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l.

SECTION 1

INTRODUCTION

The purpose of this program was to establish size specific particulate
emission factors for the ferromanganese furnaces at Roane Ltd., Rockwood,
Tennessee. Furnace Nos. 3 and 4 at Roane, Ltd., are open submerged electric
arc furnaces rated at 9 to 11 megawatts (MW) each. The furnaces were
producing 76 percent ferromanganese alloy during the February 1981, test
program. Total particulate concentration and particle size distribution of
emissions captured by the canopy hood evacuation system were measured before
and after the baghouse using modified EPA Method 1-5 procedures, Andersen
cascade impactors and the dual cyclone sampler developed by Southern Research
Institute.

Entropy Environmentalists conducted the total particulate testing under
subcontract to Research Triangle Institute (RTI) as part of a Level 2
Environmental Assessment of emissions of organic species from various
ferroalloy furnaces. This Level 2 characterization of organic species
utilized EPA Method 1-5 procedures modified to include an absorbent trap
(XAD-2) between the first two impingers. GCA/Technology Division conducted
particle size distribution tests simultaneous with the total particulate
(Level 2) tests by Entropy. In addition, GCA provided a process observer to
document relevant furnace operations and cycle times, to assess the capture
efficiency of the canopy hood control system and to ensure that testing was
performed only during normal furnace operations. This observer also performed
EPA Method 9 visible emission observations of the furnace building roof
monitor and the baghouse outlet for at least one tap to tap cycle.
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SECTION 2

SUMMARY OF RESULTS AND CONCLUSIONS

The sampling and analysis program was conducted according to the approved
Test Plan. Modified EPA Method 5 and Andersen cascade impactor sampling
procedures were performed at the inlet and outlet of the baghouse controlling
emissions from the Nos. 3 and 4 furnaces at Roane Ltd. In addition, dual
cyclone sampling runs were performed at the inlet sampling location. A
summary of results of the combined efforts of GCA/Technology Division and
Entropy Environmentalists is presented in Table 1 and Figures 1 and 2. These
results were prepared using the total particulate data and the impactor
derived size distributions; the results of the dual cyclone sampling effort
will be presented later. Research Triangle Institute analyzed the total
particulate data that were utilized in the size specific emission factor
calculations. The report to be published by RTI should be consulted
concerning details of sampling and analytical procedures and other results and
discussions. The uncontrolled particulate emission factors (inlet side tests)
are considered more viable than controlled emission factors (baghouse outlet
test results) since outlet testing was performed at a poor sampling location.
Each of the 12 baghouse compartments (15 feet by 24 feet) was sampled
immediately (5 feet) above the outlet of the bags at a single sample point.
The gas flow in each compartment was below detectable limits; less than 0.002
in. H20 velocity pressure; therefore, isokinetic sampling was not possible.
Also, each compartment was tested only once. An emission factor based on the
average of all outlet test results should be considered one complete test run
and since very little confidence can be applied to the results of one test,
this emission factor should only be considered an estimate.

Major modifications to the baghouse outlet would have been required to
facilitate a more accurate measurement of controlled emission rates. These
modifications, which in themselves could alter the outlet emission factors,
were considered too costly and since the ferroalloy industry in general uses
this baghouse outlet design, EPA requested that testing be performed at this
less than ideal sampling location. An industrywide comparison of outlet
emission factors is still possible, by performing tests at similar sampling
locations at different ferroa110y plants, however, the actual controlled
emission rates are questionable.
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TABLE 1. SUMMARY OF TOTAL PARTICULATE AND PARTICLE SIZE
DISTRIBUTION TEST RESULTS, ROANE LTD.,
ROCKWOOD, TENNESSEE

Total Particulate Emission Factors

Mass Concentration mg/dscm
gr/dscf

Mass Emission Rate kg/MWH
Ib/hr

Process Weight Rate kg/Mg produced
lb/ton produced

Particle Size Distributiona

Cumulative %mass <15 um dSO
<2.5 ~m dSO

Mass Emission Rate Ib <15 ~m d50/hr
Ib <2.5 ~m dSO/hr

Size Specific Emission Factors

kg particulate <15 ~m d50/Kg produced
Ib particulate <15 ~m d50/ton produced
kg particulate <2.5 ~m dSO/Mg produced
lb particulate <2.5 ~m d50/ton produced

Average
inlet

253.2
0.11
4.75

209
14.2
28.4

94
62

196
130

13.3
26.7
8.8

17.6

Average
outlet

3.22
0.001
0.08
3.39
0.24
0.48

83
40

2.8
1.4

0.20
0.40
0.10
0.20

aResults based on cascade impactor data and EPA Method 5
results reported by RTI. Dual cyclone sampler results
presented later.
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The field testing program was performed during the week of 10 February
1981 while the two furnaces were producing ferromanganese at a rate of about 8
tons per hour. The average total electrical load on the furnaces was 20
MWH/hr and testing was conducted only when both furnaces were operating
normally. Testing was performed during all phases of the refining cycle
including continuous charging, stoking and tapping.

The results of the process and visible emissions observations indicate
excellent capture of emissions by the canopy hood since only 6 of 482 furnace
shop roof monitor opacity readings were as high as 20 to 25 percent.
Observations of the baghouse roof monitor also indicate excellent control of
emissi~ns since only 2 of 472 readings were greater than 0 percent opacity.
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SECTION 3

PROCESS DESCRIPTION

The Nos. 3 and 4 furnaces at Roane, Ltd., Rockwood, Tennessee are
submerged electric arc furnaces rated at 9 to 11 megawatts each. During the
test program, the furnaces were producing ferromanganese alloy (FeMn). A
schematic of the furnaces and pollution control system is provided in
Figure 3. The furnace vessel has an inside diameter of 19 feet and an outside
diameter of 29 feet. The furnace is 7 to 8 feet deep with an additional 6
foot depth of lining material. A hexagonal shaped hood is fixed 5 feet above
each furnace and is connected by two offtakes to a 9 foot diameter main duct.
Exhaust gases are drawn through the main duct by one 250 horsepower fan and
fifteen 5 horsepower fans at a total design rate of 260,000 acfm at 500°F.
The gas is then forced through a positive pressure baghouse and vented to the
atmosphere via a roof monitor.

The furnace is charged with raw materials automatically and continuously
through weighing hoppers and choke feeders. The charge mixture is typically
composed of: 76 percent manganese ores, 1.5 percent fines, 4 percent remelts,
2.3 percent gravel and 16 percent coke.

Stoking, the mechanical leveling of the charge, is performed frequently
to prevent the occurrence of blows. A blow occurs when gasses trapped in the
mix escape rapidly. Blows often occur near the electrodes because the mix
descends more rapidly and loses porosity where the refining and melting
occurs. During stoking, the mix is pushed from the perimeter of the vessel
into mounds around the electrodes. Stoking is usually performed before and
after tapping.

Tapping occurs approximately once every 2 hours. This is accomplished by
poking or drilling the carbon-paste plug out of the taphole area. Generally
the tapping process lasts about 45 minutes. The molten metal flows into a
transfer ladle for subsequent casting in chills. A tapping skirt extends out
over the taphole to direct emissions into the canopy hood above the furnace.
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SECTION 4

SAMPLING AND ANALYSIS PROCEDURES

INTRODUCTION

Emissions generated dyring the ferromanganese refining process are
evacuated to a positive pressure baghouse. Prior to initiation of the field
sampling program, facilities for traversing the horizontal duct were rented
and setup by GCA/Technology Division. The baghouse inlet sampling location
was appr~ximately 10 feet above grade and sampling was performed from a
platform'underneath the circular duct. The sampling points were located 8
diameters downstream and 5 diameters upstream of flow disturbances. Both flow
disturbances were bends in the duct. The baghouse outlet sampling ports were
installed in each of the 12 baghouse compartments on the access doors. The
ports were located about 5 feet above the bags.

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 spectral grade acetone. The
glassware was air-dried and capped with Parafilm. All filters were desiccated
to constant tare weight (! 0.5 mg).

Pitot tube-thermocouple-probe assemblies used for preliminary velocity
traverses were calibrated by the measurement procedure as specified in 40 CFR
60, Appendix A, Method 2. 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 A.

Impactors and cyclones were prepared for sampling by cleaning with soap
and water, then rinsing with DDI water and finally with acetone. All particle
sizing train dry gas meters and orifices were calibrated according to
procedures outlined in APTD 0576 prior to sampling.

CASCADE IMPACTOR SAMPLING

Reeve Angel type 934-AH glass fiber substrates were prepared for use 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

9



t.

and desiccated for 24 hours. The top half of eacr. 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
sealed in their petri dishes for transport to the field.

Sample train preparation and recovery took place in a clean environment
inside the truck used to transport equipment. Once onsite, a preliminary
velocity traverse was performed in order to:

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

2. Determine which sample points represent average flow and temperature
for particle sizing measurements.

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

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 were selected and single-point cascade
impactor sampling was performed during each Level 2 test run. Only one of the
four sample points was sampled per impactor run and typically four runs were
completed per Level 2 run. Total sampling time was designed to collect
approximately 50 mg per impactor run through estimated grain loading values,
and by visual inspection of the first run filters. Baghouse inlet test runs
were performed with a cyclone precutter installed in front of the impactor to
remove particles >15 ~m diameter. No visible sample was recovered from the
cyclone precutter during initial baghouse outlet test runs, therefore straight
nozzles were used for all subsequent outlet tests.

Prior to each sampling run the impactors were carefully loaded with tared
substrates. The sample train consisting of the impactor, an unheated probe,
vacuum hose, silica gel moisture trap and dry gas meter/orifice/pump assembly
as shown in Figure 4, 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 (inlet tests) and allowed to reach temperature
equilibrium. After approximately 10 minutes, the sampling nozzle was turned
into the flow (inlet tests) and the sample flow was adjusted to the desired
rate. Outlet tests were performed as above; however, the nozzles were
perpendicular to the assumed direction of flow at all times. 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 run. -

Upon completion of each sample run, the probe/impactor assembly was
removed from the duct and sample train shut off. The nozzle vas immediately
capped with foil. The probe was disconnected and the impactor transported to
the sample recovery area. No leak checks were performed at the end of a run
so as not to disturb the particle distribution.

10
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~o types of preliminary impactor runs were peri.,nned. The first
involved· the use of "blank" impactors loaded with pre tared substrates to
determine anomalous weight gain due to gaseous specie absorption. The
impactors were fitted with dual prefilters to prevent particulate matter from
reaching the substrates. Blank inlet and outlet runs were 28 minutes and 210
minutes long, respectively.

Preliminary loading runs were conducted to obtain a visual indication of
particle loading rates. Impactors equipped with cyclone precutters were
operated for the estimated length of time necessary to sample 50 mg of
particulate. Upon recovery, substrates were examined and sampling times
adjusted according to the degree of loading observed. Also, preliminary
outlet runs were conducted with a cyclone precutter in order to verify the
assumption that no particles greater than 15 microns were present in the
outlet stream. These preliminary loading runs were performed with unweighed
substrates which were discarded after visual inspection.

DUAL CYCLONE SAMPLING

Preparations for sampling with the dual cyclones consisted of the same
washing steps and filter weighing procedures as the impactors. The newly
developed series cyclone designed by Southern Research Institute, Birmingham,
Alabama, and built by Sierra Instruments, Carmel Valley, California, was
operated simultaneously with the EPA Method 5 train at the inlet sampling
location only. The two cyclones in series have size cuts of 15 and 2.5·~m

when operated at a nominal flow rate of 0.8 cfm at 300°F. The cyclones, as
shown in Figure 5, are operated with the same equipment required by the
impactors (as shown in Figure 4).

Prior to each sample run, the train is assembled and leak checked to less
than 0.02 cfm at 5 in. Hg. The cyclones are then inserted into the duct with
the nozzle pointing away from the flow. The sampler was operated simultaneous
(! 5 minutes) with the Level 2 sampling. Upon start-up, the nozzle was turned
into the flow and sampling was conducted at one of two points along the
traverse. When the EPA Method 5 train completed one-half of a traverse, the
nozzle was then moved along the same diameter to the other 0.7R sample point
without shutting off. Sampling continued at the second point until the end of
the Method 5 traverse.

Sampling at Roane, Ltd. required a 45° from vertical orientation of the
sampler. In this position, the sampler is upside down; that is, the
collection cup is above the body of the cyclone. The procedures manual l
indicates that the flow through the sampler should not be terminated until the
cyclones are approximately horizontal. This would require sampling some
ambient air during each run while the sampler was removed from the duct and
properly positioned. It was determined in the field that unless the
collection cup was over 1/3 full, the sampler could be shut off when in the
45° from vertical position without substantial loss of particulate. Sampling
was terminated several times during each run for port changes and process
upsets without removing it from the duct.

12
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The dual cyclone sampler, fitted with a backup f •. lter to collect
particles <2.5 ~m, was first operated for 70 minutes at which time the backup
filter completely plugged requiring the train to be shut down. Upon recovery
of the sampler, no dry catch was recoverable (due to the shortened run time)
and only rinse samples were collected. The backup filter was eliminated for
the subsequent two runs which allowed run times of gr~ater than 200 minutes.
Enough particulate was caught in the collection cups to recover dry with these
longer run times. By eliminating the backup filter, particulate less than
2.5 ~m probably travelled through the probe and connecting hose and was caught
in the filters before and after the silica gel trap. It was assumed in the
field that good quantification of the first two fractions, >15 ~m and 2.5 to
15 ~m, would allow subtraction from the total particulate results to obtain
the <2.5 ~m fraction lost by elimination of the backup filter.

ANDERSEN IMPACTOR SAMPLE ANALYSIS

At the conclusion of each test run, each impactor was carefully
disassembled and the nozzle, impactor expander section and cyclone precutter
(if used) were washed with acetone into a sample container. Each impactor
substrate was placed into its respective petri dish and any particulate
adhering to both sides of the top jet plate, the crossbar, and the gasket was
brushed onto the substrat~. In all cases the substrates were carefully placed
in preweighed aluminum foil liners to minimize loss of particulate during
subsequent handling of the substrate.

Upon completion of the sample recovery procedures, the samples were
labeled, sealed, then liquid levels marked, and the samples were carefully
packed for shipment to the GCA/Technology Division laboratory for analysis. A
chain of custody log book that outlines the recovery procedures and documents
the history of the samples was maintained. Each substrate and weighing
jacket, upon return to the GCA laboratory, was placed in a desiccator and
dried for at least 24 hours before being weighed. A minimum of 6 hours was
allowed between each subsequent weighing until constant weight (+ 0.5 mg) was
achieved. After weighing, all samples were carefully stored in ~losed
containers.

Sampling data reduction was performed by computer. A preliminary program
was used to calculate inputs needed to further reduce the data after the
weight gains on each impactor stage have been determined. Once the
appropriate input parameters were checked, they were keypunched and entered
into the "Computer Based Cascade Impactor Data Reduction System"
(EPA-600/7-78-042) as developed by SoRI. Example calculations used by the
programmable calculator are provided in Appendix B.

DUAL CYCLONE SAMPLE ANALYSIS

Recovery of particulate collected in the cyclones was initiated by
dismantling the cyclone stage.. The sampler was kept upright at an angle of
45 0 from horizontal during dismantling. Dry samples were recovered from the
collection cups of Cyclone X and Cyclone III. After removal of the dry catch,
the cyclones and connecting parts were rinsed three times with acetone into
one of two sample container••
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The nozzle, body, collection cup and top hal~ of Cyclone X were rinsed
into one container; the connecting tube, canister, outside and inside of the
body and collection cup of Cyclone III were rinsed into a second 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 are logged in and aliquotted appropriately. The dry catches were
desiccated for 24 hours before weighing. The rinses were dried in a hood at
ambient temperature in preweighed beakers and desiccated to constant weight.

Data analysis was performed by entering the relevant data into a
programmable calculator to determine isokinetics, grain loading, etc. Example
calculations are provided in Appendix B-2. The size cuts of the cyclones as
used in the field were calculated using the calibration factors and equations
provided by Southern Research Institute in the operation manual l and through
previous phone conversations.

PROCESS OBSERVATIONS

During field testing, a GCA process engineer was positioned inside the
furnace control room. From this vantage point the process engineer performed
the following:

• Notified the test crew by radio when to start and stop so as to test
only during normal furnace operating conditions.

• Documented the origin and approximate magnitude of all emissions
generated within the furnace shop. Emission magnitude was assessed
for charging, stoking and tapping operations using a scale of light,
moderate or heavy.

Other process data and information were given to GCA by Research Triangle
Institute in the form of daily process data sheets, at the end of the field
test program.

Visible Emission Observations

The degree of emissions escaping capture by the canopy hood system was
visually evaluated in accordance with EPA Reference Method 9 as published in
the Federal Register, 40 CFR, Part 60, Appendix A. The VE observer was
certified by EPA within the previous 6 months by the certification technique
specified in Method 9. The observer was positioned outside the furnace shop
and recorded opacity of visible emissions emanating from the furnace shop roof
monitor and also the baghouse roof monitor.

SAMPLING AND ANALYSIS QUALITY ASSURANCE

GCA/Technology Division management is fully committed to an effective
Quality Assurance/Quality Control program. The Quality Assurance Manager
reports directly to the General Manager, thereby assuring the QA Manager the
necessary authority and independence to find and correct any existing quality
problems. The QA Manager is also chairman of the Division QA/QC Committee.

15
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Each Technology Division department participates in the quality assurance
program in the way most appropriate to divisional needs. Each department
manager appoints at least one staff member to serve on the Division QA/QC
Committee and report back to the department on QA/QC methods, procedures,
requirements, and problems. In addition, the Analytical Laboratory, the
Environmental Measurements Department, and the Instrumentation Department
maintain department QC committees whose staff members implement and record
internal QA activities. These committees are appointed by the department
manager and report to him as well as to the QA Manager.

The number and scope of QA/QC procedures used in this program precludes
completely detailing them here; however, some key points should be mentioned.
All beaker and filter weights are replicated until constant (+ 0.5 mg); sample
trains are calibrated both before and after a test program to-insure ~Ha and
Y integrity; and all data, calculations, and results are reviewed by committee
for accuracy. For details concerning all procedures used, please refer to the
Division QA/QC Manual, Parts 1 and 2.

16



SECTION 5

TEST RESULTS

INTRODUCTION

The field sampling program was conducted during the week of 10 February
1981. The program objective, to develop emission factors for ferroalloy
production, was met by completion of 6 total particulate (Level 2) runs and 16
cascade impactor runs at the inlet sampling location. Six impactor runs were
completed during four total particulate runs at the baghouse outlet
locations. The shorter inlet impactor runs were conducted at various times
during the production cycle; however, the longer outlet test runs were
conducted for complete tap to tap cycles or more. Careful monitortng of the
process insured that the test runs were conducted only during normal furnace
operations. Emissions escaping capture were documented by the process
engineer/visible emission observer. Detailed process data were obtained to
allow possible correlations between source operations and measured emission
factors.

The field samples and data were driven back to the GCA/Technology
Division Laboratory for analysis. The following subsections describe the
results of the sample and data analysis efforts.

TOTAL PARTIaJLATE RESULTS

The total particulate measurements were performed by Entropy
Environmentalists and the sample analysis was performed by RTI. Tables 2
through 6 summarize the results of the total particulate measurements as
provided by Dr. Wayne Westbrook of RTI. Tables 2 and 3 present sampling data
and gas characteristics, Tables 4 and 5 the particulate emission rates, and
Table 6 presents the baghouse particulate removal efficiency. Example
calculations are provided in Appendix C.

As described previously, the outlet tests were conducted at poor sampling
locations, only about 5 feet above the bags. The emission rates and baghouse
efficiencies presented in Tables 3, 5 and 6 are therefore less viable than the
inlet test results. Outlet emission factors are also questionable because
outlet gas flow rate could not be measured, only calculated based on inlet gas
flow rates and temperature drop (assumed to be dilution air). The error
associated with these test results is carried into the next two sections of
this report where the total particulate results are used in calculating outlet
size specific emission factors.
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TABLE 2. BAGHOUSE INLET LEVEL 2 SAMPLING DATA,
ROANE LTD., ROCKWOOD, TENNESSEE

Run No. 1a 2 3 4 5 6

Date 2/10/81 2/11/81 2/11/81 2/11/81 2/12/81 2/12/81

Start time 0947a 0940 1323 1605 0955 1358

Stop time 1540 1140 1503 1755 1305 1600

Ne t sampling
time, min 96 96 96 96 96 96

Stack Temp., of 183 178 174 165 171 180

Stack flow rate
dsm3/minb 5894 6182 6202 6283 6208 5982

Stack flow rate
Am3/minc 7502 7830 7797 7775 7545 7389

Volume co11ectedb

dsm3 0.5955 0.6422 0.6618 0.6711 0.6677 0.6363

% Isokinetic 87.9 90.4 92.8 92.9 93.6 92.5

aRun interrupted by furnace shutdown from 1017 to 1145.

~oisture free and at 200 e and 76.0 cm Hg.

CActua1 flow rate at stack conditions.
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TABLE 3. BAGHOUSE OUTLET LEVEL 2 SAMPLING DATA,
ROANE LTD., ROCKWOOD, TENNESSEE

Run No. 1 2 3 4

Date 2/10/81 2/11/81 2/11/81 2/12/81

Start time 0915a 0920 1308 0945

Stop time 1610 1248 1655 1325

Net sampling
time, min 160 160 160 160

Stack temp., of 165 145 135 133

Volume collectedb
dam3 3.3895 4.2730 3.8681 4.1258

Gas flow rateC
dsm3/min 6870 7980 8510 8290

Compartments
samples 2,3,4,9 1,10,11,12 5,6,7,8 5,6,7,8

aRun interrupted by furnace shutdown from 1017 to 1145.

~oisture free and at 20°C and 76.0 cm Hg.

CEstimate based on inlet flow rate, ambient temperature, inlet gas
temperature, and outlet gas temperature.
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TABLE 4. TOTAL PARTICULATE TEST RESULTS (BY RTI) BAGHOUSE INLET SAMPLING LOCATION,
ROANE LTD., ROCKWOOD, TENNESSEE

Run
No.

Particulate
captured

(mg)

Particulate
concentration

(mg/dscm)

Particulate
generated
per hour

(kg/hr)

Particulate
generated

per MWH
(kg/MWH)

Particu1~te

generated
per Mg feed

(kg/Mg)

Particulate
generated

per Mg alloy
(kg/Mg)

1 222.5 373.6 132.1 6.64 6.73 17.9

2 166.4 259.1 96.1 4.83 4.69 14.8

3 124.7 188.4 70.1 3.65 3.57 1l.2

4 109.8 163.6 61.7 3.01 2.94 9.2

5 223.5 334.7 124.7 6.20 9.82 19.1
N
0

6 149.2 234.5 84.2 4.19 6.6'2 12.9
-----------------------------------------------------------------------------------

Average
all
runs 253.2 94.8 4.75 5.73 14.2



TABLE 5. TOTAL PARTICULATE TEST RESULTS (BY RTI) BAGHOUSE OUTLET SAMPLING LOCATION,
ROANE LTD., ROCKWOOD, TENNESSEE

Run
No.

Particulate
captured

(mg)

Particulate
concentration

(mg!dscm)

Particulate
emitted

per hour
(kg!hr)

Particulate
emitted
per MWH
(kg!MWH)

Particulate
emitted

per Mg feed
(kg!Mg)

Particulate
emitted

per Mg alloy
(kg!Mg)

1 5.0 1.48 0.61 0.031 0.031 0.082

2 29.8 6.97 3.34 0.169 0.164 0.517

3 7.0 1.81 0.93 0.047 0.046 0.144

4 10.8 2.62 1.30 0.065 0.103 0.200

------------------------------------------------------------------------------
N Average....

all
runs 3.22 1.54 0.078 0.086 0.236



TABLE 6. BAGHOUSE PARTICULATE REMOTAL EFFICIENCIES
ROANE LTD., ROCKWOOD, TENNESSEE

Outlet Run No.

1

2

3

4

Average/all runs

Inlet Run No.
used in calculation

1

5

Baghouse particulate
capture efficiencya

99.5

96.5

98.6

99.0

98.4

aCalculated using kg generated and kg emitted per hour. Comparisons based
on particulate concentration in the gases will overstate baghouse efficiency
because of additional air drawn into baghouse through the cooling air grates.

bA simple average of the particulate generated in runs 3 and 4 was used.
Outlet Run No. 3 overlapped both inlet runs 3 and 4.
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IMPACTOR PARTICLE SIZING RESULTS

Each inlet impactor run was conducted at one of four points in the inlet
duct; each outlet run was conducted in several baghouse compartments at a
single point in each compartment. Each inlet sample point was sampled four
times; only a couple of compartments were sampled more than once at the outlet.

Figures 1 and 2, presented in Section 2, are each curve fitted composite
plots of mean cumulative percent mass concentration versus particle
aerodynamic diameter as defined by the Task Group on Lung Dynamics.

Figure 1 is a composite of all 16 impactor runs performed on the inlet
and Figure 2 is a composite of all 6 impactor runs completed on the baghouse
outlet. Some of the impactor runs incorporated into Figures 1 and 2 had
rather light substrate loading. To determine if light substrate loading (less
than 10 mg total particulate) affected the shape of the particle size
distribution curves, the data were analyzed using only those runs with greater
than 10 mg total particulate loading. This included 7 of 16 inlet runs and 3
of the 6 outlet runs. This treatment of the data produced no significant
change in the shape of the particle size distribution curves.

Figure 6 is a plot of particle aerodynamic diameter versus the mean
change in mass concentration (dM!d log D) for both the inlet and outlet. The
graph is a composite of all inlet and all outlet runs. The values of dM!d
log D for the outlet can be divided by the inlet value corresponding to the
same particle size to determine the baghouse efficiency for removing particles
of that specific siz~. Baghouse efficiency versus particle diameter is
illustrated more clearly in Figure 7. The confidence intervals marked on both
Figures 6 and 7 correspond to a 90 percent confidence.

The methods used to determine the particle size distributions presented
in Figures 1 and 2 are explained below. During each individual test run a
data sheet was filled out, containing time, impactor number, and local
barometric pressur~. Recorded at specific intervals during the run ~ere

elapsed time, dry gas meter volume, inlet and outlet temperature, orifice
pressure drop and dry gas meter static pressure. Stack gas temperature, gas
static pressure, velocity pressure and gas fraction analysis data were
obtained from Entropy Environmentalists.

A computer based cascade impactor data reduction system, developed by
Southern Research Institute for the EPA, was used to analyze the field data.
This reference contains a thorough discussion of the design and use of the
above mentioned system. The system calculates and prints for each impactor
run: the D-50 cutpoint of each stage, the cumulative percent mass less than
D-50, the cumulative mass concentration less than D-50, the geometric mean
diameter of particles caught by each stage, the change in particle mass
concentration with respect to log of particle size (dM!d log D), and the
change in particle number concentration with respect to log of particle size
(dN!d log D).
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The system combines the output from all individudl runs made on either
the inlet or outlet; screens for and removes outlying data; fits the data to a
composite curve, and calculates 90 percent confidence intervals. It is the
output of this curve fitting program that was used to create Figures 1, 2, and
6. The computer printouts are contained in Appendix D-l and D-2 and the field
data sheets are presented in Appendix E-l.

The 90 percent confidence intervals indicated on the above-mentioned
figures were determined using the standard deviation of the data after
outlying points were removed. The confidence intervals do not consider the
accuracy of the sampling equipment and method9.

Table 7 summarizes isokinetic sampling rates, actual flow rate through
the impactor, volume metered at standard conditions and duration for each
individual Andersen run. The inlet isokinetics ranged between 74 percent and
113 percent, the average for all runs was 97 percent. Due to the large
cross-sectional area of the baghouse compartment where outlet sampling
occurred, no flow could be detected by the s-type pitot tube equipped with a 0
to 0.25 in. H20 micromanometer. No attempt was made to sample
isokinetically at this extremely low flow rate, and the impactor nozzles were
oriented perpendicular to the assumed direction of flow for convenience when
inserting and removing the impactor/probe assembly within the limited space of
the outlet sampling location.

The lack of a significant flow rate and resultant superisokinetic
sampling rates makes the outlet particle size distribution curve (Figure 2)
and the control device efficiency plots (Figures 6 and 7) less viable than the
inlet size distribution curve (Figure 1) where isokinetic sampling conditions
were maintained.

DUAL CYCLONE SAMPLER RESULTS

The recently developed dual cyclone sampler was operated at the inlet
location simultaneous with the Modified EPA Method 5 sample train. A summary
of results is presented in Figure 8 and Table 7. These results were
calculated using the appropriate stack gas characteristics as reported by
RTI. Example calculations are provided in Appendix B-2 and field data sheets
are presented in Appendix E-S. The two dual cyclone runs reported in Table 7
each span more than one Method 5 run. The first cyclone run (No. 3-75-16) was
operated during Method 5 runs 3 and 4, cyclone run 4-75-16 during Method 5
runs 5 and 6. A preliminary dual cyclone run, not reported in Table 7 was
voided due to insufficient particulate catch. The cyclone was assembled and
operated per the IP protocol, and due to a large amount of fine particulate in
the gas stream, the backup filter plugged in 70 minutes. Upon recovery, very
little particulate could be found in either cyclone cup. In order to increase
the possibility of obtaining enough particulate in the collection cups to
recover in a dry state, the backup filter assembly was removed. This
eliminated quantification of the particles <:2.5 ~m by the cyclone train;
however, this fraction could be calculated by difference with the total
particulate results. Removal of the backup filter allowed total sample run
times of
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TABLE 7. DUAL CYCLONE SAMPLER RESULTS, ROANE LTD.,
ROCKWOOD, TENNESSEE

Units
Run

3-75-16
Run

4-75-16

Stack Gas Characteristics
Temperature
Velocity
Pressure
Viscosity

Volume Sampled

Sampler Flow Rate

Nozzle Diameter

Isokinetic Sampling Rate

Particulate Total Weight caughta
Cyclone III
Cyclone X
Total

-Particulate Emission Rates
Cyclone III dSO
Emissions < Cyclone III dSO
Cyclone X dSO
Emissions between Cyclone III d50

and Cyclone X d50
Emissions > Cyclone X dSO
Total

Particulate Emission Factors
Average Emissions <2.85 ~m d50
Average Emissions between 2.85 and

12.2 ~m d50
Average Emissions >12.2 ~m dSO
Total Emission Rate

OF 172 175
afpm 4276 3711
in. Hg abs. 29.22 29.42
micropoise 206.6 206.6

dscf 95.49 112.77

acfm 0.S7 0.59

in. 0.157 0.157

percent 99.4 117.1

mg 107.02 133.17
mg 172.45 196.61
mg 279.47 329.78

microns 2.9 2.8
lb/hr 145.4b 84.4b
microns 12.3 12.1
1b/hr 32.S 33.2

1b/hr S2.4 49.8
lb/hr 230.2 167.4

1b/ton 17.7

1b/ton 5.0
lb/ton 7.85
1b/ton 30.6

aTotal weight of dry catch and rinse residue.

bCa1cu1ated using daily average total particulate emission rate from
Method S tests less total caught in dual cyclone train since no backup filter
was used to measure this fraction.
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TABLE 8. SIZE SPECIFIC EMISSION FACTORS, ROANE LTD., ROCKWOOD, TENNESSEE

Particle aerodynamic diameter (dSO, ~m)

Sampling ----------------------------------------------
location Parameter 00 IS 10 S 2.S 1

Cumulative
% mass < dSO 100 94 87 73 62 32

Baghouse Cumulative
inlet lb < dso/hr 209 196 182 lS3 130 67

Cumulative lb < dSO/ton
ferromanganese 28.4 26.7 24.7 20.7 17.6 9.1

--------------------------------------------------------------------------------------
N Cumulative
\D

% mass < dSO 100 83 7S 57 40 17

Baghouse Cumulative
outlet lb < dSO/hr 3.4 2.8 2.S 1.9 1.4 0.6

Cumulative 1b < d50lton
ferromanganese 0.48 0.40 0.36 0.27 0.20 0.08
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greater than 200 minutes. This allowed collection of up to 330 mg of
particulate in the cyclones. This larger amount of sample and the longer test
period substantially increased the viability of the results. The dual cyclone
results are compared to the cascade impactor results graphically in Figure 8.

The dual cyclone results show a slightly lesser fraction of particles in
the 2 and 12 micron range than the impactor results. Only 2 cyclone runs are
compared to 16 impactor runs in Figure 8 which in itself could explain some of
the difference. Also, particulate loss during recovery and gravimetric
analysis is more of a problem with the cyclones since actual transfers of
particulate from cyclone cup to container to a second container are required.
These transfer steps initially result in some loss of particulate whereas the
impactor substrates are immediately sealed in a foil packet upon recovery.
Care is taken during recovery and analysis to completely quantify particulate
weights by careful rinsing and weighing particulate in the rinse after
evaporation; however, the acetone does not completely clean the cyclone and
container walls. Several other polarities and types of solvents would be
required; however, the resulting dissolution would probably also decrease the
particulate weight gain.

SIZE-BPECIFIC PARTICULATE EMISSION FACTORS

The emission factors contained in Table 9 were calculated by applying the
size distribution test results from GCA's Andersen testing to the total
particulate data results from the Level 2 testing. The volumetric flow rate
at the outlet of the baghouse was adjusted to include dilution air by
consideration of the drop in stack gas temperature. It was not possible to
accurately measure flow inside the baghouse utilizing EPA procedures;
therefore, the outlet gas flow rate is based strictly on calculations by RTI.
The fume and emission factors based on tons produced were calculated by
dividing the hourly emission factors by the average production rate recorded
by GCA and RTI during the test period.

VISIBLE EMISSIONS DATA

All visible emissions observations were made in accordance with EPA
Method 9. The field data sheets appear in Appendix E-2. Visible emissions
were recorded during the 3 days of the test program. The furnace shop roof
monitor was observed for 3 hours, the baghouse outlet for 2 hours. A summary
of the visible emissions data obtained is presented in Table 9.

