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DISCLAIMER

This Final Report was furnished to the Environmental Protection Agency by
the GCA Corporation, GCA/Technology Division, Bedford, Massachusetts 01730, in
fulfillment of Contract No. 68-02-3157, Technical Directive No. 12. The
opinions, findings, and conclusions expressed are those of the authors and not
necessarily those of the Environmental Protection Agency or the cooperating
agencies. Mention of company oT product names is not to be considered as an
endorsement by the Environmental Protection Agency.
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SECTION 1

INTRODUCTION

The purpose of this program was to develop total and size specific
particulate emission factors for pouring and cooling operations at an iron
foundry. The Archer Creek plant of Lynchburg Foundry, Lynchburg, Virginia
contains two pouring and cooling lines which were built in 1973. Lynchburg
Foundry volunteered to host the IP field testing program and the north line
was tested during the week of 16 December 1981.

Pouring and cooling fumes from the north line are vented directly to the
atmosphere via six stacks containing axial fans. Three stacks vent pouring
and three stacks vent cooling emissions. Modified EPA Method 5 (total
particulate) and cascade impactor (particle size distribution) tests were
conducted simultaneously on a set of three stacks. Dual cyclone sampling was
conducted on two of the remaining three stacks simultaneously. Each run was
operated over the complete shift and actual run times were typically four
hours. This report describes the methods used and the results obtained during
the one week test program.

Funding for this program was provided by the Environmental Protection
Agency, Industrial Environmental Research Laboratory at Research Triangle
Park, North Carolina. EPA contract numbers and the key personnel involved in
the program are jdentified in Appendix A.



SECTION 2

TEST PROGRAM SUMMARY

The field testing program was conducted according to the approved Test
Plan during the week of 14 December 1981 and involved eight GCA personnel.
Three IP tests, each consisting of three total particulate and three impactor
runs, were completed during the one week test program. Two dual cyclone
tests, each consisting of two simultaneous runs, were also completed. A
summary of the results of all three test methods is presented in Tables 1
through 3 and Figures 1 through 3. The IP size specific emission factors,
presented in Tables 1 and 3, are calculated by multiplying the total
particulate emission rates measured using a modified EPA Method 1-5 procedure
by the impactor derived particle size fraction. The dual cyclone emission
factors shown in Table 2 are not considered as accurate as the IP emission
factors.

The total particulate results presented are based on one set of three
simultaneous modified Method 5 runs on each operation. A third IP test,
consisting of two runs on cooling stacks and one run on a pouring stack, was
completed on the last field sampling day. The mix was chosen in the field to
provide a more balanced total number of runs on both operatioms. When
calculating emission factors, however, the total particulate emission rate
from each of the three stacks venting each process is needed. The results
show large differences in emission rates from each stack and the potential for
variability in emission generation rates. The average of all five cooling and
four pouring impactor runs was used to determine the particle size fractions.
These results are multiplied by the average of three simultaneous Method 5
runs to calculate emission factors. The use of the third IP test data set is
discussed in more detail in Section 5.

The total particulate results appear to correlate well with the amount of
activity associated with the area evacuated. Pouring operations were mainly
performed under the hood connected to stack P-3. These results are six times
greater than the results of tests on stack P-2 which is over the area usually
vacant for safety purposes among other reasons. Sometimes a second operator
pours hot metal under the hoods connected to stack P-1. The stack P-1 results
are in between the stack P-2 and P-3 results. Cooling room emission rates
also appear to correlate with the location being vented. The highest emission
rates were measured where the hot flasks first enter the room and the lowest
rates were measured at the cooling room exit area. All of the results were
very low and the maximum particulate catch was 67 mg after sampling 220 dscf.



TABLE 1. SUMMARY OF TOTAL PARTICULATE AND PARTICLE SIZE DISTRIBUTION
TEST RESULTS, LYNCHBUR(. FOUNDRY, LYNCHBURG, VIRGINIA

Pouring Cooling
Units emissions emissions
Production Rate tons/hr 17.37 20.64
Total Particulate Emission Factores
Mass Concentration? mg/dscm 6.64 4.65
gr/dscf 0.003 0.002
Mass Emission Ratel g/hr 1,005 809
1b/hr 2.21 1.78
Process Weight RateP»¢  kg/Mg 0.064 0.043
1b/ .on 0.127 0.086
Particle Size Distribution
Cumulative mass? Z <15 um ds0 71 72
7 <2.5 um dsg 26 23
Mass Emission RateP b <15 um dgg/hr 1.57 1.28
ib <2.5 uym dgg/hr 0.57 0.41
Size Specific Emission Fac :ors®
kg particulate <15 um d,oMg 0.045 0.031
1b particulate <15 um ds5g/ton 0.090 0.062
kg particulate <2.5 Mmw dso/Mg 0.016 0.010
1b particulate <2.5 un dso/ton 0.033 0.020

2Average of four pourirg and five cooling runs.
bgum of three simultareous runs.

CBased on the total wzight of hot metal poured.



TABLE 2. SUMMARY OF DUAL CYCLONE SAMPLER RESULTS, LYNCHBURG FOUNDRY,
LYNCHBURG, VIRGINIA

Average Average
pouring cooling
Units emissions emissions
Production Rate tons /hr 18.5 19.6
Particles Smaller Than 3 um dgg
Fraction of total percent 19 13
Concentration gr/dsck 0.0010 0.0007
Emission rated 1b/hr 0.765 0.660
Emission factorb 1b/ton 0.041 0.034
Particles Between 3 um and 17 um dgg
Fraction of total percent 62 67
Concentration gr/dscf 0.0033 0.0036
Emission rated 1b/hr 2.526 3.394
Emission factorP 1b/ton 0.137 0.173
Particles Larger Than 17 um dgg
Fraction of total percent 19 20
Concentration gr/dscf 0.0010 0.0011
Emission rated 1b/hr 0.765 1.037
Emission factorP 1b/ton 0.041 0.053
Totals
Concentration gr/dsck 0.0053 0.0054
Emisslon rated ib/hr 4.06 5.09
Emission factorP 1b/ton 0.223 0.260

acalculated using stack gas flow rate determined during total particulate
tests.

bpased on the weight of hot metal processed during the test.
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Figure 1. Average particle size distribution of uncontrolled
pouring emissions, Lynchburg, Foundry, Lynchburg,
Virginia.
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The North pouring and cooling line was operating at an average of

92 percent of the rated 125 tons per hour capacity. This production rate is
based on the total weight of all three components in the flask; i.e., the sum
of the weight of the cores, sand, and hot metal. The emissions resulting from
pouring and cooling operations are generated when the molten metal contacts
the sand and cores in the flasks. According to Lynchburg Foundry personnel,
the majority of the emissions are from the cores, the second largest source 1is
the sand and the least contribution to the emission rate is from the hot
metal. The emission factors are based on the weight of the hot metal only.

The process observer estimated that the capture efficiency of the pouring
line hoods was 100 percent. The greatest source of fumes within the shop was
observed to be the furnace tapping operation, however none of these fumes
appeared to be captured by the pouring and cooling line exhaust system. Fumes
were also generated during ladle additions and transfers, however these were
captured by a separate baghouse control system. The observer rated these
emissions light, that is 0-25 percent opacity as seen within the plant, as
were the emissions generated during pouring and cooling.

Visible emission observations were conducted on the stacks tested
according to EPA Reference Method 9 procedures. There were no readings above
zero for two hours or a total of 480 readings.



SECIION 3

PROCESS DESCRIPTION

The Lynchburg Foundry Archer Creek plant was built in 1973. This
relatively modern foundry uses two pouring and cooling lines to produce
approximately 75,000 tons per year of good castings for the automotive
industry. The average pouring rate is on the order of 150,000 tons par year
of hot metal. Seventy-five percent of the castings are ductile iron, the
other twenty five percent are mostly grey iron. The pouring and cooling lines
each typically operate 250 days per year at 300 molds per hour. Lagging
demand for castings had reduced operating levels at the plant prior to the
field test program, however, operations were normal during the test program.

Hot metal is produced by melting scrap in a cupola followed by 2a
temperature and chemistry adjustment in an induction furnace and an
intermediate ladle, respectively. The hot metal is then transferred into
smaller pouring ladles which travel by electric hoist. Up to three operators
pour hot metal at an average rate of 5 castings per minute at each pouring
line. Molds, contained in flasks mounted on a comveyor, pass through the
pouring area where louvered and slot hoods capture any pouring emissions
generated. Air flow in the area is increased by the cross flow of make up air
which is ducted to the opposite side of the pouring aisle by three fans and
eighteen two-foot square ventilators. Pouring emissions are vented to the
atmosphere via three stacks, each containing an axial fan rated at
30,000 cfm. The flasks travel around a corner and enter the cooling roon
which is sized to provide about one hour of residence time. The cooling rooa
air is evacuated once per minute by three axial fans located in the three
cooling stacks (also rated at 30,000 cfm) and make up air 1is provided by two
larger fans. At a given time, 21 flasks are in the pouring aisle and 215
flasks are in the cooling room. After cooling, the flasks travel to the
shake-out area where the sand and castings are separated for further
processing. Figure 4 is a layout of the pouring and cooling lines siowlng the
relative locations of the stacks tested, the make-up air inlets and the
relative size of the cooling room.

A process observer documented operations at the HNorth line during the
field tests and notified the test crew of any upset conditions. This observer
assessed the capture efficiency of the pouring hoods, documented other
apparent sources of emissions in the shop and was also responsible for
performing EPA Method 9 visible emission observations of the stacks tested.
These observations are discussed further in Sectiom 5 along with the '
production data obtained for the test periods. Also presented in Section 5
are the results of the visible emission observationms.

10
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SECTION 4

SAMPLING AND ANALYSIS METHODS

GENERAL

Lynchburg Foundry volunteered to host this Inhalable Particulate Matter
Emission Factor Development test program. A pretest site visit was performed
on 19 October 1981 in order to gather data necessary to conduct the program.
Good sampling locations were found in the six stacks venting pouring and
cooling emissions. Lynchburg Foundry personnel were contracted to install
sampling ports and electricity on 29 October 1981. Installations were
completed by December and the field testing program was conducted during the
week of 16 December 1981.

The sampling ports were located three diameters downstream of the axial
fans and one diameter upstream of the top of the stack as shown in Figure 5.
Two ports were located ninety degrees from each other and two points were
sampled on each diameter. All four points, each at 0.7 R (R = stack radius)
were sampled during each Method 5 and impactor run, however, the dual cyclone
runs were only operated at the center point of the stacks.

SAMPLING METHODS

Presampling Preparations

All glassware and Nalgene sample bottles utilized in this test program
were cleaned with an Alconox solution, rinsed with tap water,
distilled—-deionized (DDI) water and finally rinsed with reagent grade
acetone. The glassware was air-dried and capped with Parafilm.

Pitot tube—thermocouple-probe assemblies were calibrated by the
measurement procedure as specified in 40 CFR 60, Appendix A, Method 2. Meter
control boxes were calibrated according to procedures in APTD 0576 and the
sampling nozzles were calibrated with a dial vernier micrometer.
Thermocouples were calibrated against a mercury in glass ASTM thermometer in
an ice bath, at ambient temperature and in a boiling water bath. All
calibrations are given in Appendix B-1l.

Impactors and cyclones were prepared for sampling by cleaning with soap
and water, then rinsing with DDI water and finally with acetone. All parti.le
sizing dry gas meters and orifices were calibrated by the same procedures
prior to sampling.
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After the scaffolding was erected and the equipment was set up, a
preliminary velocity traverse was performed in order to:

1. Determine if cyclonic flow conditions existed, and if present,
determine the gas tlow angles.

2. Determine the stack gas velocity pressure and temperature at the
sample points representing 0.7R.

3. Properly size the nozzles and obtain the data necessary to perform
isokinetic sampling.

Total Particulate Sampling

The RAC StacksamplerTM sampling trains used conform to EPA Method 5
specifications. A schematic of the sampling train is provided in Figure 6.
The train consisted of a stainless steel, heat-traced probe with a stainless
steel button hook nozzle, thermocouple and pitot tubes attached as per EPA
Method 2. Following the probe a glass filter assembly was installed in the
the hot box. A Reeve Angel type 900AF 4-inch diameter glass fiber filter was
used. The filter compartment was maintained at 248°F + 24°F. The samp led gas
exited the hot box into the impingers where condensable materials are
removed. The impingers are the Greenburg-Smith design. The first two
impingers each initially contained 200 ml of distilled deionized water (DDI),
the third was empty, and the fourth contained preweighed silica gel.
Following the impingers, the sample gas flow rate and volume were measured at
the control box containing the pump, valves, calibrated orifice and dry gas
meter.

Sample train leak checks (sample gas vacuum system and pitot lines) were
conducted prior to and after each sampling run and before and after changing
or disconnecting any component of the train. A sampling run was started upon
notification by the GCA process observer and terminated after approximately 4
hours of operating time. Isokinetic sampling rates were maintained by varying
the sampling train flow rate as necessary to match the stack gas flow rate.
Upon completion of each sample run, the nozzle was removed, rinsed, and
brushed with acetone along with the probe and front half of the filter
holder. These rinses were combined into one sample. The tared filter was
removed from its holder and replaced into its petri dish. The contents of the
first three impingers were first measured for water volume increase and then
transferred to a sample container with DDI water rinsing. This procedure
generated two liquid samples plus a filter for each run. The pretared silica
gel was weighed for moisture gain and eventually regenerated.

Sample train preparation and recovery took place in a clean emvironment
either inside the truck used to transport equipment or inside the foundry
building proper. No orsat samples were obtained or analyzed since the stack
gas is essentially ambient air.

14
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Cascade Impactor Sampling

Reeve Angel type 934 AH-glass fiber substrates were used in the cascade
impactors. Each substrate was labeled and placed in a folded aluminum foil
liner. Both foil and filter were placed in labeled petri dishes and initially
desiccated for 24 hours. The top half of each foil liner was folded back
during desiccation. Initial tare weights and all subsequent weights are a
combination of foil and filter weights. A minimum of 6 hours was allowed
between weighings. After reaching constant weight (+ 0.5 mg), substrates were
gealed in their petri dishes for transport into the field.

