United States Industrial Environmental Research EPA-600/7-78-094
Environmental Protection Laboratory June 1978
Agency Research Triangle Park NC 27711

wEPA CEA
Variable-Throat

Venturi Scrubber
Evaluation

Interagency
Energy/Environment
R&D Program Report




RESEARCH REPORTING SERIES

Research reports of the Office of Research and Development, U.S. Environmental Protec-
tion Agency, have been grouped into nine series. These nine broad categories were
established to facilitate further development and application of environmental tech-
nology. Elimination of traditional grouping was consciously planned to foster technology
transfer and a maximum interface in related fields. The nine series are:

Environmental Health Effects Research

Environmental Protaction Technology

Ecological Research

Environmental Monitoring

Socioeconomic Environmental Studies

Scientific and Technical Assessment Reports (STAR)
Interagency Energy-Environment Research and Devslopment
"Special” Reports

Miscellaneous Reports

©oOoNOO AWM~

This report has been assigned to the ENVIRONMENTAL PROTECTION TECHNOLOGY
series. This series describes research performed to develop and demonstrate instrumen-
tation, equipment, and methodology to repair or prevent environmental degradation from
point and non-point sources of pollution. This work provides the new or improved tech-
nology required for the control and treatment of poliution sources to meet environmental
quality standards.

REVIEW NOTICE

This report has been reviewed by the U.S. Environmental
Protection Agency, and approved for publication. Approval
does not signify that the contents necessarily reflect the
views and policy of the Agency, nor does mention of trade
names or commercial products constitute endorsement or
recommendation for use.

This document is available to the public through the National Technical Informa-
tion Service, Springfield, Virginia 22161.



EPA-600/7-78-094
June 1978

CEA Variable-Throat Venturi
Scrubber Evaluation

by
Joseph D. McCain
Southern Research Institute

2000 Ninth Avenue, South
Birmingham, Alabama 35202

Contract No. 68-02-1480
Program Element No. EHE624A

EPA Project Officer: Dale L. Harmon

Industrial Environmental Research Laboratory
Office of Energy, Minerals, and Industry
Research Triangle Park, NC 27711

Prepared for

U.S. ENVIRONMENTAL PROTECTION AGENCY
Office of Research and Development
Washington, DC 20460



TABLE OF CONTENTS

ABSTRACT
CONCLUSIONS
INTRODUCTION
DISCUSSION
APPENDICES
A - Manufacturer's Description of the Scrubber

B - Cascade Impactor Data

LIST OF FIGURES
1 Simplified scrubber flow diagram

2 Average inlet particle. size distribution from
cascade impactor data on a cumulative percent
by mass basis

3 Average outlet particle size distribution from
cascade impactor data on a cumulative percent
by mass basis

4 Average inlet particle size distribution on a
cumulative mass concentration basis from cascade
impactor data

5 Average outlet particle size distribution on a
cumulative mass concentration basis from cascade
impactor data

6 Average inlet particle size distribution on a
differential mass basis from cascade impactor
data

7 Average outlet particle size distribution on a
differential mass basis from cascade impactor
data '

8 Fractional efficiency curve on an aerodynamic

particle diameter basis for the CEA variable
throat venturi scrubber operating at a. venturi
pressure drop of 48 cm (19 in.) w.c.

iii

Page No.

ii

37

49

17

18

19

20

21

22

23



10

11

12

13

14

Al

A2

Inlet size distribution on a cumulative concen-
tration by number basis from electrical mobility
and optical methods

Outlet size distribution on a cumulative concen-
tration by number basis from electrical mOblllty
and optical methods

Fractional efficiencies based on electrical
mobility and optical methods shown on a "physical"
diameter basis. Also shown are fractional effi-
ciencies from the cascade impactor data on a basis
of Stoke's diameters,

Relative changes in outlet concentrations of fine
particulates resulting from changing the venturi
pressure drop over the range from 31 cm to 51 cnm
w.c. (12,25 to 20.0 in.)

Opacity changes in the combined effluent from three
scrubber modules resulting from varying the venturi
pressure drop of one of the modules from 31 cm to
51 cm w.c. (12.2 to 22.44 in.) while holding the
pressure drops of the other two modules constant at
48 cm and 49 cm (18.9 to 19.29 in.) respectively

Comparison of the performance of the CEA variable
throat venturi scrubber with several types of con-
ventional scrubbers using the "cut diameter" method
described by Calvert (1974) J. APCR, 24:929).

The Montana Power Company - Puget Sound Power and
Light Colstrip Units 1 & 2 (360 MW each) flue gas
cleaning system '

Colstrip scrubber module

LIST OF TABLES
Scrubber design parameters

CEA variable throat venturi scrubber test inlet
mass data

CEA variable throat venturi scrubber test outlet
mass data

CEA variable throat venturi scrubber efficiencies
from mass train data

Comparison of mass train and impactor catches

iv

26

27

28

30

31

34

38

39

10

11

12

13



Al
A2
A3
Bl
B2
B3

B4

Estimated particulate emissions, lbs/MMBTU

Plant and scrubber operating data during primary
test period

Colstrip Power Plant scrubber SO: removal
efficiency

Emission test results - EPA method

Fuel and ash as described in specifications
Scrubber availability vs. plant load

Inlet impactor blank run data

Outlet impactor blank run data

Inlet impactor data

Outlet impactor data

16

35

43

44

45

50

51

52

65



SECTION I

CONCLUSIONS

This evaluation wés one ofﬂa series of studies being con-
ducted by the Industrial Environmental Research Laboratory of
the Environmental Protection Agency to identify and test novel
devices which are capable of high efficiency collection of
particulates. The test methods used may not have been consis-
tent with compliance-type methods, but were state-of-the-art
techniques for measuring mass and fractional efficiency using

standard mass train and inertial, electrical, and optical methods.

The overall collection efficiency of the CEA variable throat
venturi scrubber, determinéd‘by conventional (Method 17) tech-
niques on a pulverized coal fired power boiler producing particu-
late having a mass median diameter of about 20 um, ranged from
99.12 to 99.50 during three days of testing. The venturi pres-
sure drop ranged from 44.5 cm w.c. to 48.3 cm w.c. Measured |
fractional efficiencies were about 5% at 0.06 um, 25% at 0.1 um,
40% at 0.20 um, 50% at 0.5 um, 98.4% at 1.0 um, and 99.99% at
2 um. The system energy usage during the tests was approximately
7200 joules/DNCM. SOz collection efficiency ranged from 76.5%

to 85.6%.



A comparison of the performance of the CEA scrubber with
that of conventional scrubbers of various types is shown in

Figure 14.

The results of this comparison indicate that the scrubber
tested performed about the same as a well designed conventional

venturi scrubber operating at the same pressure drop.



SECTION II

INTRODUCTION

This report presents results of tests conducted by Southern
Research Institute to determine the capability of the C.E.A. varia-
ble throat venturi scrubber to collect fine particles. The
goals of the tests were to determine the overall mass effici-
ency and the fractional efficiency of the scrubber when opera-
ting under normal conditions in controlling the emissions from

a pulverized coal fired power boiler.

Figure 1 is a schematic of the power boiler and scrubber
systems showing the inlet and outlet sampling locations. The
tests were conducted on one of the three identical scrubber
modules thch are operated in parallel to control SO, and par-
ticulate emissions from the power boiler. The three modules
are independently controlled with respect to liquor flows and
venturi pressure drép. Pressure drops across the venturis are
regulated by adjusting the position of the "plumb bob" shown
in Figure 1, thereby increasing or decreasing the cross section-
al area of the venturi throat. Throughout these tests, with
the excéption of one brief period, the pressure drop across the
venturi on the module being tested was held at 46 * 2 ém W.C..

Gas temperatures at the scrubber inlet ranged from 129°C to
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137°C. The scrubber exit gas temperatures ranged from 57°C to
60°C and temperaturés at the outlet test plane ranged from 94°C
to 99°C. The temperature rise between the scrubber exit and
the outlet mass sampling location results from a flue gas re-
heat system and the action of the fan, both of which are loca-
ted between the sérubber outlet and the sampling plane. The
gas flow handled bv the scrubber throughout the tests was

approximately 130 DNCM/sec (280,000 DSCFM) .

Testing took place on May 17, 18, 19, and 20, 1977, with
some preliminary testing on May 16. Except for a brief period
on May 20, the unit was operated at relatively constant condi-
tions of gas flow and pressure drop. A plénned series of tests
at other pressure drops was cancelled because of a forced shut-
down of the unit being tested which resulted from malfunctions in

the turbine and boiler.



SECTION III

DISCUSSION

A total of four measurement techniques were used during
the tests. These were: (1) electrical mobility techniques us-
ing a Thermosystems Model 3030 Electrical Aerosol Analyzer for
determining concentration and size distribution on a number basis
for particles having sizes between 0.0l pym and 0.3 pm, (2) op—'
tical techniques to determine concentrations and size distri-
butions for particles having diameters between approximately
0.5 um and 2.0 um, (3) inertial techniques using cascade impac-
tors for determining concentrations and size distributions on
a mass basis for particles having sizes between approximately
0.5 uym and 5.0 um, and (4) standard mass train (Method 17) mea-
surements for determining total inlet and outlet mass loadings

and emission rates.

Description of the Scrubber

The scrubber, which was illustrated in Figure 1, is made
up in a modular fashion with three modules required for treat-
ing the flue gases from each of the station's 360 MW units.
Each module is comprised of a variable throat venturi section .
for'particulate and sulfur dioxide collection followed by a

spray type absorption section for further sulfur dioxide removal.



The spray type absorber is followed by a wash tray for reducing
the concentration of suspended and dissolved solids in the en-
trained liquors andlis followed in turn by a chevron type mist
eliminator. A reheater is used between the scrubber and the
induced draft fan to prevent condensation downstream of the
scrubber, and totraise the temperature of the exhaust gases
from the scrubber to that necessary for obtaining sufficient gas
buoyancy for discharge through the stack. The venturi sections
have a designed pressure‘drop range of 30.5 cm (12 in.) to

50.8 cm (20 in.) w.c. with a nominal operating pressure drop

of 43 cm (17 ih.) w.c.. Design L/G rates are 2.0 &/m’ (15 gal/
1000 CF) in the venturi section and 2.41 %/m?® (18 gal/1000 CF)

in the absorber section.

High alkaii metal oxides content in the fly ash permitted
the scrubber to be designed to use a recirculating slurry of
flyash for SO, removal. The system operates with a slurry having
a pH of 5.0 to 5.6 containing 12 percent solids by weight. The
pH is controlled by the addition of small amounts of lime as
required. The scrubber design parameters are given inATable
1. A more complete description of the scrubber is given in

Appendix A.



Table 1

Design Parameters For The CEA Variable Throat Venturi Scrubber
(Colstrip Application)

Venturi Pressure Drop
Venturi L/G

Absorption Spray L/G

% suspended solids in
recirculating slurry, by weight
Residence time in the recycle tank
Gas velocity in mist eliminator zone

Wash tray pressure drop

Mist eliminator pressure drop

Reheat pressure drop

Total system pressure drop
(including reheat)

Total scrubber pressure drop
(less reheat) ‘

6
5

43.2 cm w.cC.
2 2/m

(17 in.)
(15 gal/1000 ACF,
saturated)

(18 gal/1000 ACF,
saturated)

2.41 2/m

12%
8 minutes
2.65 m/sec (8.7 ft/sec)

9.65 cm w.c. (3.8 in.)
2.5 cm w.c (1 in.)

5.6 cm w.cC (2.2 in.)
4.8 cm w.c (25.5 in.)
5.4 cm w.cC (21.8 in.)



Method 17 Results and Overall Collection Efficiencies

Method 17 data were obtained on four days of testing with
the first days' test intended as a preliminary run rather than
an actual data run. However, the preliminary run data appears
to be sufficiently useful as to warrant its inclusion in this
report. Including the preliminary'run, a total of 6 pairs of

‘inlet and outlet tests were performed.

The data obtained by Method 17 are summarized in Tablesl
2 and 3. The overall céilection efficiencies for each of the
pairs of tests are given in Table 4. Two values are‘shown for
the outlet mass loadings for tests 3, 4, 5, and 6 in Table 3
and'for the efficiencies calculated for those tests in Table
4., The reasons for the two sets of values are based on the in-
formation contained in Table 5, which shows the values for the
particulate catches in the outlet Method 17 data and correspon-
ding outlet impactor data. The catch data for each run is bro-
ken down into two components, the material caught in the nozzle
éﬁd'that which passed through the nozzle and was caught down-

stream of it.

The Method 17 runs and the impactor runs were made using
virtually identical "buttonhook" nozzles and at very nearly the
same flow rates (isokinetic at all points for the Method 17 runs
and near isokinetic.fixed flow rates for the impactor runs). The
sampling times differed slightly; most of the Method 17 times were
96 min while most of the impactor sampling times were 80 minutes.

Note that the weights for the material caught downstream of the



Run
Number

Date
Time
Moisture, %
Gas Tempera-
ture, °C
°F
Volumetric
Flow, m’/sec
ACFM
Volumetric
Flow, DNCM/s
DSCFM

Concentration,
grams/ACM

Concentration,
gr ams/DNCM

Isokinetic, %

Table 2

CEA Variable Throat Venturi Test
' Inlet Mass Data

1*
5-16-77
1715

10.30

134
274

208.6
442,000

116.5
247,700

2.0184

3.6145

107.62

2%
5-17-717
1455

11.62

132
269

201.3
426,500

110.3
233,600

2.8325

5.1701

105.85

* Used points for 10 ft. stack
**Test cut short by 3 points (6 minutes) due to boiler shutdown.

10

3
5-18-77
1235

10.25

129
265

233.9
495,500

131.9
279,500

3.3097

5.8663

104.23

4
5-18-77
1545

10.87

129
264

236.9
502,000

132.9
281,500

3.4820

6.2079

108.62

5
5-19-77
0825
11.86

137
278

238.8
506,000

130.1
275,600

3.5145

6.4512

103.79

6 **
5-19-77
1245 |
12.26

133
272

227.6
482,300

124.4
263,500

3.5829

6.5546

103.56



Table 3

CEA Variable Throat Venturi

Outlet Mass Train Data

Run
Number 1*
Data 5-16-77
Time 1700
Moisture, % 14.01

Gas Temperature,

°C : 99.4
°p 211
Volumetric
Flow, M’/s 194.9
ACFM 413,000
Volumetric 7
Flow, DNM®/s 118.4
DSCFM 250,800
Concentration,
mg/ACM Raw 26.09
Corrected** 26.09
Concentration,
mg/DNCM Raw 42.79
Corrected** 42.79
Isokinetic, % 105.71

* Nozzle changed in middle of test.

2
5-17-77
1315
19.45

94.4
202

224.8
476,200

128.4
171,100

25.86
25.86

45.31
45.31

113.99

5-18-77

17.37

96.1
205

238.9
506,200

140.0
196,700

75.97
19.66

129.75
33.58

106.40

4
5-18-77
1500
16.53

96.1
205

273.8
579,300

162.1
343,500

63.39
21.52

106.87
36.28

106.76

5
5-19-77
0830
18.70

96.1
205

237.8
503,800

137.3
290,900

68.42
24.23

118.31
41.90

103.91

6
5-19-77
1300
18.15

96.1
205

239.3
507,000

139.3
295,200

44.62
19.23

76.66
33.04

104.66

One traverse point omitted.
**FPor explanation of corrected concentrations see text.

11



Table 4
CEA Varlable Throat Venturi Scrubber Efficiencies From
Mass Train Data
Run No. Date Efficiency (%) Revised**

Efficiency (%)
1* 5-16-77 98.82 : 98.82

2% 5-17-77 99.12 99.12
3 5-18-717 97.79 '99.43
4 5-18-77 98.28 99.42
5 5-19-717 97.18 99.35
6 5-19-77 98.83 99.50

* Calculated efficiencies for runs 1 and 2 are probably not reliable
because of the sampling errors noted in Tables 2 and 3.

**For explanation of revised efficiencies see text.

12



Table 5

Comparison Of Mass Train and Impactor Catches

(A1l catch weights in milligrams, adjusted to egual sampling times)

Date

Item

Method 17
Nozzle

Impactor
Nozzle

Method 17
Filter

Impactor
Substrates
and Filter

13

16 17 18 19 20
Catch Weight
.37 1.52 59.53 45.65
50.99 26.99
2.74 3.66 0.44 0.67
2.58 1.83 0.55 0.27
6.81 2.15 1.27 1.61
31.6 25.6 19.5 23.4
- 24.7 18.7
29.56 14.83 14.60 16.28 17.71
38.64 21.43 17.78 14.62
52.41 22.52 19.97 20.51



nozzles are quite consistent for each system and are rather close
in average value when adjusted to the same sampling time. Further-
more, the nozzle catch weights for the impactors were consistently
about 0.5 to 3.0 mg. This agrees well with the Method 17 nozzle
catch weights for the first two days of sampling. On the other
hand, the nozzle catch weights for the Method 17 runs on the third
and fourth days of testing were very much higher than those of

the impactors and the previous two days' Method 17 results.

- It was thus concluded that the nozzle washes for the Method
17 tests on the third and fourth days of testing were somehow
contaminated and that they should be omitted from the analysis.
The corrected Method 17 results and the corrected overall mass
efficiencies shown in Tables 2 and 4 are based on the Method
17 filter catches to which nominal nozzle catch weights have
. been added. These nominal nozzle catch weights were based on
the impactor nozzle catch weights. These corrected results
are believed to be fairly reliable values of the Method 17 outlet
tests. The overall collection efficiency of the scrubber on
this source under the conditions of operation tested is thus

found to be approximately 99.4 percent.

Although the total combined emissions from the three scrub- -
ber modules used for SOx.and particulate removal from the Unit
1 flue gases were not measured, estimates of these emissiqns
can be made by assuming that the three modules were performing

identically and were processing equal gas volumes. If these

14



assumptions are made one can estimate the particulate emissions
in terms of pounds of particulate per million BTU thermal input.
Such estimates were made for the data from the tests on 5/17,

5/18 and 5/19 and the results are shown in Table 6.

