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ABSTRACT

The Ceilcote ionizing wet scrubber installed on a refractory brick
kiln was evaluated with tests involving particulate mass emission, particle
size distribution, and opacity. The overall efficiency was 93 percent with
an average outlet opacity determined with a heated plant process visio-
meter (PPV) of 8 percent over a 1.68 m (5.5 ft) path length. The average
particle cut diameter of the scrubber system was 0.5 micron. The estimated
theoretical power requirement for the jonizing wet scrubber was 41 watts/am3
(1.54 hp/1000 ACFM). However, the scrubber system developed for the kiln
included a cooling tower to provide chilled water for the prescrubber to
condense volatile emissions which required 26 watts/am3 (2.5 hp/1000 ACFM).
The performance of the ionizing wet scrubber, based on theoretical power
input, exceeds that of a venturi scrubber. It is recommended that the
ionizing wet scrubber be considered in applications where practical for
the removal of fine particulate matter.
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SECTION 1

INTRODUCTION AND SUMMARY

The Ceilcote ionizing wet scrubber (IWS) was evaluated with field
measurements of particle collection efficiency and an analysis of power con-
sumption.

This evaluation was one of a series of such evaluations being con-
ducted by the Industrial Environmental Research Laboratory of the United
States Environmental Protection Agency (EPA) to identify and test novel de-
vices which are capable of high efficiency colliection of fine particles. The
test methods used were not the usual compliance-type methods but were, rather,
state-of-the-art techniques for measuring efficiency as a function of particle
size using cascade impactors and electrical aerosol size analyzers (EASA).

The IWS consists of a wetted plate, vertical plate ionizer followed
by an irrigated bed of plastic packing. The particulate matter is charged by
the ionizer and is collected in the irrigated packing. The subject equipment
was installed on a refractory brick kiln and controlled a submicron fume. The
scrubber consisted of a cold water quench followed by two IWS units. The
pressure drop was typically 7.6 to 13 cm H 20(3-5 in. Hp0). The theoretical
power required was typically 67 watts/(am3 /m1n) [2.5 hp/ 1000 ACFM] for the
scrubber system, including the IWS and cooling tower.

The scope of the study was limited to the field test of a single
unit. The following tests were conducted:

. In stack filter inlet and outlet
. Cascade impactor tests at the inlet and outlet
. Extractive sampling and subsequent measurement of submicron

particles at the inlet and outlet with a Thermosystems EASA

. Opacity measurement with a Meteorology Research, Inc., plant
process visiometer (PPV) at the inlet and outlet

The collection efficiency of the scrubber was 93 percent across the
scrubber. Additionally, it was found that cooling the flue gas caused the
formation of submicron particulate matter. Taking particle formation into
account the collection efficiency was 98 percent. The outlet opacity, mea-
sured under dry conditions with a PPV, was from 3.7 to 11 percent based on a
1.68 m (5.5 ft) path length.
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SECTION 2

CONCLUSION AND RECOMMENDATIONS

The following conclusions were made from the study:

1. The emission from the refractory kiln was a submicron fume
formed by condensation of volatile material baked from the
raw clay. The aerosol had a mean diameter of 0.6 micron
and a geometric standard deviation of 5 as determined with
a cascade impactor, assuming a particle specific gravity of
1.8 g/cm3. The cooling of the flue gas from 150° to 50°C
300° to 120°F) doubled the concentration of particulate
matter entering the ionizers and increased the mean diameter
considerably.

2. The average overall mass collection efficiency was 93 per-
cent for three days of test1ng The average inlet concen-
tration was 0.25 g/dsm3 (0.109 gr/dsft ) and the avergge
outlet concentration was 0.017 g/dsm (0.0076 gr/dsft>)

The average outlet opacity was 8 percent over a 1.68 m
(5.5 ft) path length as measured with a Plant Process Vis-
iometer at about 99°C (210°F).

3. The particle cut diameter (the particle diameter collected
with a 50 percent efficiency) was 0.4 to 0.6 micron. The
total theoretical power regained by the scrubber system in-
cluding cooling tower for chilled water in the quench section
was 67 watts/(am /min) (2.5 hp/1000 ACFM). The ionizers re-
quired the greatest percentage of the power input at 48.4
percent and the cooling tower required 38.4 percent. The use
of energy to remove particulate matter in the scrubber is
better than a theoretical high-pressure drop venturi scrubber.

It is recommended that the Ceilcote ionizing wet scrubber be con-

sidered in applications where scrubbers are practicﬂ%{for the removal of
fine or submicron particulate matter.
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SECTION 3

SITE DESCRIPTION

PROCESS

Globe Refractories, Inc., located at Newell, West Virginia, makes
bloating-type refractories. These refractory products are used in the steel
industry to tine ladles. The term "bloating" means that the refractory
brick expands permenantly when reheated, sealing the lining of the ladle.

The raw material is a local clay called Lower Kittanning clay com-
posed mainly of Kaolinite, Quartz, I1lite and Pyrite. Minor constituents
are organic matter, micas, and ammonium chlorides or fluorides. The clay
is formed into the required shapes including bricks, sleeves, nozzles and
pocket blocks and fired to about 1100°C (2,000°F) in a tunnel kiln under
a controlled temperature profile over 4 to 6 days' cycle. The formed clay
is loaded on tunnel kiln cars which are slowly pushed through the kiln.

The chemical reaction during firing includes oxidation of organic
matter to carbon dioxide and water, oxidation of pyrite to iron oxide and
sulfur oxides, decomposition of Kaolinite and I11ite to release chemically
combined water, decomposition of ammonium chioride or fluoride to form am-
monia and gaseous chlorides and fluorides. The fluxing of alkalis forms a
glass that bonds the brick.

The major emissions problem from the kilns is believed to be a
NHg4 HSO4 smoke from reaction of ammonia gas and sulfur oxides.

The scrubber controlled emission from kilns 4 and 58. The No. 4
kiln contributed about 20 percent of the- ,flug.gag\\ The production rate
auring the time of the test is shown in Table 3-1. ,)The No. & kiln was
inoperable during part of the test die To—a=car-wreck in the kiln.

Compounds which are hypothesized to be found in the emission are
summarized in Table 3-2. The chemical characterization of the emissions
was beyond the scope of this effort. These materials were used as a guide
to the selection of physical constants during the data reduction. The emis-
sion is highly corrosive when dissolved in water. It was noticed that 304
stainless steel probes installed for the test were severely corroded from
continuous exposure to the scrubber liquid over a two-week period.
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TABLE 3-1.

PRODUCTION SCHEDULE

Date Cars per 24-hour Day (6 am to 6 am) Comments
Kiln 4 Kiln 5B
(5.4 Ton/car) (21.5 Ton/car)
10/30/78 18 15
31 18 15
11/1/78 18 15
2 18 16
3 18 16
4 18 16
5 18 16
6 18 16 Phase I test
7 18 16 Phase I test
8 17 17 Phase I test
9 18 16 Pump Repaired
10 18 17 Phase I test
11 18 17
12 0 16 Kiln 4 shutoff
13 0 16 due to mechan-
ical problem
14 0 15
15 0 14
16 0 17
17 0 16
18 Lit Kiln 16 Phase II test
19 0 16
20 0 16 Phase II test
21 2 16 Phase II test
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TABLE 3-2. POTENTIAL MATERIALS IN THE KILN EMISSIONS

Density
Material (g/cc) Refractive Index Comments
NHg H F»p 1.315 Deliquescence
(NHg)2 SOg 1.769 1.521, 1.523, 1.533
NHg H SO4 1.78

(NHg)2 SO3 . Hp0  1.41
NHg C1 1.527 1.642

NHg F -- 1.315

Source: Handbook of Chemistry and Physics (1959)
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CONTROL DEVICE
General

The Ceilcote ionizing wet scrubber consists of five sections:
e Quench unit
e« Prescrubber (with cooling tower)
e First ionizing wet scrubber
« Second ionizing wet scrubber
e Induced draft fans and stack
About 28.3 am3/sec (60,000 ACFM) of flue gas at 150° C (300° F) is
piped to the scrubber through a 1.5 m (5 ft) diameter 30 m (100 ft) long
duct constructed of fiberglass reinforced plastic. A diagram of the scrub-

ber is shown in Figure 3-1.

Quench Section

In the quench section, the flue gas is reduced from 150°C (300°F)
to 60°C (140°F) by evaporative cooling._ The quench water is supplied at
7.6 f/sec (120 gpm) at a 3.6 x 105 n/m (52 psig) pressure. The unit is
2.1 m (7 ft) in diameter and 2.7 m (9 ft) long.

Prescrubber and Cooler

The gas temperature is reduced to 46° C (115° F) in the prescrubber.
The prescrubber has a gas flow area 3 m by 3 m (10 ft by 10 ft) with an
overall length of 5.5 m (18 ft). It is of cross-flow design with a series
of inlet baffles and a 1.8m (6 ft) deep bed of Tellerette packing. There
are continuous water sprays on the inlet baffles, front of the packing, and
above the packed bed. Outlet baffles are sprayed on a periodic basis. Most
of the water for the sprays is cooled in the cooling tower. The cooling
tower reduces the temperature of the prescrubber water from 49°C (120°F) to
29°C (85°F) with a flow of 54 f/sec (860 gpm) and a heat transfer rate of

3.78 x 109Cal/hr (15 x 106 Btu/hr).

The cooling tower is 3.8 m (12.5 ft) in diameter and about 6.6 m
(21.5 ft) high. The tower has a stack extension for a total height of 11 m
(36 ft). It has 5 cm (2 in.) Tellerette Type-R packing and the entrainment
separator %s 0.3 mof 5cm (2 in.) Tellerette Type-R packing. A fan rated
at 27.3 am“/sec (58,000 ACFM) at 10 cm HZO) supplies cooling air at the
bottom of the tower. The cooled water is pumped to the prescrubber at
52.4 [ /sec (832 gpm) at a 1.8 x 10% n/m (26 psig) pressure.
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Ionizing Wet Scrubber (IWS)

The ionizing wet scrubber consists of two sections: an ionizer or
charger and a cross-flow scrubber. The ionizer consists of charging wires
suspended between irrigated grounding plates. The first ionizer operates
at 30 kV with a current of 100 to 110 ma and the second operates at 31.5 kV
with a current of 210 to 225 ma. The scrubber contains 1.2 m (4 ft) of
irrigated 5 cm (2 in.) Tellerette Type-R packing and 0.3 m (1 ft) of un-
irrigated packing for entrainment separation. The irrigated packing is
sprayed from the front and the top. The entrainment separator is flushed
periodically. The recirculation pump is rated at 36.3 g/sec (575 gpm) at
a pressure of 1.8 x 10° n/m¢ (26 psig).

Fan and Stack

The fiberglass reinforced polyester fan is rated at 20 am3/sec
(42,000 ACFM) at 46° C (115° F) water saturated and 28 cm WC (11 in. WC)
static pressure. The fiberglass reinforced plastic stack is 1.67 m (66 in.)
diameter and 46 m (150 ft) in height.

Test Locations

The test Tocations are indicated on Figure 3-1. Both the inlet and
the outlet were located on circular ducts with sufficient length before and

after the test port for smooth flow.
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SECTION 4

TEST METHODS

TECHNICAL APPROACH

zation,

Measurements were conducted in three areas: aerosol characteri-
gas composition and process streams. The aérosol characterization

included scrubber inlet and outlet measurements as follows:

The gas

Cascade impactors for particles between 0.4 to 10 microns
Extractive sampling systems with a Thermosystems
Model 3030 Electrical Aerosol Size Analyzer and
diffusion battery for particles 0.01 to 1 micron

An MRI PPV to measure plume opacity (0.1 to 1 micron
diameter particles)

Mass concentration with in-stack filters
composition measurements included:
Orsat measurement of CO2, 02, CO

Water content

The process measurements of interest included:

-

Pressure drop through the scrubber

Gas flow rate determined from velocity and
temperature traverses

Water flow rate estimate

Analysis of scrubber water for total dis-
solved and suspended solids
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SIZE DISTRIBUTION MEASUREMENT

Cascade Impactor

The MRI cascade impactor is an annular jet collector type, similar
to that reported by Cohen and Montan, 1967. A cut-away drawing of the in-
strument is shown in Figure 4-1. The body of the device consists of quick
quick connect rings supporting jet plates, collection discs and a built-in
filter holder. The design permits flexibility to various sampling situ-

ations.

The tests were conducted with procedures described by Harris, 1977.
The particles were collected on Apiezon grease coated on 304 stainless steel
foil collection discs. The discs were weighed to 0.01 mg on a Cahn electro-

balance.

The sample train used for the impactor tests consisted of:
e An in-stack impactor with a stainless steel probe

e A hose to four Greenberg-Smith impingers containing
water in the first two impingers, the third dry,
and the final containing silica gel

e A dry gas meter and pump following the impingers

The inlet impactors were operated at duct temperature. The outlet
impactors were heated to 121° C (250° F) with electrical heating jackets.
The nozzles on the outlet impactors were also extended by 46 cm (18 in.)
tubes which were also heated to 121°C (250°F) to dry the aerosol before
entering the impactor.

Blank tests consisting of exposing the impactor substrates with
filtered stack gas were conducted and the results are reported in Table 4-1.
The inconsistent blank values are believed to be due to the volatile nature

of the emission aerosol.

The impactor data were reduced with a procedure described by Mar-
kowski and Ensor, 1977, which is similar to the method described by McCain
et al., 1979.

Fine Particles

The measurement of the size distribution of submicron particles is
a two-stage process:

1. The aerosol sample was diluted with clean, dry air

2. The particulate matter in the diluted aerosol was then
measured with a Thermosystems Model 3030 Electrical

Aerosol Size Analyzer
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Figure 4-1. Assembly drawing of Model 1502 inertial
cascade impactor.
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TABLE 4-1. SUMMARY OF BLANK TESTS

Date 11/10/78 11720778 11721778 11/20/78
Stage Outlet Inlet Inlet Qutlet

1 2.38 0.66 0.74 0.00

2 0.83 0.55 0.89 0.03

3 4,94 0.49 0.76 -0.03

4 3.59 0.41 0.66 -0.01

5 0.23 0.33 2.74 -0.02

6 0.01(a) 0.02(a) 0.03(a) +0.07

7 0.02(a) 0.00(a) -0.01(a) 0.00(a)
Filter -0.06 -0.19 -- -2.02
Temp (°F) 250 281 287 250
Time (min) 30 30 45 89.0
Flow rate (ft°/m) 0.87 0.54 0.49 1.40
Total Volume (m3) 0. 509 0.311 0.136 2.50

(a) Control disc not exposed to flue gas
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Two separate dilution systems were used. The inlet dilution system
consisted of a sampling probe with a cascade impactor precutter to remove
particles greater than 2.5 microns followed by an out-of-stack, three-stage
quantitative dilution system. The sample can be diluted with filtered dry
air from 3:1 to 1000:1 by adjustment of control valves. The outlet dilution
system was a single stage in-stack mixing tee. In both systems, the clean
air flows are measured with orifices and the sample flows with venturis.

The TSI Model 3030 Electrical Aerosol Size Analyzer (EASA) was used
at both the inlet and outlet. The EASA consists of a charger, where a known
charge is placed on the particles, and a mobility analyzer, where the
charged particles are attached to a central collecting rod. The size of
particles collected in the mobility analyzer depends on the applied voltage
on the collecting rod. The aerosol passing through the mobility analyzer
is detected by measuring the current transferred by the particles. The
aerosol distribution in 11 logarithmic steps from 0.003 to 1 micron is mea-
sured.

OPACITY MEASUREMENT

The opacity at the inlet and outlet of the scrubber was measured
with an MRI PPV. The instrument was installed on a three-inch port and the
sample was heated to reduce relative humidity. A diagram of the instrument
is shown in Figure 4~2. The aerosol particles in the chamber were illumin-
ated by a flash lamp with an opal glass filter. The scattered light was de-
tected by a photomultiplier tube at approximately right angles to the flash
lamp. The optics have been designed so that the output of the photomulti-
plier tube is proportional to the extinction coefficient due to scattered
light. The instrument is a physical analog of the following equation:

T
(o]
where
bscat = the scattering coefficient due to
scattered light
g(8) = volume scattering function
(9) = scattering angle

If there is no 1ight absorption, the scattering coefficient is identical to
the extinction coefficient. The extinction coefficient is related to plume
opacity with the Bouger Law.
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Figure 4-2. Diagram of the plant process visiometer.
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Opacity (percent) = [1 - exp (~bext L)] 100
where

bext = extinction coefficient, m'1

L = stack diameter, m

The instrument is spanned with an internal calibrator consisting
of an opal glass lens of known scattering coefficient. The lens was
mechanically placed in the view of the detector for calibration and was
retracted into a sealed chamber between calibrations. The PPV calibrator
is calibrated with oil smoke with reference instruments using both an in-
tegrating nephelometer and a transmissometer. The PPV was described in
detail by Ensor, et al., 1974.

The PPV at the inlet was mounted with the 3/4 inch probe pos-
itioned in the center of the duct. The probe was insulated and the chamber
electronically heated. The PPV at the outlet was placed on the ground and
a 3m (9 ft) probe extended into the duct from the bottom. The probe and
chambers were electrically heated to about 93° C (200° F) to ensure that the
gas was above the water dew point.

GAS COMPOSITION

The concentration of 0z, CO, CO2 was measured with an Orsat analysis
following EPA Method 3.

The water content of the flue gas was obtained with the impinger
catch during the cascade impactor tests.

PROCESS VARIABLES
The process variables were obtained as follows:

e The velocity was determined with an S type pilot probe
following EPA Methods 1 and 2

e Pressure drop across the scrubber and pressure at the
draft fan was measured using pressure transducers
and recorded on a strip chart

. Sémp]es of water were obtained for determinations of
dissolved solids

e The water flow rates, pressure, and power required
were estimated from the design specifications.
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SECTION 5

FIELD TEST RESULTS

CALCULATION OF SCRUBBER PERFORMANCE

The performance of this scrubber was evaluated with the following
procedure:

e The theoretical power required for the scrubber was
computed from both the gas and water pressure drop
and the transformer-rectifier output

e The scrubber aerodynamic cut diameter was computed
from the cascade impactor and EASA results. The
cut diameter, as defined by Calvert et al., 1972,
is the particle size collected with 50 percent
efficiency in the scrubber

e Utilizing results reported by Calvert, 1971, and
adapted by Cooper and Anderson, 1975, the performance
of the scrubber was compared to the theoretical per-
formance of other common types of scrubbers

The overall particulate collection efficiency and opacity were also
determined to indicate the ability to meet air pollution regulations.

MASS COLLECTION EFFICIENCY

The overall performance from cascade impactors and in-stack filters
is shown in Table 5-1. The Phase I tests were taken under "as found" con-
ditions. As the Phase I test work proceeded, it was obvious several mechan-
ical problems existed in the scrubber. Due to settling of the water intake
at the pond, gravel was introduced into the water system requiring the re-
placement of two pumps and unplugging the spray nozzles. After the scrubber
was taken off line and inspected, it was also found that a high voltage
cable was misplaced and was shorting in the No. 2 Ionizer.

The Phase II tests were conducted with the scrubber in good mechan-
ical and electrical condition.

A second difference between Phase I and Phase 1l tests was in the

volumetric flow of flue gas treated. Gas is treated from the No. 4 kiln
and 58 kiln. A production problem caused shutting down No. 4 kiln during
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TABLE 5-1.

SUMMARY OF OVERALL MASS COLLECTION EFFICIENCY

Inlet Outlet
Conc. Conc.
Date mg/m3(2) mg/m3(a) Penetration Efficiency Opacity(b)
(1978) Run (gr/ft3) Run (gr/ft3)(3) (%) (%) (%) Comments
11/6 10 230 5 104
11 229 6 126
(c) la 252 1b 96.6
Avg 108.9 45.9 54.1 34 Phase I tests
(0.103) (0.0475)
1177 21 371 7 104
22 279 12 74.5
o (c) 2a 287 2b 100.4 29.8 70.2 34
N 312 92.96
(0.136) (0.0405)
11/8 23 248 13 73.7
24 254 14 112
(c) 3c 224 3b 48.2
242 78.0 32.2 67.8 27
(0.106) (0.0340) :
11/10 25 259 16 756
26 256 17 471 ,
(c) 4a 271 4b 360 IWS Power shutoff
262 529 201.9 -101.9 81
(0.114) (0.231)
11/18 27 349 18 16.9 Phase II tests
28 318 19 34.8 after completion
333 25.9 - 7.77 92.2 11 of repairs
(0.145) (0.0123)



TABLE 5-1. SUMMARY OF OVERALL MASS COLLECTION EFFICIENCY{Continued)
Inlet Outlet
Conc. Conc.