At no time during the testing period were visible emissions greater than
5 percent opacity observed originating from the baghouse compartments being
teste~. Capture efficiency of the canopy hood throughout the study, for all
operations other than tapping, was close to 100 percent. Visible emissions
originating from the furnace building could be attributed to mainly the
tapping operation which occurs for about 45 minutes every 2 hours.
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TABLE 9. SUMMARY OF VISIBLE EMISS10NS OBSERVATIONS
AT ROANE LTD •• ROCKWOOD. TENNESSEE

Date

Source

2/11/81

Baghouse
roof

monitor

2/12/81

Furnace
shop roof
monitor

Total No. of IS-second observations 472 482

Total minutes 118 120.5

Number of observations 0-5% opacity 472a 447

Total minutes 0-5% opacity 118 111.75

Number of observations 10-15% opacity 0 29

Total minutes 10-15% opacity 0 7.25

Number of observations 20-25% opacity 0 6

Total minutes 20-25% opacity 0 1.50

Number observations >25% opacity 0 0

Total minutes >25% opacity 0 0

aanly 2 of 472 readings were 5% opacity.
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FURNACE OPERATIONS DATA

A process observer recorded furnace operations and cycle times, as well
as fluctuations in furnace fume generation. Capture efficiency of the canopy
hood and tapping hood was also assessed. Tapping, stoking, charging, and
blows, all cause heavier emissions than just the smelting process. Fumes
generated by stoking were usually completely captured by the canopy hood.
Blows (characterized by an intense white flare) resulted in a short burst of
heavier fumes and more flames than normal.

Furnace No. 3 consumed 6 percent more charge materials than furnace No. 4
during the testing program. Table 10 presents a summary of all materials
charged to the furnaces for 16 hours per test day. Furnace No. 4 however
produced more metal and consumed less power than Furnace No. 3 as shown in
Table 11. Furnace No.4 averaged 9.76 MWH/hr while Furnace No.3 averaged
10.43 MWH/hr. It is important to note that charge materials composition is
for 16 hours only while tap weights are on a 24 hour basis.

The furnaces are tapped on a point system based on MW consumption. When
approximately 100 MW of power have been consumed, which usually occurs every 2
hours, the furnace is tapped. Table 12 presents the daily average results of
the metal and slag analyses performed by the source. Tap weights are provided
in Table 11.

The product weight rate averaged about 80 ton/day with an average tap
duration of 45 minutes.

Baghouse Observations

Individual compartment pressures, overall pressure, temperature range and
fan currents, were recorded in the field and are presented in Appendix E-3. A
SUJllD8ry of the recorded baghouse data is provided in Table 13. The source
provided design parameters for the baghouse and these data are presented in
Table 14.
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TABLE 11. TAP WEIGHT AND POWER CONSUMPTION AT ROANE LTD.,
ROCKWOOD, TENNESSEE

Actual a Daily Daily
tap Tap power powerb

Furnace weight weight consumption load
No. Date (lbs) (tons) (MWH) (MWH/hr)

3 2/9/81 106,248 53.1

3 2/10/81 167,756 83.9 222.8457 10.46

3 2/11/81 177,118 88.6 230.4161 10.40

3 2/12/81 174,002 87.0 237.2913 10.43

Average 156,281 78.1 230.1844 10.43

4 2/9/81 164,312 82.2

4 2/10/81 178,909 89.45 .199.5267 9.56

4 2/11/81 146,357 73.2 219.0354 9.88

4 2/12/81 149,416 74.7 214.5089 9.83

Average 159,748 79.9 211.0237 9.76

aActua1 tap weight is the weight of the metal tapped minus any
slag that was tapped with it and minus 5% of the FeMn fines
which are used to line the molds into which the metal is poured.
From long term experience the plant estimates 5% of the fines
dissolve into the alloy.

bPower load is based on MWH total divided by actual hours
furnace was in operation.
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TABLE 12. METAL AND SLAG ANALYSIS DATA, ROANE LTD., ROCKWOOD, TENNES SEE

Furnace No. 3 Furnace No. 4
----------------------------- -----------------------------

Date 2/10 2/11 2/12 Avg. 2/10 2/11 2/12 Avg.

Metal

MIl 78.4 78.53 78.07 78.33 78.0 77 .67 78.20 77.96

Fe 12.86 12.79 13.15 12.93 13.38 13.66 13.09 13.37

Si 0.37 0.25 0.46 0.36 0.13 0.24 0.32 0.23

C 6.87 6.93 6.82 6.87 6.99 6.93 6.89 6.94

Slag

Mn 18.80 17.33 19.17 18.4 23.27 20.97 18.77 21.0

MnO 24.25 22.36 24.73 23.8 30.02 27.05 24.21 27.1

FeO 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35

Si02 33.67 32.64 32.59 33.0 29.04 30.91 31.83 30.6

A1203 2.16 2.19 3.12 2.5 2.67 1.59 2.65 2.3

CaO 30.14 32.53 29.58 30.8 28.60 30.56 30.84 30.0

MgO 7.06 7.56 7.26 7.3 6.96 7.16 7.76 7.3

BaO 0.82 0.82 0.82 0.82 0~81 0.83 0.83 0.83

Total 98.45 98.45 98.45 98.45 98.45 98.45
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TABLE 13. OPERATING PARAMETERS OF THE BAGHOUSE
SERVING FURNACES 3 AND 4, ROANE LTD.,
ROCKWOOD, TENNESSEE

Average Recorder Gauge
temp. pressure pressure Fan

Date (OF) (in. H2O) (in. H2O) (amps)

2/10/81 178 7.5 7.1 266

2/11/81 157.6 5.9 6.3 264.3

2/12/81 152.8 7.5 7.3 267

Average 163 7.0 6.9 266
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TABLE 14. BAGHOUSE CONTROL SYSTEM DESIGN PARAMETERS, ROANE LTD.,
ROCKWOOD, TENNESSEE

Baghouse

a. Manufacturer: Wheelabrator-Frye

b. Type or trade name: Continuous Automatic, DUSTUBE Dust Collector

c. Model No. 366, No. 818, Series 11.5 Open Pressure Type

d. No. of compartments: 12

e. Bags/compartment: 145

f. Bag 1 x d: 369 in. x 11.5 in.

g. Total Cloth Area: 158,976 ft 2 (12 compartments)

Pan-
a. Manufacturer: Zurn Air Systems

b. Model No. Clarage Series 3200IT, Fan Size 8900

c. Blade Size:

d. Belt or direct drive: Belt

e. Power rating: 1 at 250 Hp, 15 at 5 Up

f. Positive or negative pressure: Positive

Fabric

a. Manufacturer: W.W. Criswell, Division of Wheelabrator-Frye

b. Material: Fiberglass "DUSTUBES" No. 425-04

c. Woven or felted: Woven

d. Weave: 3:1 cf

e. Weight: 9 oz. sq. yard

(continued)
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TABLE 14 (continued).

f. Thread Count: 55 x 52

g. Operating temp. range: Design 500°F, Actual l70°F

h. Surface Treatment: None

i. Coating upon startup: None

j. Guaranteed life: None

k. Actual life:

Cleaning System

a. Method: Reverse air

b. Frequency: 1 compartment/50 minutes

c. Actuated by: Timer

d. Anti-collapse rings: Yes

e. Wire mesh cages: None

f. Cleaning air: 10-15 cfm at 120 psi

Operating Parameters

a. Design volume flow rate: 260,000 cfm

b. Design temperature: 500°F

c. Gross mass design efficiency: 99+

d. Design inlet grain loading: 0.04 gr/dscf

e. Total power consumption: 530,000 KWH

f. Design air/cloth ratio: 1.96:a ft 3/ft2 min

g. Design pressure (absolute):

h. Design 6.P (we):
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APPENDIX A

SAMPLE TRAIN CALIBRATIONS

A-I
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PRI·;,'ES'l NuZl..Lf CALlBHATION
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'l:"D .:¢'

Nqzzlt
D· D" D3 ~ 0, D

1dHntification I , avg
number 'men, (tn. ) nun, (1n. ) mrn, (in. ) I:Ull, )in. )

_._-,--- --_.__._--- --- .. _- ---

3.ot) D. I "I 3.0B 0'116

3, Sf) D,t3f> 3-S8 (j. 73"
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~,S Ii 0-1710
5·o~

b,oA °,235
0., Cf7

b·O~ 0, l ~f..
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~-TEST NOZZLE CALIBRATION
.pi( ti'
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~~~-~
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D· /87
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where:

:\D

ct u"rq~ qll 3 diG~~
II: nbzzl~ diaITIctt.'r mC8$un'd on oft cHffereftot diameter, mm (in.).
"Tolerance'" measure within 0.25 mm (0.001 in.).

= maximum diff~rence 1n any two measurements, mrn (in.).
Tolerance'" 0.1 TIID (0. ('r()/~ In.). - ~~



APPENDIX B-1

EXAMPLE CALCULATIONS
ANDERSEN CASCADE IMPACTOR

The field sampling and laboratory analysis data is reduced by
programmable calculation to provide the following input to the SORI data
reduction system:

1. Impactor identification (required to call up hardware information)

2. Fractional gas composition (C02' CO, N2' 02' H20)

3. Impactor flow rate (ACFM at stack conditions)

4. Stack pressure (inches of mercury)

5. Stack temperature (degrees Fahrenheit)

6. Gas temperature within impactor (degrees Fahrenheit)

7. Duration of sampling (minutes)

8. True density of particles (grams per cubic centimeter)

9. Maximum particle diameter present in sample (micrometers)

10. Masses of catches by stage (milligrams)

The following field data are also entered into the calculator to obtain
the above input data:

• Barometric pressure (inches of mercury)

• Molecular weight of gas stream at meter (lb/ 1b-mo1e)

• Average static pressure at meter (inches of mercury)

• Average temperature at meter ( OF)

• Water collected in condenser and silica gel (grams)

B-1
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• Gas volume at meter (ft3)

• Average stack static pressure, (inches of water)

• Average stack temperature (OF)

• Particulate mass collected in probe and expander section prior to
top stage (grams)

• Particulate mass collected on each impactor stage (grams)

• Particulate mass on backup filter (grams)

The following calculations are performed by the calculator as a preliminary
data check, however the results reported in the Appendix are the computer
printouts detailing the calculations performed by the Data Reduction System
developed by SoRI (EPA-600/7-78-042).

a. Total Mass Collected:

b
M =M +"M +M

T P ~t s f

where: MT = total mass collected (grams)

= mass collected in probe and impactor pr10r to top impactor
stage (grams)

Ms = mass collected on impactor stage (grams)

L=t = corresponds to the top impactor stage

L=b = corresponds to the bottom impactor stage

Mf = mass collected on backup filter (grams)

b. Volume H20 Vapor at STP:

where: VH20 = volume of water vapor @STP (ft3)

W = water collected (grams)

STP = 29.92 in. Hg and 70°F



c. Meter Volume at STP:

V
inS

where: Vms = meter volume @ STP (ft3)

Vm = meter volume (ft3)

Pb = barometric pressure ( lIHg)

Pm = average static pressure at meter (- lIHg)

Tm = average meter temperature (OF)

d. Total Volume Sampled at STP, VT (ft3):

(1) Outlet impactor only

(2) Inlet impactor only

where: F = dry gas fraction.

e. Percent Moisture, H20 (%):

f. Mass Concentration, em (grains/dscf):

Cm = (MT/Vms ) (15.43 grains/gram)

g. Volume Sampled at Stack Conditions:



1

where: conditions 'f 3)Vs = volume sampled at stack " t

Ts = average stack temperature ( OF) •

Ps = average stack static pressure (+ "H2O)

h. Impactor Flow Rate:

where: QI = impactor flow rate (acfm)

t = time (minutes)

i. Impactor Stage Size Cutoffs:

d =fo_·_l_35_1T_lJ_g_d_c~3_N_K_P5_O\ 1/
2

pca ~ Q (10-8) ~

with d = dp (C p p) 1/2 104
pca

and C" = 1 + ~~ [1.257 + 0.40 exp (L1.10 dp/2A)]

where: C" = Cunningham slip correction factor

A = mean free path of gas molecules, cm

dp = particle diameter, cm

pp = particle density, g/cm3

dpca = cut diameter, m (g/cm3 )1/2

j.Jg = gas viscosity, g/cm-see

de = jet diameter, em

N = number of jets 1.n an impaction stage
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Kp50 = inertial impaction .cut parameter at 50 percent efficiency*

Q = total flow rate, l/min

j. Percent Mass Collected on Backup Filter, PF (%)

k. Percent Mass Collected on Each Impactor Stage, PI (%)

PI = (Ms/MT) 100

1. Percent Mass Collected in Probe and Impactor Prior to Top Impactor
Stage, Pp (%)

m. Cumulative Percent Mass < Stage Cutoff Diameter for Each Impactor
Stage, Cpn (%)

n=l
Cpn = 1: PI + PF

L=b

where: L=b = corresponds to the bottom impactor stage

L=n = corresponds to the impactor stage of interest

n. dM/d Log D (grains/dscf):

dM/d log D

(P
I

/100) C
m

= 7(=-10-g---='D--
1

"'t'")--~("":'"l-og~D~)
s + s

where:

o.

PI = percent mass collected on a particular stage s (%)

Geometric Mean Diameter, ~ (~m):

DM =~ Ds + 1 x Ds

*dSO from manufacturers calibration curves.



t

APPENDIX B-2

EXAMPLE CALCULATIONS
DUAL CYCLONE SAMPLERS

1. Calculate stack gas velocity given flow rate by RTI

(T + 460)
V • Q x 288.13 x A S M P

s S sxdx s

where Vs • velocity in afpm
Qs = flow rate in dscm/min
Ts • gas temperature in of
As • stack or duct area in square inches
Md = mole fraction of dry gas - unit1ess
Ps = stack gas absolute pressure in inches Hg.

and

288.13 • 35.31 ::~; x 29.92 in.

2. Gas viscosity calculation

~ • 174.4 + 0.406 (T °C) in micropoises

3. Isokinetic rate

% I

4. Cyclone III cut size

1039 x (T + 460) x V STD
. s m

Cyclone III d50 • [0.024 ~ - 3.09] Q
i
-0.8 in microns

B-6
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where = viscosity in micropoise
Qi = sampler flow rate in acfm.

5. Cyclone X cut size

Cyclone X d50 •

where Qcal· 69.5 log ~ - 150.0

. / Qca 1
15'V

Q.
1
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APPENDIX C

TOTAL PARTICULATE EXAMPLE CALCULATIONS (BY RTI)

C-l
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APPENDIX D-1

CASCADE IMPACTOR DATA REDUCTION
SYSTEM PRINTOUTS BAGHOUSE INLET

D-l



r-

2.00 "In

2.22E4 C?

2.1S

7.3~~·O~

7.92:::-·\2

50 '. ?<:- ul

7. S6E-I] 2

1.73[+02

2.22<:+02

3.10

2.49_,02

9.6'H:-12

'l.SE -01

1.55£"03

3.36E.+12

15.03

70.0 ~ICRO"ET~~S

>120 = 1.0)

1.4744[+03 ~G/O~C~

S/\ FIL HR

6 9

0.79

SAMPLING DURATION =

3.(,7[+02

4.71[+02

1.61E-Ol

2.0,,(-01

S7

7

1.15

1.54

1.";2[+02

1.45[+00

6.59E+02

4.13<:+11

31.q2

4.70t.+02

6.02£+02

2.05t-Ol

2.63£.-01

2.57£+00

3.'8£+02

4.S0t.+l0

S6

6

1.82

1.41

1.18E+02

40.85

MAX. PARTICLE DIAMETER =

18.31 ~2 = 19.60

1.1501l£-03 M~'AC~

5

S5

3.61

0.16

6.98E-Ol

1.50E-0C;

1.28E-Ol

48.86

5 .62£.+ 0 2

7.20E-02

2.46E-Ol

3.15E-Ol

4.46E-00

S4

4

7.33(+02

2.50E-Ol

3.20E-lll

5.52

0.d3

6.67[-01

40;1.73

'Jo28E+02

3.1&E-Ol

9.64E+02

3.81E+01

IIIPACTOR TEMPERATURE = 184.0 F: 84.4 C

STACK TEIIPERATURE = 184.0 F = P4.4 C

STACK PRESSURE = 28.68 IN. OF HO

1.09 CO = 0.00 N2 =
6.4431[-01 GR/DNCF

52 S3

2 3

11.90 8.09

1.04 0.55

8.35E-Ol 4.42£-01

57.24 54.25

6.59£+02 6.24E+02 5.12l+0~

8.44£-02 8.00£+02

2.88E-Ol 2.73£-01

4.05E-Ol 3.69£-01 3.50E-Ol

3.~4E+Ol 1.50E+Ol 9.81[+00 6.61l~+00

4.13£+02 2.64£-02 4.11[+02

2.33E-08 5.33E-08 2.57E-OS

51

1

18.96

6.f.l

5.47E-02

62.0;11

7.24E-02

RUN I1-I-A-16 2-10-81 0946

I"P'CTC~ FLOWRATE : 0.282 ACFM

I"PACTCR PRESSURE DROP = 0.1 I~. OF HG

ASSU~EO PA~TICLE OlhSITY = 1.00 GM/CU.C".

GAS CO~POSITION CPERCENT) C02 =

CALC. 'ASS LOADING = 5.0291£-01 GR/ACF

I"PHTCI< STAGE

ST HIE INtEl! NUMBER

050 C'ICflOl'ETERS)

MASS C'JLLIGRA~S)

"6/ChC'HTACE

CUM. PERCENT OF MASS SMALLER THA~ 050

CUll. CI'O/ACM) SMALLER THAN 050

CU,. (!'G/N,C'',) S"ALLER THAh D5C

CUM. HP/AfF) SMALLER THAN 050

CUI'. CGR/ChCF) SIIALLE~ THAN D50

6EC. "E'~ 01A. CMICROM£TERS)

OM/DLD6t (I'!G/Ur.CM)

DN/DLOGD (NO. PARTICLES/DNCII)

~OR"'L (l~EINEERING STANDARD) CONDITIONS ARE 21 DEG C AND 7601'11'1 HG.

AERot'~AI'IC LJAM£TERS ARE CALCULATED HERE ACCORDING T~ THE TASK GROUP CN LUNG DYhAMICS.



,...

1.0)

2.00 "1-.

C. '.3£-01

7",3!;E..02

5.·~f.:+12

2.76

2.22(' C2

F IL TER

9

1."7""L-03 "G/O"C~

q ... f:~E-lJ;'

2.15(,+\2

1.(,01;.',(>0

1.71,-01

1.73[-02

2.22£-02

7.56E-G2

58

8

C.89

3.10

2.·~9[-02

15.03

70.0 MICROlolET£R5

H20 =

S7

7

SAMPLING DURATION =

3.67£-02

".11E·02

1061l-01

2.06£-01

1.55£-00

1.0"£.02

3.5Qt-U

1.25

1.6"

1.32£.02

31.92

".10E·02

6.02£-02

2.05E-Ol

2.63t:-Ol

2.68£-00

".HE-02

".13£+10

1.93

1."1

1018£·02

"0.85

"AX. PARTICLE DIAMETER =

3.12

0.16

1 .28l- 01

"8.86

5.62E+02

1.20E-02

2.46E-Ol

3.15E-Ol

".51E- 00

1.1"£-01

1.43E·09

H2 :: 18.31 C2 :: 19.60

1.1508E-03 "G/AC'"

55 S6

5 6

S"

"

5.72£+02

1.33E-02

2.50E-01

3.20E-01

6.19E-0 0

". OlE-O 2

2."9£+09

5.62

0.83

6.61E·Ol

"9.13

6.2"£.02

8.00E-02

2.73£-01

3.50£-01

9.92E·00

2.66£-02

5.21E-08

8.20

0.55

"."2£·01

54.25

12.01

1.04

8.35£-01

51.24

6.59E-02

8.4"E+02

2.88E-Ol

3.69 E-Ol

1051E+Ol

".16£·02

2.29£+08

I"P At TOR T£ MPERA TURE:: 184.0 F" 8 4.4 C

STACK TE"PE~TUR£ = 184.1 F = e4.4 C

STACK PRESSURE:: 28.&8 IN. OF H6

1.09 CO = 0.00

6.4431E-Ol 6R/OHCF

S2 53

2 3

51

1

7.24E-02

9.28E-02

3.16E-Ol

4.05E-Ol

6.81

3.65E+Ol

9.68E+02

3.79E-07

19.07

5.41E-02

62.91

RUN I1-I-A-16 2-10-81 094'

I"p.CleR FLOVftATE =1.282 ACF"

I"PAtltR PRESSURE DROP = '.1 IN. OF HG

ASSU"ED PARTICLl DENSITY =1.00 '"/CU.C".

GAS CO.POSITION (PERCENT) C02 =
CALC. '.SS LOADING = 5.0291E-Ol ,R/ACF

IMPACTeR STAGE

sT A'E INDEX NUMBER

050 (.ieRO'£TERSJ

MASS ('ILLIGRAMSJ

M"[hCPlHAGE

CUM. PEReEtlT OF MASS S"ALLER TtlAN 050

CU". (.G/ACMJ SMALLER THAN 050

CU"'. (PG/OhC"J S"ALLER THAN 050

CUM. (6ft/lCFJ SMALLER THA~ 050

CU,. (EM/oheFJ SMALLER TtlA~ 050

6EJ. "'EA~ olA. ("ICROMETERSJ

OM/CLCEo (""ONC")

OMIDLeGO CNO. PARTICLESlD~C"J

~OR"AL CENGINE~IN' STANDAROJ CONDITIONS ARE 21 DE6 C AND "0"" H6 •

• EROCYNA'le DIAMETERS .ARE CALCULATED HERE ACCORDINe TO MERCER.



-

RUt. U-[-A-'n 2-10- 81 1400

"A~. P~RTICLE DIAMETER = 10.0 "ICR~~ETERS

IMPACTCR FLO~RATE = 0.331 ACF~

I~PtCTCR PRESSURE ~ROP = 0.2 l~. JF HG

A5SL'Er FAPTICL~ DE~SITY = 1.00 G~/CU.CM.

I"PACTOR Tf:I~Pi.IlATURE = IB~.O"::: B~.4 C

ST.. CK TE"PERATUkE::: 1<l~.0 F = H.4 C

ST"C~ PRrSSUR~ = 2~.68 Ir.. GF HG

S\HFLIN; DUkATlrN = 2.H 1'1'1

"

3.32f.+ _~~

~."4[·02

5.12(-01

7.04(-0,

1 • C.l

~2~::: 1.0J

B.3~92l+02 rG/u~c~

.. I L TE R

02 ::: 19.60

6.516eC.02 M~/AC~

N2 ::: 78.31

S'I S'5 56 S7 S.>

" 5 6 7 ~

5.06 3.32 1.67 1.0 '5 :.72

1.00 1 .3~ 0.85 1 • ~ ::' 1 .01

6.83··01 9.16E+Ol ~.PIL·01 &.<;7[+01 G.": ,'+H

42.96 32.00 25. o~ 16.69 b. 4 .:.

2.80<..+02 2.09[+02 1.6~E.+02 1.Cl9E·n2 ~.'4q[+Ol

3.5'1E.+02 2.67E·02 2.09£+02 1.3'1£.02 7.04,+0:

1.22[,-01 9.11[-02 1.13E-02 ~.15':-02 .? .. Q Or -j~'

1.57~-01 1.17(-01 'l.14'.-02 6.0 c C-02 ..... (I ,.- - - e"-

6.16:+00 '1.11(+00 2.36~:·00 1.33t:.OO r. J. -01

'I.1H.+02 'I.96C+02 1.95i..+02 3.~6£·02 'I.24c·02

3.36f.09 1.31E:·I0 ;:.A~E+I0 2.b2~+11 1.21'+12

Gt S C~ ~pes IT 1010 (P<:RC'."T I C02 ::: 1.0~ c." ::: Cl.OO

CtLC. ~~ss LO~ul"S ::: 2.,,~7ilE-01 GP./ACF 3.~~86[-01 ER/DNCF

I"P HFIi S TI-G( '>1 5:' S3

ST ~ Gi l"tElt 'IlUIOSER 1 2 ~

050 (Mf(RIl"ETERSI 11.'10 1 0.91 1.'15

Il# ~ ~ HIlLlGRAI'ISI 3.1;> 1.00 1.1'5

MG HNV/STAiOE 2.13(+02 6.B3[' 01 1.261'"'0;:

CUI'. PlRC[!';T OF MA5S 5I'iALL<.R lH~" D~O 7~.'Il '>E.211 51.15

CUI'. 1~./AlMI SMALLER T,,"1Il J50 ~. <:l~[+02 ~.32l·02 3.33E+02

CU ~. f~ULJI\CMI SMALLER lHA~ u50 6.22[·02 5.530:' 02 'I.2E·02

CU~ • f~R/~cr) ~"ALLER THA N 050 2.12£:-01 1-89f-Ol 1.'16[-0}

CU· • C': -1ft r.CF I S'1ALLER THAlli 05C 2.12E-Ol 2.'12[-01 1.117[-01

:or:. "l.~ tlA. CI'lICR"M[HRSI 3.50[+C1 1.38r·Ol 9.0'l<:+Ou

O~/CLCG~ (MG/ONCI'!1 3. 5~£+02 3.311(+02 1.53E+02

ON/Ol(G~ cr.u. PARTICLrs/~r.CMI 1.!5flE+Ol 2.~3~+08 1.9!5C·09

,
~GR~.L 't~£I'EERING STANL_ROI COlliOITIONS 'RE 21 OEG C A~D 16C~M ~~.

~ERGCY~~~lC CIAMCT[RS ARE: CALCULI-TEO HlRt: ACCOROlhG TO THE TASK GROUP CN LUNG OY~'MI~S.



llU~ 11-I-A-92 2-10-81 1400

2.0r "I~

~ • 7;' ,. - 0 ! re.• .:> J i: - G~_

~.r~CuC2

5.4 Q -·Ol

7. O~, -01

?4 Uc -02

4.7:~+~2 2?~~[.G2

C.70~'11 2.2·~:+1~

SA~PLI~~ ~URATIO~

~AX. FtRTICLL DI~~;T;R = 70.0 MICRc~ETrRS

~2~ = 1.0J

8.3492'.02 ~G/UN:~

S~ F lL:.'l.

,; 'l

0.82

1.01 1.03

~.'lD'.OI 7.0';.01

h~3

184.0 F; 84.4 C

STACK PRESSUR~ = 28.68 IN. OF HG

IMPACToR T[~PiRATURE

STACK TE"'PERATURE = 184.0 F = <,4.4 C

IMPACllR FLOWRATE = 0.331 ACf~

IMPACT(,R P'lESSURE DROP = 0.2 I~•• OF HG

ASS~~E[ FARTICLE DENSITY = 1.00 G~/CU.C".

GAS COHCSlTIO," (PERCE"T) C02 = 1.09 CO = 0.00 ,,2 = 78.31 ('2 = 19.60

CALC. ~ASS LOAOIN'> = 2.b4l!>E-Ol GR/ACF 3.6486£-01 GR/ONCf 6.51~EE'0~ "'G/AC~

I~PACTC" STAGE SI S2 S3 S4 5!: Sf, S7

ST AGE. H.C~)( NUHE'ER 1 2 :.'I 4 5 6 7

050 tid cRO lor TE 'l. oS ) 11.59 11.01 7.56 5.19 3.43 1.7h 1.15

HA SS n ILLlGRA"lSI 3.12 1.00 1.85 1.0C 1.34 0.85 1.02

I'IG I ChC~ I STAGE 2.13E·02 6.83E-Ol 1.26£·02 6. 83to .0 1 9.16E."1 5.81 .. -01 6. c 7'::_ [)1

CU~. PtRCE~T or MA~S SMALLER T~A~ ~50 74.47 66.28 51.15 42.96 32.00 25.0 .. If, .1:0'1

CU". (~'/AC~) SMALLER THAh 050 4. ~5£+02 4.321:·02 J.JJf+O 2 2.80E.+0 ~ 2.0'n·02 1.6310:·02 I.G~E.·D2

CU!'. I" ::10 "CIII SHALLER T~A~ 05G 6.22 .. ·02 5.53<:·02 4.27£-02 3.59~+0~ 2.67E..02 2.09~·02 1.~9t:.C2

CUI" • leR/_CFI S"ALL~R THAh DSt 2.12£-01 1.89E-OI I./fbf-Ol 1.22<'-01 9.11E-02 7.13 .. -02 4.75t:-02

CU~ • 1 U<lut.CF) S"ALLE~ T~A" 050 2.72£-01 2.42f-Ol l.an-01 1.51£-01 1.11£-01 Q.14'-02 f,.DcE-02

Gf(. l"t H DlA. ( I'IICR014[TERS) 3.51[·01 1.-'0£+01 9.150:.00 &.261:·00 4.22E-01) 2.'17f o CD 1./f.3:-0G

JM/DLr(~ (MG/O~C~I J.S5E·02 3.40l+02 7.&2<:·02 4. IIlE+O 2 5.C':lt..02 2.04 .. 0 02 3.72E-u2

O~/OLOGC 1"0. PARTICLE~/ChCl"1 1.57E·Ol 2.39'::·08 1.90[+09 3.2sr·0< 1.30E-l" 2.5Q':-I~ 2.42::+11

"OR14~L ILr.~I1,EERING HAf>lJAt<C) CfJ'.CilTIOI\IS ARt: 21 OEG CAN... 160111'1 "Ii.
~EROOY~A~lC OIAHFTERS ARE CAL(ULATED HERe: ACCORDING TO MERCER.



RUII H-i-~-<;>O 2-10-81 1625

MAx. P>~TtCLE DIMMET~P.:: 70.0 ~ICRO"'ETl~S

l~F'(l[~ FLuwRATE = 0.339 ACFM

IP"f-.ClCl( FRfSSURE OROf- :: 0.2 I',. CF HG

ASSll'EC FARTlCL[ Ot:.NSlTY :: 1.00 G""CU.CI\.

IMPACTOR H"PERATURE:: lM.O F:: 8'.4 C

STACK TEMF~RATURE:: 184.0 F:: P4.4 C

STACK ?Rr;:SSURE :: 28.&8 I"'. (IF HG

S,MI'LING DURATION :: 2.00 .It'l

CUf. flRCrllT OF "'~~S SfalltR T~AN 050 R5.27

CIJ"'. H:'/.lCt') S"ALLER TH"" ;)50 4. 0 5<'+02

(Uf. 1~~/2~rM) SMALLER TFA' O~~ 6.21[+02

Cut.. ("~/~CF) 5~ALLER TI'AN 05~ 2.12£-01

CU"'. eGg I~NCF) S...AlLC R T tlA .. 05C 2.71 E- 01

CC2:: 1.09

8.40E+Ol 2.53£+01 3. 93i:.+0 1 !).33E+00

73.14 10.27 64.87 t4.14

4.19l+ 02 4.00E+02 3.69'-+02 3.&5E+ C2

5.37[+02 5.12E+02 4.13:::-0~ 4.61[+02

1.83E-Ol 1.75£-01 1. Eo1 t: -01 1.59E-01

2.35£-01 2.2~£-01 2.07[-01 2.04E-C1

1.31£+01 8.93E-00 6.0&r+0 0 4.06E-00

4.15t:.+02 1.51r+02 2.36E+0 2 2.A9£·01

3.10r+OB ".05E+08 2.01!:+0 ':/ 8.26E+Or,

CO:: 0.00

3.11>36£-01 GR/DtlCf

5,~ns::-nl

l.-::·E:?:·O?

7.6~::"1,?

r:l., 1 P~ l' ~J?

2.3"

QLTU

Cj

..2;":: 1.0)

7.2~52E+02 Mi/D~C~

S!\

F\

57

~2 :: 19.':'0

S6

6

1.65 1.04 0.71

1.80 0.(,1 2.2':'

1.20i:.+02 4.01 .. +Cl 1.51 .. +02

41.Eo7 42.0 -l 21.41

2. 71t.+02 2.3'l!:+02 1.,22' ·O?

3•• 1:::·02 3.01:+02 1.5":::t,+02

1.111 --01 1.05t-01 5.32'::-C2

1052 .. -01 1.3"<:'-01 •.• 8~,t. -02

2.33':+00 1.31£+CO <..&2, ··01

•• 03C::·O::, 2.0:?E+(1<' 9.24'.·-0'

6.09<.+10 1.11<:+11 :?1bt.+l~

5.6~t3E+02 IlISIAC'"

S"i

5

3.28

o.oe

~.<' :: 78.31

S4

4

5.112

0.5'1

53

3

1.3&

0.38

S:'

2

10.83

1.2&

'>1

1.07[+02

3.UE+Ol

1.77E+tl2

e.02r::+0&

11.26

1.61

G~S COf~tSITION (PERCENT)

CALC. ~.~S LOADING :: 2.4F4~f-G1 GR/ACF

1M"'! ClCR STAGE

ST.~l IIID~X ~Ul\b[R

050 II\~CRQ~lTEPS)

MLS5 I~Illl,RAP"5)

MG/~"C~/SlAGt.

GEt. "'ttll DIA. fMICROMlTERS)

D""Llt~_ (fG/D~CM)

Dh/LLLCL I~L. rARTICLES/OIICM)

~CRM.l lL~~III[£RING STANJARO) CO~~ITIONS _R£ 21 OEG C AND 160MI\ HG.

AlR'C'~p~IC CIAM[TERSAR£ t_LCULATEU HERE ACCORDING TO THE TASK GROUP CN LUNG OYNAMICS.