Cascade Impactor Results

Inertial sizing was accomplished using modified Brink im-
pactors for inlet measurements and University of Washington Mark
III impactors for outlet measurements. Sampiing was done in
both cases at near isokinetic flow rates, thus errors due to
deviations from isokinetic sampling should be of little conse-
quence. All impactors used in this program were calibrated at
SoRI using the methods described-in EPA publicétions 600/2-76-

280 and 600/2-77-004.

The impactor data are summarized in Figures 2 through 8.
Figures 2 and 3 present éveraged inlet and outlet size distri-
butions, respectively, on a cumulative percentage (by mass) basis-
versus aerodynamic particle diameter. Figures 4 and 5 show the
same data on a cumulative mass concentration basis and Figures
6 and 7 show the data on a differential mass basis. Figure 8
shows the fractional efficiency curve as a function of aerody-
namic particle diameter as derived from the inlet and outlet data
that were presented'in the previous figures. The fractional
efficiency curve is shown in the following section as a function

of Stoke's diameter together with the efficiency curves derived

15
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Table 6

Estimated Particulate Emissions, lbs/MMBTU

Date. Unit Load MMBTU/hour Module C Corrected* Emissions Combined Total
MW Gas Flow Mass Loading, 1bs/hour Estimated Emissions,
DSCFM grains/DSCF ~Module C Total 1b/MMBTU
Emissions,
lbs/hour
(=3x module c

emissions)
5/17 330 3100 272000 0.0198 46 .16 138.5 0.045
5/18 350 3290 297000 0.0147 37.42 112.3 0.034
5/18 355 3340 343000 0.0159 46 .75 140.2 0.042
5/19 355 3340 291000 - 0.0183 45.65 136.9 0.041
5/19 355 3340 295000 0.0144 36.41 109.2 0.033

*For explanation of corrected mass loadings see text.



CUMULATIVE PERCENT

107t~ 10° 10t 10°

AERODYNAMIC DIAMETER (MICROMETERS)

Figure 2. Average inlet particle size distribution from cascade impactor
. data on a cumulative percent by mass basis.

17



CUMULATIVE PERCENT

93.39

93.5

j0t 10° 10t 10P

AERODYNAMIC DIAMETER (MICROMETERS)

Figure 3. Average outlet particle size distribution from cascade impactor
data on a cumulative percent by mass basis.

18



CUMULATIVE MASS LOADING (MG/ACM)

103

10t

10°

101
101

10° 10t

AERODYNAMIC DIAMETER (MICROMETERS)

'._\
Q

L 1 a1l

L] rTTrTTy

,_\
D

L3 3 1 2 sl
T rTriTr

S
[

Lo 2 3t 1l
RENE SN A A BR ER R A D |

’_X

9

n :
CUMULATIVE MASS LOADING (GR/ACF)

13 1202l
LRI AR |

) -
L

1073

L4 2 2121l
T T rivTy

v

r

=

9
H

107

Figure 4. Average inlet particle size distribution on a cumulative mass

concentration basis from cascade impactor data.

13



CUMULATIVE MASS LODADING (MG/ACM)

10%

10°

107

00000000000 00

10t

H.
S
CLMUATIVE MASS LOADING (GR/ACF)

10°

l.-A
<
S

10 HH————H ‘ |
10t 107 10t 40P

AERODYNAMIC DIAMETER (MICROMETERS)

Figure 5. Average outlet particle size distr_ibu tion on a cumulative mass
concentration basis from cascade impactor data.

- 20



DM 0LOGD  (MG/ONM3)

- 10°

10P

107

10t

107* 10° 10* - 107

AERODYNAMIC DIAMETER (MICROMETERS)

Figure 6. Average inlet particle size distribution on a differential mass basis
"~ from cascade impactor data.

21



OM/0LOGD  (MG/ONM3)

10°

10t

10°

10714 _ |
1071 - 109 10+ 10°

AERODYNAMIC DIAMETER (MICROMETERS)

Figure 7. Average outlet particle size distribution on a differential mass basis
from cascade impactor data. ‘

22



PERCENT PENETRATIDN

FENETRATION-EFF ICIENCY

10°F

o
o

I I
;h— = :'-
- 1b
1. -
T = +
.r. +
- = -+
1011_:' . +90.0
t . I 0
ra = -+ Z
1 - T l—é—’
-1 -
r i E
b
10°+ +93.08
¥ I
I 1 =
] | T Z
o -r- L‘J
i 1 ]
¥
- ‘F &J
. -1 )
10 S x ¥39.83
¥ I
+ } t
+ 4
10"2 1 1 1 I ol il 1 [ B W |
Ll T LR SR 3 B 0L ¥ L ﬁfii‘![ A A ] LRSI 99. 99

%-_
=
Q
R

10t 1

AERODYNAMIC DIAMETER (MICROMETERS)

Figure 8. Fractional efficiency curve on an aerodynamic particle diameter basis
for the CEA variable throat venturi scrubber operating at a venturi
pressure drop of 48 cm (19 in.) w.c..

23



from the ultrafine particulate data. The scrubber was operating
at a venturi pressure drop of about 48 cm w.c. throughout the

impactor test periods.

Ultrafine Particulate Data

Measurements of the concentration and size distribution
of ultrafine particulates were made using a Thermosystems Model
3030 Electrical Aerosol Analyzer (EAA) and a Royco Model 241

Optical Single Particle Counter.

The EAA provides size distribution and concentration data
on a number basis for particles having diameters between approxi-
mately 0.01 uM and 0.3 pM. The optical counter provides similar
data in the range from approximately 0.3 to 2 uM. Both instru-
ments require extensive sample dilution and conditioning when
used to sample flue gases. The sample extraction and dilution
system used in these tests is described in a forthcoming EPA
report on Contract 68-02-2114, Task VIII. Dilution factoré
of about 150:1 were used at both the inlet and outlet during

these tests.

In order to insure that condensation effects were'miniﬁal,-
and that the particles were dry as measured, the diluent air
was dried and filtered, and diffusional dryers were utilized

in the lines carrying the diluted samples to the instruments.

24



Because only one set of instruments and dilution system
was available it was not possible to obtain simultaneous inlet
and outlet data for the ultrafine particulates. The system
was first installed at the scrubber inlet and all inlet data
was obtained on May 17. The equipment was then moved to the
"outlet and outlet data were obtained on May 19 and 20. For
the purposes of calculating fractional efficiencies.the assump-
tion was made that the process was sufficiently stable that
the inlet data, as obtained above, were a valid representation
of that which would have obtained during the time the outlet

measurements were made.

Inlet data were obtained with the optical counter in two
size channels--0.35 to 0.60 pM and 0.60 to 2.0 puM. However,
an instrument malfunction resulted in outlet data being obtain-

ed only in the 0.6 to 2.0 pM size interval with this method.

Inlet size distributions on a cumulative concentration
by number basis are shown in Figure 9. Outlet size distri- -
butions on a similar basis are shown in Figure 10 for the
normal scrubber operating condition (48 cm w.cC. venturi pres-
sure drop). Figure X1 shows the fractional efficiencies for
ultrafine particles. Also shown in Figure 1] are the frac-
tional efficiencies as a function of Stoke's diameter, obtained

from the impactor data.

25



CUMULATIVE NUMBER CONCENTRATION (No./DN m3)

1014

1011 |

@ EAA
0 Royco

1

1010
102

101

LOWER SIZE LIMIT,' micrometers

100

Figure 9. Scrubber inlet particle size distribution from electrical
aerosol analyser and Royco optical particle counter data.
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CUMULATIVE NUMBER COncentration (No./DN m3)

14
10 |
o
(@]
1013'—" —
1012}— —
)
o
1011 l
102 101 . 100

LOWER SIZE LIMIT, micrometers

Figure 10. Scrubber outlet particle size distribution from electrical
aerosol analyser data.
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Figure 11. Fractional efficiencies based on electrical mobility and optical methods
shown on a “physical’”’ diameter basis. Also shown are fractional
efficiencies from the cascade impactor data on a basis of Stoke ‘s diameters.
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The scrubber was operated at venturi pressure drops of
31, 36, 41, 46, and Sl‘cm w.c. for a brief period at each con-
dition on May 21, during which time the outlet concentrations
were monitored with the EAA and the optical counter. No sig-
nificant concentration changes were noted in the EAA data over
this range of pressﬁre drops, however, the optical counter data
did show significant changes. 1In the 2 uM to 4 uM size inter-
val, a 50% reduction in concentration was obtained Ey increas-
ving the venturi pressure drop from 31 to 51 cm w.c. and a 35%
reduction in concentration occurred in the 0.6 pym to 2.0 um
particle diameter range. These relative concentration changes

are shown in Figure 12.

Stack gas opacity meaéurements of the combined effluent
from the three parallel modules showed a dramatic reductibn
in opacity when the module C venturi pressure drop was taken
up to 51 cm w.c. as illustrated in Figure 13. (Modules A and
B were being operated at constant venturi pressure drops of

49 cm and 48 cm w.c., respectively during this time).

Table 7 summarizes the scrubber operating conditions through-
out the test period. The liquid to gas ratio in the venturi
portion of the scrubber during the tests was typically about

3.3 2 /DNCM.
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Figure 12. Relative outlet particulate concentrations in two size
ranges as functions of venturi pressure drop.
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Figure 13. Opacity of combined emissions from three scrubber
modules as a function of venturi pressure drop of one
module with the remaining two modules operating at
fixed pressure drops of approximately 48 cm W.C.
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Table 7

Scrubber Operating Conditions

Measured Gas Flow, Temperatures, °C Liquor Flows, pm
DNCM/s

Date Unit Load, Inlet Outlet Plumb Bob Venturi Scrubber Scrubber Reheat Fan Upper Middle Absorption Mist Film Wash Tray Wash Tray

MW Position, AP, Inlet Outlet Outlet Outlet Spray Spray Spray Under Under Feed

%-of Travel «cm w.c. . : - Spray Spray

5/17 330 110 128 54 44.5 132 60 79 94 15900 10200 22700 570 1170 3600
5/18 350 132 140 58 46.4 129 58 78 96 15000 9370 24400 570 1060 2900
5/18 355 . 133 162 62 46.4 129 57 78 96 18200 11360 19870 570 1170 2800
5/19 355 130 137 61 46.4 131. 59 78 96 17600 10790 24600 625 1170 3220
5/19 355 124 1 139 1 61 47.0 133 57 74 96 17500 10600 24200 625 1190 2840
5/20 290 (106)l (113)1 53 45.7 129 56 82 93 17800 10600 25700 530 1170 3220

5/20 348 (127) (136) 65 45.1 129 52 82 93 17600 11700 25000 570 950 3220

Liquor % Suspended

pH Solids
5/17 4.3 11.4
5/18 4.7 15.2
5/18 4.7 16.4
5/19 4.7 14.3
5/19 4.6 13.4
5/20 N.A. N.A.
5/20 N.A

- N.A.

1 . : . X
Based on partial traverse and scaling from previous days.



The performance of the CEA variable throat venturi scrubber
is compared with the perférmance of several types of conventional
scrubbers, including conventional venturi scrubbers, in Figure
14 using the "cut diameter" method described by Calvert (1974)

J. APCA, 24:929. This method is based on the idea that the
most significant single parameter to define the performance
of a scrubber is the particle diameter for which the collec-

tion efficiency is 0.5 (50%).

S0, concentrations and collection efficiencies were also
- measured during the test program. Results of these measurements
are given in Table 8, from which it can be seen that typically

the SO, collection efficiency is about 80%.
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Figure 14. Comparison of the CEA variable throat venturi scrubber
performance with that of other conventional scrubbers,
after Calvert (1974) JAPCA 24:929.



Date

5-17-77
5-18-77
5-19-77
5-20-77

Table 8

Colstrip Power Plant
Scrubber SO, Removal Efficiency

Inlet SO, Reheater Outlet
Concentration ~ S0, Concentration
(ppm) - ' (ppm)

658 130
525 103
553 130
625 90
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SO, Removal
Efficiency
(%)

80.2
80.4
76.5
85.6



APPENDIX A

MANUFACTURER'S DESCRIPTION OF SCRUBBER QPERATION
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APPENDIX A. DESCRIPTION OF THE CEA VARIABLE THROAT VENTURI
SCRUBBER: COLSTRIP FLUE GAS CLEANING SYSTEM¥*
The flue gas cleaning system (Figure 1) now in operation
on the two Colstrip 360 MW units is unique in that a wet scrub-
bing system is used for both particulate and SO, control and

captured ash provides the alkalinity for the SO, removal.

The system currently installed on thé two 360 MW Units
1l and 2 is illustrated in Figures Al and A2. The hot flue gas
leaving the boiler is cooled in the heat recovery air heater
and enters the flue gas scrubbing system at abput 300°F, Each
scrubber module, as shown in simplified drawing in Figure A2,
consists of a downflow venturi scrubber centered within an
upflow spray tower contactor. The venturi is equipped with
a variable throat to maintain constant pressure drop at vari-
able loads. In the venturi the scrubbing liquid is finely dis-~
persed by the high velocity flue gas and serves to =fficiently
wet and tfap the particulate fly ash. In the spray tower the
gas contacts a recycle spray of absorption slurry. The slurry
from the venturi and the spray contacter is collected and held

in the base of the scrubber and recirculated at an L/G rate

*Taken from a paper by C. Grimm, J. Z. Abrams, W. W. Leffmann,
I. A. Raben, and C. Lamatia. Presented at the 1977 National Meet-
ing of the AIChE.
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of 15 (gal/1000 ft®) for the venturi and 18 (gal/1000 ft®) for
the absorber spray. An agitator in the scrubber base serves to
maintain suspension of the fly ash and solid reaction products.
Slurry is bled from the recycle to maintain a 12% suspended
solids concentration. Slaked quick lime is added as lime slurry
only if needed to augment the fly ash alkali and maintain the

desired slurry pH.

Each scrubber module is designed to clean 120 MW.of equiva-
lent gas flow under normal conditions and 144 MW under emer-
gency conditions. (i.e., whén one module is down, the two in
operation will clean the amount of flue gas generated at 80%

of boiler design load.)

The treated gas leaving the spray section passes through
the water wash tray which serves to trap and dilute the entrain-
ment. The gas leaving the washtray passes through a chevron
demister followed by a mesh pad demister and leaves the absorp-
tion section water-saturated and cooled to the satdration tem-

perature of about 120°F.

To preclude condensation in the fan and sfack, and improve
the gas buoyancy, the cooled gas from the scrubber is reheated
50. to 75°F by a steam-heated exchanger. The warmed gas then
passes through £he dry induced draft fans and is discharged

to the atmosphere from the top of a 500 foot stack.
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As shown in Figure Al the slurry discharged from the absorp-
tion loop is passed to an intermediate retention pond where
the solids settle and from which the clarified water is returned
to the absorption system. At intermittent intervals (currently
'only during the warm summer months), a floating dredge is used
to reclaim the settled solids from the intermediate settling
pond and transport them as a 30% slurry by pipeline to the re-
motely located permanent disposal pond. Decanted water (super-
nate) from the disposal pond is returned, also intermittently,
through the same slurry pipeline to the intermediate pond for
recycle to the absorption system. No stabilization of the

sludge is required and a closed water loop is maintained.

Fresh water is added to the absorption system in an amount
equivalent to that evaporated into the warm gas stream plus
that retained in the waste sludge. This fresh makeup water
is introduced to the system as dilution water for minimizing
the calcium saturation level in the mist eliminator washwater.
This washwater is trapped by and withdrawn from the washtray
and circulated to a small pond where entrained solids are sepa-
rated. A portion of the water from this pond is returned and
used to Qash the undersurface of the washtray. Another portion
of the flow is diluted with the fresh makeup water, and used

for bottom wash of the mist eliminator.
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The scrubber has been free of scale while the pH of the
recycle liquid remains in the expected range. Corrosion prob-
lems in the reheater and demister plugging have not been ex-.

perienced with the installation.

EPA method stack emission tests have been run numerous
times on both units during 1976. Table Al shows the results
.of sulfur dioxide, particulate and NOX tests along with the
requirements of the NSPS, the vendor's scrubber guarantee, and
the results as projected from pilot plant experience. Table
A2 contains data on the fuel and ash specifications and this
may be compared with coal data contained in Table Al. The test
data are for emission only - no inlet measurements have been
made. The results over the first year of plant operation agree
well with the pilot plant data. The test data show the plant
emissions are well below the guarantee and the federal stan-

dards.

Table A3 compares scrubber availability and plant load
for the two units during the time period September 1975 through
December 1976. Note the definition of scrubber availability
below the table. These generating plants have no bypass capa-

bility around the air pollution control system.
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Table Al

Emission Test Results - EPA Method

S02 PARTICULATE NOx
LB/HR PPM LB/MMBtu LB/HR LB/MMBtu fOPAC LB/HR LB/MMBtu
1. Required by NSPS (358 MW) 4063 510 . 1.2 339 0.10 20 . 2370 0.7
2. Scrubber Guarantee (358 MW) 3386 425 1.0 207 0.06 - (1) (1)
3. Projected from Pilot Plant (358 MW)
a) 0.78%s (760 PPM), 8.19% Ash 1394 185 0.41 130 .038 20 2370 0.7
b) 1.0%5 (965 PPM), 12.58% Ash 2071 260 0.61 184 .054 20 2370 0.7
4. UNIT 1 TESTS: -
COAL AS RECD.
Date GEN MW $Sul.  8Ash Btu/LB. ,
2/76 353 0.83 9.03 8638 1464 197 0.44 90.1 .027 105;; 880 0.26
4/76 210 0.71 7.79 8861 420 87 0.21 57.3 .029 14(2) 738 ' 0.38
7/76 184 0.64 8.49 8807 241 52 0.14 53.6 .031 15(2) 695 0.40
9/76 186 0.62 7.93 8633 255 56 0.14 60.5 .035 11(2) 646 0.37
12/76 223 0.94 8.54 8394 898 154 0.43 67.2 .032 15 662 0.31
5. UNIT 2 TESTS:
10/76 331 0.56 7.96 8368 1231 178 0.39 83.4 .028 1123) 862 0.28
11/76 327 0.59 7.86 8484 664 83 0.21 85.9 .028 10(2) 934 0.30
12/76 324 0.64 7.87 8690 780 28 0.25 105.7 .034 16 ) 784 0.25

Notes: 1. NOX Emissions guaranteed by boiler supplier only, equal to NSPS.
2. Avg. EDC monitor opacity.
3. Qualified observer.