Date mg/m3(a) mg/m3(2) Penetration Efficiency Opacity(b)
(1978) Run (gr/ft3) Run (gr/ft3)(2) (%) (%) (%) Comments
11/20 29 186 36 6.84

30 185 37 15.10
(c) 5a 226 5¢ 7.41
199 9.78 4,91 95.1 3.7
(0.0831) (0.00426)
11721 32 198 38 19.7
22 218 39 21.1
(c) 6b 311 6a 9.38
242 16.7 6.90 93.1 6.8
(0.106) (0.00728)

Note:

(a) 21.1°C, 76 cm, dry
(b) 1.676 meter (5 1/2 ft) path length
(c} In-stack filter samples - the other mass concentration results were computed from the cascade

impactor tests.

Both impactors and in-stack filters were heated to 121° C (250° F) at the outlet.



the Phase II tests. The gas volume treated during Phase Il was about 80
percent of that in Phase I.

The Phase II tests were analyzed in detail because the performance
is more representative of the unit performing as designed. The Phase I re-
sults are included only for completeness.

The overall average efficiency of the scrubber as a unit for the
Phase II tests was 93.5 percent. The "ionizer off" test conducted on Novem-
ber 10 may be used as an indication of the concentration of particulate
matter entering the IWS units. If it is assumed no particulate matter was
removed by the IWS packing, the IWS efficiency was 98.2 percent.

ESTIMATION OF POWER REQUIREMENT

Process Diagram

The scrubber is a multistage process. A diagram of the flows is
shown in Figure 5-1. Measured values are used for the gas flows. However,
only design water flow rates and pressures were available. Many of the
flow meters and pressure gauges were malfunctioning due to the corrosive
nature of the scrubber water. Using a combination of estimated process
streams, measured gas flows, and transformer-rectifier readings, an account-
ing was made of the power required for the scrubber.

Gas Measurements

The gas flows were measured with an S-type pitot probe. A 12-point
equal area tranverse was conducted at both the inlet and outlet of the
scrubber. The results are summarized in Table 5-2. The theoretical power
was computed using the equation reported by Strauss, 1974.

The results of the orsat analysis are summarized in Table 5-3. The
average water concentration was obtained from the impactor tests.

Water Flows

The water flows and power required were estimated from the design
value and are shown in Table 5-4.

Transformer-Rectifier Power

The corona power was computed from the secondary voltage and current
of the transformer-rectifier units (TR) observed during the test. An aver-
age power input was computed for the days of November 18, 20, and 21. The
results are shown in Table 5-5.

Total Power Input

The total theoretical power input to the scrubber is summarized in
Table 5-6. The electrical power to the cooling tower for air circulation

5-4
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TABLE 5-2. GAS FLOW RATES AND THEORETICAL POWER

Press r? Avg Avg Actual Std Vgl Water
Pressure Dropid Velocity Temp. Vol _Rate Rate (P) by Vol pPower_(c)
] o

Date crHg cmi,0 m/sec C m3/sec m’/sec watt/m’/min
(1978) Stream (in.Hg) (in.ﬁgo) (ft/sec) (° F) (acfm) (dscfm) {hp/1000ac fm)
11/10 In 73.66 16.1 174 29.32 17.27 7.69
(29.00) (52.7) (345) (62132) (36600)
12.75 21.0
(5.02) (0.788)
Out 72.75 16.9 25.5 19.80 18.00 3.60
(28.64) (55.6) (78.0) (41959) (38142)
11/18 in 74.55 12.5 156 22.72 14.73 3.63
(29.35) (40.9) (313) (48148) (31216)
7.82 12.9
(3.08) (0.484)
Out 73.96 12.9 19.7 15.02 14.16 2.69
(29.12) (42.2) (67.5) (31826)  (29999)
11/20 In 75.01 14.0 135 25.48 17.47 3.63
(29.53) (45.8) (275) (53980) (37022)
11.58 19.1
(4.56) . (0.716)
Out 74.17 13.9 17.5 16.25 16.06 2.69
(29.20) (45.7) (63.5) (34434)  (34022)
11721 In 75.01 11.9 138 21.63 14.45 5.33
(29.53) (38.9) (291) (45828)  (30627)
11.43 18.8
(4.50) (0.707)
Out 74.14 15.7 16.59 16.16 2.01
(29.19) (46.6) (60.3) 135158! (34237)
Average 10.26 Average Inlet 23.28 Average 16.9
11/13/20,21 (4.04) 11/18/20,21 (49318) 11/18,20,21 (0.6345)

(a) Flange to flange

(b) 21.1° C, 76 cm Hg, Dry - Inlet Area: 1.828 m? (19.635 ft2); Outlet Area: 1.167m2 (12.566 ft2)
(c) Computed with Power = 0.157 AP vhere AP; pressure drop in Hp0
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TABLE 5-3. SUMMARY OF ORSAT TESTS

Dry Molecular
Molecular Weight
Date co 0 N Weight Water with Water

2 2 2
(1978) Location (Vo1 %) (Vol %) (Vol %) (g/9 mole) Average (Vol %) (g9/g mole)

11/18 Outlet 2.4 14.6 83 28.97

Outlet 2.2 14.8 83 28.94 28.96 2.69 28.66

Inlet 2.0 15.4 82.6 28.94

Inlet 2.2 15.6 82.2 28.98 28.96 3.63 28.56
11/20 Outlet 1.8 15.8 82.6 28.92

Outlet 1.4 16.0 82.6 28.86 28.89 1.58 28.72

Inlet 2.0 15.6 82.4 28.94

Inlet 2.0 16.6 81.4 28.98 28.96 3.53 28.57
11721 Inlet 2.1 15.0 82.9 28.94

Inlet 2.0 15.6 82.4 28.94 28.94 5.33 28.36




TABLE 5-4. ESTIMATION OF WATER SIDE THEORETICAL POWER

Stream Flow Pressure Q. /Q§ Theoretical Power(c)
From 4 /sec n/mé Watts/(am3/min)
Fig 5-1 (gpm) (psig) (gal. /1000 acf) (hp/1000 acfm)
1 7.57 3.6 x 10° 0.33 1.97
(120) (52) (2.43) (0.074)
2 54.3 . 2.2 x 10° 2.35 8.79
~ (860) (32.5) (17.4) (0.330)
3 54,3 1.8 x 105 2.28 6.82
(832) (26) (16.9) (0.256)
4 36.3 1.8 x 10° 1.58 4,72
(575) (26) (11.7) (0.177)
5 36.3 1.8 x 10° 1.58 4,72
(575) (26) (11.7) (0.177)
6 1.3 0.89 x 105(a) 0.055 0.083
(20) (13) (0.41) (0.0031)
7 1.3 0.89 x 105(a)  0.055 0.083
(20) (13) (0.41) (0.0031)
(a) Assumed for line pressure
(b) 23.28 am3/sec (49.318 acfm) based on inlet gas flow
(c) P. =0.58 aP_ (Q, /Q, ) (hp/1000 acfm)
AP, = psig
Q. = gpm; Q¢ = acfm
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TABLE 5-5. SUMMARY OF TRANSFORMER-RECTIFIER POWER

Flue Gas unit 1(a) Unit 2(a) Unit 1 Unit 2
Treated Avg Avg Power Power
Date am3/min Corona Power Corona Power watts/am3 watts/am
1978) (acfm) (watts) (watts) (hp/1000 acf) (hp/1000 acf)
11/18 1511 1581 3372 1.05 2.23
(53,980) (0.039) (0.084)
11/20 1322 3080 6620 2.33 5.01
(47,218) (0.087) (0.19)
11/21 1250 2609 5448 2.09 4.44
(44,650) (0.078) (0.17)
Average 1.82 3.89
(0.068) (0.146)

(a) The product of the secondary voltage and current supplied to the

ionizers by the transformer rectifier units.



TABLE 5-6. ESTIMATION OF THEORETICAL POWER REQUIREMENTS
Gas Hatsr Corona %
watts/am3/min watts/amJ/min watts/am3/min of
Scrubber Stage {hp/1000 acfm) (hp/1000 acfm) (hp/1000 acfm) Total
Quench 1.97
{0.074) 3.0
Prescrubber 6.82
(0.256) 10.3
s 1(a) 8.47 4.80 1.82
(0.318) (0.180) (0.068) 22.7
s 2(a) 8.47 4.80 3.89
(0.318) (0.180) (0.146) 25.7
Cooling Tower(b) 16.7 8.79
0.628) (0.330) 38.4
Total 33.6 27.2 5.7 66.6
(1.264) (1.02) (0.214) (2.50)(c)
Percent of Total 50.6 40.8 8.5

(a) The gas pressure drop was divided between the two units

(b} Includes an estimate of the fan and the pump power requirements

(c) Note the total power on 11/21/78 measured with a Volt-amp meter was 149 hp or
3.02 hp/1000 acfm (80.5 watts/am3/min)
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and water circulation referenced to the volumetric flow of flue gas pro-
cessed was considered as the energy input to the scrubber. Also, the gas
side pressure drop was assumed to result only from the IWS units. The
greatest single power input is from the gas side pressure drops. (It should
be noted that this input includes the cooling tower air flow.) The major
power input fron these estimations is in the cooling tower; thus, the need
to condense components of the flue gas stream in order to control the emis-
sion from the kiln results in an additional energy requirement when com-
pared to a process which emits only solid particles. Also, the tests were
conducted under atmospheric temperatures of about 4°C (40°F) which leads to
efficient cooling of the water streams.

Under summer conditions, the scrubber temperature, efficiencies,
and power requirements may be different than observed during the test.

Particulate Matter Formed in the Scrubber

An aspect of the process affecting scrubber performance is the for-
mation of particulate matter during cooling of the flue gas. The two mech-
anisms which could contribute to the formation of particles are evaporation
of water containing dissolved solids and condensation of volatile matter in
the flue gas. Analysis of the water streams is reported in Table 5-7.

Using the water analysis and the gas stream properties, the increase
in particulate matter concentration by evaporation is shown in Table 5-8.
It was assumed that the gas stream was initially cooled by evaporation under
conditions of constant enthalpy to saturation, then cooled by sensible heat
transfer to the observed quench temperature. 1t was assumed that cooling of

the gas from the saturation temperature did not cause the removal of partic-
ulate matter.

The fraction of particulate matter formed by evaporation of the
scrubber water is estimated by considering the test day of November 10 when
the ionizers were shut off. Particulate matter formation from water evapor-
ation accounts for about 30 percent, and about 70 percent results from con-
densation directly from gas phase for the particulate matter formed in the
scrubber. The influence of the particulate matter formed by the evaporation
of water is shown in Figure 5-2 with an analysis of Phase Il tests. The
outlet concentration and scrubber penetration were directly related to the
quantity of water evaporated in the quench section and estimated particulate
matter. Thus, additional improvement in efficiency may be realized by re-
ducing the dissolved solids in the quench water. However, the emissions
were below any applicable regulation and cost of providing fresh water for
cooling the flue gas may not be warranted at the present time.

PARTICLE COLLECTION EFFICIENCY

Mean Particle Djameter

Size distribution statistics computed for the cascade impactor tests
are summarized in Table 5-9. The geometric mass mean diameter and geometric
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TABLE 5-7. TOTAL SOLIDS IN WATER STREAMS

Date Total Solids(a)
(1978) Sample (mg/liter)
11/10 Inlet 2606
IWS Sump 1633
11/18 Inlet 2600
Sump 2580
11/20 Inlet 2830
Sump 2950
11/21 Inlet 2960
Sump 3160

(a) The sample contained negligible amounts of suspended solids
The inlet sampling location was the water intake at pond.
The outlet sampling location was the sump of the scrubber. This

location was the site of discharge of several discharge lines
which were poorly mixed in the sample area.
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TABLE 5-8. ESTIMATION OF AEROSOL FORMATION IN QUENCH SECTION

Particulate
Particulate Hatter from
N Matter from Evaporation
Volumetric Temp. Water Conc. Specific Solids T After Specific Increase 1
Gas Flow Inlet by Yolume Humidity in Water Quench Humidity Humidity T at in Spectfic pfrff?.ff.:: E;;p:::;l:: Cu?;tr:? e
Inlgt Cond. Inlet inlet ) . After Quench at Sat?r’tlon Saturtl;on Humidity ter Intet Generat
Date /sec i Percent 9/9 ng/liter £ 9/9 9/9i8 cie 9/9 -g/:“bf(d Percent!®) percent el
(1978) (actm) (*F) (1b/1b) (°F) (1b/1b) {1b/1b) (*F) (1b/1b) (gr/s1td)
11710 29.32 174 1.69 0.1342 2606 48 0.0755 0.1% 63 0.0558 163.5
(62132) {345) {0.1342) {118) {0.0755) (0.190) (145) (0.0558) (0.0713) 63 32
/18 22.72 156 3.63 0.067 2600 43 0.06 0.119 55 0.052 147.0
(48148) (313) (0.067) (110) {0.06) {0.119) (13t) {0.052) (0.0641) 44
11/20 25.48 13% 1.9 0.05895 2830 41 0.0%3 0.095 52 0.0361 115
(53960) (215) (0.05895) (106) (0.053) (0.095) (125) (0.361) (0.0501) 60
11721 21.63 138 5.3 0.0%07 2960 41 0.083 0.130 $6 0.039) 13
(45828) (e81) {0.0%07) (106) {0.053) {0.130) (132) (0.0393) (0.0571) 54

(a) It is assumed that the inlet gas is Cooled by evaporation as & constant enthalpy process and then the
gas 1s cooled by sensible heat transfer

{b) Obtained by the product of the water solids concentration and increase In specific humidity, it is
assuned after formation, the particulate matter s not removedd by condensation in the quench section

{¢) Standard conditions 21.1° C, 76 cm Hg, Dry

(d) Ratio of the increase in particulate matter formed from evaporation to that measured during the inlet
tests

(¢) Computed by dividing the increase in particulate matter from evaporation by the outlet of 11/10 from
the average outlet concentratfons from 11/18, 20, and 21. Assumes negligible removal of particulate
matter in the prescrubber and deenergized INS.
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TABLE 5-9. SIZE DISTRIBUTION GEOMETRIC MEAN DIAMETER AND STANDARD DEVIATION

Inlet Outlet
Date Run Dg Run Dg
{1978)  No. {micron) og e No. (micron) 09 e
11/10 25 0.468 3.57 0.876 16 1.27 4.15 0.983
26 0.509 3.7 0.909 17 1.62 3.83 0.973
Avg 0.489 3.65 0.893 1.45 3.99 0.978
Standard
Deviation 0.029 0.115 0.0213 0.247 0.226 0.007
11/18 27 1.443 7.95 0.761 18 0.181 4.82 0.939
28 0.182 4.16 0.869 19 0.359 2.53 0.866
11/20 29 0.494 3.9 0.889 36 0.240 4.42 0.873
30 0.564 3.9 0.905 37 0.183 2.92 0.857
11/21 32 0.363 5.44 0.889 k1] 0.305 2.99 0.862
33 0.356 6.17 0.919 39 0.271 2.89 0.898
Avg 0.567 5.26 0.872 0.256 3.43 0.483
Standard
Deviation 0.449 1.60 0.057 0.070 0.945 0.0312
Dg - Geometric mean diameter
Og - Geometric standard deviation
Fe - Least square correlation coefficient for fit to

a log normal size distribution

Particle specific gravity = 1.8 g/cm3



standard deviation were determined with a least square fit to a lognormal
size distribution. The aerosol is submicron in size with a geometric mean
diameter of 0.6 micron entering the scrubber and 0.3 micron in the exhaust

gas.

The outlet size distribution obtained during the tests with the IWS
shut of f had a geometric mass mean diameter of 1.5 microns. Thus, the for-
mation and growth of particles in the quench and prescrubber increases the
mean diameter considerably. The growth mechanisms are suspected to be
coagulation and humidification.

The differential size distribution (incremental mass concentration
per incremental logarithmatic particle diameter as a function of particle
diameter) dm/d 1og D vs D is shown for the cascade impactor results in
Figure 5-3. The change in particle size distribution from the removal in
the scrubber is shown for average results on November 18, 20, and 21.

In addition, the growth in aerosol size distribution from cooling
and humidification of the flue gas is shown to be primarily in the 1 to 10
micron particle diameter range, thus indicating the reason for an increase
in mean particle diameter indicated in Table 5-9.

The impactor and EASA results were combined to obtain particle size
distributions and fraction penetration curves. The last day of testing,
November 21, 1978, was selected for analysis in detail. All measurements
exhibited very good precision.

The differential size distribution is shown in Figure 5-4. The
figure illustrates many of the problems experienced with obtaining fine
particle data. It was noticed that the size distribution measured at the
inlet was related to the 1ife of the silica gel used to dry the dilution
air. The sjze distribution obtained under conditions of fresh silica gel
was bimodal. However, as the silica gel was depleted, the distribution
grew to a single mode at 0.4 microns and appeared to match the impactor
results rather than the bimodal case. It is believed that the emission
was very reactive with water. The dilution system was operated with dil-
utions of up to 1000:1; therefore, with fresh silica gel the aerosol would
be Teasured with insignificant relative humidities (absolute humidity of
1077g h50/g air). The cascade impactor measured the particle size distri-
bution under flue gas conditions of about 3 percent relative humidity. The
single mode distribution is the one most likely to be present at the inlet
of the scrubber. The size distributions measured by the EASA were repeat-
able and the humidity phenomena was observed on other test days.

A second uncertainty is related to the data reduction procedures.
The EASA has cross sensitivity errors in the last four size channels (a
particle will be sensed in more than one channel). A computational pro-
cedure reported by Twomey, 1975, was used to reduce the data to correct
for cross sensitivity, the instruction manual method which does not cor-
rect for cross sensitivity was also used. The size distribution reported
for the EASA depends on the data reduction technique.
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In these tests, the instruction manual method agrees better with
cascade impactor size distribution than the results corrected for cross
sensitivity. However, the cascade impactors also have cross sensitivity
and the reduction technique used does not correct for nonideal behavior in
the impactor. Therefore, agreement of EASA and impactor size distributions
does not mean any particular size distribution is correct. For this reason,
results from different approaches are reported. The ambiguity in reported
size distribution indicates the difficulty of obtaining this information for
a reactive condensible aerosol even when state-of-the-art experimental tech-
niques are used.

Particle Size Dependent Penetration

The penetration of the particulate matter is a preferred way of re-
porting performance rather than efficiency. The significant figures of the
measurement can be preserved, and particle generation can be easily com-
puted. The penetration is obtained by dividing the outlet differential size
distribution curve by the inlet curve.

The average penetration for November 18, 20 and 21, as a function of
particle diameter obtained with the cascade impactors, is shown in Figure
5-5. In addition, a penetration curve computed with the outlet deenergized,
divided into the average size distribution for November 18, 20, and 21 is
shown in Figure 5-5. This curve may be a more realistic measure of the IWS
performance than the inlet/outlet tests because of particle formation in the
quench and prescrubber.

In Figure 5-6, the combined impactor and EASA penetration curves are
shown for November 21, 1978. The interpretation of the EASA results is an
important consideration in computation of the penetration. The data ob-
tained with partially spent silica gel at the inlet (diamond) is the most

believable in the 0.1 to 0.3 micron range.
SCRUBBER PERFORMANCE

Calculation of Aerodynamic Cut Diameter

The aerodynamic diameter as defined by Calvert et al., 1972, is
given by:

daero = dactual Ver
where
C = Cunningham correction factor

Particle density, g/cmd

©
1]

dactual Actual cut diameter, microns
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The actual diameter with 50 percent penetration was from Figure 5-6.
The aerodynamic cut diameters were then computed from the actual diameter.
The EASA size distribution was used because the cut diameter was below the
the resolution of the impactor.

The square root of the Cunningham correction factor and density
Cp was computed for the size range of interest in Figure 5-7. The actual
size cut diameters were taken from Figure 5-6 and reported in Table 5-10.
Depending on the measurement and data inversion technique, the aerodynamic
cut diameter was from 0.4 to 0.6 micron.

Comparison to Other Types of Scrubbers

The aerodynamic cut diameter from Table 5-10 and theoretical power
from Table 5-6 are shown in Figure 5-8. This figure has theoretical per-
formance curves for a number of different scrubber types for comparison.
These results suggest that the IWS is more efficient than a theoretical
venturi scrubber.

The aerodynamic cut diameter obtained for the whole scrubber on
November 21 is believed to be valid for the IWS units including the aero-
sol generated in the quench and prescrubber section. As shown in Figure
5-5, the generated particles are captured in the IWS in the 1 to 10 micron
diameter range. The penetration in the fine particle range, less than 1
micron, appears to be unaffected by particle generation. Thus, the aero-
dynamic cut diameter is unaffected by this phenomenon.

OPACITY

The PPV was a useful monitor of process variation. An example is
-shown in Figure 5-9 showing a trace of the inlet opacity. The drop in
opacity every 1-1/3 hours is caused by the opening of doors to allow the
entry of formed bricks into the kiln on tunnel kiln cars. An example of
the outlet opacity is shown in Figure 5-10. The upsets on the chart were
due to the "tripping" of TR sets on Ionizer 2 and resetting by an operator.