RI)~ tl-1-Fl-90 2-10-81 1625

JI'F ~(Ti.~ FLOIlRATl : 0.33'1 ACF~ III4PAcnR r:;I'pF:r<I\TUIIE: 184.0 F : 8404 C sa~"LI~~ O~~ATION : 2.0a ~1'1

II''':(TlR PRU;SURt. CROP: 0.2 111. ,)F HG Su."1( TE~FiR"TU~E: 1b4.0 F: ~4.4 C

~~5G"ll ~ARTICLl DENSITy = 1.CO G~/~U.C~. ~TAeK PR[~SU~l = 28.60 l~. ~F H. "AX. P ,P,TICL':' DI .. !o!frc:< : 7C.0 ,';Iet -,wEH~S

~.68~~~+02 ~j/AC~

eL~. (>Llre!':) S~ALLt.F< TlI'~. 05C 4.1\5E+02 11.19 L + 02 4.00[+02 3.6n +0:2 3.65E+02 ::.71'+02

C~" • IH It',c,n S,",ALLi:R H'AN Dsr 6.21(+02 S.31E+02 5.12[+02 4.13"+02 4.61[+ 0:' 3.41t.+02

CU ~. (;;"I"CF) S~ALUR TI-~" 050 2.12[-01 1.83l-01 1.15[-01 1.61[-01 1.59E-Ol 1.1~<'-01

CV!'. ( lP/UI.lf) SI',.LLER T t-; AI, 05 r 2.71[-01 2.35::-01 2.24(-01 2.01t-0 1 2.04E-C' 1.52;"-01

Gtl,. "t.~ LJA. IMCf<O"U U<"l 3.4')[+01 1.3,,[+01 ';.04[+00 6.1HE+00 4.1&[+':0 '.H-,+CO

~!" ICl(,(.[ I"G 101,(1') 1.17[+02 4.1d[-02 1.53[+02 2.'10(-02 2.'1£[+01 4.21 :'+02

Dto./CL \ ,,: I I\c,. "~RT!('LC~/D~C"I 1.<;'J!;+06 3.05':+0& 3.95[+08 1. '3'1'_ +0 or; 1.tl'l(+n- 5.55:,-IC

c.O!! l.dO

3.38 1.7'"

~.• 70SL - c: 1

~.l-~":?

'1

~. ?ft

1.~~r·J2

5.1'::-02

F' IL H,~

~2'-, = 1.C)

1.2flSZc+02 IO:;/D"C~

51 S,)

7 P

1.1 A o. ~ 1

0.51 2.2',

'I.J7~-Cl 1.5L-O"

it2. C· r-; ~1.41

2.3 v +"2 1.2: ·o~

3.C 11:.-02 1.5",+0.2

1.05[-01 5.32~-02

1.~4::-rl f.. F 2- ·'"O~!

1.41t:+CO ';.6~,-Ol

2.1 E-rZ 1.~3 -0 ~

1."EL+l1 2.2C~·12

~2 = lq.~O

~IJ

6

47.!>1

55

'i

~.33r+00 1.20'+0;>

64.14

,~ : 7 A. 31- • < (e~Fe5 ITI(I~' IPlRCEH) C02 : 1.0'1 C,1 : 0.00"..
C~le. fA5S LuA~IN~ : 2.4114'1E..-0 1 GR/.lICF 3.1b36£-Cl uR/a~CF

II'P;CTC" STt.GE ~1 52 53 54

')T < r,t p,rt.~ 1\U"r::iR 1 :2
, 4

050 I" lC Rl' ~ L TE " 5 I 17.37 10.94 7.47 5.12

MAS5 (1'1 LL I GII n s ) 1.61 1.2& 0.3!! 0.59

I'G 1:~CU5H::'L I.C7E+0? 1l.40[+C1 2.53[+01 ~.93i+Ol

CUI'. P!k([',T OF to\"SS SI'ALL_R THHI 0" () ,,5.27 73.14 7C .21 64.87

~i.lRtI"L I,' CIH(P I I'; Ii SUUuAf'OI CC',r;ITIOt/S ARE dOES C A'IO 7oJo'IM ~~.

~lReuY"A~l( Gl,."lTEF5 ARE CALCULaTED "~f<L ALcnROI~G T( ~ERCER.



-

RU" 12-,- .. -16 2-11-111 1115

MA,. PARTICLE OIAI'fTER = le.o MICRt"ETL~S

I~F:elC~ FLOWRAll = 0.336 AeF"

II'P~eH~ PRiSSllPE DROP = 0.2 J",. ::;f HG

ASSU~[r f~RIIeLE O~NSITY = 1.0~ G~/cu.eM.

I"'PACTOR TEI'IPERf.TURE = 177.0 F = tlO.6 C

STACK lE"PERAlUR[ = 111.0 F = HO.6 C

STACK Pf\£SSlIRf. = 29.22 IN. uF HG

SAMPLING OU~ATIuN = 2.00 'H~

5. C~::-r) 1

'"

1.;:;

2.1t;:-P

8.1 E+Jl

., .. 'If- E. l ~,

"'21.1 = 1.0)

2.&130~+02 I'!~/D~C~

f1Llt:~

02 = 19.fO

2.100at.+02 "G/AC~

1/2 = 78.~1C" = 0.00

1.1~19[-01 GR/ONCf

Sl S2 S3 Sit S5 56 S7 se

2 3 ~ 5 6 7 8

17.2" 10.115 7.31 5.03 3 .29 1.66 1.0 ~ 0.72

0.1~ 0.29 0.03 0.10 0.10 0.30 0.55 1.:;> n

1.1ilE+Ol 1.89E+01 1.96£+ 00 6.53E+00 6.53[+ 0(1 1.96t.+01 3.5"'1:.+01 1.&4'-+01

,?5.5il fll!.25 tl7.50 85.00 82.50 15.00 61.25 31.2'i

2.01E+02 J-85~+02 1.8~E+02 1.19[+0;: 1.13E+02 1.58t.+02 1.2"::+02 6.57, +01

2.50<'+02 2.311:+ 02 2.29E+02 2.22<.+02 2.16E+0~ 1.96<.+02 1.60E+1'2 a.17t:+01

8.7n-02 ",.10£-02 8.03f-02 7.110 ;:-0 :< 7.51£-02 &.6"1[-02 5.6;>!'-02 '1. f 7' -1)2

1.0'lf-01 1.01£-01 9.<;'1[-02 C;.l1E-02 9.42[-02 b.56t.-02 6.9;tc.-02 3.~~1.:-~U;?

3. ~!lE+ 01 1031£+01 8.9~[+00 6.09£:+00 4.0fE+UD 2.~3[+00 1.3;>'+00 ,'=-. F: f'... -01

1.94[+01 9.36E+Ol 1.17E+Ol 03.903£:+01 3.54[+01 6.59,-+01 1.7"[+[2 4. b3 -02

l!.19E+05 6.97[+ 07 3.12£'+07 3.33~+Oe 1.01E+09 <;.90r+09 1.50l+11 1.42L·12

CC'2 = 1.09GAS ec~ccs ITICr. (PERCE"IT)

CALC. ~HS LCADIhG = 'h18U5r-02 GR/IICF

II'IPHlCP SHGE

ST.~E I"[E. ~U~PEP

050 e~lc~o~rT[~S)

MASS (~ILLIbRA~S)

I1G/[HHHAr-E

CU~. Pl~C[~T OF MASS S~ALL~~ T~~~ P50

Clll'. H~/.. Oq SI'!ALLt:R n"A" 050

eu". HG/[II.C") SMALLEIl ltiM! 05c

ell ... IG~/.CF) S~ALLrR T~A~ 050

eu". Cli'!/rHF) SI1ALLER T"'A~ 05C

GEl. "l~1I. DIA. (~ICRO"'llERS)

O"'I[.LC:[ eMG/ONCI')

ON/LLCt(' ("10. FARlICLES/lM:")

I\LRI'JL (i';:P-lERIt.G STANIJlRD) C::;'[;ITIONS ARE 21 lIEG C A~W 1601''4 Hr..

~lROtYI\AriC rIAMETERS _RE C_LCUL~TED HER~ AlC0RDING T~ IHE TAS~ GROUP CN LU~b DYNtrICS.



RU" t2-1-A-16 2-11-81 1115

I~P~CTCR FLCWRATE = 0.33£ aCFII

I~P~(T(R PRtSSU~E DROP = 1.2 I~. CF H6

IMPACTOR TEIIPlRATURE = 111.0 F = 80.6 C

STACK T[IIPERATURE = 171.0 F = fO.6 C

SA~PlI~G O~RATION = 2.30 ''1'4

ASS~~Et ~AhTICLE DENSITY = 1.0~ G~/CU.C". STACK PRESSUR~ = 2~.22 I~. CF HG ~A~. P~RTJClr DIM"ET~R = 7e.0 ~ICRu~ET:QS

6,S CCtPCSlTJOt; (PERCEIIT) C02 = 1.09 CO = 0.00 N2 = 18.31 '}2 = 1 q .60 "'2C = 1.0l

CALC. t,SS leAtING = q.16D~E-02 GR/aCF 1.141~E-01 GR/OHCF 2.100eE-02 "G/AC~ 2.~130f-02 ~G/ONC~

IMP HTC" STAGE

ST~GE I~tl. ~U~~ER

D50 (~It~~~tTEkS)

-1.50 'tlllI~II~~)

1"" flCHtTA&l

CU". PlRCE",T OF IIASS SIIAllLR n'lIll C/50

cur. 'tc'~cr) SI'ALLlR l~/N D5C

cut. ,tG/~~C") SIlALlE~ T~a~ D5~

CU~. Il~'~CF) S~AlLER T~A" D5~

CUt. I(h/~~CF) S~AlLER T~.~ 05D

GEt. "l'~ CIA. '''I~ROIIETlRS)

D~'ClC(P. (~G/D~C")

ON/elect IhC. PARTIClE~/~"'(~)

;;1 S2 53 S4 <;5 S6 ~7 S~

1 2 3 4 !\ 6 7 l!.
17.38 10.<;5 1 "'7 5.13 3.39 1.16 1.14 0.1\2

0.111 0.29 0.03 0.10 ·0.10 0.30 0.55 1.20

1.1ilE-01 1.'t9~-01 1.96E-00 b.53t-Oli 6.53E-00 1.96r-Ol 3.5 a E-01 7.P4,-01

95.50 lt8.25 81.50 AS.OO ~2 .50 75.00 f.1.25 31.25

2. (;1E-02 1.85[-02 1.114E-02 1. In:-O:2 1.73l-02 1.58£-02 1.2';<'-02 6. 51t.0 1

2.50r-02 2.31r-02 2.29~-02 2.22£.-02 2.16E.-02 1.96£+0? l.fOE-02 A.11t:·01

to 17E-02 1l.10t:-02 8.03E-02 1.80L-li:2 1 .51E- 02 f..89<'-C2 5.';'2E.-C2 2.8h-OL

1."'3E-Ol 1.01£-01 9.99E-02 9.11[-02 9.42E-02 11.56 .. -0, 6.9'jL-02 3.5E-0;:

3.4':1r-Ol 1.3&E-Ol 9.04E-:I:I 6.19[-0 C '1.17E-CO 2.44~-CO 1.4'?L-CO 'i.f.:O:'-OI

1.94E-Ol 9.'13£:- 01 1.11'[-01 3.,;<;r-01 3.63£'- 01 6.117l-01 1.9;>f- 02 5. 3('~·+02

8.751.-05 ~.86E-,,7 3.05E-07 3.22<:-01: 9.58E- 00 <;.04L-09 1.2'1<.-11 1.14,. +12

qLT~'t

'"

1.25

1!.11E+01

5.7&E-01

2.11€·O?

,.11::-l"

~tR~:L (l~CI~EERl~G STAN~.~O) C0~CITION~ APE 21 OEG r A~O 16C~~ ~G.

.EROLl~.~ll ~IA"llERS ARE. tALCUL~lE.O ~ERl AlluReING T~ MlRClR.



RUt- 12-!-P-lb 2-11-81 0918

STACK TEMPERATURE = 171.0 F:: ~O.b C

I"AX. P~RTICLE OI"~ETEP = 70.0 ~ICR~METERS

IMPtlTl~ FLOWRATE = 0.336 ~CFM

I"'HCHil PR<.SSlJI\E CRClF' :: 0.2 I:,. Cf HG

ASSLHL FARTlCLE OEIoiStTy = 1.00 S""ru.C~.

I~PA~TCR TEMPERATURE = 177.0 F

STACK PRt.SSUH :: 29.22 llil. OF HG

80.6 C S~HPLI"S OUR'TION :: 2.;)e ~I\I

CUI'. FEHllll,T OF !'ASS SI'ilLLlR TI-"I\; [;50 t<3.3~ 7b.34 72.21

CU". tr~/A[M) SMALLER T~tlil C50 3.1bE+02 2.90E+02 2.74[+02

cur. HUOI.C") srALLER I I' lot, oeQ 3.94C:+02 J.60E+02 3.41E+02

CUI'. 'CR/;.cn 5~,ALLrR T'iAN 050 1.3ill-Ol 1.27£-01 1.20E-Ol

cur. (CR/~hCF) SMALLER TH~' 05~ 1.72[-01 1.57l-01 1.49E-Ol

1.21 0.51 0.30

7.8bE+Ol 3.31':'+01 1.95[+01

3.'17[+01 1.36!:+01 8.91£+00

1.2'H'+02 1.64[+02 1.16E+02

5.P~£+06 1.23E+0& 3.13(+0~

CALL. ~JS5 LOADING = 1.6~87E-Ol Gil/ACF

IMPHTCR STaGE

ST "E£ It-CElt t.UI'IH.R

S.CtE.-~l

3.J.o2~·:i2

1.77

1.1e,~·02

5.3:-12

H2:J:: 1.0)

4.1211l+02 "G/O~C~

FILTl~

9

.~2 = 19.bO

3.795EE+02 "G/ACI"

1i12 = 11l.31

S4 55 Sf> 57 S"

4 5 6 7 1I

5.01 3.28 1.65 1.04 C.72

0.31 0.17 0.11 1.(,3 1.1l£,

2.0H+Ol 1.10l+01 7.14l+0J 6.E "It.+OI 1. ~I'':+02

b 7.95 ~5 .61 64.10 ~9." 3 ;'4 .. 35

2.58l+02 2.49l+02 2.43E+02 1.9Q[+02 "l.24r_OI

3.21£+02 3.10E+ O~ 3.03<:+02 2.36(+r2 1. l~',f -02

1.13£.-01 1.09E-Ol 1.06l-01 8.2ilf.-02 4.0 H -02

1.40[-01 1.35(-01 1- 32[-01 1.03(-01 5.02' -(,2

b. 07t+0 C 4.05£+00 2.33"+00 1.31(+no i.E.3c-OI

1. 21~+02 5.99E+ 01 2.40i+Ol 3.33£+02 7. ~!~: +02

1.03[+00; 1.72E+0<; 3.64~+0'J 2.c2[+1l 2.~1.;,.·12

53

3

7.3~

CO = 0.00

2.0631[-01 GRIDNCF

S2

2

10.81

::'1

17.23

C02 = 1.09GAS CO"~CS nlo" 'PERtU'T)

050 ("ICROl"lTE~~)

"ASS "llLIGRAMS)

HGILt.O/HAGt

GEL. "tAt. oiA. 'MICROMETERS)

OM/LlC~l ("s/U~CI')

Ot./CLCC .. '''0. F~RTICL[:>/r.."C".J

~ORM_L 'E~€I~([~l~G ~T.~uAPDI CONDITIONS ~RE 21 LEG C A~O 7bC~" HG.

~tRO~'~~I'l( ulAMlTEkS lRE C~lCUL~lED ~ERl ACCORDING T~ THE TASK GROUP CN LUN~ DYNA"ICS.



1.0)

2.Jil '11.

;'.75E-01

3.I,?i-·C2

3.H-:':·12

1.77

1.1C:::.C2

FIL Tn
';

it.7~11r+02 ~~/D~C'1

4.0",--0"

5.~:?t-02

'i.62':'-01

L.2~,~_+02

s,.,

l;

0.81

1.R'"

1.21[-02

1.77~·12

'l.2~':'-01

1.15(,+02

211.35

70.0 ~ICRO~ETrR5

1120 =

3.~7t..·02

SA~FLING DUkAlION =

1.'lGl-02

2.36£+02

8.;'''(-C2

2.4;'[-11

1.03[_nl

1.itH-CO

S7

7

I.1it

1.03

6.&"'0-01

4'1.'13

0.11

7.1'1E·OC

S6

6

1.75

2.'t3l-02

3.03t.+02

1.06l-01

1.32l-01

2.it3F-00

2.50:;-01

:".32f+09

<,it.10

3.195fE+02 H~/AC~

::OS

5

3.311

0.11

1.10:-01

2.'I9L-0~

3.10£+(':'

1.09E-Ol

1.35E-Ol

it.16E-00

&.DE-C1

1.63E+(I'I

£,S .61

~A•• PARTICLE DI_~ETE~ =

~2 = 18.31 J2 = 19.60

Sit

2.01':-01

it

5.11

0.31

".58~-0;:

3.2E_-0 ~

1.13L-01

1._0l-0 1

6.17":+00

1.23(-02

1. OOE+O ~

67.95

1.45

0.30

1.'j5~-OI

2.1'tE+02

3 ..41E+02

1.20r.-01

1.it'>i:-01

9.0;:":+00

1.17t:-02

3.06r-Otl

12 .21

2.90(-02

3.&OE-02

1.21E-01

1.57E - 01

1.31!~+01

1.&5<:+02

1.21E+08

10.91

0.51

3.31 E.-Ol

1&.34

I~PACTOR TEMPER_TURE = 117.0 I' : 80.6 C

STACK TEHPERATUkE = 111.0 1': eO.6 C

STACK PRESSURE = 29.22 111I. OF HG

1.09 CO = 0.00

2.0631E-01 GR/O~CF

52 S3

2 3

$1

7.£<6E-01

3.1(oE-02

3.'14E-02

1031:1L-01

10 72E-01

3.4llE-01

1.30E-02

5.ll6E-06

17.33

1.21

RUU '2-1-P-16 2-11-81 0918

II'IFHTC~ FLeWRATE. : 0.338 ACFM

l"pttTr~ PR~SSURl DROP: 0.2 I~. OF HG

ASSL~EC FARTICLE Or.hSITy : 1.00 GM/CU.C~.

s~s CO~~cSITIO~ (PERCE~T) C02 =
cue. ~A~S LOADlt<G : 1.&5P.1E-01 GR/ACF

IMP"tTL" SHGE

S1'('[ IliOn. 1.u~I'E~

050 ("ICRO"fTE~S)

~ASS (~lLLIGRA"S)

PIG IL~e" ISHH

CU~. FlRCE"'T lIF "'SS St.'LLt.R THA~ lI50 tl3.3~

CU~. I~~/'C") S~ALLEk T~A~ 050

CU". I~G/O""CI") SMALLER T.. AIII 05C

eu .... (GUACF) ::OI'ALLER Tf1H.. 05C

CU~. (Ek/~~CF) ~"ALLER Tt'" 05r

GEe. "lt~ CIA. (PlICRuMlTERS)

OM/LlCED (~G/OI\IC")

ON/Olf H (,.,0. P "RlI CLLSIl "C")

"tR)lIAl ClIIE"'~ERING SUIIO_RO) COM;ITICNS ARE 21 OEG t AND 160M'! .. 5.

AEROC''''~le DIAMETERS ARE CALCULATED "ERE ACCORDING Tn "ERCER.



'1

2.00 "n

4.~4E·1 ?

?.o7?:+fJ2

1035

".b3E-01

5.02(-()1

8

u.71

1.33

~.~1~·01

E.94E.-Ol

b.63t-01

3.C3;:-02

"~.7h-02

k.5f~-01

~.23'.+02

1.60£·12

70.0 MICkJ~ETtPS

H2°' = 1.0)

2.~013f+02 ~~/O~C~

56 FILTER

30.82

57

7

54"~LIH3 OUR.TION =

0.50

1.~ :3

3... 0'--01

1.3,·(-r2

1.71L:-C2

6.02~-02

7.4""'-02

1.30<:+('0

1.5'1(+02

1.31>(,+11

61.1 '1

1.64(·02

2.03l+02

7.15[-02

fl.8'h.-02

2.31':+00

5.37£+01

fl.34£-09

1.60(+01

12.60

2.62F-01

78.31

1.76E+02

2.19[+02

7.71E-02

9.5"E-C2

4.02[+00

1.42E+02

4.1RE-OQ

2.46£+02

8.63(-02

1.07F.-0 1

6.02[+00

1.19E.+02

1.04"-0~

1.9(1[+01

87.61

1.9H-02

7.04[-00

2.65[+02

·;'33E-~2

1.16(-01

8.115F+OO

4.19E+Ol

1.16[+08

94.75

2.13[+02

7.04E+00

2.72[+ 02

';'57[-02

1.19E-Ol

1.35(-01

3.48[+01

2.67(+07

97.26

2.19<;+02

IMPACTOR T[MP~RATUR[ = 177.0 F : 80.6 C

STACK TE"PERATUR[: 171.0 F = to.6 C

STACK PRESSURt : 29.22 I~. OF HG "AX. PARTICLE 014"~T(~ :

1.09 C~ = 0.00 ~~ : 78.31 ~2 = 19.60

1.2241f-u1 ~R/D~CF 2.2521£+02 MG/ACM

52 53 54 55 56

2 3 4 5 ~

10.73 7.29 4.97 3.25 1.64

0.11 0.11 0.31 0.41 0.25

51

0.01

6.40(-01

1

17010

99.77

2.25E+02

2.70;E+02

9.82E-02

1.22E-01

3.4fE-01

1.04E+00

4.112E+04

RU~ 12-I-P-90 2-11-81 095Q

IMP~CTCR FLOWRATE : 0.343 ACF~

IMF.CTlR PRfSSURE DROP: 0.2 I~. OF HG

MSSU~EC PARTICLE DENSITY = I.OC G~/CU.C~.

GAS CC~FCSITI0N (P[R'E~T) C02 =
CALC. ~A~S LOADI~G : 9.841~[-02 GR/ACF

IMP~CTCk STAGE

STJ~E I~CEX ~U"BER

050 C~lCRJ.LTE~S)

~AS5 c~ILLl~PA~S)

~G/r~C'/~T~"l

CU~. P[~CE~T Ot ~ASS SI"ALL[R T~A~ ~50

CU~. ('G'~C~) S~ALL[R TH~~ 050

CU~. ct~'Q~C~) SMALLER T~A~ 050

CU~. (G~/.CF) SMALLER THA~ 050

CU,. C(k/~~CF) SMALLER THAh 05C

GEC. ~E.~ CIA. (MICRO"ET[R~)

oM/tLe.t ("G/O~C')

U~/CLOGO (~o. P~RTICL[S/C~C")

~OR"AL Ct~GINEERING 5TANOA~O) CO~OITION5 ARE 21 OEG C AND 160"" H~.

A[ROOY~A'IC OIA"[TE~S Akl CALCuL~TED HERt ACCuRDI~G TO Thl TA5~ GROUP CN LUNG OY~4~IC5.



-

RU~ '2-1-1!-90 2-11-81 0959

MAX. f.kTICLE OlA"~TEk = 70.0 "ICK~METr~s

I~PlCTC~ FLOwRATE = 0.3~3 ACF"

I~PtCT~k PRESSURE JROf = 0.2 I~. CF HG

'SSU~E~ f4RTICL£ O~NSITY = 1.00 GM/CU.C~.

IMPACTOR TEMPE,RATURE = 117.0 F = 80.6 C

ST.C~ TEIlP[PATUR[ = 111.0 F = 60.6 C

STACK PRESSURE. = 29.22 I~. OF He.

SAH~LIN& DUkATI~N = 2.00 "JIj

CU~. PlkC~NT OF MASS S~ALLrR T~MN 050 99.17

CUI'. H~/ACM) S~ALLl~ TI-." D5C 2.25E.02

CUf •• ~&/~~CI'I) SfALLLR THA~ 05' 2.1iL+02

CU ~. H~ ,.CF) S~ ALLC-It TH' N ~50 9. i12E -02

CU". HR/Dt-oCF) SIIALLER THAI'; OSC 1.22[-01

C02 = 1.09

S2 S3 S~ S5 Sf, ~7 S~

2 3 ~ 5 6 7 il

10.83 7.39 5.01 3.35 1.1~ 1.13 0.81

0.11 0.11 0.31 0.0\1 0.25 0.50 1.33

1.0~!:+00 7.0o\r+00 1.98'-01 2.62£-01 1.6C·+Ol 3.20£+(11 f'.51l+01

91.26 ,,~ .15 81.61 78.Jl 72.60 '01.11 3 C.!l;'

2.19<:+02 2.13<:+02 1.91~-02 1.76£-~2 1.&O\C::-02 1• .3ti+~2 ~."qC+Ol

2.12£+ 02 2.&5£+02 2.0\1:';:-02 2.19[+02 2.03[+02 1.71E+(2 t.• 63E.+Ol

9.51 £-02 ') .33'-0 2 8.6J~-02 1.11[-02 1.15E-02 b.O 2E-t2 3oJ3f -02

1.1'i1[-01 1.16~-01 1. 07t,-0 1 9.59f,-02 b. R')t: -0 2 7.~'J[-02 3.7«-(2

1.36[+01 8.95;:+00 6.12,-00 ~.12[+OO 2.'+10::+00 1.'IOE+00 Cl.~'f, -C1

3.50E+01 '1.24::-01 1.21"-112 1.46£+02 5.61£+01 1.71:..+02 ~.8L .02

2.&3[-01 1.13"+08 1.01r-0 e 3. Q 1E+0C; 7e6U.+09 1.1'J~-11 1.;~t.t12

2.2521£+02 Me./ACw

5.1,,)~-Ol

1.35

8.b3~+Ol

2.b7::·02

2076::-1-

H2C = 1. OJ

2.f013E+02 ~~'J~C~

F ILTd

"

'-2 = 1':'.60"l2 = 18.31Co = 0.00

1.22~1£-01 G~/D~CF

"1

1

3.47<:+01

1.05E+00

~.llOE+O~

11.010

0.01

6.~OE-Ol

GAS CO~~CSITION CPlRCENT)

CALC. nss LOAI)ING = 9.8~lIiE-02 ~~n.CF

IMPIC1(1' STAGE

ST~GE HDEll NUl'lflk

D50 (~ICROf£TERS)

MASS C~lLLIGR.~S)

MGILt.C~ 1ST AGl

GEe. I"Ea" c.U. lPUCROMt-TER$1

DM/(LC~( c"G/DNC,.)

DN/DLCGC (NO. PARTI(LE~/['IIC")

IIORMAL c~~GI~EERI~G 3TANDARDI COhDITIONS aRE 21 DEG C AND l&O~M M~.

AERODYhA'IC OIA"lT£RS ARE CALCULATED HERE ACCORDING TO ~ERCER.



-

2.]0 "II~

1.1R

".41E-01

".S7E:-01

2.13[+n

'l.27~· .'

~ILTn

'jj

SI'

D

~.6C;

1.12

f,.0"_·01

5.17[·01

0.'01[-01

2.2t:[-02

2.8L, -02

1.81[-01

3.6':;+02

1._f.L+12

31.55

70.0 MICRO~(lE.RS

10'21): 1.0)

2.C313 r +02 "~/O~C~

S7

SA"~lING DURATION =

0.9

0.69

3.15E.+C1

1.01[·02

1.25E+C2

_._~E-02

5."6E-~2

1.1 "i.+ 0 0

1.R5£.+C2

2.0"[+11

0:,1.50

1031':+02

1.62£+02

5.7;i'[-li2

1.10[-02

2.12E+00

3.~7L+Ol

6.56E+09

S6

6

1.50

0.18

9.18E+00

19.95

MAX. P~RTICLE DIAMETER:

78.31 (2 = 1'1.60

1.6J A3E+02 "~/ACt

S5

5

2.99

0.a8

_.3_E+00

1.39E+02

1.12E+02

6.07E-02

7.52£.-02

3.70E+00

2.35E+Ol

8.B7E+oe

P_.76

S_

-

1._2<:+04

_.58

0.15

8.15E+01l

1.77£-02

6.22E-02

7.71(-02

5.5_r+00

_.8'£+01

5.48(-0 E

86.90

1._9[+02

1.115E+02

6.51£-02

8.07E-a2

8.15"+00

b.15E+Ol

2.171:-08

6.72

0.19

1.03(+01

'10.91

9.8'

0.0

o.a

'5.99

1.57[+02

1.95(+02

6.87£-02

6.52£-02

1.25[+01

0.0

0.0

I"P~CT~R TEI'PERATURE = 175.0 F = 79._ C

STACK TEMPERATURf = 11~.0 F = 19._ C

STACK PRESSURE = 29.22 I~. ~F HG

1.09 C~ = 0.00 ~2 =
8.8767[-02 GR'J~CF

S2 S3

2 3

:>1

0.15

1.95[-02

8.15E+ao

6.87E-02

&.52(-02

3.J2t.+al

1.~f.E+1I1

&.56E+05

15.76

95.99

1.51£+02

CU~. '~~/D"CF) SI'ALLER THA' osr

GEC. ~l'~ CIA. (MI~RO"~TER~I

U"/OlC~u '''G/ONC~)

ON/tLC~~ '''0. ~ARTICLES/C"C")

RU~ '3-}-.-16 2-1J-ti1 1_30

IMPACTCK FLUWR~TE = 0._03 ACFM

I"P'CTC~ PR<SSURE DRO~ = 0.3 Pl. OF H"

ASSUHC FAtHICLE o~rJSITY = 1.00 G~/CU.CM.

GAS CO~PCS1TIO~ (prRCENT) C~2 =
CALC. ~ASS LOADING: 7.1592E-02 GR/ACF

IMP JCHR S lAGE

ST AGE I!\tEX NUI'!f'E't

050 '~ICRO~ETERS)

~ASi (~llLIGRA"S)

I'G It:NC~ ISTASL

CUM. PlnCENT OF ~ASS SI'ALLlR T~AN O~O

CU~. ('~/AC") ~"ALLE~ THAN 050

CU~. 'H/Gf\;C~) SMALLER T... ", OS!)

CU". HR/ACF) SMALLER TIo"" 050

~OR"'L ('~GlhErRING STANDARD) CONOIT1~NS ARE 21 OEG C ANe 160~1'! HG.

AEROOY"A~IC rIAM~lERS ARE CMLCULATED HERl ACCORDING TO THE T~SK ~ROUP eN LUNG DYN)MICS.



RU ~ • 3 - 1- t. -16 2-11-81 1'13 C

-

"A~. F'RTICL~ DI'MLTER = 70.0 ~ICRJ~£T£~S

II'P.CT:I' FLOwRATE " 0.403 f.CFM

1~!""CTtR P'l£SSU"L O~OP = 0.3 H,. C,F I1G

..SSLI'EC F~RTICLt GU"SllY : 1.0r SI"CU.C".

I'IPACTOR T["'PEr.~TURE = 175.0 F = 7'1._ C

ST~C~ TEIllPERATURl = 115.0 F = 19.4 C

c; T AC If P rh, <; SuR Co = 29.22 I Ill. OF H G

SA"I,'L .. ,." OUr ATI eN = 2.0~· "'Ii

~1 52 S3 S4 t5 S~ $7 S"

2 3 4 ~ " 7 8

15.t>b <;.99 b.il2 4.611 3.D9 1.60 1.04 0.7_

0.15 0.0 0.19 0.15 o.Oll 0.1i! 0.63 1.12

8·1':£·UO 0.0 1.(\3[+01 1l.15:·0G II.3_E·00 <;.78F.:-Or ~.75£·rl "'.0~:-01

95.'1'1 95.99 'i0 .91 116.90 PI!.76 19.';15 ~l.'5C 31.35

1.57£·02 1.57 t. - 02
1 __ 9r.·02

1.42.·02 1.~CJE. 32 1.~lE.02 1.ulC+C2 ~.17· -01

1.4)5 £.+02 1. ';I!\ C+ O? 1. AS 0:. 02 1. 17L.O ~ 1.12E.02 l.b2i:·02 1.2S:'+02 ",.<\1:..01

6.,,7[-02 6.87[-02 6.51(-02 6.22f -02 6.07E-0';: ';.12:-02 _._0[-02 2.26---02

8.52£-02 b.5H- 02 8.07£-02 7.71<-0. 7.~2E-~2 7.10:.-02 5._Sl-')2 2.8r~-02

3.33E·Ol 1.26l·01 8.25E+ 0:1 5.65~+00 3.FCr·CO 2.22f.·0" 1.2g .. ·CO '.7°;:-01

1.2EE·Ol 0.0 6.22£.+111 11.';18[·01 2."1(.01 3."3t:.Ol 2.e Jf+~2 It.15. +02

6.~::E.O~ u.0 2.12£·08 5.2/$;.·06 8.39C·Ge 5.9~E·O~ 1.7H"+11 1.17,.-12

CALC. ".S5 LOA~I~G = 1.15~?[-02 G"'.CF

11':":Crc" STAr.E

ST ~Gi. I'Ot..x Nu""ef:R

1150 ,pillCr.O"~TE:S'

"ASS C~llLI3R~~S'

1l!6/(flO/H~Gt

CUI'. PfRCl~T Of MASS SI'ALL£r< T~AN D50

CU~. ,,,r'Acr, SI'ALLER THA" 050

CUI'. Cl'"'J~C'" SMALLi.R T~4~ D5u

CuI'. H ·n.CF' ~"'ALLER TI-'H' 050

CU~. (~R/JhCF' SI'AlLt:R ThAh O~c

G::r;. H~1~i DIA. (i'll(.ROMtTi.RS'

OM/CLOCC 'MG/UhCI')

ON/OlC~':' (NO. PARTICLES/OflC",

1.63d~E.C2 "~/AC~

&AS CC"~CSITIO~ 'PE~C£.IT' C02 = 1.03 C(i = 0.00

11.8767£-02 GR/DNCF

!112 = 78.31 ,I;> = 19.60 ~'20 = 1.0)

2.~~13£.02 "I~/D~C~

"IL TU

'J

1.1 <

6.H:+Ol

j.25i:-Ol

2.13:+02

2."1~+12

~OR"SL Cl~GINl(RING STA~DARD' CO~DITIO~S ARE 21 D(~ C AND 160~~ H~.

tERODT"~"lC 0IA"£TE~S ARE CALCULAT£D HERE ACCCRDI~G T~ ~ERCE:~.