Table A2

Fuel And Ash As Described
In Specifications

COAL: Average, As Received
Moisture ‘ 23.87%
Volatile Matter 28.59%
Fixed Carbon 38.96%
Ash 8.59% (Max. 12.58%, Min. 6.1%)
Heating Value 8843 Btu/lb. (Min. 8162 Btu/lb.)
Sulfur .777% (Max. 1.0% Min. 0.4%)
ASH: (Estimated composition, sulfur trioxide-free basis)
Sio, 41.60%
Al,0; 22.42%
TiO, 0.79%
Fe,0,4 5.44%
" Ca0 21.90%
MgO 4.95%
Na,O0 0.31%
K,0 0.13%
P,0;s 0.41%

(balance unidentified)
Later fly ash data varies slightly from above as follows:

LEACHED IN H,0 (1% Fly Ash)

pH 11.8
Conductivity 4,150
Total Dissolved Solids 930 ppm
Calcium 396 ppm
Magnesium 0 ppm
Chloride 15 ppm
Sulfate (S0,=) 30 ppm

LEACHED IN HC1

$ Acid insolubles (SiO:) 57.59
$ Calcium as CaO 22.00
% Magnesium as MgO 1.27
% Aluminum As Al,0; 15.59
% Iron as Fe,;0; 4.97
% Sulfate as SO, 0.71
]

Carbonate as CO; 0.70
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Table A3

Scrubber Availability
Vs. Plant Load

Avg. MW
Monthly Capacity No. Days for Days Scrubber
Factor % On Line On Line Availability %
UNIT 1 2 1 2 1 2 1 2

Sept. 1975 - 0.5 3 50
Oct. 19.4 19 139
Nov. 42.2 24 203
Dec. 59.9 30 - 239
Jan. 1976 63.8 28 265 90.0
Feb. 65.4 26 273 98.0
Mar. 57.0 24 277 97.6
Apr. 49.9 28 219 74.2
May 26.0 1.3 14 3 210 66 96.8 100.0
Jun. 0.0 23.2 0 16 0 171 - 99.7
Jul. 28.0 19.5 20 13 167 180 93.2 98.7
Aug. 37.8 13.0 23 10 194 162 94.7 95.8
Se t. 64.5 64.6 30 30 239 232 88.6 98.3
Oct. 73.1 77.0 30 31 281 298 79.9 90.3
Nov. 55.6 79.7 30 30 225 303 62.7 94.7

2 82.3 5

Dec. 67. 31 31 249 297 73.8 92.

Note: Scrubber availability. = total module hours available divided by
three times the number of hours in month. May through August
base is days in operation because of extended scheduled outages.
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Development Of The Process Concept

The successful operation of the Célstrip system as described
above represents the culmination of an extensive development
progrém carried out jointly by the aréhitect engineer, Bechtel
Power Corp., the scrubber system supplier, Combustion Equip-
ment Associates, Iné. (CEA), and the power plant owners, Mon-

tana Power Company and Puget Sound Power & Light Company.

Previous experience with Colstrip coal at the J. E. Corrette
Station in Billings was limited to particulate removal only,
and this was effected by use of an electrostatic precipitator.
This experience revealed serious problems in performance which
were attributed to the high resistivity characteristics of the

low-sulfur coal.

A study was made by Bechtel of the possible options for
meeting particulate and SO, removal standards. The owners chose
a design level of 1.0 1lbs. of SO; /MM Btu - less than the NSPS

level of 1.2, and substantially below the state requirements.

A detailed chemical analysis of the fly ash (see Table
2) revealed that it contained alkali metal oxides in an amount
theoretically sufficient to react with and adsorb the sulfur
dioxide produced by the coal combustion. Laboratory experiments

'simulating absorption condtions revealed that this alkaiinity
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was only usable under low pH absorption conditions (<5.6).

It also revealed that absorption under these low pH conditions
would result in extensive oxidation of the absorbed SO, produc-
ing calcium sulfate rather than calcium sulfite as the predomi-

nant reaction product.

Continued laboratory tests were conducted by Bechtel to
determine the process conditions under which the alkalinity
of the fly ash could be utilized while at the same time accommo-
dating the scaling potential of the calcium sulfate. The con-
ditions selected were a pH of 5 to 5.6, low enough for alkali
utilization and high enough for adequate SO, absorption capa-
bility. The other, and perhaps the key operating factor, was
the use of a high level of suspended solids in the absorption
slurry (12 to 15% by weight, of which some 3-4% is calcium sul-
fate formed in the absorption). This provided a high concentra-
tion of calcium suvlfate seed crystals to promote desupersatura-
tion. A long residence time for the recycle slurry in a stirred
tank external to the scrubber was also proposed to ensure alkali
utilization and to provide crystallization of calcium sulfate
under controlled and non-scaling conditions. A slurry holdup

of 8-10 hours was selected based on bleed rate.

The above two conditions, i.e., low slurry pH and long

contact with the oxygen-containing flue gas, provided substan-
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tially complete oxidation. This high oxidation was . shown to
improve the disposal characteristics of the waste sludge pro-

duced.
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APPENDIX B

IMPACTOR DATA
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Table Bl

Inlet Impactor Blank Run Datal

Date 5/17 5/18 5/19 5/20 5/17
Run No. 5 9 16 20 Control
Flow rate, agpm 1.36 1.33 1.33 1.44 0
Sample duration,
minutes 30 30 30 30 0
Stage/Weight gain
mg
0 0.10 0.04 0.08 0.06 0.05
1 0.12 0.10 0.07 0.04 0.05
2 0.12 0.07 0.01 0.10 0.07
3 0.13 0.03 0.06 0.05 0.04
4 0.09 0.05 0.06 0.05 0.04
5 0.07 0.06 0.00 0.07 0.03
6 0.08 -0.01 0.04 0.10 0.09
F 0.06 0.14 0.16 0.11 0.06

lSubstrates were acid washed Reeve Angel 934 AH glass fiber

filter media. Prepared in accordance to the procedures spe-
cified in EPA Report 600/7-700-060.

2This control run was handled identically in all respects to
blank runs with the exception that no gas was actually pulled
through the impactor and thus represents a measure of the
weighing precision.
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Table B2

Outlet Impactor Blank Run Datal

Date 5/17
Run No. 5
Flowrate, afpm 14

Sample duration, minutes 80

Stage/Weight Gain,

mg

1 0.02
2 -0.02
3 -0.02
4 0.05
5 0.07
6 0.09
7 0.06
F 0.06

1

H grease.

2Outliers
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5/18
9

14

80

.102

.09
.15
.10
.10
.13
.11
.04

OCOOOOCOCOO

5/19

11
11
80

TO 0000 OCO0O

.19
.02
.09
.17
.05
.09
.03
.11

5/20

OCOOOOOCOO

16
11
80

.28
.06
.04
.03
.03
.08
.05
.17

Substrates were stainless steel shim stock coated with Apiezon
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TMPACTOR FLOWRATE = 0,050 ACFM

PART=01 1545
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ASSUMER PARTICLE DFNSITY 2 2,30 GM/CU,CM,
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TMPACTOR STAGE cvc
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cﬂn, (GR/ZACF) SMALLER THAN DSO 1,69€=01
CUM, (GR/DNCF) BMaLLFR THAN D50 6,77E=01
GEO, MEAN DIA, (MICROMFTERS) 2.,22E401
DM/DLOGD (MG/DNCM) 3,10€403
DN/DLOGD (NO, PARTICLES/DNCM)Y 2,35E+08

AERODYNAMIC DIAMETFRS ARF CALCULATED HERE ACCORDING

DSO (MICROMETERS) 12,82

GED, MEAN DIa, (MICROMETERS) 3.37E+01
DM/DLOGD (MG/DNCM) 3, 10F+03
DN/ZDLOGH (NO, PARTICIES/DNCM) 1,55E+08

NORMAL (FNGINEFRING STANDARD) COMDITINNS ARE P21 DEG
SQUARF RONTS nNF PST BY STAGE

HOLE DIAMETERS 1Y STAaGE (CFNTIMETERS)

IMPACTNOR TFMPERATIRF =

STACK TEMPERATURF =

ITNLFT SAMPIF
270,0 F = 132,2 C

270,0 F = 132,2 C

§TACKk PRFSSURE = 25,48 IN, OF HG MAX, PARTICLE DI1A
‘€0 = 0,00 N2 = 70,21 02
1,7965E400 GR/DNCF 2,2399F+03 MG/ACH
S0 St s2 s3 sS4
? 3 4 5 6
4,90 2,717 1,79 1,20 0,51
2.44 11,37 8,79 6,42 a,67
1,06E602 4 ,95E+02 3,B3E402 2,B0E+02 2,03E¢02
35,12 23,24 14,05 7.35 2,47
7.87E402 5,20E+02 3,156+02 11,ASE+02 5,52F+01
1,U4E+03 9,SS5E+02 5,78E+02 3,02E+402 1,01E¢02
3,44E«01 2,27€E=0) 1,3BEe01 7,i0Em02 2,41E=02
6.,31Ew01 4, 17E=01 2,52E=01 1,32E=01 4,d3E=02
6,UGE+00 3,69F+00 2,23E+00 1,47E+00 7,87F-01
4,u9E+02 2,00E40% 2,02E+03 1,62E+03 GS,8RE402
1,40E+09 3 31E+10 1,52E+11 4,25E¢i] 9,42E¢11

TO THME TABK GROUP NN LUNG DYNAMICS DEFINITION

7.50 4,26 2,77 1,88 0,84
9,80F«00 S5_6Ste¢0n 3,44E+00 2,28E+00 1,25E+nN0
4,%6€402 2,02E403 2,0%5E¢03 1,66F+03 S, ,78£+02
Q,2SF+0NR 2 13f+1n 9 66F+10 2, ,66E+11 S,61F+11
C  AND THOMM HG,

n.322 0,322 0,346 0.350 0,297
0,3560 n,2un1 n,1778 0,7368 0,0937

SAMPL ING

METER ®

0,38

2411

9,19E401
0,26

5,85E+00
{,07E+01
?2,56E=0%3
4,69E=-03
4,00F=01
T.19E+02

5,818412

n,6d
VY.29E«0}
7,80E+02

3,8uE+1?

Ne337

0,0739

DURATION =

MODTFIFD BRINK CASCADF IMPACTOR NUMBER = D

30,00 MIN

S$8,3 MICROMETERS
H20 = 13,00

4,1109E+403 MG/DNCH

Se FILTER
8 9

0,10

0,24 0,01

1,04E401 4,35E001

0,01

2,3dE~01

4,30E=01

1,02E=04

1,868204

1,99E«08 6,91F»02

1,76E401 1,458¢00

2,01E612 3,6QF+12

0,19

3,48E«01 1,35E=01

1,99E+01 1,45F«00

9,01E+11 1,13Ee12

0,226

0,0850



/4]

CPFPI=0A S=1B=-77 pnRT=DU 1350

IMPACTOR FLNWRATE = 0,047 ACFM™

IMPACTYNR PRFSSUIRF NRNP =

ASSUMED PaRTICLE DPENSITY = 2.30 GM/CU.CM,

GAS COMPOSIYIAN (PERCENT)

CALC, MASS LOADING =z 1,1711E+400 GR/ACF

IMPACTOR STAGF
STAGE INDEX NUMAEF
NS0 (MICROMETERS)
MASS (MILLIGRAMS)
MG/DNCM/STAGE

CUM, PERCENT OF MASS SMALLER THaAN DSo
CUM, (MG/ACM) SMALLER THAN DSO
CUM, (MG/ONCM) SMa{ L ER THMAN 050
CUM, (GR/ACF) 8MALLER THAN D50
CUM, (GR/DNCF) SMALLER THAN D50
GEO, MEAN DIA, (MICROMETERS)
OM/DLOGD (MG/DNCM)

DN/DLOGD (NO, PARTICLES/DNCM)

AERODYNAMIC OIAMFTERS ARE CALCULATED MERE ACRORDING

DSO (MICROMETERS)

GEO, MEAN DIA, (MTCROMFTERS)

TDM/DLOGD (MG /NNCM)

DN/DLOGD (ND, PARTICLES/DNCM)

NORMAL
SQUARF ROQTS QF PST BY STAGE

HOLE DTAMETFERS BY STAGE (CENTIMETERS)

2.5 IN, NOF HG

coe

= 13,28

ryc
1
8,83
53,47
2,88F+03
40,43
1,08E¢03
1,93E403
4,73E=n1
8,u2E=01
2,27E+01
1,51E+¢03

2,50E+08

13,39
I,UUE+01
3,51€+03

1,65E408

(FNGINEFRING STANNARDY CONDITIONS ARE 21 DEG C

DURATION =

30,00 MIN

58,3 MICROMETERS

H20 ® 10,30

4,7666E¢03 MG/DNCH

86

0,11

0,21

9,52E400
0,08

2,26E+00
4,03£400
9,89E+04
1,76E-03
2,08Ew01
1,65E€¢01
1,52E+12

0,21
3,72E=01
1,86E+01

6,92E+11

0,226

FILTER

9

0,09

3,08E«¢00

7,56E002
t.36E+01

2,61E418

1,06E-01
1,36E+04
8,35E+12

INLET SAMPLE MODJFIED RRINK CASCADE JMPACTOR NUMBER « D
IMPACTOR TEMPERATURE = 270,0 F = 13%2,2 C SAMPL ING
STACK TEMPERATURF = 270,0 F = 132,2 C
STACK PRESSURE = 25,50 IN, OF WG MAX, PARTICLF DIAMFTER =
€0 = 0,00 N2 & 71,67 02 = 4,75
2,0B30F 400 GR/DNCF 2.6798F403 MG/ACM
sn 51 52 S3 S4 Ss
2 3 4 S 6 7
5.13 2,90 1,87 1,26 0,54 0,40
5,20 3.41 25,66 3,06 4,49 0.95%
2,36E+02 1,55E+02 1,16F«¢03 1,39E¢02 2,04E+02 d4,31Es0¢
35,58 312,34 8,26 5,39 1,17 0,28
9,53E402 B, 67E+02 2,21Ee02 1,40F002 3I,14FE¢01 7,5SE+00
1,69€40% 1, S4E+0% 3 ,94E+02 2,57E+02 5,59Fe01 1,34E+04
U,16E=01 3,79F=01 9,67€=02 6,31E=02 {,37Ew02 3,30£=03
T.U0E=01 &,TU4E=01 1,72E~01 1,12E«0] 2,44E=02 S5,87F=03
6,73E+00 3 _BSE+00 2,33E+00 1,54FE4+00 B8,26Fm0Y U,68E=01
9,99E402 6,24E+02 6,14B+¢0Y B8,0uC+02 S,56E+02 3,81F402
2.72€+409 9 _05E¢09 4&,03F+11 ,84E+81 8,19E¢11 2,76E¢12
TO THE TASK GROUP ON LUNG DYNAMICS DEFINTTION
7.83% 4,08 2,90 1,97 6,R8 0,67
1,026401 5,91F+¢00 3,59€400 2,39E+00 1,31E+400 7,66Ee0f
{,01E403 & 30E+02 6,24F+0% 8 ,2%E+02 S,80E402 3,69E402
{.BOE+09 S _ARUE+09 2,5TE+1 1.i6!¢11 4,90f¢11 1,57Fef2
AMD 760MM MG,
0,122 n, 327 0,346 0,354 0,297 0,337
0.3560 0,2u61 0,1778 06,1368 0,0937 0,0739

0,0550



Sq

CPPI=NT SeiBal7 OORI=CU 1107

IMPACTOR FLOWRATF = 0,034 ACFM IMPa

IMPACTOR PRFSSURF DRNP = 1.3 IM, NF HG STAC

ASSUMED PARTTICLF NFNSITY = 2,30 Gu/CU,CH, STA
GAS COMPNSITION (PFRCENT) €02 = 13,28
CALC, MASS LOADING = 4,6282E=01 GR/ACF

IMPACTNR STAGE cve
STAGE INDEX NUMKER $

NSO (MICHROMETFRS) 10,34
MASS (MILLIGRAMS) 14,70
MG/ONCM/BTAGE 9,15E+02
CUM, PFRCENT QOF MASS SMALLER THAN DS0 62,09
CUM, (MG/ACM) SMALLER THAN DSO 5,52E402
CUM, (MG/DNCM) SMaLLER THAN DSO 9,81F402
CUM, (GR/ACF) SMALLER THAN DSO0 2,41E=01
CUM, (GR/DNCF) SMAILER THAN DSO0 4,P9E=01
GED, MEAN DIA, (MICROMFTERS) 2,u6E+01
DM/DLOGD (MG/ONCM) 1,22€403
DN/DLOGD (NO, PARTICLES/DNCM) 6,83E+407

AERODYNAMIC DIAMFTFRS ARF CALCULATED HERE ACCORDING

NS0 (MICROMETERS) 15.69

GEO, MEAN DIA, (MICROMETERS) 3,.72E+01
DM/DLNGH (MG/DMEM) 1,22E+03
DN/DLOGD (NN, PARTICLES/DNCM) 4,50E+07

NORMAL (ENGINEFRING STANDARD) CONDITIONS aARF 21 DEG
SQUARE RONTS OF PST RY STAGE

HOLE NIAMETERS RY STAGE (CENTIMETERS)