Another physical property of the emission was the sensitivity of
opacity to measurement temperature and, presumably, relative humidity as
shown in Figure 5-11. This behavior is similar to that observed during the
measurement of the inlet size distribution when the size distribution
changed as the silica gel in the dilution system was depleted. The phen-
omenon was repeatable but the magnitude of the change in opacity with cham-
ber temperatures varied.

The wide ranges of concentration and opacity between inlet and out-
let conditions allowed the correlation of mass concentration and opacity as
shown in Figure 5-12. The correlation coefficient of 0.96 suggests that the
size distribution was fairly consistent (within a factor of 3 in mean dia-
meter) between the inlet and outlet of the scrubber as indicated in Table
5-1.
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TABLE 5-10.

SUMMARY OF CUT DIAMETERS

Actual Diameter Aerodynamic
at 50% Penetration \/CP Cut Diameter
Technique (micron) (g/em3)1/2 (micron)
EASA uncorrected for channel
cross sensitivity 0.28 2.16 0.60
EASA inlet size distribution
dry dilution air 0.24 2.28 0.55
EASA inlet size distribution
water in dilution air 0.14 2.75 0.38
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Figure 5-8. Aerodynamic cut-diameters of the Ceilcote ionizing
wet scrubber compared to the theoretical performance
of other scrubber types (after Cooper and Anderson,
1975, adapted from Calvert, 1974).
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Example of plant process visiometer monitoring of inlet.
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Example of plant process visiometer monitoring of outlet.

Figure 5-10.
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APPENDIX A
MANUFACTURER'S DESCRIPTION



IONIZING WET SCRUBBER*

Ceilcote's Ionizing Wet Scrubber (IWS) was developed to remove fine
solid and/or liquid particulate down to 0.05 microns and less at low energy
levels and high collection efficiencies. The IWS simultaneously removes
corrosive, noxious and odoriferous gases from the process stream as well
as coarse particulates.

The IWS incorporates advantages of electrostatic precipitators and
wet scrubbers within one device by combining the principles of electro-
static particle charging, image force attraction, agglomeration and in-
ertial impaction to increase particulate collection efficiencies in the
submicron range.

Low operating/installation costs, simplified design and construction
minimal maintenance/service requirements, high collection efficiencies
irrespective of load, nonsensitivity to particle size/composition and
high operating reliability are characteristics of the IWS.

A high voltage lonizer section is utili%eg to charge particles in
the gas stream before entering a Tellerette R packed charged particle
scrubbing section.

Particulate is removed by conventional inertial impaction or by the
newly applied principle of Image Force Attraction whereby charged par-
ticulate is attracted to neutral packing surfaces within the wet scrubber
section of the IWS. The collected particulate and gases are removed con-
tinually from the stream by a liquid scrubbing medium which flows vertically
down through the packing.

Extensive use of plastic in IWS construction makes it extremely attrac-
tive for use in corrosive environments. However, the IWS can be constructed
of metal if desired.

For applications with particularly difficult] emission removal prob-
lems, the IWS can be employed as a multi-stage unit to increase collection
efficiency. Actual field, laboratory, and operating experience indicate
that two stages linked in series can solve most problems associated with
troublesome submicron particulates requiring high collection efficiency.

Compliance with stringent environmental regulations and codes govern-
ing output emission and opacity are possible with the IWS. And, IWS sys-
tems can be continually upgraded by installing additional units.

*Ceilcote Technical Bulletin 1255, July, 1976
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. 146€E+01

F
F

2« CINDL)
< COoNDL)

~
-

INSH M5

CJ¥ CONC

w5/7CJ31C v
151t ¢02
«151E¢02
»151E¢02
«151E+02
«151E+02
«141E+02
oJubtL+0}

oM/DL0OGD
MG/CUBIC “,
«392¢=01
«157E-01
«137t <01
09965'01
<367t +01%
»179E¢02

SaRY

PSISo
38
«38
.38
38
.38
o 38



9-4

TETLes vulye ¥
TESY DATA
TEST DuwATTON

METER (4P,
METER PRES
Harky, PxES

anulILe OlA,
vOL, Y TER

STACR PRt 3SURE

Cowd, AATER

TEST RESJLTS
PeERCE NT MOISTURE
VIILUME GAS ST, DRY
PERCENT ISOKINETIC
CuNnCetnTRATION

R 3o

117297718 {124

60,.,u
47,
.00

29,49
«2500
55.061
°8.9%
14,1

MINUTEH
DEGS,
IN,
INCH H
INCHES
cudlc
INCH ™
cC

1.58
«l102E+01
138,37
«68UE+OY

S1Zt DISIRIBUTION RESULTS

Cuv  HILE
PLATE Clx NUYHER
1 1.4l 8e
e 1.0% 12.
L 1,09 24,
4 t.21 24,
5 1,34 24,
o 1,95 24,

HJILE
DIAYLTER
e 765L 200
JUTorte00
J19RE+00
«119E+00
JBiBtent
«9335k=01

LINEAR HEGRESSION RESULTS

LEUMETRIC YbAw DIAVETER

ST, GEuvt fRIC DEVIATION =
CURRELAT UM cq;FFICIEN! x
P(CUM) ACTUAL D
PERCENT P4 (MICRON)
1 T CelR4 10,759
2 L9810 2,075 7.040
3 < 95Ky 1,732 2,007
q4 LY 1,605 1.154
9 JHHYL l.229 037
[ . 3910 -.276 o273
7 ,N000

0 IMPTR

1097102 6 STAGES 24 nULES LASY STaGEN
S TEV¥P T14PACTOR 3 250, D38, ©
3 TEMP AaTMDS, = 4?7, OGS, F
VELOCITY = 47,33 FT/SEC
G SAMPLE RATE = 1.34 CH(STACK CIND,)
TOTAL VDLJUVE(STACK) = 80,33 CF(STAZ« COND,)
FEETY PARTICLE DENSITY = 1.80 GkAM/CC
G STACK SUCTION 2 =, UU1E+00 IN"H H3
v1SCOSIlY = «22E=03 POISF
CUBlIC MEIER
MGRAM/CUBIC METER(IORY, 21,1 DEG T, 760 Mu HE)
3% vE o MASS FIACLT CoNC CJv CONC
(MICRONS) CM/SEC MGHAMS MG/CuslIC v w6sCUBIC ¢
o 168E¢0? «10BE+03 «160E¢00 «990E=01 .684E+0!
JTO%E+01 «296F¢03 «H00E=0} +309t=01 67Ut +01
«2b1E+0) «AH2E¢03 «250E+400 «1598+00 «b71E+01
2 115E+01 «236E+0U «140E400 «866t=01 «655E¢01
«637E+00 «477E¢0U «06202+00 « 384400 «SUTE®O]
W213E+00 JAIRE+05 W551E401 J3ulteny +608E+0]
FILTER WEIsnf WU328e0] «267E+01 «2b7E¢01
TOTAL NEIGHT «111E402

<240 MICRUNS

4,416
<8735

caLc, v
(MICRION)

6,151
5,229
3,143
2,600
1,478

.159

95 PERCZENT LIVITS
(MICWV)

1,091 T2 3u,077
1,035 T2 25,417
.810 T) 12,203
+J0R T) 9.546
L400 TD 5.462
0009 11 2,939

Dv/DLOuD
MGsCUBIC ¥
.263E+00
J822t=01
«3568E¢00
«2USL+00
<JUOE+U]

« 9278 ¢01

SIRT

PSIS50
38
.38
«38
.38
38
«38



L-d

TUILES INLET  XuN

TESY DATA
TEST buwkAT[uxy
METER TEVP,
ML iEN PHES
HBAKD, PRES
NOZZILE DI1A,
VUL, WETER
STACK PRESSUKE
CUND, wATER

TEST RESULTS

PERCENT MOISTuUKE
VOLUYE sa$ STD,
PERCENT 1SOXINETIC
CUNCENTRAT]ION

L B A TR A TENT]

DR

$0  11/20/78 1737 IMPIR

30.0 MInNUTE
52, DEGS,
00  IN

29,40 INCH H

ol

875 INCHES

10,27 Cus]cC
29,35 INCH K

\)

9.0 CC

4, u8
o230k 400
96,72
o185 +03

SIZE VISTRIBUTION RESULTS

CuNn  HOLE
PLATE COR NUMBER
|} 1.01 8.
el 1,02 12,
3 1,0h 24,
'] 1,13 24,
9 1,23 24,
o 1,50 24,
7 1.80 12,

HOLE
DIAVEIER
e 965£+00
«U76E*0D
< 19BE+0O
«119E400
B838Ls0y
«333L=0)
05 83E=0}

LINEAKR RELRESSIUN RESULTS

GEUME INIC YEAN DIAMETER
STV, GEOMETRIC DEVIATION
CUWRLLATION COEFFICIENT

PCOW)
PERCENT

LYY,
9682
e 9547
L9U1d
HuU97
LTS
« 2225
+0000

T O VE N -

/

2.138
1.R56
1,093
1567
1.035
- 042
-, 764

ACTUAL D
(4I1CRUN)

27,393
11,557
4,318
1,946
1.102
e 505
«320

S
F

G

FEET
6

CUB1C METER

MGRAV/CUBIC

050

(MICRUNS)
2TUE+OD?
«116E+02
«U3CE+0)
«195E¢01
+110E401
«D05E+00
+326E+00

FIL

101V

«564 MICRD
5,900
«9058

CALC, »
(MICRON)

10,366
7,054
5,050
4,760
2,309

533
+200

TEWP

TEWP ATM)S,

SAWPLE RATE

TOTAL VDOLUME(STACK)
PARTICLE
STACK SUCTION
viISCOSITY

METER(DIRY,

VEL
CM/SEC
«U19Ee02
+115€¢03
+330E+03
o°165005
ll“SE'O“
<USTE+OU
«914dE+04

TER wEIGHT

Al AL]IGHY

NS

IMPACTOR

VELOCITY

DENSITY

-, 4THE=01

1167106 7 STAGES 12 HOLES LAST STAGEN

281, DtisS,
%2, DtEsS,
46,70 FT/SEC

F
F

+52 CF(STAZK COIND,)
15,58 CF(SVAZK COVND,)

1,80 GRav/C

«23E-03 POISE

21.1 DEG 24 760 MY HG)

MASS FAaCT
MORAMVS
+HI0E 00
+850E¢00
+TUOE+0O
«130E+00
«D02E 0]
«201E40D2
«1Ud3Ee0?
«122E+402
JSUTED2

9S PERCENT L_Iv]ITS

(“iC0V)

2,499 1)
2,009 1)
1,798 1)
1,608 1)
+878 12
o125 T2
026 T2

42,990
20,2719
17,7548
14,088
6,101
2,278
1,916

cone
MG/CUBIC 4
e 301t +01Y
+CHRAE401
0250500‘
«24TE+01
.l70t'02
«BTQE+D?2
JUBIECO2
4126402

-~
-

INCH W3

CJv CONC

A5/7CJ81IC v
«1B5E+03
2 182E+03
e T9L 403
«177E403
ol7“£003
e 197k 403
«895E+02
LU12E+02

Dv/DLOGLD
MG/CURIC ¢
«HO3E+01
e 7T6TE®DY
+586E+01)
«T13E+04
«b6RTE 02
J201Le0}
«2SUE+03

SIRT

Psiso
.38
.38
+38
.38
.38
.38
38



8-4

Filees lwiel  =ufi 29 11720774 Yod

Teal pATA
TEST VJRAT UM
ALTER T w9,
METER PSES
HAk), P~LS
NaZZLe NIA,
vilL,, AETER
STACKR PRESSURE
CUND, AaVER

TEST RESULTS

PERCENT MOISTIURE

VILUME GAS STD,

PERCENT I30«]INETIC
CONCENTRATION

OR

30.0 “iINUYTE
S5%. VLGS,
V0 Ing

é9,40 INCH H

«1875 INCHES

11,54 cCudlc

29,359 INCH H
6.1 CC

c.01
<3208 200
104,57
«180E+03

\j

SIZt DISTRIBUILIUN RESULTS

Cun  HILE
PLATE COR NUVHER
1 1.01 8,
2 1.0 12,
3 1.06 24,
4 1.15% 2d,
b 1.2d 2d,
[ l.‘JS ?U.
7 1,85 12,

HaLE
DIAMETLK
«965E¢00
JU4T706E00
«198E£4+00
«119E+00
+LH38L=01
«533E=01
«383L=0]

LINEAR WREGHESSTON RESULTS

GEQOMETRIC YEAN DIAMETER
ST, GLUMETIRIC DEVIATION
CURRELATION COEFFICIENT

P(Cuw)
PewCEnNT

.9810
« 9722
L9543
CWUUA
sHBIS5%
¢ 9550
2250
« 000U

E N0 J &N~

ACTUAL D
Z (MICRON)

CoUB7T 20,340
1,914 11,110
1.7352 4,148
14597 1,867
1,152 1.05%

o138 Juse
-, 7585 +310

0 IMPIR 1177101 7 STAGES 12 HOLES LAST STAGEN

S TEA? [4PACTOR s 281, ODES5S, F
F TEMP ATMOS, = 53, DESS. F
VELOCITY = 48,70 FT/SEC
G SAMPLE RATE = «B56 CF(ST1AZR CONUV,)
TOTAL VILJME(STACK) = 16,85 CF(STAZK COND,)
FEET PARTICLE DJENSITY = 1,80 GRaw/CS
G STAC< SUCTION = =, d478BE=01 INCH
vISCOSITY a «23E=0% POISE
CUBIC METER
MGRAM/CUBIC METER(DRY, 21,1 DEG C, 760 MV HG)
hEY)) VEL MASS FaCT CONC CJY CONC
(MICRINS) CM/SEC MGRA VS MG/CUBLIC w MG/CURIL ™M
203Le02 +U53E+02 01122401 «JUUE+0L .186E¢03
«111E®02 .124E¢03 «STOE+00 .175E+01 «183£403
«d415€E+01 «357E¢03 JHAQE OV «+2568E 01 L181E+403
+187E+0Y «991E+0} «B20E+00 «252E+01 +179E403
«s106E+0] «200t+04 s422E+01 «130£+02 «176E403
QURE 40D <UQUE+OU «195E+02 O9TE02 J163E¢03
«310E+00 <988E+04 «200E+02 ob15E402 «103E+03
FILTER WEIGHT J18T7Es02 419402 o419k +02

TOTAL WEIGHT «B60TE+02

<494 VJCROUNS

3,953

819

CaLC, D 95 PERCENT LIvITS
(MICRUN) (MICROV)
8,709 1,993 1) 38,054

6,863 1.779 12 2o,uTu
5,344 1.552 1) 18,395

4,438 1.383 1) 14,240
2,408 843 T Y. HT4
« 998 «134 T2 2.655
oI5 «018 12 1,707

DM/DLOGD

MG/CUBIC «
«917E+01
JU6TE+O1]
«603E+01
«726E¢01
523k ¢02
«175E+03
«321E+03

SIRT

P51S0
.38
«38
<38
38
.38
.38
.38



6-9

PIfees IvLET R

ST pDATA
TEST DURATIUN
ML TER TEve,
METER PrtS
BARD, PRES
nQZZLE DA,
VOL, “tTER
STACK PRESSURE
CUVN, ANATER

nNue e

TEST RESULTS
PERCENT MUILS
vOLUYE GAS ST,
PERCENT IS0k[w
CONCENTRA

UN 2R 11718778 1857 [vWPIx

3n,0 ™MINUTE
S1, DEGS, F

00 IN,
29,20 INCH MG
21875 INCHLS
9.75% CuBIC FLET
e9.17 INCH HG
7.4 CC

TuRE = 3,64
DRY = «279:400 CUBIC METER
ETIC = 105,27
Tiov = o629E+0Q3

SI1Zk DISTRIBUTION RESULTS

Cun  #H3J
PLATE CUR Ny™
1,01
lloe
1,006
1,13
1.204
1493
1,85

NI E N -

LE
Bt R
8,
12.
24,
24,
24,
24,
le.

HULE
DJAMETER
«965E¢00
+JU4TBECD0
+19BE+00
si19L+00
J8388=01
«e533c=01
«533L=01

LINEAR REGAESSIUN ASULTS

GEUYETNIC VMEAN DIAMETER
1Cc DevIATION
CUNRELATION COEFFICIENT

STu, GLUMETR

PCUM)
PERCENT

. 9965
.9947
.9911
JIHK2
. 9754
A2}
29000
.0000

I ND NE N, -

P4

2.094
2,956
2.3171
2.2064d
1,975
LYUS
-, 000

ACTUAL D
(MICRON)

28,025
11.821
4,413
1.986
1.12¢
517
529

5

TEwP

TEWP ATMDS,
VELOCITY

SAMPLE RATE

TOTAL vOL UME(STACK)

PARTIZLE
STaC«
v

MGRAM/CUBIC METER(DRY,

054
(MICRONS)
«280E 402
«118E¢02
JHUIE+D]
1998 +01
«112E401
«S12E+400
«$29€+00

vVE.
CM/SEC
«U14E+O2
«113E+03
«327E¢03
«907E+03
«183E¢04
+US2E+ 04U
e 095E¢0 G

FILTER WEIGHT
TOTAL wEIGHTY

«182 VMICRONS

4,158
« 869

caLCc, D
(MICRON)

8,449
6,940
Se3¢29
4,579
3,037

o597

182

TuPaCTOR

DENSITY
SUCTION
ISCOSItY

MASS FACT
M RAVS
«620E+00
«310E¢00
«S0ES00
«S10E400
e 17E¢01
«261E¢02
0575£f02
+H78E¢02
«176E+40$

9% PERCENT LIvITS

(vIC30V)

1,779 19
1,633 1)
1,428 T
1,305 1)
,961 1)
siud 13
«015 T

40,131
29,un7
19,885
16,065
9,964
§.369
2.274

1167106 7 S5VAGIS 12 HOLES LASt STaGHN

318, Dt3S,
5l. Dt3S,
42,46 FT/SEC

«51 CF(STA

15,42 CF(STA
1.80 GRAM/C

= 272E-01 INZH H

«24E=038 POISE

21.1 DEG C, 760 MY HG)

CONC
M3/CuBIC ¥
«222E+01
«111E¢01
«226£+01
«183E+01
T1TE201
«934L ¢02
«206E+03
314t +03

5
F

K CIND,)
Sk COvD,)

-
9

CJ¥ CUNC

we/2JB1C ¢
«529L 403
« 626403
«H25E+03
«523E+03
«521E+03
«b13E+03
e 520E¢03
«J1U4EXO3

DU/DLOGD
MG/CuBIC 4
«592L 401}
«296E+01
«527E+01
e527E¢01
«313L 202
«274E+03
«107E+04

SIRT

PS1S0
«38
«38
«38
«38
<38
38
«38



0l-9

T1fLees TuLE) Run 27 117187718 173

TEST DATA
TEST DJURATION
METER TLYP,
METEN PRES
BARD, PRES
NOZZLE nla,
VOL, VFTER
STACK PRESSURE
COND, ~ATER

TEST RESULTS

PERCENT MOISTURE

VOLUYE wAS STo,

PERCENT TSOKEINETIC
CONCENTRATION

DR

30,0 MINUTE
S0, DEGS,
<00 IN,

29,20 INCH H
<1875 INCHES
9.89 CuUBIC
29,17 INCH H

7.4 CC

1.63
«.284E+00
106,98
«349E+03

Y

SIZE ODISTRIBUTION RESULIS

CUN  HJ
PLATE Cor NUv
1.01
1.02
.00
l.l;
1,24
1,54
1,86

~ O N E -

LE
HBER
a,
12,
24,
24,
24,
24,
12.