Four sample points of average velocity near 0.7R (R = duct radius) were
determined through use of the preliminary traverse data. The proper nozzle
size and sample train flow rate was selected and sampling was performed during
each EPA Method 5 test run. Four sample points were sampled per run. Total
sampling time was designed to collect approximately 30 mg per impactor run
through estimated grain loading values, and by visual inspection of the first
run filters. All impactor runs were performed with a cyclone precutter
installed in front of the impactor to remove particles >15 im diameter. The
remainder of the sample train consisted of an unheated probe, vacuum hose,
silica gel moisture trap and dry gas meter/orifice/pump assembly as shown in
Figure 7.

Prior to each sampling run the impactors were carefully loaded with tared
substrates. The sample train was assembled and leak checked. The impactor
was then inserted into the gas stream at the appropriate sample point with the
nozzle pointed away from the gas flow and allowed to reach temperature
equilibrium for 10 minutes. The sampling nozzle was then turned into the flow
and the sample flow was quickly adjusted to the desired rate. The flow was
monitored and recorded by observing the pressure drop across a calibrated
orifice and the total dry gas volume sampled was determined by a calibrated
dry gas meter. The flow rate through the impactor was held constant (+ 0.05
cfm) for the duration of each rum.

Upon completion of each sample run the sample train was turned off and
the probe/impactor assembly was removed from the stack. The nozzle was
immediately capped, the probe was disconnected and the impactor transported to
the sample recovery area. No leak checks were performed at the end of a run

8o as not to disturb the particle distribution.

Dual Cyclone Sampling

Preparations for sampling with the dual cyclones consisted of the same
washing steps and weighing procedures as used for the impactors. The series
cyclones, designed by Southern Research Institute, Birmingham, Alabama and
built by Sierra Instrumenta, Carmel Valley, California, were operated in two
of the three available stacks. Two cyclone trains were operated
simultaneously in either two pouring or two cooling stacks and only the center
point in each stack was sampled. The two cyclones in series have particle
gsize cut points of 15 and 2.5 micrometers (microns) when operated at 0.8 cfm
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at 300°F. A schematic of the cyclones is shown in Figure 8 and the sampling
train, which is equivalent to the impactor train, is shown in Figure 7.

The dual cyclone sampler is primarily used to collect bulk samples of
size fractionated particulate. The stack gas is sampled at a constant
isokinetic rate for the maximum allowable time in order to maximize the bulk
catch. By using a back-up filter, three aerodynamic particle size fractions
are obtained. The three fractions are gravimetrically analyzed for this
program and under a separate IP task, the elemental composition of the sized
particulate is determined using X-ray Fluorescence and Neutron Activation
techniques as well as a determination of total and volatile carbon content.
The three size fractions are typically 15 microns and greater, between 15 and
2.5 microns and smaller than 2.5 microns. The 2.5 micron fraction is
collected on at least two different backup filters--glass fiber and teflon.

Prior to each sample run, the train is assembled and leak checked to less
than 0.02 cfm at 5 inches Hg vacuum. The cyclones are then inserted into the .
stack with the nozzle pointing away from the flow. The sampler was allowed to
reach temperature equilibrium for about 10 minutes before turning the nozzle
into the flow and starting the train. Constant isokinetic flow was maintained
and the sampler was oriented horizontally during the run. Data was recorded
at convenient intervals and any required adjustments were made to keep the
flow rate constant.

After operating the train for the length of time needed to get adeguate
loading on the back-up filter, the train was shut down and the cyclones were
withdrawn from the stack. The back-up filter holder was replaced. No leak
checks were conducted so as not to disturb the particles in the cyclones.

With a fresh filter installed, the cyclones were reinserted and allowed to
equilibrate before restarting the train. Upon completion of a run, the
sampler was withdrawn from the stack, kept in a horizontal position and capped
off for careful tramsport to the sample recovery area.

Process and Visible Emission Observations

In order to ensure that sampling was conducted only during normal pouring
and cooling operations, a process engineer was positioned at the North line in
order to:

® Notify the test crew when to start and stop tests.

° Document the origin and approximate magnitude of emissions or fumes
generated.

. Observe the capture efficiency of the control system hoods.

° Observe and document any other sources of emissions in the shop that

could affect the test results.

. Obtain the production data needed for calculation of pouring and
cooling rates.
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The process observer was also required to perform EPA Method 9 visible
emission observations of the stacks being tested for one hour per day. During
these times, a Lynchburg Foundry environmental engineer (Mr. Stephen Paine)
performed the process observations.

EPA Method 9 procedures were used to document the opacity of visible
emissions from the stacks being tested. The visible emission observer met the
6 month recertification requirement in Method 9 by passing a recertification
test on October 27, 1981. The observer is required to keep the sun within a
140° arc behind him while reading the opacity of emissions at the
stack/atmosphere interface. Opacity readings were recorded at 15 second
intervals for 1 continuous hour. The results are usually averaged over ten

6-minute intervals and the minimum and maximum opacities are also reported.

The magnitude of emissions observed inside the building were defined on a
light, moderate and heavy scale which can be roughly equated to the following
apparent opacity scale:

. light emissions = 0O to 25 percent opacity
° moderate emissions = 30 to 60 percent opacity
° heavy emissions = 65 to 10U percent opacity.

SAMPLE ANALYSIS
General

All samples and data obtained in the field were kept in the GCA van and
chain of custody documentation was maintained. The samples were driven to the
GCA/Technology Division laboratory (Bedford) for amalysis. All samples were
logged into the sample bank before analysis.

Total Particulate Train

The analysis of the total particulate emissions samples conformed to
procedures in EPA Method 5 and the Quality Assurance Handbook, Volume III.
Only front half samples were analyzed. The 4-inch filters were desiccated to
constant final weight. The front half rinses were transferred to preweighed
beakers and dried at ambient temperatures in a hood. The residue was
desiccated to constant final weight. The weight gain of the filter was added
to the rinse residue weight to determine the total front half particulate
weight.

Calculation of isokinetics, volumetric flow rate, grain loading, and
pounds of particular per hour were performed on an IBM 370 Computer utilizing
the example calculations given in Appendix C-1. The emission rates and
concentrations for each Method 5 test run were computed from the total front
half particulate weight. Back half analysis was not performed however the
back half samples were retained in the GCA sample bank.
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Cascade Impactor Train

At the conclusion of each test run, each impactor was carefully
disassembled. The cyclone precutter was held 45° from horizontal and
disassembled. The dry particulate in the collection cup, if any, was
transferred to a separate sample container. The cyclone nozzle, body,
collection cup and cap were rinsed into a rinse sample container. The
impactor cone was rinsed into a third container. Each impactor substrate was
placed into its respective foil package and any particulate adhering to the
bottom of the previous jet plate or the top of jet plate upon which the
substrate was mounted, and the crossbar/gasket, was brushed into the
preweighed aluminum foil package. Each substrate and weighing packet was
sealed in a petri dish and, upon return to the GCA laboratory, was opened and
immediately placed in a desiccator and dried for at least 24 hours before
being weighed. After achieving constant weight, all samples were carefully
stored in closed containers in the unrefrigerated sample bank.

Impactor sampling data reduction was performed by computer. Once the
appropriate input parameters were quality checked they were entered into the
Particulate Data Reduction (PADRE) interactive computer data reduction system
developed by Research Triangle Institute (RTI). PADRE is essentially the same
as the Southern Research Institute "Computer Based Cascade Impactor Data
Reduction System" (CIDRS) (EPA-600/7-78-042). There are, however, some
significant differences between the two systems, the most obvious being the
interactive nature of PADRE. Another difference is the treatment of potential
outliers. The PADRE program uses all inputted values for a specific run and
does not have provisions for dropping outlying values whereas CIDRS
automatically excluded outliers. Additional differences between CIDRS and
PADRE are discussed in Section 5 and Appendix C-2.

Dual Cyclone Train

Recovery of the dual cyclones was initiated by wiping off the outside of
the sampler and dismantling the cyclone stages. The sampler was kept at an
angle of 45° from horizontal during dismantling. No dry samples were
recovered from the collection cups of Cyclone X or Cyclone III. The cyclones
and connecting parts were rinsed three times with acetone into one of two
sample containers. The nozzle, body, collection cup and top half of Cyclone X
was rinsed into one container; the connecting tube, cannister, outside and
inside of the body and collection cup of Cyclone III was rinsed into a second
container. Several filters were recovered as part of each run and if any
filter material adhered to the holder, the material was rinsed and scraped
into a separate container.

The samples were labeled and sealed for transfer to the GCA/Technology

Division laboratory for analysis. Upon receipt at the weighing laboratory,
the samples were logged in and aliquotted appropriately. The filters were
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desiccated for 24 hours before weighing and the liquid samples were dried in
preweighed beakers at ambient temperatures before desiccation to constant
weight. The results were calculated using a programmable calculator and the
example calculations provided in Appendix c-3.

Sampling and Analysis Quality Assurance

GCA/Technology Division management is fully committed to an effective
Quality Assurance/Quality Control program directed by the Quality Assurance
Manager who reports directly to the General Manager. This assures the QA
Manager the necessary authority and independence to find and correct any
existing quality problems. Department QC Coordinators are responsible for the
QC program within each technical department; they report to both theilr
Department Manager and the QA Manager. GCA's program includes a Division
QA/QC Committee, Department QC Committees, QA/QC Manuals, specific QA Project
Plans and Inspection Plans, personnel training, and audit and corrective
action procedures.

No QA Project Plan was prepared for this Technical Directive but the
detailed Test Plan incorporated QC procedures and was reviewed and approved by
GCA and EPA before field testing began. In additionm, the QC procedures
provided in GCA's Division QA Manual, Sampling and Field Measurements Qc
Manual and Analytical QC Manual were followed, as appropriate.

Section 2 of this report summarizes the field test results noting
conditions found in the field. Earlier parts of this section briefly describe
the QC procedures incorporated in the sampling and analysis activities. The
Appendices to this report provide detailed documentation of QC procedures such
as the Sample Train Calibration Worksheets, Filter Weighing Procedures,
example calculations and field data gsheets for each type of measurement.
Particulate Analysis data sheets and computer printouts are included.

The QA Manager conducted a system audit of this project on February 25
and 26, 1982. This qualitative review of the quality system for the program
checked on adherence to the approved Test Plan and on the use of appropriate
QC procedures as defined in that Plan and in GCA's QA/QC Manuals. It was
found that the Test Plan had been closely followed and QC measures

conscientiously followed. The QA Manager's summary Audit Report is presented
in Appendix H.
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SECTION 5

TEST RESULTS

INTRODUCTION

The objective of this program was to develop total and size specific
particulate emission factors for pouring and cooling operations at an iron
foundry. Uncontrolled emissions from both operations at Lynchburg Foundry
were sampled using IP and Source Signature sampling procedures during the week
of 16 December 1981. Each IP test was conducted in three stacks
simultaneously. Three total particulate and particle size distribution
measurements were conducted simultaneously as one IP test. Two tests of
pouring and two tests of cooling emissions were planned, however, freezing
rain on the second field day allowed completion of only three IP tests. Two
dual cyclone runs were operated simultaneously as one source signature test.
One source signature test was completed on each operation, however, the
pouring emissions test was operated over two complete shifts (days). Process
operations were documented and visible emission observations were conducted.

Total Particulate Measurements

Total particulate emission rates from pouring and cooling operations were
determined using modified EPA Methods 1 through 5 procedures. These
procedures were modified to include only a four point traverse of the sampling
plane. Isokinetic rates were maintained while sampling at each point. The
low concentration of particulate in the stack gas required operating the train
for four hours. Sample time per sample point was one hour and readings and
adjustments were performed at five minute intervals or more frequently as
necessary.

The total particulate results of the third IP test have not been included
in the results presented so far in this report. This is because sample
analysis indicated that the emissions from each of the three stacks tested
simultaneously varied considerably. The third test did not represent all
emissions from either pouring or cooling. Thus, the results could not be
averaged with the results of run Nos. 1 or 2 to obtain a more representative
average. The results of the third set of impactor runs have been used when
averaging size fractions. The total particulate results of all three IP tests
are presented in Table 4 where the average results of all three sets of
simultaneous runs are presented. The third set of runs are averaged together
even though both pouring and cooling stacks were sampled. These results are
then included in the overall program average in Table 4.
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Ambient temperatures during the field tests were 30 to A0°F and the stack
gasses that were sampled were essentially heated ambient air. A problem
surfaced when measuring the impinger water volume at the end of a run.
Typically, less water was measured in the impinger after a test than before.
The silica gel weight gain was not sufficient to offset the impinger moisture
losses. 1In calculating results, the relative humidity of the ambient air, as
recorded at Lynchburg Airport, was used to back-calculate the amount of
moisture that theoretically should have been caught in the impingers. The
theoretical value was used in the calculation of results. The reason for the
volume losses appears to be due to insufficient ice around the impingers. The
cold ambient temperatures provided enough cooling of the gasses to easily
maintain the correct impinger outlet temperature. The temperature
measurements were checked and found to be correct, however, the gasses were
possibly not cooled sufficiently until just before the last impinger outlet.
The sampled gas, heated to 250°F in the hot box, absorbed moisture from the
impingers due to its lowered moisture content at the elevated temperatures.
For this reason, the results of the field moisture determinations were
considered unreliable and the relative humidity was used to calculate the
theoretical moisture. Table 5 presents the theoretical water volumes as well
as the data used to determine the theoretical values. Example calculations
are provided in Appendix C-4.

At the end of Test 2-C-1 the operator noticed the U-joint between the
first and second impinger was broken. The two ends of the tube were
completely separated so no flow was occurring through the probe and filter.
The break was determined to have occurred after the conclusion of testing so
it did not affect the testing results.

The total particulate results are used in the calculation of IP emission
factors. The average of two methods of calculating emission rates—-the
concentration method and the area method--is used as the total particulate
emission rate. Appendix C-1 presents examples of the total particulate
calculation methods and the end of Appendix C-2 provides example emission
factor equations.

The total particulate results were calculated by an IBM 370 computer
using Version 4.0 of the GCA Data Reduction System. The printouts in . Appendix
E-1 provide all results in both English and Metric units and all data inputted
is also presented. The field data sheets are provided in Appendix D-1 and the
laboratory analysis data sheets are provided in Appendix F-1. Only front half
results are used in all calculations since no back-half analysis was
performed. Front half particulate is that caught by the heated glass fiber
filter, the heated probe, nozzle and any connecting glassware. The back half
samples, namely the impinger waters, are stored in the unrefrigerated sample
bank at GCA/Technology Division.