RUN 1I3-~-~-16 2-11-&1 1"10

-

I'IA~. ptRTICLE O~.I4EYER = 70.1l ~ICR~I'IETlIlS

II'IF!CTCk FLOwRt.T( = 0.3~e ACFM

IMI"Cte" hl:'SSU'l£ DROP = ll.2 H,. JF HG

~S SU~E[j fl,RTICLt. Ol "IS lTV = l.ll 0 .;"/r.U.C,...•

II'IPACT~1l T(I'P[lUTUR~ = 115.0 r = 1'J.~ C

STACK TEI'IP£RATURE = 11~.0 F = 19.~ C

STACI< PRESSlJR£ = 2'1.22 y",. ,,~ HE

SLI4PLP'G OlJRATION = ;<.Oll Hi

GAS COHCSlTIO' (PEkCE:; i) C02 :: 1.09 CO = 0.00 ..2 = 18.31 :>2 = 19.60

CALC. ~~SS lOAOI"'G = e.17S~f-02 GR/ACF 1.0 H 2£-01 GR/O"CF 1.8117[.02 I'IG/AC"

II'If'tCl(,; STAGE ~1 ~2 $3 S~ 55 S6 <;,7

ST ~GE 1~OE X tlUl'I£:ER 1 2 3 ~ 5 6 7

[,50 (1'ILRC"c:TE"SJ 17.G6 10.15 7.3~ 5.ll3 3.33 1.12 1.12

I"IAS~ (~ILlIGRAI'I::') 0.05 0.07 0.11 0.39 0.25 0.30 o.~ 0

MG/i ~CU~TAGE 3.1'1E·00 ~.~O£·OO 1.01'0-01 2.~5r+Ol 1.51E+OI 1.89[+01 2.52E.(1

CU l' • P t RCE ".T ....F I'IASS SI'IALltR T~LN 050 98. 6~ %.75 12.14 81.51 7~ .PO 66.61 ~5.e :3

CUM. (~~/'C"J SMALLER T~~N USC 1.1>5E+02 l.dl [+02 1.12£+02 1.53<:+02 1.~OE+u2 1.25[+02 I.G4[+~2

CUM. ( Hnl.(M) SI'ALL[R T"'''''' 05~ 2.29[+02 2.25.:;+ 02 2.H[+02 1.8'H+02 I.HE+02 1.55[+02 1.30[-"2

CUI'. C(~/.CF) S~ALLt:R 11;/.,., Ij~O 8.07[-02 7.'HE-02 1.5~[-02 6.61~-0~ 6.12E-02 5.~5l-02 "-.~1t.-u2

CUI' • CU; lilf'.Cf) SI'ALLiF T ..... I. OS;) 1.00[-01 9.81(-02 q.;!~r-02 R.2P:-D2 1.59':'-02 6.16<:-02 5.66t.-02

G!. C. I' f"" D1A. till ~ .. 014E Tl R51 3.4~E.+Ol 1035(+01 B.RtlE+OO 6.011 ,-+0 C 4 .C9(;+ 00 2.39E.+DC 103'lE+:~

D"ICLCU ( l"GIIH.CI') 5.13E+00 2.19i+Ol 6.'15E+Ol 1.50;:+02 8.1~E+Cl 6.62L.Ol 1.34E+C2

ON/CLCG~ (~o. I'ARTICL£S/D"C~) 2.31E+05 1.69(+01 l.nE-OB 1. 211~+O9 2.4~E+09 9.20i.+O'J Q.56t.+lC

"12;) = 1.0)

2.320~r+02 "~/O~~~

S~ FIL TER

e 9

O. BO

0.70 1.31:

~.~Ol+OI 8.~5;:+01

36.8(

6.9Ct:+Ol

~.55~+OI

3.01 ... -02

s. H,.-02

'.~1t·Ol 5 • .,(;:-Ul

3.01l+02 2.c~E+02

6.71t.+l1 3.0~~'1~

HII"'~L (U~II\EERl~G STAlliJA!lOI cor:LlITlONS ltRE 21 OEG C AND 1601'111 HG.

fllROC''''''~lt DIA"LT£R~ Akt. CALCULATED HERL ACCORDING TO IIERClq.



-

1. OJ

".00 H~

5.E:f~-Ol

1.36

8.~5~+01

2.~4E·02

3.LL'-·1~

fILTER

9

2.3?ORr-02 1'l:;/O~C~

~.C10[-01

~.55:+01

3.0h.-02

5.1'1<..-02

".~7r-01

3.0lt·02

6.11L+l1

S~

'3

o. BO

0.70

".'IOl-01

7Q.0 ~ICROMETL~S

'120 ::

3f.8~

S7

7

SI.M P ll"1G DURATION ::

0 •• 0

1.12

1.CltE- ~2

1.30E-~2

••5 7t:-~2

5.£>H.-02

\o3'lt-:~

1.3"t-r2

q.56t.-1C

C5.~ 3

1.25f.-02

1.55E-02

5 ••5(-02

6.16(-02

2.3.,[+OC

6.62':-01

9.20L+D9

(,£>.61

6.12E-02

1.59(.-li2

'I.O"~-O()

8.7.E-Cl

2 ••• [-09

7•• ~O

1 •• OE-02

1.1.E-02

6.61!..-0 ~

8.27~-02

b.O&,--OC

1.50;::-02

1.28~+09

81.51

1.53;:-02

1.8q '+02

705U-02

9.~'I<:-02

e.f,!:I(-OO

6.lt5~-01

l.nE+OB

12.1'1

1.12~+02

2.l'IE-02

%.15

1.cll'::-02

2.25'::- 02

7.9U:-02

9.81E:-02

1.35E- 01

2.19t..01

\o69E- 01

~ 1

IMPAeT~)f, Hl'PERATURt::: 115.0 F:: 79•• C

STI.CK TE"PERATURE:: 1 n.o f:: 19 •• (;

STACI< PRESSloRl :: 2~.22 TI\;. o~ H€ "All. PtRTltlE DIAMEH.R ::

1.09 CO:: 0.00 .. 2 :: 18.31 :>2 :: 19.E:0

1.01.~E-Ol GR'O~CF 1.8717E-02 I'IG/AC-

';>2 S3 S. S5 S6

2 3 • 5 6

10.1S 7.3. 5.03 3.33 1.72

0.07 0.17 0.39 0.25 0.30

3.1.[.00 ••• OE.OO 1.07~-01 2 ••5f-Ol 1.57E-Ol 1.&9£+01 2.52E-(1

2.29[-02

0.05

3. It~ E.-Ol

8.07l-02

1.00E-Ol

5.13E+00

2.31E-05

17.06

98.6.

1.1>5E·02

RU~ '3-~-~-16 2-11-&1 1.10

IM~~CT(~ fLCIIR~TE :: 0.3." ACfl'l

I"''''CTC'' f'il~SSURL CROP:: 0.2 H,. Jf HG

ilSSU'EC FI.RTlCU, OllllSITY :: l.Oe :;1'/r.U.C,",.•

GAS (O~~CSITIO~ CPEkCE~i) C02 ::

CALC. hiSS LOADIo,G :: !l.1 H~f-02 GR/lef

IMP/CTC- STAGE

ST tG£ P·DElI rlU"E:ER

LSD C~ILRCYiTEFS)

"'lS~ c~lLLlbRA"~1

"'s" ~Ctl~TAGE

CU ... PlRCE"-T "F I'lA~S SMALLiR T"'AN 050

CUM. H~'/.:.c."" ::.rULLER THAN 050

CUM. C'C/C~CM) SMALLER T~AN 050

CUI'. ((~".CF) &t'ALLi:R T"'I<'" ~5n

CUI'. (~N/~"'Cf) SI'AlLiF T"'A~ 05~

G~C. !'f;1\; CIA. CMI:ilOMlTE.RSI

O~/CLtC[ c"G/n~c.. )

ON'CLCG~ c~o. "ARTICLlS'O~C"1

~LR"'!L (L~EI"'EERl"'G STAh~ARnl CONDITIONS ARE 21 nEG C AND 160"1'1 HS.

AERoe,,,.'IC OIA"'LTER~ AKt. CALCULATED HERl ACCORDING TO ME~ClR.



-

RU'" t4-I-A-<,oO 2-11-fl1 1610

!"AX. PtRTICLE DIA~rTER = 70.0 MICRCM[TERS

I~Pt(TL" FLOVRATE = 0.333 ~CFM

II'IP 3CT~R PRESSURE DROF = 0.2 I t•• OF "'G

ASSL~E( FAR11CLl D~NSITY = 1.00 "M/rU.C~.

IIlP4CTOR TEMPERATURE = 165.0 F = J3.9 C

~TACK TEIIIIPERATURE = 16!!.0 F = 13.9 C

~T'CK PR~SSUR[ = 29.22 IN. OF HG

SAI1PLItHi DuRATION = 2.00 '11'4

4.02£+02 4.02£.02 3.54E+02

4.':11£+02 4.91L+02 4.32[+02

1.16E-01 1.1~£-01 1.55£-01

2.15[-01 2.15[-01 1.89£-01

3.47[+01 1.37E+01 b.~2E+00

0.0 0.0 3.51[+02

0.0 0.0 9.43E+0&

CU~. Pf!lCE"T Of MASS SMALlt.~ THAN ::>SO 100.00

CALC. ~ASS LOAtlNG = 1.7~b7[-01 GR/ACf

IMP'CTC ... SHGE

ST~Gl I"'CEX NU~BER

C" = 0.00

2.1463£-C1 GR'O~CF

1.03

6.t:7~·Ol

5.0';<:-01

2.21':+02

3.220'1?

FILTl~

9

"'20 = 1.0)

4.<;115'-.02 M(>/D;.jC"

'J2 = 19.60

4.024~E+02 MG/ACI'I

N2 = 78.31

:';4 55 S6 So7 S6

4 5 6 7 II

5.02 3.28 1.66 1.0 4 0.12

0.19 1.46 1.33 0.91 1.11'

5.11E-Ol 9.45(+ 01 13061E-01 5.P'![+Cl 1.5I r +01

77.60 51! .3J 40.84 2tt.A'5 13.51

3.12t +02 2.35E+02 1.64E+02 1.lbl-O;> 5.41' [.0 1

3.81E+0:; 2.87£+ 02 2.01[+02 1.42E+ 02 6.67c.·01

1.36<:-01 1.03E-01 7.11!~-02 5.01[-02 2.3':1".-02

1061':-01 1.25[-01 ll.71C:-02 6.1 'JE-02 2.91(-02

6.08<:+00 4.06E+00 2.33[+00 1.31[+00 (_.6£,[-01

3.07E:+02 5.13E+02 2.90[+02 2.94[+02 4./:"'-'02

2.62[+05 1.46£+10 4.37l-10 2.47[+11 1.36'+12

~

53

1.3b

0.91

5.89r-01

/l8.01

S2

2

10.83

0.0

0.0

100.00

51

17.25

0.0

0.0

CO;> = 1.09iAS CO~P:SITIO'" (PiRC~~T)

050 (~ICr.OHE1H;;)

~AS! (~ILLIGRA~S)

116/.",C"'/S1 AbL

CUM. ll',;/"'C~) SYoALL::R THA", 050

CU". "',/Olo;CM) S"'ALL[R Tr.,'" OSC

CU". HI1/HF) S"'ALL':R TIIAII &SO

CUI'. CI:k/DhCf) SMALLlP. T"'A'" 050

GEC. "Et~ OIA. IMICRu~rTER~)

OM/CLOG!,; O'G/CNCI':)

~N/ClC~L '~O. ~ARTICLES'D"'C~)

~ORM'L (~~EI~E[RI~G STAN&ARO) CONDITIONS ARE 21 ~EG C AN~ J60M" HG.

'[RODY~'~IC DI~"lT("S ARE CALCUL,TED HERE ACC0ROING TO THE TASK GROU~ eN LUNG DYNAMICS.



..-

1.03

2.0G '1I~

1.03

6.bl£+OI

5.75~-~1

2.21£+02

2.22,.+:, '

FIL T'.'l

Cj

H20 =
~.911St+02 M~/D~C~

10.0 ~ICRu~ETL~S

se

8

O.lll

1. 16

1.51L+Ol

13.51

o,.Q6::-01

6.67E-Ol

2.39f-il2

2. ':11 [-02

'3.63, -01

5.13:: +0 2

1.I~f+12

Sf

1

O.Ql

1.14

SA~?Llh~ OUhATI~h ::

2.13E+11

2b.B~

".00E+I01.39E+102.53E+099.22f+080.0

I"'PACT:lR TE""UATURE:: 165.0 F:: 13.9 C

STACK TE"'PlRATURF = 16~.0 F = 13.9 C

STACK PRESSURi;. :: 29.22 I". CF HE "AX. PARTICLe DIA"';::T~R ::

1.09 Co:: 0.00 h2 :: 111.31 02 = 19.60

2.1463£-01 GIl/DNCF 4.0246E-02 "G/AC"

S2 53 54 S5 S6

2 :5 456

10.92 1.46 ~.12 3.38 1.15

0.0 0.91 0.19 1.46 1.33

0.0 5.69£-01 5.11[-01 9.45E-Ol 8.61£-01 5.6 q L-Dl

100.00 Q8.o1 11.60 58.31 40.84

4.02£-02 3.54£-02 3.12'.-02 2.35E-02 1.64c.-02 1.1~::+0;:

".91£-02 4.32E-02 3.8H-02 2.61E.02 2.01£-02 1.42£-&2

1.16(-01 1.55E-Ol 1.36F-Ol 1.03E-Ol 1.1@[-02 5.07[-02

2.15f-ol 1.119£-01 1.6l!:-01 1.25£-01 ".11[:-02 6.19£-02

1.3bF+ol 9.03£+00 6.1kl.00 4.16£-00 2•• 3f-00 1.41[-~D

0.0 3.55£-02 3.12;:+0; 5.25E+02 3.02c.+02 3.15£+02

51

RUN .4-I-A-90 2-11-81 1610

I~PJCTfR FLCwRATE = 0.333 ACFH

l"FtCllR PPFSSURE DROP = 0.2 IN. CF HG

A5Sl.H[ FAPTICLc. O£;'l5ITY = l.cr; G"/tU.C~.

GAS CO~FCSTTION (Pc.RCE~T) C02 =
C~lC. ~~~~ LOA~I~G = 1.15@1[-01 ~R/ACF

H'Pi'CTC~ STAGE

ST 4(,l !'.DEx t.UI"EEP

050 (M1CROt'£TEFS) 11.35

MAss C~ILLl~RA"S) 0.0

"G/l~Ct/~TAGE o.c

CUt'. P~~CE:t.T IF "'.5S S""LL'.fo'. T"~h :J50 lCO.CO

CUt. Ch/~CH Sf"IALL!:R THUI 050 4.02E-02

CUM. (~~/PNCHJ ~I"ALLER T~A~ D50 4.,IE-02

CU!'. HFOCFJ SP'IlLLER TJ-H, D50 1.7fE-ol

Woo. Hj"r I.cn S"'LL£R TJ-At. 05w 2.1~E-ol

Gfe. ~t~~ [IA. CMTCR~"fT[RS) 3.4I1E-ol

Ol'ItLCH 11"1"/D~jCI') 0.0

DN/tLC~n (NC. PARTICLE~/D~C"') 0.0

~ORI':L Cl~61~EERI~G ~TANO~~D) CO~CITICNS ARE 21 O£G C AND 160"" H~.

'ERonY~At'IC ~I."'LTERS ARE CALCUL.TEC HERE ACCORDING T~ ~iRCER.



RU'~ "'-1-1. -90-2 2-11-bl 1635

...-

MI.). PARTICLE DIAM~T[R = 10.0 HICRCHETlR5

IMPrCTCR FLCWRATE = 0.3~~ AC'M

IMPfCTCR PRESSURE DROP = 0.2 I~. ~F Hi

ASSLI'EC FA~·ICLl DENSITY = 1.00 G~/CU.C~.

IMPACTOR Tt:MPERATlJRF. = 165.0 F = 13.9 C

STACK TE"'PERATURe: = 165.0 F = 73.IJ C

STACK PR[SSURE = 2Q.22 I~. OF HG

SAMPLIN; DURATION = 2.)0 "I~

51 52 53 S~ 55 56 :;7 SR FILTH

2 3 ~ 5 6 1 & ..
16.9b 10.66 7.24 ~.,)4 3.23 1.6~ 1.0~ 0.71

0.35 0.94 0.07 0.29 0.60 0.40 1.'51 2.11 1 .Oll

2.19[+01 5.IJOE-Ol ~.3,)[-00 1.82E-0 1 3. 76E- 01 2.51 '_-01 '1.11 7E+Cl 1.3~"·0" 6.::2~- 01

'15.21 82.35 81.~0 77.~3 b') .22 F3.7'5 ~3.0 <J H.23

3.58E-02 3.09£:-02 3.06[-02 2.IJH.+02 2.&0 E.+ 0 2 2.3'1[+02 1.6:'>'::+02 5.34'.-01

~.3~E-02 3.78E-02 3.73E-02 3.55'::-02 3.17E-02 ~.92i.-02 1.91'£-0, e..5:'>'.+01

1.56[-01 1.35(-01 1.34[-01 1.27<:-01 1.14E-01 1.051:-01 7.07i.-02 2. :"4<.-02

1.91(-01 1.65'::-01 1.63E-Ol 1.55E-Ol 1.39E:-Cl 1.28[-01 ... 63":-02 2.8~':-02

3.45£-01 1.35;:-01 b.7b(+00 5.IJH-OG 3.9'1(+(C 2.29,-00 1.2 e·l+oe 8.51':-01 ~. "9[- 01

3.571::+01 2.91[+02 2.F2l"+ 01 1.09':::-02 2.0~E-G2 e.~4~+01 4.72(-02 ~.15:..·02 2.17<:-02

1.66E-06 2.29(+011 7.37~+07 IJ. 71t-0 t 6.12[+09 1.34<'+10 ~.17E-l1 2.'5~t.+12 3.~3[· ~~

CALC. ~ASS LO"DINt; = 1."41bE-01 GRIACF

IMP,ICH,k ::.r.'GE.

5T 6Gi It.CE) NUMH!t

J5 0 I" 1CR;) I'L Tl k S )

'"~SS I"!LLI~R~~S)

I'!G/rt.C~/~TAGE

CUI'. ~tRC[~T OF 'ASS S~ALLER T~AN 050

CUI'. 'I'~/!C~) SI'ALLF.R THAN 050

Cur. H~/LI\C"J SMALLER T"AN 050

CU~. IE!!/ACF) S"ALLER TH'" 050

cur • •tR/OI\CFJ SMALLER TH.' 05l

Gt.J. 14lH LU. 11"1I.HO~t.T[IlS)

OM/tltct IMG/O~C")

DNJr.lOGL n;l). PARTICLES/[:!'iCPI)

3.1~65E+02 MG/AC~

GAS CC~PC5iTIO~ 'Pl~C~~T) C02 = 1.09 co = 0.00

2.00~3[-01 Gk/ONCF

1<2 = 78.31 )2 = 19.60 1-20 = 1.0l

~.5R43~+C2 Mi/O~:'"

"OR'..·L lll\c;INf.ERING 5TA~DAF<O) COIlOITIOJlS lRl 21 U(G C 'He 760111" ..c.

~EROOY"'~I( CIAM£TlRS AR£ C~lCULATEO HE.Flt .tCOROINS TO THE TASK SROUP eN LUNG DYNAMICS.



2.00 'u':

2.28£·1':-

1.04

6.52E. ~1

5.,,6[-31

2.17::-02

F1LT£~

q

~. OQ:'02

2.03E+12

10.0 M1CRuuET£~S

~20:: 1.eJ

4.5~43E-02 "G/OiC~

S8

8

o.ao

2.11

1.32':-02

1 Q.23

5.3Qc·01

6.52£' 01

2.34<:-02

?/;:,iC-02

<;.'l7c-Ol

S1

1

1.12

5A"'~LI~G DURATION =

1.51

q3.0"

Sl

1.56E-01

1.91(-01

3.46E-01

IMPACTOR TC"PlRATU"E = 165.0 F = 13.9 e

STACK TE"peRATURE = 165.0 F:: 13.9 C

STACK Pk~SSU"[ = 29.22 IN. Of HG "'AX. P~RTICLE ~IA"ET(R ::

1.09 CO:: 0.00 N2 = 18.31 J2 = 19.60

?0033E-01 GR/ONCF 3.15&5E-02 "S/ACM

S2 S3 54 S5 S6

2 3 4 5 6

10.15 1.34 5.04 3.33 1.73

0.94 0.01 0.29 0.60 0.40

5.90E-01 4.39[-00 1.82f-01 3.7~E-01 2.51/-01 9.41E-01

82.35 A1.40 17.43 b9.22 ;3.75

3.09[-02 3.06E-02 2.91(-02 2.&0(-02 2.3~E-02 1.62l-02

3.18£-02 3.13£-02 3.55[-02 3.17£-02 2.92[-02 1.911£-02

1.35£-01 1.34£-01 1.21(-01 1.14(-01 1.05E-01 1.01~-02

1.65[-01 1.63E-01 1.55E-01 1.39(-01 1.28~-01 ~.i3[-C2

1.3&[-01 e.8~E-OO 6.06r-Ot 4.09~-cr 2.40~-OC 1.~~E-cn

3.5PE-Ol 2.94[-02 2.65E-01 1.11£-02 2.09£-C2 f.79E-01 ~.0&E-02

1.66l-06 2.25L-0~ 1.21r-01 9.44E-oe 5.82E-09 1.22£-10 3.5~L-l1

11. O~

0.35

2.19£-01

95.21

3.S8E-02

4.3&E-02

RU~ 14-.-4-90-2 2-11-81 1635

l"p'CT~~ FLO~RATE :: 0.344 ACF"

I"'FlCT~R PRrssuRE uROP:: 0.2 I'•• ~F HG

'S$LrC( F~RTICL[ DENSITY:: 1.0t S~/~U.C~.

SA~ CO~F(SITIOk (PEQCENT) C02 =
C_LC. ~~SS LOA~ING = 1.&41&f-Ol ~P/ACF

I"P,:tTd' SHI>(

5T.~E Ikt~~ ~U"'BER

05 r (I' J( PO P'F:Tl P S)

"AS~ C'ILLI~RA"$)

"6 I[ I\C" H AGE

CU,. FERC[~T OF MASS S'~lLfR T~AN 050

CV". CI'G/AC~') ,,>HALUR THAN ('50

CUP. ('G/uNC") SMALLER THA~ U50

CU~. CC"/lIeF) SfIIALLER THA" 050

CU,. CGR/:t,Cn S"AlLlR THAI. 050

GEo. Hl~~ ~IA. C"ICPO"ETlRS)

eM/Clect C~~/Ol.C"')

ON/~ltGL (~t. ~~RTICLES/LNt"')

~OR"Al (L~GIN(£RING STANUARD) CO~uITIONS ARt 21 UEG C AND lbO~H H~.

~EROOY~A~I( OIA"lTl~S ARE CALCULATEO ~ERL A(CORDING TC HLRCER.



MU'" _.-I-A-16 2-11-81 1710

-

"AX. PARTJCLE DIAIl[TER = 70.0 HJCRtMETE~S

IHP~ClCP FLOWRATE = 0.3•• 'CF~

I~P '(TtR PHSSIJIlE OROP = 0.2 I,.. CF ~r.

"SSl:HC FARTICLE DL~:SITY = l.liu G"/CU.(;".

H'IPACT0R TEI'PERATURE = 165.0 F = 73.9 C

5T~CK TE"PER~TIJ~E = 165.0 F = 73.9 C

STACK P~r.SSURE = 29.22 IN. OF H~

SAMPLINb DURATl~N = 2.00 "J~

~1 52 S3 S_ 55 S6 57 Sil

2 ~ • 5 6 7 8

16.':17 10.65 7.2. •• 9. 3.23 1.63 1.03 0.71

1.36 0.0 0.0 O. D. 0.0 C.Ol 0•• 5 0.79

8.52£+01 0.0 0.0 2.51f+DO 0.0 6.271::-01 2.02[+ 01 •• 95E+Ol

58.~. 58.5. 5&.5. 57032 51.32 ~1.01 _3.29 19.21

9.8£>[+01 9.86E+Ol 9.86E+Ol 9.65£+111 9.65E+ 01 9.60[+01 7.29£+01 3. 23E.0 1

1.20£+02 1.20[+C2 1.20[+02 1018£+02 1.18[+02 1.11£+02 8.90E+Ol 3.95,+01

••.51£-02 ••31 ~-02 ••:HE-02 ••22E-02 -..22E-02 •• 20[-02 3.1<;E-02 1•• 1£-02

5.2f £-02 5.26(-02 5.210£-02 5.15t -02 5.15E-02 5.12L -02 3.8ClE-02 1. nr-02

3••!'E+Ol 1.3.E+Ol &.7&!:+00 5.911£+00 3.9<;E+00 2.29t·OO 1.2'1(+00 ~.5a:::-0l

1.311E+02 0.0 0.0 1.51£+01 0.0 2.11:.·00 1•• 0i.+02 3.05£"+02

6••&£+06 0.0 0.0 1+351:+08 O.C 3.3.::·lIb 1.2'1t.+l1 0 •• 7:·11

CALC. ".S5 LDA~IN€ = 7.359_E-02 G~/ACF

IMP&CTCIl STAGE

ST.GE I~C£X "'UHEER

D5~ CI'I(.Hl"UEr.SI

~'S~ c~lLLIuRAH~1

"'Gil t.C~1ST AGE::

CU~. PEMCE~T OF MAS5 SMALLER lPAN ~50

CU". C~:/~C~) Sfo'ALLER THA'" 050

CUM. C~G/u"'C~' ~MALLER T~'''' 050

CUll. Hll/ .. CF' SI'ALLER TH'," 050

CU". HIl/II"CF, SMALLER Ttl.,.. 050

GEt. 1'£"- "lA. ctn:ROMEH.RSI

Oil /lLD G" n,(,/Dt. CH'

ON/DLCCO C"'C. PARTICLES/DhCM'

1.68_1[+02 "'G/AC'"

GAS tO~FCSITIO~ fP£lltL~ll C02 = 1.0~ t'J = ~.OO

B.~oI2[-02 GR/O~CF

N2 = 78.31 \·2 = 19.60 H2'j = I.OJ

2.0552L+G2 MG/D~C~

~ IL n:.~

~

0.1,3

3.95;:.01

•• ';ClE-UI

1.'1[·02

2.G2:::+12

~OR"'AL CE~GI~EERING ~TA~~~Ru) CONtlTJOhS ARE 21 OEG C AND 760~~ ~G.

'ERULl~'~I( OJA"lTERS AR[ CALCULATED ~ERI:: ACCORDING TO THE TASK ~~JUP eN LUNG DYN.~JCS.



RUt. ."-I-E-16 2-11-81 1110

-

MAX. ptRTICLE CIA~[TLR = 70.0 "ICR(.MET(~S

IMP~('(~ FLC_RATE = 0.3"" ~CFM

I,..PtCTCP PHSSuRE GIlOl' = 0.2 I". tf HG

~SSl"[[ ~tI>TJCL( Ci'.SITY = 1.00 GM/CU.cr~.

I"PAC'~R TE~PE.RATUR[ = 165.0 F = 73.9 C

ST_CK T[~P[PA'UR[ = 16~.0 F = 73.9 C

STACK PRESSURE. = 29.22 IN. JF HG

SAMPUN" DURATION = 2.00 ~I'l

~1 S2 53 S4 5~ S6 57 S~

2 .3 4 S 6 7 8

17.07 10.75 7.]4 !;.03 3.33 1.72 1.12 0.80

1.36 0.0 0.1I 0.04 0.0 0.01 0.45 :1.7'

8.S2E-Ol 0.0 0.0 2.51E-0( 0.0 6.21[-01 2.82 ... Dl 4. 95t.+0 1

58.54 58.54 !08.S4 57.32 57.32 57001 43.~ Cj 1 ~.21

9.86E+01 9.86t:+01 9.86l+01 9.6S;::-01 9.65E+Ol 9.60E+Ol 7.2 Q E-Ol 3.23[-01

1.20[+02 1.20E+02 1.20[+02 1.1&[+02 1.1&[-02 1.17E+02 8.90E- 01 3.9St:+Ol

4.31[-02 ".31 E-02 4.31E-02 4.22E-02 4.22[-02 4.20E-02 3.19[-02 1.41(-02

5.26&:-02 5.26£.-02 5.20[-62 5.15~-02 5.15t-lI2 5.12[-02 3.1: 'll-02 1.73~-02

3.46E+Ol 1.35[+01 8.88E-OC f.. 08£+00 4.09E+00 2.40E:+00 1.3C;[+CG <'.47(-01

1.39E-02 0.0 0.0 1.531'+01 0.0 2.20t.+00 1051[,+02 3.3"'-+02

6.43E+06 0.0 0.0 1.30~+OF 0.0 3.05E-01l 1.0n+ll "t.b1E: +11

CALC. ".55 LOADING = 7.3594£-02 GR/ACF

IMP~CT(H STAGE

ST6CE I"C[X NV~Bll>

050 C"ICRO"£TERSI

"AS~ C~ltLIGRA"S)

"G/lhC"/~TAGL

CU". PtR((hT OF MA~S S"ALL£R TH~N n50

CU". C~~/AC") SMALLER THAN 050

CU". C","/O"C,..) S",AllER T~A" D5C

CU~. CC~/A(F) S~ALL~R ThAh e50

CU". CCR/ChCF) S"tLLfR T~A~ DSO

GEe. "E)h CIA. C"ICRO~lTlR~)

O",/Dlccr C"G/O~C"')

ON/elect c~O. FARTICLE~/Dht~1

1.0841;::.02 MG/ACM

Gl5 CO~~CSl'IO~ fP~RCl~TI C02 = 1.0., C" = 0.00

1'.9012£-02 GRli:nCF

...2 = 78.31 j2 = 19.60 "2~ = 1.0J

2.0552t-02 "'G/O~C~

qLTE~

"I

0.&3

3.95E-Ol

5.bH-Ol

1.31E+02

1.3~E+1?

"OR'UL Ct:,Elt.lEEFilI11G "UIWuARC) CONDITIONS -'RE 21 DEG C AIiIO 160"1'1 liG •

• I'RCDYhA"IC OIAI'IETERS ARt CAlCULATEO HERL ACCORDING TC "ERCE~.



-

1.0)

2.00 'II"

0.e2

5.11,,·01

4.HE-01

1.10(+02

2. &4[+ I?

FILTE:"

9

1.3771r.02 ~~/~~C"

SA

e

0.70

0.2"

1. H<:+OI

70.0 "ICRC~ET~~S

1-'2 '; =

37.1e

'+.19E.01

5.11(+01

1.1l3[-0~

2.23::: -02

1l.49L-01

1.1H +02

3.4"~ .11

';7

7

U"'PLI!lG DURATION =

1.02

0.19

1.ltlE.·~1

5.b9£.01

5.271:.+10

5.67[+01

6.92[+01

50.23

3.98E.Ol

6.31[+09

8.11E+Ol

2.'l6[-C'i

1.12r-Ol

6.42"-OE

2.60~-01

1.41..·.07

3.39[+01

2.68'=·01

IHPACTJR T~l'!pERATURE = 165.0 f : 13.9 C

STACK TO'lPfRATURE = 165.0 F = 13.9 C

STACK PRi:SSURi.. = 29.22 IN. (jf HG "All. PARTICLE DHMET~k =

1.09 CJ = 0.00 N2 = 18.31 02 = 1'h60

6.0161f-02 GR/D~Cf 1.12~~£.02 MG/ICM

S2 53 S4 S~ S~

2 3 4 !: 6

10.62 1.22 4.92 3.22 1.62

0.11 0.01 0.19 0.24 0.19

6.115E-00 4.3£:;r.OG 1.18E.-01 1.50[+01 1.18E-Ol

90.05 86.88 18.28 61.42 ~8.e2

1.02'--02 9.&0£-01 0.83E-01 1.61£-01 6.64[-01

1.24[-02 1.20£-02 1.0lJ~.02 9.28E.Ol ".10E-Ol

'.44L-02 4.26[-02 3.8b~-02 3.32[-02 2.90£-02 2.4Ai:-02

5.42[-02 5.23[-02 4.11£-02 4.06E-02 3.54L-02 3.02L-02

1.34L.Ol R.H·E.OO 5.96l.00 3.98[.00 2.29[.00 1.2'k-00

:'1

5.12(-02

3.44(+01

1.11r-Ol

5.21[+05

16."2

0.11

... 851:.-00

95.02

1.(,71::-02

1.31E+02

4.6'1(-02

RU~ '4-;-B-~0 2-11-a1 1150

I~F'CTC~ FLO~RATE : 0.~46 _CF~

[!"ptCTeR PRi:SSURE OitOP : t.2 I;,. :JF HG

I<ssurEC FAlnICL[ OLI>SJT'f : 1.0C G"'CU.C'1.

GAS CDrfCSITIO~ CFLRCE~T) C02 :

C~LC. rASS LOAOl~G : 4.9314E-Oi GR/ACF

l"'PtCTC~ STAGE

SHGE Ito.on MJIH;ER

050 C"llRO~[TEkS)

"AS~ erILLIGRAMS)

"G lucrI STAGE

CU'l. PtKCENT OF "ASS S"ALL£R Tt'Al1 LSD

CU". erG lAC") ~"ALL~R THAN 050

CUll. I ... /CNCI'!) SI'IALLER T.. "t. 1.150

CU". !GR/ACF) SI'ALLO:R TI"AI. 05G

cur. Hi</r",CF) SMALLER TtU'j !)5n

~EC. I'!(I~ CIA. II'IIC~a~~TERS)

C~/rLt(( e.. G/ONC")

O~/OLO~J It.O. P~PTICLES/(jNC")

~~RI'!.~ Il~GI~EERING STANOARD) CO~~ITIONS ~Rl 21 OE~ C AND l&OhM H~.