HILE
DIAVETER
« 3658400
76t +00
e 198E£¢00
«119E+00
«B38E-01
«3353E=01)
«HIE=01

LINEAR REGRESSION RESULTS

GtOVETRIC MEAN DJAMETER

STv, GEOMETIR

CURRELATION COEFFJCIENT

P(Cum)
PERCENT

« 7370
. 7228
«7201
« 7170
.0913
s 4394
17006
0000

LR SV Y VI VTS

ic

DEVIATION =
L 3

ACTuUAL D

s (MICRON)

obdd 27,799
+589 11,728
«581% 4,377
573 1.969
2499 1.112
~.,152 507
®,952 320

4 I¥PTIKR 1097120 7 STAGES 12 HOLES LAST STAGFN

S
F

G

FEET
G

CURIC v TR

TEWP
TEW

544
TOTAL vOLu™
PARTICLE
STACK

v

MGRAM/CUBIC METER(DRY,

080
(MICRINS)
JOTRE4(02
«117E¢02
«U3BECOY
+J197E+Q1
«111E+01
«H07E+00
«326E+00

VE.
Cv/SEC
JU21E¢02
«115E+03
« 3328403
«922E¢D3
«186E¢04
+JUBDECOUY
«O13E+04

FILIER WEIGHT
TOVAL w~EIGST

1,443 MICRONS

1.950
o761

CALC, D
(MICRON)

85,870
4,896
4,830
4,738
4,062
1,052

«201

95 PERCENT
(MICR0N)

<884 12
.859 1)
.88%5 T2
.850 1)
»798 12
w166 T
2006 T

IMPACTOR
P aTMOS,
VELOCITY
PLE RATE
E(STACK)
DENSITY

SUCTTIUN
1SCOSITY

=, 272€~01

318, ULESS,
50, UVESS,
42,46 FT/SEC

3
F

«52 CF(STACK COND,)
15,67 CF(STACK CQVD,)
1,80 Gkaw/CC

«2UE=03 POISE

21,1 DEG Cy 760 M RG)

MASS FRACT
MGRAVS
2 261E402
+146E+01
+220E+00
+JI10E«00
«2SUELO]
«250E+02
26b6E¢02
«169E+0¢2
9912402

LIVITS

32,655
27.899
27,269
26,414
20,683

6,657

7.084

CONC
ME/CUuBIC %
WP1BE+0?2
.S514E401
2 179E 400
<109t ¢01
+B9I5E+01
LBBOE+0?
. 93BL+0?2
.590k ¢02

INTH H5

CJY CONC

WG/CuUBIC 4
¢ JU9E 03
«25TE¢08
«252L+03
«2518¢03
«2S0E+03
s 2UJECD3
«153k+03
«596Ee02

DM/DLOGD

MG/CUBIC “
«2USE+03
+137E¢02
«181E+01
<J1SE+0}
«361E+02
«2HBE +03
LUBTEFOS

SIRTY

PSISO
« 38
.38
.38
«38
<38
.38
«38



LL-9

TUTLE: OJUTLET

TEST vAla
TEST NURATION
METLER ft 9P,
METER PRLS
HARO, PRtS
NOZZLE DIA,
VOL, METER
STACK PRESSUKRE
COnND, mNATER

TEST RESULTS

PERCENT MUISTURE

VOLUYME GAS STn,

PERCENT ISORINETIC
CONCENTRAT]ON

Run 19 11718778 1820 [MPTIR

Dk

6

29

0,0 VINUTE
40, DEGS,
JU0  IN,
«20 INCH H

2500 INCHES
52,53% CuBIC
28,70 INCH H
e9,5 cCcC

Y

2.68

o 1D4E+01
141,43

o SUBk+02

SIZt VISTRIBUTION RESULTS

Cun H)
PLATE corR Nuy9
1,01
1.03
1,09
1,21
1.57
1,92

[« BV I NV TR

LE
BER
B,
12.
2“.
24,
24,
24,

HOLE
DIAMETLR
0 905L¢00
«4706E+00
<198 +00
«119E¢+00
U368k =01
«233k-01

LINEAR REGRESSIOW RESULTS

GEUME IR]C “LAN DJIAMETER
STD, GHOMETRIC DEVIATION
CORKRELATION COEFFICIENT

P(CUM)
PERCENT

o  YOHY
99786
« 7959
s 9R9S
CBB2U
L2271
.0000

~ 0 UV EwN -

Z

2.969
2,817
2,045
2,310
1.187
-, 746

ACTUAL O
(MICRUN)

17,028
T.160
2,650
1.173

«bUB
278

N
4

G

FEET
6

CURIC VETER

1317102 & STAGES 24 HULES

TEwP

TEwWP AT#0S,

SAM

TOTAL vOLuUM
PARTICLE
STACK

v

MGRAM/CUBIC METER(DIRY,

DSo
(MICRONS)
«170E¢02
«716E+01]
«265E 401
.1175001
+HUBE ¢ 0O
«278E¢00

VEL
CM/SEC
+J05F¢03
«2BBE+03
«825E¢03
QZ?QEOO"
«Ub2E+04
o"“E’OS

FILTER wEIGHT
TOTAL WEIGHT

«359 MICRONS

2.530
«866

CALC, D
(MICRON)

bS.blu
4,899
4,171
5,060
1,080

«179

9% PERCENT
(MICROV)

f.021 1)
974 T2
912 1)
771 1D
«249 T
«010 T)

IYPACTOR

VELOCITY
PLE RATE
E(STACK)
DENS]ITY
SUCTIUN
I1SCOS1TY

LAST STaGEYN

250, DEGS, F
40, DOESS. F

44,86 FT/SEC
1,30 CF(STAC

77,82 CF(STAC
1.80 GRav/CC

*,441E400 INCH HS

«22E=035 POISE

21.1 DEG Z, 7060 MV HG)

MASS FRACT
MGRA S
«B00E=01
«500£20]
.9005-01
«3U40E+00
o ST 3E0L
o 3SO0E®0O2
«.122E¢02
e535E2+02

LIvlTs

31,209
24,650
19,066
12.149
4,693
3,320

CconC
MG/CUBIC ¢ v

«920k=01
e 325E=01
«585F=01
«221L+00
o 373L¢01
+22BE+02
2 192E+01

X COND.)
X COND,)

CJv CONC

GsCuBIC v
«3UBECO2
+3UTE+O?
+JUu7te02
«JuTE+02
o« JUUErO?
«307E+02
w7928 +01

DM/DLOGD
MG/CuBIC ¥
+138E¢t00
«A6uE=~01
«156E¢00
+62SE+0D
«1uS5E <02
6218402

SIRT

PSISO
+ 38
«38
«38
.36
.38
38



Zi-9

TIilLke: UUTLET

TEST wava
TEST DuxATIUN
METEw TEVP,
METER PRES
BARD, PRES
NOZZLE vla,
VOL, ¥ETER
STA(K PReSSUKE
COND, wATLR

TEST RESULIS

PERCENTE MUISTURE

VILU%E GAS STD,

PERCENT 150)INETIC
CONCENTRATION

Wiin

DR

16 11718778 1s4

60,0 VINYTE
42, DEGS,
00 1N,

29,20 INCH M
2500 INCHES
50,97 CuBIC
28,76 INCH H
28.0 CC

2.69
»1d9E+01
156,69
1098 +02

Y

SIZE OISTRIMULUTIUN RESULTS

Cuvn  HD
PLATE COrR NU4
1.01
1,03
1,09
1,20
1,37
‘.90

OV E wive

LE
BER
8.
12,
24,
24,
24,
24,

HOLE
DIAMETE K
«965E¢00
o4T6E+00
«198E+00
+1198+00
«838£=01
05355'01

LINEAR REGRESSION RESULIS

GEOMETRIC vtain DIAWETER
STD, GrOMETRIC DEVIATION
CURRELATION COELFFICIENT

P(CuM)
PERCENT

<9960
e 9795
09635
9535
« 8654
U980
000V

NPT N SN -

ACTUAL D
14 (MICRON)

2.65% 17,322
2,041 7.285
1,793 2,697
1,08} 1195
1,107 -1}
-,010 285

0 IMPTR 1177101 o STAGES 24 HULES LAST STAGEN

5 TEAP JUPACTOR =
F TEWP ATMOS, =
VELOCITY 3

G SAVPLE RATE =
TOTAL vOLUME(STACK) =

FEET PARTICLE DENSITY 2
G STACC SUCTION =
vISCOSITy =

CUBIC MYETIR

=, d4d41E+00

250, DEGS,
u2, DESS,
4g,86 FT/SEC
1.25 CF(STA

3
F

Cx COND.)

75.21 CH(STACK COND,)

1.80 GRav/C

«22E~03 POISE

MGRAM/CURTIC METER(DRY, 21,1 DEG C, 760 MM H{)

D50 VEL MASS FAaCT
(MICRUNS) twssed MGERAMS
«1T3E¢0n? «101E+03 «100E+00
+T12BE 0} «2T7E403 «U20E+00
«2T0E+01 «198E+03 sU400E00
W119E¢01Y «221E¢04 «2S0E+00
«Hb61E+0D <UUTECOY «221E+01
«2BSE+00 +110E¢05 «931E+01
FILTER wEIGHY «125E¢0¢
TOTAL WEIGAT «292E¢02

«181 MICRONS

4,823

«939

CALC., ® 9S PERCENT LIWITS

(MICRON) (MICR0V)

11,828 2.660 TJ 92,598
4,502 1,587 1) 12,770
3,047 1.197 1) 7.758
2.953 1,030 1) 6,328
1,035 «376 TJ 2.847

2179 .027 12 1.189

CONC
MG/CUBIC
673t =01
+283E+00
«269E+00
»168L+00
<149t +01
«0276¢01
«B8d1L 401

o

INCH HS

CJv CONC

MG/CUBIC “
«169E+02
«16GE¢0?2
.166E402
163402
«1062E+02
+147E¢02
.8u1E+01

DM/DLOGD

MG/CUBIC 4
179 ¢00
«751E+00
62Ut +00
JaT6t +00
«ST9E+01
+1T1E+02

SIRT

PSISO
.ss
.38
.38
.;o
38
38



£L-9

TITLE: INLET RUV 24 117 8/7H 1710 IMPTIR 116/101 7 STAGES 12 HOLES LAST STAGEN

FEST vATA
TEST DuURATIUN
METER TEMY,
ME TER PRES
BAKD, PRES
NQLILE DlA,
vubL, VEIER
STACK PRESSURL
ConDO, NATER

W8 uUN

FEST RESULTS

PERCENT MOISTURE
VILUME GAS S1D, DRY
PERCENT ISUKINETIC
CONCENTRAI IOV

32,0 VINUITES
S4. DEsS, F
L00 IN,

29,06 INCH HG
LIB75 INCHES
10,47 CUBIC FLET
26,97 INCH HG

16,2 CC

7T.26

96,50

SIZt DISTRIBUTION RESULTS

CUuN  HJ
PLATE CUR Nuyv
1,01
1.02
1.06
1,14
1,24
1,55
1.89

e RV AP VR, VI

LE
BER
8,
l?.
Z“.
24,
24,
24,
12.

HULE Dsn
DIAMETER (MICRONS)
e P65k 200 o275t ¢02
oUTHE®0D «116E#0D2
e 198EL+00 «32E+01
+119E¢00 J194E+0Y
8380y «110E+01
e9533E=01 e U499E+00
«533t=01 « 320E+0N

«297E¢00 CUBIC METFR

TEWP

TEWP ATM]S,

SAMPLE RATE

TOTAL vOLUME(STACK)
PARTIZLE DENSITY
STACK SUCTION
vVISCOSITY

«2SUE+03 MGRAM/CUBIC METER(ORY,

vVEL
Cu/SEC
«431E4+02
«118E¢03
«3U0E+03
+QUuUE+03
«191L+04
oMUT7IECOH
«PURELOY

FILTER wWEIGHY
TOTAL WEIGHT

LINEAR REGRESSION RESULTS

GEUMEIR]IC VMEAN DIAYETER
S1D, GLOMETRIC OEVIATION
CURRELATION COEFFICIENT

P{CuMm)
PERCENT

.99106
L9814
. 9698
L9595
9330
L6013
L2251
L0000

E~NTNE -

3.501
+ 882

ACTuaL D CALC, D

2 (MICRON) (MICRON)
o393 27,453 9,635
2.0B4 11,578 5,509
1,879 4,321 S.,016
1e745% 1,943 4,232
1,499 1,096 3,097

« 250 U499 « 0639
-, 755 . 820 o177

sd02 MICKRDNS

I¥PACTOR

VELOCITY

= 8BPE=~01

317, DESS,
54, DE3S.
48,21 FT/SEC

«93 CF(S51A
17,12 CH(STA
1.80 OGRAw/(C

+24E~03 POISE

21.1 DEG 2, 760 Mv HG)

MASS FRACT
MGRAMYS
«e630E+00
0770E900
«B870E¢00
+THOE+00
«199E+¢0]
«2H0E¢02
«2PHIE+OZ2
«169E¢02
«753E+02

9% PERCENT LIMITS

(MICR0V)

2.016 T
1.683 1)
1,45 13
1.305 1)
1,028 13

139 1)

.016 1)

46,054
25,168
17,285
13,726
9. 326
2,947
1,919

CONC
MG/CUBIC v
e212E+01
o 2b0E+0Y
«293E+01
«265E+01)
o711t +01
JHUIE+02
JI5Ut +02
o OTIEC02

5
F.

2K COND,)
oK COND,)

-~
-

INCH HS

CJY CONC

“GrsCuBIC ™
254E @03
«252k¢03
JCUGE+03
«2UBE+D3
+2U3E 403
«257L¢03
« 153k ¢03
«S7T1E+02

DMW/DLOGD
MG/CUBIC ¥
.S66t+01
,692E¢01}
+685E+01)
+TSTE+01

2 2T0E+02
«246E+03
LU93E¢03

SART

PSIS50
38
.38
.38
«38
38
.38
.38



vL-9

VITLED Twitd

TEST DATA
TEST DURATIUN
METEn TEMP,
METER PRES
BAKD, PRES
NOZZLE Dla,
VOL, VETER
STACK PRESSUKE
COND, aATER

TEST RESULTS

PERCENT MDISTURE
vOLUME GAS STD, DRY
PLRCENT ISOKINETIC
CONCENTRATION

RN

°y 117 8/78 162

3 IMPIR 1207106 7 STAGES 32 HULES

32,0 VINUTES
56, DEGS, F

.00 IN,

29,06 INCH WG

«1875 INCHES

10,34 CUBIC FEET
29,97 INCH HG

16,0 CC

7.28
«292E+00
94,95

L LIXY K

SIZt DISTRIBUTIUN RESULTS

CuN
PLATL Cur N
1,01
1.02
1,06
1.14
1.24
1,54
1.88

-~ NE N

HILE
UMHER
8.
12.
24,
24,
2“.
24,
1e.

HOLE
OIAVETER
«965E400
s476E*00
+198E00
119400
JH38E=01
«S38E=01
o333E=01

LINEAR REGWESSION RESULTS
GEOME IRIC MEAN DIAVETER =
STD, GLOMEIRIC DEVIATION =
CORRELATION COEFFICIENT =

PLCY
PERCE

«98
o7
« 96
92
59
« 20

TNO T BN

M)
NT

29914

30
a7
54
a7
36
[’Y,)

« 0000

ACTUAL D
Z (MICRON)

2384 271,077
2.120 11,673
1,955 4,357
1,818 1,959
1,058 1.100

2306 «oUd
e, 628 o325

CUBIC VMETER

TEVP IVPACTOR

TOTAL vOLUVE(STACK)

PARTICLE
STACK
v

MGRAM/CUR]IC METLR(DRY,

DS0
(MICRONS)
277k ¢0?
o117E¢0?
«436E+01
«196E¢01
e111E+01
oSDUELOD
«323E¢00

vEL
CM/SEC
s 42UE+O?
«116E+03
«345E+03
«929E+03
«18HE+04
«463E+OU
«D27E¢0U

FILTER wEIGHT
TOTAL AEIGAT

«U2R VICRONS

3.681
884

CALC, O
(MICRON)

9,56¢
6,781
5,468
4,572
2,787

.582

.189

95 PERCENT
(MICR0V)

2,117 1)
1,797 12
1.594 1)
1,425 12
966 TI
125 12

LAST STAGLEN

417. OLGS,

3

TEVP ATMOS, = 56, DOtGS, F
VELOCITY = 48,21 FT/SEC

SAVMPLE RATE = «.5% CF(STACR COND,)

s 16,84 CF{STAZLK CONVD,)

DENSITY = 1,80 Graw/CC
SUCTIUN s <«,8H2E=01 INCH H5
1SCOSITyY = «CUE~03 PUISE
2l.1 DEG C, 760 MM HG)

MASS FaCT CONC CJv CONC
MGRAMS MG/CUBIC “ MG/CUuRIC ¥
+620E+00 212L+01 «CUHESO3
«610E+00 «+209E+01 «2USE+03
+600E+00 2068401 +2U3E+03
«670E+00 «230L+01 «2U1E¢03
«@FUE01 «101E+02 «239E+03
+239E+02 +B820E+02 +229E+03
+238E¢02 «BlU4E¢0?2 +1UTE*0}
«J91E+O2 +O656E+02 +656E¢02
« T23E¢02

LIVITS
43,187
25,589
18,753
Jd, 069
8.0“5
cs710
1.824

2020 TJ

DM/0LOGD

MG/CUBIC
«H67E+01
«9S7E+01
+UBOE+0]}
«061E+01
«U06E 02
+CUDE+03
U226 403

SIRT

PSISO
.38
.38
38
.38
«38
+»38
.36



GL-8

TETLEe GJTLET

TEST DATA
TEST DURATIUN
METER TEMP,
METER PRES
BARO, PRES
NOZZLE DIa,
vOL, Y TER
STACK PRESSURE
CUND, wATER

HnHaeNueue

TEST RESULTS

PERCENT MUISTURE

voLuUME GAS SID,

PERCENT JSUKINETIC
CUVCENTRATIUN

RUN 14 11/ B/78 191%
30,0 MINUIES
38, ODEGS, F
<00 IN,
29,06 INCH HG
«2500 INCHES
29,78 CUBIC F
28,06 INCH HG
fd, 4 CC
= 2.32
DRy =
s 1%7,08

SIZE DISIRIBUTION RESULTS

CuN HD
PLATL CUR NUY
1.02
1.04
1.10
1.22
1,41
2,02

O WVt & ey o=

LE
HER
“,
l?.
24.
24,
24,
ey,

HOLE
DIAMETER
e 965L 00
'“765000
o 198E¢00
«119L+00
+H88EL=01
.5$St-01

LINEAR REGRESSIUN SULTS

GLOMETIRIC vt AN DIAVETER
Slu, GEUMETRIC DEVIATION
CURRELATION COFFFICIENT

P(CUM)
PERCENT

1.0000
9992
L9982
« 9775
« 7256
.2081
0000

I Y ANV I VU TRy

1

ACTuAL D
4 (MICRUN)

F,042 15,991
2.905 2,482

2,005 1,095
«599 o002
'.HI’ e 25%

IMPIR 119/106 6 STAGZS 24 HOLES LAST STAGEN

EET

DSo
(MICRONS)
«160E+02
ebT12E+0)
J2UBESN
«110E+01
«6U2E+00
o 255E 400

TEMP IVPACTOR

TEVP ATMOS,
VELOCITY

SAVMPLE RATE

TOTAL VDLUME(STACLK)
PARTICZLE DENSITY
STaC<
vISCOSITY

«871L+00 CUBIC METER

vEL
CvsSEC
+118E+03
e 324E+03
+93S5E03
«2S%E+04
«D2UE 404
«123E+05

FILTER WEIGHY
TOTAL wEIGHY

«S584 MICRONS

«Ste
«918

CaLC. O
(MICRON)

25,183
2.168
1,957
1,340

« 750
17

SUCTION

MASS FRACT
MGRAMVS
«000E¢00
«B800Z=01
+100E+00
«202E401
.?QDEOOZ
W H06Ze02
o 20UED?2
«9762+02

95 PERCENT LIVITS

(MICRON)

2,435 1) 260,404

o701 1D
691 1D
J459 1)
:209 T2
«084 1)

6,174
5,544
3,947
2,695
2.068

250, DEGS,
38, DESGS.
52,44 FT/SEC
1,47 CF(STA
44,08 CF(STA
1,80 GRaAvW/C

=, 404E¢00 INSH H

+22E=08 POISE

L1126403 MGRAM/CUBIC METER(IRY, 21,1 DEG C, 760 M4 HG)

coNC
MG/CUBIC +
<0008 +00
«919E=01
«119E+00
o C32L 01
228302
«SH1t 902
«23UF 02

F
F:

<k CIND,)
<K COND,)

~
Cd

CJv CONC

G/7CURIC ¢
«112E¢03
«112E+03
o 112E403
«112E+03
«110E¢03
+B1SE¢02
234k ev02

DM/DLOGD
MG/CulIC
« 000t ¢00
.ZIHIE +00
«265E +00
«6S3E+01
«109E+03
»156E+03

SJRT

P§iso0
.38
38
«38
.38
.38
+38



al-4

TITLts VUTLET

TEST vATA
TEST DURAIIUN 8 30,0 MINUTES
METER TEWP, = 90, OEGS, F
METER PRES ® .00 In,
HARO, PRES = 29,06 INCH kG
NOZZLE DIA, = «+2900 INCHES
VOL, "tTeR s 316,36 CUBIC FEET
STACK PRESSUNE = é8,b606 INCH KO
CUND, wMATER = 17.6 CC
TEST RESULTS
PERCENT MOISTURE = 2.37
VOLUYE GAS STD, DRY = «104E+0]l CUBIC METER
PERCENT ISOKINVETIC = 163,49
CUNCENTRATION =

KUN 13 11/ B/78 164S IMPIR

Silt DISTRIBUTIUN RESULTS

CUN HOLE

PLATE COR NUMBER
1 1,02 8,

2 1.04 12,

3 1.11 24,

4 1,24 24,

5 1,45 24.

o .17 24,

HOLE
DIAMETER
«965E+00
JUT6ES00
«198E¢00
e119E+00
+B838E=01
+9533€«01

LINEAR WEGRESSIUN RESULTS

GEOVMETRIC vYEAN DIAMETER
STH, GEUMETRIC DEVIATION
CORRELATION COLFFICIENT

P(Cum)
PERCENT

29973
«9941
. 9884
« 9630
1316
«1RT0
»0000

N LN -

Dso

(MICRONS)

