetone rinse of impingers after ether-
chloroform extraction and evaporation, mg.

a

m_ = Residue mass from EC extraction of impinger water after
evaporations, mg.

m, = Extract residue mass of water blank, mg.

me = Residue mass collected on 47 mm filter, mg.

m, = Total amount of condensed organic matter collected, mg.
Ve = Volume of water blank used in the EC extraction, ml.

V = Volume of liquid collected in the impingers, ml.

W = Mass of erher-chloroform-water blank extract, mg.

Ether-Chloroform-Water Blank Concentration

= £
Ce T
e
W =C V
e e wWw
= -+ -+ -
m0 m mb mf W

Total Particulate and Condensed Organic Matter Concentration

C, = (0.001 g/mg)(mn + mo)/vm(std)

B-T]
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EPA METHOD 25 GTP
(MODIFIED)
LABORATORY DATA AND CALCULATIONS
Field Sample Run No. 5 — /- L— A Date Analyzed: (& /7«‘? /8 i
Laboratory Sample Run No. : Analyst: (AL
| SAMPLING TRAIN DATA
B,0 Ice Trap No. _US5~ €O, Ice Trap No. _ /!l ~~  Sample Tamk No. _
Sample Tank Data
V (liters) 4.9 73 _
Pti (mm Hg) 13. Pt (mm Hg) 4376 ' Pl:f (mm Hg) Y L{'?

T, (;z{ 134 K T, el __ 295 K 1, g 295 K

Intermediate Tank Data - H.O Ice Trap
s+

Tank No.

v, (liters) q.87 7 P, (mmHg) _1473- Tey el 297 1K

Intermediate Tank Data - CQ, Ice Trap

Tank No. it _
. , a G
v, (liters) __ H-® P, (mug) _(e70.9 T, (/ej’ 269 K
ANALYSIS DATA
Average Sample Tank Concentration,'agm (19 o ppm Cl
T 36 -
Average HZO Ice Trap Concentration, Cle PP Cl
T &
Average CO2 Ice Trap Concentratiom, Ccmz ppm C:L




METHOD 25
CALCULATIONS

3
rh
1. Sample Volume, Vs (E};eré)

0.386 V

<
(]

<3
]

0.386 (1.4136)(0- 0183 )

0. 0024 m-> = LLQ_Q

<
B

2. Non-condensible Organics, Ct {ppm Cl)

. Y49, pp™

3, Condensible Organics, C. (ppm Cl)

VeiPe1l| =

C
g £l ml
Cy = 0.386 [q.lo ] (fBL)

c = T gpm

a. H,0 Ice Trap Ccl = 0.386

-9

F

15 =T -A




METHOD 25 CALCULATIONS (Comnt.)

Veofea| =
b. CO2 Ice Trap C‘:2 = 0.386 AL S sz
_ 9 f2
- C. =0.38 | &39 (rlé’ )
c2

4, Total Gaseous Nommethane Organics, C (ppm Cl)

c

C=0C *Cu1*C.

C= |‘£fo ™

&f 23—~ XA

5. Total Gaseous Nommethane Organic Mass Concentration, Mc (1bCl/scf)

M_ = 3.11 x 10”%¢

—

-2
M, = g-ta? Y10
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APPENDIX C
FIELD DATA SHEETS

EPA Methods 1, 2 and 5X
C.l.1 Scrubber Inlet
C.l.2 Scrubber Outlet

EPA Method 25 - Scrubber Inlet
C.2.1 TRC Data
C.2.2- NCASI Data

EPA Method 25 - Scrubber Outlet
C.3.1 TRC Data,
C.3.2 NCASI Data

Pressure Drop Measurements and
Scrubber Solution Sample Collection




APPENDIX C.1
EPA METHODS 1, 2 and 5X
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' _ TRAVERSZ POINT LOCATION FOR CIRCULAR DUCTS

PNt (s o odc

DATE __ & owe (G 8/
SATPLING LocaTION S ok Aia LA
TNSIOE OF FAR ¥ALL TO

CUTSIDE OF NIPPLE. (DISTANCE A)
INSIDE OF NEAR 7ALL TO

QUTSIE QF NIFFLZ, (DISTANCE B
STACK 1.0. (DISTANCS A - DISTANCE O ,
NEARSST UPSTREAN QISTURSANCE %4}'
NEAREST DOWNSTREAM DISTURBANCE _30

g

lcaumu.ma . SCHEMATIC OF SAHPULING LOCATION
TRAVERSE PRODUCTOF ' TRAVERSE POINT LOCATIC!
POINT FRACTICH COLLENS 2 AND 3 FRCH OUTSIDE OF NIPPLE