~LRODYt.Arl( OIA~ETER~ AR£ CALCULATED HER~ A(CORDI~6 TO TH[ TASK GROUP IN LUNb O'~A~ICS.



9

2.00 "I~

O. ~2

5.11E-Ol

5.b~'-01

1.70(-02

1.cor·l'

Is

0.1l0

0.2'1

1.lllE-01

31.10

'1.1'H-Ol

5.11r+Ol

1.83[-02

2.23(-02

Q. _ .. f. -0 1

1.23(-02

2.110 .. -11

10.0 rICRO~ETE~S

"20 = 1.0l

1.311lt.-02 ",,/O'IC"

S5 qlll~

1

57

S\!1PL I Il', OUR AT1:>N =

1.12

0.1 'J

50.23

~.61E-Ol

6.92E-Ol

2.48E-02

3.02(-C2

·:.1

0.11

_.6'H:-02

5.12(-02

II'IPACTOR T[!1PLRHURE = 165.0 F = 73.9 C

STACK T£"p":RATURE = 165.0 F = "13.9 C

STACK PRESSURE = 29.22 IN. CF He. fIIIAX. P'RTICL.£ OIAfIIIETF.R =

1.09 C~ = 0.00 N2 = 78.31 ~2 = 19.60

6.01ul[-02 GR/ONCF 1.12~5E.02 fIII~/ACI4

S2 ~3 S_ S5 S6

2 3 4 5 6

10.72 1.32 5.02 3.32 1.72

0.11 0.07 0.19 0.24 0.19

6.85~-00 _.3~C:-OO 1.18~-01 1.50[-01 1.1RE-Ol 1.1qE-Ql

90.05 ~6.b& 18.28 67.42 5b.92

1.02[-02 9.80t-Ol 8.83£-01 7.blE-Cl 6.641:.-01

1.31<:-02 1.24(-02 1.20E-02 1.0R'--0., 9.28E-Ol e.l0E-01

~.44E-02 _.2&E-02 3.86L-0~ 3.32E-02 2.90~-02

5._2l-02 5.23[-02 4.1l~-0< 4.06E-02 3.5_[-02

3.'1~E-Ol 1.35<:-01 8.~6!'"-00 6.06~-Ot •• 0bE-OC 2.39r--00 1.3""-"C

1.12E-Ol 3.41E-Ol 2.63r-01 1.2_~_Ql 8.31E-~1 4.1Si-Ol 6.32(-01

S.1~E-05 2.6_E-Ol 1.23[-07 6.21l-0e 2.33E-0~ 5.82E-09 _.~3E-IJ

11.J2

6.85E-00

95.02

1.C1E-02

RU~ '.-1-8-90 2-11-81 1750

IIlP'CTC~ FL.OloRAT[ = 0.3H, I.CFIl

l~FtCT(K PRlSSURE QROP = 0.2 IN. uF H~

IISSlI'[C FARTJCL.l DE~Sl TV = 1.00 GMICU.C!'!.

GAS CO'FCSITIO~ (Pt~CENT) C02 =
CAL.C. 'ISS L.OAOIN~ = ••931.E-02 SR/ACF

Ifill P 'C 1C ~ STAGE

ST \GE HLl[l( NU"'~ER

'05 C ClHCIl° l'LTER:; )

I'I.SS ('ILLIGRA~S)

"G IL IICt /STAGE

CU~. PtRCENT OF "ASS SIlAL.LER THAN 050

CUI'. Ch/ACI4) S!'I'LL.t:R THIIN 050

CUll. e!'UONCIl) S ...AL.L.lR T"At< 050

Cll!':. (':Rl.llF) SI4ALL.ER THAN 05C

CUI'. HII/Or-Cft :'I'AL.L.E1l H .r. ;)!lO

GF t. "~~11 liJj. (I'I:~IJI'!E.TERS)

1l"/lJLOe.1. ("'G/ONel'l)

ON/rL~~O eN~. ~4RTICL.E~/C~CfIII)

~OR~_L. cE~Gl~[ERl~G ~TAN~ARO) CC~OlTIONS ARE 21 OEG C AND 160~~ H~ •

•lROOY~A"lC OIA~ET[RS ARl CALC~L.ATEO ~ERF ACCORDING TV !1ERCE~.



-

2.) 0 -In

5.Cl;:-01

2.1!\

1.~e.::+02

4.5:=:+ 02

6.1<5£+12

1.7tJ

1.11l+02

1.11::+02

1.36<:-02

4.116l-02

5. 'l'j(. -02

<.55,,-01

6.83<'+02

2.09':+12

17.52

70.0 ~JCROM~T[RS

!"120 = 1.0)

7.7670~-02 ~G/D~C.

Sq FIL TU

II "

0.71

SA"PLI~~ OU~ATIOh =

57

7

1.D:'I

1.6~

1.0E>i.-02

2.02r+C2

2._7E·02

8.8:>E.-02

I.D~E-01

1.3'lE-O!)

5.27l-02

_.60 ..·11

31.7"

S6

6

1.6_

0.8_

':l.29t.-Ol

45._2

~.88E+02

3.53<'-02

1.26[-01

1.5U-Ol

2.30'::-00

101flL-02

2.78::-10

"AX. PARTICL[ Dl~'lTLR =

78.31 ~~ = 19.fO

6.3_Q2E.02 "G/ACM

S5

5

3.2_

1._0

8.112t:-Ol

3.32E·0~

_ .06[·02

1._5E-Ol

1.77E-Ol

_.OIE.OO

_.78E-02

1._2E.I0

~2 .23

_.O_I;:·O~

_.9_<:.02

1.76,,-01

2.16[-01

6.010:.00

3.26£.02

2. 8U'.0 c;

S_

-
_.96

0.8E.

5._21;:.01

63.58

1.'I6E-Ol

2.39t-Ol

a.82E-OO

_.5_E.02

1.26E·09

S3

3

1.27

1.21

7.62E.Ol

70.56

_._8E-02

5._8E.02

2.23l-01

2.73E-Ol

1.35[.01

_.11E-02

3.18E.08

S2

2

10.70

1.32

«l.lU.-OI

80.37

5.10E·02

6.2H.• 02

I~PACTOR TE~PERATU~E = 171.0 F = 77.2 C

STAC~ TE"PERATUR[ = 171.0 F = 17.2 C

STACK PRESSURE = 29._3 I~. OF HG

1.09 CO = 0.00 ~2 =
3.3~41E-Ol GR/O~CF

::>1

17.05

1- 10

... '>3E+Ol

'ill.08

5.78E+02

7.01E·02

2.53£-01

3.09[-01

3._6£·01

1-13E.02

5.at·06

RU~ 15-,-_-16 2-12-81 12_3

I~P_(Tt~ F~OVRAT[ = 0.3_3 tCF~

I~P~(T(k PRESSURE u~OP = 8.2 I~. OF HG

ASSu~ED FARTICLL Oi~SITY = 1.00 G"/CU.t~.

~tS CO~POSITIO~ (PE~CENT) C02 =
C.LC. ~'~S LOADING = 2.77_fE-OI Gk/ACF

I~PlCT(~ STAGE

ST~~E l~L£. NU~~[R

D50 ("ltR~~CTERS)

MASS C~lL~lGRA"S)

~G/LNC~/STAG[

CU~. Pcw(£~T OF ~AS$ S"A~LLR TMlN n~o

CUM. (~:/At~) S~lLLER THAN 050

CU~. (~6/0~C~) S~ALLER THA~ ~50

CU~. C~~/ACF) S~.LLER T~tN 050

CU~. fGk/D~rF) SMALLlR ThA~ 050

GE;. "l'~ ~lA. C"I:KOMLTtR~)

O"/GLC~~ ('G/D~C')

CN/CLC~L f~D. PtRTl(LES/~h(")

~~R"tL ('~£I~EfRI~G ~TANtARD) CC~OITIONS ARt 21 DES C AND 16C"~ Hr- •

• lROOY~.~IC tIA"LT[~S ARE CAL~UL~TED ~~R~ ACC~RDIN6 T~ THl T'S~ r,ROUP C~ LUN5 O'NI"ICS.



2.00 'II"

9

~.5:?i:'L2

~.70::·12

2.16

1.'~E·02

5.6'1£-01

1.110'02

1.36':'+02

".8~t.-02

5. 'lSi -02

'1.52£.-01

1.511,.+02

1.6h.+12

II

0.80

1.16

1.11£+02

17.52

10.0 ~ICRC~ETE~S

"'2:>: 1.0l

7.7670':+02 M~/O"C~

So F ILT£~Sl

7

1.13

2.02[+(,2

2.~ 7£-0~

1.~ ci

SA"FLING OU~A1ION :

1l.82£-02

1.08£-01

1.~OE-00

5.65,-02

3.9E.[+11

31.7<;

2.881:+02

3.53':-02

10 26£-01

1.5"£,-01

2.HE+00

1.86r.:-02

~.5~C:+10

3.32£-02

~.0E.l+02

1.115E-Ol

1.71£-01

_.UE+ao

~.90E+02

1.35£+10

~.O~C:+02

-.9,.t+02

1.16:::-01

2.16(-01

E..IH+OO

3.31;:+02

2.7P.,.-Oo;

~.~1\£+02

5.~8E+02

1.96£-01

2.39(-01

a.'J3E+00

~.60r.-02

1.23£+01

2.73£-01

1.361.+01

~.1"(+02

3.13£+OB

5.10 .. +02

6.2~£+C2

2.23 E-Ol

~1

1.10

2.53E-Ol

5.1RE:+r2

7.C7E+02

3.09E-Ol

J.'I7£+01

IMPActOR fL"PERA1URE - 171.0 F = 77.2 C

STACK TEMPERATU~E = 171.0 F = 77.2 C

STACK PRESSU~~ = 29.~3 IN. OF HG MAX. P'~TICLE D1~M(TLA =
1.09 C0 = 0.00 N2 = 78.31 ~2 = 19.~P

3.31~1£-OI ~~/DNCF 6.3~~2l+02 "G/AC"

52 S3 S~ S5 $6

2 3 ~ 5 6

10.80 7.31 5.06 3.3~ 1.13

1.32 1.21 0.86 1.~0 o.a~

6.93(+01 d.31E+01 7.62~+01 5._2t.+01 8.82£+01 S.29~+01 1.06£+02

60.37 70.5~ 63.58 52.23 ~5.~2

1.13E+02

S.21£+0~

17.15

RU~ _S-T-A-lf 2-12-81 12~3

I~PA(T,~ FlOwRAT~ = 0.3_3 ACF"

lI'Q,:CH~ PRESSURE: DRuP = 0.2 11\. OF HG

..SSI,.Ht FAPTICU tI':'NSITT : 1.00 GI'ICU.(".

G~S CC~FCS.TIC~ ePfRCE~T) CC~ =
CALC. ~~SS LCADII\G = 2.11~6l-(1 S~/ACF

ll'!PJCHR SUG£

ST:Gl I"C£X ~UMbLR

050 el'! Ie RU"ElE'l S)

I':AS( Cl'ILL1r;IlAMS)

I'IG/:~CrHUGE:

cur. FfRCE~T CF MASS 5HAlllR T~I~ uSO 91.08

CU~. erO/ACf) S~ALLrR T~~~ ~50

CUP'. CH/D!'.C.. ) :'I'!ALLi.R '''M. 050

CUIO. eGA/lCr) ~"'ALLER Tt1A~ 050

CU ... el./~~CF) SMALLER T~A~ 050

Gl~. I"HI\ OU. el'lCPOMlTfRS)

D"/~LC~r. e"r,/O~C")

DN/tLClL e~c•. ARTICLCS/D~C")

I\OR" ~L ed.GINE.ERItI~ STANOARD) CDP,DITlOt;S loRE 21 OEG C AIIIO 760,.14 HG.

~EROOT~ArIC DIA"ET£R~ ARE CALCULATED ~ER~ ACC~RDlhG TO M£RCE~.



-

2.0[' ~1'1

1.1'5

1.20::+02

~.Ia::-Cl

3.~q£·v?

5.H!,:.1"

C.12

1.02[·03

2.Q,,' .12

'1.6'H -01

2.5"

1.65~+02

16.70

9.82,-·01

1.20··02

~. 2Q£-02

;;.25[-02

70.0 MICPO~ETE~S

~20 = 1.0)

7.1957r+02 ~J/J~C~

S8 FILTL~

II 9

S7

7

1.05

SA"FLING DURATION =

2.3 ')

2.33[-C2

2.l!5E·02

1.02E-Ol

1.25£-01

39.,,2

51

D.£,(

3•• ~E: +01

7.01£·01

I"IPACTf)R TEI1PLRATURE = 111.0 F = 11.2 C

STACK TEMPERATURE = 111.0 F = 11.2 C

STAC~ PR(SSUR, = 2q.43 Ih. OF HG MAx. P'RTICLE DIAMETER =

1.09 CO = 0.00 ~2 = 78.3J ~2 = 19.60

3.1.45[-01 GR/~hCf 5.&h2~£.02 "G/AC~

S2 ~3 S4 S5 S~

2 3 456

10.81 7.39 5.0. 3.30 1.66

1••4 0 •• 0 1.26 0.26 0.28

•• 29c,-01 ').35(-01 2.60~-01 8.18E-Ol 1.69E-Ol 1.82,,-01 1.55(.02

&1.05 11... 66.06 63.12 1>1.19

~.53£-02 4.17E-02 •• ~5E-02 3.89[-02 3.15E-02 3.o0~-02

5.83£-02 5.57£-02 •• 75~-02 ••~8£-02 4 ••0~-02

2.011[-01 1.0;9£-01 1.10,--01 1.6'1£-01 1.51E-01

~."S[-OI 2.55::-01 2."'1:-01 2.08l-01 2.00£-01 1.92L-Ol

1.37<:.01 Q.9H'-00 6.10r.oo ••07E-JO 2.3E.OO 1.~2~.VC

4.62t:.02 1.551:.02 •• 92£-02 9.16E-Ol 6.12".01 7.7H,.02

3.2~E+06 3.42£·08 •• 11E-OII •• 14E.0<; 2.59£-09 9.11':+0') 6 •• 3<.-11

6.17E+02

2 ••2E-Ol

17.32

RU~ 15-1-e-16 2-12-81 1005

I"PfCTcr FLOWRAT£ = 0.333 ACf~

l"p/CTr~ PRESSURE DROP = 0.2 l~. Of HG

ASSU~lC PA~TICL[ D~~SITY = 1.06 G~/rU.c••

GAS CO~PtSlTIO~ IrE~CE~TI C02 =

CALC. '~SS LOADING = 2.5105£-01 ~~/ACf

I"F_CTCh STAGE

ST.GE I'OEX NU~BER

050 ('lCRO'lTERS)

"ASS ('~LLI~RAMS)

"~/~~C"STAGE

CU~. PERCE~T or "ASS S~'LL~K THA~ 050 1•• 0.

lU,. 1~"/Ae~) Sr.ALLER T~A~ 050

Cu, • • '~/D~C') ,MALLER ThAN 050

CU,. (~~/ACfJ SMALL~R THA~ J50

CU'. 1(~/O~CFJ S~ALLE~ ThA~ 050

GEe. 'L/~ OIA. (MIC~OMETlRSI

OM/[LC~C I'G/D~C")

ON/OLCGC I~O. PARTICLEs/thtM)

~~RM_L (t~~IhEERING ~TAN~APD) CONPIT10NS iRE 21 DEG C A~~ 160"" HG.

'ERODY~_'lC DIA"ETERS ARE CiLCULtTED HERE ACC'RDIHG Tr THE TASK ~ROUP CN LU~~ DYhAMICS.



-

1.0)

2.00 .. r~

1.<15

1.20E-02

5.77t-Ol

3.99~+02

3. c 6':.12

H2':' =

2.S'I

1.&5:'+02

7.1Q57f+02 "G'O~C~

S8 FlLE~

II q

0.82

".6b'-01

10 1:"£·03

2.3<; .. +12

9.8:<':+01

1.20L+02

".29£-02

5.2';[-02

70.0 ~ICRG~ET[RS

16.70

S7

7

1.14

2.39

1.55£.+02

2.33E+~2

2.85£+02

1.02E-01

1.2"[-01

1-420.+(0

8.2<;<:+02

5.5/t ..·ll

SA-.PLING ouoATTOH =

39.~2

~.&OE+02

4.4(l(.q2

1051<'-01

1.92[-01

2.44~+00

6.3I3E.Ol

R.34:..+09

1.16

0.28

1.&2E+Ol

H.19

3.39

0.26

1.69E+Ol

3 .1SE+ &2

4.S8[+ 02

1064 E-Ol

2.00E-Ol

4.18E+00

9.3&E+01

2.46[+119

63.12

S .1'1

1.26

8.1flL+Ol

4.15.+02

10 10[-0 1

2.0Rl-Ol

6.20£+00

5. OOl+O 2

4.00<:+00;

66.06

3.89E.02

7.49

0.40

2.&OE+01

5.S7E+02

1.99[-01

2.'I4E-01

9. 06=:+ 0 0

1.S1E-02

4.02~+08

17.44

4.5SE+02

10.91

1.44

OJ.35£.+ 01

81.0S

4.11E+02

S.83E·02

2.08[-01

2.SS[-01

1038<'+01

4.66[+ 02

3.31E·Ot

IMPACTOR T['PERATURE = 111.0 r: 11.2 C

STACK TE,PERATURE: 111.0 F: 11.2 C

STACK PRESSUP~ = 29.43 IN. OF HG MAX. PARTICLE DIAMETER =
1.09 C~ = 0.00 H2 = 78.31 02 = 19.&0

3.144SE-Ol G~/ONCF 5.8822[+02 11~'ACM

S2 S3 54 SS 56

2 3 456

;,1

1

0.66

4.2'7E·01

11.42

94.04

5.53E+02

6.17[+02

2.42E-Ol

2.%1;-01

3.4QL+Ol

7.10[+01

3.leE+0&

RU~ IS-I-e-16 2-12-Hl 100S

IMP/tTe R FLO~RATE = 0.333 tCF~

IMP,eTCR PPFSS~RE DRO~ = &.2 IN. OF HG

MSS~P[[ FARTICLE ~LH~ITY = 1.00 G~,ru.c".

~AS CO'Fe~ITIO~ CPLRCE~T) C02 =

CALC. 'ASS LOAOIhG = 2.S1DS~-01 GR/ACF

I"PACTCR STAGE

ST~GE I~CEX kUl1ti[R

DSt C"ICRO~ETERS)

MAS~ (~IlLIGRAMSI

MG/[~Ct/~TAGE

CUP. P[PCE~T OF PASS 5'_LL~R THAN 050

CUM. C"GIAC~) S'ULLER THH, 050

CUI'. C"G"~C") S",ALLER THA~ 050

CU". (H 'ACF) ~I"ALLER WAh OSo

CUP. (~k/D~CF) SMALLER THA~ DSC

tiEe. MElli utA. CI'IICROMETERS)

OM IIlLO":" (I"G I [H. C1'1)

Oh/[L(~[ C~O. PART;CLES/ChCI')

~CRM.L (['GINEERING ~TANDARD) CONOITIONS _R[ 21 OEG C lHO 160"~ H5 •

• lROOY~ArI( LIAMLTERS ARE CALCULATED HlRL ACCORDIN. TO MER[LR.



-

S'~PLIS~ JURATION

1.0)

2.J~ '11-'

5.21':.-01

2.1(:~-02

2."";:·12

0.'iI"

6.JJ£+Cl

FlLTE"

<)

7.350"~+02 ~;'DiC"

SP

&

2.2~t:-O~

":I.2~t+02

2.7b"-02

M.a 7L -0 1

2.53,+12

0.7"

2.22

1.""F.:-02

1>.&1

5.11,+01

6.J3f.+0 1

70.0 "'JCRCo"ET[OIS

H2C =

S7

7

1.7"[-02

2.13l-02

7.60E-C;;

1.07

1.60

1.0;1E-0?

9.:00l-r2

1.35E-00

5.3H+C2

".21[+11

28.9"

IlllPAC10R TEIIIPER~TUR[;: 171.0 F ;: 11.2 C

STACK TEMPERATURE = 171.0 F;: 71.2 C

STACK PR£5SURE ;: 29."3 l~. OF H~ IIIAX. P6Fo:T1CLE Onl'lETER ;:

1.09 CC';: 0.00 N2 ;: 16.31 ('2 ;: 19.~0

3.2121E-Ol GR/DNCF 6.0086£-02 "G/AC~

S2 S3 $" S'5 56

2 3 " '5 6

11.07 1.52 5.13 3.36 1.69

1.29 1.13 1.16 0.61 1."5

6.68E-OI 7.LIE-OI 1.81E-Ol ".11£-01 9.16£-01

~3."2 73.08 62."5 56.81 ~3.59

5.01l+02 ".39[+02 3.75E-02 3."2[+02 2.62f.-02

6.13£+02 5.37E+02 ".59£+02 ".18E+02 3.20[+02

2.19£-01 1.92E-Ol 1.6H-Ol 1."9£-01 1.1"[-01'

2.68£-01 2.35E-Ol 2.0Il-01 1.83(-01 1."0[-01

1."0[+01 '1.12£-00 6.21£+00 ".15[-00 2.3'H-00

-.29E-02 ".'5"E-02 ".70l-02 2.23[-02 3.29':-02

).OI£+Ob 1.1"(+09 .s.7"£+09 5.95£+09 ".63l-10

$1

0.52

5.72E+02

7.00£+02

2.50t.-Ol

3.0£ f.-Ol

3.51l+01

5.eSE+Ol

2.~7E-06

11.b3

.30 50 £+01

95.2"

RUN IS - J-8 -90 2-12-81 112'5

IMP~CTl:k FLCI/RA1E ;: C.3~1 ACFIII

I~FtC1::F. PRLSSlJPE DROP;: 0.2 11'0. OF HG

loSSlJI'r;; FARllCLl Dt:NSllY ;: 1.00 G",ru.cI'.

GAS CCI'rCSI1ION (PERCEh1) C02 ;:

CALC. ~A~S LOAul~G ;: 2.625Br-Ol GR/ACF

II'lPAC1C~ SHGE

Sl AGf. IHE.ll MHH'EIl

050 (~lr~O·ETrpS)

"ASS (I'llLIGR~~S)

IIIG/~~C.I'/SlAGE.

CUI'. ~iRCE~l ~F IIIASS SI'I~LLE.R 1HAN 050

CU". (I' ..,/ACI'I) StALLER 1HA~ DSC

C.UI'. (I'G/O~CI'I) S"ALLlR 1hA~ OS(,

CUI'. (GR/ACF) S"ALL~R 1HAN 050

CO". HR/C>"'CF) SI'IALLlR 1"':" Dse

lOt t. lOt t ~ L lA. (I'll CROl'll h 1'5)

O"/rlC(~ (YoC/DNC.")

otIILLC~C (1.0. I-ARllCLES/n"CI')

~CR"'l (l~GI~tERl~G ST.N~ARO) CO~UITIONS ARt 21 OEG C AhD 160~M HG.

J[ROLY~~"IC DIAMETERS ARt CALCULATEO H[RE ACC1RDI~G T~ THE TASK ~ROUP eN LUNG DYNAMICS.



RUII '!I-!-B-'lo 2-12-81 1125

MAX. P~kTICLr DIAM[T[~ = 70.0 I'!ICR~HET_~S

I~P'CTCk FLOwRATE ~ 0.321 ACF~

I~P'(TCR P~fSSURE DROP ~ D.? I~. CF H~

ASSL~Er fAfTICLl ~[~SITY ~ 1.0C Gf/CU.CM.

IfilPACTOR TEMPFRATURE = 111.0 F ~ 71.2 C

SHCII TEI'!F[RATURF: = 111.0 F = 17.2 C

~TACI\ PRESSUR:' = 29 •• 3 Ii.. 1F HG

SAfIIPL!~~ DURATION = 2.00 fIII11

CU"!. f-t.:HOT OF M"loS SM~LL<:Il Tt-,,'. 1'50 'is.2. P3 •• 2 73.08

CU~. CP'~/AC~) SMALLER T~~h u50 5.72£-0, 5.01£-02 ~.39c-02

CU~. CP'~/L~CM) SMALLER r~A~ 050 7.00£_02 6.13£-02 5.37£-02

ClJP'. HP.UCF) S"ALLER THA" C50 2.50E-Ol 2.1';1[-01 1092£-01

CU~. CE~/r.~CF) S~ALLER ThA~ C5C 3.06E-Ol 2.6Al-Ol 2.35E-Ol

0.52 1.29 1.13

3.~OE-l'1 8.68[-01 7.61E-Ol

3.S2F:-ol 1.~IF:-ol ~.23r-00

S.Bl£-ol ~.32l-02 ~.59E-02

2.S6[-06 2.96[-0& 1.12E-09

C,l.LC. ~'SS LeAr,Iff'i = 2.fo2Sl'If-Ol GIl/ACF

IMPHTtF STAGE

ST ~Gl nen 'tUP'&lll

1.1j7f·]'

5.AH'--01

2.10:;-02

0.94

6.33E-Ol

H20 = 1.oJ

1.350.[-02 ~S/O~C~

r IL 1';' ~

q

02 = 19.60

~.00e6E·02 M~'AC~

N2 = 18.31

S. S5 56 S7 SH

~ 5 6 7 8

';'23 3.46 1.79 1.16 0.83

1.16 0.61 1.~5 1.60 :1.22

7.81f-Ol ~.llE-Ol 9.161::-01 1.011[-02 1.~9E:-02

b2••S 56.87 ~3.5'i :'I!.'l~ ".61

3.1SE-02 3.~2E-t2 2. &2 .. -02 1.7~E-t2 5.17 r -01

~.59::-0" ~.18E-02 3.20£-02 2.13[-02 &.33'::-01

1.64[-01 1."9£-01 1.HE-01 7.&0£-0" 2.26(-02

2.otr-01 1.63[-01 1•• o~-Ol 9.30E-02 2.1& .. -02

6.31£-00 ~.2sr-oo 2.49~-00 1.4"['00 "1. e4< -Q 1

~.1n-Q ~ 2.28[- C, 3.~2t.-02 5.7~L-02 1.02~·03

3.62r.-OQ 5.67£-09 ~.24[-10 3.65l-1l 2.o~[-12

~3

3

7.62

CO = 0.00

3.2121E-Ol GR/O~CF

S2

2

11.11

:>1

11.73

C02 = 1.09GA~ Ct~FrSI1!O~ CPlRCf~T)

050 HItJlOHTE~S)

MASS C'~rLLI('RU~)

MG/lI,l~/SH~E

Gfl. ~EIII OIA. CMICROMETlRS)

C"/tLC~[ C~~/O~CM)

DN/tlCCG c~c. fARTICLES/OIIC~)

~JRfII~L Ct.',GI ..EERING SUNUAIlO) COtlDITIOIiS AR£ 21 DEG C AND 16014M HG.

'[ROelll'''lc OIAMlTERS ARE CALCULAT£O HER[ ACCCROING TO MERCER.



t·...;....

RUt. ~&-1-.-90 2-12-81 1220

~~x. P.~TICL[ OI4M[TER = 7C.0 ~ltRC~[T£"S

IMr~(TCP F~uWRlT~ = 0.333 tCFM

IMf'":TCn PI<':SSUfo.t: D~('P = 0.2 1'1. OF HG

AS51H'EO I:ARTlCL£ D(~SITY = 1.00 G~'It:lJ.C".

I14F-ACTOR TEMPERATURf = 171.0 F = 77.2 C

STACII T["'P~RATURE. = 1 71. 0 F = 77.2 C

STAell PR(~SURl = 29._3 I~. LF HG

SA"'PLI~~ O~RATION = 2.JO 'III/

'1

2.<;F\

1.<;3[.02

5.0"::-01

c.It?E·02

9.211::+12

"12J = 1.0J

8.9693 r .02 M~/O~=~

"IL H:~~7 SR

7 Il

I.O!. L.72

2.9'1 1.99

1.9"t.·02 1.29L.02

35.91 21.53

2.c3;:·~2 1.5~r. '02

3.22[.112 1.93[.02

1.1~t-Ol 6.90:-02

1.41E-Ol b. 4 _£ -0"

1.32£'·00 t.6P~-01

5.66(.C2 7.96':·02

B.t6L·ll 2.320:·12

':2 :: 19.~0N2 = 11.53

7.3320E.02 IIG/AC~

S4 55 S6

4 !> !>

:i.03 3.29 1.66

0.41 1.38 1.83

3.05E.Ol S.'HE.Ol 1.1~C:·02

"0.11 70.14 < 1.51

5.92 ... 02 S.19l.0? ~.22t.·02

7.24L+O. 6.34[+[,2 ~.16_·02

2.59<:-01 2.21E-Ol 1.84L-Ol

3.16£-01 2.77E-~1 2.25[-01

6.09r·OC 4.01E·OC 2.34L·00

1.83E.02 4.115E.02 3. 99i... 02

1.55l+0~ 1.37[+10 ~.97~·10

GAS COPCSlT 10' (Pt:kCF"lT I C02 = 1.09 CC = 0.00

tliLt. I'~ ~S LOAIJIl'4G = 3.20'U(-01 GR/ACF 3. 919 ~.[ -01 GR/IJNCF

I"PiCTl .. STAGl :1 :>2 ::.~

ST fGE' "·CO HUPlH't 1 2 3

e50 C~ ICRO"'ET£P. 50 I 17.30 10.86 7.JIl

MAS5'C~lllIGPArSI 0.0_ 0.86 1.~0

MGIr HI'/!HGE 2.59E+CO 5.51[+01 1:.-2'-·01

CU~. FtPC[~T ~F "A~5 SMILLLR THAN 050 Q9.11 93.50 1'4.10

ClJ~ • 'I'C,/jIO'1 Sr'ALLER THAN llSC 7.Jl[.0~ 6.8bE+02 &.17E·02

CVI'. ( ~"/rl.C") 51'ALL(R T~A~ DSr 8.9_ (+02 Ilo39t:·02 7.5H:·02

CUI' • C"k/ACF) SP!ALLlR IEH JSO 3.1n:-Ol 3.00r-Ol 2 .b9[-0 1

CUI'. , H<n~(f) SI'.ALLE.R T"A~. 1J50 3.'11£-01 J.&bE-Ol 3.30[-01

GE c... t~,. CIA. ,MHROIIETEIlS) 3.4P[+01 1.31E+Ol 1I.95E·00

t~/DLCGL C~G/C~C"' 4.21E·00 2.15 t.. 02 5.02E+02

~N/CLC~C (hO. f'~RrICLES/DhC") 1.94E+05 2.04[+08 1.34[·09

"~R~:L Cl~!I~EERI~G ~T/NCARD) CO~OITIO~S ARE 21 OLG t A~D 160M" HG.

~ER~C~~A"IC CrAMLTERS ARE CALCULATED HER~ ACCORDI~G To ThE T_SK &hOUP CN LUN~ DY~A~IC:>.



t:-'

1.0]

2.00 "I~

6."H~- ~.~

2.9!l

1.93~+o2

5.7E-01

6.42£+[2

i'lL T~~

9

"2L =

8.~f93c+0~ ~G/D~C"

~.8?'-.·02

sa

fl

U.82

1.9~

1.2""'+02

1.87:"-12

1.51\""+02

1.93<;-0<:

(,.'10[-02

d.'I4 .. -0C:

9. bSi. -0 1

70.0 ~Itk~~[TlRS

::1.53

S7

1.14

2.';1':1

SA"PLING DURATION =

1.9'1[+02

2.63[+02

3.;<2[+1.2

1.15£-01

1.'11<.-01

1.42[·[0

1.0'1(·03

6.9'1(·11

35.91

Sf'

6

1.16

1.83

1.19[+02

'1.22[+02

5.16L+02

1.114L-01

C:.25[-01

2.4'1[.00

4.16£+02

5.46L·I0

!'1.51

55

!>

2.21£-01

2.11E-Ol

'I.17E+00

'I.~1£+02

1.31E+I0

3.39

1.38

8.94 E+Ol

70.1'1

5.19E+02

6.3'1l+02

2.5~(-01

3.16[-01

6.20£+00

1.86E+02

1.50t+0 0:;

5'1

4

~.13

0.41

3.05"+01

BO.ll

5.921::+02

7.24E+0~7.5H'+02

2."9f.-Ol

~.30r-Ol

~.o':>r+oo

5.08£+02

1.31£+09

S3

3

1.'18

1.30

1I.42r+Ol

1!4.10

6.17£:·:12

6.39E+02

3.00E-Ol

3.66[-01

1.38E+Ol

2.18[+02

2.011+08

S2

2

10.%

G.8 ..

5.57[+01

93.50

6.86 r+ 02

IMPACTOR 1["'PERATuRE = 171.0 F = 71.2 C

STACK TEMPERA1URE = 171.0 F = 71.2 C

STAC~ PRESSURf = 29.43 IN. OF H~ MAX. PARTICLE Dl~Ml1(R =

1.0~ Cl = 0.00 ~2 = 11.53 0? = 19.40

3.~1~~~-01 GR/DNCF 7.3320E.02 ",r./AC~

_'I

0.04

4. 29E+ 00

1.93(+05

11.40

2. 59E+ 00

99.71

7.31(+02

8.94E·02

3.1'1[-01

3.91E-Ol

3.49E+Ol

AU~ '~-I-A-~O 2-12-@1 1220

I~P'(1(A FLOWRAT~ = 0.333 tCFM

1l'!F 'CTCR P Rt SSUAE DROP = 0.2 Ih. CF HG

IISSl"H ~AATICL::: orNSITY = 1.00 G"ItU.C".

GAS co"PtSlTJO~. fF-(ACE1.n CO, =

CALC. "~SS L~A[iJ~G = 3.2041E-Ol r,~/'CF

JMP:C1n SHGE

S1 AGE It..CEX W"'&~A

D~n .It,ICI\C"ETHS.