INILLET SAMPLE MODIFTIED RRINK CASCADE IMPACTOR NUMBFR = B

SAMPLING DURATION =

CTOR TFMPERATURE = 270.,0 F s 132,2 C 30,00 MIN
K TEMPERATURF = 270,0 F = t3%2,2 C
CK PRESSURE = 25,50 IN, DF MG MAX, PARTICLE DIAMETFR = S8,3 MICROMETERS
c0o = 0,00 N2 = 71,867 o2 e Q4,75 H20 = 10,30
8,2323% ~01 GR/DNCF 1,0591F403 MG/ACH 1,8R38F+03 MG/ONCM
SO St Se S3 S4 8s Sé FILYER
P4 3 4 S 6 7 8 9
6,18 3.31° 2,15 1,38 0,64 0,4Rn 0.11
0,96 1,88 a,72 2,48 3,75 1,82 9,23 0,17
5,97E+01  1,17E+02 2,90E+02 1,52E+02 2,33E¢02 1,13E+02 1,43E+01 1,06£408
48,96 u2,8% 27,44 19,46 7.24 1,30 0,55
S.,18F+02 4.505002 2,91E+402 2,06E¢02 7,66E+01 1,38E¢01 S,87E+00
9,22E002 8,07E¢02 S,)7E+02 3I,67E¢02 1,36E+02 2,46F¢01 1,0QEe01
2,27E=01 1,9RFEe0y 1,2TE=01 9,01E=02 3,35F«02 6,03F~03 2,56E«03
4,03E=01 3,S3Ee0t 2,26E=01 1,60E=01 G,96E=02 1,07Es02 4,56E=03
T.99E+400 4,S2E+400 2,6TE+00 1,73Fe¢00 9,43E=01 5,58E=01 2,26E«01 7T,4d3E~0P
2.h7E+02 4,33E+02 {,5TE+03 7T,92E+02 7,02E+02 9,24E+02 2,15FE+01 3,51E+01
4,30F+08 3I,BRE+N9 6,B4F+10 1{,2BFe1] 6,95E+11 4,41Eel2 .l.SbEOlZ Tei3Fe1l
TO THE TASK GROUP QN LUNG NYNAMICS DEFINITION
9,43 S,08 3,32 2,15 1,03 0,79 0,20
1,22E+01 6,92E400 4,11E+00 2,6B8E+00 1,49€¢00 9,03E=01 4,00F«0! 1, 083Fe01
2.70E402 U, 36E+02 1,59E+03 BR,09€402 7,29F+02 9,B6F¢02 2, U1Fe01 3.515#01
2,B7F+08 2.51F+09 4,38E+10 R,06F+10 4, 21FEell 2,56E¢12 7,22F+11 2,31Fe¢13
C AND 760M» WG,
0,322 0,322 0,349 0,330 0,302 0,345 - 0,175
0.%618 0,2a14 0,1737 0,.1366 0,0918 0.,0719 0,0566



99

CPPIe0R 6&«{R=77 PORT=D2 1146

TMPACTNR FLOWKATE = 0,045 ACFM IMPE

IMPACTNR PRESSURF PROP = 2,3 TN, NF MG STAC

ASSUMED PARTICLFE DENSITY =

2.30 Gm/CU,CM. STA
GAS COMPOSITTION (PFRCEMT) cu2 = 13,28
CALC, MASS | OADING = 1,175RE+00 GR/ACF
IMPACTOR STAGE cYe
STAGE TNDEX NUMHER 1
DSO (MICROMETERS) 9,00
MASS (MTLLIGRAMS) 59,38
MGIDNEM/STAGE 2,80E403
CUM, PERCENT OF MASS SMALLFR THAN DSO0 42,77
CUM, (MG/ACM) SMALLER THAN DSQ 1,1UE+03
CUM, (MG/DNCM) SMALLER THAN D50 2,02F+03
CUM, (GR/ACF) SMALLER THAN D50 4,97Fe01
CUM, (GR/DNCF) SMALLER THAN DSO B,ANE=O]
GEO, MFAN DIA, (MICROMETERS) 2,79E¢01
DM/DLOBD (MG/ONCM) 3,45E403
DN/DLOGD (NN, PARTICLES/DNCM) 2,38E408

AERODYNAMIC DIAMETFRS ARE CALCULATED MERE ACCORDING

DS0 (MICROMETERS) 13,45
) CEO. MEAN DIA, (MTCROMFTERS) I,47FE+01
"DM/DLOGD (MG/DNCM) 3,4S5E+0%
DN/DLOGD (N, PARTICLES/PNCMY 1 ,57E+n8

NORMAL (FNGINFEFRING STAHNDARDY CONDITIONS ARF 21 DEG
SQUARE RONTS nF PSI BY STAGE

HOLE DTAMETERS HBY STAGE (CENTIMETERS)

IMLETY SAMPLf

CTOR TEMPERATURF = 270,0 F a 132,2 €

K TEMPFRATIIRE = 270,0 F = 132,2 C

CK PRESSURF = 25,50 IN, OF HG MAX, PARTICLE DYa
co = 0,00 N2 a 71,67 02

2.0915€400 GR/DNCF 2,6907E+03 MG/ACM

80 st s2 83 s4
2 3 a s 6
5,45 2,96 1,85 1,41 0,58
5,84 5.26 14,62 10,72 S.69
2,75F+02 2,UBE402 6,90E¢02 S,06E402 2,68E¢02
36,59 31,48 17,27 ‘ 6.84 1.3
9,85F¢02 B,uTF+02 G,65E4+02 1,BUE+02 3,53E¢01
1,786+03 1 ,51E+03 8,26E¢02 3,2BBe02 6,28E+01
4,30F=01 3,70E=01 2,03FE=0f B8,05Ee0? 1,S54E=02
7.65F=N)  6,88E=01 3,b1F=01 1,43F=01 2,74E-02
7,01F400 4, 01E+00 2,34E+00 1,61E+00 Q,08E=01
1,26E403 9 ,33E402 3,39Fe03 4,26Ee03 &,97F402
3,05E409 1,20FE+10 2,20FE+t1 B,43FEe11 7,B5E+41

TO THE TASK GROUP ON LUNG DYNAMICS DEFINITION

8.13 4,54 2.86 2,19 0.94
1,07E+401 6,15F+00 3,61E400 2,50E+00 1.43E400
1,28E+403 O _U2E+02 3,U4E+03 4, 36E+03 7,26£+02
2,02E+09 7, 73E+09 §,40F¢11 S, 30E+1: 4, 73E+1}
C AND 760MM HG,

n,322 ' 0,322 0,351 0,388 0,3%0
00,3458 n,_2460 00,1724 0,1340 0.0B896

SAMPLING DURATION =

METER =

T 4,75

1,05

4,95E+01
0,29

7.,85E+00
1,40E601
3,43F=01
5,10F=03
4,90E=01
S,37E+02
2,38E+12

0,68
T7.99E-0¢
Y, 63E+02

1,36F+12

0,350

0,0719

MODIFTED WRINK CASCADE IMPACTOR NUMBER = C

30,00 MIN

58,3 MICROMFTERS

H20 = 10,30

4,7TR60F+03 MG/DNCHM

86

8

0,18

0,13
6,13E+400

0,17
4,4SE+00
T.91E400
1.,94E=03
3,86E=03
2.71€=01
1,6TR+01!

6,96E+11

0,32
4,T0F=01
1,89E+01!

S.47Ee 1t

0,273

0,058%

FILVER

9

0,17
8,02E+00

1,26E=01
2,66E+01
1,11€¢13

2,29E=01
2,66E401
4,p6Fe12



LS

CPPlein S~i{R=77 PNPT(] 1813 INLET SaMPILF

IMPACTNR FLOWRATF = 0,0ndS ACFts IJMPACTOR TEMPERATURF = 270,0 F s 13%2,2 C

IMPACTOR PRESSURE pRAP = 2.3 IN, OF HG STACK TFMPFRATURF = 270,0 F = 132,2 C

Assunsh PARTICLE NFMSITY = 2,30 GM/CU,CM, STACK PRESSURF = 25,50 IN, OF MG u*x, PARTICLE D14
GAS COMPOSTYJION (PERCENT) cn2 & 13.2R co = 0,00 N2 = 71,67 02
CALC, MASS (0ADING = 1,B176E+00 GR/ACF 1,2%29F+00 GR/DNCF 4,1592E403 MG/ACM
IMPACTNR STaGE cve S0 S1 s2 s3 sS4

STAGE INDEX NUMPFR 1 2 3 4 S [

DSO0 (MICRNMETEFRS) R,99 5.45 2,95 1,85 1,44 0,58

MASS (MILLIGRAMS) 125,136 8,76 6,85 8,54 4,79 3,79
MG/DNCM/BTAGE S,Q0E+03 4, 12F+02 3,22Fe02 4,02F402 2,25Ee02 1,78E402
CUM, PERCENT OF MaS5 SMALLER THAN DS0 21,33 15,83 11,53 6,18 3,17 0,79

CUM, (MG/ACM) SMALLER THAN DS0 8,RTE+02 6,59E+02 4_ROEs02 2,57E+02 {,32E+02 13,29E+0%
CUM, (MG/DNCM) SMALLER THAN NS0 1,58E403 1,1TE+03 B _S53F«02 4,STE+02 2,30E4+02 S,BSE90)
CUM, (GR/ACF) SMALLER THAN DS0 3,RBE=01 2,8B8F=01 2 10Em01 1,12E~0] S,76E=02 1,d4Ew02
CUM, (GR/DNCF) SMALLER THAN DSO 6,90Ee01 5,12F=01 3, 73F=ny 2,00FE«01 1,02E«01 2,56E=02
GEQ, MEAN DIA, (MICROMETERS) 2,29€401 7,00F+00 4,01E400 2,3UE+00 1,61E+00 9,02F=01
DM/DLOGD (MG/DNCH) 7,27E+03 1,89E403 1, 21F403 §,97€403 1,90E+03 4,63E402
ON/DLOGD (NO, PARTICLES/DNCM) S.N3E+08 4 ,S5BE409 1,S6E+10 1,29E¢t1 3, TYEell 5,20E+1)

AERQOYNAMIC DIAMETERS ARE CALCULATED HERF ACCORDING

DSO (MTICRNMEYFRS)

GEO, ™MEAN DIA, (MICROMETERS)

DM/DLOGD (MG/DNCM)
ON/DLOGH

fNO, PARTTICLES/DNECM)

NORMAL (ENGINFERING STANNDARD) CONDITIONS

SQUARE ROCTS nF PS§Y FRY STAGE

HOLE DYaMETERS RY STAGE (CEMTIMFETERS)

TO THE TASK GROUP ON LUNG DYNAMICS DEFINITION

13,64 8.32 4,54 2,86 2.19 0,93
3076401 1.07E401 6.10F+00 3,60E400 2.50E+00 1,43E+00
7.27€403  1,92E403 1, 226403 2,01E+403 1,94E403 4,82F+02
3,31E+08 3,03E4N9 { _A1E+10 8,20F410 2,37E¢11 3,1SE+11

ARE 21 DEG C AND T760MM HG,

0,322 0,322 0,351 0.388 0,330
n,3658 0.,2062 0,1726.  0,1360 60,0896

SAMPLING DURATION =

METER =

g 4,75

4,240E+01
0,23

9,40E«00
1,6TE«O
U,11E»03
7:30E=03
4,89f=01
2,88E+02
2,04E+12

0,68

7.,98F=01

3,10E+02.

to17F+12

0,350

0,0719

MODIFIFD BRINK CASCADE IMPACTOR NUMBFR e (

30,00 MIN

SA,3 MICRUMETERS
H20 = 10,30

7,3980F¢03 MG/DNCM

36 FILTER
a 9

0,18

0,16 0,20

7.53E400 9,a1F+00

0,13

5,22E400

9,29€400

2,28E003

4,06E«03

2,T1E=01 1,26Fe0%

2,086401 3,13E401

B.SBE¢11 1,31E+13

0,32

0,69E=01 2,2BEw01

2,31E+01 3,13E40)

4,2RE+11 S,03E+12

0,273

0,06589



8G

CPPI=1] 5=1R=77 PnRT=CR 1850

TMPAC

IMPAC

ASSUMED PARTICLF DENSITY = 2,30 GM/CU,CH,

GAS COMPOSITION (PFRCENT)

caLc,

TOR FLOWRATF = 0,029 ACFm

TNR PRESSIIRE DROP = 0,9 TH, 0OF HG

MASS [ OARING = 7,2288E«0) GR/ACF

TMPACTOR STAGE

STAGE INDEX NUMRER

DS0 (MICROMFTERS)

MASS (MIILIGRAMS)

MG/DNCM/STAGE

CUM, PFRCENT OF Ma83 SMALLER THAN D50
CUM, (MG/ACM) SMALLER THAN DSO

CUM, (MG/DNCM) SMALLER THAN DSO

CUM, (GR/ACF) SMALLER THAN DSO

CUH, (GR/DNCF) SMALLER THAN NS0

GEO, MEAN Dla, (MICROMETERS)

DM/DLOGD (MG /DNCM)

DN/DLOGD (NN, PARTICLES/DNCM)

£ne

TNLET SAMPLE

MODTFIED BRUINK CASCADE IMPACTOR NUMHFR = B8

SAMPLING

PARTICLE DYAMETER =

02

1,65U2F+03 MG/ACM

IMPACTOR TEMPFRATURF = 270,0 F = 132,2 €
STACK TEMPFRATURE = 270,0 F = 132,2 C
STACK PRESSURE = 25,50 1IN, OF NG MAYX,
= 13,28 ¢o = 0,00 N2 = 71,67
1.285RAF+00 GR/DNCF
cve 50 St 82 83
1 2 3 4 5
11,29 6.75 3,63 2,36 1,52
26,97 1,70 2,05 2,27 . 3,43
2,00E403 1,26E+02 1,SPE402 1,68€402 2,55€402
32,89 28,66 23,56 17.91 9,38
S,U4E*02 4,T4F+02 3,90Ee0P 2,96E+402 1,55F«02
9,68F+02 B,u3E4+02 6,93F+02 S5,27E+02 2,T6E+02
2,318E=01 2,07E=01 1,70E=01 1,30E=0y 6,78E=02
4,23E~01 3,69E=01 3 ,03E=01 2,30F«01 1,21E<01
2,57E+01 B,T3E400 4,95E+n0 2,93E+00 1,89E400
2.81E403 S,68E+02 S, 64E+02 9,03£602 1,33E+03
1,38E+408 7,04E+08 3 _A6F¢09 2,99F+10 1,62E+1t

sS4

{,96E402
2,81

4,65E+01
8,2TE¢01
2,03E=02
3,62E=02
1,04E+00
5.95F+02

4,39E+11

AERODYNAMIC DIAMETERS ARF CALCULATEND HERE ACCQROING TO THE TASK GROUP ON LUNG DYNAMICS OEFINITION

pSo (

GEOD,

MICRUMETERS)

MEAN DIA, (MICRNDMETERS)

DM/DLOGD (MG /DNCM)

DN/DL

NORMAL (ENGINEERING STANDARDY CONDITIONS ARE 21 DEG

SOUAR

HOLF

0GD (ND, PARTICILES/DNCM)

£ ROOTS DF PST BY STAGE

DIAMETERS RY STAGE (CENTIMETERS)

17,1%
3,89E401
2,81F+03

o, 10E+07

10,30
1,33Fe01
S,72E+02

4,6HE+08

n,327

n,%618

5,56
7.57E+00
3,6RF+02

2,50nE+09

AMD T6HOMM HG,

0,322

0,7u14

3.64
4,50E+00
9,15€+02

1,92F+10

0,349

0,1737

2,36
2,93E400
1,35E403

1,03E+11

0,330

0,1366

1,14
1.,64E400
6,16E402

2. 6BE+1)

0.302

0,0918

£ U4,T8

6,31€401

0,70

1,15Ee01

2,05E401
S,04E=03
B.96E03
6,20E-0}
5,23E¢02
1,83E+12

0,87
9,97E~01
S,5TE402

1.,07F+12

0,345

0,0719

DURATION

30,00 MIN

SA,3 MICROMETERS

H20 & 10,30

2,9423F+«03 MG/DNCH

Se

8

0,12

0,19
1,01E601

0,22
3,70E+00
6,59E4600
1,62E=03
2,88203
2,39E=04
2,21€401
1,09€412

0,23
4,52E=01
2,036E+01

5,08E+11

0,175

0,0566

FILTER

9

0,09

6,68E¢00

8,78Ev02
2.,222401

2,72E+13

1,68E-01
2,22€+0)

9,390412



DURATION =

30,00 MIN

SA,Y MICROMETERS
H20 ® 12,50

4,0502E403 MG/DNCM

S FILTER

8 9
0,16
0,35 0,36
1,50E¢01 1,54E+0}
0,38
8,41E+400
1,52€+01
3,67E=03
b,6%9E=03
2,46E=01 1,12E~01
3,90E401 S,12Fe01
2,18E+12 3,06E¢13
0,29
4,30E=01 2,06E~01
4, 42F+01 S5,12E+01
t,06f¢12 1,12E013
0,273

CPPI~1Y S=19~77 PORT=D1 1015 INLET SAMPLE MONDIFIED RRINK CASCADF IMPACTOR NUMBER » C
IMPACTOR FLNWRATE = 0,050 ACFM IMPACTOR TEMPERATURFE = 270,0 F = 132,2 C SAMPLING
IMPACTOR PRESSURF DROP = 2,8 IN, OF HG STACK TEMPERATURF = 270.0 F = 132,2 C
ASSUMEN PARTICLE DPENSITY = 2,40 GM/CU,Cu, STACK PRFSSURF =z 25,69 IN, OF KG MAX, PARYICLE DIAMETER =
GAS COMPOSITINN (PFRCENT) Co2 = 14,00 co = 0,00 N2 = 70,79 02 = 2,7
CALC, MASS (LDADING = 9,7790F=01 GR/ACF 1.7699E+00 GR/DNCF 2,2378E+0% MG/ACM
IMPACTOR STAGE cvyc S0 S1 82 §3 sS4 8S
STAGE INDEX NUMRFR - 1 2 3 4 S 6 7
D50 (MTCROMETFRS) B,d6 5,12 2.717 1,73 1,32 0,54 0,38
MASS (MILLIGRAMS) 59,34 7,98 6,67 9,93 5,23 4,97 n,986
MG/DNCM/STAGE ?,SUE+03 3,42FE«02 2,B6E+02 4,25E+02 2,24E+02 2,13E+02 4,20E40%
CUM, PERCENT OF MASS SMALLER THAN D50 38,06 29,74 22,77 12,41 6,98 1,76 0,74
CUM, (MG/ACM) SMALLER THAN DSO A,52E402 6,65E+402 S, 10Ee02 2,7BF+02 1,56E+02 3,95FEe¢01 1,66E¢0]}
CUM, (MG/ONCHM) BMALLER THAN DSO 1,54E+03 1,20E+03 9,22F¢02 S,03E+02 2,82E«02 7T,14E+01 3,000}
CUM, (GR/ACF) SMALLER THAN DSO0 3,72E=01 2,91E«01 2,23€=01 {,21E=01 6,80E=02 {,72E=02 7,25E~0%
CUM, (GR/DNCF) SMALLER TKAN DSO b,TUE=01 S,26E=0t 4 _03E=01 2,20F=01 1,23F=«01 3,12F=02 {,31E=02
GEO, MFAN DIaA, (MICROMETERS) 2,22E+401 &6,58E+¢00 3 _T6E+00 2,19E¢00 1,51Ee00 B8,43€e01 4,55€=01
DH/DLOGD (MG /DNCM) 3, 03F+03 1,STE+03 1 ,07E+03 2,08E+03 |,88E+03 S,50Fe02 BR,8{Ee02
DK/DLOGD (ND, PARTICLES/DNCM) 2,30F¢08 U4,STE+09 1 ,67E+10 §,65FE¢11 3,SUFell T,62E¢11 2,49E+12