AUMEER QFSTACK LD, | STacxLL (TONEAREST LRINGH) | DISTANCER (SUM OF COLIEANS 4 & D

I 0 .o ‘ 35 (/4 ! . o

2 o (4 b | " kol

K v. 19 b l | fo. 4 |

4 o.Tey | 2+ 4. 8

s | o5 20 | |

= 0.55 b | 33.7] |




S

—" )

——

__PLANT Geoepo, /%
\TE Time B11FN
LOCATION, ___ Scrvbbec L nfed
STACK 1.D. 255 155"
BARONETRIC PRESSURE, in. Hg 2366
STACK GAUGE PRESSURE, in. Hp0__ =BEF ~2.¢
OPERATORS SDP/ DRE
TRAVERSE VELOCITY | - STACK
POINT HEAD TENPERATURE
NUHBER (Apg), in.Hy0 (Tg), °F
‘ 0.47 a}V 350
Z O .49 ;.7(( 20
3 Q.76 \Z2 32
of e A7 3o
S Lo LZ’? 58/
(- 0.9 \gr 3 op
2 ©.LD 13730k
g H-F1 223 300
7 6,94 26732 p
(D 0.%9 7364
U 617 ?(,_?_g 5 pd
12 0.70 (25 D¢
>
vl\
N\ N
A0
\ P, ®ov
A7 &
v g
Qg
a2
AVERAGEND| ©.89 PE M‘%
EPA (Dur) 233 0.7%7( 30H
472 - 0-'2

FRELIMINARY VELOCITY TRAVERSE
N _ .

SCHERATIC OF TRAVERSE POINT LAYOUT

N

TRAVERSE
POINT
NUMBER

YELOCITY
HEAD
(Ap), in.Ha0

STACK
TELPERATURE
(T,), °F

AVERAGE [

o |t o o | | ot | ] ]

|




——

o

‘ - . .
l"“' \‘/—'\. . ’ i

" BLELD MOISTURE

DEFERUTLATION

Locaticn Serubber Inilct Cotments: \
Test: ?ﬂrlrmﬂlhsy_¥ﬂhaxibvv ,AA)I
Date TT,-*L,S“b (5 5
Operatar S D Y
By Absorption: _
Barametric Pressure 2%.66
Clock Meter Flow Liatam ieter
Time (Fta) Setting (CFH) Temperature, Tm
1730 [ZSET |16 | (3
T HG 12%.00 ("7 62
i7S¢_ 1320 -
1810 . 142.9¢ ¢
1.2
Tube kKa. “Weight, grams_ . . -
Final Initial Difference
Imp SR

Sq

A

(1) = waight of moisture collectrad =

8%

r
‘ a1l
L iwisture by Volume = 100!
' 273 a u N
u* [ ]
S I I
\ o { o
e = e s M al - =
9.4 %
! = - - & ““




'NOMOGRAPH DATA

L3 - - {3

PLANT CAYC
DATE Ghjﬂi

SAMPLING LOCATION I_”n_\ﬂgm_\m

CALIBRATED PRESSURE DIFFERENTIAL ACROSS i

ORIFICE, in. Hy . slg 1 483

AVERAGE METER TEMPERATURE (AMBIENT +20°F), °F Towe. | 16

PERCENT MOISTURE iN GAS STREANM BY VOLUME By 5w

BAROMETRIC PRESSURE AT METER, in. Hg P 'Z‘I 1S

STATIC PRESSURE IN STACK, in. Hg -
(Pp£0.073 x STACK GAUGE PRESSURE in in. Hp0) P >%—2.\

RATI0 OF STATIC PRESSURE TO METER PRESSURE s/F’m U/A

AVERAGE STACK TEMPERATURE, °F _ Tswg. | 20O

AVERAGE VELOCITY HEAD, in, Hy0 ~ APave. | 67

MAXINUM VELOCITY HEAD, in. Hy0 APmax. | |, \

€ FACTOR 676

CALCULATED NOZZLE DIAMETER, in. 0.2€0

ACTUAL NOZZLE DIAMETER, in, 825S

REFERENCE ap, in. H,0 bﬁ\g | l
EPA (Dur) 234

4/12
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'NOMOGRAPH DATA

SAMPLING LOCATION

CALIBRATED PRESSURE DIFFERENTIAL ACROSS

5
m
=
s
g
- BN R BN B e e -f-—-—-i—-" o e . ‘

AVERAGE METER TEMPERATURE (AMBIENT + 20 °F), °F Tmavg. S
PERCENT MOISTURE IN GAS STREAM BY VOLUME B | m7
BAROMETRIC PRESSURE AT METER, in. Hg Pn | 2T
STATIC PRESSURE IN STACK, in. Hg ~A
(PuE0.073 x STACK GAUGE PRESSURE in in. H30) P, —
_ : (