I'!A5S f~iLLJGR''''~'

"GIL."C~H1At;l

CU'. ~ERC("T (iF I':ASS $~'ALL'::R THAt. C~O

CU~. f~u/~t"') S"ALL~R TH,,, ~SO

CU". th/C1NC"" SMALLER n'A" OSC

CU". tG~OCF) !>"ALLEIt THAN O~O

CU'I. HR/r~.CF. SI'ALLER THA" DSC

GU. I'E~" CU. f"'ICRO"ETlR~)

D""(Ll~l f"G/O~CM)

Oh/LLCEl fNO. P'ATIlLES/C~CM)

~~R""L (["EI"[[RI~G 5TA"~AkDI CO~OITIONS ARE 21 DEG C AND 160"" Hr..

AlRUC''''~IC CIA"'ETlRS ARE CALCULtTED HERl ACCORDInG TO "ERCER.



,

R~A'H LTC. ROCKW(;(;D. T£"I"'. 10-12 FE£:: 1ge1 CO",TRlCT 1-&18 -019
R~O= 1.00 ~I'!JCt

"'£..... CU'WUTIH UPP,;.R COhFID£hCE LOWER CONFIOE"'CE
INIlRlI'L DIAMETER "'/ISS COt.C lIIoTfUTl 0 •• Lll'!l T LlMl T

C1'1CRO ... S) lI'G//lC~) c"'GIACI'!) CMGIAC~)

2.50£-01 2.lIOr -U1 4.27~-01 1.33E-01
2 2.71£-01 5.71£-01 P.O 1l-0 1 3.36E-01
~ 2.95E-Ol 9.119£-01 1.32f-00 6.62£- 01
4 3.20£-01 1.59£-00 2.02L+00 1.16£-00
5 3.41£-01 2.45£-00 3.00E+00 1.90£+00
6 3.71E-01 3.68£-00 4.38£-00 2.99£-00
1 4.09E-01 5.43£+00 6.30r-0 0 4.55£-00
II 4.45£-01 1.87E+00 1:1.96£+00 6.78£- 00
9 4.1I3£-01 1.12£·01 1.26-:'+01 lj.87~+OO

10 5.24£-01 1.60[+01 1.1'1.. _01 1.112E+01
11 5.69[-01 2.26r+01 2.49~+01 2.02E+01
12 6.181:-01 3.10E-lIl :\.39[-01 2.80[-01
13 6.11£-01 ".15£+01 4.S2l-01 3.78£+01
14 7.2&£'-01 5.44E+Ol 5.90t.+01 4.9&£_ 01
15 7.91£-01 6.98£-01 7.5~t:-01 r.. 40E-01
16 8.58£-01 8.75£-01 'I. 45l-0 1 8.0!!l£+01
17 9.32£-01 1.0n+lI2 1.161::+02 '3089E-Ol
III 1.01£+00 1.28r-02 1.311t:+02 10 18£+ 02
19 1.10E+00 1.48£+02 1.59£+02 1.31£+02
20 1.191:+00 1.67f+02 1.79f.+02 1.55£:+02
21 1.29£+('0 1.83£+lI2 1.96[+02 1.70E+02
22 1.41£+00 1.91t:·lI2 2.1lt.+02 1.84E-02
23 1.53£:-00 2.09£+02 2.2 3E+0 2 1.95£+ 02
24 1.6&£-00 2.19'-+02 2.33£+02 2.04[+02
25 1.80E·00 2.21[+02 2.41£'+02 2.12f.+02
2f 1.95£:-00 2.3H.+02 2.491:+02 2.19".:+02
27 2.12C:-00 2.40E+02 2.'55 ..+02 2.25£+02
211 2.30£+00 2.45£-02 2.60[+02 2.30£+02
29 2 .50E-0 0 2.50£-02 2.65£+02 2.35£+02
30 2.71£+00 2.55£ +02 2.701:+02 2.39£+02
31 2.95£-00 2.60L+02 2.15l_02 2.411~+lI2

32 3.20£.+00 2.65[+02 2.80 .. +02 2."9£+02
33 3.47£+00 2.70E+02 2.86'::-02 2.54[+02
3" 3.77£'+00 2.75£+02 2.91£-02 2.60 E-02
35 4.0'.lE-00 2 .8lE +02 :>.97£+02 2.65£+02
36 ".45E+00 2.86£ +02 3.02E.+02 2.70-;:+02
37 4.113E+00 2.'.I1E.+02 3.08 .. +02 2.75t:-02
3li 5.2U-00 2.';'£+02 3.13;:-02 2.61£-02
V3 5.69r.+00 3.03[-02 3.19,+02 2.86£+02
40 6 .18E- 0 0 3.09£+02 3.2H-02 2.92(+02
41 6.71E.+00 3.15E+02 3.32.+02 2.99£+02
4:- 7 .28L- 00 3.22£:-02 3.3'h.-C2 3.05£- 02
43 7.'H£+OC 3.28::+02 3.4SL+02 3.11[-02
44 8.58r+oo 3.35".-C2 3.52~-1l2 3.17 "-~2

45 9.32r-oc 3.41r-02 ~.SIl"+02 3.24[+02
4E> 1.01£+01 3.li8t.-lI2 3.65Ltr·2 3.3C£+02

" 1 1 .1 Ot. - U1 3.54£+02 3.1lt. +0" 3.36r-C2

"ll 1 .19E+ 0 1 3.60[+lI2 3.1tlE+02 3.42r.-02
"'I 1.29E+Ol 3.&&£+02 3.e4~-C2 3.48£+02
511 1.41£+01 3.73£'+02 3.9H-02 3.55£+ C2
51 1.53E-0 1 ~.7'JE-(l2 3.97<:+(,2 3. &1 E+ 02
52 1.66£-01 3.1\5£-C2 ".03L+02 3.6&[-02
53 1.eCE+01 3.90£-02 4.CC;l-C2 3.72£-02
54 1.'?5£+C1 3.°5£+02 4.14.·_02 3.71£-02



r

IlC'",l lTL. RCCKWIIOO. TE.""h 10-12 rER UbI COt><TRACT 1-6111-01'1
Jltlo= 1.00 GM/CC
l~TEPV'L 01l~ET[R RECCROS [XCLUOfD ~RCM ~EA"

tU~ULATIV~ ~ASS CC~CLNTR'TID"

2
3
_

5
6
7
e
s

10
11
12
13
1~

15
16
17
III
19
20
21
22
23
H
25
26
27
28
29
3D
31
32
33
3_
35
36
37
311
30;
~o

41
42
'13
'1~

~5

H.
117
~Il

liS
50
51
52
53
5'1

2.50£-01
2. 71l-~1
2.95£-01
3.20£-01
3.47E-01
3.77£-01
'1.09E.-Ol
4.'15£-01
~ .&3l-01
5.2'1£-01
!i.6Q£-Cl
6.1IlE-01
f..H£-Ol
7.28l:-01
7.S/1i:-01
8.58£-01
9.32f-Ol
1.01['00
1.10E' 00
1.19£'00
1.29£'00
1." 1£' 0 0
1.53£·00
1.66i:' 00
1.80£:'00
1.95£·00
2.12£'00
2.30£·00
2.50E·00
2.7H.'00
2.Q5l+00
3.20r+00
3."lL'00
3.77£+00
".09E+00
'I ."5E' 0 0
4.1>3£:'00
5.2"E·00
5.69£'00
E, .18£+00
6.71;:+00
7.28E.+00
7.91£·00
b.58E+00
'1.32£'00
1.0It+Ol
1.1 DC:. 01
1 .19~' a1
1.29E.Ol
I.Hi+Ol
1.53,+01
1.10.,1:+01
1.~OC:·Cl

1.'15,,'01

32
32
32
32
32
32
:2
32
32
NOt;~

"Ie",.:
IlIt f\C:
I,Ot>::
,..c,tll:.
NONt
NOIrlE
NOliE
NOIrl"
t.Ot>f
Net.[
NOlrlt

"O"'l
"'Cfil
NONl
NON::
'-011'
NOlilr
22
22
10 22
10 22 2 II
10 22 2"
10 22 211
:';> 28
22
22
t.lOllf
NON£
"'ONL
NONl
'IlONE
~Olli

1'40t.[
1101\""
NOh_
'1uN,
"'ON"
NClfi"
22
22
:?2
22
.."C,ijl
f', CI til.



RtAtH lTr. RQCKwr.tO. TEf'j"l. 10-U Fc.fl 191\1 CO-.TRACT 1-618-019
RHO: 1.0t EM/tC

IhT£R~AL

1

"3
'I
~

6
1
~

~

10
11
1('

13
1'1
15
16
17
18
19
20
21
22
23
2'l
25
26
27
28
2'l
30
31
32
33
3'l
'15
36
37
3d
39
'10
'11
'12
'13
'1'1
'15
'16
'11
'18
'19
50
51
52
53
5'1

o1"'f.lt.R
«I'ICRUIIS.
2.50(-01
2.71f.-01
2.'l5t.-Ol
3.20£-01
3.'I7E-Ol
3.77E-Ol
4.09£-01
'I.'I5£-1Il
'I.b3E-0 1
5.2'11'"-01
5.69(-01
6.18£-01
6.11£-01
7.28£-01
7.91£-01
8.58E-Ol
'il.32E:-0 1
1.01'::-00
1.10£-00
1.19£-00
1.29£-OG
1.'11[-00
1.53C:-00
1.66£-00
1.80£- 0 0
1.95£_00
2.12£-00
2.30£-00
2.50E-00
2.71£-00
2.'5e-00
3.20E- 00
3.'I7E_00
3.17[-00
'I.09t-00
'l.'I5t:-00
'I.1I3E- 00
5.2'1E_00
5.69£-00
6 .1Ile-0 0
6.71E-00
7.28£-00
7.'H!:.00
1I.58r-00
9.32(-00
1.01E-Ol
1.10E-Ol
1.1'ilE-Ol
1.29£-01
1.'11£-01
1.53£:-01
1.66E-01
1.o0E-01
1.i5[-O 1

ME:A~ CJ"UlU 1V(
''',,.is COr.CEr.nUTlON

«PUIC£NT)
7.00£-(12
1.'I3f:-01
2.'l1E-01
3.97(-01
6.131;:-01
9.;>0[-01
1.36[.-00
1.97E-00
2.81[-00
'I.OOE-OO
5.6'11'"-00
1.7'l(-00
100'1[ - 0 1
1.36£:-01
1.7'1".:-Cl
2.19f.-0 1
2.68£-01
3.20£-01
3.70E-Ol
'I.17E-01
'I.58E-01
'I.93l-01
5.22E-Ol
5.'I7E-Ol
5.67!:. -0 1
5.8'1C:-Ol
5.99E-01
6.12E-Ol
6.2'1(-01
~.36£:-O1
6.'I9t-01
6.62E-Cll
6.75E-Ol
6.eeZ-Ol
1.01t-01
1.15::-01
1.28E-Ol
1.412'::-01
7.5710:-01
7.72£-01
1.tlIlE-01
8.041,,-01
1I.20C:-0 1
8.36""-01
8.52(-01
&.68<.-01
8.1l4L-Ol
9.00(-01
9.15r-Ol
9.31E-Ol
9.46E-01
9.61:'-01
9.75E-01
9./:lIH'-C 1

UPPfR COhFI~ENCf.

LIMIT
«?£RCEhT.
1.07r-Ol
2.02(-01
3.29l-01
5.05 E-01
7.51(-01
1.09('00
1.5h-00
2.2H,·OO
3.16(-00
'1.47('00
f.23E-OO

. 1I.4IIIE-OO
1.13'::-01
1.'I8C:-01
1.89(-01
2.36E-01
2.89£-01
3.'I'IC:-01
3.98r'01
4.'17(-01
'I.90r-01
S.2lE-Ol
5.57£-01
5.82,,-01
6.03"'01
6.21£-01
6.36l-01
6.50E·01
6.62E.Ol
1\.75£'01
6.88E·01
7.01t.-Ol
7.15E-Ol
7.28E-Ol
7.'I2f-Ol
7.55::_01
7.69 .. -01
7.83t:-01
7.~bE-01

8.1'1(-01
1i.30E-01
8.46E-Ol
1;.63:"01
II. 79E-0 1
g.96·~·01

Q.12:::-01
7.2/:lE'01
:.. '1'1 t:.0 1
".60~-O 1
CJ. 7~E 'C1
9.92£-01
1.011:'02
1.02<'-02
1.0.h.-02

lC~ER CCNFIOEhCE
UPHT

CPlReE" 1)

3.33E-02
8.40':-02
1.65E-Cl
2.89E-01
'Ie 7'1 E-01
7.'16::-01
1.1'1E·00
1.69£-00
2.'I7E-00
3.54('00
5. O'lE- 00
6.99£-00
9.'I3E- 00
1.2'1£-01
1.60E-01
2.01E·(I1
2.'17£-01
2. 95E- 01
3.'I3E-01
3.86E-01
'1.25£- 01
'1.59£' 01
4I.~7r:-01

5.llE-Ol
5.30E-01
5.47E+lll
5.61E-Ol
5.Hr.-01
5.86E-Ol
5.98(-01
6.10(-01
6.23£- 01
6.36(- 01
6.49E- 01
6.61r.-01
6.7'1E-01
6.81E-Ol
1.01E-Ol
7.15E-01
7.30E-01
7.'16£-01
7.62E-01
7. 78E- 01
7.93E-Ol
8.09~·1ll

8.25::- 01
b.'IOE-01
b. SSE- 01
S.70E-01
!I.86('01
9.01E+Cl1
<;.16::-01
7.29£:'01
7.'I1E-Ol



HANE LH. RCCKWLOD. TENN. 10-12 FEll 19&1 COt,TRACT 1-&18-019
RHO: 1.00 E~ItC

~::~N CHAt-liE: ST .."'OAku UPPlR CuNFlDE"'CE L~W(R CONFl~ENCt

IhTERV_L DU~ETEIl IN "" SS Cl)t.CEI\TRATION oi::V I n lO~ LI"IT LI MIT
("G/llN~3) 'JIlG</LiNI'31 I "::'/DNM3) IMG/Ot.l~31

2.50E-Ol 8.41['00 1.101=:+01 1.34['01 3.3 7f' 00
:: 2.95[-01 1. H<"Ol 1.72r·Ol 2.5zr.·01 9.54('00
3 3.47E.-CJl 3.5Rf+Ol 2.b 0i-'01 '1.77r-·01 2.'10E·01
'I '1.091::-01 7. 2 It·. 01 4.00':.-01 9.03<:-01 5.39E.·01
'5 '1. 11 3(-01 1.3Rt"'02 6 ... 6E+Ol 1.67['02 1.08.;:- 02
6 5.69E.-Ol 2 .... '1::-·02 1019['02 3.12['02 2.07!."'O2
7 6.7H-Ol 4.0 'h' 02 1.1'1['02 '1.81'['02 , • .: 9£- 0'2
to 7.':11(-01 5.8k'02 2.72('02 f..9'l(·02 '1.60Co·0;>
'; ~.32E-Ol 7.1F·02 3. HL-02 F .(,IE'02 5.53f.·00:

10 1.10E·00 6.13o·0~ 3.23.. ·02 7.&OE'02 '+.66[-02
11 1.29('00 ",.27F' 02 J .... Rr"·02 6.8'5t·u2 3.7or.0~

12 1.S3E.00 3.73~'02 2.80£"02 '10 ':I&t. 02 2.50(-02
13 l.eOr-Co 2.5~t'02 2.091;-02 3.50E·02 1.66E·02
1'1 2.12... 00 1.89f'02 1.73['02 2.65E·02 1.13(.02
Ie. 2.50':+OC 1.6··'·C,2 1.5'1r'C2 2.3!:r·02 '1.'15..+01
16 2. 'l5E + (. 0 1.7':1['02 1.~n-~2 2.'17[-02 1.11::'02
17 3.'17i-00 108b~'02 1 .....&::·02 2.61E+02 1.15[.02
11' '1.0 'IE'°0 10 7 Q ... 02 1.70L+02 2.57r+02 1.01E·02
1 'J ... 113£+ 00 1.8br.02 1.5'1('02 2.56(-02 1.20::"02
20 '5.£.9[' 0 0 2.0 'JI.' 02 1.'18['02 2.7'1['02 1.'14f..02
21 6_71l'00 2.23£'02 1.62('02 2.9'1r·02 1.52f·0~

22 7.91E'CO 2.2"£'02 1.6'lt.'02 2.99E·02 1.5lf_' 02
23 9.32E-OC 2.23:..u2 1.76f+02 3.01':'02 1.'16[+02
2'1 1.10t:+Ol 2.1 P':'02 1.79[+02 2.910(-02 1.33r'02
25 1.29E·01 2.231:'02 1.15E·02 3.03E·02 1.'13r·(lZ
26 1.53E+Cl 2.12':' 02 1.7 3t.. 02 2.'11<':'02 1.33<:'02
21 1.bOE·01 1.83[+C2 1.70t.+02 2.58[+02 1.0RF'02



H~Nt. LH. KCCKWtJOD. TEl.,•• 10-12 FL~ 19AI CONTRACT I-6IIl-019
K110= 1.00 t~/CC

IhTlRV~L DIA~rllR RlCCRu~ EXCLUDED FR~M MlAN
CHA~&[ 1~ MASS CO~TRATl~N

1 2.~ OE- 0 1 32
2 2.95[-01 32
:3 3.117[-01 32
'I '1.0'1[-01 32
5 4\.1<3[-01 32
6 5.69E-Ol .~ O"f.
7 6.71~-01 :1.01\,
<S 7.'llE-0l ~Ck

~ ;, .32[-01 "c,,'-
1 0 1.10r+00 2
11 I.2 Q C:+00 ~\;Nf.

12 1.~3f+OO 'IIO"t.:
13 1.£.0 ..+00 .. OM
1'1 2.12E-00 .\1,1 "l
15 2 .50r+ao ;:2
16 2.95E+00 lC 22 2tl
17 3.'In+oo 10 22 211
H '1.09 ..-00 22
1':1 '1.1131::+00 ~tJfijl

20 5.69E+00 iliON:
21 6.71E+00 1.01\,
22 7.91E+00 NOll,
23 9.32£+00 ~, O~.i.

2'1 1.10L+01 ;.C ",
25 1.29l+ Cll 22
26 1.53£+01 22
21 1. (; ClE + 01 \Cot,'



I I

- -._._._"--

~O"Nl l J[. II OCI\IIOOD. TOIN. 10-12 FlB 1981 CONTRACT 1-61b-0 19
RHO= 1.00 GM/CC

M£AI-; CI1Al\bE STANOARD UfPER CCNFIClNC( UoiLIl CONFtl'EIICE
l"l[R~AL OUII,ETc.1l IN NUMBER C:il.CE iii TIlA TI 0 r; D<:VI_nO" LUoll T LJ1"tT

CNO/DN,.31 CN'l/"""31 Uall or.11 3 I (NC/utlll'l~1

1 2.5I1E-Ol 1.0 3( -12 1.35[-12 1.611(-12 ".12E-11
? 2.'15(-01 1.30E-12 1.28'+12 1.88::-12 1.12[-11

3.H..-Ol 1.63(-12 1.19~-12 2.11E+1' 1.09£-12
4 '1.nE-OI 2.01(-12 1011,,-12 2.51['12 1.511£:+1::
~ _.03<:-01 2.3_[_12 1.10<::'12 2.8 .. (+12 1.A'IE·I~

E: S.69(-01 2.6'lE_12 1.2 .. r-12 3.23E-12 2.1lt[·12
7 6.71E-Ol 2.!"9C-12 1.1 c r-12 3.09<:-12 2.08r+12
e 1.91E-Ol 2.2_':_12 1.0:'~-12 2.70E·12 1.1AE-IZ.. 9.32E-Ol 1.6':1'::-12 8.b2':-11 2.08,,'12 1.30E·12

10 1.10C-ilO 8.83(.11 ... 6~c.·11 1.10E-12 b.71£-11
11 1.29;::-00 ".6H-11 3.1~r-l1 6.02E-11 3.25E.l1
12 1.~~r·oo 2.00l-11 1.50r-l1 2.£'6[-11 1.3.. E-ll
1 ~ 1.AO~-00 8 ...6::-10 6.85E-l0 1.15E-l1 5."5E-l0
1 'I 2.12 .. -CO 3.1<;:£-10 ~."6t.-l0 5.31':'10 2.26['10
1 'i 2.50 ..+00 2.0a-l0 1.811L-I0 2.1111('10 1.15£-10
:to 2.95'-00 1.3"~-10 1.02r-l0 1.85F:-10 B.31E-u'J
:I 7 3 ... 1[-00 8.51:[-01 6.6n-09 1.19E-l0 5.25E-C'"
111 ... 09('00 ".%E-O'l ".1"C:·0'l 1.15E-0t; 2.fl2£:-0')
19 ...83£'00 3.1"E-Oq 2.C.2C-09 ... 3.. [-09 2.03E-O'1
:2 G 5.f:':ll-00 2.16E-OS 1.53E'09 2.11'l':_ 0 0; 1."9t::-C9
2 1 6.71"00 1.H":-0') 1.02.-00; 1.1I6t.+Olj 9.65E-OP
22 7.9lF.·00 8.10(+OP 6.5'1r-OIl 1.16t:-0~ ,:>.A3E+O~

23 '1.32<'+00 5.21(-0~ ... 15F.+OA 1.09::-0e 3 ..... E- 0 ~

2- 1.10l-01 3.13t-0~ 2.~7t-08 ".21t:+ De 2.00E-0~

:15 1.2')E- 0 1 1. ':16(-01', 1.5"":-00 2.66E-Ob 1.~f,E-u~

26 1.53C:-01 1.1.<:-118 9.28,'07 1.56E·oe 1.1lt t. c 7
21 1.80E'Ol 6.00E'07 5.5h·01 8."5':+01 3.55E·07



~UANt LlC. P.l:CKWOCO. TE""', 10-12 Fn 19~1 CQ"ITRACT 1-618-019
RHO: 1.00 SI'l'CC
JNTE~Vil OJAI'lETER RECORO~ EMCLun~o FRO~ "'EA~

CHAN~E Y"I NU~bfR CO~CENTPATl()N

2.50£-01 32
~ 2.o;5E-01 32
3 3.'17[-01 32
/I 'I.09E-Ol ~2

S '1.1\3&::-01 32
6 5.E.9E-Ol r40N[
7 6.71£:-01 Ill/tot
Il 7.'iPIE-01 '~Olt:~

9 Cj.32E-01 ~ lJ he
10 1.10E·00 :
11 1.29E·00 "ONL
12 1.53l·00 ,,"eM
13 1.110E.uO NuhL
H 2.12e:·00 NON~

15 2.50E·00 22
1'; 2.95E·00 10 22 2f-
17 3.'I7E·00 10 22 2k
lA '1.09[·00 22
1 'J 'I.b3E.00 NOM.
20 5.69E.00 NOh':.
21 6.71£·"0 NON::
22 1.91[.00 "'0/'''
23 9.32£.00 "O~f-

2/1 1.10£.01 ,.o"c
25 1.2'1[.01 22
26 1.53•• 01 22
27 1.80£.01 NO'"



GIi,,.,GGG:>GG CCCCCCCCCC UUAA A~AA JJ,J,J,J,J,J,J,J.J KI( KK 555555555555 171717771777 &&66oS566H.
GrG5G\j",G\;,G5G cccccceccccc HAAAU,AAUA JJ,J,JJ,J,J,J,JJ "'K KK 55':555555555 77777171777 6&~66/;6066H,

GG Gf, ec cc 1.1. ~A JJ KK I<K 55 77 77 u; 6E
G:i lC U A" ,J,J I<K ~K 55 77 H;

GG CC AA AI. JJ IO:K I<K 55 71 66
C'G ce .uAAIoHAAAA~ ,JJ I(KI(f(KI<K 555555555 77 66&6666666(0

'iG G'iS~G (C AUAAAt.AAAU J,J i(I(KKKI<K ,,555555'555 77 !-66666666666
:G <iGGC.j lC U U J,J KK KK '55 77 €'f. 66

.( G', CC 1& AA JJ JJ I<K I(K '55 71 66 66
rr:, G:; CC cc .U .IA JJ JJ I(I( KK cc 77 66 ~6

; (,'" GG '3S ~~G GG CCClC Cececee AA ~A J,J,JJ,J,J,J,J 1(1( I<K 555555555555 77 666666666666
.GGCGGioGGL (ee(eeeeec AA A,.\ J,J,J,JJJ KK KI< ",5555555555 77 6666666f;66

-

JJ,J,JJ,J .. .JJJ 11 00000000 66c6666666 2222222222
JJ,J,JJ,JJJ",J 111 cocooooooo f666666666H 22222,,2<:22~2

.J.1 1111 00 0000 Gi, E.6 22 n
,:.1 11 e.o vo ilL (,!> 22
,1.1 11 00 00 00 £~ 22
u.1 11 00 DC 00 6(6666666E>f: 22
J.1 11 00 00 00 (':'6t666666H 22
.1,J 11 00 Oil OC &~ H, 22

.1,J J.1 11 oooe e.o b6 bb 22

.1,J JJ 11 000 oe. 66 66 n
J.J,JJ,J,J,J,J 1111111111 ooe.OO(lOOOO f!.6H6666666 22~222222222

,J,JJ,J,J,J 1111111111 00000000 6666666666 22222~222222

AAUAAAAAA
UAUAAAAAM.

"A At<
A& ~A

Ai 11.,

AUIlAAAUA ~,

AAAAAU&U"A
U ~A

loA .u
loA AA
AI Ai
AI. .~A

.. *. ,'. Er.C .Ui. 10;'2 ;e ....1(576 :;C M ffj/1f.1I'U1k .. eer TAI.T 2.2b.~2 ~~ l~ MAY 81 Rl~.PRl $-;; Kt!R'lK LA Tt. eENTOl



APPENDIX D-2

CASCADE IMPACTOR DATA REDUCTION SYSTEM PRINTOurS
BAGHOUSE OurLET

D-42



RU', rt -l-£ 2-10-81 C916

G,l $ CO" FCS IT lOr. fPf,RCt.~.T ) CO2 = 1.09 CO = 0.00 ~;2 = 78.~1 ~,2 = l'IoEoO

CHe. ~&SS LOA:;I";; = 1.977~l-03 GP/ACf 2.3657£-03 CR/O~CF ~.5241E.cc ~G/AC~

11'11'; 'HI< S lAG[ ,1 S2 ~3 S4 :.5 S6 ,,7

ST ',G[ nCE) r...H'Fn 1 2 J 4 ~, 6 7

:150 I I' Jl r;Ol'UEi. ~) 17.16 11.15 7.511 5.17 3.3~ 1.71 1.0 •

HAS~ '" lLLlbRA"~;) 1.~4 0.16 1.48 1.44 1.3A 1.11 1.5'-

MGIfNC!"/ST&Gf. 8.5"[-01 3.55£-01 6.c;lr:-(ll 6.12[-01 6."~[-(Ol 5.46[-01 1.42l-Cl

cur. FERelt.T or "'AS~ SI"LLER T~:N ~?O f 4.14 77.59 Eo4.F.3 52."1 40.52 ~0.43 16.12

eu" • H~/ ... n) S"ALL::R , ... Iot. ;;50 03.1-1£·00 3.51£·00 ". Q3~+ 0 C' 2.371'+0 L l.fl3[·OL 1.3RE·00 7.57E-~1

CU" • H~/~i,el':) :'I'IALLU, rl'A', OSC ".~5E·OO 4.20£·00 3.51r.+0r. 2.8U+OO 2.1qE+~O ].651::·00 9.05E-Ol

CU~ • 1(-lkCF) SUALL~R TH~" 25~ 1.(&[-03 1.53E-03 1.~bE-03 1.04;'-03 1I.01r:-C. ~.02~-04 3.31£-""

C:.llr. IH/"'I\CF) S"AlLU, Tt'~I, 050 1.9'1E-0.3 1.84[-03 1.53£-03 1.24f-O~ 9.5'1[-04 7.2(1£.-04 3.c1::'E-""

G~ C. "t... P L.i lAo "'Hl.i\O~t.:TlR;;) 3.53E+Ol 1.41l+C,1 'h19r:·0~ 6.2(,'·OC 4.1H.0e. 2.40[·00 1.~[,E+~Q

OM Il:LC G: I ""/DNC.~) 1.4.[·00 1.75E.00 4.12r:+00 4.04•• 0 t 3 .~>O£. DC 1. ~4~:+00 3.11~·OO

ON/ljlCGC Il\(.• PARTICLES/t "el') 6.7"E+04 ] .20;::·06 1.01r:·Ol 3.1Sr..07 9.14£+v1 2.53[·08 2. A .3t:.n 'J

I~PACT(lR trl'PERITUk':; = 16!l.0" = 13.~ r

~T~CK TE~~FFATUR£ = 16~.0 F = 13.9 C

l~P!CTC~ FLryWR~TE = 0.31- ~CF~

I~FlelLR ~~E~SU~L eROF = C.2 T~. CF HG

AS~LHt F:'FTltU D~';SlTY = 1.00 r,"/l U.,". ~T.CK PRt.SSUFcE = 29.eO IN. c,r I'G

SLI'''Ll'll; ()'-~ATtO'" = 2oo.J~ ~n

~'). P.RTICL~ OI'''.IiR = 7n.D ~IC~:·~T~~S

"2C = 100)

5.4136 •• ~O ~3/LNC~

S~ "ILF~

b

C.74

(1.51 1.43

2.3F:-Ol ~.El~-OI

12.33

~.5~"-01

"" (1" -0 1

L.44::-04

<t.921::-04

b.~oi.-Ol 5.26::-01

1.4·~.00 2 •• 2"'·0)

3.~2'.09 2.~r:.l)

"C~'4'l 1,;GI',Et:~I"'G ':'iAt;i)~RD) c:>~r.lTlr)NS ARf 21 oEG t "!\u 760~'" t-"-.

nR():;vr,AI'IC CUKUERS ARt: CALCUlAU:r. HEIli' ACCOROING T'J TH!: HSI< r,fl'JUP eN LU~;r, oVN;HICS.



RU/\ 11-(-A 2-10-81 091&

MAX. p"~TICL[ OI&"~T~R = 70.e ~ICRU"fT_P5

IMPtCT-~ fLO:.lRATl = 0.314 ACFI'I

IMF-4CT"H P~'_SSu"E ORQf- = 0.2 111. :Jf t..';

ASSU~E~ F~RTICLf DENSITY = 1.0e 3~/~U.CM.

lI'Ir ACTOR n"pt.,uTURE = 1&5.U r : 13.9 C

SHCK TEl'!f<:RATURf = 165.0 F: 7,h9 C

5TAC I( PRc: S SU ~ L = 29.80 IN. uf HG

SAM~LI~3 OURATlu~ = 2D~.JJ 'I~

S1 S2 53 S4 $5 SF. S I S ~~ =f L r:~

2 3 4 '; 6 7 R ;

17.1'5 11.24 7.67 5.27 3.4 ~ 1.8C 1.11 O.P'

1.114 0.7& 1.48 1.lt4 1.3" 1.17 1.~ '~ 0.51 1 ... ~

8.5 n-Ol 3.55E-01 6.nE-01 b. 72" -01 6.""'--~1 5.461--01 7.":'::-[1 ~.-'t1:-01 t..,_ 70:-01

~4.1" 77.59 04.e3 52.'t1 40 .~'.? ~O .43 16.7: 1:'.33

3.~lE+00 3.51'::+00 2.93[+00 2.37:'+0L 1."3E+ O. 1-3&.. +00 7.'i1':::-~1 ~h ~=i --0 1

4.55[+00 4.20 (. 00 3.51E·00 2.li"~+O0 2.1,(+00 1.65£+00 9.0'i(-Cl 6.61,:-01

1.(·6(-03 1.~3f.-03 1.211<:-03 1.0" r -03 8.01f-04 6.02 r -04 3.31E-L4 ;:'.44,. -0"

1 ...9(-03 1.84 [-03 1-:'.3f.-03 1.24;:-0 ~ 9.:::'9(-04 7.211~-0" 3.9S€-Cif ':.);'';-0''

3.54[+01 1.42:+01 9.29[+00 6.3<;[.0[, 4.;>11(+ 00 2.51;:·00 1 ... 5£. r u 9.';10-01 5."'2::-01

1.45(+00 1.77:+00 4.16E·00 4.11i:+OCl 3.58(+ O~ 1.91<.·00 3.96E·00 1.63'.·00 2.~2~+01

6. ;><'(+04 1.19£+06 ... a.2(+06 3. 05 r +0 1 l!.72E+~7 2.3~r.+Oil 2.4~i:·~" 3.20r.+OQ 2.':'::·13

CALC. ,ASS LCAOIN'; : 1.Q770(-C3 ':i~/;CF

1I'!~ACTCh STAG£

ST~6E I~~E~ ~U~~E~

050 ("'Ir.~?~lTERS)

.~SS 4~ILLI&RAMS)

H~/Ll\t"~TAG[

CU-. PC~ClI\T OF I'IA~S Sh~LL~R Tr'~ w5~

CU~. ('J/~CMJ SMALLlR IHA~ 050

CU'. ('G/DI\C"'J S~ALLER THA~ 05u

CU-. (r,K/~rr) SWALLeR T~AN 050

CU~. (r,q/n~CFJ S~4LLER Tt..A~ D~~

GtJ. M~~~ OIA. (HlcaOl'!ETLqS)

Ol'l/ClCC,D (~G/O.C"')

IN/GlC~~ (1\0. ?'RTICLES/DI\C"')

4.5241~+00 H~/ACM

GAS (U'FLS1TIOl (PERCENT) C02 = 1 .09 co = O.ilO

2.3651[-C3 GR/~"CF

~2 = 18.~1 ~'2:: 1,.~r, "'2:- = 1.0J

5.~13&'+~J ~3/3~:~

I\ORI'I~L (tNGI~E(RI~G STA~DARDI CO~DITIONS ARE 21 u(G C A~u 760~M Hr..