AERODYNAMIC DIAMETERS ARE CALCULATED HFHRF ACCORDING TO THE TASK GROUP ON LUNG DYNAMICS DEFINITION
PSO0 (MTCROMETYERS) 12,R2 7.R2 4,26 2,68 2,98 0.87 0,64
GEO, MEAN DTA, (MICROMETERS) 3.37E4¢01 1,00E+01 S, T77E+n0  3,3BF+00 2,35F+00 1,34F+00 7,u45F=01
'nM/DLOGD (MG/DNCM) 3,03E«03 1,59E403 {,0BE+03 2,12Fe¢03 1,93E+N3 S, 74Ee02 3,0U4E+02
DN/DLOGD (NN, PARTICLES/DNECMY 1,52F+08 3,03F+09 1, 08FE+¢tn 1,05FEe¢t1 2,8SE+1t 4,57€411 1,41F+12

NORMAL. (FNGINEERING STAMNARD)Y) CONGITIONS aRF 21 DEG C AND 760MM HG,

SOUARE RNNTS OF PSI BY STAGE 0,322 0,372 0,351 0.388 0,330 0,350
HOLE PTAMETERS RY STAGE (CFNTIMFTERS) 0,3658 n, 2uen n,172¢ 00,1340 06,0896 00,0719

65,0589



09

CPPl=id Ge19e7? P RTC? 1052

IMPACTOR FLOWRATE = n, 0dS ACFM
IMPACTNR PRFSSIRF NRNP = 2,3 IM, OF HG

ASSUMED PARTICLE DFNSTTY = 2,30 GM/CU, 0,

64S COMPOSITINN (PFRCENT) co2 = 14,00
CALC, MaSS LNADING = 1,76376400 GR/ACF

IMPACTAR STAGE cvYe
STAGF INDEX NUMBER 1

NSO (MICRAOMETERS) a,91
MASS (MILLIGRAMS) 132,40
HG/ONCH)STAGE 6,30E+03
CUM, PERCENY OF MASS SMALLER THAN DSO 14,94
CUM, (MG/ACM) SMA|LER THAN DSO 6,03F+02
CUM, (MG/DNCM) SMAILFR THAM DSO 1,09E+03
CUM, (GR/ACF) SMALLER THAN DSQ 2,60E=01
"CUM, (GR/DMNCF) SMALLFR THAN DSO 4,77€=01
GEO, MFAN DIA, (MICROMETERS) 2,”RE+01
DM/DLNGN (MG /DNCMY 7,72F+03
DN/DLOGD (ND, PARTIC!I ES/DNCH) S,u1F+08

AERODYNAMIC DIAMFTFRS ARE CALCULATEN HFRE ACCNRDING

D50 (MICRAMF TERS) 13,51

GEO, MEAN DIA, (MICROMLVERS) 3,u6E+01
‘DM/DLOGH (MG/DNCM) 7.72E+03
DN/DLOGH (NN, PARTTCLES/DNCM) 1,57E+08

NORMAL (FNGINEFRING STANDARD)Y CONDITIONS ARE 21 DFG
SQUARE RONTS NF PSY RY STAGE

HOLE DTAMETEPS HY STAGF- (CENTIMETFRS)

TMILF T SAMPLE

IMPACTNR TEMPERATIIRE = 270,0 F = (32,2 C
STACK TEMPFRATUR: = 270,0 F = 132,22 C
STACK PRFSSURE = 25,69 IN, OF HG MAX,
co = 0,00 N2 = 70,79 n?

3,1923E+00 GR/DNCF

s0 oX] s2 $3 s4

2 3 ] S 6
5,18 2,93 1,89 1,27 0,55
3,95 6,63 S,.84 2,68 2,99
1,88E+402 3,156402 2,78F+n2 1,27E+02 |,42E¢02
12,41 8,15 4,39 2.87 0,75
S.01E+02 3,29E+402 1,77F+02 1,08E+02 3 ,03E+01
9,06F+02 5 _95E+02 3,21E402 1,95E+07 5,49E¢01
2.,19E=01 | UUE=01 7,7SE=02 4, T{E=02 1,33EeN2
3,96E=01 2,60F-0i{ {,U40E=D1 B,53E=02 2,40E=02
6,79E+00 3 _S9E+00 2,356+400 1,55E+00 8,36E=~01
T.97TE+02 1,27F«03 §,UTFE40% 7T _GOEs02 3,R9E¢02
2.11E00 1, 79€+10 9,35E+10 ! buE+t1l S,S3E+11

TO THE TASK GROUP ON LUNG DYNAMICS DEFINITION

7.91 4,50 2,93 1,99 0,89
1,03F+01 S _96FE+00 3,63IF 400 >2.416000 1.53F+00
R, NBE«02 1, 29E+03 1,49F+¢03 7 _S57¢6+02 4,06E¢02
1,80Fe09 1 16F+10 S,96F+10 1,03E+11 3, 31F¢t11°
€ AND T760MM HG,

n,302 0,322 0, 306 0,354 n,297
0.3560 n_2Pu61 n,1778 0,136R 0,0937

4,0%h0F+03 MG/ACM

SAMPL ING

PARTICLF DIAMETER =

= 2.7

4 ,00FE+0}
0,21

8,56E+00
1,55F¢0t
3,74F=03
6,77€=03
4,76E=01
3,19E¢02

2,46F¢12

0,68
7,76E=0y
3,44F 402

1,40F+12

0,337

06,0739

DURATTION =

MODIFIFD RRINK CASCADE IMPACTOR NUMBER ~ D

30,00 MIN

S8,% MICROMETERS

H20 = 12,50

7.3050E403 MG/DNCM

86

9,04E400
0,09

3,63E400
6,57E400
1,59F=03
2,87€<0%
2,1aE=01
1,39€+01
1,35€+12

0,21
3,80E~01
1,79E401

6,24E+1

0,226

0,0550

FILTER

9

0.14

h,66E¢00

7.88Ew0?2
2,21E+01

3,82F+13

1.,50F=01
2,21E01

1,25E+1%



9

CPPI=15 Se19-77/ PNRI=N? 1150

IMPACTNR FLOWRATF = 0,047 ACFM

IMPACTOR PRESSURF NDRAP = 2,4 IN, OF HG

ASSUMEDP PARTICLF DENSITY = 2,30 GM/CH, M,

GAS COMPOSITION (PFRCENT) €02 = t4,00
CALC, MASS |.OADING = | ,3R32E+00 GR/ACF
IMPACTNR STAGE cve
STAGE TNDEX NUMBFR 1
DSO (MICROME TERS) 8,79
MASS (MILLIGRAMS) 99,29
MG/DNCM/STAGE 4,59E403
CUM, PERCENT OF MaSS SMALLER THAN NS0 20,93
CUM, (MG/ACM) SMALLFR THawN NS5p 6,62E+02
CUM, (MG/DNCM) SMALLER THAN DSO 1,20E403
CUM, (GR/ACF) SMALLER THAN D50 2.R9E=01
CUM, (GR/DNCF) SMALLER THAN DSO 5,2UE=01
GEO, MEAN DIA, (MICRAMETERS) 2,26E401
DM/DLOGD (MG/DNCM) 5,59E+03
4,00E+08

DN/DLOGD (NQO, PARTICLES/NDNCM)

AERODYNAMIC DIAMETERS ARE CALCULATED WERF ACCORDING

D50 (MICRAMETERS) 13,32
GEO, MFAN DIA, (MICROMETERS) 3,u3E+01

" DM/DLOGD (MG/DNCM) S,59E¢n3
DN/DLOGD (ND, PARTICLES/DNCM) 2.,6UE+0B

NORMAL (FNGINFFRING STANDARD) CONDITIONS aRt 21 DEG
SQUARE PONTS OF PSYT RY STAGF

HOLE RYAMETERS BY STAGF (CENTIMETERS)

INLFT SAMPLE

[MPACTOR TFMPERATURE = 270,0 F = 132,2 C
STACK TFMPFRATURE = 270,0 F = 132,22 C
STACK PREISSURF = 2§,69 IN, OF WG MAX, PARTICLE D
£t = 0,00 N2 = 70,79
2.5035F+00 GR/DNCF 3,1652E+40% MG/AC
S0 St s2 s3 sy
2 3 4 s 6
$,23 2,80 1,81 1,16 0,53
3,49 S,12 7,04 5.36 3,82
1,61E402 2,37F+02 3,26E+Nn2 2,URFe402 1,77E402
18,159 14,07 8,47 4,20 1,15
S.TUE+02 4 _USE¢02 2,68F4¢02 1,33F+02 3,65E401
1.,0UF+03 B,06E+02 U,85F+N2 2, 40E+02 b6,62E401
2,51E=01 1,95E=0) 1,17E«01 S,AL{Ee02 1,60E=02
4,54E=01 3 _S52E=01 2,12F=01 1,05f«01 2,89E=02
4,TBE+00 3,83E+00 2,25F+00 1,45€400 7,85Ee01
T.1TE+02 B8 _72E402 1,73E+03 1,27E«03 5,21E+02
1,91E+09 1,29F+10 1,25€+¢11 3,47E+11 B ,96Es1]

TO THE TASK GROUP ON LUNG DYNAMICS NEFINITION

7.99 4,30 2,81 1,81 0,86
1,03E+01 S _B6E400 I, UBE+00 2,26E400 1,29F+00
T,2TE+02 B, 81F+02 1,76E+N3 1,31E+03 S,45E¢02
1,26E+00 B ,3UF+nq 7 99F+10 2,17F+t1 &,35E«1}
C AND 760Mm HG,

0,327 0.322 0,349 0,330 9,302
60,3618 n,2414 0,1737 0,1366 60,0918

SAMPLING DURATION =

TAMETEFR =
n2 3z 2,7¢

L]

0,40
1,16

5,36E401
0,23

7.31E400
1,32F401
3,19E=03
S,78F=03
4,58E=01
8,18E402

3,61E+12

0,65
7,50E=01
4,52E402

?,05E+12

0,345

0,0719

MODPTFIEN RRINK CASCADE IMPACTOR NUMBER « B

30,00 MIN

58,3 MICROMETERS

H20 @ 12,50

5,7289E+03 MG/ONCH

Se

0,07

0,21

9,75E400
0,06

2,02F+00
3,65E400
8,81E=04
1,59F=03
1,72E=01
1,34E0!

2,20Ee12

0,15
3.,13E~0}
1,51€01

9,46E+11

0.,17S

0,0566

FILTER

9

0,08
3,70E+00

S,27E=02
1,23E¢01
6,96F¢1y

1,06E01
1,23€E0}

1.99E+13



Z9

CPPI=17 S§=20=77 PORT=C3 1130

INILET SAMPLE MONIFIFD RRINK CASCADE IMPACTOR NUMBER « D

IMPACTNR FLOWRATF = 0,045 ACFM IMPACTOR TEMPERATURE = 270,0 F = 32,2 C SAMPLING DURATION = 30,00 MIN
IMPACTOR PRESSIRF NROP = 2,3 IN, NF HG STACK TEMPERATURF = ?270,0 F = 132,2 C
ASsnMEb PARTICLE DFNSITY = 2_.30 6GM/CU,CM, STACK PRFSSURF = 25,69 tN, OF MG MAX, PARTICLE DIAMETER = 58,3 uxcpongfeﬁs
GAS COMPOSITION (PFRCENT) cne = 12,70 €0 = o0,00 N2 = 72,68 02 = 2,R2 H20 3 11,80
CALC, ™ASS LOADING = 8,10R800=-01 GR/ACF 1.4559F+00 GR/ONCF 1 ,8554F+03 MG/ACM 3,33156¢03 MG/ONECM
IMPACTOR STAGE cve 50 St s2 33 s4 5S 86 FILTER
STAGE INDEX MUMBER 1 2 3 4 S [ 7 8 9
DSO0 (MICROMEFTERS) R, 94 S.19 2,94 1,90 1,28 0,55 0,41 0,11
MASS (MILLIGRAMS) 47,12 6,92 3,06 6437 5,24 2,96 1,51 0,09 0,43
NG/DNCM)STAGE ?.,23E+03 2,33E+402 1 4SE+02 %V,01E+02 2,4RFe02 1,40Ee02 7,14Fe01 U, 26F¢00 6,15E¢00
CUM, PERCENT OF MASS SMALLFR THAN D50 34,01 27,11 22,83 13,91 6,57 2.42 0,34 0,18
CUM, (MG/ACM) SMALLER THAN DSO 6,31E+02 S5,n3F+02 4 ,24E+02 2,58E+02 1,22Fe02 4,50E+01 §S,72E+00 3,38E+00
CUM, (MG/DNCM) SMA{LLER THAN DSO 1,136¢03 9,03F+02 7T ,61E+02 &,63E+02 2,19€E+02 8,07E+01 1,03E+01 6,07E+00
CUM, (GR/ACf) SMALLER THAN DSO 2.76F=01 2,20E=01 1,85E=01 1,13E=01 S, 33Eal2 1,96Em02 2,50f~0% §,4BE=03
CUM, (GR/DNCF) SMALLER THAN DSO 4,95E=01 3,95€E=01 3, 32E=0y 2,02E«01 9,S6F=02 3,53F=02 4,49E«03 2,68F=03
GEO, MEAN DIa, (NlcﬁnMETERS) 2,2BE+01 6,81F+00 3_,90FE¢00 2,36E+400 1,56E+00 8,39E=01 4,77E=01 2,14Ew0! 7,86E%02
DN/DLOGD.("G/DNtH) 2,74E+03 9,87E+02 S, B4F+02 1,S9F+03 1,44F+03 3,83E¢02 S, T70E+02 7T,47€¢00 2,04E«0)
ON/DLOGD (NU, PARTICLES/ONECM) 1,916+08 2,59E+409 B,16E+09 1,00Fe11 3,16E¢1l 5,39Ee11 4,37€+12 6,32E+11 3,50Fe13
AERODYNAMIC DJIAMETERS ARE CALCULATEN HERF ACCORDING TO THE TASK GROUP ON LUNG DYNAMICS DEFINITION
D50 . (MICRNOMETERS) 1%,5S 7.93 4,59 2,94 1,99 n_89 0,68 0,21
GEO, MEAN DIA, (MICROMFTERS) 1,46E401 1,04E+03 5_,98F+00 3,64F400 2,42E400 1{,33E+00 7,78E-01 3,8i1f«01 1,S51F=01
‘DM/DLOGD (MG/DNCM) - 2,74E+403 1,00E+03 5 _90F+07 | ,62E+03 1,47€403 4, 00E«02 6,15E+02 B8,43E+00 2,04F+01
DN/PLOGD (NO, PARTICLFS/DNCHM) 1,26F+08 {,T1F+09 S5, 27keno 6,U1E+15 1,98E+¢1! 3,23E+11  2,09E+¢12 2,91Ee1l 1,14F+183
NORMAL (ENGINEFRING STANDARD)Y CONDITIONS ARF 21 DEG C AND 760MM KG,
' SGUARE ROOTS OF PST RY STAGE 0,322 0,32? 0,346 0,354 0,297 0,337 0,226
HOL.E DIAMETfns BY STAGE (CENTIMEFTFRS) 0,35A0 0,246t 0,177R 0,1368 0,0937 0.0736 0,0550



€9

CPPlelfR K§=20=77 PORT=DT 1243

IMPACTOR FLOWRATF = 0,035 ACFM TMPA

IMPACTNR PRESSURE nPNP = 1.3 TN, OF HG SYAC

ASSUMED PARTICLE NENSITY =

2.30 GM/CI OM, 5TA
GAS COMPOSTTION (PFRCENT) €02 = 12,70
CALC, MASS LOADING = 7.9252E-01 GR/ACF ‘
IMPArTNR STAGE cyce
STAGE INDEX MNUMBER ‘ 1
DSO (MICROMFTERS) 10,21
MASS (MILLIGRAMS) 34,48
MG/DNCM/STAGE 2.13E403
CUM, PERCFNT OF MaASS SMALLER THAN DS0 35,50
CUM, (MGR/ACM) SMALLER THAN DSO 6, UUE+02
CUM, (MG/DNCM) SMALLER THAN D50 1,16F¢03
CUM, (GR/ACF) SMALLER THAN DSO0 2.81E=01
CUM, (GR/DNCF) SMa| LER THAN DSO 5,05E=01
GEQ, MFEAN DIA, (MICROMETERS) 2, UUE+D1
DM/DLOGD (MG/DNCM) 2,81E+03
DN/OLOGD (NO, PARYICLES/ZDNCM) 1,61E408

AERODYNAMIC DIAMETERS ARE CALCULATED HFRE ACCORDING

050 (MICROMFTERS) 15,49

GED, MEAN DIA, (MTCROMETERS) 3,70E+401
NM/DLOGD (MG/DNCM) 2,A1F+03
ON/DLNGH (NN, PARTTCILES/DNEM) 1, h6E+0R

NORMAL (ENGINEFRTNG STANDARD) CONDITINNS ARE 21 NEG

SQUARF RONRTS nf BSJ] RY STAGF

HOLE NIAMFTERS HY STAGE (CFNTIMITFRS)

TNLFT SAMPLE

270,00 F =

CTOR TEMPERAT!RF = 132,2 C
K TFMPERATURE = 270,0 F = 132,2 C
Ck PHRESSURF = 25,69 IN, OF WG MAX,
co = 0,00 N2 = 72,68 ne2