«lUbE+02
«614E+01
«226Een}
0993E+00
eHd3ke00
«226E+00

TEWP
TEY

SAv

TOTAL vOLUY
PARTICZLE
STACHK

v

VEL!
CM/SEC
¢141E+0}
+387E+03
e 112E¢04
« 309E+0U
«625E+04
¢ 19UE 05

FILTER WE1GHT
TOTAL wEJGHT

3
= 2e.765
4 914
ACTUAL O CALC. D
l CUMICRON) (MICRON)
2.777 14,6481 6,233
2,461 6,142 4,520
2,269 2.263 3,719
1,787 «993 2,277
017 2943 «693
-,889 226 .150

«$70 VMICRONS

1¥PACTOR
P ATMDS,
VELUCITY
PLE RATE
E(STACK)
DENSITY

SUCTION
ISCOSITY

MASS FACT
MGRAMS
«210E400
« $20E400
«J60E+00
¢ 19UECD]
«1772402
JUJTESD2
«1u43E402
«765E¢402

95 PERCENT LIVITS

(MIC0V)

1.369 1)
1,183 1)
1,065 T3
o760 1)
«188 1)
2015 T2

28,567
17.275
12,982
6,822
24556
1,466

=, 404E+00

1097102 6 STAGES 24 HOLEY LAST STAGEN

250, DESS,
50, DLEGS,
Se.,44 FT/SEC
1.75 CF(STA
52,58 CF(STA
1.80 GRAW/C

«22E=03 POISE

7376402 MGRAM/CUBIC METER(DRY, 21,1 DtG C» 760 MY NG)

CONC
MG/CUBIC “
«202E+00
. 308E+00
«JUTE+00
«18TE01}
«170E+02
JA01k+02
+138E¢02

F
F

£ CONDL)
SKX CUND.)
c

INCH A3

CJv CONC

MG/CUHIC 4
«137E402
«735E+02
«131E+02
«72BE+02
«T09E+02
«539E+02
+1588E+02

D¥/DLOGD
uG/CUBIC 4
<S3TE+00
+B18E ¢00
+T99E+00
+523E+01
<6U9E+02
<105£+03

SIRTY

P8ISO
«38
«38
«38
38
«38
.38



L9

<Ua 22 11/ 1718 1656 IMPIR

TIILes 1ureld 1207106 7 3TAGES 12 HOLES LAST STAGEN
fEST arta
TEST O JNATIUN = 32,0 MINUTES TEMP [VPACIOR = §14, OE3S, *
METER TEVP, = 52. ODEGS, F TEVMP ATWM]IS, = 52, UF3S5, F
METtH PwES = N0 IN, VELOCITY = 48,17 FT/SEC
gAKQO, PNES = 29,01 INCH HG SavP ¢ RATE = 60 CF(STAZK Z0VDL.)
WIZZLE NIA, = « 1875 INCHES TOTAL VOLUYE(STACK) = 19,21 CFH(STAZ« COND,)
Vi, Y£TER 3 10,47 CUBIC FEETY PARTIZLE DENSITY s 1,80 Grav/CC
STACK PRESSUKE = 28,91 INCH HG STACK SUCTION =  =,9556«01 JINZH N3
Cuwv, aalba = 48,5 (C vISCOSITY = «+23E=03 POISE
TEST RESULTS
PERCENT MOISTURE = 17.3a
VILUME GAS SiID, DRY = «297L¢00 C(CUBIC MVETER
PERCENT IoUnINELTIC = 108,39
CONCEwTRATIUNY = e@79%k+03 MGRAM/CUBIC METER(IRY, 21,1 DEG 2, 760 Mv HOG)
SIdt VISTRIBUTIUN RESULTS
XX Y Y P YT Y Y ey e ryryy
CuN  HOLE MOLE 0%0 vEL MASS FaCt CUNC CJv CONC
PLATE CUOR ~uUvBER DIAVMETER (MICKDONMS) Cv/SeC MRAMS MG/CunIC v M5/72J81IC
1 1,01 8, + 905E+00 +2H99E+02 CURUEHD? +H00EL00 +269E+01 »279E+03
2 1,02 12, w4 7BE+VO «109E+02 «133E4+03 «B810E+400 «PT2E40) «276E+03
4 1,07 24, s 198E¢00 JUO07E+0] e SBPECOD «960E+00 823k ¢0] «273E+03
4 1.15 24, «119E¢00 J182E+01 +105E404 2 940Z¢00 «316F+0} «270E+03
S 1,206 2ud, «B38L=0] «103E40} «214E¢04 JHLI1E+0] 2750 ¢+02 2678403
o {99 e W D33E=G{ JUBUE OO «528E¢+NY 2RBZ+02 . 968f 02 2898 +03
7 1.90 12. e933k-0y «295E+00 «106E¢405 +106E+02 «3585L+02 sJU3E+0}
FILTER wWEIGHT 23192+02 «107E+03 »107E403
TOTAL wEIGHT «828g+02
LINEAR REGRESSIUN RESULTS
GEIMEIRIC VEAN OJAMETER = 549 VMICRONS
SN, GEOMETRIC DEVIATION = 4,398
CURRLLATION COEFFICIENT = «93]
PCU'Y) ACTuAL D Catc, b 9% PERCENT LIMITS
Of HCENWT b4 (MICRUN) (MICRON) (MICR0V)
1 e 9904 2340 25,871 11,160 3.113 1) 40,009
2 L IR0 2,066 10,908 T.4d0 2.4l T 22,494
3 + 9090 1,866 4,006 5,536 P.084 T2 19,066
u 9570 1.724¢ 1824 4,485 1.793 1) 11,476
5 . 8997 1.079 i.007 1.726 731 1D 4,07%
) D124 .031 40y 0 365 092 1) 1,449
7 « 384/ ., 298 295 2286 .045 1) 1,18/
H L0000

DM/DLOGD

MG/CuBIC

« 7178 ¢0)
«126E+01
«753E+01
« 90488 +01}
+109F+03
«2BOE+0S
«1B1E¢03

SaRT
PS150
.38
.38
.38
.38
.38
.38
.38



8l-4

FlfLeks 1yekl =dN 21

TEST DATA
FEST DumRaTIUN
METER TEYP,
defTER PRES
HANO, PRES
NOZZILE DIA,
vOoL, 9ETER
STACK PRESSURE
COND, »AlER

TEST RESULTS

PERCENT MUISTURE

VOLUAE GAS STh,

PERCENT ISOKINETIC
CONCENTRATION

DR

117 7778 1558 IMPTR

32,0 4INUTES

Si. ULtGS,
+00  Iw,

F

29,01 INCH HG
<1875 1nCHES
10,31 CUBIC FEeT
28,91 INCH HG

42,9 C(CC

17.3¢2
«293E¢00
106,91
«371E+03

Y

SIZt DISTRIBUTION RESULTS

CuN HILE
PLATE Cur NUMHER
1 1,01 8,
2 1.02 12,
3 1,907 24,
4 1.14 24,
5 1.2b 24,
6 1.%8 24,
7 1495 i,

HOLE
DIAVE TR
+965E+00
JUT6L+00
+198E+00
«119E+00
oBSBE=D]
«933E=0})
«933E~01

LINEAR REGRESSION RESULTS

GEUMETRIC YEAN DIAVETER
8T, GEUMETRIC DEVIATION
CORRELATION COLFFICIENT

P(CuM)
PERCENT

5290
TP
«4930
L URKD
2H47HB
. 8012
2096
« 0000

SNV E N -

ACTuaL D
l (MICRON)

U4 26,4050
-,002 10.982
-, 017 4,094
v .U37 1.838
=, 061 1.085
355 sHOR
e, 5084 .298

CUBIC METER

TEWP [VPACTOR

TEVP ATMOS,
VELOCITY

SAMPLE RATE

TOTAL vOLUME(STACK)

PARTICLE
STACK

vISCOoSITY

MGERAM/CUBIC ™ML TER(DRY,

DY)
(MICRINS)
«2b1E¢D?
«110€¢072
+HO09E+01
«184E+01
«103E+0
+UOKE+00
«29BE+0OD

vEL
Cw/8EC
«UT7E¢0R
«131E403
«377E403
.104E000
o211E404
«S21Fe0u
«J0UELDS

FILVER WEIGHT
TOTAL wEIGHT

4,654 MICRONS

a4, 716
«793%

CAaLC, D
(MICRON)

6,343
4,618
4,331
3. 984
5,609
l.obl
olot

95 PERCENT
(MICRUN)

o299 T2
<903 1D
«879 T3
84S 1)
801 T)
«201 T2
«0N08 1)

DENSITY
SucCrion

MASS FaCT
MGRAYS
«S12E¢02
«331E+01
«670E+00
+B870E¢00
«1032401
«124EeD2
« 165E¢02
«22RE+02
«109E+03

LIAITS

40,258
23,601
21,332
18,785
15,264

5,593

4,812

*.Ih5E=01

10473803 7 STAGES 12 HULES LAST STAGEN

J14. OVESS, °

S1. DEGS,
4B 17 FT/SEC

«59 CF(STA
18,95 CF(STA

1,80 Gkavy(

«23E=«03 POJSE

21,1 DEG C, 760 Mv HG)

CONC
MG/CUBIC %
«17UESD}Y
«113t¢02
«228E+0)
0 297E+0}
«3S51E+01
JU24t 0?2
2962t +02
« 778t 402

F

cx COND,)
T« COND,)

-~
-

INCH HS

CJv¥ CONC

MG/CuBIC v
o 371E¢03
«196E 403
«185¢E+03
«183E403
0180E¢03
.l7b£003
o13UE+03
«778E402

DM/DLOGD
MG/CUBIC
a465E¢03
«301E+02
«533E+01
«852E+01
«141ECO2
«123£¢03
s 2BTE®QY

SaRT

P81S0
.38
«38
38
«38
« 38
.38
«38



6l-9

THILE: 19LET RUN 20§17 7718 1558 IMPIR 104/108 7 STAGES 12 HOLES LAST STAGEN
TEST 0AlA
TesT DUKATION = 32.0 MINUTES TEMP ] APACTOR = 314, DE3S, F
METER TH#P, = 51, DEGS, F TEwP ATYIS, = Si1., DE3S, F
METER PRES = <00 IN, VELOCIVY = 4d,17 FT/SEL
B8AK(Q, PRES = 29,01 INCH HG SAVPLE RATE s «99 CF(STAZK COND,)
NOZZLE DIA, = « 1879 INCHES TOTAL VOLUVE(STACK) = 18,95 CF(SYACK COND,)
vOL, MYETER = 10,31 CuBIC FEET PARTICLE DENSITY = 1.80 GCRAM/C?C
STACK PRt SSURE = 28,91 INCH HG STACK SUCTION = =,955FE«0] INCH M3
CUND, WNATER = 42,9 CC vISCOSITY = e23E=-03 POUJSE
TEST RESULTS
Pt RCENT MOISTURE = 17.32
VOLUME GAS STD, DHY = o295E+00 CURIC VETER
PERCENT ISOKINETIC = 106,91
CUVCENTRATI(OV = «OBSE#02 MGRAV/CUBIC METER(IRY, 21,1 UEG L, 760 Mv HG)
SIZE DISIRIBUTION RESULTS
CuN  HOLE HOLE 050 VEL MASS FaCT cone CJv% CONC
PLATE COR NUVYHER DIAMETER (MICRONS) CM/SEC YGRAMS w3/7CuUBIC ¢ “G/CJBIC
1 1,01 8, «965L ¢ 00 e Pb1E+0? W477E¢02 W 115E40] 0 392E+01) «585E¢02
2 1,02 12. s476L 00 «110E+0? +131E¢03 .H5NE+00 «187E+01 e JU6E 02
3 1.07 24, o 1FHECOO «UO9E+OY «377€¢03 «9500E+00 +170E+40) «D27E ¢02
4 1,14 cd, «119L+00 « 18UE+0 +J104E+04 <U10EeNO «140E+01 «O10E+02
5 1.26 24, +H838k=01 +«103E¢01 .211E¢04 «ST76E+01 J196E +02 2U96E+02
6 1,593 24, «S533k=0] +U4bBECND «S21E¢04 «600E=01 +20SE+0) »300E+02
7 1.95 12. »533E~0} «298E+00 »10UE¢0S LJU00E=O01L 1368400 LCI9RE+02
FILTER WEIGHT «B870E+01 0 297E+02 «29TE+02
TOTAL wEIGHT «172E002
LINEAR REGRESSION RESULTS
GEOMEIRIC VEAN DIAVETER = 2442 VMICRONS
STY, GEUMETIRIC DEVIATION = 9,779
CURRELATION COEFFICIENT = 926
P(Cum) ACTUAL D CALC, D 95 PERCENT LIVITS
PERCENT L (MICRON) (MICRON) (MICR0ON)
1 e 9530 1,499 26,050 13,498 $.314 Y2 54,974
2 09010 1,287 10,982 Be332 2+950 10 27,227
3 8719 1.145 4,094 S.491 2,061 1) 16,836
4 JRURD 1.028 1,838 4,610 1,702 1) 12,198
9 eH125 081 1.035 475 129 T2 1,745
6 5090 023 YY) JUbh 126 T2 1.7206
7 113 017 o298 U460 128 1) 1.714
8 20000

DM/DLOGD
MG/CUBIC ¢
. 1058 ¢+02
«500E+0}
« 396 +0}
«402E+0])
«187E «02
«993E400
«696E+00

SART

P3ISO
.38
.38
«38
<38
.38
«38
+38



0Z-8

FITLE S LalLed
TEST DATA
TEST DurAT]UN

METER Tt WP,
METER PRES
BARQ, PRES

NOZILE DIa,
VUL, “ETER

STACK PRESSURE

COND, #ATER

TEST RESULTS

PERCENT
vOLUME LAS ST

s
PERCENT ISOKIVETIC =
s

WM

h, DR

12 117 7778 {910 IMPIR

MO)STuURE

Y

CONCENTRAT]ION

SIt

30,0 MINUTE
42, DEGS,
«00 In,

29,01 INCH H
«29500 INCHES
31,49 Cuslc
28,58 INCH m

49,6 CC

7.23
«12E+00
143,32

o 14%E+02

DISIRIBUTION RESULIS

CuN
COR N
l.oa
1.04
1.10
1.23
1.43
2.10

PLATEL

O N E N

HOLE
UMHER
8,
12,
24,
24,
24,
24,

HOLE
DIAVETER
«905E+00
«476E+00
«198E+00
«119E¢00
+838E=01
«533k~-01

LINEAR REGRESSION RESULTS

GEOWETRIC VEAN DIAMETER =
Siv, GEUMEIRLIC DEVIATION =
CUORRELATION COEFFICIENT =

P(Cum) ACTUAL D
PLRCENT z (MICRON)

1 09999 $.0620 15,201

e 9996 3,325 6,384

3 <9966 2,708 20354

4 <9723 1.916 1.036

5 «0851 suBe «907

6 2027 -,832 «238

7 0000

1197126 6 STAGES 24 HOLES LAST STAGEW

S TEWP JvPACTOR 2 250, Ot55, F
F TEvP AFMOS, = 42, DEGS. F
VELOCITY = 55,45 FT/SEC
G SAVPLE RATE = 1.62 CF(STACK COND,)
TOTAL VDLJUME(STACK) = 48,74 CF(STAZK COND.)
FEET PANTICLE DENSITY s 1,80 GRAM/CT
G STACC SUCTION = = 434E+00 INCH Hs
vISCOSITY s .22E=03 POJSE
CUBIC MVETER
MGRAM/CUBIC METER(DRY, 21,1 DEG Ty 760 MW HG)
Dso VEL MASS FRaC?Y CONC CJv¥ CONC
(MICRONS) CvsseEC MGRA VS MG/CUBIC ¥ MG/7CuURIC ¥
«192E¢02 + 13103 1.000E=02 «110t=01 «TuSEOR
«b3HELDY o IS9E+03 «200E=01 «219E =01 « JUSE+02
«235E+01 «103E¢04 «200E+00 +219E+00 s 744k +02
+»104E¢0) «287E¢04 «165E+01 «181k¢01 TUREVOR2
«S6TE+00 «STIECOU «195E+402 21Uk e02 o« JT2UE SN2
«238E+00 «143E+0S «32RE+02 «359E+02 «S10E+02
FILTER wEIGHT «138E¢02 e151E 402 «1S1E+02
TOTAL wEIGHT «679E+02

«363 VMICRONS

2,340
<956
CALC, B 9% PERCENT LIV]TS
(MICRIN) (MIC20OV)
7.886 .80 T 25,015
6,138 2.143 1) 17,578
3,632 1,511 1) 8,729
1.853 +»A53 T3 4,025
.5U7 «19% 1D 1.533
« 179 « 039 .828

DM/DLOGL
MG/CuBIC 4
291t =01
«582E=01
«506E+00
«507E+01
«819E+02
951602

SIRTY

P3S1S0
«38
.38
.SB
+38
.38
<38



TITLES: VUILE

TEST DATA
TEST DURaTION
MELTER THwP,
MELTER PrteS
BAR(Q, PRES
NOZZLE UlA,
VUL, METER
STACK PRLESSUNE
Cdwu, nATER

W nuwnn

TEST WESULTS
PERCENT ™Muls
VOLUYE GAS §STD,
PERCENT [SOKTYN
CONCENTRA

RUN T 117 7778 1605 TMPIR 109/102 & STAGES 24 HOLES LAST STAGEN

3

29
.2
e7
25

4

TURE

DRY
ETIC
Tjov

nmmuwwauw

0,0 MINUTES
42, OGS, F
<00 1IN,

«01 INCH HG
500 INCHES

«54 CuBIC FELT
«5H INCH MG
5.4 cC

7.23

W 198L+00
125,34

2 104E+03

SIZE DISTRIBUTION RESULTS

CUN  HO
PLaTt COR NuM™
1,01
1.04
1,10
1,22
1,40
2,00

O JEwN -

Lt
HER
A,
12.
24,
24,
24,
24,

HOLE
DIAMETER
e 965E¢00
«U476E+00
«198E¢00
.119i900
+838E=0}
e533k=01

LINEAR REGRESSION RESULTS

GEOYMETRIC MEAN DIAMETER
STD, GEUMLTIRIC DJEVIATION
CURRELATION COEFFICIENT

P(CUM)
PERCENT

+99R3
9952
o“bbs
e 7820
.6182
s1242
L0000

~NO NS sy e

z

2.95¢2
24589
I.IIO
o779
2R7
el,154

ACTUAL D
(MICRON)

16,263
6,835
2.526
1.115

ebl1d
26}

CUBIC METER

TEWP

TEwWP AYMOS,

SAvWPLE RATE

TOTAL VOLUVME(STACK)
PARTIZLE DENSITY
STACK SUCTION
vISCOSITY

IVPACTOR

vVELOCITY

*.454F+00

250, DEGS,
4?, DE5S,
55,45 FT/SEC
.42 CF(STa
42,62 CF(STA
1,80 GRAM/C

«22E=03 PUISE

MGRAM/CUBIC METER(DRY, 21.1 DEG Co 760 YV HG)

D50
(MICRONSY
«163E¢02
«0B83EO1
«253E+01
e112E00)
o6 14E+00
«261E*00

VEL
Cv/SEC
«115E¢03
«314E+03
+90UECD3
«251E¢0U
«S06E+0U
«125€¢05

FICTER WELIGHT
TOTAL wEIGHT

obd6 MICRONS

2.7'b
982

CALC, D
(MICRDN)

17,089
8,943
1.958
1,406

861
.204

MASS FRACT
VGHRA WS
«1U0E+00
e260Z400
«107E¢02
«702E+01
«1U0E+02
JUO6EFD2
«103E+02
«BS1ECUL

95 PERZENT LIMITS

(MICRDV)

5,245 T3
4,098 12
1,187 13
Bu2 1)
Jue2 13
078 T3

°l.8e62
17,975
3,23%1
2.350
1,536
«531

CONC
vG/CuUBsIC v
o 176E 400
«326E 00
<134t 402
+BBOE+01
s176L+02
«S09E+0?2
129t ¢02

F
F

oK COND,)
< LOND.)

c

INCH H3

CJ% CONC

16/70J81C ¥
»104E+03
+l0UE+0O}
Q‘O“EQ()}
702k 02
81Uk +02
«H543E¢02
«129E+02

DmM/DLOLD
MG/CuBIC ¢
+LUbHE +00
«HOLE 400
«310E 02
+2UBE+02
sbTHE+02
+137E+03

SIRT

P8ISO
v 38
.38
«38
.38
.38
38



¢c-1

TITLE: INLET RuUN 11 11/ 6/78 1747

IMPTR 120/1G6 7 SYAGES 12 HOLES

«290£ 400 CUBIC METER

TEST QATA
TEST DURATIUN = 32.0 MINUIES
MELTER TEMP, = 65. DEGS, F
METER PRES = «00 1IN,
HARD, PRES B 29,45 INCH HG
NUZILE OlA, = «1875 INCHES
VoL, “tTER = 10,33 CuBIC FEtLY
STACK PRESSURE s 29.36 INCH H(G
CUNV, wATER = 7.7 CC
TEST RESULTS
PERCENT MOJISTURE = 3,66
VULUME a8 STD, ORY =
PERCENT ISOKINETIC = 97.04
CUNCENTRATION =

SILZE OISTRIBUTION RESULTS

CuN  HI
PLATE COR Nyv
l.01
1,02
1.06
1.13
1.23
1.5¢
1,83

~NONEWN~—

LE
BER
8,
12.
24,
24,
24,
24,
12,

HULE
DJAALTER
09555000
476t 00
«198E+00
o 119L¢00
+B38E=01
oD 83k=01
«e533=01

LINEAR REGRESSION RESULTS

GEOMETRIC VMEAN DIAMETER =

STV, GEOMETRIC DEVIATION =

CORRELATION COEFFICIENT =

P(CuM)
PERCENT

«9917
9830
9727
« 9611
29210
5948
« 2855
,0000

T NG NS N =

DS0
(MICRONS)
«785E4+0°
+120E¢02
+UU9E +01
e 202E 01
«J1UE+O}
«H523E+00
«337Ee00

TEWP

TEVP ATMOS,
VELOCITY

SAMPLE RATE

TOTAL vOLUME (STACK)

PARTICLE
STACK
v

2296403 MGRAM/CUBRIC METER(DRY,

VEL
CM/SEC
JUNZESO2
«110E¢03
+317E403
+880E¢03
1 THRE+OY
«U3FELOUY
o B78ECDU

FILTER WEIGHT
TOYAL AEIGHT

s22 MICRUNS

3,R33
+ 899
ACTUAL D CALC, ¥
4 (MICRON) (MICROW)
2,397 28,4b7 10,564
2.121 12,009 7.289
1,922 4,485 5,577
1,764 2,020 4,510
l.ut? 1,142 cl.811
237 «523 + 580
-, 566 337 o197

95 PERCENT
(MICROV)

2,450 1)
2,035 1)
1,742 1D
1.514 12
1,029 13
.13%3 110
«023 1)

I1MPACTOR

DENSITY
SUCTION
18COSITY

=, B82E=01

LAST STAGEN

819, DEGS.
65, DEGS,
44,69 FT/SEC

«50 CF (574

15,96 CF(STA
1.80 GRAM/C

s 2UE~03 PQISE

21,1 DEG Co 760 MY HG)

MASS FRACTY
MGRAMVS
«550E+00
«SH0E+00
«690E+00
«T7T0E+00
«267E+0]
-ZlﬂEfOZ
«20SE+02
«190E+02
o0b66E+02

LIVMITS

45,594
26,102
17,849
13,440
7,680
2,536
1,662

CONC
MG/CUBIC “
«189E+01
«200E+01
« 238t +01
«265E+01
«919E+01
«7150k+02
«707E+02
-bSuEQ‘)?

