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INTROBUCTION

Under the Clean Air Act, as amended, the Environmental Protection
Agency is responsible for establishing Federal performance standards for

new stationary sources which contribute significantly to air poliution or

Grain hand)ing facilities have been included among those sources.

The Office of Air Quality Planning and Standards establishes performance

standards from emission data gathered from the best demonstrated emission

control systems. Source testing firms under contract to the Emission

cause or contribute to the endangerment of public health or welfare. I
“Mgasurement Branch perform source tests at facilities determined to be "

among those best controlled.

The barge unloading facility at the Bunge Corporation grain elevator

in Destrehan, Louisiana was tested for particulate and particle size. Battelle

Memorial Institute conducted three particulate tests at the inlet and outlet
of the control system from October 29 to October 31, 1973. Two particle

size tests were run at the outlet.

The control system is a Carter Day 144RJ%6 filter.




DISCUSSION OF RESULTS

Visual inspection of test filters from the outlet particulate tests

showed saome large particles, indicative of a bag failure in the control

system. The bags were old, giving further support to this possibility.

Also, the average grain loading at the outlet of 0.0267 gr/DSCF is higher

than expected. Emission rates averaged 8.40 1bs/hr.

Inlet emission rates averaged 1,956 1bs/hr. However, a percent

isokinetic of 19.5 for Run #) may have caused the result for Run #1 to be

higher than the actual value. The low isokinetics were caused by an

jnability to pull the required sample rate. A larger nozzle than normally \) 4*
required was used because the high grain loading plugged up smaller nozzles.

On Runs #2 and #3, the plugging problem did not occur, and the smaller nozzle

was used.

In the particle size tests, the filter was not weighed, eliminating

one size cut. The probe and cyclone rinse in Run #1 was destroyed, so the

value reported is estimated from Run #2.
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Run Humber 1
Date 10-30-73
Volume of Gas Sampled - DSCF? 45.97
percent Moisture by Volume 0.9
Average Stack Temperature - °F 66.9

© stack Volumetric Flow Rate - DSCFH 37,688
Stack Volumetric Flow Rate - ACFMC 38,2347
percent Isokinetic 19.5
Parficu]ates - probe, cycione,

and filter catch

mg | ' 7,364.0
qr/DSCF 2.47
gr/ACF 2.43
ib/hr 797
Particulates - total catch
mg 7,371.5
gr/DSCF 2.47
gr/ACF 2.43
1b/hr 798
Percent impinger catch 0.1

3 pry standard cubic feet at 70°F, 29.92 in. Hg.

2
10-30-73
72.68

1.0

69.4
37,985
38,957
92.4

40,148.0
8.51
8.29

-------

.
.

20,152.5
8.5)
8.29
2,770

0.0

b Dry standard cubic feet per minute at 70°F, 29,92 in. Hg.

"~

ki~ fas* ner minute

.o

3

10-31-73
146,93
0.9
72.1
39,101
40,539
90.7

65,483.0
6.86

..
« v om
P

oA
LR

65.486.5
6.86
6.62
2,300

0.0

Average

38,257
-,39,244

37,665
5.95
5.78
1,956

0.0

.0



Run_Number 1 2 3 Average ‘

Date 10-30-73 10-30-73  10-31-73
Volume of Gas Samled - Nm° (&) 1.30 2.06 4.16
Percent Moisture by Volume 0.9 1.0 0.9
Average Stack Temperature - °C 1.4 20.8 22.3

- Stack Volumetric Flow Rate - Nmd/min. (B} 1067 21076 - 107 - 1083 |
Stack Volumetric Flow Rate - ;3/ﬁ%n, (c) 1083 i1o3 1148 1111
Percent Isokinetic . o195 . 92.4 . 90.7.