~EROCYI\~'lC DIAMeTERS Aal CALCULATED H~~[ AccrRDIN~ TO r~Rc[a.



-

RU~ t1-(-6 2-10-81 O'H6 HRS

MA_. PARTICLE DIAMETER = 7 V.O "ICRu"ET~qS

IMPteTJ~ FLJWR~TE : 0.321 ACFM

I~~tCT:R PRESSURE [j~OP : 8.2 IN. OF HG

ASHPEC FARTICLE Oi::HSITY = 1.00 G"/CU.CM.

I ..PACTOR TE"PERATURE: 16S.0 F : 13.9 C

STACK TEMPERATURE: 16~.0 F: 73.9 C

STACK PR~SSURL = 29.68 IN. OF HG

SA"~LI~> DU~ATION : 2R8.0~ ~I~

CUP. Ft~eEI\IT OF MASS SMALLER T~AN 050 93.1~ 86.29 ~0.22

CUM. (P:;/AC~) SMALLlR THAll 050 2.29[.00 2.12[.00 1.97E.00

CU" •• ~GJONC") SMALL~R T~AN D5Q 2.75E.00 2.55£.00 2.31£.00

CU~. CGi\JA~F) SIIALLi:R TI"AN 05C 1.00E-03 9.26[-04 tI.61E-04

Cl.i~. H"r"CFJ SI'ALL£R T~H OSf. 1.20E-03 1.11E-03 1.03F;-03

0 ••4 0.44 0.39

2.02[-01 2.02£-01 1.19F-01

3.51<:.01 1.39£.01 9.10r.00

3.~7[-01 1.00l.00 1.07[.00

1.49E.04 7.06:.05 2.11£.06

CALC. PASS LOADING: 1.013.£-03 GR/ACF

IMPHTCP STAGE

ST 'C~ 111(;1::)( IIUf'1~ER '>

5.2or-Ol

1.71::-00

2.~0~·lJ

1.16

5.'.E:-ot

~ILT':~

"'2:-: 1.0l

2.~510~.00 M~/~~C~

Sll

b

0.74

S7

7

1.07

0.7 'J 1.11l

3.53t:-~1 5.4;>~-01

36.45 1f.07

8.Q~l-gl ....... ,,-01

l.u ~~.~u j.~3~-01

3.91~-CII 1.94;:-04

1I.1U;:'-u'l <:.3~t-0"

1.34C:·".O b.R6i::-01

1.q1~·OO 3.36(.00

1.113".0'1 '1.231::..09

J2 : 19.6C1\12 = 18.31

2.456'E.00 "G/ACM

S4 :>5 S'i>

4 ') 6

5.12 3.3... 1.5'1

0.59 0.66 0.77

2.1H-Ol 3.03£-01 3.5'1E-01

11.03 tSO.75 4~.15

1.14[.0 C 1.4'1[·00 1.20£·00

2.10<'·00 1.7,,£·QO 1.4.0;·00

7.62<"-04 f..52E-0. 5.23':'-04

9.1(,<:-04 7.fl3<-0 .. 6.2'H-04

6.20'·00 4.14[.OC 2.3&':.00

1.63(·00 1.65£·00 1.19£·00

1.31£·01 •• 43E. 01 1.£09£.08

S3

3

7.~0

CJ = 0.00

1.2896[-03 GR/01CF

S2

2

11.04

.,1

11.5A

C02 = 1.09G_S CO"PCSITIO~ ,pr~C£NTI

G£~. I'L~~ uIA. ("I~RO"LTERS)

0" ILL :GL • !'IUO"!"1

c;N/[Ll~[ IhC. PARTICLES/LhC,,'

US 0 1M lC~O!"t. T[Q~1

"ASS 'rILLI~R'~SI

"1:JIL"C"'~TA:;[

~ORMaL H~H;I'EERItJ5 STANOAROI CON!lJTIONS ARE 21 DEG C A"D 160~" HG.

J[ROtYN.~j( LI.~t.TERS ARE CALCULATED HtRL ACCORDING TO ThE T'S~ GROUP eN LU~G DY~'"ICS.



RU~, U-C-b 2-10-!\1 0916 MRS

-

I'Ih. f ,1IT1CLL Oil-HElLP = H.O -ICP:"ETfRS

II"'>' CT ~ P. FL villi ~ H: : O. 32 1 HI'''

I1·"'~:.rc. PPL~SlJ"E OitOP : 0.2 H. OF liG

~SSU"lC FI>PTlCLf O<.",SITY : I.GD :;1'/(1,.(.1'.

l"I'ACTOR T£."PCRATUR[ = 165.(, I' = 7~.q C

STACK T~~~LPAtU"t = 16~.0 I' = 7J.9 ~

STACK PRi:S~URr = 29."A I .... 0f 11e.

SA-tli~~ OU~ATIC.N = 25~.~0 ~l~

:1 S2 ~~ S- ~<. SI> ":'7 S·

2 j 'I !:. 6 7 k

1 1. b~ 11.1 " 1.1;0 !'I. 2, 3.'1S 1.1'1 1.16 C.1\3

0.'1" 0.'1" " .3q 0.5'1 0.66 0.11 0.1'" 1.1,

2.GH-&1 2.02E-Ol 1.7..[-01 2.71"' -0 1 3 .OJE- [il 3.5.;::-01 3.63[-(,1 !'I ...U -01

°3.1 ~ 81;.29 PC .2:- 71.03 EO .15 4';.15 36 •• ::; 1 '.• 0 r

2.21[+00 2.12£+00 1.'11[+00 1.7"~+OO 1."9[+ co 1.20[+00 1.<.<I:;E-01 4 •• '1'-01

".l~E+Ov 2.S5E.+00 2.~1[+0~ 2.10~+0 l 1.7'1£.+0(, 1.""t:+00 1.0 I i[+CC 5.3.h.-0 1

I.COE-OJ 'J.2 6 (- 0" ~ .£1E-O" 1.62:-0" 6.~2[- ~" ~.23~-O. 3.<01[-0" 1.9"1-0.

1.2Cl-&3 1.lH-O~ 1.03£.-03 9. Hf-O" 1.63f-:4 ~.29£-O. ".7J£.-(· 2.:;3~-O.

3.52~.Ol 1 •• 0r:+01 ... 20E+00 ~.30f+0·O It .21f£+Ol: 2.'1bi:+00 1."·[+0J ·'.!ll~-OI

3.~r;(-01 1.01(+00 1.C8(+OO 1.66r+oc 1.~'lr+oc 1.2"E+00 1.'1.£'+C;; 3.11.+00
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... 131:+01
9.27E+0 1
9'''0[-01
9.52l+01

LOWER CONFIDENCE
LUllT

fHRC£NH
5.0"E-D2
'1.l1E~02

1.51E- 01
2.36£- 01
3.54£-01
5.UE-01
7.75£-11
1.03£+00
1.33E+00
1.70E-00
2.19£+00
2.73£+00
3.81E+00
5.18E+00
6.85E+OO
8.80E+00
1.10E-Ol
1033E+Ol
1.55E- 01
1.78E+Ol
2.00E+Ol
2.20E+Ol
2. "OE+ 01
2.&OE+Ol
2.78E+Ol
2.95E+Ol
3.12£-01
3.28(+ 01
3..... [+ 01
3.&1[+01
3.78£+01
3.95E-Ol
".1.. E-01
... 33E-Ol
".53E-01
...14E+Ol
".96E+Ol
5.18E-01
5 ... 0(-01
5.62£+01
5.83E+Ol
6.03E+ 01
6.22t:::- &1
6."1£:- 01
6.58E-Ol
6.75E+Ol
f..92E+01
7.07[+01
7.22E+U
7.3&E+Ol
7.50E-Ol
7.&3£+01
7.15E-Ol
7.86E+Ol



ROAN[ LTt. ROCKWOOD. TENN. 10-12 FEb 1981 CO~TRACT 1-&18-019
RHO" 1.00 EIl/CC

Ilk-AN 'HANG£ STANDARD UPP[1l CONFIDENCE LOWER CONFIDENC~

INTERvaL DU"ETER IN "lSS CONC[hTRATION DEVIATION LII'IT LI"'IT
C"G/ON"':! ) C"'G/DN"':5) CI'G/ON"':!) c"G/ON"'3)

1 2 .50[-01 8.13£-02 6.75£-02 1."6[-01 1.62£-02
2 2.95[-01 1-52E-01 1.37[-nl 2.8"[-01 2.01E-02
:5 3.41[-01 2.8"E-01 2.65[-01 5."0[-01 2.80£-02

" " .09E-01 5.15[-01 ".73E-Ol 9 .12[-01 5.87[-02
5 ".83[-01 4 .59£-01 3.68£-01 11.1"£-01 1.0"E-01
6 5.69E-Ol 1e271·00 1.15[·00 2.23":.00 3.16[-01
7 (, .71E-Ol 1.95[.00 1.62[·00 3.30£-00 6.02E-Ol
II 7 .'31E-0 1 2.68£.00 2.131:-00 4.46(-00 9.0n-01
~ 9.32£-01 3. 06t:. 00 2.33£·00 ~.01l~.00 1.12£·00

10 1.10E-00 2. '13£. 00 2.01£-(10 4.65[·00 1.21E- 00
11 1.29E·00 2.6'1£.00 1.84E-00 4.22E-00 1.16E·00
12 1.53[-00 2.4H·OC 1.59E-00 3.15(-00 1.(1'1[·00
13 1.110E·00 2.101tE.-00 1.33[-00 3.25[-00 1.03E- 00
14 2.12£+00 1.'1'31..00 1.19£-011 '.'18E-00 9.96£-01
15 2.50<:+00 2.00(.00 1.29£+00 3.0~C·00 'l.22E-Ol
If 2.95E+00 2.16<:+00 1.67£·no 3.5~t:-00 1.11E-Ol
17 3.41E.00 2.41(+00 2.06E·OQ 4.12(·00 6.92[-01
18 4.09[·Oli 2.62".00 2.13<: .00 4.3'1E.OO &.50E-01
19 4.83[+00 2.73E+00 1.97£+00 11e:5 7r- 00 1.08l·00
20 5.6 '1E+ 0 0 2.71r.00 1.'10E·00 1I.29E-00 1.13E+00
21 6.71E+00 2.5:3[+00 1.RSE-+00 1I.08E·00 9.94<:-01
22 7.'.llE+00 2.32(-00 1.76£+00 3.1'.lE·OO 8.50E-01
2'3 9.:!l2E·OC 2.12£ .00 1.61r·00 3.51£+liO 7.31f-Ol
24 1.10[+01 1.95[.OC 1.57E·00 3.25E-00 6.31£.-01
25 1.29[·01 1.7hE.·OO 1.47£·00 3.00E·00 5.5H.-01
26 1.53E-01 1061l.0C 1.36(·00 2.75£-00 '1.81E-Ol
21 1.&OE·Ol 1.40E+00 1.12<:-00 2.33[-00 1I.69E-Ol



t

~OANl LTC. ROCKwOOD. TEN~. 10-12 FEB 1981 CO~TRACT 1-618-019
~HO= 1.00 GMICC
IhTER~AL DIAM£TER R£LuReS EXCLUD£D FRO~ M£A~

CHA~G£ IN MASS CONTRATION

1
2
:3
4
5
6
7
8
I)

10
11
12
13
H
15
16
17
111
1~

20
21
22
23
24
25
26
27

2.50[-01
2.95E-01
3.47E-01
4.09£-01
4.83£-01
5.69£-01
6.71E-01
7.91£-01
9.32£-01
1.10£-00
1.2'3£-00
1.53£- 00
1.80£-00
2.12£-00
2.50£-00
2.95£-00
3.47£-00
4.09£_00
4.83£-00
5.69£-00
6.71£-00
7.91£-00
9.32£-00
1.10£_01
1.29£-01
1.53£-01
1.80£-01

2
2
?
2

10
NONE
NONr.
.. Ch£
MOhE
NOl'I:
~ONt:

NCiNE
~ONL

NONr
NtIllt:
NONr
NOllE
NON':
NON£
"lONE
~oliir

NON~

NOM..
NOh(
NCNi:
NONl
NON£



l

. ,----- -----

ROANl LTt. ROCKWOOD. TENN. 10-12 FEB 1981 CONTRACT 1-618-01'
RhO: hOD 611/CC

"UN CHANGE ST ANOARD UPPER CONFIDENCE LCW£R CONF roENCE
INTERII AL DJAIIETER IN NU "llEll CON CENTRA nON DEVIATION LII'lT LIIUT

CNO/ONM3) CNO/DNII3 ) (NO/DN"3 ) (NO/ONM))
1 2.5IE-01 9.'4E·oq 8.25[.09 1.79E·I0 1.98E·0l1
2 2.'95[-01 1.14£·10 1002E·I0 2.12£·10 1.55£-09
3 3.47[-01 1.29[.10 1.21E-I0 2,46E-l0 1.28E.09
4 4.0'E-01 1.43E·I0 1.32E·I0 2.10£.10 1.63E·09
5 4.83E-01 7.79E.09 6.24E-09 1.38£.10 1.71E·09
6 5.6'E-Ol 1032E·I0 1.1'£·10 2.31E-ll1 3.28[-09
1 6.11[-01 1.2I1E·I0 1.03£.1 II 2.09E-a 3.81E-09
8 1.'1[-01 1.04E-I0 8.24(-09 1.72£-10 3.51£-09
C; 9.32[-01 7.22E-09 5.50E-O' 1.18E-I0 2.64E-09

10 1.10E-00 4.22E-09 2••8E-O' 6.70£·0C; 1.74£_0e;
11 1.29E-00 2. 37E-0'l 1.62E-09 3.72£-0C; 1.02E-09
12 1.53£-00 1.30E.09 8.56E-08 2.01£-OS 5.81E-08
13 1.110E-00 7.00E-08 4.37E-08 1.06E-00; 3.37E-U8
14 2.12£.00 3.98E·08 2.38E·08 5.'6E·08 1.99E-Oll
15 2.50E-00 2.44E·O!l 1.58£-08 3.76£-08 1.13E-08
16 2.95E-00 1.61E-08 1.24E-08 2.65E·08 5.16E-07
17 3.47[-00 1.10E-OP '.38E-07 1.88E-oe 3.15E-07
It: 4.0'£_00 7.29E-Ol 5.'.11£·01 1.22E-oe 2.31E-07
19 4.113[-00 4.63E.07 3.35:::-07 1.42£-07 1.84E-07
20 5.6'[_00 2.81E-07 1.97£-07 4.45£·01 1.17E-Ol
21 6.1lE-00 1.60[.01 1.17F··Ol 2.58£·01 6.29[.06
22 7.91£-00 8. 96E- 06 6.82E-06 1.46£-07 3 .2'.1E- 06
23 9.32[-00 5. 01[.0~ 3.94£:-06 8.29£-06 1.72E-06
211 1.10£-01 2.80E-06 2.26E-06 'hf,9E- 06 9.17E-005
25 1.2'.1E_0 1 1.56E.06 1.29r-06 2.64E-06 4.8'.1[.005
26 1.53£-01 8.67(.05 7.301'".05 1.48E·06 2.58E·05
21 1.80[-01 4.59E·05 3.66£-05 7.64£·05 1.54 [- 05



ROANE LTt. RCCKWOOD. lENN. 10-12 FEE 1981 CONTRACT 1-618-019
RHO: 1.00 G.. 'CC
INTER\"L DIAMETER R£C OROS £lCCLUOED FROM MUN

CHANGE IN NUMBER CONCENTRATION

1
2
3

5
£>
7
e,

10
1l
12
13
H
15
16
17
18
l'
20
21
22
23
2_
2'5
26
21

2.50E-01
2.95£-01
3.41£-01
4 .00E-0 1
4.83£-01
'5.'9[-01
6.71E-01
7.91£-01
9.32£-01

-1.10E+00
1.29E-00
1.53£-00
1.80£-00
2.12£-00
2.50E+00
2.95£-00
3.47£-00
_ .09E+00
_ .113£+00
5.69E-00
6.71E-00
7.91E+00
9.32E+00
1.10£+01
1.29E-Ol
1.53E·01
1.80E+01

2
2
2
2

10
NOliE
NONE
040N£
NONE
NOlli.
NONE
1110"£
NONE
PoOIIE
NONE
~ON(

~OIlE

'CONE
NO"E
NONE
NOtl£
NONE
NONE
'4 olit:
NONE
NOlli.
:-40N1:
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APPENDIX E-l

CASCADE IMPACTOR FIELD DATA SHEETS

E-l



"'s • .1 01

'.l.'txo..,'r"'f';

4 5 6 7 F T

\'1D ,~) \1:A ID_ €J13,L.- _._._ _____ 1...._

R ANDEKSEN iMPACTOR FIELD DATA

Plant~~~~ Time .. _J1.:_OP. Nozzle Oia. ~~~~. _

~c.t1on Qv<"~~..>.)'~T.u Run Nil. I __:J~ A_-:~'"'-~ Avg. AP --:,l.:-IyJ-------
0pI.. t 0< ~\)-<>:+~f'H.JJ,':L.~__ 1mpnd n, t .. , ntInn l~kl.), 10>1« ~ven. Pt.~ - 10L .>'"

Date '?esJ IQ I ~ ) D.G. M. No. _ V '- Pb _)_'t_._~ \_~,~.

Andersen ~~ No. lI..----- D.C.M. Y __ Static "Hg ~, I ' .\-h..o
.~\._ ..~

....
."

51-Gel initial

!' (-r.C' 1 finll!Flnul h'ak l'hel'k

-- ----.__.... _... _---

Dry Gae Orifice Meter
Meter Elapsed Ah "H 0

...
Orifice Traverse

~
.. 'l'emper.:l t ure Impactor .,,~

Reading TJme
2 Inlet Outlet S.P. - "Hg Temp Point

--1-------- _ .._----1-.
"- o.. JI 3& 41..-'''I'li/C ~ ""6 O·-~ --f------ 1-.

8 7~ ~ .11£1 i; _0; J(\ 0.1/ 2~_ 4"L ~·7

~
. "',- 1-.

~7~. L_G I~~ <J.I/ .' ~~. 4L- 0.7 ,
1-'--- .._---- --..l-._ ..

Y-:;fI. J8' I ; v(\ 0. {J~ .. "Jt 't""} 0-7
• +

_.__.

~ 7";~-1-' ?:am

~~t
1t Ltv

D."'}
:lo.

r il- •
~
~ ,

.
l~- .. --

* /O2~ q;<I', ..A7.~J~ ~-~
.. . V"" 1\

---1------
IC~

..,
"

I~-- I--

(' ~~

~. -
--------. _._._-- ~._-_. l.~~

~.

~--- ----
'1. - If

.

___ .l

Total 1120 Colll'<'.ted in FlIJH\

Total H20 Collected

-
-- - - --- _._--

Net

Il< ·.'t I
.....J.'!"',~, •.x. --.J :~~.:.



1
t'l. 1 ot

ANDERSEN IMPACTOR FIELD u"TA

.. .1
Stage No. 0 1 2 3

§ubs.!.r.a.t~ N.o·.JrP. _\~~. .\5,~._ \t;
-'- .

(.j

PIMnt'\DCAV\~ Timt.> 09_i? N07.z1t' IHs. uQ,J Ib 1":.._

Location _R(x.\vJ~ 1tJ. .. Run Noll A- J{, Avg. AP ,:..-,l.J:....-" -r-:-5_~_"2-_' .....~
Operator Va.'1f~I;hs Impac tor Loeat ion ln~ j /. - II"Traverse Pt _ A- ~'- _
Date il 'OI ~I D.G.H. No. VL... Ph _~J:....;"I~.O;...O__--.-:r _

Andersen Imp No. --'='-a.L=-"--- D.G.H. Y _ Static "Hg ... s: I 1MH~

>~Jidi:l~
-- ------_.- - _._._------

Dry Gas Orifice Meter
Meter Elapsed Ah "H 0 Temperature Orifice Impactor Traverse

2Reading Time Inlet Outlet S.P. - "Hg Temp Point
'. -_.-

lJ1'~3=i".r' 0 c>. " 1'- :) ~
-:".'

-'..
~~,~n,4 L .'., O:3t>· 0.1/ _3~t. \' Y ';:~,i'

-~--'::"'- -_.._~ -----. .¥-- f-- -------.- f--.

~fl 'b¥~
'r>' 1 " at> o- J/ 3J

~••!' .
I , }f.

*tl., ~l 1 ~ J 0 0, 1/ 3~. 3'&
;s,q: ,

OV JJ 3-, :)8'8l{t:f~CJ:L L.~ o·
<.~ ;f'
i'~
" ~;PI./

-- r
.~

,1"

~ . . ..

" .
.'

.... ,
)11, i. f ~ ..... ' '.

'",:", """ .
1IIiL"

..
.

,

- -------_.,- - ... .. --_.- -.
I.

._'---

{nHill] ]enk check C~'{_{t,~.>rII MJ ) , ", .....
. <····,....:,;'!.P.....t--

Flnnl h'nk check -<~~7~-~'-- ... _
~ ,.,;.:

Total

Total

Si-Cel intC:'-:;ll
"

51-Cel f'i~al

Net



Yg. 1 ot _

ANDERSEN lMPACTOR FlEW DATA

Time -L/J.'~ ._._ N01.z]e Oi8. _.__ .~2Ji.=~"::._
Run No. ~1.- qO B Avg. AP ~,?"tclL 'I
Impactor Location _~~_~_ Traverse Pt. 3_D---_·_C> _
D.G.H. No. _-.:."_Y Ph _..J.J~C(_._trV _

l1:ant '(l.~..
Location Yl avk.~
Operator ~~~ll~~~
nate ~ I l) I YI

=)1----Andersen Imp No. "'::~::::&.-'>l D.G.M. Y . Stat ie "Hg _-_5_'-.;;...·__1 _
Stage No. 0 I I¥ 2 3

Sub.t~"!t.e, N.o~.~~t?_ .tft\ . Or). Ji!

.,
'"

51-roc] finnl
:-'.'lna1 1e ..lk check

- -- .------ --
Dry Gas Orifice Heter
Meter Elapsed Ah "H 0 Temperature Orifice Impactor Traverse

Reading Time
2 Inlet Outlet S.P. _ "Hg Temp Point

OJ OO·d.9b 0 0.11 37 '10 ,. ...
-- -'1 00 ,'-\S- 0:3>0 ~U- 31 "IV ~9f~ __

f----,. 1---,"--- ---_._--
900r S- 6 /':)D u.l\ ~3.l '10 -O,e; .

, f-.-----'q(jO, 6'1 I~~O Of ,\ 3 7 '-/0 Q, q
9 00, ~~l CJU Ot( I 3") LfO Olll

"

I --~--
.

• •

Iif~'
" ',.---

.;.
. 'i!o

. ._•._._~ ------ --
'.

~_._---_.-

f -.

-- --

.- ..

InHlnl lenk ched Q~Q~~.~(~.; 0 Sll I7J S1-Gel initial

t

Tota] H20 Collected in FluBk

Total H20 Collected __ . i ........ _. _

Net



Ph

~n7.z1(> 1l1".3,Q .. __. _

,\v,:.. ~r -J ,i 1
A-/~Impactor Location .\Jl'.ltjA __ . Traverse Pt.

.. "... "".-
t

- . - --_. ,---"----,

[
.._---.----" _.. - .... "---

Dry GOB

Mell'r Elap!~cd

ReedlnR Tlm~

- Ilr if I,',.,
I~h "1I,i)

~"'l,'r

J • r.1 p,' r • t II r I'

T!~ I ,·t villI ('I

i:.- I: I ,'l~

' .• I' . "11;'
: !!1!'.IC to r

T..mp
TrAversl'
Point

1

•

,

._- .._-----

..._.....- _._---

-- •..._---~-----

-- ... --_. --+--------t

1--------4-~
1- ----- ~-----

I---r-------+-.--1----.'1

....t
·1
I
:
t

.-I
.1

() i}
. "

.{]..J _. I
I

I 1'1.',1 I,'.,k .-I,t·,k

._----~.. _._.- --. --- ._. ----

-------+---_._-....--. _.- ..

I

1- ._-- - -...---- ----I' -_._-
L... . ... i

o .0 I /, :5"-t. ~(,'
. )11111 .... ) J"llk ,-l",ck ..., /1'.....

,-_.

<Ct:?2... ~ \ S ~~_._ ._0 ~_~)__ .. __
qc :. ,Lii._ "_.~.~~~....
cr0 2 ..s 7 i '. L' U (). .;,>
__ .. •__.. _._ - _~. _. _. __ . 1..,..

'foi-7!) ':'5 0
.. ------ .. ~ ...... - - ._-_ ..-

11 ~?: I j ';..4 ._1~ ~ ~~~_
I

1-'- . ---- --- -- -_. --t

I~:--=-= ----~: :~~-~- :-:::-1-:--:--~~-
1--··------- ~- ---._-- _.----_. --..---'_.~ _. _..-._' .1 .

__ \0..



rl. lor_

2.1. & C'\0

..0 .:. .. _. _

Traverst! "t.

t\v~. ~l'

I'h _ ._.).9.._~__D... __

--5./ .1,ir at II "\1:'. . _

~~'~{)~;i" . .?~,,;.V;:J6~j~f~ J

,t\.'.

D. C. ~I.

~"IlERSL\ I~MjI?c:T()R F 11:1.11 ii,\ fA

~-r-=-..;.:.::.-::;...~I t11IE11 Time. _Ocr_~ ~\ __ .. _..
-L - a.. 1-"Run ~\l •• _-_~ :.V.: 10

I:r.pllrtl)r Locat ion {cr~~
~i..."':?'

Date~fL _

Andef8en Imp ~n. :~J-__ .. ._

1.ocat1on
~:;..;;~.=x

..-_.-.__.- ~._-.--._---- --- .--.

Traver~(!

PoInt

- -' -_.- >----:-~_1

--_....- _.-----

- -- -----,--- ----,

!ITl;':lctor

' ...mp

"'

.• "'--'--- ~--·"'l<~ilII·'IIilII.·iiJ··~~-J~:·--:-1
*..it

- - -- --- ..-- -.-------t

. ---- -._----+---_._-

() r LI I,' f'

.. ,'. - "II.',

~'l'(t' r
j erup,·}'. \' \; ll'

1 :' ll·t l't I til':

I
. ~ - - - .-

I
I
I

C \

I)'\ \

r: \,
J5'

:...., 1 ./4_l.- \

- - .. _.'

11lllJc.·

uh ""/)

.-tL-1J- .. I -
-- -- ----i"

(\ .0

-------4- -- - -----

-----;---_. --. -_..
l'.- • i \70/. 6 ~'3

\

-_..._-------- .-._-

Or)' Gn
Meter f.lilp~cd

R~.d1nR T1m~

:l0 Lll.._ _. ~ ~ __ ~ .~ ._
9.01.. IO~·__ f__;~-'~~~ ..
_~0.1_, Oq _.~~.~~._

I
'(Ji' ~I) __..."t. __ ;.PV__. -- L(J], ) _.- ~

I
l

'.

-----11-"--- ._--

-.- --- ---'-- -----'-1

_~ •. 1--- --::__.f---- .... - -

1_. ~ _
1/. j-J C'j

- t----J

-f

.\.
I

··l-~

----.f -------.--

/---------
I1--------- - .. --- -.._- -----
1-- .-.---. --~.----..--. -. ----.
,_.-

1---
I . '-. __. • __.__ _ I

o ) -:./ .J '- ~
Ir:lllil) Jl'lIk ("H,'k ~" /11,._,

I f 1,'1 J 1.'"k ,'1",,1..

------

"



Ph..V2-• I LJ •

. ,
i . I ~

.•. __ .'-\--_ L 1 .TIme

lr':lverst' I't._~

.... --.clr· ,
Ander.en Imp t-;o. i.I... _.. O.C.M. Y ;';It{C .. II .... . -:_f?_·....I _

:::::;~~~~~I~J~i:J~~d~~T~of~~I! O~ I~JB~J~:j

Operator

Date
--~-

:,ne.tion
~::"';::::.:.:::lo.=

t

-----+----_._-. ---... _.... -- ._' ..... --_ ... -- .- .. ----_.--+.---_._-

. .. -- -- . r---- ...-.--

r
'-'o-Hr-:-tr.-.:,B

r

-·-- ..... - .

.. .. Elilp'icd
~eadtn~ Tlm~

()lti II,'

~h "!l I ,J..
~"'l"r

j .. rl p,' r. I , II t "

I:: I, t ()lIt 1l,t

() r 11 I,' "
'.j'. "Iii',

I mr.-Ie to r
Tt·"'1'

TravenH'
P(')lnt

I -------;--t - ,
f

. -, ..._- ...• _._--
-.... _ ..+-._-----

.. "--- f- ------;
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APPENDIX E-2

VISIBLE EMISSION OBSERVER FIELD DATA SHEETS

E-34



, IS IOLE nil ~s ION OOSERVAT ION FORM Page "/,,,Of..:f

Compl!lny Nl!lmf) i_he f/fCfrKc .ft%. "I> .
locl'lt I on &rwlrul) rN .

\'•••f~~~~:~r:~n
IG·CA213 Burlington Road
i Bedford. Massachusetts 01730

(617\ 275-5

. Date f
Observer t a;1h ~_t _
u. ~. l PA Ref11 on . _

Source Height:-Distance from Source:

Direction irom Source:

(;> .:j S ft

()V ft

Wind Direction: WSIII Speed: &7,5" mph

Beckground(sl_U~s~e~d~:_(~l~) _

(2) (3)

Colors of Background(s): (1)

(2·) (3)

Color of Emissions: (1),----------------
(2) <:5)

Ambient Tc~perature: ;?b OF

RelatIve Humidity: <50~~ >50S0
Reading ConditIons: EXO~!!JJPRO

Comments: (Include Conhc1s) ~~sorva~lon Point: f)}1 It SNJII./. /lILt.

(M F&~N1" OF ClJI'J. hl.E5

Slanature: ~+ ~
O.,to la"t"6::rtlfIt1d: /o/;J.rl ,~

,/

Show:

c

N~S
w



cm1MENTS: -.....;~~IJL.Jt,~d:::..,:.;t'..::lg~r~-------_._------------

. . - -.....-.-

Time(M)
• - -.....

0 15 30· 45 Proe. ·Loea. Color Time(M 0 15 30 . 45 Proc.' 'Loca. !Color 4

0 30 0 0, 0 0

1 31 f) D 0 0

2 ~7 0 0 0 ,0
3 33 0 0 (/ D
4 34 n n IJ ()

5 35 () 0 0 r..
6 36 0 () 0 0
7 37 0 0 C> ~

R 38 (5 0 0 IJ

'6 9 0 0 0 0 39 if) 0 0 in
10 "1 n () n rJ 10 (J40 /)

11 1 () D () 41 I') t) D 0
f) 0 0 ()12 42 I') 0 LJ 0

13 0 () 0 D J 43: n II) 10 tD
1L. 0 0 0 0 44 n 0 n io
15 0 0 0 0 . 45 ~n 0 If) In
16 tJ () () 0 46 n () 0 10
17 0 0 0 0 47 0 () D D

()lP. V 0 0 48 n n n n
019 0 0 0 49 0 !J 0 ()

20 0 () 0 0 50 n n 0 ()

21 n 0 0 0 51 -n () 0 r.
22 7J 0 0 4 52 0 0 () 0

0 () n23 0 53 0 0 0 n
24 D () tJ 0 54 0 0 f) tJ

t02 ') fJ. (f) (9- 0 55 n /) 0 -0
26 11 () fJ 0 56 f) !J n if)

D D27 /') f) 57· 0 D 0 /)

f)I?,n n n 0 58 0 0 0 0
n129 0 () n 59 () V 0 0

a) See legend for abbreviated words.
b) Location of emissions applicable to a roof monitor: (E) East. (C) Center. (W) West.
c) Color of emissions: (BI) Black, (Br) Brown. (R) Red. (0) Orange. (W) White. (G) Gray.



•
Ti.me(M' 0 15 30 45

11J a f) 0 0 D

'-I
.-.~
GCA

-------------

COMPANY' R- £/tdM1,;g· c,.
LOCATION ::_ -.I-g~Ai~W~tJ(),~t14.~fl"-lVu::....·-

)
CAST:

Proc. Loca. Color

1 0 0 0 0
2()noO
3 UrJO ()
4 () 0 D 0

5 0 0 n IJ

7 0 0 n V
8 0 0 C .>

10 U 0 0 I

II 0 V 0 ,.
12 0 V 0, (
13 (50 00
1lJ no DO
15 0 1) () 0
16 ~ n 0 0
17 0 n ()

i1P. (J () n 0
19 f) n {)(j
20 n D 0 r.
21 (J n 0 C
22 () 0 U n
23 fJ 0 n
24 0 0 0
I~'i 0 - 0 0 0
26 b f) () D
27 (j n () ,D
123 0 0 0 0
l29 0 () 0·0

----- ---------------------- ~-~ -

OBSERVER: .s. /3ealii<
DATE: ",z1/;/ 1'1

f I

Time (U O· 15 30 45 Proc~;U;~~:Color

300t?OD
31 f) DI() 0
32 I) 0 0 0
33 r: & OlD
340000
35 0 0 0 D
36 V r.. 0 0
37 0 0 1) IT)

38 0 () 0 D
39 (') 0 f) 0
40 noD D
41 0 0 0 0
42- 0 0 0 0
43~ 75 0 0 0
44 I') 0 0 0
45 {) 0 0 0
46 0 0 0 0
47 n D 0 75
48 0 0 D C
49 0 D 0 ()
50 n t () ()
51 /5 D () D
52 () 0 0 0
53 n 0 0 f)
54 () /) D fj
55 n 0 () /)
56 tJ 0 0 0

56/)O 0 0
59 t: 0 0 ~)

COt-1MENTS: ---------_.w_------------

a) See legend for abbreviated words.
b) Location of emissions applicable to a roof monitor: (E) East. (C) Center. (W) West.
c) Color of emissions: (Bl) Black, (Br) Brown. (R) Red. (0) Orange. (W) White. (G) Gray.