£
F

Cx COND,)
£k COND,)
¢

INCH HS

CJv CONC

wG/CJUBIC ™
«229E+03
«C2TE+03
.225E+403
.223E403
«220E¢03
«211E+03
+136E4+03
+bSUE+02

DM/DLUGD
“G/CuBIC %
«9505E+0]
+533£+01
«555E+01
«T65E+01
«371E+02
e221E¢03
«370E+03

SaRT

P8ISO
.38
.36
«38
.38
.38
38
.38



€2-9

TIFLES INLEY RUN JO 117 ©/78 165

TEST Data
1eST DUKATION
METER fe VP,
MLTEK PRES
HAR(), PRLS
NOZZLE DIA,
vuL, “ETER
STACK PRESSUREL
COvD, w~ATER

"t uwnn

TEST RESULIS

PERCENT MOISTURE

VOLUME GAS STD,

PERCENT 1SOKINETIC
CONCENTHATION

R

30,0 MINUTE
72. DEGS.
.00 IN,

29,45 INCH H
«1875 INCHES

7.79 CuBIC
29.36 INCHM H
5,8 CC
= 5,70
Y s «216E+00
z 77.06
= «230E+403

SIZE OISTRIHUTION RESULTS

Cun  HO
PLATE CuR Nu+
1.0
l.(’e
1.05
1.12
1,20
1.45
1,70

~ O N E N, e

LE
BER
8,
12,
24,
2u,
24,
24,
12.

HWOLE
DIAMEIER
«965E+00
«U76L+00
o 198L¢00
«119E+00
oBINE=01
«543E=01
«S48L=01

LINEAR WEGRESSION RESULTS
Gt OMETRIC MEAN DIAVETER =
ST, GEUMETRIC VEVIATION =
CURRELATIOM COEFFICIENT =

P(CLM)
PERCENT

L9765
. 9600
.9493
L9364
.9042
L5631
2330
L0000

b R TN < NV, B PR PRy

ACTUAL D
4 (MICRON)

1,980 31,961
1.75) 13,492
1.638 S.049
1,526 2,282
1,306 1,296
158 «601
-, 129 +391

S IMPTIR 10R/10) 7 STAGES 12 HWOLES LAST STAGEVN

S TEMP I1VPACIDR = 19, DESGS, 7
F TEMP ATM)S, = 72. 0DE3S. F
VELOCITY = 44,69 FI1/sSEC
G SAMPLE RATE = <40 CH(STAZK COND,)
‘ TOTAL vOLJUME(STACK) = 11.B8  CF(STACK COVD,)
FEET PART]ICLE DENSITY = 1.80 GRAV/CE
[H STACK SUCTION =2 = BR2E=ND] JHLH N3
VISCOSITY = «2U4E=03 POISE
CURIC METER
MGRAVM/CURIC METER(IRY, 21,1 DEG C, 760 Mv HG)
D50 VEL MASS FRACT CONC CJ44 CONC
(MICKRONS) Cv/S8EC MGRA WS MG/CUBIC v LIYANT. A
0 320E ¢02 «313E+02 JI1TE40OY «SU1E+01 +230E+03
«135k¢07 JBTUE+02 «820£400 e $79E 401 o224k +03
.S05E+01 «252E+03 +«S30E+00 W2USE SO 2218403
«228E«01 +699E+03 L,OUDESOD 29068 +01 «218E403
130k 401 «141E404 «160E¢01 2 TUOL 401 «215E+03
ob0IE+00 YT I 1702¢02 e 784E+02 «208E+03
«391E+00 «b9TECOU «1bdEO2 o159t +02 .129E+03
FILTER wEISHAT 116E¢02 e 936k +02 «236E+02
TNTAL ~EIGHT «U497E+02

o671 MICRUNS

4,034
«8061
CaLc, » 95 PERCENT LIMITS
(MICRON) (MICR0V)
9,918 1,977 1) 49,748
7.143 1,722 10 29.63%0
6,108 1,590 1) 23,459
5,219 1,452 1) 18,757
3,843 1,171 12 12,608
o175 150 1) 4,019
225 J017 13 2,909

DUW/DLOGOD
MG/7CunlC 4
+145E¢02
«101E+02
«HTUE+OQ!
+BSHE U]
»302E+02
«23S5E+03
JU0BECU3

SART

P5150
.38
«38
48
«38
» 38
.38
+ 38



vZ-4d

TITLE: I~vLET RUN a9 |17/ 6778 1065%

TEST pDala
TEST LUYKATION
MmeETEw TEAP,
METER PRES
BARU, PKRLES
NOZZLE D1A,
VUL, “FTER
STACKR PRESSURE

30,0 MINUTES
72, DEGS, F
o000 IN,

29,45 INCH HG
. 1875 INCHES

IMPIR 1047103 7 STAGES 12 HOLES LAST STAGEW

7.79 CuBIC FEET

29,36 INCH H6

COnND, AATER 5,8 CC
TEST RESULTS
PERCENT MOISTUKE = 3,70
VOLUMAE GAS STD, ORY =
PERCENT ISOKINETIC = 17,06
CONCENTRATION =

SIZE DISTRIBUTIUN RESULTS

Cun  HILE
PLATE COR NUMBER
1 1,01 8,
2 1.02 12.
3 1.05 a4,
4 1.12 24,
S 1.20 24,
[ 1,45 24,
7 1.70 te.

HOLE
DIAVETER
«365E400
«UTBEL00
«198E+400
«119E¢00
o838k =01
«533E=01
«9233E=01

LINEAR WEGRESSION RESULTS

GEUMETRIC MEAN DJAMETER =
STD, SHUMETRIC DEVIATION =

CURRELATION COEFFICIENT =

P(Cum)
PLRCENT

85489
«6740
.5298
U018
O0H21
2127
2690
+ 0000

XNV LN -

TEwWP

TEWP ATMUS,
VELOCITY

SAVPLE RATE

T0TAL vOUME(STACK)

PARTICLE
STACK
v

«C1nE+00  CUBIC “iTiK

«JUBES02 MGRAM/CUBIC METER(DIRY,

D50 VEL

(MICRONS) CM/SEC
» 320E+02 « 31302
«135E+02 +RTUE+D2
« S90St +0 Y «282E+03
«2P8E+01 «b9QEC0S
«130E+01 LdU1Ee0un
«b01E 0O « JURE+OU
«391LE+00 «697E+0U

FILTER WEIGHT

TOVAL WEIGHT

11,364
«967
ACTuAL D CaLC. D
4 (MICRON) (MICRON)
1,076 31.96} 45,3530
451 18,492 9,922
«075 5.049 5,979
=,250 2,282 1,809
~.576 1.296 .B18
-, 604 601 . 764
~.614d «391 o 147

3,320 WICRONS

95 PERCEVT
(MICROV)

12,955 1) 1
4,612 1)
2.195 1)

986 T
+ 381 T2
2349 T
¢339 1)

IMPACTNR

DENSITY
SUCTION
I1sCostryY

=, 882E=01

319, 0De5S,

72, DESS,
44,69 FI/SEC
«40 CF(STA

11.88 CF(STA

F
F

Cx COND,)
L« CONDL)

1,80 GRaM/CT

«24E=03 POISE

21,1 DEG C, 760 MV HG)

Ma4S FRaCT
MGRAVS
+U4S0E+00
«S90E+00
«U460E+00
+U410E+DD
« 3B0E+00
«300E~01

1.,000£=02
+B6OE+00D
«319E+01}

wIvITs

S5K,614
21,345
7.213
3,321
1,759
1,678
1.640

CONC
MG/CUBIC
«COBE®O]
«273E¢01
«213E¢01
«190E¢01
o176t ¢0Y
+139€+00
463t-01
«398E+0}

INCH HS

CJv CONC

MG/CURIC v
«1UBECOZ
«127E+402
«395E+01
«182E401
«592E¢01
«4l16E401
JU03E+01
«398LE+01

DM/DLQGD

“G/CuBIC ¥
«9506E+01
«7T29E+01
JUN9E+01
«5S0E ¢01}
«T1bk 01
«415E+00
U9t +00

SaRT

PS150
«38
.38
.36
«38
«38
« 38
.38



TEILE: wulue) RUN 6 117 6778 1948 IMPTR 1197126 & STAG:S 24 HOLES LAST STAGEN

TEST nata
TEST DURATION = 60,0 MINUTES TEWP JMPACTOR = 250, ODESS, F
METER TEVP, = 52, DLGS, F TE4P ATMOS, = 52. ODE3S, F
METER PRES = +00 IN, VELDCITY = 49,59 FT/SEC
BAR(, PRES = 29,45 INCH HG SAMPLE RATE = 1,50 CFH(STAalK COND,)
NO2Z2LE V1A, = «2900 INCHES TO0TAL VvOLJUVME(STACK) = 89,89 CF(STAZK COND,)
VoL, METER = 60,37 CUBIC FHET PARTIZLE DENSItyY = 1,80 GRAV/CEC
STACK PRESSUKRE = 29,02 INCH HG STACK SUCTION = *,426E400 INCH HS
COND, WATER = 70,6 CC vISCOSITY = «2CE=03 POISE
TESYT RESULTS
PERCENT MOISTURE = 5.50
vOLUME GAS SI1D, DRY = o 17T4E+01 CURIC VETER
PERCENT TSUKIVETIC = 147,78
CUNCENTRATION = e126L+03 MGRAM/CUBIL METERCIRY, 2le1 OtG 2, 760 v HG)
SIZt DISTRIBUTION RESULIS
CUN  HOLF HOLE 050 VEL MASS FRaACT CONC CJv CONC DM/DLOGD SIRT
SLATE COR wWUVBER DIAVETER (MICKONS) Cu/SEC MGRAYS MG/CUBIC ¢+ 1G/7CJBIC M MG/CUBIC v PSISO
1 1,02 a, «965L¢00 s 158E +0p e121E£¢03 s 140E400 «BOUE=O] +126E+03 +214E+00 38
2 1,04 12, JUTOE00 «b65E+01) «351E¢03 « 2802400 J161E¢00 «126E+03 «427E+00 .38
3 1,10 24, +19HE ¢ 0D JLPUBE DY «953E+03 +340£4¢00 «195E¢400 «126£403 JH52PE*00 «38
4 1,22 24, <119 400 +108E+01 «20UE+0Y « 5622401 <323k +01 «125E+03 «909E+01 .38
S 1,40 24, B38E=01 «597E400 «H34E+04 e SOHBE+02 «326E+02 «122¢+03 «126E+03 «38
6 2,01 24, «535E-01 «253E ¢ 00 o 132E¢05 +100E5403 «ST6E+02 SB35t 02 «155€+03 »38
FILTER WEIGHT «556E+402 +319E+02 « 319402
TOTAL ablGHT «219¢¢04

LINEAR NREGRESSION RESULTS
FYYXx 3 x>y 2 AN YRR R L N L X N Y X ]

GENMETRIC “E AN DIAVETER «353 VMICRONS

STv, GEOMETRIC VEVIATION = 2566
CURMELATION COEFFICIENT = 0934
P(CUM) ACTUAL » caic, D 95 PFRIENT L_IVITS
PERCENT Z (MICRON) (MICRON) (MICRVV)
1 ., 9994 $.221 15,836 7.551 1.892 1) 2H 4555
P s99H1 2,892 6.,64% S,390 1.613 12 18,0183
3 29965 2.700 2.454 4,500 1,454 T 13,926
4 .9709 1,894 1,0R8 2,100 .821 1) S.408%
5 7114 557 597 597 o172 1D 2,071
6 .2537 c., 004 «253 <149 .029 12 1.2%0
7 LU0N0



92-4

TITLe s oJILET
TEST DATA
TEST DURATION

METER TEveP,
METER PRES
BAR), PRLS

NOZZLE OIA,
vOL, METER

STACK PRESSURE

COND, ~ATER

TEST KESULTS

PERCENT MUISTURE

VOLUME GAS ST

PERCENT ISURINENIC
CONCENTRATIUN

LR

U, DR

S5 117 o/78 1755 [4PIR

1097102 6 STAGES 24 MHULES

LAST STAGEN

SIZE DISTRIBUTION RESULTS

Cun
COR N
1,01
1.03
1,97
.16
1,29
1.069

PLATE

OV E W~

HILE
YIHER
8,
12,
24,
24,
2d,
2d,

50.0 MINUTES TEMP JVPACTOR = 250, DE35, F
54, OGS, F TEwWP ATv(S, = 54, UVEGSS, F
<00 IN, VELOCITY = 49,59 FT/SEC
29,45 INCH HG SAMPLE RATE = .88 CF(STACK COnD,)
«2500 INCHES TOTAL VOLJVE(STACK) = 45,94 CF(STATK COND,)
29,62 CUBIC FEET PARTICLE DENSITY = 1,80 GRAV/(CC
29,92 INCH Hi STACK SUCTION = «_U26E+00 INCH M3
34,06 CC vISCOSITY = «22E=03 POISE
L 5.51
Y = +HS1E400 CUBIC METER
H Ho .68
s oI04E+03 MGRAM/CUBIC METER(IRY, 21,1 OEG C, 760 Mv HG)

HOLE psSo vEL MASS FACT CONC CJv CONC
DIAMETER (MICRONS) Cu/SEC MGRA VS MG/CUBIC 4 MG/CUBIC ™
«965€+00 «PUTECV2 «TUIEOQ? «200E=01 «S88L=01 .104t+03
LUTHE+GO «872F¢01 «194dE+03 «200£-01 «235t=0]) +104E+03
«19BE+ 00 o324E+01 «SSFE403 «120E400 «14lE+00 +104E+03
«119t+00 «145E 01 «155E+04 «670£+00 «TBBE+00 «104t+03
«833E=01 2B11E€00 «313E404 «16521¢02 «194E+02 1036403
«533E=01 «361E4+00 «173E+04 «ST6E40¢2 « 077t +02 .B35E+02

FILTER wEIGHT «135E¢02 «158E+02 158k 02
TOTAL AR 10LAT «BBUE+O2

LINEAR REGHESSIOW <RESULTS

GEOUMEIRIC vEAN DIAVETER =

Sto,

GEOVMETRIC NDEVIATION =

CORRELATIUN COtFFICIENT =

P(Cu
PERCE

.99
99
.99
.99
80
.lq
L00

NV E W -

v)
NT

94
92
78
03
36
22 -
uo

ACTUAL D

14 (MICRUN)
$,256 20,713
4,159 8,725
2.856 3,245
2,33%7 1,450
«H55 811
t.027 3061

« 550 VMICRINS
2,217

884
caLC. O 99 PERCENT (IMITS
(MICRON) (MIC0V)
7.3%46 teb21 1) 35,478
6,801 1,478 1) 51,301
S.342 1.329 1) 21,465
3.535 1.034 1) 12.08°
1,086 «259 1) 4,555
.2Ud 2019 1) 3.1006

DM/DLOGD

MG/CublC %
«197E200
«626E=01]
«328E+00
«225E¢01
«T69E ¢ (02
o 192E 03

SaRrRT

PS150
.38
.38
1
.38
« 38
.SB



XAk

TITLE: INLEY Ut 2
TEST DATA
TEST OUwATION

METER TEWP,
METER PRES
HARD, PREeS
NUZZLE D]a,
vOL, YeTEw
STACK PRESSUKE
COND, AATER

TEST RESULTS
PERCENT MOISTURE
VILUME GAS ST0., DRY
PERCENT ISOKINETIC
CUNCENTRATION

6

11710778 1650 IMPIR

SIZE DISTRIBUTION RESULTS

CunNn  HOLE
PLATE COR NUMHER
i 1.01 4,
2 1,03 12.
3 1,07 24,
4 1,10 24,
LY 1,28 24,
6 1.65 24,
7 2,08 12,

1207106 7 STAGES 12 HOLES LAST STAGEN

30,0 MINUTES TEMP IMPACTOR = 347, DESS, F
6l. DEGS, F TEVP ATMOS, = 6l. DESS, F
00 IN, VELOCITY = 55,98 FI/SEC
29,12 INCH HG SAMPLE RATE = o655 CF(STAZK COND,)
«1875 INCHES TOTAL VOLUME(STACK) = 19,60 CF(STACK COND,.)
11,64 CUBIC FFET PARTICLE DENSITY = 1,80 GRAv/CCT
29.02 INCH MG STACK SUCTION =2 =,103E+00 INCH H3
19,0 (CC vISCOSITY = «C4E=03 POISE
Teb9
«3208¢00 CUBIC VETER
101,50
«250E403 MGRAM/CUBIC METER(IRY, 21,1 DEG 2, 760 ™v HG)

HULE D50 VEL MASS FRACT cong CJ¥ CUNC
DIAVETER (MICRONS) CM/SEC MGRAMYS MG/CUBIC “ MG/7LyBIL ™
«P65L+00 «252E¢02 «527€¢02 o 1262401 e Sh6E+01 «256£+403
«UT6E+00 e 106E+02 o 144E403 eb670£400 e 205E+01 +2528+03
« 198E+00 «395F+01 «416E0S «650E+00 «199€+01 »250£+03
«119E+00 «177TE+01 e 115E+04 e 366E+01 «112E+02 +2UBE+03
+B38E=01 +99LEOD «233E 404 JUSTEeN] + 140k «0?2 «237£+03
«533E=01 JUUIELDD «STSE+04 + 318E¢02 29758 ¢02 .223E+03
e 533k =01 «2T9E ¢00 «115€905 s2UTESO2 «758E+02 .126E+03

FILTER wEISHT s 163E+02 «U498E+ 0?2 «498E+02
TNTAL WEIGAHT «836E+02

LINEAR REGRESSION RESULTS

R I XY P YL R L Y Y ¥y

GEUMETRIC VEAN DIAVMETER

S1D, GEUMETRIC DEVIATION =
CORRELATION COELFFICIENT =
P(Cu™) ACTUAL D
PERCENT V4 (MICRON)
1 MU 2,168 25,173
2 e 9769 1,994 10,6006
3 « 9691 1,868 3,948
4 e 9253 1,442 1e7060
5 K708 1.1729 2991
6 LU0y - 125 sdul
7 « 1945 -.8061 o279
8 L0000

«9509 MJCRONS

3.728
909
CALC, D 9% PERCENT LIVITS
(MICRON) (MICRON)
H,854 2,228 10 315.020
1,022 1,975 12 24,962
5,953 1,798 T2 19,704
3.397 1,228 13 9,391
2,251 L8455 T2 5,927
LU93 2119 T) 2.035
s 104 .021 1) 1.271

DM/DLOGD
MG/CUBIC
«1038E+02
«SUTE+O]
«4b6UE+0}
«321E¢02
«958E+02
«2T9E+03
03785903

SaRY
P8ISO
.SG
38
.}8
.38
» 38
.38
.38



82-9

[

Tes

TEST DJwrATION

mE few
A few PRES
BAR), PRES
NOZZLE 01‘.