Particulates - probe, cyclone, - ;|
and filter catch |

mg 7,364.0 40,148.0  65,483.0  37,665.0
mg/Nm 5,645 19,466 15,706 13,606

I'- mg/m° 5,561 18,970 15,140 13,224

kg/hr 361 1,256 1,043 887

Particulates - total catch

mg 7,371.5 40,152.5 65,486.5 37,670.2
mg/Nm° 5,651 19,460 15,707 13,609
mg /i 5,566 18,972 15,141 13,226
kg/hr 362 1,256 1,043 887

Percent impinger catch 0.1 0.0 0.0 0.0

3 Dry normal cubic meter at 21.1°C, 760mm Hg.
b Dry normal cubic meters per minute at 21.1°C, 760mm Hg.

¢ Actual cubic meters per minute
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© Run Number 1 2 3
pate 10-30-73 10-30-73 10-31-73
volume of Gas Sampled - pSCcF? 84.00 92.53 95.04
percent Moisture by Volume 0.8 0.5 1.1
pverage Stack Temperature - °F 68.8 84.8 84.6
. stack Volumetric Flow Rate - sl 60 3752 3BT
stack Volumetric Flow Rate - ACFM® 36,196° 395004 40,533 ~
percent Isokinetic 83.5 98.7 98.7
particulates - probe, cyclone,
and tilter cateh <//
mg 115.5 \§04.5 135.0
gr/DSCF 0.0212 0.0340 0.0219
gr/ACF 0.0211 0.032% 0.0209
1b/hr 6.56 11.01 7.27
particulates - total catch
mg 117.0 207.0 137.5
gr/DSCF 0.0214 0.0344 0.0223
gr/ACF 0.0214 0.0333 0.0213
1b/hr 6.65 11.15 7.40
| percent impinger catch 1.3 1.2 1.8
|
!
} e —
3 pry standard cubic feet at 70°F, 29.92 in. Hg.
a2 in. Ha.

l b Dry standard cubic feet per min

ute at 70°F, 29.

~L o bk e min”te

Average

37,554
38,578
97.0

1.4
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Run Number

Vo]ume of Gas Sampled - Nm3 (a)
Percent Moisture by Volume
Average Stack Temperature - °C
Stack Volumetric Flow Rate - Nm /m1n

Stack Volumetric Flow Rate - n /m1n.
Percent Isokinetic

Particulates - probe, cyclone,
and filter catch

mg
mg/ﬂ_m3

: mg/m3

kg/hr

Particulates - total catch

mg
mg/Nm-
mg/m3
kg/hr

‘Percent impinger catch

1

10-30-73

2.38
0.8

20.4
1024
1025

93.5

115.5
48.5
48.4
2.98

117.0

49.1
49.0
3.02

1.3

2 Dry normal cubic meter at 21.1°C, 760mm Hg.

2

10-30-73
2.62
0.5
29.3

-l 069 P L

1104
98.7

604.5
77.9
75.3
5.00

207.0
78.8
76.3
5.06

1.2

b Dry normal cubic meters per minute at 21.1°C, 760mm Hg.

C Actual cubic meters per minute

3

10-31-73
2.69
1.1
29.2
1097
1148
98.7

135.0
50.1
47.8
3.30

137.5
51.0
48.7
3.36

1.8

Average

1063

1092
97.0

151.7
58.8

57.2
3.76

153.8
59.6
58.0
3.81

1.4




Particle Size Results

Run 1
Characteristic
Diameter, Dn
Stage um l
Probe & cyclione 22,450
1 3.14 1,480
2 1.63 190
3 1.10 210
4 0.57 120
5 0.33 70
- TOTAL 2,070
Run 2
Probe & cyclone 44,3900
1 3.14 1,260
2 1.63 90
3 1.10 30
4 0.57 40
5 0.33 20
TOTAL 1,440

Weight

Percent

71.5

10.1

87.5

N o
—

Cumulative Weight

Percent, <Dn

28.5
19.3
9.2
3.4

12.6
6.3
4.2
1.4




ll Barges full of grain are brought down the Mississippi River from
The barges are "staged" or

A

Minnesota, I11inois, lowa, Missouri, etc.
nchored in groups along the river near the Bunge grain elevator.
harge is brought into the elevators' receiving "s1ip" according to its

location in the staging area and the available storage space in the elevator

I’for the particular grain in the barge. The covers are removed from the barge

and the "marine leg" is lowered into the front end. The “marine leg” is a

IlgrOUp of four bucket elevators which are lowered into the barge and 1ift the

lgrain out.