. 11.+_.

OBSERVER'.;.:...;5::::::...:... ....J!&~~u.;.;;.=;..----
DATE: ---J2~hL.,1 I~f...l _

, J

._----_._----_.- ._-----------------

. - "-~. - .... ~

Time(M' 0 15 30 45
, .., ~

feolorProc. 'Loca. Color Time(M 0 15 30 45 Proc.' 'Leca.

I/<l 0 0 DIV I ) 30

1 .r. (j 0 () 31

2 111' () 0 0 ~?

3 0 () 0 () 33

0 04 0 0 34

0 n5 () 0 35
t) 0 06 0 36

7 37

R 38

9 39

10 40

11 41

12 42

13
,

43

1b - 44

15 • 4S

1£1 46

17 47

1i! 48

19 49

20 50

21 51

22 52

23 53

24 54

l~" 55

26 56

27 57'

123 S8

l29 59

I t

.-.~
~CA

COMMENTS: __.•._------------.•....----------------

a) See legend for abbreviated words.
b) Location of emissions applicable to a roof monitor: (E) East. (C) Center. (W) West.
c) Color of emissions: (Bl) Black, (Br) Brown. (R) Red. (0) Orange. (W) White. (G) Gray.



t r••~eh~=R~J~~;n----'-
IG"CA213

Burlington Road t: Bedford, MassechusaUs 01730 'I SIOLE [M I~S ION OOSERVI\T ION FORM Page .t..of .
. 1617)275.: !

-Dete" r6;!.Lil..;L? I Company Name~ E.46:re H~ . ~.
Obse,-ver .S4nt., As /.s;~ Locl'ltlon £t;c-K'WIJO~. z;;D; .

7 -----.....
lJ.~. (PAo ReCllon _

Source Height: ~ 15' ft-Distance from Source: -:> ~DO ft
Direction from Source:

Wind Direction: mph

Beckground(sl Used: (1)

(2) (3)-- SItU.Colors of Beckground(s): (1)

(2-) 0)
Color of Emissions: (1) At!·
(2 ) (3)

Ambient Tomperature: /0- IS:" OF

Relative Humidity: <50~.lRl >50~O

Reeding Conditions: EX~GDO~OPRO

~~so,-vatlon Point: cI1 J('oUM.i in

..f:v,."t q/ A ~<?V r

(Include Contacts>

__._______________ S IlJnature: d",& _~
___. . .___ O.,to La'jt......ccrtltlt~d:~/iil1jJ

Show: Sun. WInd. 5LONoB~""
Source 1lI~~

7

Comments:

Obser~e,.



.- ..--.----~ 7-- 
OBSERVER: S6!'et1a. Bt~:...-

DATE: _--::::;;;J..~/LJ!6~J~I;.J;I----, '

------------- .--.--------_.._---

. ....-_. . ~~ ....~--

'I'lme(M 0 15 30' 45
. .. ... ..... ~

Proe. ·Loea. Color Timen1 0 15 30 45 Proe.' Loea. I~olor

0 30

1 31

2 12

) 33

4 34

5 35

6 36

7 37

R 38

9 39

10 40

11 41

12 42

13
, 19 , .!'43

1[, 44 5" S- Ilo I/o .3 i..e~.

15 • 45 1< /5 5 I/o "
1

H, 46 :J/J In .(' S
17 47 5" 5" <" ,-

11 r. 48 ~ 15 If II/)
19 49 .25 1/0 /~ L2D
20 SO ~t> IS' I~ II'
21 51 {' .~ 5 :./)

22 52 5' .<" l'f~
23 53 ~S .<'* I/~ l!2t>

24 54 Ir 5" lIb /0
100;, 55 Ite 1< .tf' If) :

26 56 <' 5 S I.r-
27 57 .<' .<' 5' ('

I? " 58 5' 0 0 0
129 59 0 tJ j S ," 'V

,
.-.~seA

Cm1MENTs: =----------_w---------------

a) See legend for abbreviated words.
b) Location of emissions applicable to a roof monitor: (E) East. (C) Center. (W) West.
c) Color of emissions: (BI) Black, (Br) Brown. (R) Red. (0) Orange. (W) White. (G) Gray.



, I•-.~
-';CA

COMPANY: 1&U-L R!¢/ctk ta. ('p:
LOCATION: _'-J,~.A«...~~W~D..:;.().;;.;:~";../.J:....7J.~W:....- _

I

__________________.. .__.__ ..._~J I --- .
OBSERVER: >,. /3~~~

DATE: ~11~/f1, ,

Time (M' 0 15 30 45

if) O.J; 1/" /0 -~

15"(J/) 0
20IJOO
3 0 n 0 0
4nOOD
5 0 In CI 0
6 0 0 1) v
7 0 ODD

Proc. ·Loca. ,Color

.3 ill·
Time (lot 0' 15 '. 30 _4S Proc.~Lo~~. Color

30 () () () f)

31 ODD ()
12 D Do/)
33 DOn D
34 () D (J D
35 0 f) /J 0
36 () /) f) 0
37 0 DOD

9 0 DOD
10 l? lJ D 0
110 0 0 0
12 0 () () 0
13 0 f: n ()
1/, 'ODD 0
IsDn 0 1)

16 0 D /) ()
17 0 0 ITJ 1)

'1P. 0 ro 0 1)

19 O. 0 /) D
20 IJ n 0 ID

.

39 1<""" ("" Vb i<'
40 /]) ~ S n
41 0 0 0 0
42 0 n V D
43 lJ /) /) D
44 0 0 /) fJ
45 0 0 () If)

46 0 D /) ()
47 /) [) /) 0
48 -0 .< S ?

50 -;(' .( r .S

3

21 () 0 () 7J
22 ,D /) 0 0
23 D 7) f) D
24 0 /) D ()
[~5 f) () /) /)

27 0 1) 0 0
123 0 0 0 0
129 () 0 0 ()

52 ~ ID ,5" /0
53 S" .~ S" S
54 5"" 0 0 0
55 0 {) 0 10
56 0 D 0 If)

57 f) 0 0 0
58 ~ () 0 0
59 0 0 t) 0

COHMENTS: w---------__------------

•

a) See legend for abbreviated words.
b) Location of emissions applicable to a roof monitor: (E) East. (C) Center. (W) West.
c) Color of emissions: (Bl) Black, (Br) Brown. (R) Red. (0) Orange. (W) White. (G) Gray.



-----------------

•
'I'lmc(M 0 15 30 4S

1// 0 0 0 D 0
1 OtJ 1)0

2 () 0' () D
3 () 0/)0
4lJ [JOO
50/')DO

Proc. Loca. Color

-------------._--- -------------'/;.-- - -

OBSERVER: s:~T 'I
DATE: A/t:l f

»

Time (~1 o' IS 30 45 Proc.~ U;~a. IColor

30 IJ 0 0 /)
31 0 () 0 r.
~? n () n D
33 () ODD
34 If) nOV
35 t7 () 0 (,
36 () I) f) r~

7 0 /) /) /)
A ~ 0 V 0
9 DOD IJ

10 1J6 I. /.

110 '1) f) 0
12 I') /) 1':1 /)
13 6 c/ 0 0
lli 0 0 0 ()
15 tJ 0 0 0
H\ OODD
17 0 ceo
111 U 0 0 0

20 () C 0 V
21 11100 u
22 0 0 1) n
23 0 n: () 0
240000
,.21) 0 n f) 0
26 n () () 0
27 -0 f) () D
:23 nO/) (j
129 0 () n f)

•

38 ~<.5.~

39 5 0 f) 0
40 0 0 0 l)
41 0 0 0 n
42.n 0 V 0
43 fJ () 0 fJ
44

45

-46

47

48
49

so
S1

52-

53

54

55

56

57

se
S9

COMMENTS: --------_•....-------------

a) See legend for abbreviated words.
b) Location of emissions applicable to a roof monitor: (E) East. (C) Center. (W) West.
c) Color of emissions: (Bl) Black, (Br) Brown. (R) Red. (0) Orange. (W) White. (G) Gray.
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APPENDIX E-3

PROCESS OBSERVER FIELD DATA SHEETS

E-44



0.

,--' () -=- I::, ~

9'13

/t'. :J./c·5

2';,,,

9~

/IC'~

9·~

1'3, g

INHALABLE PARTICULATE FIELD S~~LING PROG~~

Roane Limited, Rockwood~ TN
EPA Contract No. 68-02-3157 Technical Directive 009

c;l. 3

/0· ;lr· 1-

/.3. j

Time

f,,(tJ//·
M;J

rlll/U I /~.~

I I ~ I -If.-----+I--+I----L__.~ I

OBSERVER: S'aw-1. A..-,BiJa.k. I-
_ ! , ~ONTROL ROOM DATA DATE: ;</11//V ~m t;..s/e;"
til I ! I I' r

t(~/~ i tJ'S-;) ! jP.f';;. yg i //'5? '/:1.30 I /3 oS I /.33~
I' ,+----, l

7ePJ' I -l __~____ L I 1- I I

1~1ti :2fUU I ~ t;1/l'f I j)l)wlIJ I'" f7/7..9 ! "" fib\" Y I :u t3'! 0 i ::?i%b2,~ : ;(fN" $I i
I i - I I 4 -I 1_: l
: ,#1';# </'/5 I 36'() . / ':/]' 7- : h· ~ I 1'1). 5" I '7. $' :.H '> I
I .I I t I I r
{"(kif/ I (IJ. cj i If)· d V //).3 II I~;J- I /{} . .3 I /{-", y! tJ

,I 4414_ " -L I I

~
. I! ! I I I

I I 'I ! I .-

~- -L I I I I I
~~ !"IrS}.? Nt/If I3'19:/3'$ I .fY194 j 1'1fl5'.1 p~t?5'6';h~f'5'd'>.37"

1
5"C· '1 i 17;;l

i

(j)
o»

~o
~

!
f

,



....
"'.

- :J
".

.. i-

t----_+_ ---- -_...1--.- ---. ----.-.-~---I__---_+_-._+_--

---1---.

GCA TECHNOLOGY DIVISION ee.- _. -- _. --- -- ----._- -_. - -_.,_._-



0/ :7-.."" ~ _
.-0 ' 0

INHALABLE PAF:: I Cl Lc. I ~ ;;. i:.I: S:J'lP LINr,PROGRA..'i
Roane Lirni~~,,(j. :,o,.-1~\·ood, T:i

EPA Contract Nc. (" '\!~-31 ~'1il::dmiCc'll Directive 009

_.-\-_._--t- I II I

I
II I

II 1 _----.1I I
!I I

I
I

~ I
!

I i
i

I II
I II ---

!I

I _I I

II I ._._,---.,1I -•

I .- ,
I

I

i ~E'1 I "j

i """~\. ,&S','\'¢.'J.+lfJ"O\\,~ ~~~·<c,1
I ()\4J
,

I

,
i

OBSERVER: T'ErsJ.q·I".,.
SO\;:·~~,~ ~v·" ~i;\TA DATE: :.?/IJ.ISJ

..--;,------l---:-'--:..-----...l--=-----:-'~l .• - - ~ - - --- I 1 .-,

: Time i 0'\sr I \f:f)0 I \b",O ! 1100 \\30 I ~tO I l~~;). I/3Do
:;:-(,£3 ,.. I I t--_·_-- .._~. ---I l~~ I

~ ;}o./blo"'~ ;t\'Il>q.~ I ~,v,,\a,?> ~"",\'.~: \ _~,\~~;),."\ I ~'\ '\~1,i) !3001Y. ~ !~",o~'j,. '--J

i ",,,,,:1,,,,,1\, ,i q~,() T~~'CO -0'~---:~'~-1 '50.7- i =/-LA !I.O,~ :

I C-"-:lr~ I lui \0 U· i I I I

: 1:i(.. \\) -'"-\ i \0,L\ \t>. , I _.'~__; \0.S'-J to.§" I \1) .\..\ I Jo. \ ~

q,~ ,0)). " Ilb~o5(" Jo i I I _, ., '

--------~ . t- '

I mw.l 'j1L.\'\ ,'01~.'1 11 o...~ i "..I,G, : "'J5.~ l"o.~ I 'bt,1.. lo,~ j
In.. i' , '-l

I~I I r' I I I r-..lvr i Cl\ rL/' I I' d II>! ! L~>r I \b.':7 I \0·'7 I \0.0 I V ! \. {) I lo.\ I C\.t I '\.-l

IrrllIf)
:J:
IZI10
:51
I~i
CJ
<
~

~

f
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\b '- D <-_B -

INB~LABLE F~~TICCLATE FIELD SAMPLING PROG~~

Roa:1t2 Limited. Rockwood, TN
EPA CO!ltrn('~ No. 68-02-3157 Technical Directive 009

IVo
>
"-

~

1
2
IZ

1°
I~
I~12

!

,-...- \<.. ......
OBSEF.VER: I t:.fS

. \,:\0\ ~~~ 0 CONTROL ROOM DATA DA!E: "2.l \').\~ \

i Time 17?>O i 7&':J'ri'1 ('-j 30 jl \ ~o t> ,i ,f):,~ 1~ 0 CJ 11~~o I;~;o- ---- J"?- IS
~ " ..IA..Ii.
~5 F<£ I ;oo~\ ~l r I ! ~ ! -- -- --~

::.~\ 3b 0 ~ 3.~ I 'i' .;),.+10 ",,,.,-\ \'0 \'1\.\. I ~\(.'7-,T I2')~ 1Jr !~" ~\4" ~ :>'0'-~ y::~_: s 0J'P
I ! ~\'d- I I I ! ! i
1~&4I~ \~IS ! ~ ~<O.~ I ~~.~ I ~.O I ~"l\S- '5:'.1- : 1'q.<i j 43,)
: I ,~ .~ t I ! I ; -- - - -- ~

Ill.••l \0.'\ I 'lM1'\.~ \ I).'"';> I \0· d- i \o·/}- I ,~.~ I "\<\ l~~~ __~-ll o· '-(
,'" Pc.\!. I ~<. \,,~·s _ ~ I --1 i .

. ~~ e:&~\5'1.d. i ~ "oG-1.t)~,~ I 4,~ ).~(...:r i COL. ~'-\\,-::r qtd.~S"'~ I ~~~~~.\ i gL3'l.{.) ~5'J~·1
T S'~.~ ! 1 I ~----- -----1

~Wt-\ ~.]C-\.,-\ I ~ ~l;.\ I ~.G . \-O.Q '-\"l.\ I ~~.~ /9 0 .<J, 1 b.~
I I ~l -r: -~

(.~ ......t \ () :0 I C\.1- I \1) .a I <\.~ I \0.~ I \Q .'-\ i c\, -q. I q. s- I ~. ~
I -L I I I

1---1-,-- I . I T 1
I -l- ~ I I \-

I I I



\U I IJI -

-+-----ll----..----+-------- f---

INHALABLE PARTICULATP. FIELD SAMl'L!NG PROGRAM .3
Roane J.iml ted. Ror.kwood, TN .e-

EPA CONTRACT No. 68--02-3157 Technical Directive 009

onSERVER:,.~i).3P~~
PROCESS DATA DATE: "'J~VI

r-;;me -r--~'~'~~-R:--r;ag::;t 1l~':~)-f'1T:~rL(~1~;-li -'--' ----... -comme~ts --

I
I I F.lIIis c,[\'Os Cill'ture.
I I By Hood

j - ---+---_.._----+------- ---_..~---_._-------------,---
: I~ 1f-~ j q :JSi .. ,---rrtJ~.w ~,,, ii'·/'

f
IO!/~c2lk~ . r !it=itAP ttlAJ - ¥YS'~j·~t

3 IJt wIf 'H, 1
\_. ''1__M fA} 11 - I3· 1
t 3CJ\o.A:t , 0 . 'I

.., ~tAJ - .3_,=1-'---:- _
f!uutJ pi ~-P ~ .

/0 :,biJ
---+------+-_._._.._--+----1-_._----------
lo'.tJ':I- -- 13..~"""-'('~ +~fk,.;~ ov-f 'IN (#... ~ I~ -

if Ifl..en :('e..t 3.
}b:'tJ I I/#EjRu _./_£~~

1 ~ /IWPIAJfr- ~$'D -<: 5""0 Lo (l~1;Pd it /CJ.Jo..VI. ~.
,------t----+-------f--.::---f-----:-::: , U r' U

Ito :(~ S1°t:./tJ6-..
r-----+---'-fc.e-~- ------- ~----_+-------------
I eAJ'>
J _IO_',_{_to--+-_~..:.._~_~__""_fJ__4--.- __....--+--_.__-+- . _
I

I lO:l.-2- PLV~N~. ~ -- -~ L-tE".
t---+-----=---I----i---:::....-

I
:>",u1'"' .....to 51-If €Ucr£ot>E

"'-_ID._~J-_';_'___&--=c.olJ-J<--._'___ ~___!.._-J_c _

LE = Light emissions; 5 to 25 percent opacity

ME = Moderate emissions; 30 to 60 percent opacity

HE = Heavy emissions; 65 to 100 percent opacity

GC~.'JECHNOlDGYDIVISION ....



1 d1J/L

INIIALABLE PARTlCULATf. fIELD SAMPLING PROGRAM
Roane Limited, Rockwood, TN

EPA CONTRACT No. 68-02-3157 Technical Directive 009

OBSERVER: S· BeA~
PROCESS DATA DATE::l. /1/) ,.,

,----+------~-----

Time Process Magnitude of Percent
Emissions Capture

By Hood

COmDlents

Ir'JO ~
_. _._-...::.+---_._-- ---+---------------

L!(o J~, ~~.wc.
I.E = Light emissions; 5 to 25 percent opacity

ME = Moderate emiss;tons; 30 to flO percent opacity

HE = HetiTY emissions; 65 to 100 r~rcent opacity

---._-_.__.._--...,......."..-:-:--=-::--
GCATECHNOlOGY DIVISION •••-- - --. __._---



INHALABLE l'ARTICULATE FIELD SAMPLING PROGRAM
Roane Limited, Rockwood, TN

EPA CONTRACT No, 68-02-3157 Technical Directive 009

OBSERVER: S· i?(I~-Irm.
PROCESS DATA DATE: ~/IIJfl

,
I

---- '----.-.-----_.- ------------

I J I
i 13:30 ~y I
I I p,..~ I.__._ . . ~m ._

Time Process Magnitude of Percent Comments
Emissions Capture

By Hood
--

ro·'"
IZ: l.:~·:~ Dow,.)

---- f-------1-.

'/2:.30:~
FCt /S~ 't.

t:rI'- .

&~i~-
1--- -------
flPP/iJt7
'f"e[·3.

IIZ:« £Nl>
-r1fPP/~(r

1/2:51' J3oP>.~
I ~ --
I

r:~1/3-' 60
I-- --1------

!/INof
1'3.:16 ~'t~ tf.

(;;:10 <;~£":f

I 13.1 \
P ,

+- ~hK;"J

j /3:11.) rl'1f'p;~-- 1& -r
13' :~ 3 I

I .~f I utJWAJ JL. _.____. _ _ __ ._ _____ . ___________ .________________-

HE '" l-!odE~rat€' emitisicns; 30 to 60 percent opacity

HE = Heavy emissions; 65 to 100 percent opacity

/
/

,...,... A 'TE:rU" 11"'\1 r.rV "1\ IIC~II"'\'" ... --
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LE = Light emissions; 5 to 25 percent opacity

ME c Moderate emissions; 30 to 60 percent opacity

HE • Heavy emissions; 65 to 100 percent opacity
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INHALf.RLE PARTICULATE FIELD SAMPLING PROGRAM
Roane Limited, RockwClorl, TN

EPA CONTRACT No. 68-02-'1157 Technical Directive 009
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LE = Light em~ssions; 5 to 25 percent opacity

ME = Moderate emissions; 30 to 60 percent opacity

HE :: Heavy emissions; 65 to !On per.'ent opacity
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INHALABLE PARTICt~ATB FIELD SAMPLING PROGRAM
Roane Limi ted. Rockwood, TN

EPA CONTRACT No. 68-02-3157 Technical Directive 009
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T.E =- Light emissions; 5 to 25 percent opacity

ME = Moderate emissions; 30 to 60 percent opacity

HE • Heavy emissions; 65 to 100 percent opacity
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INHALABLE PARTICULATE FIELD SAMPLING PROGRAM
Roane Limited. Rockwood. TN

EPA CONTRACT No. 68-02-3157 Technical Directive 009
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LE • Light emissions; 5 to 25 percent opacity

ME ~ Moderate emissions; 30 to 60 percent opacity

HE = Heavy emissions; 65 to 100 percent opacity
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INHALABLE PARTICULATE FIELD SAMPLING PROGRAM
Roane LLmi ted. Rockwood, TN
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INHALABLE PARTICllLATl:. }o'IELD SAMPLING PROGRAM
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LE = Light emissions; 5 to 25 percent opacity

ME = Moderate emissions; 30 to 60 percent opacity

HE = Heavy emissions; 65 to 100 percent opacity
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APPENDIX E-4

PROCESS OBSERVER DATA SHEETS BY RTI
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APPENDIX E-5

DUAL CYCLONE SAMPLER FIELD DATA SHEETS

E-87



f....
~~~~~11' L. . ')1{ F'U~LD DATA

ILl I

;, '-.

.. " II""
. Plant Name 'R. O.f\ N Y Nozzle If SS""... Diameter ~ ~....-

Locati()llM\J'v~)~ _. Av. liP _~~= L- i I) Stack T -r1--oJ-~----
Date ~-J10~lJ- ._-- Barom P__~~~~ Static P - ~ / • ,

.Operator \\-¢(A,.j \\~, __ Start TimeJ..1!: Sl Meter /l1Ja y =
~ II

IF S,:mpler !1_:rD.L~__~____ Impactor Location 16 - '3
\~ 1) 11 .5 1/ II

Run No. __..L~-=-- pJ:~~. _ _ % Hoisture_ d--. ..Leak Check 0.002..- "t;;./v..,v- <3S .w,
~nter fI__C-~__-=-x--part: Bottle/l III Part. Bottle!! .~ ..

1

l
Comments

,

i
I

"';'.,
I

-
;

I

._~"':""-

·~~~~;-:~::;:~;;~r~:~~e;-;:::~-~i ~~~:.~~:;)~ l~~:i:~~~~~et~::.~:

ig7~.-S7s=--r--- -O-:·~--- -O~7..-:: 37 t-j[) J, ~S-
,.._- ----.---.-------.-r--- -----------j-- --.-----.- ----
i r., 3" 1 ,-, I 10 . , T'1"'. I ~ .,..., 3~ h ) J ' ,I 0tV \_J I ~L/V I ~/.; .. ,/ 0 4-f
,-0-- '=::--~- -------!--------- ..----I---·-------=~---'r~-__1--=-<-..__+-.~-=---+__--------j

i~~~~_S~ i 2..0,.00 I 0, z. 2. 31 t-j) J I So .

Lt~~~=-+- ~:;,~---g:~~ ~~ ~~ ~.~~-
l£9--b-..- -7~-T-S-D 0 I L'Z 37 Ltv Q.,7
:9Jjo ~O:LJo O·VV]7 402-,9

~~-Yi~--··----=~·---+--+---+----+-----+
t-·-----'·----+-----
----- -----j--------t-----r.----+-,,.--.-+------f--------i

L----------+------ -'"'"';'.+-I\-'\~'+__l,;:,.~..",,.,.4'f.1"L:f"'~J"._~--,~"----t---------L--+! ~ t-

dt.---------..:-------.-:... ---------. --t---- _._--t~~[ fr,~ dt Ov<f7 .---t--------t

;--.=---- -...••.. -~-- -.=----,.-~. --~tf~f- £t-~~--·-j--·,-·-··,--·---t ...~
~~~~-~-=~~I-=:~-=='::--l- :_~~r1-_-C!-+-~-t~-L---+- __--t-------;

i-- t;-~-~.-- __ ~_.ill (7<l...c. -.) r.'ooK.

I . ('L,.k cro..~. £Ip v vJ1r-------- --r----------4~~~/..:.:.:.:f~.,r::s.:.v=---l~u~---t----".- .. ----t

r------·------- ..--------- -- -- -.-.------ ------ --_. --I----·.j------+-~F~-----t
I

~-_.-"...-_-.-t-.- - -----=-~~ -_r-



l
It' l~ll'ACnH{ FlEI.D DX[.\

Plant !\<;me J?QftY.7_e.~!t NU2.:1~ 11._._.__'t {):'lr '.. Diameter () I 15 i
..-,_ j/ ') r1

Location . .M-'-K.JJ.:)tJd.-.li:r14 Av. tP . I c:>q Stack T ~OO··T

Date _'::::( - / 1-:8l .__ l3arom P_ :;).'J. £. Static P - S-, I

Opefator_ $Ue..~ ._..... __.. Stan Time-l.:.'lo £11 Meter 1/ ~_Y -=__
lJ \:>- II ,,";'t",.}j>{/I/~c:!

1F' Sample:- #__'T jH... :3...5:... _ Impactor Location. LOY' r- \:> t-~ (J.'1m~:!....L~ Ib //

J:. .,~ '"1 'I /f

l~ -~ KIm N,). '-~:_!.2--:-_lb. ___ ... }1() If,rlln'. __L.__Leak Check.._.(-"O<---:,O'-!IC---- _

- - .--.-----.--- .-- _.-. - --. -- - - - - - - - -'- - .--- ---~------ ------------

",.; f ice f Mot"-' orifiC~
;\_h(~'_I~~n_~__-I~(~er~~~~et-- SP-"H~

,
Comments I

1
i

IhD be> ~5L /go " I

15 !

6~ ~-~_.-_ ..-!(p 3-\ S 1150 -~~ 1--. -- ---.- .-~-----f_--L~-- ,t6 I

_O .. h.Q_____ _ffj ~':j /gC/ 7-5 11 I
0,00 b4 2L_ ,gD

S'I1UTOFF - 113 ~Afi

- _.- - ..... - _.- _.._._._- -- _.._-- I ; 3D f~'" ___--I

5Lf gD ,:j~(/.p
!

~-'-~ () tz4 / I: .3 3 p,.."
I,

I {,O .1R-'i- 51 ,8D %q-----.. ----
I (;O &j SL/ ,XC:) t_?-II.. --- --. ----~- - r--·----· -

18"0 1-5- " I

-;,~~,c 6&~ r~f ,10 u,H ~
--- T

/1()

)~~-=~~f~
It. "

'90 ~ II
/0

,10
/1

Q,kt2 -.---~}-r.~3 Ib

'Cfo
I,

Q I kP_ _-1-~~ -- i-5_~L.- Ib
r-., I .. II

I

I
I
!
\

4
I
I



L
IP 1!'1I'ACTOR FIELD D.\'fA

Plant Name..flOCi.,o...e..lti..... ~ozzJ I.' it _ ...-'jQ... ..._ .... Diameter 0,1:57

C do 0
0

;:;
Lucation .!:'!2...c.1:.w®<:L _T~D-') Av. :\1' _...... .......... Stack T '

- S· /i\;lrom p_. .... _ .... _ .. •__.. _... __ Statlc P_..x-..

~;l;ltt Til:l" __ . Meter F VI y =

'l,lj"'.'l'l"r L';C;l tlonJb"'(±.J3... _]:5-..1/(.;l.-i-I'I'\..< f) J )b'/~4#ltf.J
,c, Holsturc .:;{ Leak C~eck <00/

III Part. Bottle# __

~+
II

------- ....
~ M.t~r Orific. I

__ Jemperature _ SP-"H~ Comments
Inlet Outlet i

65 5.5" 1,00 7$11 ;

--- ._._. i

__65_... -- ",..-

/1 cJV /h "~6......

...fJ 5-5 __U! 00 /6
//

--.

/at/ '6(; /6
"/

/,00

(,.1 S5 ;, 00 / II0-

~lJ 5"6 /, orJ It., /I

/, :;;rop

0Cf 15 -S"' 1.00 It; :.l.'St-

~k1_t9~
/6 // ~T

- 3O-:S t'liI

).00 / b // ._---
1S// STMr

_~2L~_S~l_--1.00 1:o'g

)-~ ~.k /,0 0 +> II

-- ---"--. \.) ---.... _:

.- 5"2 150 ...LQo fSy
I.~~l_~l~--~7__~ /.00 r 5 II
I-------

06 _i-l j,OO
15"/1

"-f------ ...

+fo :Sf /,00 ]2J-'i
.

5'} 76
A

W-O-- /,00--- f--'.
'I

~/ 5?- l,dD It.,-.

-,--~- 5G /.00 It? 1/
....

(;~ 5& {.OO I (p II

.__~:J 5~ /' /0 / !I/ II

--

-t-~_---r-2b J i /0 /t/



IP fHPACTOR FIELD DATA

. ~ /
Plant Name ._~~C.r;Jl,,!._~.!i .... Nozzle j,._.. _.•. __ •• .__ ....__ Diameter

1 /

Locntion i\...c..{2£k4L~}.£JJAAv. ~p _. ._.. ._ Stack T

"~ILL' . !f:3..---:!.!.~ff..(._.. 1'.11"0011 p ._ ... _ .... __. __ Stntic r

:';C;'rt TL;;,> :ll:'':e~' ~I y =
- - ----_.------ - -- -- - - - ------- _._-

) :,!~;lct,'r Lnc,'tbn~czrt/L35"~j~:.-.-_&-t M._1S~f'/c. ~
"

10 }1l)i~;t\in' Q Leak Check <0,6/-------- ----
--"---"-'---"- - .. -- -- .-_ .._ __ --- ._----_._------ --------
V!.Jter J.' X Part. Bottle!__ . . III Part. Bottle/t _

::-..'':::-:::':':::-- . - - -- -- K;'

ce Met6CI Orifice
'to) Tempe~ature ._ SP-"H6 Comments IPodf--.!.lllet Outlet I 19

0 05 ::;:;- f. 10 I (e. II J--_._._.~.
II

C) £.,5 -=;':;- )./0 /&7
ta'l J)8' /, /0 75'1 .$77ff4- of! FOrt

0 77~ -5:
----, B

V___ (,,3 5S- / ,po ft:) 1/ IIf---._.

{/~ 5:}- 75/1 ,
0 /,00 I

Dt~'i_c_fl /IO~ 15,:,~
O?j~lS_2--~llJJ?

15'//

.. D. _..-l{t;-1-- ..;[_1_ ;. /v iS I
/

---r
u Ut.I I 0]" 1m '.fb It

0_+65"+ 5't I /00
/h 1/

/b·/I_ /, 5 r5::...<rr I 00
P

I

Os- 515 /.0:5 It:,
1D ... -<.".,L.r---+-'

D-_-:itLtL 5t /lOS- I t:J
'I

IQ___ .~r 5$ / I JV / b '; I

D (;,k- 5'r J. tV Ib ~

Q- ~,h ~o 1,10 /L? 'I
~

r---- ,..-
<j
..A

\~
._--

)I't;
~- _..- -_. r------ <

.<: >
- >

-----+·--r'--t f II....
.

--_._------+--------- -----

i--.--------t------.---.- ---- -.. ,-.-
i
I

i1-------- 1----
....-. - ....------'---..... -.---. --t-----
j I I



t ~ IlIPH1PACTOl{ F! E1.1) DATA

Flallt~~a.rr.ekl{e-._'-=-!L._ .._ Nozzle IJ__~ .O\""' ...~.. Diameter t(). I 3 y; ,.

Location _~!uJ..ood1£174 Av. LIP _~.~·L~~l.dL_. __ Stack T t.- 2- ()-O

~

Date "?·-';::.L_~~JtL. _ ... _ Harom P _ ..__ • •.. ._._. Static P- 5, I '.

,'i",. -;ltOI _ J'oe.f:!.. _.. __ ._ s! ,Irt Time_.LQ_~&__/!:!rJ_ .. Meter 1/ II I y =.

". s" .,,>1 "' ': .1J?J-c ,Y>,_ __, I"'p",' t,,,· Loc a 0100.&:1. ~ (~"tf,'i""n)(It, '/-;;1m ,;' )

i l.:Ll No. ...1-...15~-:_l6..~~___ X :l!oisturc_. Leak Check tJd 3 f3«t.fll. >5 911y
.. I •. .• n L! IJ. I X l~ B 1 . 'f •
L L ( l. r ;' __ ._P1l.l..N-_-... ..... art. ott. ('I, III Part. BottleD'--- ---



l lP IMPACTOR FIELD DATA

\

•
Plant r-;flme__.&x:t..nL_~b.t±__ Nozzle H ~ Diameter _

Stack T

Sttllic P

III Part Bottle#.
_.----
'fice MetlU Orifice I
("H2O) --.J~mperature SP-'''Hg Comments

I~Inlet Outlet
~-

;5Tl't1ff TiHf/a'061-A
{ 'n ~1- 41 1,00 't5"'f.0-.

·bD (,;'6 1/0 C),go 7-.5 II

__~o ~g )/1 O,~tJ ~/S?'

·66 &tr Cfq /J ~- s-v 1:5:1
/

I&,O 32_ 50 () 1 7t) 7-S'/_...._-_.--- I-~----
_._.

6J2. ___ 1-0 ;)"0 tJ. 1'0 ,. ._ /1
;t.>

f---.-- .~---
__1/ ~iI()rbOl<J1I{

!PQ__I--lD <D 1),90 t-~ J';>~~(, () +70 .stI /,00
'(; II snw.r ().p.

I.. I,:) 3 d--~

reo Jt~ II ) S'1I#t PI..Ci.,_bQ___t_~~ 'TiJk',y'"~ i')

',90 Lt:/
IhJ/!¥ I~~

bO

~~l-
FL04J

, (PD 0,1D /b IV ~10 58" ,0,76 It f~--'L.. 4>

·bD r-'JP-- .51 ().90 /6
11
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