A total of four tests, each consisting of three runs, were planned,
however, inclement weather prevented testing on one day. The plant was due to
be shut down for three weeks after the third test. Since only three tests
were possible, it was decided in the field that on the third day, a mix of
pouring and cooling stacks would be sampled in order to provide a more
balanced total number of rums. In all, five runs (1.7 tests) were completed
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TABLE 5.

LYNCHBURG FOUNDRY, LYNCHBURG, VIRGINIA

THEORETICAL WATER VOLUME INCREASES, TOTAL PARTICULATE TESTS,

Ambient Theoretical
: Ambient moisture Stack impinger
Ambient relative content gas Theoretical and silica
pressure humidity (percent volume volume gel weight
Run (in. Hg (percent of of total sampled water vapor increase
No. absolute) saturation) volume) (dscf) (dscf) (grams)
1P1 29.89 59.5 1.27 187.658 2.41 51.1
2P2 29,89 59.5 1.07 195.818 2.12 45,0
1P3 29.89 59.5 1.16 220.673 -2.59 54.9
2C1 29.86 80.0 2.41 128.722 3.18 67.4
2C2 29.86 80.0 1.56 240.698 3.81 80.8
2C3 29.86 80.0 2.96 271.037 8.27 175.4
3c1 29.82 47.5 1.76 158.901 2.85 60.4
3C3 29.82 47.5 1.64 176.275 2.94 62.4
3p3 29,82 47.5 0.73 160,898 1.18 25.0
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on pouring stacks and four runs (1.3 tests) were completed on cooling stacks.
The results presented in Section 2 and the results used in all emission factor
calculations are only the results of the one simultaneous test (3 runs) on
each process. The results of the three simultaneous runs show a wide range of
emission rates. Since separate hoods and fans are used to capture emissions,
the emission rates will vary depending on the activities near each hood.
Figure 9 shows the emission rates relative to the stack locations.

The cooling test results show that as the flasks cool, lesser amounts of
particulate are emitted. Cooling stacks C-1 and 2 emit more particulate than
stack C-3 which vents emissions at the cool end of the line. The trend is not
as clear for the measured pouring emissions. Stacks P-1 and P-3 vent the
areas where most of the actual pouring is done. These two stacks indeed emit
more particulate than the stack which vents the middle part of the line. When
two operators are pouring they maintain a distance between them to allow for
safe movement along the line since the conveyor does not stop during pouring
operations. For this reason, the low emission rate measured near the middle
of the pouring line appears to be justifiable. The stack gas temperatures
also confirm this trend since the lowest gas temperature is in the middle
stack where little pouring activity occurs.

The results also indicate that pouring emissions are about 50 percent
greater than cooling emissions. Emission factors presented thus far have been
based only on the weight of the hot metal poured in the flasks as they leave
the pouring line and enter the cooling room. Foundry personnel indicated that
the cores are the major source of emissions. The cores are essentially sand
which has been mixed with either a heat set or chemically set resin. Cores
breakdown as the hot metal cools and the core material is recycled as molding
sand after screening out any remaining lumps. Some flasks have no cores, some
have up to 15 percent of the total weight as cores. The total particulate
emission factors associated with the weights of sand/cores and hot metal are
shown in Table 6. The daily average of the sand to hot metal ratio is similar
enough to prevent any significant correlations or trends to be determined.

The average total emission rate from all six stacks is 6 pounds of particulate
per hour. This translates to a total of 18 tons per year.

Particle Size Distribution

Andersen cascade impactors equipped with cyclone precollectors and glass
fiber substrates were used to determine particle size distribution. The
impactors were operated at constant flow rates simultaneous with the total
particulate runs. Run times on the order of four hours were required to get
adequate particulate loading on the substrates. Each impactor run was
conducted over four sample points, the same four points sampled during total
particulate runs. Five runs were completed on the cooling stacks and four on
pouring stacks.

The average total particulate emission rate determined using the impactor
results compares very closely to the average determined using the modified
Method 5 data. A summary of impactor data is provided in Table 7. Field data
sheets are provided in Appendix D-2 and gravimetric analysis data sheets are
provided in Appendix F-2
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TABLE 6. PRODUCTION DATA SUMMARY AND PROCESS S

PECIFIC TOTAL PARTICULATE

EMISSION FACTORS, LYNCHBURG FOUNDRY, LYNCHBURG, VIRGINIA
Parameter Units 12/16/81 12/17/81 12/18/81 Average

Production Data

Sand & cores ton/hr 86 93 108 96

Hot metal ton/hr 17.4 20.6 17.8 18.6

Total ton/hr 103 114 126 115
Particulate
Emission Factors

Sand & cores 1b/ton 0.026 0.019 0.020 0.021

Hot metal 1b/ton 0.127 0.086 0.120 0.111

Total 1b/ton 0.021 0.016 0.017 0.018
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The particle size results were calculated by the interactive computer
program developed by RTI for EPA. This Particulate Data Reduction and Entry
System (PADRE) requires that data be entered in response to specific prompts.
PADRE checks each response before storing the data and warns the user if an
error is detected. The user enters field data and the gravimetric analysis
results and PADRE calculates the results.

PADRE also requires a user to make an assumption regarding the validity
of the backup filter weight gain. For this report, it was assumed that
100 percent of the backup filter weight gain was actually caused by particles
smaller than the last impaction stage cut diameter. It is possible that this
assumption is inaccurate and a significant percentage is caused by particle
bounce and other factors. The effect of this assumption on the results 1is

limited to particles smaller than about 2 microns.

The results provided in Appendix E-2 were calculated by PADRE using the
Task Group on Lung Dynamics definition of aerodynamic diameter. This
definition assumes that the particles are of unit density. The particle
diameters that result are strictly aerodynamic sizes and do not represent the
physical (classical) or impaction (stokes) diameters. PADRE also requires the
user to input the maximum particle diameter. This value was determined
through microscopic examination of the prefilters used during the blank
impactor run. A calibrated image shearing microscope is used and the
microscopist report 1is provided in Appendix G. The largest particle observed
was 30 microns and this value was entered into PADRE to be used in the
interpolation routines. PADRE uses a finite difference function to curve fit
results and calculate results at standard particle diameters. The results of
the blank run were insignificant, below 0.5 mg weight gain on each stage.

The average results, wherein all pouring and cooling runs are combined,
show that 90 percent of the particles are less than 20 microns as shown in
Figure 10. The microscopist estimated that 95 percent (by number) are
submicron. A possible explanation for the disparity would be the treatment of
cyclone precutter data. When recovering cyclone precutter samples in the
field there was no dry catch in the cyclone cups to recover and the cyclone
samples consisted of an acetone rinse of all inside surfaces. A second
sample, consisting of an acetone rinse of the impactor cone is routinely
obtained and the weight results are added to the first impaction stage weight
gain. The cyclone precutter rinse residue weight is assigned a lower cut
diameter based on calculations provided by SoRI. 1In the case where the bulk
of the cyclone sample is obtained from the cyclone cup, the assignment of a
cut size is justified, however, the samples collected here may have consisted
of submicron particles that adhered to the inside walls of the cyclone through
electrostatic and/or other unquantified forces. The samples obtained by
rinsing the impactor cone may also have been submicron particles, however, two
data points representing about 15 and 12 micron particle sizes were entered
into PADRE. Lumping these inputs together with the first two stages of the
impactor and using the second stage dgg would probably result in a much
higher fraction of particles smaller than 15 microns. This treatment of the
data would be justified for several reasoms. The cut point of the cyclone
precollector is typically between the cut points of the first two impactor
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stages. The weight results of the first two impaction stages are therefore
infuenced by the premature collection of these particles in the cyclone.
Adding the precollector, cone and first stage weights to the second stage
weight will allow a smoother curve fit through the maximum particle diameter
and prevent any artificial steps in the size distribution curve. The current
version of PADRE disqualifies from particle size calculations any stages with
cutpoints less than 40 percent smaller than the preceding stage. This also
applies to the first couple impactor stages if their cutpoints are greater
than or almost equal to the cyclone cut size.

In summary, the low particulate mass concentration in the stack gas
required 1long impactor run times and allowed for traversing all four sample
points. The results appear to be biased low due to the calculation methods
used and the bias is probably less than 10 percent.

Dual Cyclone Results

The IP dual cyclones, developed by SoRI and built by Sierra Instruments,
were operated in two of the three stacks not being sampled by total
particulate and impactor trains. The cyclone nozzles were positioned at the
center of the stack and operated at constant flow rate. On the first sampling
day, the cyclones were operated for 5.5 hours and upon recovery there was no
dry catch visible in the cyclone cups. The glass fiber and teflon filters
used during each run were well loaded. Since the primary goal of cyclone
sampling was to obtain bulk size fractionated particulate samples, it was
decided in the field to operate the next runs as long as possible over the two
remaining days. A total of 9 hours of sampling time still produced very
little visible catch in the cyclone cups, however, several backup filters were
appropriately loaded. The results for each run are detailed in Table 8 and a
summary of results was shown earlier in Table 2. Detailed particulate
analysis results are provided in Appendix F-3. The particulate emission
factors presented are based solely on the dual cyclone total particulate
catch, however, the stack gas volumetric flow rate was determined as part of
the Method 5 measurements.

The size fractions agree well with the impactor derived size distribution
as shown in Figure 11. The total particulate emission rates vary by as much
as 3 times the Method 5 total particulate results. Small sample sizes and
single point versus four point sampling may account for the majority of the
difference. The potential for wall losses in the sampler is similar in
magnitude to the impactor cyclone precutter. For these reasons the
dual-cyclone fractional results appear to be biased slightly low. Example
cyclone cut point calculations are provided in Appendix C-3 and example
emission factor calculations are provided at the end of Appendix C-2. The
field data sheets are presented in Appendix D-3.

In summary, only backup filter samples were obtained for future chemical
analysis since the cyclone samples consisted of rinse residues. Glass fiber
and teflon filters will be retained in the unrefrigerated sample bank until
needed. The extremely low particulate loading in the stack combined with the
small particle sizes encountered makes the dual cyclone size results
questionnable. The cyclones were designed to operate in process streams
containing a higher concentration of particulate matter.
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TABLE 8. DUAL CYCLONE SAMPLER RESULTS, LYNCHBURG FOUNDRY,
LYNCHBURG, VIRGINIA

Cooling emissions Pouring emissions
Units 1C1 1C2 2P1 2P2
Stack Gas Characteristics
Temperature °F 75 63 65 63
Pressure in. Hg abs. 29.89 29.89 29.84 29.84
Viscosity micropoise 184.1 181.4 181.8 181.4
Flow rate dscfm 39,100 34,700 29,700 28,300
Volume Sampled acfm 10.349 0.313 0.351 0.333
Nozzle Diameter in. 0.138 0.138 0.138 0.138
Isokinetic Sampling Rate percent 88.1 85.4 111.6 113.2
Particulate Total Weight Caught
Cyclone III rinse mg 14.92 5.95 90.14 2.15
Cyclone X rinse ng 6.08 7.14 9.21 4.31
Cannister rinse mg 28.14 6.96 8.96 3.44
Backup filter(s) weight gain mg 3.41 5.19 9.82 4.05
Total mg 52.55 25.24 118.13 13.95
Particulate Emission Rates
Cyclone III dgy microns 3.1 3.2 2.9 3.0
Emiesions < Cyclone III dsg percent 6.5 20.6 8.2 29.0
gr/dscf 0.00048 0.00075 0.00080 0.00034
Cyclone X dgg microns 17.1 17.6 16.6 17.0
Emissions between Cyclone III  percent 81.9 51.1 83.9 40.1
ds5q and Cyclome X dsq b gr/dsck 0.00602 0.00186 0.00814 0.00047
Emissions > Cyclone X dsgq percent 11.6 28.3- 7.8 30.9
gr/dscf 0.00085 0.00103 0.00076 0.00036
Total gr/dsct 0.00735 0.00364 0.00971 0.00118

8petermined during modified EPA Method 5 tests.

bCycloné 111 catch plus cannister rinse equals total particulate between the two
cyclone cutpoints. :
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Comparison of Results

The total particulate catch from each of the three sample trains are
compared in Table 9. 1P emission factors are typically calculated using the
Method 5 total particulate emission rates. The total particulate emission
rate resulting from adding up the catches in the impactors is generally felt
to be unreliable, however, these results do agree with the Method 5 results
more closely than the dual cyclone results. The differences in emission rates
and emission factors between Table 9 and previously shown results is that the
Table 9 results were calculated using only the concentration method. 1In all
previous results, the average of the area method and the concentration method
were used.

The particle size results from the impactor runs 1s compared to the dual
cyclone size results earlier in Figure 11. The dual cyclones do show good
agreement with the impactors at the cyclone cut points. Although the size
fractions agree, as shown in Table 9, the total emission rates are a factor of
two different.

Process Observations

The process observer was in radio contact with the test team during all
tests. A process upset on December 17, 1982 required stopping the tests at
1115 for about 15 minutes. Other routine delays occurred but none lasted more
than 10 minutes and tests were not interrupted. The pouring and cooling line
was probably operating in "well maintained" condition since recent production
cut-backs and shut-downs allowed more down time to be devoted to maintenance.
The types of automotive castings produced during this test program include
transmission parts, brake system parts, and various housings and bores.
Production at the pouring and cooling line was limited by the melting capacity
of the cupola. The cupola produces a maximum of 50 tons per hour of hot metal
which is divided between both north and south lines. This results 1n a
maximum hot metal pouring rate of 25 toms per hour per line. The line is
rated at 125 tons per hour total which means that approximately 100 tons per
hour of sand and cores are processed.