The leg burrows its way to the bottom of the barge. Steel guards

"protect the buckets by holding them about one-foot above the bottom.
‘The barge is pulled forward slowly to feed the grain into the leg. After

about 1/4 of the grain has been removed, a front-end loader is Towered into
l’ the barge to scrape the remaining grain into the leg. This process generates

a significant amount of fugitive dust.

l' the covers. After the marine leg has vremoved all the grain it can, it is

When the barge is about 3/4 empty, the Longshore men begin replacing

Tifted out of the barge and a pneumatic suction system removes the last

portion of grain. The front-end loader is Tifted out of the barge and the

remaining covers are replaced.

.i
.I




The buckets 0f The Marine i1cy uisviwige woe 5. o
which continuously feeds it onto a conveyor belt. Two short conveyors
transfer the grain to the final conveyor which carries it from the levee
to the elevator. The Teg and the two short conveyors plus the control
system ducts, raise and Tower several feet in and out of the barge. The
leg is entirely enclosed except for the bottom five feet where the grain
enters. Metal plates covered portions of this area at the time of the
presurvey in March, 1973. The primary point of émission from the leg is at
the back where the empty buckets emerge from the enclosure. The buckets

act as the blades of a fan which suck dust and air from the surge bin.

The control system aspirates dust from the front and back of the Teg,
the surge bin, and the conveyor transfer points. The belt conveyors

are covered to protect the grain from the wind and weather.

Equipment Tested

Carter Day 144RJ96 filter
39000 cfm
6" AP water gauge
19 oz Dacron felt bags
A/C ratio 13/)
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PROCESS OPERATION

Three particulate emission test runs were conducted in accordance
with EPA Method 5 at the filter inlet and outlet. Particle size classi-
fication tests were conducted with a Brinks Impactor at the filter inlet

and outlet, also.

Test Run #1 was conducted on October 30, 1973 between 11:14 a.m. and
2:53 p.m. Two complete barges and a portion of the third barge were

unloaded during the test. The leg operated about 45 minutes in each barge.

Visible emissions of fugitive dust from the barge were read continuously
from 11:16 a.m. to 12:15 p.m. while #2 yellow soybeans with 1.0 percent
foreign matter were unloaded. Visible emissions of 0 to 10 percent opacity
were read during the first 16 minutes when the leg operated in the barge alone.
Visible emissions of 5 percent to 20 percent opacity were read while the leg
and front-end loader operated in the barge. Visible emissions of 100 percent

opacity were read during a period when the filter was not operating.

No visible emissions were seen coming from the filter exhaust which

was observed continuously between 1:00 p.m. and 2:45 p.m.

The start of the second test run was delayed due to a breakdown in the

elevator's conveying and distribution system.




Test Run #2 was conducted on October 30, 1973 between 5:40 p.m. and

9:03 p.m. Two complete barges and a portion of the third barge were

unloaded during the test. No visible emission readings were made since

only artificial 1ight illuminated the site.

Mr. Pfaff, noted that large beeswing type particles were being
caught by the sampler at the filter outlet, indicating a torn or loose

bag in the filter. Since it was anticipated that the third test run could

be compieted early on the 31st, it was decided to proceed with the test

schedule.

Test Run #3 was conducted on October 31, 1973 between 10:20 a.m. and

1:46 p.m. Two complete barges and a portion of the third barge were

unicaded during the test.

Visible emissions of fugitive dust from the barge were read continuously

from 10:29 a.m. to 11:15 a.m. while yellow corn with 4.7 percent foreign

material was unloaded. Strong westerly winds blew across the area resulting

jn visible emissions of 10 percent to 100 percent opacity throughout the test.

The filter outlet was observed between 11:40 and 12:37 p.m. Under direct sun-

light, emissions of 5 percent opacity could be seen, however, no emissions were

visible under the diffuse light when clouds blocked the sun. Visible emissions

from the barge were observed again from 1:30 p.m. to 1:46 p.m. when the test

was completed. Yellow soybeans with 0.7 percent foreign material were unloaded

during this period and emissions of 10 percent to 40 percent opacity were

observed. The wind was strong at this time, also.