Lt s

I IS =

I pata

e v,

U

25 11710778 185

30,0 MIVUIE
62. UVEGS,
«00 IN,

29,12 INCH W
«1875 INCHES

VoL, “ETFR 11,42 CUBIC
STACK PRESSURE = 29,02 IANCH w
COND, NATER = 18,6 CC

TEST RESULTS
PERCENT MOISTURE = 1.69
VILUAE GAS STD, DRY = » 319t +00
PERCENT ISOKINETIC = 99,39
CUNCENTRATINN & +2S9E+03}

SIZE DISTRIBUTION RESULTS

PLA
|

~TF NE N

Tt

CuUuN HD)
CUR NUM
1,01
1,03
1,07
1.10
1,28
1,64
2,06

Lt
8t R
Ha
12.
24,
24,
24,
24,
1e.

HOLE
DIAMETER
s 963E+00
2470400
«198E+00
o119t ¢00
RELIXT B!
«935L =0}
oS85t =01

LINEAR REGRESSION RESULTS

GEUAETRIC MEAN DIAVETER
GEOMETRIC DEVIATION
COHWE LATLEON COEFFICIENT

Sfo,

I NG 8w -

p(Cu4)
RERCENT

<9190
09763
«9030
9537
.9267
0506“
1988
0000

ACTUAL D
z (MICKON)

2.291 25.4d4u
1,983 10,720
1,794 3,991
1,682 1,786
§,452 1.002

166 s 4ug9
-'HUB 02“3

R I¥PTR fte/10]1 7 STAGES

S
F

G

FEET
G

CUBIC MVETER

TEwP

TEP AT™MOS,

SAMPLE RATF

TOTAL vOLuv
PARTICLE
STAC«

v

MiRAM/CURIC METER(DRY,

NSy
(M]ICRONS)
o 2H4EC0R
L10TE+02
«399E+ 01
«179E40]
+1N0E+01
JUUIE+QO
2HEE 0O

vEuL
cm/5EC
«S15E+02
«JUiEe0d
JUOTERDS
«113E¢04
«22BESOY
«563E+04
«113E405

FILTER WEIGHT
TOTAL wEJGHT

+4bA VICRONS

5,560
«876

caLC. O
(MICRON)

R,6006
5,621
4,579
3,969
2.963%

ST

«159

95 PERCENT
(MIC30V)

1,740 1)
1,459 1)
1,279 1)
1.169 1)
e Q43 T
2119 1)
2U14 TD

IV¥PACTOUR
vELOCITY

E(STACK)
DENSITY
SUCTION

JSCNSITY

s« 1U03E+00

12 HOLES LAST STAGEN

347, OESS.

6?, DOE3S,
55,98 FT/SEC
+04 C(F(STA

19,19 CF(STA
1.80 GRaw/C

«2UE=03 POISE

21,1 DEG Cy» 760 Mv HG)

MASS FRAaCT
MGRA VS
0 910E¢00
+105E+01
«105E+01
+820E+00
«22324¢0)
«298E+0°
. 30UE+02
o 1OUE+D?
«8272+02

LIVITS

42,557
23,214
16,394
13,474
9.‘”
2.808
1.874

CONC
MG/CUBIC 9
0285t 401
«329E+01
«329E+01
«257E4+01
+HIRELOY
« 934k 402
« 952t +02
«513E+02

3
£

S CONDS)
c« COND,)

~
-

INSH M3

Civ¥ CONC

MG/CUBIL ¥
«299E+03
«256E+03
+253E+03
«CUJESO0]
247t +03
«2UOE+O0]
2lUTESO3
.S513k+02

Dw/DLOGD
MG/CURIC ¢
w7598 ¢01
JATHE+QY
+166E+01Y
«736E¢01
2TRE+02
268E+03
«4TbE 03

S3RT

PSISO
.38
o348
«38
.‘8
.38
»38
+38



6¢-9

TIILE: OJTLET  RUN 17 31710778 1711 JMPIR 1197176 & STASES 24 HULES LAST STAGEN

TEST nATaA
TeST JuxaAliun = B, MINUIES TEVYP [WPACTUR = 50, UF5S, F
METE< TEwP, = 4B, NEGS. F TEWP ATHOS, = 4B, DE5S, F
METER PRES = .00 IN, VELOCITY = 57.02 FT/SEC
HaARD, PS5 = 29,12 INCH Hi SAVMPLE RATE = 1.53 CF(sSTas< COvD,)
NYZZLE Dla, = «2500 INCHES TUTAL VO JVME(STACK) = 12.27 CF(STAZX CIND,)
VUL, Y TER = Roa3d4 LCuUBIC FLEET PARTIZLE DENSItY = 1.B0 GrawsCc:
Slaln PRESSURE = cHd.,68 INCM MG STACS SUCTION = =, 4alE+00 InNZTH H3
CONO, #ATER = 6.2 CC vliSCOSITy = «22E=038 ~OISE
FTEST RESULTS
PERCENT MOISTuxt = 3,07
VOLUIME GAS ST, DrY = o 24NES00  CUBIC VETER
PERCENT ISOKINVETEC = 151,62

COVCENTRATION U471 +03 MGRAM/CORBRIC METER(DRY, 21,1 DEG 2, 760 M9 HG)

SIZE OISIHRIBUTION RESULYS

Cuvy  HULL mOLt. 050 vEL MASS FRaACT CONC CJv CONC DM/NLOGD  SaRT
PLATE COR NUYBER DIAVETER (MICRONS) CM/SEC MGRAUS MG/CUBIC « MG/CUBIC M MG/CuBIC % PSISO
1 1,02 R, «965L 400 S156E4072 J1PUESDS LUSSECD] <1908 402 LUTIE S0 «504E+02 +38
2 1,04 12, «470E400 Z6STE+01 < 839E403 170402 JI11E¢02 «US2E+03 «189E+03 «38
s 1.10 24, «194E+00 J2USE+C e976E+03 3215402 o134E+03 «3R1E+03 +310E+03 ‘e 38
u 1.23 24, 119t 400 J10TE+0) «PT1E+04 «114E402 CUTT7E+02 s2UbE+03 e134E+03 .38
5 1.42 24, 838k =01 «SBRTE+DO JSUlbkeny L TU4E+0] «311E402 «199£+03 «119€+03 .38
6 2.06 24, «533E=01 J2UBEIND «133E405 .383E402 «139E+03 «168E+03 «371E¢03 .38
FILTER WEIGHT L691E+01 .2BBE$02 .2BBE +02
TOTAL ANEIGHT +1135403

LIt ar KEGRESSLION RFSULTS
cuecsvcsvessramesscowcvoOew

GEJUVETRIC vE At DIAMETER 1,619 VMICRONS

STy, GEOMETRIC JDEVIATION = 3.8%0

CURRELATION COEFFICIENT = « 979
P{CuM) ACTUAL D CALC, D 99 PERCEVI LIVITS

PERCENT z (MICKRON) (MICRON) (MICRODY)
1 « 9590 14747 19,040 16,914 b,126 1) 46,697
2 +HOHO +R73 6,573 5,227 Pe66H 1) 10,240
3 «9238 . 059 2,427 1.754 1,026 1) 24999
4 el -, 195 1.069 1,240 o714 1D 2,174
5 . 3864 -, 308 «5R7 « IHB L9049 1) 1,779
[ «UB13 =1 ,544 o 2UR .203 L0744 TD <559
7 L0000



0g-9

TITLES wulltl

TEST DaTa
TEST DuwralTluw
METER 1FvP,
METER PHRES
BAR), PRrES
NOZZLE O1A,
VoL, At TER
STACK PriSSJIRE
COD, ~ATER

Huwannuen

TEST RESULTS

L E L A 2 1 R 0 X L % J
PERCENT w018
vOLUME GAS S§STD,
PERCENT ISUKIN
CUNCENTRA

RiJn Jo 11710778 1551 IMPTIR 109/102 6 STAGES 24 HOLES LAST STAGEN

T.0 MINUTEH
S7. ODEGS.
0V IN,
29,12 InCH H
«2500 INCHES
6.95 CuBlC
28.6R INCH H
5.2 (C
TURE = 3,63
NHY = s 190L+00
LTiC = 123.24
TIUN = «756E+03

STZE OISTRIAYTEIUN QESULTS

CuN  m)
PLATL COR Nyw
1,01
1,04
1.10
1.22
1,49
2.00

OV E v -

LE
BER
H.
te,
24,
24,
e“.
eu,

HILE
DIAMETER
«J65E+00
s476E+00
+198E+00
1198400
+B38E=0])
«553L =01

LINEAR HEGRESSIUN RESULTS

GEOYETRIC vEAN DIAVETER
ST, GEOMETRIC DEVIATION
CORNELATION COEFFICIENT

PCuM)
PERCENT

« 9020
YY)
0299
.H102
3704
« 0900
JUtign

NO VLN -

Z

1.782
1.031
« 331
«177
=307
“1.29%

ACTUAL b
(MICRON)

16,173
6,797
2.512
1.109

eb]l
«259

S
4

G

FEEY
3

CURIC VETER

TEwP
1Ev

SAVPLE KATE

TOTAL vILUM
PARTICLE
STAC«

v

MGRAV/CURIC METER(DRY,

050
(MICRONS)
«162E¢02
+HBOE+0Y
«251E+01
+I111E+01Y
.bllE¢00
«259E¢00

vEL
cv/SEC
oJ16E¢01}
«317E¢03
«914E+O3
«253E+04
«S12E¢OU
«1206F+05

FILTEK wEISHT
TOTAL AwRIGAT

1,270 MICRONS

4,149
0963

cac, 0
(MICRON)

16,021
%.507
2.034
1,032

A2t
.20¢2

95 PERCENT
(MTCIV)

6,701 1D
S5.u28 1)
1,265 12
l.012 1)
071 1D
081 T2

I WPACTOR
P ATMDS,
VELOCITY

E(STACK)
DENSITY
SUCTION

ISCOSITY

W NN

e, dUIE+O0

250, DESS,
51, 0BS5S,
57.02 FI1/SEC
1.44 CF(STA
10,06 CF(STA
1.80 GRrav/C

.22E=03 PUISE

21,1 DEG Ty 760 M¥ HG)

MaSS FIACT
MGRA WS
«H552¢01
< 169E¢02
3242402
+BHSE+0]
«2R3Ze02
4172402
o1452¢02
+1UBED]

LIMITS

38,307
10.017
}.272
2.632
1,432
. 499

coNC
MG/CUBIC v
+ 2R3 402
+B60t ¢02
« 165t +03
«US1E+02
«14UE+03
«213F+03
s TU0Ee02

-
»

F

Cx COND,)
2« CONDL)

-
-

INCH W3

CJv CONC

MG/CYHIC ¥
«756E+03
7278403
«HULL +0}
JUTHE+0D
+H431E+0}
«287L¢03
«THDE+OZ

DM/DLOGD

MG/CUBIC ™
«751E+02
228E*03
«382E 03
w1276 ¢03
«556E+03
«572t 03

SIRT

PS1Isn
« 34
38
«38
.38
.38
38



L€-a

TITLE: InLET  Ruiy

TEST VATA
FEST DuUNATTUN
METER TE WP,
METER PKRES
HAR{J, PRES
NOZLLE DIA,
VoL, METER
STACK PRt S5UKRE
COnND, WATER

TEST RESULTS

PERCENT MOISTURE
NRY
PERCENT ISOKIVETIC

CONCENTRATION

VOLUME GAS ST0O,

A 117 3778 1757 J4Piw

1EvP

TEMR aTv)sS,

SAVPLE RATE

TOTAL VOLUVE(STACK)
PARTICLE DENSITY
STACK SUCTION
vISCOSITY

31,0 MVINUTES
62. DEGS, F
<00 IN,

29,10 INCH HG
<1875 INCHES
18,57 CuBIC FEET
23,04 INCH HG
25,0 C¢C
= b.ld7
= «S19E+00 CUHBIC METER
s 192,76
= «CT6E+03

SIZE DISTRIBUTION RESULTS

S CuUN  HD
PLATE COR NuM
1,01
1,03
1,08
1,19
1,44
1,81
2.57

~NT N E wWN -

LE
HEKR
8,
12.
24,
eu,
ed,
24,
12.

HOLE
DIAVMETER
« 965t +00
2UTOELOD
«198E+00
«119E¢00
«838L~01
«535k=01
«533E=-01

LINEAR REGRESSJION RESULTS

GEUMEIRIC YEAN DIAVMETER
STv, GLOMETRIC DEVIATION
CORRELATION CUOEFFICIENT

P(LUM)
PERCENT

09929
LIH62
29790
9672
£ 72917
e 354
.1022
2000y

X NTPE Y-

4

2,451
2.202
2,035
1,842

s012
«,373%
1.270

ACTUAL D
(MICROV)

2u,522
8,630
3,203
1,424
792
o346
o213

MGRAM/CUBIC METER(DRY,

DSu
(MICRONS)
« 205t ¢+02
+JHOUE+D
« JC0E+DNY
sld2t+n]
e 792E¢00N
«JUBE+O0
«213E¢00

vEL
Cuw/SEC
«761E+02
«210E+03
«bOLE+D3
e JOBESOY
¢ 33304
JASTE+OY
«367E¢05

FILTER wEIGHT
TOTAL AbE]GHT

556 MICKONS

2,898
918

caLC, D
(MICRON)

T.512
5.767
4,826
31,933
lnob"

«374

Jdu

9% PERCENT
(MICR0V)

1,970 12
1.705 7)
1,531 12
1,342 1)
+398 1D
095 1)
p022 1D

TYPArCTOR

VELOCITY

“.SHBE=O01
«23E=03 POISE

1207106 7 STAGES 12 HOLES LAST STAGEN

314, DESS.
62. UESS,
42,93 £ T/SEC

F
13

«95 CFH(STAZK COND,)
29,50 CF(STACK COnD,)
1.80 GRaw/CS

e1.,1 DEG C» 760 M¥ HG)

MASS FIACTY
MGHA VS
01028401
«960Z2+00
«J02E+01
«1692+0])
« 340E+02
«9472¢02
.3bl£002
s1d0E+02
+143E¢03

LIvITS

28,649
19,534
15,210
11,521
2,849
1,474
. 945

CONC
MG/CUBIC
«197E 401
«18SE+01)
«197E+0)
«326E 01
+655F+02
+104L+03
«696E+02
2H2E+02

INCH HS

CJvw CONC

MG/7CJslIC ¥
«276E+03
227UE+03
. 272E403
«270E+03
.267E+03
«2NIE+03
s 978£¢02
«.282E+02

DM/DLDGO
MG/CUBIC 4
« 523t +01}
JUGPESO1
JU56E+01]
« 925t +01
«2STE¢03
+2BBREC03
«332E+03

SIRT

PSIS50
«38
.38
+38
«38
.38
o368
.58



2e-1

TiTLes IvLET RUN 4 117 8778 194
TEST vATA
TEST OUWATLON = 45,0 MINUTE
METER TEW, = 59, DEGS.
METEN PHES = 200 IN,
BAKD, PHES = 29,10 INCH M
NUZZLE vIA, = +1BT7S INCHES
VUL, 1eTtR = es.,20 CUBIC
STACK PRESSuURE = 29,04 INCH M
COND, MATER = 1.3 CC
TEST WESULITS
PERCENT MGISTURE = 6,43
YOLUME GAS STD, DRY = 652 +00
PERCENT TISOKINLTIC = 166,79
CUNCENTRATIUV = «201E¢03

S14E DISTRIBUTION RELSULTS

CUN #)
eLATL CUR NUM
1,01
1,0%
1.08
1,17
1,351
t 78
2.22

~O NE -

LE
BLR
a,
12,
24,
24,
24,
24,
12,

HILE
DIAMETER
«65E+00
«U76E+00
s 19RE+00
«119L+00
«B3HE =0
DIt =0
e D33E=01

LINEAR REGRESSION RESULTS

GEOMETRIC VEAN DIAMETER

STO, GEUMETR

CORKRELATION COEFFICIENT

P(Cum)
PERCENT

« 9497
«9342
9287
«9109
o 7723
«4130
+0699
,0000

BNOT L& W -

IC

DEVIATION =
=

ACTUAL O

Z (MICRUN)

1.558 22.072
1,508 9.294
ledo7 5,453

1,384 1.540
e 74b «8b0
219 « 30
=1,477 237

¢ IMPIR 1087101 7 STAGES 12 HOLES LAST STAGEN

S TEMP [¥PACTOR

314, ODESS,

F TEWP AIMOS, = 59, OEGS, F
vELOCITY = 42,93 FT/SEC
G SAVMPLE RATE = «82 CF(STACK COND.)
TOTAL VOLJVWE(STACK) = 37.0% CF(STALK COND,)
FEET PARTICLE DJENSITY = 1,60 GRAaw/CC
G STACK SUCTION = «,58HE=01 INCH N3
viSCOSITY = «23E=03 POISE
CUBIC METER
MGRAM/CURIC METER(DRY, 21,1 DEG C, 760 mv WNG)
Dso "13% MASS FRACT CONC CJv COKC
(MICRONS) Cv/SEC MGHA WS MG/CUBIC 4 MG/7CuBIC M
sc2ibt0? «b6UEXDL o 7915401 «121E¢02 «201E¢03
«929E +01 «182E+03 +730E+00 1128401 «189E+03
«345E+01 «S2UE+D] «710E+00 +109E+01 »18BE+03
«154E+01 «1USE+0U «156E+01 «239E¢01 »187E+03
oBH60L+00 «293E¢04 «190£+02 «291€¢02 «185€+03
« JAOE400 «725E¢0u JU72g¢02 723602 <1958 +¢038
«237E+00 «145E+05 +U4S50c+02 o691k ¢02 «331E+0¢2
FILTEK WEIGHT e F1T7EXO) 1d1Ee02 141E+02
TOTAL wWEIGHT «131E403

+803 MICRONS

3,335
<840
caLc, D 95 PERZENT LIVITS
(MICRON) (MICR0V)
5,209 1,039 13 26,125
4,934 1,016 13 23.960
4,697 995 12 22.164
4,253 «951 10 19,014
1,972 5585 1D 7,003
o016 #1115 12 3,293
135 .008 TD 2.4l

DM/DLOGD

MG/CuBIC “
«323E¢02
«298L¢01
«253E¢01
«682E+01
«115€¢03
«20UE+03
«337€403

SaRy

PSISo
o 38
38
«38
.38
.38
38
«38



£e-9

Fifees TwLET R0y 8 1)/ 8/78 1912 IMPTR 104/103 7 STAGES 12 HOLES LAST STAGEN
TEsT vara
TEST DuraATiny = 45,0 MINUIES TEWP [MPACINR = 314,
METER TF4P, s 59, OLEGS, F TEWP ATM0S, = 59, F
METEwR PHRLS 3 «N0 IN, VELOCITY = 42,93
HARO, PRLS = 23,10 INCH HG SAVNILE RATE = «H2 CF(STAZK CIND,)
NUZILE Dla, = «1B75 INCHES TOTAL vOLJUME(STACK) = 37,05 CF(STAZK COND,)
vOL, METER = 24,20 CuBIC FEHT PARTJZLE DENSITY = 1.R0 GkRav/(Cel
STACK PRESSUHE = 29,04 INCH HG STACA SUCTION = =, 5HBE=01 INIH H5
CUND, ~ATER = 31,5 CC vISCOSITy = .23E=03 POISE
TEST ReSULIS
PERCENT MOISTURE = 6,43
VOLUME (GAS ST, DRY = 2652E400 CUBILC MLTER
PERCENT ISOKINETIC = 166,79
CUNCENTRATIUN = o 3UCE+01 MGRAM/CUBIC METER(ORY, 21,1 DEG T, 760 M¥ MG)
SIZE DISTRIGUTION RESULTS
[ X 2 X 2 2 XX 2 XX 3 X 0 X X 2 N ¥ Xy N J
Cun  HILE HOLE 0nso VEL MasSs faCY CONC CJ¥ CONC
PLATE  CuUR NUMGER DIAMETER (MICRUNS) C“/SEC YGRAVS MG/CUBIC % 9vG/CUBIC ¥
1 1.01 8. «965L 200 o l2L1E®N? .b6UE+0?2 4002400 «O14E+00 «342E401
2 1,08 1e. +u4l6Ev00 L929E¢0} «182E¢03 4402400 «675E+00 .291£+01
$ 1.08 a4, «19RL+00 « JUSE+N) RYLIXIE) LUTNECQO +721E+00 «C13E+01
4 1,17 24, «119E+00 e 194E+0 «1USE+0Y «360E400 «552E +00 +141E+01
5 1,31 24, +Bidte01 JABOE DD «293E¢04 «370E400 +568E+00 +B859E+00
[ 1,73 24, «935t =01 o+ 3BOE+0Q o 723E¢74% 1.,000c=0¢ «198E~01 «291E ¢DO
7 2.22 12, «983k=01 «237E+00 <1USE+UD «500E=01 o767t =01 2 2T6E+00
FILTER wWEISHY «1302¢00 ¢ 199E+00 «J199E+00
TAOTAL WNEIGAT «223E+01Y

LINEAR WEGRESSION RESULTS

FrY Y Y XYY PR X E LK B L A L A LA R L XXX X J

GEUVETRIC YEAN DIAMETER = S.010 MICHRONS
STD, GEOWMEIRIC DEVIATION 3 5.531
CORRt LATION COLFFICIENT = « 984
P(CuM) ACTuAL O catC, O 95 PERCENT LIMITS
PERCENT I'4 (VICRON) (MICRIN) (MICR0N)
1 . B200 « IR 22,0172 24,069 10,646 1) Sau,u17
-4 N-Y-X3) «314 9.294 B,5609 4,754 1) 15,444
4 .“l?b °.821 3.“‘)3 5.“50 2.196 1) 5.576
5 JUARY =1 ,371 «B060 LUB0 274 1) Jhue
® LOROT =1 ,40]1 «380 L4587 +25R T) .808
7 L0583 =1,570 237 342 +185 1) .Y}
) L0000

DM/DLOGD

MG/CUBIC ¥
16301
<180t +01
+16RE +01
1578 ¢01
22Ut +0}
+u32t=01
« 374t +00

SarTy

PSIS0
348
Lo 38
+38
38
.33
«38
34



ye-¢

TETLE:

udree T

TEST vala

TEST DuraTlUN
Me TR
METEK PRES
dAKD, PRLS
NUZILE DIA,
VUL o
STACR PRESSURE
Cl)NI).