RATIO OF STATIC PRESSURE TO METER PRESSURE $SPn |
AVERAGE STACK TEMPERATURE, °F _ e | 3032
AVERAGE VELOCTTY HEAD, in. H,0 ~ AP | DAS
MAXIMUM VELOCITY HEAD, in. H,0 Shmax. | VAD

C FACTOR 0.56
CALCULATED NOZZLE DIAMETER. in. 628

ACTUAL NOZZLE DIAMETER, in. B.1sS
REFERENCE ap, in. Hy0 | -

EPA (Dur) 234
472
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'NOMOGRAPH DATA

rCeriaoie. |

DATE é/ﬂlgl

SANPLING LOCATION L\

CALIBRATED PRESSURE DIFFERENTIAL ACROSS

ORIFICE, in. H,0 Alig LR
AVERAGE METER TEMPE'RATURE (AMBIENT +20 F} °F Tn;?;g_ 25
PERCE&T MOISTURE IN GAS STREAM BY VOLUME Bwo 33
BAROMETRIC PRESSURE AT METER, in. Hg P 29.65

STATIC PRESSURE IN STACK, in. Hg

{Pp£0.073 x STACK GAUGE PRESSURE in in. Hz0) Ps Lig
- P
RATIO OF STATIC PRESSURE TO METER PRESSURE SPa | —
AVERAGE STACK TEMPERATURE, °F T
ENPERATU - g | 310
AVERAGE VELOCITY HEAD, in. Hy0 ~ 8. (04
MAXIMUM VELOCITY HEAD, in. H,0 SPmax. | |,
C FACTOR -« 0.6y
CALCULATED NOZZLE DIAMETER, in. 0.25
ACTUAL NOZZLE DIAMETER, in. 6:2€5
REFERENCE Ap, in. Hy0 _ 1.05
EPA (Dur} 234
412
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APPENDIX C.l.2
SCRUBBER OUTLET




TRAVERSE POINT LOCATION FOR CIRCULAR DUCTS

PLANT (e e (A*-«/F‘gb
DATE } Tum &1
SAMPLING LOCATION __ Staaubsfo . oK
INSIDE OF FAR WALL TO .

QUTSIDE OF NIPPLE, {DISTANGE A)
INSIDE OF NEAR WALL TO

OUTSIDE OF NIPPLE, (DISTANCE B) i
STACK 1., (DISTANGE A - DISTANCE B) 9 = 1087
NEAREST UPSTREAM DISTURBANCE ___ 9
NEAREST DGWNSTREAWE}IS‘I’URBANCE !

CALCULATOR SCHEMATIC OF SAMPLING LOCATION -
10N
TRPAOVH*E?E FRACTION X cg |.Ru?wnl'uusczT AON'; 3 TFRR%ESE%F;S :ENEJ—FLSICPTLE
NUMBER OF STACK 1.0. STACK 1.D. (TO NEAREST 1/8 INCH) DISTANCE B (SUM OF COLUMNS 4 & 5)
l .01 08" (.2
P V03 L 3. ;/
3 et 5.1
Y 0,079 o 5
Y 0. 185 . 2
o u-id (4. 3
1 o, 1G] : ' 172 +
g 0. 194 ' (.9
v-1+Jo 1Y.3
- Lo o . L12 194
E I 2. J13 WL
| e | o359 3.0
' 11 v e b (9 g0
X 0. 677 23. !
| e . 29.
! L v 93, L
17 o-Fol $-1.0
‘ 1 0139 g9,
| 1§ v B68 3.7
L 24 0. 857 6 7
L{ 0. § 2! G9.5
11 0. 943 (v2.
* 231 0.6} Lo
L 1 ¢-917 ‘ (o ©.5%
EXAwoun) 23
it A_in \ o
l _____ 1<