LOCATION OF SAMPLING POINTS
Distance to nearest upstream disturbance: 19 feet
Type of disturbance: Bend

Distance to nearest downstream disturbance: 7 feet
Type of disturbance: Bend

Diameter of duct: 40 inches
Number of traverse points: 24

Figure 2. Inlet to Baghouse
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Distance to nNearesi upsirswm wiw-o. -
Type of disturbance: Bend

Distance to nearest downstream disturbance: 6.5 feet
Type of disturbance: End of duct

pDiameter of duct: 40 inches
Number of traverse points: 12

Outlet to Baghouse

Figure 3.




SAMPLING AND ANALYTICAL PROCEDURES

Particulate samples were taken and analyzed according to Method 5

of the August 17, 1971, Federal Register. The probe in the outiet train

was not heated in Run #2 and the last half of Run #1.

Particle size samples were taken with a Brinks Model! B Cascade

Impactor. Details are in the Appendix.
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APPENDIX A

Complete Particulate Results
and Sample Calculations




1.

2.

3.

Volume of dry gas sampled at standard conditionsa, DSCF

17.7 xV_ (P, + m)  17.7 x87.62 1,68 )
Vo, = A — 13.6__ - g3.95D5CF
std (Trrl + 460) { 96.7+460 ) :
Volume of water vapor at standard conditionsb, SCF
V _ _ _ ) .
. "gas = 00,0474 x Vw = 0.0474 x ]4f9 = 0.717 SCF
Percent moisture in stack gas
100 x Vw
EM =g . 3&5 . 100 x 0.71 . g.g4 ‘
mstd wgas 83.95 + 0.71

Mole fraction of dry gas

100 - %M _ 100 - 0.84  _
M =00 = 700 = 0.992

Molecular weight of dry stack gas

- e 44 o
de = (fJCOz X —T-Oﬁ) + ( 0

A4 ___2 -
Too) + (21.0 x 100) t 09.0x =55 ) =

(0.0 x

[(WCO * Hlp) X 100]

28.84




6. Molecular weicht of wet stack gas BERE

. ’ - .

J W Il x Hd' £18 (1 - 1) = 28.84 x0.992 4 18 (1 -0.992 ) = 28.75

- 7. Stack gas velocity at stack conditions, fom® 1/2 Y |
. -_Vs = 5_1\28.8‘ xVCp X F | M,)s ’.(. (_Ts +‘4e.',07‘ [Ps X MW ]

. 5128.8x0.85 x27.98 [ 1 ) _

L '_;&3.08 X 28.75 ] oo A fem o

:8. Stack gas volumetiric flow rzte at stendard conditicnsd, DSCF!!

s (g #6660 - 68.8  +460)

= 36,189 DSCEM

W

- 7

Stack gas volumetric flow rate at stack conditions, ACFM

_ 205645 x Q¢ (T, + 460) _ _.05645 x 36189 ( 68.8+ 460) _ 4 e
Q, = y = = 36,203 . ACFM

Fg x Ty | 30.08 X 0992 . - |-
10. Percent isokinetic e e o | '

- 1,032 % (Tg + 4€0) x ¥ » | | L
oI = - std 1,092 x (68.8% 260)x 83.95 . 031 }
C Y xT.xP x!l x (D)2 4148x12013008xO992x61sz) ' |
°t s U 'd n ) _ ‘ I.'
. T




31. Particulate - praobe,

cyclione, and fi1ter, ar/0SCF

- 0.0212 qr/DSCF

Mg
C._ = 0.0184 x g— = 0.0154 x —g%2

an
.. P H_Kmstd
12. Particulate - total, gr/DSCF
m
- t - 117.0 = 0.0215 gr/DSCF
C 0.0154 % y 0T0]54 X —5-37:-9'—5——" _