The ratio of hot metal to sand to cores varied on a per job basis. Some
flasks contained no cores and some contained as much as 1 pound of cores for
every 11 pounds of sand. The number of jobs per day varied from one to six
during this program. The number of molds per job varied from less than 25 for
a test set to 2000 molds for the largest job tested. The weight of each flask
also varied, depending on the ratio of its components. The total weight of
the flask contents ranged from 850 to 950 pounds. The hourly hot metal
pouring rates are presented in Table 10. The total quantities of sand, cores
and hot metal passing through the pouring area is presented for each hour in
Table 11. The sand used is a blend of various round grain sands and most of
it is recycled. Cores are made from the same sand and are mixed with either a
chemically set or a heat set resin. The cores break down, are screened for
lumps and recycled into the molding sand.
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TABLE 10. HOURLY HOT METAL POURING RATES,
LYNCHBURG FOUNDRY, LYNCHBURG, VIRGINIA

Hot metal pouring rate

Time 12/16/82 12/17/82 12/18/82
intervale (tons) (tons) (tons)
0600-0700 - 29.13 20.34
0700-0800 21.67 28.95 18.37
0800-0900 23.46 14.00 19.20
0900-1000 22.55 20.25 14.32
1000-1100 18.70 22.40 17.22
1100-1200 23.45 13.10 19.14
1200-1300 13.66 26.02 17.92
1300-1400 9.20 15.31 : 15.49
1400-1500 6.30 16.59 -
Total 138.99 185.75 142.00
Average 17.37 20.64 17.75
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TABLE 11. HOURLY TOTAL PROCESS WEIGHT RATES, LYNCHBURG FOUNDRY,

LYNCHBURG, VIRGINIA

Total weight passing by the pouring area

Average
Time 12/16/82 12/17/82 12/18/82 (2 or 3 days)

interval (1bs) (1bs) (1bs) (1bs)
0600-0700 - - 22,4968 -
0700-0800 41,053b 168,150¢ 259,104 248 ,4384
0800-0900 264,779 248,350 270,840 261,323
0900-1000 254,595 198,198 203,008 218,600
1000-1100 211,082 214,571 243,654 223,102
1100-1200 264,779 125,577 22,5608 220, 3594
1200-1300 207,646 256,609 - 232,127
1300-1400 175,215 235,778 - 205,496
1400-1430 119,848 72,301f - 187, 5144
Total 1,538,997 1,519,534 1,021,662 1,796,959
Averaged 210,927 228,875 252,880 224,620

8pctual time was 0655-0700
bactual time was 0748-0800
CActual time was 0726-0800
dTime weighted average, per hour.
€Actual time was 1100-1105

factual time was 1400-1417
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The hot metal is poured thtough a 5 inch diameter round hole in the top
of the flask as it travels by conveyor past the pouring area. An average of
115 tons per hour of filled flasks entered the cooling room. The average
pouring rate was 19 tons per hour. Emission rates presented thus far are
based only on the metal pouring rate. According to plant personnel, most of
the emissions result from the cores, the second most from the sand and the hot
metal has the least comtribution to the particulate emission rate. Earlier,
Table 6 presented the total particulate emission factors based on each of the
flask components separately. Daily averages are used since a test was
conducted over most of the production day. The production rate values were
determined by counting the flasks on the line passing a point bemeath the
cooling hood.

The flasks enter the cooling room where ambient air is used for cooling.
The conveyor travels back and forth providing the residence time needed to
sufficiently cool the flasks contents. The cooling time required for each
flask is dependent on the ratio of hot metal to sand. This ratio varied from
0.16 to 0.23 during the tests and averaged 0.17 tons hot metal to tons sand.

Visible Emission Observatioms

Visible emission observations of the stacks being tested were conducted
for two l-hour periods with no above zero readings resulting therefore no
6-minute averages were calculable. The only emissions with observeable
opacities were inside the shop, and technically they were not emissions.
Fumes generated by pouring were rated light, 0-25 percent opacity. Fumes
resulting from hot metal ladle transfers were also light. Moderate emissions
(25-50 percent opacity) resulted from the cupola tapping operations.
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where:

Dyy213y = nozzle.diameter measured on a different Jizmeter, mm (in.)
" Tolerance = measure within 0.25 mm (C,C01 in.).

= maximum difference in any two measurements, mr (in.).

Tolerance = 0.1 mm (0.004 in.).
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Page 2 of 2
Revision 1
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where:

Dyyv24v3, = nozzle diameter measured on a different diameter, mm (in.).
Tolerance = measure within 0.25 mm (0.00) in.).

LD = maximum difference in any twc measurenents, mm (in.),
Tolerance = 0.1 mm (0.004 in.).

avg = average of D;, Dy, Dg,

47



»s

Section 2,3.7.!
Page 2 of 2
Ravisior 1

PRETEST NOZZLE CALIBRATION

Andaren Crdons
Date ””L{q( Set No. _ﬁ____ Calibrated by TEIIS;Q"\

Nozzle
. Dy . Dy Dj &D, D
1den§$‘::tion mm, (in.) mm, (in,) @m, (in.) @m, )in.) ave
30 0.\\S oms oNns 0 oNs
3.5 o .34 04 0134 & .13y
S YD ©.150 0.150 o.144 ©.0C! ©.«5C
wg oS on¥s 03y 0 0135
50 085 0.\QS 0.wus c 0195~
Vo 0.335 o3 0-33% 0 0.235
20 : D 2% c. 27k 23S o .00 | 0ars
4.9 0.23¢§ 0.335 0.335 O 0-335"
(00 0 A\ 0.39Y, ©.395  ©.°00 0.394
2.5 O M0 ©N3}O 0130 0 ¢-430
NS 0.g4 €.5e\\ . 5§ C £¢) € SCY
POST-TEST NOZZLE CALT:3RATION
Date Set No. Calibrated ov
where:

Dy,1213+ = nozzle diameter measured on a different diameter, mm (in.).
Tolerance = measure within 0.25 mm (0.001 in.).

AD = maximum difference in any two measurements, mm (in.j,
Tolerance = 0,1 mm (0.004 in.).

Davg = gverage of Dy, Dy, Dj,

——

48



Section 2.3.7.1
Page 2 of 2
R Reyision 1
M5

PRETEST NOZZLE CALIBRATION

Date \\)L?[Oo\ set No. D ____ calibrated “:-’_f!\E?Ek?\.M__,_

Nozzle D b " ~ .
identification o iin ) mm ';ir ) am PN . RN ave
number e e A m, {15, L, L.y
A\PES -~ .
L‘\ O, DAYy DR € €053,
5 0\ T A NAUHY v 6 1S

LY YRR o\&h OA%A ROV R UR
N> NS S N

(O—é, Aok N < e N Lo AU
o\ (HXY LAY, THFL, ¢ N
. e\ e
. IS SO \.-\(- . .\Jb\

X TRCTU s

POST-TEST NOZZLE CALIBRATION

Date

Set No. Calibrated by
where:
Di,341, = Nozile ciameler meisured on oa differomt oo vl O IR
Tolerance = measure within CG.25 mm (G, 00T 0.0,
AD = maximum difference in any two Teasurement:, W0 Ginly,

Tolerance = 0.1 mm (0.004 in,).

avg = average ~f Dy, Do, Ds,

49



wgmenmen  Vpmneinie

-
’

—————— ——gp——

e rpr——

-t .

Section 2.3.7.1
Page 2 of 2
\ﬁﬂ Sr Revision 1

PRETEST NOZZLE CALIBRATION

Date \\\\7‘\\\ Set No. l Calibrated by "S{gk.\

- Nozzle
identification Dli ' Dzi Dzi Ali’ Dyve
number mm, (in.) ln% (in.) mm, (in.) mm, ) n.)
\'\ s \}Y v\)» '0-\)} ¢ Lo\ (R
-5 NP 0:\S) 0 ¢ 053
\ 0Ny oA 087 0o\ C Y
W\ 235 05Y eass  °© ° 57
= " Q-2ah
\-9 Q-0 o0 €0 ° :
- ; 373
. o YA omp  oxp 0%\ LT
~ 0.500 3 _5-00 Cc o] 50C
vy S
POST-TEST NOZZLE CALIBRATION
Date Set No. Calibrated by
where:
Dy,2:3s = nozzle diameter measured on a diffecent “iimstar, mm (in.)

Tolerance = measure within (.25 mm (3,001 1h.).

AD = maximum Jdifference ip any two med:ugenonts , N {irn.).
Tolerance = 0.1 mm (0.004 in.).

D .
avg = average ot D, Dy, D3,

50



Szcrion 2,3.7.1
ape 2 of 2

ﬂl@'“’le(ﬂ .S’ Revision 1

PRETEST NOZZLE CALLERATION

~t

Date [L((7%7V417 Set No. Mégj___m_ Calibrated by:j\ivﬁ:ﬁ.ﬂfx..___.

Nozzle

) . D Do D- AD, wa
idenii;;::tlon me, (in.) mm, (In.)  om, (in.) am, diel) we
o\ 6120 0-\0 13! o0 | cix0
0120 0430 tA\S| ot 0. 130
;—3 _ e.ced 447
c S C.\‘b“f C'\§? G "
5-% ‘ ~ ) «© €95
Q).QSO O-ﬁo Q,D 50
&-\ . ‘ GOt AN
7- I
N {0
3 K . NCEG
S’ . 03;}3
Nze AL \
Y
9‘(0 J (O
6\,\ 0\\°\Q
9_} Q%Q ‘QR \§
POST-TEST NOZZ1L.E CALIBRATIOY
Date Set No. _~~ Calibrated by _
where:
Dyv243y = nozzle diemeter measured on differens ofanet s, e o

\

Tolerance = measure within (.23 = (03,060 iv.0.

AD = maximum difference in any t o measuvemer: ., mm (iv, ).
Tolerance = C.1 mm (0.004 ..},

Davg = average of Dy, D;, D3,
51



o

—~r g

Section 2.3.7.1

POST-TEST NOZZLL CALIBRATICN

Date St Moo Calib e

Page 2 of .2
Revision 1
P PRETEST NOZZLE CALIBRATION
- Date \\hu%\ set No. _ A __ Calibrated by 7 iﬁ{g&‘h
. Nozzle k
! , D . Dy D3 AD, D
ig@:i’gil c:tion " mm, (in.) wm, (in,) om, (in.) mm, )in.) ave
y-\ ony 08> Y 5000 0933
"\.l 0. \6\—\ O\;‘.\ O“.L\ 0 0.15‘41
- o,(ﬂ} o ~\J\‘>‘ C o} .\9\)-
\_\_1’, U-\)\f
4 0350  ea0 o0 o oW
. C.-
w-$ 03X DR oM T o2
w-L 05 TN o T v 053
, SO SRS
€Y NN W

where:

Di112+13: = nozzle diameter measured on a different diameter, mm (in.).
Tolerance = measure within 0.25 mm (0.001 in.).

AD = maximum difference in any two measurements, mm (in.).

Tolerance = 0.1 mm (0.004 in.).

avg = average ~f D, Dy, D3z,
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LONGITUDINAL $=€ 0

TRANSVERSE
TUBE AXIS

_\.AX'_ _

FACE
~*— OPENING —*
PLANES

(a)

A-SIDE PLANE

NOTE:

TUBE AXIS

: { 1.05 Dy < P <1.50 Dy
Pa=Pg

&

B8-SIDE PLANE
(b)

e e

{c)

Figure 2.2. Properly constructed Type S pitot tube, shown
in: (a) end view; face opening planes perpendicular to trans-
verse axis; (b) top view; face opening planes parallel to lon-
gitudinal axis; (c) side view; both legs of equal length and
centerlines coincident, when viewed from both sides. Base-
line coefficient values of 0.84 may be assigned to pitot tubes
cornistructed this way.
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00A

GC 1% Burtington Road
T Bedltord, Mass 01772

A\ Technology Division a7 2755004

To: Steven Gronberg Date: 9 December 1981

From: Marilyn Hoyt

Subject: Analysis of Teflon Filter; GCA Contract 1-618-022

Results of analysis conducted on a sample filter (GCA Control No. 15991}

i{ndicate that the sample contains Teflon. No evidence for other components
was found.

Infrared analysis proved unsuccessful for the submitted sample. The filter
material did not transmit light to a degree that a meaningful spectrum
could be obtained. No suitable solvent for infrared analysis of Teflon

was found.

The sample was therefore analyzed by temperature—programmed low-resolution
mass specgrometry. The major fragment seen from the sample degradation
up to 300°C was that for the monomer of Teflon, CZFL'

Trielope ‘J““‘-yt

Marilyn Hoyt 4

MH/dt

cc: G. T. Hunt
K. T. McGregor
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APPENDIX B-2

FILTER WEIGHING PROCEDURES

A balance log book is kept at each balance and contains operating imstructions
and tolerances for the standard weights as well as a daily log listing use of
balance, standard weights, calibrations, problems, etc. The operator must
sign each time the balance is used.

The filter weight log book remains in the weighing room and all filter
weights are recorded as weighed using the following quidelines:

1.

Before weighing a group of filters, be sure they have been
equilibrated properly by desiccation.

Rule and label columns on enough pages in the appropriate filter
weight log book.

Zero the balance by releasing the pan without dialed in or standard
weights on it.

Place the 100 mg Class S weight on the pan and dial in 0.lg weight.
Release pan and observe readout, recording any variation from zero
balancing. If necessary, adjust zero knob. While pan is released
and weighing, dial off the 0.lg weight and observe that the optical
scale rests at 100 mg.

Weigh a Class S weight in the expected filter weight range and enter
the observed weight in the balance log book with the date, time and
project identification.

Weigh filters--If an unexposed filter differs from other in its
group by 0.1 gram or more, reweigh it. See table below for
acceptable differences between repeat weighings of the same filter;
if that difference is exceeded, reweigh all filters weighed since
the standard weight. See step 8.

At the end of the weighing session, weigh one Class S weight or the
aluminum rod and record observed weight in the balance log book.
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Weighing audit--Plan to reweigh 7 percent of a group of filters (but
not less than 4) 1 to 2 days or more after the original weighing.
The filters should be equilibrated again. If these reweighings
check the original weights within constant weight limits (+0.5 mg)
accept all original weighings in that group as valid. If a
reweighing does not check, reweigh all filters in that group. The
first weight that can be checked is used as the correct weight.

67



APPENDIX C-1

SAMPLE CALCULATIONS FOR TOTAL PARTICULATES
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Facility Job No.

Source

Run

Date

Calc/Review

SAMPLE CALCULATIONS

particulate Isokinetic Sampling

1.