TeEvP,

1ETER

~ATER

TEST WESULTS

PERCENT MOISTURF

VOLUME GAS STo,

Pt rRCeNT

SIdt

RUN

Dk

ISOKINETIC
CONCENTHRATION

2 117 3/78 1912 IMPIR

4S,0 VIwTtL
48, VDEGS,
00 IN,
29,10 INCH H
<1875  INCHES
25,56 CuBlIC
24,67 INCH H
4e.,d4 (C

v

T.65

. T34E+00
142,30
«965L+02

DISTRIBUTION RESULTS

PLAT
1

T NE wN

k

Cuv Wl
Cur Nij4
1.01
1.04
1.07
a7
1,50
1,70

LE
BER
Be
12,
24,
c4,
24,
24,

HILE
JIAMETER
«IbOELOV
LUl +00
«198E+00
+119E+00
«B38E=~01}
+333L-01

LINEAR REGRESSION RESULIS

GEUMETRIC MEAN DIAWMETER

ST, GFUMETIR]IC

CORRELATION COEFFICIENT

~N O NE N~

P(CuM)
PERCENT

.9971
« 9954
. 9850
<9795
<1714
L0000
20000

DEVIA

L

20760
2.606
2e.172
2.044

o743
q'oae

TION

ACTUAL D
(MICRUN)

20,788
Be 7156
5.250
1,454

eBlu

S
F

G

FEET
G

CUBIC METER

TEwP

TOTAL vILJME(STACK)

PARTICLE
STACK
v

MGRAM/CUHIC METER(DRY,

250
(MICRDOAS)
+20BE+D?
JH70E¢01
«32bE+01
«145E+01
JAldL 400
JI61E¢+ND

VEL
cwsSel
LT03E+0°
«193E+038
«555E+03
« 154k ¢0U
«511E+04
«768F¢04

FILYEN WELISHT
TOTAL NET1GHT

2,390 VILCRONS

1.271
o727

CaLC, n
(MICRON)

4,628
4,461
4,020
3.699
2,855

274

95 PERCENT
(MICI0V)

«SHT 1D
«585 T2
«H74 1)
«569 1)
482 12

1177126 o STAGES 24 HOLES LAST STAGENWN

IMPACTUR = 250, DEsS, F
TEMP ATM0S, = 48, VE3S, T
VELOCITY = 53,29 FI/SEC
SAVPLE RATE = .87 CF(STACK COND,)
s 39,26 CF(STAZK CIND,)
DENSITY = 1.80 GRavw/CE
SUCTION = e U26E+00 INCH n3
ISCQASITY = «22E=03 POISE
2l.1 DEG C, TOU MY HG)
MASS FACT CONC CJv CONC
MGRAYS MG/CUBIC “ WG/LuBIC v
« 120200 +164E+00 «365E+02
+TO0E=0} e 95Ut =01 sO63t U2
+4302¢00 «586L+400 «963£¢02
«230E 400 « 3138400 + 957402
H655¢01 <11HE+0Q?2 e 354F¢02
«520c+02 +436E+02 « 436t +02
.000E400 +000E¢00 «J00E+00
«U415E+02
LIMITS
36, Uuhn8
54,015
28,178
26,730
16,901
19,760

o N04 T

DY/DLOGL
MG/CuBll ¥
«435E €00
a294E +00
«136E¢01
«B95E¢00
U466k +02
o124k +03

SIRT

P3IS0
38
o 38
L
38
.38
«38



G€-9

FITLE: fuLbE W

TEST DATA
TEST DuwaTICN
METER TEYP,
METER PKES
BARD, PKRES
NUZILE DIA,
vOL, Yt TER
STACR PRt SSUKIE
CONU, aATER

TEST RESULTS

PERCENT MDISTuURE
NRY
PERCENT ISOKINETIC

CONCENTRATION

VOLUMYE GAS STD,

iJN

1 117 ¢/778 2ule 1IMPIR

3

f9
ol
12
29

4

4,0 MINUTES
S6., UDIGS, F
LU0 IN,
15 INCH HG
875 INCHES
«00 CUBIC FtET
209 INCH HG
1.¢ CC
14,20
«3STE+00 CUBIC METEW
131.51
.195£+02

SIZE VISTRIBUTION RESULTS

CuN HO
PLATE COR NUM
1,01
1,03
'.07
1.15
l.e,
1.62
2,01}

NIV E N -

Lt
AR
He
12.
cd,
’4d,
24,
2u,
12,

HOLE
DIAMETLR
«J05E+00
«U476E+00
s 198 +00
+ 119k ¢00
B3Rt =0}
e5383Le-01
«533E=0}

LINEAK KEGRESSTON RESULTS
GEOMETRIC MEAN DIAMETER =
$STD, GRLUMEFTRIC DEVIATION =
CORRELATIUN COEFFICIENT =

P(Cun)
PERCENT

LYY
+RT0S
N ATL!
J7190
e 71990
o119V
71190
LOND

X NQ UL Ny~

4

1,699
1,128
B30
. 580
Y Y
«SHD
YT

ACTuAL D
(MICRON)

CU KTy
10,4R3
3.905
1,750
C9HY
caus
«2HO

1077103 7 SIAGES 12 HOLES

1€ 4P

TeEv? AT¥OS,

SAMPLE RATE
TOTAL VDLUYME (STACK)
PARTIZLE DENS]ITY

STACK

vISCOSITY

MGRAM/CUBIC METER(DIRY,

D&HO
(MICRONS)
s2UYE 402
«105E¢02
«391E6+0]
175t ¢01
,QRUt ’00
sUU3E+ND
«2B0F ¢0n

vE.
CM/75¢EC
«e523E¢02
«1U3EL0}
a4l 4Ev0}
allSEQOU
«231E+04
«ST1E+OU
«114E+05

FILTER wEIGHT
TOTAL At 1GHT

«115 VICRONS

31,159
+894

catc, n
(MICRON)

39,527
S.54)
1,990

Bal
YD}
LD
JRUY

1¥PACTDR

vELOCITY

SUCTION

LLINE LI L B L I TR T T T

MASS FRaCT
MisRAMS
«310E¢00
«95902+00
«S10£+400
«D4NZe00
+000E400
.000£4+00
+000E+0U
JU99Z ¢ 0]
L 694z +0}

95 PERCZENT LIVITS

(MIC0V)

3,402 12 459,320

1.5%66 T2
L1704 1)
L238 T2
FITIRE
WITIRE
238 T)

19,605
S.628
2,973
2,97%
2,974
2,975

LAST STAGEN

314, DESS,
5. DES5S,
42,95 FT/SEC

«05 CF(STA
22.07 CF(STaA
1.80 GRAM/C

= .5H8E=01 INCH H

«238=03 PUISE

21.1 DEG £, 760 MY HG)

CONC
MG/CUBIC ¢
L869E+00
e 165E+01
+143E+0}
«151E¢0)
+000t«00
LO0DE+ND
«0D0E+00
«JUO0E+O?2

<€ COND,)
£ COND.)

-
L

CJY CONC

“wG/L0uB1C M
« 1968 +02
+186E+02
+169E¢+02
«155E+02
+sJUOEG2
~1U0E+02
+1U0E+02
140t +02

Dv/DLOGD
MG/CUBIC ¥
2328401
+JU4tE+O]
«333E+01
JU3UE+O01
»000E+00
L0008 ¢+00
,000t+00

SIRT
P5150
.38
« 34
- 38
« 38
« 38
« 38
o 38



9¢-¢

TiITLe: DLt L]

TEST paATA
TEST DURAT]IUN
METER Tt 9P,
METER PRES
gAakU, PRES
NOZZILE D1A,
VOL, METER
STALK PRESSUREL
CunD, alTER

TEST RESULIS

PERCEwT MOISTURE
vOLUME GAS STD, UHY
PERCENT TSOKINETIC
CONCENTRATIUN

(VR

S4 117217768 1400 IMPIR

15.0
45,

29,40
« 0000
4,65
29.35
S.3

ol
$583
.3

SIZE OISTRIRUTION RESULTS

Cun W)
PLATE COR Nuywm
1,01
1,02
1,06
1,12
1,22
1,48
1.77

~O VL N —-

Lt
BER
B,
1e.
24,
Cl,
24,
PLTIS
12,

[
DIA
« 36
H7
19
oll
.83
«53
.53

LINEAR REGRESSION RESULTS

GEOVME TRIC “EAN DIAMETER
STO, GEUMETRIC DEVIATION

CUORHEt LATION COEFFICIENT

P(Cum)
PERCEIT

v 9804
« 9697
« 9550
RRY]
L8025
8925
28905
L0000

ENOVE N

AC
Z (€]
2.205 2
1.878 1
l."os
1.584
1.240
1,240
1,240

MINUTES TEVYP 1MPACTOR s
DEGS, F TEV? AIMGS, =
1IN, VELOCITY =
INCH WG SAVMPLE RATE =
INCHE S TOTAL vOLUME(STACK) =
CUBIC FEEY PARTICLE DENSITY =
INCH MG STaC«< SUCTION =
ce vISCOSify =
5.33%

S56£+400 CUBIC “ETER

$£5388

~,4H2E=0t

1207104 7 STAGES 12 HOLES LAST STAGEN

287, DESS,

45, DLSS.
42,97 FT/SEC
J49 CF(STA

7.28 CF(STA

I3

<< CIND,)
oK COND,)

1,80 GRAvW/CC

«23€«03 POISE

9T7E+03  MLRAVM/CURIC METER(DRY, 21,1 DEG Cy» T60 MM nHG)

oLE

VETER
5E¢00
6E+00
8t +00
9€+00
He=01
3t-01
3te01

bb

TUAL D
ICRON)

8,429
1,996
4,48y
2.()23
1.146
«Ha7?
« 341

NS0 VEL MASS FaCT
(MICRONS) CM/SEC MGRAYS
«2BUE+02 «391E+02 «THOEH00
«120E+02 +107E+03 ~89UE+00
JHURBRE+D] «309E+03 « 1602400
o 202E 0} «8S6E+03 «660E+00
o115E¢01 «173E+04 274Z+01
«S2TE+00 «UTECOU LU00E+N0
<JULE+0O JHSUESOU .000E+400
FILVER wEIGHT +UBIE+DR
TOVAL wEIGHT «5392402

«N03 MICRONS

TS

« 969

caLC, 0 95 PERCENT LIMITS
(MICRON) (M1CRON)

34,065 10,778 1) 107,601
8,609 4,181 12 17.944
4,132 2.28% 1) T.473
2516 1,436 1) 4,406

. 594 270 112 1,309
<594 .270 1) 1,309
+H9d .270 1) 1.309

CONC
MG/CURIC ¢
«S45E+0)
+656E¢01
«S00E+01
JuBoE+01}
«202E402
<000E«00
+000E«00
+ 35Ut +03

INCH M5

CJv CONC

M6/7CuUBIC M
« 397803
«392E403
« IBSE+03
«379E¢03}
«37SE+03
« 354 +03
< 3Sute0y
o 3SUE+03

DM/DLOGD

M5/CUBIC o
slUubt ¢02
175k +02
J131E¢02
s141E¢02
+B19E¢02
2000800
,000t¢00

8 JRT

PSIS0
.38
.38
«38
.34
.38
.34
.38



[£-9

STAGEN

TITLES DUTLET  RUN @0 11720778 1430 IMPTR 11R/105 o STAGES 24 MOLFS LAST
TEST OATA
TEST DURATION = 89,0 MINUTES TEMP IMPACLTUk = 25U, DEss, F
MLTER TEWP, = 47, DEGS. ¢ TE®P aTv)S, = 47, DESS, F
METEN PRES = «00 IN, VELOCITY = 47,33 FT/SEC
BAR(D, PNES = 29,40 INCH HG SavALE RATE = 1,40 CF(STACZK CZIND,)
NOZZLE DlAa, = L0000 INCHES TOTAL VOLUME(STACK) = 124,40 CF(STACK COND,)
VOL, MELTER = 86,12 CUBIC FERT PARTIZLE DENSITY = 1.0 GRavw/C2
STACK PRESSURE = PB,36 JNCH HG STACK SUCTINN = =, 4d4i1F+00 INZH M3
CUND, wATER = 28,0 CC vISCOSItY = .22E~03 PUISE
TEST RESULTS
PERCENT MOISTURE = 1.58
VOLUME A4S STL, DRY = +2950E 401 CUBIC 4t T¢R
PERCENT ISOKINETIC = 3593358183
CUNCENTRATION = +U00E+00 MGRAM/CUHIC METER(IRY, 21,1 DEG 2, 760 M¥ HG)
SIZEL DISTRIBUTIUN RESULTS
CUN  HULE HOLE D50 vEL MASS FaCT CONC CJv CONC
PLATE COR NUMHER DIAMETER (MICRONS) CM/SEC MGRAMS MG/CUBLC ¢ WG/ J31C 4
| 1.01 8, «FOHE+00 c16UE+0? «113E+03 «000E+00 «000E+00 «000E+00
2 1.03 1e. «476L¢00 «589E+0 « JOIE+03 «V00ECO0D «000E+00 «00NE+DO
3 1,09 24, «198E400 «2955E+01 +HBB3E+03 .0002+00 +000E+00 +D00E+00
4 1.21 24, «119E400 +113E+01 LPUIESDY L0002¢00 .N00E¢0D .000E+00
LY 1,39 24, d838E=D] «b21E+00 JUIHELOU L0ONE+00 +000E+00 +000E+00
6 1,90 24, «933%€e0t «26SE400 «1PSESDS L000E+00 .000E+0) L000E+00
FILTER wWEIGHT L,00062400 .000E+00 .000E+00
TOTAL At IGHT L000E+00
LINEAR REGRESSION RESULTS
GEUMETRIC YEAN DIAVETER = 1,778 VICHRINS
ST0, GEUMETRIC DEVIATION = 1,035
CORRELATION COEFFICIENT = $355335%%%
P(CU) ACTUAL O caLC, 0 95 PERZENT _IMVITS
PERCENT Z (MICRON) (MICRON) (MICROV)
1929031995 2.516 10,399 1,941 o143 T3 26,427
21593595558 245106 6,893 1,941 «143 T2 26,427
3955555439 2.516 2ebd9 1.941 .143 1) 26,427
4853555998 2.516 1.127 1,941 J14d 1) 26,427
TITEIE33E 2.516 o521 1,941 «143 12 26,427
633234558 F 2,516 0265 1,941 o143 T2 26,427

7535883235 %%

DM/DLOGD

MG/CUBIC
+000E+00
«000E+00
«00uE+00
.000E+00
200Ut +00
»000E+0D

SJIRT
Ps150
.38
« 38
«38
"« 38
«38
.38



/7IVPCT ¢ 03 JUN addebSonhk
ZIMPCT ¢ 03 dv 2432650H
ZIMPCT : 03 uUN @3207e8

8e-1q



7LMPCT
71vPCT
/719PCT
/71vPCY

e o8 0a oy

a

U

c3
03
03
03

TITLEs INLET R

TEST DATA
TEST DURATION
METER TEMP,
METER PRES
HaArRY, PRES
NOZZILE DIA,
VoL, VETER
STACK PRESSUKRE
CuND, ~ATER

TEST RESULTS

PERCENT MUISTURE

voLuwt GAS S1D,

PERCENT ISOXINETIC
CONCENTRATION

S1Zt DISTRIBUTION RESULTS

Cun MO
PLATE CuR NuVv
1,01
1,02
1,06
t.13
1.23
1.51
1.83

NPT E W -

LINEAR REGRESSION RESULTS

GEOVETHIC YEAN DIAMETER
SID, GEOMETRIC DEVIATION

CORRELATIUN COEFFICIENT

P{CumM)

PERCENT

1 « 1325

l 5062

3 3045

q .1358

5 ,0000

[ s 0000

!/ . NOOV

] 0000
Un 23264909
UN 2326501
UN awddehon

UN w8269501

1207104 7 §TAGES

TEWP
TEY

SAv

TOTAL vDLuv
PARTICLE
STACK

v

MGRAM/CUBIC METER(DRY,

VEL
Cv/SEC
WUS6EL02
«120E4+04
«JUuE+03
«9S55F+03
«193F+0u
«4THESOU
«9535Er 04

FILTER WEIGHT
TOTAL wEIGHT

95 PERCENT
(VICRIV)

2.07% 1)
1,913 72
1.770 1)
1,609 1)
2102 TJ
102 1)

Un 81 11720778 1710 [MPTIR
30,0 MINUTES
S2. OGS, F
<00 IN,
29,40 INCH WG
»0000 INCHES
10,81 CuBIC FELET
29.35 INCH HG
7.9 CC
= 3,49
DRY = «S11E400 CUBIC VETER
= 2535985588
= «781L+01
LF HOLE LYY
BER DIAMETER (MICRONS)
8. .965E+00 «2BbHAE+02
12, l“7°E’00 ."StQOB
24, L198E+00 LUPIE+D]
24, 113t 400 «190E+01
24, B38E=01 «108E+01)
Pd, .933E-01 «4Y93E+00
12, «533L =01 «317E¢00
H 4,026 WICRONS
] 1,356
z «HB7
ACTuaL D caLC, D
Z (MICRON) (MICRON)
620 26,832 9,694
015 11,319 Ho(6U
“.511 4,228 6,869
1,099 1.904 5,742
=9,06u¢ 1.077 o511
-J,0U2 S 493 51
-9,042 317 .51

102 1)

IvMPACIDR
P ATMOS,
VELOCTITY
PLE RATE
E(STACK)

DENSITY

SUCTJON
I1SCOSITY

12 HOLES LAST STAGEN

81, Dts3s,

52, DE3S.
46,70 FT/SEC
«94  CF(STA

16,24 CF(STA
1,80 GRAW/C

=.4T7BE=01 INIH H

,23E-03 POUISE

21.1 DEG 2, 760 M4 HG)

MASS FRACT
MGRAMS
«0H0E+00
«5502¢00
JU40E+00
JUL0E+QD
03305000
«000E+OV
+U00E®0V
«000E+00
»203E401

LIVITS

485,092
53,997
26,656
?0,48R
2.502
2.562
2,562

CONC
MG/CudlIC ¢
220Gk +01
«177E 401}
o 1SALE+0}
«132t¢01
«JOBE+O!
O00E+00
«000E+00
+000E+00

[
F

£«€ TaNDL)
£« COND,)

~
EJ

CJv CONC

MG/7CJUHIC ™
»781E+01
«372E401
« 395E401
«238E+01
«106E+01
+000E+00
«NONE+QO
«000E+00

DM/DLAGD

MG/CuBIC 4
v 957k +01
wuT2E+VY
« 36BE+0}
«3680E+01
<429k +0}
«00NE+Q0
-000&900

SIRT

”3150
+ 38
«38
» 3R
« 38
« 38
3B
.38



ov-4

TiTLe: UuTLE?

TEST DATA
TEST DURATION
METER TewP,
METew PRES
HARO, PRES
NOZZLE vI1A,
vOL, METER
STACK PRESSUWE
COND, #ATER

TEST KRESULTS
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