a0
Mstd

d filter at stack conditions, aqr/ACF

13. Particulate - probe, cyclone, an

gr/ACF

177 % 0,0212%30.08%0.992

17.7 % Can X PS X Md

Cog = T, + 4600 [ E8.8

14. Particulate - total at stack conditions, gr/ACF

17.7 % 0.0215%30.08 % 0.992 >
= Ee s+ 460) = 0.0215 ar/ACF

17.7 X Cao X PS % Md

Cavt = T, * 660

and filter, b/hr

15. Particulate - probe, cyclone,

. 0.00057 x0.021% 36,189 = 6.57 1b/hr

Caw = 0.00857 x C , X 0




e e

16. Particulate - total, 1b/hr

Cu © 000557 Gy x 0 = 005857 20,0215 3 30169 = 6.7 b/

i
J

a Dry standard cubic feet at 70°F, 29.92 in. Hg.

b Standard conditions at 70°F, 29,92 in. Hg.

¢ APS X Ts + 460 is detefmined by averaging the sauare root of the
product of the velocity head (APs) and the absolute
stack temperature from each sampling point.

d

Dry standard cubic feet per minute at 70°F, 29.92 in. Hg.

l--




DESCRIPTION
DATE OF RUN

STACK AREA

NET TIME OF RUN
BAROMETRIC PRESSURE
AVG ORIFICE PRES DROP

- VOL DRY GAS-METER COKD

AVG GAS METER TEMP

VOL DRY GAS-STD COND
TOTAL H20 COLLECTED

VOL H20 VAPOR-STD COND
PERCENT MOISTURE BY VOL
MOLE FRACTION DRY GAS
MOLECULAR WT-DRY STK GAS
MOLECULAR WT-STK GAS

AVG STACK TEMPERATURE
STACK PRESSURE, ABSOLUTE
AVG STACK GAS VELOCITY
STK FLOWRATE, DRY, STD CN
ACTUAL STACK FLOWRATE
PERCENT ISOKINETIC
PARTICULATE WT-PARTIAL

- PARTICULATE WT-TOTAL

PERC IMPINGER CATCH
PART. LOAD-PTL, STD CN
PART. LOAD-TTL, STD CN
PART. LOAD-PTL, STK CN
PART. LOAD-TTL, STK CN
PARTIC EMIS-PARTIAL
PARTIC EMIS-TOTAL

Inlet

UNITS

FT2
MIN
IN.HG
IN.H20
DCF
DEG.F
DSCF
ML

SCF

DEG.F
IN:HG
FPS
DSCEM
ACFM

MG
MG

GR/DSCF
GR/DSCF
GR/ACF
GR/ACF
LB/HR
LB/HR

1
10-30-73

8.726
60.0
30.01
1.700
46.99
85.5
45.97
8.8
0.42
0.9
0.991
28.84
28.74
66.9
29.59
73.024
37684.
38234,
19.5
7364.00
7371.50
0.1
2.46680
2.46932
2.,42997
2.43245
796.81
797.62

2
10-31-73

8.726
60.0
29.85
4,490
71.99
69.4
72.68
14.9
0.7

- 1.0

0.990
28.84
28.74
69.4
29.43
74.405
37985.
38957.
92.4
40148.00
40152.50
0.0
8.50661
8.50757
8.28965
8.29058
2769 .66
2769.97

-3
10-31-73

8.726
120.0

29.65
4.660
148.29
76.1
146.93
26.8
1.27

0.9
0.99]
28.84
28.75
72.1
29.23
17.427 . -
39101.
-40539.
90.7
65483.00
65486.50
0.0

- 6.86339

6.86376
6.61620
6.61655
2300, 31
2300.43

Average

.74.952
38257.
39244,
67.6
37664.99.
37670.16
0.0
5.94560
5.94688
5.77861
5.77986
1955.59
1956.01