Calculations for stack volume and Isokinetic Ratio

Time Dry Cas Pitot orifice Dry Ggs Stack Stacko
Meter ft3 AP, AH, Temp F static Temp F
in. Hy0 in. H,0 In Out Pressure
in. H20
T ™ AP PM TMI TMO PST TS
1. DN - Nozzle Diameter, inches in.
7. PB = Barometric Pressure, inches Hg in. Hg
4. TT = Net Sampling Time, minutes wmin.
4. VM = VM final - VM initial = Sample Gas Volume, £e3 ge?
4A.VML = Use only if any final or intermediate leak check rate

. ™

. PM

is over 0.02 cfm

LI = Leak rate after any given sampling period, cfm
TLI = Total time of sampling period in which leak occurred, min.
vML = VM - [(L1 - 0.02) TL1 4 (L2 - 0.02) TL2 + (L3 - 0.02) TL3 +
L4 + 0.02) TLA]
= ( )y - (( - 0.02)( )+( - 0.02)C )+( - 0.02)
( )+ ( - 0.02)( )|
= ( y - )+( )+( )+( )
= ( ) - ) - £r 3
= Average Dry Gas Temperature at Meter,oF
™ = Avg. TMI ; Avg. TMO . og
= Average Orifice Pressure Drop, inches Hy0
pM = Avg. O H -t 13.6 = — in.Hg

. Volume of dry gas sampled at standard conditions,a dscf

vMSTD = 528 (Y)(VM)(PB + PM )
13.6/ Y = dry gas meter

79.97 (TM + 460) calibration factor
. 528 ( )( ) ( ) o £t 3
29.92 (
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10.

11.

12.

12A.

13.

14.

15.

Job No.
Run No.

_ VW = Total Water Collected = gm H;0 Silica gel + ml Imp. Hy0 = ml

( ) + ( ) =
. Volume of water vapor at standard conditions, scf
VW gas = 0.04715 x VW = scf = 0.04715 ( ) = f£e3
Percent moisture in stack gas
_ 100 x VW gas 100 ( ) « ) o
*M"YMSTD + VW gas  ( ) + ( ) )
= %
Mole fraction of dry gas
_ 100 - %M _ 100 - ( ) .
Hp 100 100
Molecular weight of dry stack gas
; _h 32 28
MWD = (%CO, 100) + (%0, * 755 * ﬁ;co + AN,) x 100]
= ( x 0.44) + ( x 0.32) + ( x 0.28)
= ( ) + ( ) + ( ) = 1b/1b mole dry
- : [(x 0, - 0.5 (%c0)] x 100
AEA = % Excess Alr |(0.264z§N25] =(% 0,)+ 0.5% (CO)
- ( - ) x 100
{(o.264 ( D) IR Y + 0.5 ( )
- ( ) x 100 - %
( ) -« ) + ( )
Molecular weight of wet stack gas
MW = MWD x MD + 18 (1 - MD)
= ( ) ( ) + 18(1 - )
= ( ) + ( ) = 1b/1b mole wet

AS = Stack Area, square inches

2
Stack (
Circular, = diameterj -\ 5 T = sq. 1n.

2
Rectangular, = Length X width=( )(

) = sq. in.

PS = Stack Pressure, absolute, inches Hg = PB * AV PST

PST = Stack static pressure
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Job No.

Run No.
. o PST in. Ho0 - in. Hg
PST in. Hg 13.6 13.6
PS = PB + Avg. PST = ( ) ( ) = in. Hg
16. TS = Average Stack Temperature, °F + 460 = °r
- =
TS = Average TS v’TSAv + 460
. ey = ( ) ( ) = ———
17. SDE,, (/KF)Av x /TS, + 460)
18. Stack gas velocity at stack conditions, afpm
(e) 1 k Cp = pitot tube
Vs = 5130 x Cp x Avg. (SDE) “[$§‘§'ﬁﬁ] = afpm coefficient
= 1 = afpn
5130 x ( ) x ( ) x[( i )] .
19. Stack gas volumetric flow rate at standard conditions,c dscfm
Q =328 VS X AS X MDXBS _
s (29.92)(144)(TS + 460) sctm
- 528 ( ) x ( ) x ( ) x ( ) o
79.92 x 144 ( ) — decim
20. Stack gas volumetric flow rate at stack conditions, acfmd
- 29.92 x Qs (TS + 460) = acfm
(528) (ps) (MD)
29.92 ( )( )
- - f
528 )] ) acim
21. Percent isokinetics
7 1« 1.039'F) x (15 + 460) x vMsTD

VS x TT x PS x MD x (DN)<

aDry standard cubic feet at 68°F (528R) and 29.92 in. Hg.
bsrandard conditions at 68°F (528R) and 29.92 in. Hg.
CDry standard cubic feet per minute at 68°F (528) and 29.92 in. Hg.

dActual cubic feet per minute

€130 = 85.5 ft [(lb/lb mole)(in. Hgl]k x 60 sec/min

sec ("R)(in. H20)
f _29.92 in, Hg 144 in.?2 4
1039 = S x = x 100

fr?
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Run No.
- 1,039 x ¢ ) x ¢ )
(@ ) x ) x ( ) x ( ) x ( )<
= %
II. Calculations for grain loading and emission rates
22. Particulate, gr/dscf
- mg _ 0.0154 ( ) o gr/dscf
gr/dscf = 0.0154 * woa =< y
23. Particulate at stack conditions, gr/acf
c/acf = 528 x gr/dscf x PS x MD
g 59.97 (TS + 460)
L 528 ( ) x ( ) x ( ) . gr/act
29,92 ( )
24. Particulate, lb/hr conc. method
. 60 min/br x gr/dscf x QS _ 60 min/hr
1b/hr 3000 gr/1b 7000 gr/1b * . ) x ( )
= 1b/hr
25. Particulate lb/hr area method = 0.132 g pa;§1;ulate X AS
2
_0.132 x ( ) x ( ) . . 1b/br
n( 3 32 x ( )
1b/hr area x 100 _ ( ) -
26. —T%/hr conc. ( y wo=__ _ *I
27. Particulate combustion 1b/10% Btu heat input method
1b/hr = avg. of area and conc. method =
10 Btu from fuel flow, steam generation or heat rate =
ib/hr  _ ) . 16/10° Btu
10° Btu hr ( )
28. 1b/10°% Btu F Factor method =
20.9
gr/dscf ‘ 20.9 - ‘ .
=566 * F " 109 - % 06;) ~ 7000 ¢ ) * 170.9 -
(20.9) .
= oo0 " ¢ ) *¢ )
1b/10°% Btu
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29.

29.

30.

31.

32.

33.

Job No.
Run No.

Density of stack gas

ft3 in Hg

R = 21.85 15 mol °R

Density of stack gas

a. Wet at stack condition = MW 1b/1b mol/(21.85 x(EiJLﬁégﬂ

PS
- ( )/[21.85 x %-———%] - ( )/( ) = 1b/fed
wet
b. Dry at 68°F (528R) and 29.92 in. Hg = MWD/385.6
= ( )/385.6 = 1b/ft3
dry

Exhaust gas flow rate
a. 1b/hr dry = QS x 60 x density dry
FRS = ( ) x 60 x ( ) = 1b/hr

b. 1b/hr wet = QA x 60 x density wet

FRA = ( ) x 60 x ( ) = 1b/hr
gr/dscf at 12% CO, = gr/dscf x 21%6;
- ( ) % 7 12 s gr/dscf
gr/dscf at 50% excess air = lggigagé x gr/dscf
¢ 153 + 100 , ) = r/dscE

1b pollutant/1000 1b flue gas at 12% CO,
o 1b pollutant/hr 12

wet or dry TRA or FRE . % co, 1000
( ) 12
t 5 7 5 * 1000
- 1b/1000 1b
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APPENDIX C-2

CASCADE IMPACTOR DATA REDUCTION EXAMPLE CALCULATIONS

The field sampling and laboratory analysis data are reduced by an
interactive computer program recently developed by RTI. The Particulate Data
Reduction and Entry System (PADRE) prompts the user for input of the following

parameters:
TEST 1D RUN TYPE
TEST DATE GAS COMPOSITION (percent COg, etc.)
TEST COMMENTS PERCENT WATER VAPOR
PARTICLE DENSITY AMBIENT PRESSURE
RUN COMMENTS STACK PRESSURE
RUN DATE STACK TEMPERATURE
STACK TIME IMPACTOR TEMPERATURE
RUN DURATION MAXIMUM PARTICLE DIAMETER
CYCLONE CUT POINT IMPACTOR MAKE/MODEL NO.

PRE AND POST WEIGHTS OF EACH SUBSTRATE

The program calculates results using equations that are fully documented
in the Southern Research publication EPA 600/7-78-042, March 1978 describing
the "Computer Based Cascade Impactor Data Reduction System (CIDRS). PADRE is
identical to CIDRS with the following exceptions:

1.

GCas Composition—-—-PADRE prints the dry gas composition, which is what

users enter. With CIDRS, users enter the dry gas composition, but
the wet gas composition is printed.

Treatment of Stage Masses--PADRE deletes from analysis the mass
collected on any stage with a cutpoint less than 40 percent smaller
than the preceding stage. It also deletes the first stages if their
cutpoint is greater than or nearly equal to the cyclone cutpoint.
This feature prevents the production of artificial steps in the size
distribution curve.
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3. Treatment of Backup Filter—--PADRE allows for the treatments of the
backup filter gain. 1f the filter has collected large particles due
to bounce or reentrainment, the mass is dropped rom the analysis
and replaced with half the mass collected on th: ast impaction
stage. Otherwise 100 percent of the filter gai .s used in

calculations.

4. Interpolated Values at Standard Diameters--Thi .s an addition,
available only with PADRE, to facilitate compa ison of different
runs. The differential and cumulative mass di;tribution values are
interpolated and printed for a set of standarc clameters. The new
version of PADRE uses a finite difference int rholation algorithm
instead of the SPLINE routine used in CIDRS.

Once PADRE has determined the standard particle s- z distribution, the
resulting percentages are multipled by the respective 10 al particulate
emiscion rate.

Example:

E = Pouring total emission rate = grains dscf

Rg5g = Pouring size results = cumulative % n-ss <d50

for pouring emissions,

P15 = 0.019 grains x 65% <15 microns = C (.2 grains <15 microns
dscf 100 dscf
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APPENDIX C-3

DUAL CYCLONE EXAMPLE CALCULATIONS

1. Data Sources

a. The following data is obtained as part of each dual cyclone rumn:

Vi = Volume of gas sampled, dry gas meter conditions, acf
TT = Total sampling time, minutes

Ty = Average dry gas meter temperature, °F

y = Dry gas meter accuracy factor

Ogp = Dry gas meter static pressure, inches Hg

b. The following data is obtained from the corresponding total
particulate run.

Tg = Average stack gas temperature, °F

M = Stack gas moisture content, percent

Pg = Stack gas absolute pressure, inches Hg
Pgt = Static stack gas pressure, inches Hg
Pg = Barometric pressure.

2. Preliminary Calculations

a. Cyclone flow rate, acfm

Qe = U (M) (_Pn)
™ + 460) \ Pg

= dry gas flow rate = WMgyq/TT;

€

®
]
®

£
I

=
1]

absolute meter pressure = Pg-Ogp

Pg = absolute stack pressure = Pg+PgT
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b. Stack gas viscosity, micropoise
= 174.4 + 0.406 Tg (°c)

3. Cyclone Cut Points

a. Cyclone III cut size, d5g = [0.024 - 3.09] Qpc -0.8
b. Cyclone X cut size, dgg in microns
cal

Q
X d50 = 15 Q

act
where Qcq1 = 105 log v - 225 (in lpm)
Qace (1pm) = Qqct (acfm) x 28.32 (1/cf)

4, Emission Rates

a. Concentration

C = total catch (grains) x __1
VMgrq

where C = emission rate in grains/dscf
Wgiq = total volume sampled in dscf.

cyrr = backup filter net weights (grains) x C
total catch (grains)

Ciyi-x = cyclone III catch + cannister rinse residﬁe (grains) x C
total catch (grains)

o
"
"

cyclone X catch (grains) x C
total catch (grains)

b. Weight rate

E, = Cx X Qg x 0.00857

where E = emission rate in lb/hr.

X one of three size fractions

Qs -

= gtack gas volumetric flow rate determined by EPA method 5 tests,
dscfm

0.00857 = conversion factor,

1l gram x 1 1b X 60 min
15.43 grains 453.6 grams hr
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c. Emission factor

Py = Egx x 1
PWR

where py = one of three size specific emission factors, 1b/ton poured

PWR = process weight rate - tons of sand, cores and hot metal
poured/hour.
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1.

APPENDIX C-4

THEORETICAL MOISTURE CALCULATION

Given:

RH = Relative humidity, percent
T, = Ambient temperature, °F
P, = Ambient pressure, in. Hg

E = Vapor pressure of water at a specific T, from a vapor pressure
table, in. Hg

Wgeq = Volume of stack gas samples

K = constant, ratio of volume of water vapor to volume of condensed
water vapor.

Weight or volume of water that should have been caught in the impingers,
grams,

™

= R E' x 100 std 1
100 PA 100 K
example, Day 1
RH = 59.9 percent Py = 29.89 in. Hg
Ty = 66°F E' = 0.6442 in. Hg
Wgeg = 187,658 dscf
K = 0.04715
W= 59.9 0.6442 x 100) x 187.658 x 1 = 51 gram
100 29.89 100 0.04715 grams
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TABLE C-4.1.

VAPOR PRESSURES OF WATER AT SATURAT ION*
(Inches of Mercury)

Temp.
Deg.F.