PRELIINARY VELOCITY TRAVERSE#,

L—-—‘?zl

i
© PLANT l
gtle: codlaber :
ctrex 10— €L, #2 N |
BAROHETRIC PRESSURE, in. Hg 6L
STACK GAUGE PRESSURE, in. Hy0__= 0. 0TS _ .
OPERATORS SBEpSE SCHEMATIC OF TRAVERSE POINT LAYOUT
|
TRAVERSE | ~VELOCITY STACK TRAVERSE VELOCITY STACK
POINT HEAD TEIPERATURE POINT HEAD TEMPERATURE
NUMBER | fapy), in.H,0 Ty, °F " NUMBER @p,), in.Hz0 ), °F
| 0,005 | 1) s 0. 009 1 I
rd 0-006 16T ) 2L 0.000G Ay
3 0.008 VG of 27 0-00 2 162 4_
i 0.009 1L B o O.00-1 Lol
g 0.01Z 164 29 - | pD.oOT 16 ( 17
b 0.017 1S 30 0.007% 63
3 0-015 164 3 0.00S5 62
T 0010 | ¢4 32 0.003 %3
G 0.008 & L35 33 0.004 1673
{0 0. 011 15 34 0:002 64 I-
/! 6-01Z teH 3s 0.608 13
1z 0.006 164 36 0017 16
13 0,008 165 137 0.010 IS
1o 0.004 L5 37 0.004 16 Y
1< 0004 (66 59 0.002 L&g
b 6. 0080 (LG <0 0.coz 7,
' 7 Y op.oofh i G, Y ( 6.061 (L3
e 0.0019 166 42 0.0c0Z ]66
g 0015 160 43 9005 - | 1¢Y
20 0.0319 ({4 y 4 O-00¢ |67
21 0.-07b 4 g5 n. 006 18 B
22 0-0158 ) ,4 M 2. 208 16l l“’
23 5.009 o3 47 0. 007 | 03 '
154 0,048 165 | H@\s\“:é‘ ﬂg D-D6(, tLs |
AVERAGE  |)if:.vhs y ‘@&%\ AVERAGE - 17 & DS 14 |
EPA (Dun) 233 "':D' ¥ I
4/72 N g ' |




" PLELD MOQTSTURE- DSTERMINATION

Locaticn ﬁU‘Hf ’{' Scn—u }\~_Ll"'

Cemn2nts:
Test: Pl i s
Date__ Tuw & 42‘(
" Operator__ S0 Peiwe
By Absorption: _ _
Barometzic Pressure 29. 00
Cleck | Meter Flow keter Retar :
Timg (Ft3) Setting (CFH) Temperature, Tm
AT 2t2 .19 D-b0 e 2 9s
(LY 227.0 0.8 (70 N
1,23 22Tl e B0 T C20 75
.f'é-3§ 232.10 o 7¢
164 | 237,54 17
5.5 B
Tube Ho.. “Heignt, grams_ - -
| Final Initia) Difference
el 9 s8
G 354
L.
{#) = waight of maisture collectzd = o\. S
& Maisture Ly Voluza u{'ﬂ-s 2?3‘\
\Im Loy "
p Ttur: v Valury o w |6a8?/o
X EEE Vi TAvILuT A




'NOMOGRAPH DATA

PLANT (W {/‘X’Q‘l—g)v;
DATE Jum. 9 1987
SAMPLING LOCATION SUIAJJL’?"'“-& OU.«M

CALIBRATED PRESSURE DIFFERENTIAL ACROSS
ORIFICE, in. H40 AHg R
AVERAGE METER TEMPERATURE (ANBIENT + 20°F), °F T ay. (oo
PERCENT MOISTURE IN GAS STREAM BY VOLUME Buo | (5. S
BAROMETRIC PRESSURE AT METER, in. Hg Pe 2975
STATIC PRESSURE IN STACK, in. Hg
(P £0.073 x STACK GAUGE PRESSURE n in. Hy0) P o
oy |
RATID-OF SPATICPREQSURE FOMETE URE" CFZE’M 0. %Y
AVERAGE STACK TEMPERATURE, °F T
savg. ((c 4

AVERAGE VELOCITY HEAD, in, H,0 8 | 065"
MAXIMUM VELOCITY HEAD, in. H,0 SPpax. | ©.0 Y
C FACTOR 0.1
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CALIBRATED PRESSURE DIFFERENTIAL ACROSS
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BAROMETRIC PRESSURE AT METER, in. Hg Pa 2571
STATIC PRESSURE IN STACK, in. Hg
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C FACTOR
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APPENDIX C.4
PRESSURE DROP MEASUREMENTS AND
SCRUBBER SOLUTION SAMPLE COLLECTION
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