Qutlet

DESCRIPTION UNITS ] 2 3 Average
DATE OF RUN - o 10-30-73  10-30-73  10-31-73 S .}
STACK AREA FT2 8.726 8.726 . 8.726 |
NET TIME OF RUN MIN 120.0 120.0 120.0 '
BAROMETRIC PRESSURE IN.HG 30.01 29.85 29.65
AVG ORIFICE PRES DROP IN.H20  1.680 1.880 2.010
VOL DRY GAS-METER COND  DCF 87.62 93.72 96.89
AVG GAS METER TEMP DEG.F 96.7 77.9 78.0 l.‘
VOL DRY GAS-STD COND DSCF 84.00 92.53 95,04 S
TOTAL H20 COLLECTED ML 14.9 9.5 21.9 |
VOL H20 VAPOR-STD COND  SCF 0.71 0.45 . 1.04 .
PERCENT MOISTURE BY VOL 0.8 0.5 1.1 :
MOLE FRACTION DRY GAS 0.992 0.995 0.989 l
MOLECULAR WT-DRY STK GAS 28.84 28.84 28.84 .
MOLECULAR WT-STK GAS . 28.75 28.79 28.72 -
AVG STACK TEMPERATURE DEG.F 68.8 84.8 - 84.6. i
STACK PRESSURE, ABSOLUTE IN.HG 30.08 29.92 29.72 .
AVG STACK GAS VELOCITY  FPS 69.132 74.494 77.415 . 73.680
STK FLOWRATE, DRY, STD CN DSCFM 36160. 37752. 38751. . 37554.
ACTUAL STACK FLOWRATE ACFM 36196. 39004, 40533, 38578,
PERCENT ISOKINETIC 93.5 98.7 98.7 97.0 .
PARTICULATE WT-PARTIAL MG 115.50 2 $04.50 135.00 151.67 :
PARTICULATE WT-TOTAL MG 117.00 207.00 - 137.50 153.83
PERC IMPINGER CATCH | 1.3 1.2 1.8 1.2 '
PART. LOAD-PTL, STD CN  GR/DSCF  0.02118  0.03403  0.02188  0.02570
PART. LOAD-TTL. STD CN  GR/DSCF  0.02145  0.03445  0.02228  0.02606
PART. LOAD-PTL. STK CN  GR/ACF  0.02114  0.03292  0.02090  0.02499 '
PART. LOAD-TTL, STK CN  GR/ACF  0.02142  0.03333  0.02129.  0.02534
PARTIC EMIS-PARTIAL LB/HR 6.56 11.01 7.27 8.28
PARTIC EMIS-TOTAL LB/HR 6.65 11.15 7.40 8.40

- -
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DESCRIPTION
DATE OF RUN
STACK AREA

NET TIME OF RUN
BAROMETRIC PRESSURE

" AVG ORIFICE PRES DROP

VOL DRY GAS-METER CN
AVG GAS METER TEMP

VOL DRY GAS-STD COND
TOTAL H20 COLLECTED

VOL H20 VAPOR-STD COND
PERCENT MOISTURE BY VOL
MOLE FRACTION DRY GAS
MOLECULAR WT-DRY STK GAS .
MOLECULAR WT-STX GAS

AVG STACK TEMPERATURE
STACK PRESSURE, ABSOLUTE
AVG STACK GAS VELOCITY
STK FLOWRATE, DRY, STD CN
ACTUAL STACK FLOWRATE
PERCENT ISOKINETIC
PARTICULATE WT-PARTIAL
PARTICULATE WT-TOTAL
PERCE IMPINGER CATCH
PART, LOAD-PTL, STD CN
PART. LOAD-TTL, STD CN
PART. LOAD-PTL, STK CN
PART. LOAD-TTL, STK CN
PARTIC EMIS-PARTIAL
PARTIC EMIS-TOTAL

Inlet

UNITS
1

M2
MIN
MM.HG
MM.HZ20
DM3
DEG.C
DNM3
ML
NM3

1
0-30-73 -

0.811
60.0
762.25
43.180
1.33
29.7
1.30
8.8
0.01
0.9

- 0.991

DEG.C
MM. HG
M/S
DNM3/M
AM3/M

MG
MG

MG/NM3
MG/NM3
MG/AM3
MG/AM3
KG/HR
KG/HR

1083 —
- 7364.

28.84
28.74 -

19.4 .