—30
—10

0
10
20
30
40

50
60
70
80
80

100
110
120
130
140

150
160
170
180
180

200
210
220
230
240

250
260
270
280
2900

300
310
320
330
340

350
360
370
380
390
400

sMethods for Determination

.0136
. 0222
. 03178

. 03178
.0831
. 1025
. 1647
. 2478

. 3628

.9

218

.7302

1,
.422

.932
. 586
. 446
.535
. 881

. 569
.852

1

© =1 o W

032

12.20
15.2¢8

lq.Ol
23.47
28.75
35.00
42,31
50,84

60.72
72.13
85.22
100. 2
117.2

136.4
158.2
182.8
209.8
240.3

274.1
311.6
353.0
398.6
448.6
503.6

1

Jo119
., 0209
.0358

.03938
. 0660
. 1080
L1716
.2576

. 3764
. 5407
L7648
1.0886
1.467

1.982
3.672
3.543
4.647
6.034

7.759
9. 885
12.48
15.63
19, 42

23.96
29. 33
35.68
43.11
51.76

61.79
74.36
86.63
101.8
118.0

138.5
160.5
185.2
212.7
243.5

277.1
315.5
357.4
403.4
453.9
509.3

of Velocity, Volume, Dust,

.0112
.0198
. 0339

. 0417
. 0696
. 1127
. 1803
. 2677

. 3006
. 5601
L7912
1.102
1.513

2.052
2.749
3.642
4.772
6.190

7.852
10,12
12.717
15.08
19.84

24.46
29,902
36. 37
43.92
52.70

62,88
74.61
88.06
103.4
120.8

140. 6
162. 8
187.8
215.6
246.8

281.3
319.5
361.8
408.2
459.2
515.1

3

.0108
.0187
.0324

. 0463
.0728
. 1186
. 1878
.2782

. 4062
. 5802
. 8183
1. 138
1.561

2.114
2. R29
3.744
4. 000
6. 350

8. 150
10. 36
13.07
16. 34
20. 27

24.97
30.52
37.07
44.74
53.85

63.98
75,88
89.51
105.0
122.

1
142.7
165.
190.
218.
250,

D S

284.9
323.5
366.2
413.1
464.6
521.0

4

L0
.0176
. 0306

. 0441
.0768
. 1248
. 19585
.2881

. 4203
. 6009
. B462
1. 175
1.610

2,178
2.911
3.848
5.031
6.513

8.351
10. 61
13. 37
16,70
20.70

25. 48
31.13
37.78
45. 57
54,62

69. 10
77.17
00.97
106.17
124.6

144.8
167.6
193.1
221.6
253.4

288.6
327.6
370.7
418.1
470.0
526.9

5 8

7

.ouus . 0084, . 0084

L0168 .0158
.0289 0275

.0489 ,0517
L0810 .0846
. 1302 . 1370
.2035 .2118
. 3004 .3120

L4359 . 4520
.6222 .6442
.8750 .9046
.213 1.253
.660 1.712

i

1

2.243 2.310
2.995 3.081
3.954 4.0863
5,165 5.302
6.680 6.850

8.557 8.767
10.86 11.12
13.67 13.98
17.07 17.44
21,14 21.50

26.00 26.53
31.75 32.38
38.50 39.24
46.41 47.37
55.60 56.60

66.23 67.38
78.46 179.78
92.45 93.96
108.4 110.1
126,5 128.4

147.0 149.2
o 172.5
8 198.5
6 227.7
7 260.1
292,3 296.1
7 335.9
2 3719.8
1 428.1
5 481.0
9 538.9

.0

150

. 0259

.0
.0
.1
.2
.3

.4
.8
.9

11
13
15
17
20
23
26

29
34
38
43
48
54

WP-50, Western Precipitation Corp.,

80

and Mist Contcnt of Gases,

Los Angeles, Calif.

541
892
429

203 .

240

586
669
352

.293
. 785

. 379
. 169
. 174
. 442
.024

.981
11.
14.
17.
22.

27.
33.
39.
48.
57.

68.
81.
95,

38
30
82
05

07
02
99
14
61

54
11
49
1.8
0.4

1.4
5.0
1.3
0.8
3.6

8.8
0.1
4.4
.l
6,6
5.0

. 0080

.0
.0

.0

142
247

571

.0932

A
.2
.3

.4
.6
.9
1.
1.

PR I P

9.

11,
14,
18.
22.
27.
33.
40.
48.
58.

89.
82.
917.

11
13

15
17
20
23
26

30

502
292
364
85h8
903
666
335
819

. 449
. 359
. 289
. 585
. 202

200
65
62
2!
52

62
87
15
03
63

12
46
03
3.6
2.4

3.6
7.5
4.1
3.9
7.1

3.8

344.4
389-1
438.2

49

2.2

551.1

.0075
.0134
.0233

. 0598
.0982
. 1567
.2383
. 3493

. 5035
.T144
. 0089
L3718
. 875

.521—
351
. 406
.732
. 384

0. 424
11.92
14. 96
18.61
22.98

28.18
34.33
41,52
49.93
58. 67

70.02
83.83
98,61
115. 4
134.4

155.8
180.0
208.9
2317.1
270.6

307.17
348.7
393.8

B N R

443.4

497.9
657.3

Bulletin



APPENDIX D-1

TOTAL PARTICULATE (MODIFIED EPA METHOD 5) FIELD DATA SHEETS
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APPENDIX F-1

TOTAL PARTICULATE ANALYSES REPORT SHEETS
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GCA/TECHNOLOGY DIVISION

SOURCE PARTICULATE SAMPLING
TRAIN ASSEMBLY, RECOVERY AND ANALYTICAL REPORT SHEET

Run Date: /2/// é/h
Run No.:i__ [ =~ P}

Sample Box No.: 1.; I?O

operator: (BLAL/Dria

Client: /Idﬁ /L‘f L 4 ,‘I’gt'l? C

W. 0. No.: ! /‘6/.?‘07—2,

Plant: HKC HER Rt €~

Sampling Location: P“/

ERONT HALF

Nozzle and Probe (Cyclone Bypass)=-Acetone Wash,
Cyclone and Flask-Acetone Wash
Lab No.

Thimble No. Waight Resulte

mg

ng

¥ilter No. Weight Results

M ’3/ é\ 3] =
m_:?_._ S _Ls_z-_?___ms

Lab No.

BACK HALF

Impinger WATER and Water Wash of Impingere
Connectors and Back Half of Filter Holder

Lab No.:

ACETONE WASH of
1mpinger, Connsctors and Back Half of
Filter Holder

Laboratory Results

Lab No.:B‘Z’ & ____ Residue £2 ? ‘Ldg ng

—

Lab No.:

Thimble particulate weight

Residue — ng

Pilter particulate weight

FRONT HALF Sub Total

Collected on 0.221 Filter

Chloroform-sther Extract

Aqueous Residue

Residue

BACK HALF Sud Total

TOTAL WEIGHT (Pront & Back)

Lab No.:
TOTAL TRAIN
MDISTURE -
Impingers: %

L, I=t=

/ /786
e )0

fina! Volume Total

Initial Volume Total

8

Net Volume

Silica Gel

Weight after test: 306,5

Weight before test: QM;S-Z

Yo

Net Weight:

Container No.: 1.‘ ‘E l 2 3.

Y0 . 6

TOTAL NET WEIGHT-Silica Gel

,—’[0

NET VOLUME-Impingers

ul

1+ 0.6

TOTAL MOISTURE

LAB: DATE RECEIVED

DATEZ REPORTED

r y 3
Train Asssmbled by: / M

Canm g

Sample Recovered by=/ gf?AZ[A‘

Mo

Sanple Analyzed by:

L . §£>R<D.5<t A')
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GCA/TECHNOLOGY DIVISION

SOURCE PARTICULATE SAMPLING
TRAIN ASSEMBLY, RECOVERY AND ANALYTICAL REPORT SHEET

citent: CPA LY 2B U S
(21 e

ARHIR \OCE iy .

L

Sampling Location: |

Run Late: "L/ /( /;)II
14 7T 7

Run No.: j*— P A

Sample Box No.: )S S a

operator: /) C/Ae ¢

W. 0, No.:

KU'J'

Plant:

Laboratory Results

ERONT HALF

Nozele and Probe (Cyclone Bypass)-Acetone Wash, Lad No.: ,3 158 Residue 55:‘ ng
Cyelone and Flask~Acetone Wash Lab No.: Residue ng
Thimble No. Lab No. Weight Results
mg
mg
mg
mg Thimble particulate weight - ng
Filter No. Lab No. Weight Results

M27% (FRem Frep DAFA 5ACCH)
L HYS =

LYYS o
/6. Y75 u

mg Filter particulate weight

FRONT HALF Sub Totamli

BACK HALF

Impinger WATER and Water Wash of Impingers
Connectors and Back Half of Filter Holder

Collected on 0.22. Fiiter ng

Chloroform-ether Extract g
Lab No.:
Aqueous Residue - ng
ACETONE WASH of -
Impinger, Connsctora and Back Half of Residue ng
Filter Holde ——
r Holder BACK HALF Sub Total .
Lab No.:
TOTAL TRAIN TOTAL WEIGHT (Front & Back) /L A4 TS ng
Impingere: £ Silica Gel
Weight after test: ;3 H.J,

Weight before test: ,_24&.'7

¥, 9

| B

Net Weight:

Container No.:

Final Volume Total

23Y

1./—/‘;2. 2. 3 4.

C
-y TOTAL NET WEIGHT-Silica Cel \/ 4’ } i

Initlal Volume Total jC‘-f:) v
NET VOLUME-Impingere — é: G Ci al

Net Volume -— 6‘9 ,
TOTAL NOISTURE — 2 | =

Comments:

LAB: DATE RECEIVED

DATE REPORTED

Train Assembled by: CRL v3eX &

Sample Recovared by: Al ((5\43 =

182 Sample Analyzed by:

SCR N San




GCA/TECHNOLOGY DIVISION

SOURCE PARTICULATE SAMPLING
TRAIN ASSEMBLY, RECOVERY AND ANALYTICAL REPORT SHEET

Run Date: : "‘ \LJ'

Client: ZP‘-’-)’/L YnC HB 2R G

Run No.:_L_: P y _3

W. 0. No.i__ | =& 1§ -eL2

Sample Box %o %L?‘

Plant: 42 193¢ CREE

Operator:_ \’ A \1’

0 3 >
Sampling Location: pQuK\NQ -3 e - Y

ERONT HALS

Laboratory Results

Nozzle an: Probe (Cyclone Bypass)-Acetone Wash, lLab No.: B' 2"' 3 Renidue 55 M { ? ng

Cyclone sad Flask-Acetone Wash Lab No.: Residue - ng
Thimble No. Lab No. Weight Reeults
—— mg
—_—— mg
— ng —
ng Thimble particulate weight ng
Pilte: No. Lab No. Weight Results
o g
./V N | [D.C =
—— e — mg
- ng Filter particulate weight }Q : O ug
FRONT HALF Sub Total 67‘. ( q ug
¥ 7
S,
Imp.nger WATER and Water Wash of Impingers Collected on 0.22u Filter ag
C.nr ectors and Bsck Half of Pilter Holder .
Chloroform-ether Extract ) ng
Lab No.:
Aqueous Residua ng
A T NE WASH of -
It inger, Connectors and Back Balf of Residue L
; SN
F-iter Holder BACK HALF Sub Total =
Lab No.: )
SJ1-L TRAIN TOTAL WEIGHT (Front & Back) SN q
af ngers: 1 5(-) Silica Gel
/5 e s 320l
)O Weight after test: Z’t
Weight before test: ()?éZ : 3
Net Weight: 5'4/3
Containar No.: 1. I ‘P‘3 2. 3. 4.
F 1al Volume Total
] - TOTAL NET WEIGHT-Silica Gal S 45 i .
I it1al Volume Total | 5_(_) Q
NET VOLUME-Impingers — 08 al
t st Volume
TOTAL MOISTURE —~153.7) g
omments:

WAB: DATE RECEIVED

DATE REPORTED

Train Assembled by: \l P‘\{

\J A%
Semple Recovered by: bt

183 Sample Analysed by: <6M\




GCA/TECHNOLOGY DIVISION

SOURCE PARTICULATE SAMPLING T

TRAIN ASSEMBLY, RRCOVERY AND ANALYTICAL REPORT SHEET

Run Date: }2.- I_IW\S!
Run No.: H#) .(__-'I

Sample Box No.: a ' }&D

Operator: L) Y \ /A \1/

Client: F-P(Q /R T’F

W. 0. No.: l & '{ 8" D?;\
Plant: I\/ i £ /, 6Jr‘:‘

Sampling Location: C. = !

1
~ 7
ERONT HALF

Rozzle and Probe (Cyclone Bypass)-Acetone Wash,

Laboratory Results

Lab No.: @j 2(07 Residue ,55\2\ 2 ng

—

Cyelone and Flask-Acetone Wash Lab No.: Residue ag
Thimble No. _ Lab No.  Weight Results
mg
ng
ng
e ———
ng Thimble particulate weight ng
Filter No. _ Lab No.  Weight Results
M- gg o2 \ A ng
ng
ng
ng Filter particulate weight & M é’ ng
FRONT RALF Sub Total 3 X‘3 7 ng
BACK HALF -
Impinger WATER and Water Wash of Impingers Collected on 0.22u Filter ng
Connectors and Back Half of Filter Holder —
Chloroform-ether Extract ng
Lab No.:
Aqueous Residue g
ACETONE WASH of
Impinger, Connectors and Back Half of Residue L
Filter Holder BACK HALF Sub Total -
Lab No.:
TOTAL TRAIN TOTAL WEIGHT (Fromt & Back) 3% '37
7
Impingers: 2 i Silica Gel
16‘0 Weight after test: 307‘ 8
Weight bafore test: MB 9\
d
Net Weight:
Containar No.: 1. 2. 3. 4.
Final Volume Total / 2 2 LLS
. TOTAL NET WEIGHT-Silica Gal s
Initial Volume Total ;0(’) ‘V\l a ’
NET VOLUME-Impingers ! — al
Net Volume - él
TOTAL MOISTURE é :\ g
[o! tes

LAB: DATE RECEIVED

DATE REPORTED

Train Assembled by: \J A\(

_ Sample Recovered by: VA\)\

184 Sample Analyzed by: 5 OQQN SQA)




GCA/TECRNOLOGY DIVISION

SOURCE PARTICULATE SAMPLING
TRAIN ASBEMBLY, RRCOVERY AND ANALYTICAL REPORT SHEET

Run Date: / yd

Run No.: ‘&"C— Z-

Sample Box No.: Q I go

Operator:_ /o KrPLs 2VD

' -~
Client: -

1 7
W. 0. No.: /——4/&‘0 2

Plant: Aw Cm
C-2.

Sampling Location:

ERONT HALF

Nozxle and Proﬁc (Cyclone Bypass)-Acetone Wash,
e

*t'vu_
Cyelone and Flsek-Acetone Wash

]:.‘t ‘Lab No. Weight Resulte
: mg

mg

Fileer No.