1.,4230F+00 GR/DNCF 1,8136E+03 MG/ACM

S0 st s? s3 sS4

2 3 4 5 6

6,20 3,17 2,11 1,61 0,67

2,92 2,67 4,7 4,23 3,16
1.,B0E¢02 1,65E402 2,91E+402 2,61E402 1,99E402

30,04 25,05 16,24 8,32 2,41
S,USE+02 4,50F¢02 2,94F+02 1,51€+02 4,38F+01
9,7BE4+02 B8,16F¢02 5,29E+02 2,71E+02 7,B6E+0}
2,38E=-01 1,99E=01 1,29E=01 6,60FE«N2 |,91E=02
4,27E=-01 3,56Ee0y 2,31E01 1,1BEw01 3,43E=02
7.96E400 4,57E+00 2,6TE+00 1,85E4C0 {,04E+00
8,32F402 6,22E402 1,44E+03 2,22E+03 5,15E+02
1,37E400 S _U1F+09 &,28E+10 " 2,93E411 3,78E+¢1)

TO THE TASK GROUP ON LUNG DYNAMICSY DEFINITION

9,46 S.17 3,26 2.50 1,08
1,21F+01  6,99E+400 U, 11E+00 2,86E¢00 {,64E+00
A,U3E+02 6,2TE+02 1,UBE+03 2,26E¢03 G5,33F+02
9,NTF+08 3,50E+09 4,02Fe1n 1,85Fa11 2,30F+11
€ aMD T6IMM KG,

0,122 0,322 6,351 0,3R8 5,330
0,3658 0,2460 A, 1724 0,1360 n,0896

SAMPL ING DURATION

PARTICLE O!AMFTER s

s 2,82

6,36E+01
0,49

8,82E+00
1,58F+01
3,85E=03
6.92E203
5,73E=01
4.S0E+02

{,98E+12

0,79
9,25€01
4,78E¢02

1,16F+12

0,350

20,0719

MONTFIFD RRINK CASCADE ITMPACTOR NUMBER o C

30,00 MIN

58,3 MICROMETERS

H20 = 11,80

3,2564E+03 MG/DNCH

86

8
0,23
0,11
6,79E400
0.28
5,09E400
9,14E+00
2,22E=03
3,99E=03
3,328=01
2,04E401
8,64E¢11

0,40
Se61E=01
2,268401

2,4QF ¢t}

0,273

0,0589

FILTER

9

0,15

9,260E400

1,6CE=Q}
3S,08F+0%

6,26Fe1p

2,818«
3.,08E+01

2,65E+12



9

CPPI=19 S=20e77 PNRT«(1 1320

[MPACTOR FLOWRATF = 0,051 ACF=

IMPACTOR TEMPERAT!RE =

INLET SAMPLEF

270.0 F = 132,2 C

TMPACTOR PRFSSURF NRNOP = 2,9 IH, OF HG STACK TFHPFRATURE = 2706,0 F = 132,2 C

ASSUMED PARTICLE DFENSITY = 2,30 GM/C!, M, STACK PRESSIURE = 25,69 IN, OF HG MAX, PARTICLE DTA
GAS COMPOSITINN (PERCENT) co2 = 12,70 €0 = 0,00 N2 a3 72,68 [s 14
CALC, MASS LOADING = 2,3936L400 GR/ACF 4,2980F+00 GR/DNCF S,U7TUE+0Y MG/ACM
IMPACTOR STAGE cyc S0 St 52 §3 sS4 -
STAGE INDHX NUMRFR 1 2 3 4 S 6

D50 (MICROMETERS) R, U1 5,00 2.67 1,73 1,10 0,50

MASS (MILLIGRAMS) 187,49 13,10 12,69 14,69 4,44 4,50

MG /DNCM/STAGF 7.85E+03 5,48E+02 S,31E+02 6,15F€¢02 1,86E402 1,88E«02
CUM, PERCENT OF MASS SMALLER THAN D50 21,30 15,80 10,48 .0.31 2,48 0,56

CUM, (MG/ACM) SMALLER THAN DSO 1,1TE+03 B8,66F+02 S, 74E+02 2,36E+02 §,34FE+02 3,06E¢0!
CUM, (MG/DNCM) SMALLER THAN DSO 2,10E403 1,55F+403 1 _03FE+03 U,2U4Ee02 2,41E402 5,49F¢01
CUM, (GR/ACF) SMALLER THAN D50 S,10E«01 3,78E=01 2,51E=01 1,03E«01 5,86E~02 1,34Ee02
CUM, (GR/DNCF) SMALLER THMAN N50 9,16E=01 -6.19E-01 4,50FE=01 1,85F=01 1,05E=01 2,480E=02
GEO, MEAN DIA, (MICROMETERS) 2,21E401 6,u48E+00 3,66E¢00 2,15E+00 1,3RE+00 7,45F~01
OM/DLOGD (MG/ONCM) 9,33F¢03 2,43E+0% §_,9S5E+03 3,26E+03 9,52E+02 S,51E+02
DN/DLOGD (NO, PARTICLES/DNCM) T.14E+08 7,40E+09 3 _32E+10 2,72E+t1 2,99E+1f 1,11Ee12

AERODYNAMIC ODIAMETERS ARF CALCULATED MERE ACCORDING

D50 (MICROMFTERS) 12,75

GED, MEAN Dla, (MICROMETERS) 3,316E+01
"DM/DLOGD (MG/ONECM) . 9,33F+03
_DN/DLOGD (NN, PARTICLES/NDNEM) 4,71F+08

NORMAL (ENGINFERING STANDARN) CONRITIONS aRE 21 DEG
SOUARE ROOTS aF PST BY STaAGF

HOLE DIAMETERS BY STAGE (CENTIMFTERS)

TO THE TASK GROUP ON LUNG DYNAMICS DEFINITION

7.64 4,11 2,68 1,73 0,82
9,BTE4+00 S,61E+00 3,32E+00 2,15E+400 1,19E+00
2,U4TE+03 §,97E+03 3,31€E403 9 ,76Ee02 65,78E+02
4,90E+09 2,10E+10 1,73E+11 1,87TE¢1} 6,STE+11
C  AND 760MM HG,

0,322 0,322 0,349 0,330 0,302
N,3618 0,2414 00,1737 00,1366 0,0918

SAMPL ING DURATION =

MFTER =

s 2,82

§S

7

0,37

0,92
3,85E+01

0,17
9,a3E+00
1,69E+01%
4,12E=03
7.40€E=03
4,32E=01
2,95E¢02

3,03€412

0,62
70116'0!
3,20E402

1,70F¢+12

0,345

0.,0719

MONTFIED BRINK CASCADE IMPACTOR NUMBFR =~ B

30,00 MIN

58,3 MICROMETERS
H20 = 11,80

9,8352F+03 MG/DNCM

se FILTER
8 9

0,07

0,20 0,21

8,37E+00 8,79E¢00

0,09

Q,83E400

8,67E400

2,11€003

3,79E=03

1,57E=01 4,69E=02

1,12F¢01  2,92E001

2,39E+12 2,35FE¢14

0,13

2,89F«01 9,53FE~02

1,267¢01 2,92Ee0t

1,00E¢12 6,U4Ee1}

0,175

0,0566



S9

CPPNel G§=17-77 PORT=t 1530 OUTLET SAMPLF U, OF W, MARK TIT SOURCE TEST IMPACTOR NO, = &
IMPACTOR FLOWRATE = 0,5h0 ACFM IMPACTOR TEMPERATHRE = 202,0 F = 94,4 C SAMPLING DURATION £ 80,00 MIN
TMPACTOR PRESSURF NROP = 1.4 TN, NF MG 5TACK TEMPFRATURE = 202,0 F = 94,4 C
ASSUMED PARTICLE DEMSTTY = 2,30 GM/CU,CM, STACK PRFSSURF = 26,50 IN, OF HG MaX, PARTICLE DIAMETER = 40,2 MICROMETERS
GAS COMPOSITION (PERCENT) Co?2 = 12,00 c0o = 0,00 N2 = 64,52 02 = 4,03 H20 a 19,45
CALC, MASS LOADINMG = 1,1643E~02 GR/ACF 2,0123E=-02 GR/DNCF 2,8644F+01 MG/ACHM 4,6009€¢01 MG/DNCM
IMPACTNR SYAGE S1 Se s3 S4 S$5 S6 $7 FILTER
STAGE INDEX NUMRER : | Qa 3 4 5 ) 7 8
050 (n!fRoNETERS)‘ 7.33 7.3°7 3,27 1,14 0,72 0,40 0,17
MASS (MILLIGRAMS) 2,26 n,o0 0,01 0,42 2,42 6434 5,99 16,36
MG/7DSCM/STAGE 3,126¢00 0,00E~01 1, 38F-02 S,80E«0{ 3 ,34E+00 A,T76E+00 8,2T7E¢00 2,26E¢01
CUM, PERCENT NF MASS SMALLER THAN DSO 93,31 93,31 93,28 92,04 84,88 66,12 48,40
CUM, (MG/ACM) SMa| LER THAN DSO 2.,49E+01 2,49Ee¢01 2,49F+01 2,45F+01 2,26F401 1,76E+01 1,29E«01
CUM, (MG/DNCM) SMALLER THAN DSO 4,30FE+01 4,30E+0) 4,30E401 4,2UE401 3,91F+01 3,04Ee+01 2,23E+01
CUM, (GR/ACF) BMALLER THAN DSO 1,09E02 1,09E=02 1,09E=02 1,07€E~02 9,8BE=0% 7.705-03' S.OGtOOS
CuM, (GR/DNCF) SMALLER THAN NSO 1,88Ew02 1,88E=02 1,88E«02 1,8S5E=02 1,71f=«02 1,33£-02 9,74E«03
GEO, MEAN DJA, (MICROMETERS) 1,72E¢01 7,33Es+00 0.59e;00 1,93€¢00 9,05E=01 S,33Es0f 2,57€E=«01 1,18E=0}
OM/OLOGD (MG/DNCM) 4,22E+00 O0,00E=01 3,95Ea02 1,27E+00 1,65F¢01 3,40E+01 2,20Ee01 Y, S50E¢01
DN/DLOGD (NO, PARTICLES/DNC™) 6,93E+05 0,00F=01 2,80F+05 1,46F¢+08 1 ,BSE+10 1,86E+11 1,07E+12 S.B;EOIS
AERODYNAMIC DIAMETERS ARE CALCULATED HERE ACCORDING TO THE TASK GROUP ON LUNG DYNAMICS DEFINITION
030 (MICRQMETFRS) 11.17 11,18 S.01 1,78 1,13 0,68 0.30
GEO, MFaAN DIA, (MICROMETERS) ?.61E+0t 1,12E401 7,47E400 2,99F¢00 1,42E¢00 A, SBEe0) 4, 39E=01 2,10E~01
DM/DLOGD (MG/DNCM) 4,23E¢00 0,00E=0] 3,97FE=02 1,29E¢00 1,71E+01 3.6!5001 2,44E+01 7.§0E001
DN/DLOGD (NO, PARTICLES/DNCM) 4,55E+05 0,N0E=01 1,RPE+08 9,2&4F+07 {,14F+10 §1,09Fe¢tt S,S0Ee1l §,54F+13
 NDRMAL (ENGINFERING STANDARD) CONDITINNS ARF 21 DEG C AND 760MM WG,
SQGUARF ROOTS OF PST RY STAGE n, 144 0,330 0,371 0,271 0,308 0,373 0,349
HOLE DIAMETERS RY STAGE (CENTIMETFRS) 1,237 n,5768 0,250 0,0808 0,0524 60,0333 0,n24s



99

CPPD=d  S=17=77 POPT=} 1515 QUTLFT SAMPLF U, OF w, MARK IIT SOURCF TEST IMPACTOR NO, = €

IMPACTOR FLOWRATE = 0,330 a(CFm TMPACTOR TEMPERATURE = 202,0 F = 94,4 C SAMPLING NDURATION 8 32,00 MIN
IMPACTOR PRESSURF DKROP = 0,5 IN, NF HG STACK TFMPFRATURF = 202,0 F = 94,4 C
ASSUMEN PARTICIE NEANSTTY = 2_.30 GM/CU,CM, STACK PRFSSURF = 26,50 IN, NF HG MAX, PARTTCLE DTAMETER = 40,2 MICROMETERS
GAS COMPUSTTINN (PERCENT) €02 = 12,00 €o = 0,00 N? = 64,52 02 = 4,03 W20 & 19,45
CALC, MASS LOANING = 2,7913E=02 GRZACF 4, ,RPU2E=02 GR/DNCF 6,3874F«+01 MG/ACM 1,1039E402 MG/DNCH
IMPACTOR STAGE s1 s? 53 s4 85 sé S7 FILTER
_ STAGE TNDFX NIMRER 1 2 3 4 5 6 7 8
DS0 (MICROMFTERS) - a_8R 9,83 u, 1A 1,80 0,94 0,66 0,24
MASS (MTLLTGRAMS) 2.35 0,02 0,01 0,18 " 3,45 3,90 2,R8 6,%1
MG/DSCM/STAGE ) 1.38E¢01 1,17F=01 5,R6F=02 1,05F+00 2,02E+01 2,28E¢01 1,69F401 3,70E+01
CUM, PERCENT OF MaASS SMALLER THAN DSO 87,70 87,59 87,54 86,60 68,53 48,12 33,04
T CUM, (MG/ACM)Y SMALILER THAN DSO 5.6NE+01 S,59E+01 5,59E+01 S,S3IE+01 U, %RE+01 ,07E+01 2,11E+01
CUM, (MG/DNCM) SMAL{ER THAN D50 9,68E401 9,67F+01 9,66E+01 ©9,56F+01 7,5TE+01 S,31E+01 3,65E401
CUM, (GR/ACF) SMALLER THAN D50 2,U5E=02 2,U4E=02 2,UUE=02 2,U42F=02 1,91E=02 §,34E=02 9,22Ea03
CUM, (GR/DNCF) SMALLER THAN DSo 4,23E02 4,23E=07 U4,22F=02 U,1BE=02 3,31E=02 2,32E=02 1,59Ee02
GED, MEAN DIA, (MICRDMETERS) 1,96E40) 9,71E+00 6,41F+00 2,756400 1,30E¢00 7,B88Ew0! 4,01F=01 1,72E=0}
DM/DLOGD (MG/DNCM) 2,21E+401 -9 ,0UE401 {,SBEm01 2,89F+00 7,16E+01 1,4RE¢02 3,90F+01 1,2%E+02
DN/DLOGH (NO, PARTYCLES/DNCM)Y 2.43E+06 =9,81E+06 U,9TE40S 1,16F+08 2,69E+10 2,51E+t1 5,02E¢1f 1,99E¢13

AERODYNAMIC DIAMETFRS ARE CALCULATED HFRE ACCNRDING TO THE TASK GRNUP ON LUNG DYNAMICS DEFINITION

0S50 (MICRNMETERS) 14,58 14,96 6,39 2,78 1,48 1,05 0,42

GED, MEAN DlA, (MICROMETERS) , 2.96F+¢01 ©1 uBF+01 9,78BE+00 4,22F¢00 2,03E+00 1,24E+00 b.LoF-o1 2,9UE=01
. DM/DLDGD (MG/DNCH) . 2.22E401 =1 ,04E401 §,SBE=0t 2,92E+00 7,33F+01 1,54E¢02 4,20Ee01 1,23E¢02

DN/DLOGD (NO, PARTICLES/DNCM) 1,60F+06 «A,1TE+06 T,24F+0S 7, 4UF+07 1.,68E+10 1,53E+11 2,79F¢l)l 9,22Ee12

NORMAL (ENGINFFRINML STANNARDY CONDITINNS ARE 21 DEG .C  AND 760MM MG,
SQUARE ROOTS nF PSY BY STAGF : 0,144 N,330 0,371 0,320 0,298 0,363 0,312

HOLE NTAMEYERS BY STAGE (CENTIMFTFRS) 1.8237 n,5874 n.,245%9  0,0807 0,0532 0,0376 0,0260



L9

CPPO=s 5=18=77 PORT={,? 1335 THLET SAMPLFE U, OF W, MaRK TIT1 SOURCF TEST IMPACTOR NO, = A

IMPACTOR FLOWRATE = 0,310 ACFM TMPACTUR TEMPERATURE = 205,0 F = 96,1 C SAMPLING DURATION = 80,00 MIN
IMPACTDR PRESSURF DROP = 0,4 IN, NF MG - STACK TFMPERATURE = 205,0 F = 96,1 C

Aéslluso PART‘ICI". NENSITY = 2,30 Gm/CU,CM, STACK PRFSSIIRE = 26,66 IN, OF HG MAX, PARTICLE DIAMETFR = 40,2 MICROMETFRS

GAS COMPNSITION (PERCENT) €02 & 11,79 €co = 0,00 N2 = 67,69 ne = 3,57 H20 2 16,95
CALC, MASS I NARING = 9,122SE=03 GR/ACF 1.5269€E~02 GR/ONCF 2,0875E+401 MG/ACM 3,0901E401 MG/DNCM
IMPACTOR STAGE 81 s2 s3 Su 85 S6 87 FILTER

STAGE INDEX NUMBER 1 2 3 4 S 6 7 8

DS0 (MICROMETERS) 9,95 9,94 4,46 1,58 1,00 0,58 0,26

MASS (MILLIGRAMS) 3,06 0,00 0,00 0,00 . 0,02 1,37 2,67 7.54

MG/DSCM/STAGE 7.39€+00 0,00E»01 0,00E=01 0,00E=01 &, B3E=02 3,31E+00 6,45F¢00 1,82E+01

UM, PERCENT OF MaSS SMALLER THAN DSO 19.13 79,13 79,13 79,13 . 78,99 69,65 51,43

CUM, (MG/ACM) SMALLER THAN D&O 1,65F+01 1,65F+01 1,65E401 1,65E+01 1,65E401 §,45Eeni 1,07E+01

CUM, (MG/DNCM) SMALLER THAN DSO 2.76Ee01 2,T76E401 2,76F401 2,76F+01 2,76E+0)1 2,43E¢01 §,R0E+0)

CUM, (GR/ACF) SMALLER THAN DSO 7,.22E=03  7,22F«03 7,22E«03 7,22E~03 7,21E«03 6,35E«03 4,69Ee03

CUM, (GR/ONCF) SMALLER THAN DSO 1,21Ew02 1,21E202 1,21F=02 1,21E=02 1,21E=02 1,06E=02 7,85E-03

GEO, MEAN DIA, (MICROMETERS) 2,00E+01 9,95E400 6,66E400 2,65E+00 1,26E+00 7,61E=01 3,91Ee01 1,87E=01

DM/DLOGD (MG/DNCM) 1,22E401 0,00E=0f 0,00E=01 0,00Ew0} a;aez-oi 1,38F¢01 1,90E+01 &, 0SE+01

DN/DLOGD (NO, PARTICLES/ONCM) 1,27€406 0,00E«01 0,00E=01 0,00E=01 §,02E+08 2,60E+10 2,65E+11 7,67E+12

AERODYNAMIC DTAMETFRS ARF CALCULATED WERE ACCORDING TO THE TASK GROUP ON LUNG DYNAMICS DEFINITION

D50 (MICRNMETERS) 15,15 15,12 6,R1 2,44 1,57 0,92 0,48

GEO., MEAN DlA, (MTCROMETERS) 3,04E¢01 1,51E¢0) 1,01Ee01 4, ,0RE+00 1,96F¢00 1,20E+00 6,43E=01 3,17E=01}
DM/DLOGD (MG/DNCH) 1.,22F+01 0,00E=01 O,00E~01 O,00E~01 2,52E=01 §,u3E+01 2,0hEe01 6,05E+01¢
DN/DLOGD (ND, PARTICLES/DNECM)Y A.32F+0S5 0,N0E=01 0,00F=01 O0,00F0) 6,41F+07 {,57E«10 1,48E+t1 3,64E+12

NORMAL (ENGINEERING STANDARD) CONDITIONS APRE 21-DEG C AND 760MM HG,
SQUARE RONTS OF PST BY STAGE n,t44 0,339 6,374 0,271 0,308 0,373 0,349

HOLE DIAMFTERS RY STAGE (CENTIMETERS) 1,R237 0,576R 0,2501 0,0B80R 06,0524 0,0333 0,024%



89

CPPO=7 S=1Re7/ PORT=~4,5 1334

IMPACTOR FLOWRATF = 0,450 ACFM

IMPACTOR PRESSURF DROP = 0,9 IN, DF HG

ASSUMED PARTICLE NFNSITY = 2,30 GM/CU,CM,
GAS CNMPOSTTION (PERCENT) co2 =
CALC, MASS LOADING = 6,7094E=03 GR/ACF
IMPACTOR STAGE

STAGE INDEX NUMBFR

0S50 (MICROMFTERS)

MASS (MILLIGRAMS)

MG/DSCM/STAGE

CUM, PERCENT OF MaSS SMALLER THAN DSO
CUM, (MGZ/ACM) SMALLER THAN DSO

CUM, (MG/DNCM) SMALLER THAN DSO

CUM, (GR/ZACF) SMALLEFR TMAN DSa

CUM, (GR/DNCF) SMALLFR THAN RSO

GEO, MEAN DA, (MICROMETERS)

OM/DLOGD (MG/DONCM)

ON/DLOGD (NO, PARYICLES/DNCHM)

AERODYNAMIC DIAMETERS ARE CALCULATED HERE ACCORDING TO THE TASK

DSO0 (MICROMETERS)

GEO, MEAN DJA, (MICROMETERS)
OM/DLOGD (MG/DNCH)

DN/DLOGD (NO, PARTICLES/DNCM)

NORMAL (ENGINEERING STANDARD)Y CONNITINNS ARE 21 NDEG C

SQUARF ROOTS nF PST AY STAGF

HOLF DIAMETFRS RBY STAGE (CENTIMETFARS)

IMPACTOR TEMPERATURE =

STACK TFMPERATURE =

STaCK PRFSSURE

11.79

3,58E+00
86,24
1,32E+01
2.22F+01
5,79E=03
9,68E=03
1,82E401
5,21E+00

7.17€+0S

12.55
2.TTE+01
S.228+00

4,TIE+DS

0,144

71,8237

TNLFT SAMPLE

= 26,66 IN,

0,00

1,1230F~02 GR/DNCF

52

0.,00E=01

86,24
1,32F01
2,22E401
5,79F~03
9,68E=01
8,21E+00
0,00E=01

0,00E=04

12,45
1,25€6+018
N,00E=01

0,N0E=01

s3

0,00Een)

86,24
1,32E+01
2.22E401
S.T9E=03
9,6BE=0]
5.5|é¢oo
0,00Ea01

0,00E=01

GROUP ON
5,67

8,41E400
0,00E=01

N,00F=01

AND 760MM HG,

0,330

0,5743

0,371

95,2512

205,0 F «

20,0 F =

OF HG

96,1

U, OF w,

96,1 C

c

MAX,

N2 © 67,69

sS4

1,49
0,04
6,A3E=02
89,98
1,32€6+401
2,21€+01
S,77E~03
9,60E=0%
2,35€+00
1,736=01

1,10F+07

PARTICLF DIAMFTER =

02

1,5353E«01 MG/ACM

Ss

8,19E=01

82,83
1,27€+01
2,13E¢01
5,56€=03
9,30E=0%
1,08E400
2,89F+00

1,92€+09

S§é6

1,19
2,03E+00
75,03
1,15€+01
1.,93E+01
5,03€-03
8,a3E=-03
6,08FE=01
9,52E+00

3.51E«10

LUNG DYNAMICS DEFINITION

2,31
3,62E400
1,75€=01

T.03F+06

0,319

0,0793

1,23
1,68E400
2,97€400

1,19F+09

0,321

0,0495

0,77
90715‘01
100F¢01

2+09E¢10

0,389

0,0330

SAMPL ING

MARK T1T1 SOURCE TEST IMPACTOR NO,

s 3,57

s7

4,16
7.,10E+00

47,717
7.33E000
1,23E+01
3,21E20%
S.36E=03
2,90E«01
1,66Ee01

S.61Ee1t

0,31
4,91€Een
1,82F+014

2.94E+11

0,354

0,0229

DURATION =

«D
78,00 MIN

40,2 MICROMETERS

H20 & 16,95
2,569BE+01 MG/DNCM
FILTER
8

7,29

1,20E¢01

1,25E<01
8,13E+01

1,74E+13

2,22E=01
4,13E¢01
T.2%E¢12



69

CPPN=R  S~{R=77 PORT=3,6 1330

IMPACTOR FLNOWRAYE =2 0,410 ACFM™ IMPACTNR TEMPERA

{MPACTAP PRESSURE NROP = 0.8 IN, OF HG STACK TFMPERATUR

ASSUMED nAnfolE DENSITY = 2 %0 GM/CU,Cwm, STACK PRESSURE

GAS COMPOSITION (PERCENT) cn2 = 11,79 Co =
CALC, MASS LCADING = 9,3569E-03 GR/ACF

IHPAETOR STAGE S1 s2
STAGE INDEX NUMBER 1 2

DSO (MICROMETFRS) AR,64 8,87
MASS (MILLIGRAMS) 1.83 0,00
MG/DSCM/STAGE 3,43E400 0,00E=01
CUM, PERCFNT OF MaSS SMALLER THAN DSO 90,56 90,56
CUM, (MG/ACM) SMALLER THAN D50 1,94E+01 1,94E+01
CUM, (MG/DNCM) SMALLER THAN DSO 3,25F+01 3,2SF40}
CUM, (GR/ACF) SMALLER THAN DS0 R, 4TEw03 8,47E-03
CUM, (GR/DNCF)Y SMaLLER THAN DSO 1,U2Ee02 1,02E«02
GEO, MEAN DIA, (MICROMETERS) t,86E401 B8,76E+00
DM/0LOGD (MG/DNCM) S, 14E+00 N0,00E=01%
ON/DLOGD (NO, PARTICLES/DNCMY 6,59€405 0,00E=01

AERODYNAMIC OIAMETERS ARE CALCULATED HERE ACCORDING TO THE TASBK

DSO0 (MICROMETERS) 13,16 13.50
GEO, MEAN DIA, (MICROMETERS) 2.83E401 1,33E+04
- DM/DLOGD (MG/DNEM) S.15€+00 0,00E=01
ON/DLOGPH (ND, PARTICLES/DNCM) 4,338¢05 0,00E=01

NORMAL C(ENGINFFRING STANDARD) CONDITIONS aRE 21 NEG €

SQUARE ROOTS 0OF PSI BY STAGE

HOLF NIAMETERS BY STAGF (CENTIMETERS)

INLEY SAMPLE U, OF W
%uDE‘= 205,0 F = 98,1 C
F = 205,0F a3 96,1 C
2 26,66 IN, OF HG MAX, PARTICLE D1A
0,00 N2 = 67,69 02

1,5662E=02 GR/DNCF

S3

1,50E=~01

90,15
1,93€404
3,23€401
A,0UF0%
1,41E=02
5,78E+00
4,03F=01

1,73E+06

GROUP ON
S.76

R.,BPF+00
4,05F=01

1.,13F+06

AND T760MM NG,

n,3%0

0,5874

0,371

0,24509

2,1012E¢0) MG/ACHM

sS4 ' 8% Sé

4 S [

1,62 0,84 0,58

0,14 0,38 2467
2,62F~01 T7,12Ee01 S,00E+00

89,03 87,47 73,70
1,91F+01 1,87E+01 {,5B8F¢01
3,20E+01 3,13F+01 2,64E¢01%
8,37F»03 B,18E=03 6,90E=03
{,U0E=02 1,378=02 1,15E=02
2.,47F+00 1,17E4+00 7,01E=~01
T.16E=01 2,50E400 3,17E+01
3,956407 1,31E409 T,63£410

LUNG DYNAMICS OEFINITION

2,50
3,B0E+0C
70255’01

2,53E¢07

0,320

0,0807

1,32
1,R2E400
2,5TE+00

8,13E+08

0,295

0,0532

0,93
111E+00
S.31E+01

Uyb1Eeq

0,36%

0,0376

SAMPL ING DURATION s

METER =

e 3,57

57
7
0,21
6,73
1,26E+01
38,99
8,35E400
1,40E401
3,65E=03
6.,11E~03
3,50E=01
2.83E+01

S5.U9E+1

0,36
S.B2E=01
3,07E+01

?2.,98E+11

0,312

0,n260

. MARK TTT1 SNURCE TFST IMPACTOR NO, = C

78,00 MIN

40,2 MILROMETERS
H20 ® 16,9%
3.95839F401 MG/DNCH
FILYER

A

7.56
1,42E+01

1,4BE=~0}
4,70E+01
1,21E¢413

2,57E=01
4,70€+01

S.31E+12



0L

CPPN=10 S=19=77 PART«? 1059
IMPACTOR FLOWRATF = 0,320 ACFM™ IMPACTNR TEMPERA
IMPACTOR PRESSUKRE NROP = 0,5 TN, OF HG STACK TEMPERATIIR

ASSUMED PARTICIF NPENSITY = 2,30 Gr/sCuU, CwM,

GAS COMPOSITION (PERCENT) €n2 = 11,59 €o =
CALC, MaSS LDADING 3 8,0S3IAE=03 GR/ACF 1.3705£-02
IMPACTOR STAGE st s2
STAGE INDEX NiIMBFR { 2
050 (MICROMETERS) 9,77 9.76
MASS (MILLIGRAMS) 0,45 0.00
MG/DSCM/BTAGE 1,07E400 0,00Ew01
CUM, PERCENT DF Ma8§ SMALLER THAN DSO 96,63 96,63
CUM, (MG/ACM) SMALLER THAN DSO 1,78E401 {,TBE401
CUM, (MG/DNCM) BMaLLER THAN DSo 3,03E401 3,03E+01
CUM, (GR/ACF) SMALLER THAN DSO 7.78E=03 7,7RE-03
CUM, (GR/DNCF) SMaL| ER THAN DSO 1,326=02 1,32F«02
GEO, MEAN Dja, (MICROMETERS) 1,98F401 9,76E400
DM/DLOGD (MG/DNCM) 1,7UE¢00 0,00Ea01
DN/DLOGD  (NO, PARTICLES/DNCH) 1,86E+05 0,00F=01
AERODYNAMIC DIAMETERS ARE CALCULATED HERE ACCORDING TO TME TASK
D50 (MYCROMETERS) 14,87 18,85
GEQ, NEAN.DIA, (MICROMETFRS) 3.01E201 1,49E+01
DM/DLOGD (MG/NNCM) 1.75E400 0,00E«01
DN/DLNGD (NO, PARTICLES/DNCM) 1,22F¢05 0,00F=ny
NORMAL (ENGINEFRING STANDARD) CONDITIONS aRE 21 NEG € AND T60M
SQUARE RONTS OF PST RY STaGE 0,144 0,330
HOLE DIAMFTERS AY STAGF (CENTIMETERS) 1.8237  0,5768

STACK PRFSSURE & 26,69 IN,

INLET SAMPLE U, DF w, MARK TI7 SOURCF TEST IMPACTOR NO, = &
TURF = 205,0 F = 96,1 € SAMPLING DURATION = 80,00 MIN
F x 205,0 F =z 9,1 C
OF HG MAX, PARTICLF DIAMETFR & up,2 MICROMETERS
0.00 N2 = 66,01 02 = &,00 W20 = 18,40
GR/DNCF 1,RU3NE+OL MG/ACM 3,1361E401 MG/DNCM
s3 S4 ss 56 . 87 FILTER
3 [’} b1 6 7 8
4,38 1,55 0.98 0,57 0,26
0,00 0,00 0,00 1,70 2,85 8,36
0,00€-01 0,00E=01 O0,00E«0f 4,04E4+00 6,78E+00 1,99E+0L
96.63 96,63 96,63 83,91 62,57
1,78E40t 1,7RF«01 1,78F+01 1,55E+¢01 1{,15E+01
3,03E+401 3,03F+03 3,03E+01 2,63FP¢01 1,96Es01
7.78E=03  7,78E=03 T TBE=03 6,T6E=203 5, 04E=03
1,326m02 1,32Fw02 1,32Fe02 1,15E«02 8,358Fe03
6.536+00 2,60E400 1,23E£+400 7,46E=01 3,82Ee01 1,83E~01
0,00E=01 0,00E=03 0,00E=31 1,6BE+0) 1,99F4+01 6,61E401
0,00£=01 0,00E~01 0,00E=01 3,37E410 2,97Fel1 9,01E+12
GRNOUP ON LUNG DYNAMICS DFFINITION
b.b% 2,40 1,54 0,90 0,42
9,96E400 4,00E+00 1.926}00 1,1BE+00 6,29E~01 3,10E=01
N,00F=N] O0,N0E=«DY O0,00E=01 1,75F+01 2,16E+01 6,61E+01
0,00F=01 ©,00E~01 0, N0E~01 2,04Fe¢10 §,65E+11 4,28E+12
M HG,
0,371 0,271 0,308 0.373 0,349
0,250 0,0R08 0,0524 0.0333 0,0245



1L

5e19-77

MARK T11 SOURCF TEST IMPACTOR NO,

02

1 ,ASTRE+0] MG/ACM

56

2.68E400
88,53
1,64E401
2,R0E+01
T 19F=03
1,22F=02
7,66Ee01
1,72E¢01

3.419€4+10

1,02
1.21E+00
1479E«01

1.94F+10

0,363

CPPO~1? PORT=S$,6 1088 INLET SAMPLE U, OF W,
IMPACTOR FLNWRATF 2 0,350 ACF™ IMPACTOR TEMPERATURE = 205,0 F = 96,1 €
IMPACTOR PRESSURE DPROP = 0,5 IN, NF HG STACK TEMPERATURE = 205,0 F = 96,1 C
ASSUMED PARTTCLE DENSITY = 2,30 GM/CH ,Cm, STACK PRESSURF =z 26,69 IN, OF HG _MAX,
GAS COMPOSITINN (PERCENMNT) €02 = 11,59 €0 = 0,00 M? & 66,01
CALC, MASS LOADING £ A,1185E«03 GR/ACF 1.3R15F=02 GR/NNCF
IMPACTOR STAGE 51 $2 83 LY S5
STAGE INDFX NUMBER 1 2 3 4 5
D50 (MICROMETERS) 9,34 9,59 4,07 1,76 0,92
MASS (MILLIGRAMS) 0,28 0,00 0,00 0,04 0,14
MG/DSCM/STAGE 6,09E=01 0,00F=01 0,00E=01 8,70F=02 3,05F=01
cUM, PERCENT OF MASS SMALLFR THAN D50 98,10 98,10 98,10 97,83 96,R8
CUM, (MG/ACM) SMALLER THAN DSO 1.82E¢01 1,82E+01 1,82E401 1,B2E+01 1,80F+01
CUM, (MG/DNCM) SMALLER THAN NSO 3,10E+01 3,10E401 3,10E+401 3,09E401 3,06E«01
CUM, (GR/ACF) SMALLER THaAN DSO 7.96FE=03% 7,96E=03 7,96E=03 7,94E=03 . 7,87E=03
CUM, (CR/NDNCF) SMALLFR THAN NSO 1.,366=02 1,36F=02 1,36Fw0?2 1,35F«02 1,304Fe02
GEO, MEAN DI1A, (MICROMETERS) 1,94F+01 9,U6E+00 6,25E¢00 2,6TE4+00 1,27E+00
DM/DLOGD (MG/DNCM) 9,61E=01 0,00E=0) 0,00FE=0f 2,38E=01 1,08E400
ON/DLOGD (NO, PARTICLES/ONCM) 1,10F+05 0,00F=01 0,00E=01 1,03F¢07 4, 39F40F
AERODYNAMIC DIAMFTFRS ARE CALCULATEP WERE ACCORDING YO THE YASK GRNUP ON LUNG DYNAMICS DFFINITION
D50 (HICPDMETEPSI- 14,21 14,59 6,23 2,71 1,44
GEO, MEAN DIA, (MICROMFTERS) 2,94E+01 1,44E+01 9,53€«00 4,11E+400 1,97E+00
DM/DLOGD (MG/DNCMY 9.63E=01 0,00E=01 0,00F=01 2,01€=01 1,10E400
NN/DLOGD (NN, PARTICLES/DNCM) 7.21E+04 0,00E=01 0,00F=01 6,64F+06 2,74Fe08
NORMAL (ENGINEERING STANDARD) CONDITINNS ARE 21 DEG C AND 760MM HG,
SQUARE RODTS OF PST BY STAGE 0,144 0,330 n,371 0,320 0,795
HOLE DIAMETERS BY STAGE (CFNTIMETERS) 1.8237 n,587u 0,245¢9 0,0807 0,0532