T

Lab No. Weight Results

[0\57 ug

mg

BACK HALF

Impinger WATER and Water Wash of Impingers
Connectors and Back Half of Filter Holder

Lab No.:

ACETONE WABH of
lmpinger, Connsctors and Back Half of
Filter Holder

Lab No.:

TOTAL TRAIN

MDISTURE

Impingers:

3‘*;‘3

Fina! Volume Total & ‘ 5

Inftial Volume Total O"D

;

Net Volume

Laboratory Results

Lab No.: : ?)0 Residua ; 2 N 0—3 ng
Lab No.: Residue - ng
Thimble particulate weight ug

Filter particulate weight

FRONT HALF Sub Total

Collected on 0.22u Filter T ag
—

Chloroform-ether Extract ng
T ——

Aquecus Residus g

E——
Residue ng
BACK HALF Sud Total ag

TOTAL WEIGKT (Front & Back)

Silica Cel

Weight after test: ill '.S
-
Weight before test: %_

/ () Net Weight:

4s.c
Container No.: 1. ‘A' 2. 3. 4.
TOTAL NET WEIGHT~Silica Gel 45 < O _j=
NET VOLUME-Impingers = 3 5.0 al
TOTAL MOISTURE [ D D =

'-35

LAB: DATE RECEIVED

DATE REPORTED

185

Train Assembled by: Gq;a" N (\)0

Sample Recovered by: 6@&$
SorINOA

Sample Analysad by:




GCA/TECHNOLOGY DIVISION

SOURCE PARTICULATE SAMPLING
TRAIN ASBEMBLY, RECOVERY AND ANALYTICAL REPORT SHEET

Run Date: I’]/ /7,/ f;’/
Run No.:% 3

PS50

Semple Box WNo.:

M ABE

Operator:

Client: Z‘Pﬁ,/ﬂ &
W, 0. No.: /‘élk’ O?’Z
vrant:_i YA CH BLAC
Sampling Location: ROt

ERONT HALE

Norzle and Probe (Cyclone Bypass)-Acetone Wash,
Cyclone and Flask-Acetone Wash
Thimble No.

Lap No. Weight Resulte

Filter No.

M= 2L

__Lab No.  Weight Results

=30 =

mg

BACK HALF

Impinger WATER and Water Wash of Impingers
Connectors and Back Half of Filter Holder

Lab No.:

ACETONE WASH of
Impinger, Connsctors and Back Half of
Filter Holder

Lab No.:
TOTAL TRAIN
MISTURE
Impingers:

1§

Final Volume Total

23S

Initial Volume Total 2 oo

Net Volume

TOTAL NET WEIGHT-Silica Gel

NET VOLUME-Impingers

;

¥RONT HALF Sub Total

Weight after test:

Weight before test: 2 Z-’ _Q

Net Weight:

TOTAL MOISTURE

Laboratory Resulte

Lad No.: 62% Residue tS 2‘: ag

i,

Lab Noc.: Residue ng
Thisble particulate weight ug
Filter particulate weight 3 O ng

}3\7é= ug

—
Collected on 0.22u Filter ng
Chloroform-ether Extract - ng
Aquecus Residus _ g
Residue — ng

BACK HALF Sub Total — =

TOTAL WEIGHT (Fromt & Back)

Silica Gel

Y. 5

Y52

Container No.: 1. 2. 3. &,

I
4t
L

LAB: DATE RECEIVED

DATE REPORTED

186

Train Assembled by:

Sample Recovered by:

Sample Analyzad by:




GCA/TECHROLOGY DIVISION

SOURCE PARTICULATE SAMPLING
TBAIN ASSEMBLY, RECOVERY AND ANALYTICAL REPORT SHEET

Run Date: [2. ‘—I S)_ 8)/

\‘{ V\(,L\é\, ./‘j

Client:
Run No.: 2 -] W. 0. No.:
Sample Box k.:_zis ? Plant: l}lh (_L\é\dﬁ
Operator: ']Q'e LM:/ Sampling Location: /e L\'I" /
N/ 7
M Laboratory Results

Norzle and Probe (Cyclone Bypass)-Acetone Wash,

Cyeclone and Flask-Acetone Wash

Thimble No. Lab No. Weight Resultes
L
mg
ng
mg

Filter No. Lab No. Weight Resulta

'\3’ =g

M-33

mg

nmg

BACK HALE

Impinger WATER and Water Wash of Impingers
Connectors and Back Half of Filter Holder

Lab No.:

ACETONE WASH of
Impinger, Connectors and Back Half of
Filter Holder

Lab No.:

TOTAL TRAIN

MOLSTURE

Impingers:

&

Final Volume Total / & s

Initial Volume Total «9“70 MI

Net Volume

;

Weight before test:

Neat Weight:

TOTAL NET WEICHT-Silica Gel
NET VOLUME-Impingers

TOTAL MOISTURE

Lab Ro.: ﬁ" 75

Ladb No.:

Residue C;) 4:_;,-3 ag

Residue ng

Thimble particulate weight g

Filter particulate weight

FRONT RALF Sub Total

—
Collected on 0.22u Filter ng
—
Chloroform—ether Extract ng
Aquecus Residus - ng
Residue ng
BACK HALF Subd Total - g

A6 13

TOTAL WEIGHT (Front & Back)

Silica Gel

Weight after test:

262.2

e

Containar No.: 1. 2. 3. 4,

3¢e.9 e
-35 al

(-

LAB: DATE RECEIVED

DATE REPORTED

187

VAY
V A
SORTWIS A

Train Assembled by:

Samplas Recovered by:

Sample Anslyzed by:




GCA/TECHNOLOGY DIVISION

SOURCE PARTICULATE SAMPLING
TRAIN ASSEMBLY, RECOVERY AND ANALYTICAL REPORT SHEET

o vaeed 2/ 2 6/ G

Run No.:3.“ (./ 3

Semple Box No.: ’166 <

Operator: M(- CA/\? d

Client: fp& /R Tf

W. 0. No.: I~é( 6‘" (‘2?

Plant: /_,’Vf’(,/la (//\). g

Sampling Locstion: (R

ERONT HALE

Nozxzle and Probe (Cyclone Bypass)-Acetone Wash,

Laboratory Results

Lab No.: g"?)

Residue Jo‘ ‘K ng

Cyelone and Flask-Acstone Wash Lab No.: Residue ng
Thimble No. Lab No. Weight Results
mg
ng
mg
o
ng Thimble particulate weight ag
Filter No. Lab No. !._1‘5&_.-_@51
M-25 — A C7
mg
mg
.——Q \ L 7
ng Filter particulate weight
FRONT HALF Sub Total l 7‘ 7 q ng
ey
Impinger WATER and Water Wash of Impingers Collected on 0.22u Filter ag
Connectors and Back Half of Pilter Holder
Chloroform-ether Extract ng
Lab No.:
Aqueous Residus . ng
ACETONE WASH of
lmpinger, Connectors and Back Half of Residue g
Filter Holder —
BACK HALF Sub Total ag
Lab No.: / .7
TOTAL TRAIN TOTAL WEIGHT (Front & Back) . 7 ﬁ n
Impingers: 2 Q/V\/ Silica Gel
Weight after test:
Weight before test: M_‘)
Net Weight:
sg 4 ’ Container No.: 1. 2. 3. 4,
Final Volume Totsl W
N d TOTAL NET WEICHT-Silice Gael 4 l [ ’ s
Initial Volume Total w M
NET VOLUME-Impingers =13 ul
Net Volume “‘/ &
TOTAL MOISTURE - XK ~q ]
T

LAB: DATE RECEIVED

DATE REPORTED

188 saaple Analysed by:

MCCARE

Train Assembled by:

M < AT

Sample Recovered by:

SArIP M




GCA/TECRNOLOGY DIVISION

SOURCE PARTICULATE SAMPLING
TRAIN ASSEMBLY, RECOVERY AND ANALYTICAL REPORT SHEET

Run Date:_/ l [/ 5 /5

2 P33

Run No.:
Sample Box No.: 2 / !O
Oparator:_Galp2 /Owits

Client: ;ﬂﬂ

W, 0. No.:

mn::_.é_;ud_é-ﬂgg_sé«_m% A,

ld
Sampling Location:_.S 7232/< 23

ERONT HALF

Nozzle and Probe (Cyclone Bypass)-Acetone Wash,
Cyelone and Plask-Acetone Wash

Thimble No. Lab No.

Weight Results

ng

og

Filter No. Lab No.

M-32,

Weight Results
5.5 7 g

ng

ng

ng

Laboratory Rasults

Lad No.: B ’73 Residue c;27 L Sé / ng

Lab No.: - ng

Residue

Thimble particulate weight g

5. 57 -
329X

Filter particulate weight

FRONT HALF Sub Total

—
Impinger WATER and Water Wash of Impingers Collected on 0.22u Filter ng
Connectors and Back Half of Pilter Holder
Chloroform-ather Extract ag
Lab No.: I
Aqueous Residue ng
ACETONE WASH of : ‘
Impinger, Connectors and Back Helf of Residue "8
Filter Hold —
er folder BACK HALF Sub Total Y]
Lab No.:
TOTAL TRAIN TOTAL WEIGHT (Front & Back) 32 \Qd) ng
Impingers: (24 Silica Gel
P Weight after test:
2 Weight bafore test: ﬂ/_
2%
_/;iQ__ Net Weight: St S
Container No.: 1. 2. 3. 4.
Fina! Volume Total ()2 2 O L i
TOTAL NET WEIGHT-Silica Gal 3 * _m
Infttal Volume Total édé —
NET VOLUME-Impingers 80 ul

Net Volume

530

TOTAL MOISTURE

6. -

LAB: DATE RECEIVED

DATE REPORTED

189

Train Assembled by: g.—; fa !Z. ! !ES!Q
Sample Recovered by: 6 W A) {\'N 0

SOV SeN

Sample Analyzed by:




APPENDIX F-2

IMPACTOR PARTICULATE ANALYSIS REPORT SHEETS
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ANDERSEN IMPACTOR DATA SUMMARY

ATE :
PATES2- 7 6- 81

RUN #

/-P-/

Um

L(:)_uwc_ /- P/

etz 1794 1 0906 (T ;C-'>

T “C = 5/(7 (émé—i??) :

AL = (8]. 728

Aso = (UM - (o130

F- O©O.¥Y06%

[({ocf/x 181:75) - t013E] O qoes

4 = (0.0767y - 8.17) QO

50

(¥4

-6 S22

F

47

PADRE now calculates the cyclone
cut-point utilizing this new
equation provided by SoRI.

SO s?Y

6 SO 325"
. - -
C(SO : /0. ’7’7d
Net Weight g Final Weight Tare Weight
STAGE (gm) % On Stage (gm) (gm)
Front Half RS 2
Ringe Oro 35 |
l ,oq,|a;aq 16‘4.10‘6’7‘7
o-OolO o F 4 < 4
(o6 4509 3 166 14253
. 0 3al — 0 0000¢ O-G\OL\()‘O 60- 34 (,E o - 53‘{‘{0_?7
a3y 706 9%5 7 el 481 5>
3 O-600./S N O N7636 | o H76a|__
2
A {3is 0.00099 0‘/?31%?‘ ) & . L{?&S(o
3
31¢ | 5.0062% 4G q3ico | O N¥OTD L
4
1317 | o.0004] & Y 9400 o Y9351
Z .
3¢ | 6 60635 | o Y4Y¢ao | _ o 44SBST
6
7 _ .
3206 | 6. 00040 T o461 3 |0 6366
F oo -
85| .00 17 o Shys 0. 57369 |
TOTAY. 191




DATE:

/IR~16-F(

Vmstd (dscf)

Moisture (%)

Con 1P X

PR

RUN # /L/C)\CQ\‘
Pb 033/£;EZ;2'VL/4221
Mw e —

A= 7y d s O-Y06 (715-«>

TsoC -

/(,(:

/31233

- i(c)q,x [Xl-5§)~ .'(J“g[s>

6 YI0S S ~ R ¢sY33

A:C(‘gb VAN 7&?3\(J
! — . e

5/9 (65‘- 3&) = /%3

- — < s Y
CI);D"‘ (oq,/u - /O'/‘Zé) G sl

STAGE Net Weight % On Stage Final Weight Tare Weight
’ (gm) ° Un otag (gm) (gm)
Front Half ‘6)/6‘4"< At = SO M'W
Rinse
0 797 6. 0O0OYY 0.-SOo| o 999k b
3¢ | 6 06o0Al | o476y | ov7el
2 )
1297 | ©.coox S MgS8A O N T
3 /34
oY% | ¢ 0009 o876 | o qBeST |
1349 | 0-0001% |y | 6v9yix | ©-NIYS
" A - 7
5 Confre et .
1350 | 0.6, 9% | 0 47672 & Y7Ly s
6
/353 | 6:0001Y I B o 115 B R AL R A
7 [l ’
1352 0:0000% G- Yol4a | 0-Y6I(3Y
F §
B-a%| 6.0006/0 192 | O S787¢ 0 S7857
y R »:" f i ; ': ;
TOTAAE } 5 “Q,_t\:; M [ BRI l ; L




MAAVILINOLIY AN AULURN paAln oaulwinsg

vmstd (dscf) Pb
Cene PE
e/ (o2 -3
P VA AR A o-voé/.?/f@g’ e
g i 28
/(,(-: /% / Y/
— . -0 577
_ ) o-yexe !
e - [forrnmr) 23]
©&-SRA3
b ot s g
/750 = /O" 7 ?/‘_J’;
Blank Corr. Factor-Acetone(mg/ml) Avg. TS °F)
Net Weight 9 Final Weight Tare Weight
STAGE (gm) % On Stage (gm) (gm)
Front Half
Rinse e VAS 1°L,§}_’_73'7__ﬁ,- 151, %2953
, 000106 - lob AY3adC 66 QYR Y
0 %77 10 000ik | o ocva> 0. 47624 o245 ¥
1 o 149y © 07 Y197
79 |~ 0i600L 8 6 S6373 G- q 2
2 )
671 |- 5. 0oo G- 5 218N & SRAUTK
3
109 | o.0000% 6.51473 | © SINEZ
(093] 6 00035 6 SILS A O SI16R7
5 .
1874 | 6-00019 O'SI1dNY ©-S/237]
6 L .  t— e
1075 | 600046 | 0 SdYe [ 6. SRYIS
7
©76 | 5. 0008/ | 049506 647435
F e N
3-8 1 .c0go? 057356 6. 52649
TOTAL | 193




emmr o aen e awat  madke ARV LASAN s Aa b L Nsessasiene

DATE:

/) -~/6 " 8/

VM4 (dscf)

RUN

Pb

Froi, =2
PaE JrY S 4 ROk PZG (fé/ ZJU
L
(37 -
VS s
o . N R
dee l(”%ﬁ 1y Y“}“; f( SR
G il <t
o moeovel |
N sorn e . - .
Blank Corr. Factor-Acetone (mg/ml) Avg. TS (OF)
1_ B—
Net Weight o Final Weight Tare Weight
STAGE (gm) % On Stage (gm) (gm)
Front Half o 4G
2. OO
Rinse 00 E256% | LOC L AOC
0 $q -0 oo z 6. 74543 16, 73BeC”
7 6. 60019 I S oo o yg9s9h | ¢ 4aY43s
1 Gy ¢ G 22ty £
782 | © o4 & 49317 ¢ N930%
4% T =S O -0 B S R L L. AN
2
Y% |- 6-0000) O 563306 | 0 So 33|
3
989 | 000019 69276 | e J92YT
4 —
%> G- CCod | 6. 51030 | G- Slec7
5 .
7%6 | 8. 600:% | o 50900 O S OB
6
757 | ©O-coov? I o-353320 1 53173 |
7
733 | O 00053% O .y%23dx | G Y4370
F g.23
8237 | 0y 60105~ 6. 5Lo9y L __ 055793
TOTAL 194 i




ANDERSEN IMPACTOR DATA SUMMARY

DATE: }9 _ /8" g/ . RUN # \'_?‘_ /3 '3
vmstd (ds - f)
vt TS
- 'y Y, &; 4 -~
USRI 06 ,{\.-a//o (s /
LA WAD 8-

EEY
-----

—_— e e e o s T

B1 inx Corr. Factor-Acetoneimy/ml) Sem. ie OF)

LTI T - ]

Net Weignt ' Final Weight l Tare Weight ‘

(gm) ‘. (2m) l

e —_— — P, I,--.,,- e e m e ._i [ _._...__._-A_..._.__-.-__.J
1
i

STAGE % On Stape

rnt Half o0 3B

] 2.5
‘}inse i~

Lo0Ae 3 1 (3~ KNIt - \cg 3c?q¢_
0 193 © N

0. 0000 G & et 19.!«»% 1 GIMN33Y

1 092

[y

loq \

©.00022 0 S147Y

w

|
10q 0 | ‘

l
|
| |
G .60 O35 104763 lJr G Nas 98 %
- —
}

|

» osooys| . O 94¢0 | 049935 |
ot | 6 ool | O-HESI, 01707
> 1% | o COOST L ' _____ QY 73¢e i _O_Lf%ﬂa
__.-i_-‘.?ﬂ,.»-e 0OI06_ R ’1 O30k 9 Y7756 |
i

Ty b o064y | O 4761

' 3-150| g- 60155  6-3383Y 053677

| |
e e e RIS e .
f

R AIS

TOTAL ' i 195 ]



ANDERSEN TMPACTOR DATA %IN’MARY

e et e e i o e e — S

DATE:

2~18-5(

Vm (dacf)

(3 aa..

L

/

e

[

————an

Blank Corr.

e

vt L
R

Factor-Filters(mg/ml)

..LC.E

C‘:‘ . ‘{a

5. J60S”

-
< - o
.35 % ¢

Avy. Ps (+"H,0)

Blank Corr.

Factor-Acetone(mg/ml)

STAGE

e

Net Weight
(gm)

Final Wedight
(gm)

Tare Welght

% On Stage (em)

|
R S ””%» e =
g 1f | ! i
iii'lﬁ e G OO\ Y Lo aves 9 l WAL a3 35 ]'
i Y- IR PN -] “_-ﬂ_——”“,*— \;—“_éS_—Q-S—‘t(vu'l-r”“ (Oa? '05-3.1‘ -:—‘
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BN N =St
\ t
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4 ‘ ‘ |

{30\

8.0004 . ... L OyRIo

}_‘_Oo_cfi:é s

_O‘unqb_}

600033 N -4 7500

L 0-6005 | 04179

6200 Y J o o

&Y 09e]

ooy legd

o 44370

oSks eI 05'650?

Yyyio . .
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ANDERSEN IMPACTOR DATA SUMMARY

DATE: /Q’/S’J/

La—

T . S 5 < v A S

Uy oo vne| P fiey-aa
L -~ . -J!
Al 85307
. iN(C\..[(x [% ‘ ..)’7 {?c ) o~
D il S ! (%
> L // i
¢y
I;/rb : I/ f"'—— J
o297
Blank Corr. Factor-Acetone(mg/ml) AVE. 1g L 1Y
R R R ‘ Final wm’ght
STAGE Nezg‘:slght % On Stage l ma(w)
i
Front Half OCOSIO 'I O3 - 680t o
Rinse 7 ‘ ‘
8.0 00S7 N “ ggq colt @
0 00y . G- C - O X
6. 0000 NS DS A78Y¥
1
7473 o-oooQé‘_r__w ‘ O 4900
2 ; ;
™Y | o003 (O youd
3
s | op00anl o O:N4TS
; I
LT B R S T D B S M B A1 ¢
747 | o000, O NYYel
b ; i P
798 | 000014 - N o-Ys330
7 1 _
799 | 60026 I A WA
F o ; _
§9%7 | o00as | 058295
TOTAL. f 197 ¢

#f ot

o
ey
‘Q\
1~

C
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=~ h "7’-/

Tare Weight 1
(gm) ‘
X e e = _-_4‘
i 1]
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ANDERSEN TMPACTOR DATA SUMMARY

NATE :

Vmst:d (dsef)

/8

Blank Corr.

Blank Corr.

STAGE

i r——

i
e e o

pooe
-zl Ae o
Ph
l") .
&x.&:_lewmgf:;.c 3
Jyg . 4 (/oél Sy (Y -3
1
P
T - ’ oL Ay
o j ( 65 x (85 -09/)- ‘e I;?&:J I A I
6'76”#95!
[l - 1oz ]
Factor-Filters(mg/ml) Avg. Ps (F71,0)
Factor-Acetone(mg/ml) Avy. TS ("'v)
Net Weight ;(;:—ta—jm “ i ~_)-Y:—1“W_jl;‘—1—t_— ‘ - fare Wei;,;h't“— :\
(gm) ’ rage i (xm) l (gm)

Froant Half
Rinse
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ANDERSEN IMPACTOR DATA SUMMAKY

DATE: /g"/,7~57[ REN it O/)_‘Q
Vmstd (dscf) Pb
_Moisture )y M

M- t?qt{'r

ﬂ(SD' [LLD“’r X
6 6= <;\\/

-

EZgean

Blank Corr. Factor-Acetone(mg/ml) Avg. Tg ()

o doé L?/T (’/ﬁé—faﬂ -

:%«rafm)- /o f:sfs] e

/’[V' o’ 4

|
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|
N
-

STACE Netéﬁilght % on Stage Finaigﬁ§ighL Tar?gxiight
| S —
Front Half \ .
Rinse 6 - Sun \ fo . 16279 oIS 0w
SN A SO R e i
o000 b . L 1S (658S 165 ¢ e 53R
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|
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ANUERSEN 1MPAUTUR DALA SUrwLANRL

DATE:

e e e

Vmotd (dscf) Ph
Moisture (%) MW
' , : D
U gy O n©E [y (615 2R
d|
(s s8OS
= \ S 8r¥
“/Sb g /,«1?[0“’\— /ulé/J ‘/OLn?é
(:_v . (_, ;,‘,:‘, Y
DU - """""‘\ - - I
(Asp - 70675
e e e -
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APPENDIX F-3

DUAL CYCLONE PARTICULATE ANALYSIS RESULTS

DUAL CYCLONE SAMPLING TRAINS - ACETONE RINSE DRY DOWNS

RUN 1-C1 NET TARE FINAL

1-C1-15 B-299 0.00608 109.86300 169.86908
1-C1-2.5 B-71 0.01492 101.76215 101.77707
1-C1-2.5-15 B-65 0.02814 105.41540 105.44354
RUN 1-C2 NET TARE FINAL

1-C2-15 B-302 0.00714 109.79240 109.79954
1-C2-2.5 B-64 0.00595 103.04656 103.05251
1-C2-2.5-15 B-79 0.00696 102.03347 102.04043
RUN 2-P1 NET TARE FINAL

2-P1-15 B-304 0.09014 111.39495 111.48509
2-P1-GF B-300 0.00453 108.49930 108.50383
2-P1-GF B-226 0.00114 110.02770 110.02384
2-P1-2.5-15 B-305 0.00896 111.27455 111.28351
2-P1-2.5 B-80 0.00921 100.26560 100.27481
RUN 2-P2 NET TARE FINAL

2-P2-15 B-229 0.00431 84.55169 84.55600
2-P2-GF B-233 0.00334 110.55436 110.55770
2-P2-2.5 B-211 0.00215 108.96383 108.96598
2-P2-2.5~15 B-214 0.00344 108.57756 108.58100
Blanks: B-78 0.00042 102.11052 102.11094
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DUAL CYCLONE TRAINS -~ FILTER WE IGHTS

RUN 1-Cl NET TARE FINAL
T-118 -0.02433 4.31702 4.29269
c-5 0.00282 0.07162 0.07444
M-2 0.00059 0.09008 0.09067
RUN 1-C2 NET TARE FINAL
T-103 -0.01521 3.82101 3.80580
C-4 -0.01272 0.07150 0.05878
M-3 0.00056 0.08888 0.08944
RUN 2-P1, 3-P1 NET TARE FINAL
T-59 -0.023 4.11412 4.09112
c-6 0.00194 0.07082 0.07276
c-8 0.00105 0.07000 0.07105
M-4 0.00116 0.08565 0.08681
RUN 2-P2, 3-P2 NET TARE FINAL
T-51 -0.02718 3.65569 3.62851
c-7 -0.00173 0.07063 0.06890
c-9 0.00466 0.07113 0.06647
M=5 0.00071 0.08678 0.08749
Blanks:

C-4 -0.01272 0.07150 0.05878
c-10 0.00013 0.07212 0.07225
M-6 0.00018 0.08720 0.08738
M-7 0.00008 0.09007 0.09019
T = thimble

C = glass fiber filter

M = teflon filter
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APPENDIX G

MICROSCOPY REPORT

TO: 1-618-022 File
FROM: Pablo Huidobro
SUBJECT: LYNCHBURG FOUNDRY MILLIPORE FILTER USED AS PREFILTER #1 FOR BLANK RUN

Sample #18622

Because this filter was covered with a fine and uniform veneer of
particulates, it was not possible to scrape any dust onto a glass slide for
observation under the optical microscope. Therefore, two pie—-shaped wedges of
the filter were cut for observation under PIM and under phase contract (pC).
The wedge for PC analysis was mounted in a 50/50 mixture of Dimethyl Phthalate
and diethly oxalate. This mounting media dissolves the membrane filter
leaving the particulates with a "clear" background.

1) PLM Analysis

About 95% of the particulates are submicron in size and composed chiefly
of iron oxide and other (unknown) crystalline material - possibly carbonates.

Feldspars and quartz constitute another phase which ranges in size from 5
to about 20 microns. The largest particle measures 30 microns in diameter.
In the same size range as these minerals, a number of starch grains are also
present; these constitute about 50% of the organic phase. The rest of the
organic material is fibrous and individual fibers measure in general in excess
of 150 microms. :

‘Larger size "particles' were observed but examination at higher
magnifications showed that these are agglomerates of the submicron size
particles, possibly caused by moisture effects during sampling.

2) PC Analysis

This procedure showed the same results as observation under PLM with one
exception. The organic fibers were not present. It is possible that these
fibers are soluble in the mounting media and therefore were dissolved together
with the filter. - '

-
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APPENDIX H

QA AUDIT REPORT
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Q0A
GCA

Technoiogy Jivisicn

1o 1-618-022 File . I March 1982
Fiom. R. M. Ellersick

Subject QA Audit ~ Characterization of fnhalable Tarticulare ¥mlgslons
at the Lynchburg, Virginia lron Foondry

This audit on 25 and 26 February 1982 reviewed the data ratheve?t during the
December 1981 field testing and the data reduction nerformed to date.  The
detailed test plan prepared after the 19 October 1961 prevest survey was
reviewed and approved by both GCA and EPA; the plan was foilowed closely in
the actual testing.

The standardized field data sheets shown in the rest plan wore used during
the testing and the originals were rcadily available to the auditer. 0Other
raw and reduced data checked included:

e task leader's field log

e calibration data sheets for dry gas meters, pilot tubes,
thermocouples, thermometers, pretest nozzles

e balance logs of weighings of Andersen substrates, Method 5
and other filters, thimbles, and various beakers and containers

e process information recording
e visible emissions data sheets
e summary and work sheets for impactor and particulate data

e printouts of input data to, and particle sizing catvulations
by, the PADRE data system.

e coding forms for, and total particulate caleulation printouts
from, GCA's Source Sampling Data Reduction System

It was easy to verify that the testing equipment nsed had been calibrated and
that constant weight had been uchicved on weighiugs.  opot checks ot datn
transcription showed it to be accurate; one calculation error oa a sumnary work
sheet had been corrected so that the PADRE ent:y was correct.

The blank Andersen impactor run used to quuantify suhatrate weight changes
caused by gaseous absorption or substrate han.iling resulted in weight changes
of less than 0.5 mg for all stages. This indicates nc wcight change and nu
blank correction was made to other runs. The blank (run (-P=2Y was oripginally
processed through the PADRE system without identilication as & blauk; a comwwent
was entered on 26 February to so identify it.
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o0A
GOA

1-618-022 File -2- 1 March 1982

In summary, this task appears to have been well planned and executed with
appropriate QC measures used and documented.

Cllecocck.

RoseMary i/lersick

QA Manayer
RME/cf
cc: A. Engelman
P. Fennelly
S. Gronberg
1. Seale
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