0,0376

SAMPLING DURATION =

PARTICLF DIAMFTER =

s 4,00

$7

1.35F+014
46,50
8,64E¢00
1, 47E+01
3,78E=03
6,02Ce03
3.BRE=01
3,09E«01

4,40E«11

0,40
6.UOE-Q1
3,34E«01

2,03Ee11

0,312

0,0260

- C

80,00 MIN

40,2 MICROMETERS

H20 = 18,40
3,16136401 MG/DNCM

FILTER

1., 89E+01

1.66E=01
4,98E+01
8,97€+12

2,84E=01
4,95E+01

a,11E+12



L

CPPHe13 5=19=77 PORT=4,S 1057 INLET SAMPLF U, OF w,
TMPACTOR FLOWRATF = 0,430 ACFM IMPACTOR TEMPERATURE = 205,0 F = 96,1 C
IMPACTQR PRESSIIRE DRNP = 0,8 IN, OF HG STACK TEMPERATURE = 205,0 F = 96,1 C
ASSUMED PARTICLE NFNSTITY = 2,30 GM/CU,CM, STACK PRFSSHRE = 24,69 IN, DF HG MAX

GAS COMPOSITINM (RFRCENT) co2 = 11,59 €0 = 0,00 N2 = 66,01

CALC, MASS LNACING = 7,6534E-03 GR/ACF

TMPACTOR STAGE s1
STAGE INDPFX NUMRER 1

050 (MICROMETERS) A.42
MASS (MILLIGRAMS) 0,89
MG/DSCM/STAGE 1,58E+00
CUM, PERCENT OF MASS SMALLER THAN D50 94,78
CUM, (MB/ACM) S8MALLER THAN DSO 1,66E+01
CUM, (MG/DNCM) SMALLER TNAN D50 2.82E+01
CUM, (GR/ACF) 8SMALLER THAN DSO 7.25F=03
CUM, (GR/DNCF) BMALLER THAN DSo 1,23E=02
GEO, MEAN DIA, (MICROMETERS) t,84E+01
DM/DLOGD (MG/DNCM) - ?,32€400
DN/DLOGD (NO, PARTICLES/DNCM) 3,10€405

AERODYNAMIC DIAMETERS ARE CALCULATED WERF ACCORDING 71

DS0 (MICROMETERS) 12,81

GEO, MEAN DIA, (MICROMETERS) 2,79E+01
DM/DLOGD (MG/DNCM)Y . 2.,33E+00
DN/DLOGD (NO, PARTICI £S/DNCM) ?.03E+0%

NORMAL (FENGINFERING STANDARDY CONDITIONS ARE 21 DEG €
SQUARE RONTS OF PST BY STAGE n,144

MOLE DTAMFTERS BY STAGF (CENTIMETERS) 1,8°37

1,3023F=02 GR/DNCF

s2 s3
2 3
R,35 3,78
0,00 6.00
0,00E=01 0,00F=01
94,78 94,78
1.66E¢01 1,66E401
2,82E+01 2,B2E401
7,25E203 7,2SE=03
1,23€=02 1,23E=02
8.38E400 5,62E+00
0,00E=01 0,00E=01
0.00F=0) 0,00F=01
0 THE TASK GROUP ON
12,71 5,79
1,28E401 B,SBE400
0,00Eent 0,00E=01
0,00FmNt 0,00F=01

AND 760MM HG,
0,330 0,371

0,5743 0,2512

0,00F=01%
94,78
1.66E401
2,82E+01
7.25€-03
1,23€E=02
2,U0F+00
0,00E=01

0,00E=01

S

. PARTICLE DIAMETFR =

02

1,7S1UF+01 MG/ACM

$s

4,60E=01

93,26
1,63E+01
2,78E+0!
7T.14E=03
1,21E=02
1,10E+00
1,63E+400

1,01E409

S6

3,34
S+91E400
73.68
1,29E401
2,20E¢0}
S,64E=03
9,60E=03
6,23E=01
2,79E+01

9,56E+10

LUNG DYNAMICS DEFINTTION

2,36
3,70E¢00
0,00F=01

0,00E=~0}

0,319

0,0793

1,25
1,72E+00
1,67E+00

6,26F+08

0,321

0,049%

0,79
9494dF =01
2,93F+01

S.70F+10

0,389

0,033%0

AMPLING

£ 4,00

0,18
3,92
6,94E400
S0,70
A,B88E4+00
l.SlEtpl
3,88E«03
6,60E203
2,99E=01
1,63E+0%

5,06Fe11

0,32
S,0SE=01
1,79E+01

2,67Fe1

0,354

0,0229

DUYRATION =

MARK 111 SOURCE TESY IMPACTOR NO, = D

80,00 MIN

40,2 MICROMETERS

H20 = 1R, 40
2.95025001 MG/DNCM
PILTVER
8

8,65

1,53E+01

1,30E-01
$,09E+01

1,93E¢13

2.298=01
5,09E401

B8,14E+12
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CPPOelld &§=p0-77 PPRT=§,6 1134 : TMILET SAMPLE U, OF W, MAKK T1] SOURCE TEST IMPACTOR NO, = C

IMPACTOR FLOWRATE £ 0,340 ACFM IMPACTOR TEMPERATURE = 205.,0 F = 96,1 C SAMPLING DURATION = 80,00 MIN
IMPALTOR PRESSURF DROP = 0,5 IN, NF HG STACK TEMPERATURFE = 205,0 F = 96,1 C

ASSUMED PARTICIE PENSTTY = 230 GM/CU,CM. STACK PRESSURE = 26,68 IN. 0F MG MAX, PARTICLE DYAMETER & 40,2 MICROMETERS

GAS COMPOSITION (PFRCENT) €02 = 11,37 co s 0,00 N2 & 68,37 n2 = 4,46 H20 ® 15,80
CALC., MASS LOADING =.8.317hE-03 GR/ACF 1.3722E-02 GR/DNCF 1,9034E+01 MG/ACM 3,1800E401 MG/DNCH
IMPACTOR STAGF s1 82 83 sS4 85 86 87 FILTER

STAGE INDFX NUMBER 1 2 3 a S 6 Y 8

DSO (MICRDMETERS) 9,53 9,78 4,16 1,79 0,94 0,66 0.24

MASS (MILLIGRAMS) 0.5% 0.00 0.02 0,00 0,16 2,20 5,02 6,71

MG/DSCM/STAGE : 1,196400 n,N0E=01 4,3UEm02 O0,N0Fe08 3,47E=01 4,7BE+00 1,09E+D1 1,46E¢01

CUM, PERCENT OF MASS SMALLER THAN D50 - 96,25 96,25 96,11 96,11 95,02 80,01 45,77

CUM, .(MG/ACM) SMALLER THAN DS0 1,83E401 1,83E401 1,B3£40t 1,83F+01 1,BIE+01 1,52E+0f B,71E+00

CUM, (MG/DNCM) SHALLER THAN DSO T,02E+01 3,02E401 3,02E+01 3,02E+01 2,98£¢01 2,51E+01 1,84E«01

CUM, (GR/ACF) BMALLER THAN DSO A.01E=03 B,01E~03 7,99E~03 7,99E203 7,90E=03 &,66E=03 3,81E=0%

CUM, (GR/BNCF) SMALLER THAN D50 1,32E202 1,32Fe02 1,32E=07 {,32Fe02 1,30E=02 1,10E=02 6,28E=03

GEO, MEAN DIA, (MICROMETERS) _ §,96E+01 9,66E+00 6.38E400 2,73E400 1.30E+00 7.83E=01 3,97E~01 1,70E=01

DM/OLOGD (MG/DNCM) 1,91E400 0,00E~01 1,17Ew0) 0,00E=01 1,23E¢00 3,09E+01 2,51E¢01 4,84E+01

DM/OLOGD (NO, PARTICLES/ONCM) 2,11€405 0,00E=01 3,70E+05 O0,00F=01 4,70E+0B 5,3¢E+10 3,32E¢ii B,11F¢32

AERODYNAMIC DIAMETERS ARE CALCULATED HERE ACCORDING TO TWE TASK -GROUP ON LUNG DYNAMICS DEFINITION

DS0 (MICROMETERS) 14,951 1a4,R9 6,36 2,17 1,47 1,04 0,31

GEO, MEAN DA, (MICROMETERS) 2.97E+401 1,47Ee01 9,73E+00 4,19FE+00 2,01E+00 1,24E+00 6,55E«01 2,91Ee0}
'DM/DLDGD (MG/DNCM) 1,91E+00 O0,00E=01 §,17E=01 O0,00E=0% 1,26FE«00 S.glEool 2,71E¢01 4,84aE¢0¢
ON/DLNGD (NO, PARTICLES/ONCM) 1,39F405 0,00F-01 2,44E+05 O0,00F=03 2,94E+08 3,25E+10 1,84F+1% S, T4E+12

NORMAL (ENGINFERING STANDARD) CONDITIONS ARF 21 DEG C AND 760MM HG,
SQUARE RONTS oF PSI RY STAGE 0,144 0,330 0,37y 0,320 0,295 0,363 0,312

MOLFE DIAMETFRS BY STAGF (CENTIMETERS) 11,8237 0,5874 08,2489 0,0807 0,0532 0.0376 0,0260



VL

LPPO=1S S=20a77 paRI=P 140

IMPACTNR FLOWRATF = 0,296 ACFM™

IMPACTOR PRESSUIIRF PROP = 0,4 IN, NF HG STACK

ASSUMED PARTICLE NENSITY = 2,30 GM/CII MM,

GAS COMPOSITION (PFRCENT) 02 = 11,37
CALC, Ma5S§ LOADING = 7,7206E=03 GR/ACF

IMPACTOR STAGE st
STAGE INDEX NUMBER . {

D50 (MICRNMETERS) 10,22
MASS (MILLIGRAMS) 0.18
MG/DSCM/STAGE 3,82E=01
CUM, PFRCENT OF ™MaAS88 SMALLER THAN D50 98,714
CUM, (MG/ACM) SMALLER THAN DSO 1.,74Ee01
CUM, (MG/DNCM) SMALLER THAN DSO 2,88E401
tUM, (GR/ACF) SMALLER THAN DSO 7.62F<0%
CUM, (GR/DNCF) SMALLER THAN 0SO 1.26E=02
GEQ, MEAN DIA, (MICROMETERS) 2,03E+01
DM/DLOGH (MG/ONCM) 6,42Fe01
DN/DLOGD (NO, PARTICLES/DNCM) 6,U0E+04

AERODYNAMIC DIAMETERS ARE CALCULATED HERE ACCORDING TO THE TASK

D50 . (MICROMETERS) 15,55

GED, MEAN DIa, (MICROMETERS) 31,08€401
OM/DLOGD (MG/DNCM) , 6, UUF=01
DN/DLOGDH (NG, PARTICLES/DNCM)Y 4, 21E+04

NORMAL (ENGINEERING STANDSRD) CONDITINNS ARE 21 DEG C
SQUARE RONTS OF PSY BY STAGE n,v44

HOLE DYAMETERS BY STAGF (CENTIMETERS) 1,237

1.2737F=02 GR/ONCF

s2 83

2 3

10,21 4,58

0,07 0,00
1,49E=01 0,00E=01

98,20 98,20
1,74E401 1,74E201
2,86F401 2,86E401
7,58E008% 7,5BE-0%
1,25E=02 1,25E=02
1,02E401  6,BUE+00
2,19€402 0,00E=01
1,71E408 0,00Ew0}
GROUP ON

15,53 7.00
1,55E+01  1,0UE4+01
2,19E402 0,00Ea0}
1,12E+408 0,00F=01

AND T60MM MG,
0,330 . 0,37¢

¢,5768 0,250t

1,7667F 401 MG/ACM

Sa 8s S6
[’} 5 ]
1,62 1,03 0,60
0,02 0,01 2,11
4,24E=02 2,12E=02 4,UBEe+00
98,06 97,99 82,83
1,73€40f 1,73B¢01 1,46E+D]
2,86E401 2_,86E¢01 2,41E+01
T.STE=03 7,57€=03 6,40E=03
1,25E~02 1,25E=02 t,0S5E=02
2,T3E+00 1,29E+00 7T,84E=01
9,42€202 1 ,08E=0t 1,87E¢0!
3,B6F¢06 4, 14E+07 3,23E+10

LUNG DYNAMICS DEFINITION

2,51 1,61 0,98
G,19E+00 2,01E+00 1,20E¢00
9.,53E-02 1,11E=01 1,95E401
2., 4AE+06 2,60E+0T 1,96F¢10
0,271 0,308 0,373
0,0808  0,0524  0,0333

87
7
0,27
2,88
6,11E¢00
62,14
1,10E+01%
t.81€+01
q,80E~03
7.91E=03
4,04E=01
1,828+01
2,29Fe11

0,86
6,62Ew0}
1,96E¢01

1.28E+11

0,349

0,02a8

INLET SAMPLE U, DF w, MARK II1 SOURCE TEST IMPACTOR NO, o A
IMPACTOR TEMPERATURE = 205,0 F = 96,1 C SAMPL ING DURATION = 94,00 MIN
TEMPERATURE = 205,0 F = 96,1 C
STACK PRESSURFE = 26,4R IN, OF HG MAX, PARTICLE DYTAMETFR = 40,2 MICROMETERS
o = 0,00 N2 = 66;31 02 = u, 88 H20 = 15,80

2,91U6F+01 MG/DNCM
FILTER

8

8,65

1 8UE+0]

1,96E=01
6, 10E+01
6,96F+12

3,27E=01
6,10E+08
3.33E+12



GL

CPPU~t7 Se20=77 PORT=4,S 1137 INLET SAMPLF U, OF W, MARK TI1 SOURCE. TEST IMPACTOR NO, = D

IMPACTNR FLOWRATE = 0,41R ACFM IMPACTNR TEMPERATHRF = 05,0 F 3 96,1 C SAMPLING DURATION = 80,00 MIN
IMPACTOR PRESSURE DROP = 0,8 IN, OF HG STACK TEMPFRATURF = 205,0 F = 96,1 C

ASSUMED PARTICLF DFHSTTY = 2,30 GM/CU,Cv, STACK PRESSURE = 2K,68 IN, OF HG MAX, PARTICLE DIAMETER = 40,2 MICROMETERS

GAS COMPOSITINN (PERCENT) C0? = 11,37 co = 0,00 N2 = 68,37 02 = 4,Us H20 = 15,80
CALC, MASS LOADIMG = B,2192F=03 GR/ACF 1.3559F =02 GR/DNCF 1,RB0AF+01 MG/aCM 3,1028E+01 MG/DNCM
IMPACTOR STAGE ’ 31 S2 S3 sS4 S5 86 S7 FILTER

STAGE INDEX NUMHE§ : 1 2 3 4 S [} 7 B

DSO0 (MICROMETERS) 8,59 8,52 3.86 1,56 0,81 0,50 0,19 _

MASS (MIL| IGRAMS) 1.36 0.00 ¢,00 0,18 0.26 3,60 3,81 8,60
MG/DSCM/STAGE ] ?,aOE+6o 0,00E=01 O0,N0FE=0§ 2,47E=~01 4,59Ee0) 6,36E¢00 &,73E¢00 1,53E¢0}

CUM, PERCENT OF MaSS SMALLER THAN DSO 92.36 92,36 92,36 91,58 90,12 69,90 a8,91

CUM, (MG/ACM) SMALLER THAN DSO 1,74F+01 1 ,TUE+01 {,74Fe01 1,72E40t1 1,69E+01 1,31E408 9,12E+00

CUM, (MG/DNCM) SMALLER THAN DSO 2.87F+01 2,8TE+0) 2,RATE&01 2,B4F+01 2,80E+01 2.11t001 1,51E+01

CuM, (GR/ACF) SMALLER THAN D50 7.,59€E=03 7,59Ee03 7,59f-03 7,53E«03 7,01E=03 S5,7S5F=03 3,99€-03

CuM, (GR/DNCF) SMALLER THAN DSO 1,25Fe02 1,25E«02 1,25Fe02 1,24E=02 1,22Ee02 9,48Ff«03 6,%8F=03

GEO, MEAN DIA, (MICROMETERS) - 1,86E¢01 8,5SEe00 S.7aé;oo 2,45E+00 1.}38000 6,37€«01 3 _,07Ee01 1,33E=0}

DM/DLOGD (MG/DNCM) 3,56F400 O0,00Ee0f O0,00Ew01 6,27E«01 1,62E+00 3,01F+01 1,S9E+01 S,07E+01

DN/DLOGD (NO. PARTICLES/ONCM) U,6UE$05 0,00Fw01 O0,N0E=01 3,52E+407 9,45E+08 9,64E+10 4,56E41) 1,77E¢13

AERODYNAMIC DIAMETERS ARE CALCULATED HFRE ACCORDING TO THE TASK GRNUP ON LUNG DYNAMICS DEFINITION

DS0 (MICRNMETERS) 13,07 12,97 5,91 - 2,414 1,28 0,81 0,33

GEO, MEAN DIA, (MICROMFTERS) 2.82E+0) 1,3NE901 8,76E4+00 3,78F+00 1,78E+00 1,02E+00 S,16Ee01 2,34E-01
DM/DLOGD (MG/DNCM)Y 7 3.59E400 0,00E«01 0,00E=01 lb.SSE-Ol 1,6TE400 3,36E«01 1,7dE+0t S,0764018
ON/DLOGD (NO, PARTICLES/DNCM) 3,05E+0S 0,00E~01 O0,00E=01 2,2SE+07 S,BYE«08 5,76E+10 2,02F+11 7Y,S53E¢42

NORMAL (ENGINEERING STANDARD) CONDITIONS ARE 21 DEG € AND 7604M WG,
SQUARE ROOTS OF PSI RY STAGE 0,144 0,330 . 0,37¢% 0,319 0,321 0,389 T 0,354

HOLE DIAMETERS RY STAGFE (CENTIMFTERS) 1.8237 0,574% n,?s12 0,0793 0,0495 0,0330 n,0229
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