751.59

22.258

1067.
19.5

7371.
0.1

5644.
5650.
5560.
5566.36
361.43
361.80

0.811
60.0
758.19

-.114.046 -

2.04
20.8
2.06

-.14.9

0.02

28.84

" 28,74
20-8 .:--

. 747.52° -

1.0 07
O. 990_‘. o i -
. 28.84_

22:679 7

- 1076, ~
SREERE % ¥ | SR S
9247 T

40148.00 -

0.0
19466.34

19468.52-

18969.85

18971.97

1256.32
1256.46

’ 40152.50‘}

3

10-30-73 = 10-31-73

0.811
120.0
753. 1]
118.364
4.20
24.5
4.16

.26.8

7 0.04

0.9
0.991

28.75

22.3
_742.84

23.600

-1107. -
1148, — -
- 67.6

90.7

65483.00

65486.50

- 0.0

15706.02

-15706.86

15140.36
15141.17
1043.42
1043.48

Average

22.845
1083.
171,

37664.99
37670.16
0.0
13605.78
13608.70
13223.63
13226.50
887.06
887.25

L
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DESCRIPTION .
DATE OF RUN

STACK AREA

NET TIME OF RUN
BAROMETRIC PRESSURE

AVG ORIFICE PRES DROP
YOL DRY GAS-METER CN

AVG GAS METER TEMP

voL DRY GAS-STD COND
TOTAL H20 COLLECTED

- yOL H20 VAPOR-STD COND
PERCENT MOISTURE BY VOL
MOLE FRACTION DRY GAS
MOLECULAR WT-DRY STK GAS
MOLECULAR WT-STK GAS

AVG STACK TEMPERATURE
STACK PRESSURE, ABSOLUTE
AVG STACK GAS VELOCITY
STK FLOWRATE, DRY, STD CN
-ACTUAL STACK FLOWRATE
PERCENT ISOKINETIC
PARTICULATE WT-PARTIAL
PARTICULATE WT-TOTAL
PERCE IMPINGER CATCH
PART. LOAD-PTL, STD CN
PART. LOAD-TTL, STD CN
PART. LOAD-PTL, STK CN
PART. LOAD-TTL, STK CN
PARTIC EMIS-PARTIAL
PARTIC EMIS-TOTAL

VuLitLu

UNITS

M2

MIN
MM. HG
MM.H20
DM3
DEG.C
DNM3

NM3

DEG.C

MM. HG
M/S
DNM3/M
AM3/M

MG
MG

MG/NM3
MG/NM3
MG/AM3
MG/AM3
KG/HR
KG/HR

1

10-30-73

0.811
120.0
762.25
42.672
2.48
35.9
2.38
14.9
0.02
0.8
0.992
28.84

28.75 7

20.4
764.03
21.071
1024.
1025.
93.5
115.50
117.00
1.3
48.46
49.09
48.38
45.01

.2.98

3.02

2

10-30-73

0.811

3

10-31-73

0.811
120.0
753.11

51.054

2.74
65.6
2.69

. 21.9

0.03
1.1
0.989
28.84

. 28.72
'29.2

754.89
23.596
1097.

--1148.-

98.7
135.00
137.50
1.8

- 50.06

50.99
47.83
48.72
3.30
3.36

Average

22.458
1063.
1092.
97.0
151.67

- 153.83

58.80
59.64
57.19
58.00
3.76
3.81

:
I{ - -
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APPENDIX B

Complete Particle Size Results

and Sample Calculations
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oasie 1. NOMOGRAPH DATA

—

PLANT . 2 2 & T
DATE (0 - 30 -3

SANMPLING LGCATION ot T

CALIBRATED PRESSURE DIFFEREHTIAL ACROSS
ORIFICE, in. H,0 : Alg \.172
AVERAGE KETER TEXPERATURE (ANBIERT +20°F),°F Tmayg, ae
PERCENT KOISTURE I GAS STREA BY VOLULE 4! finsT/| Dup )
BAROMETRIC PRESSURE AT IRETER, in. He P 2.5
STATIC PRESSURE 1N STACK, in. Hg T4y
. - e
| (P0.673 x STACK GAUGE PRESSURE in in. H30) Ps ERER
P o t ;:\ (?
RATIO OF STATIC PRESSURE TO IETER PRESSURE S/ | Lo
AVERAGE STACK TEMPERATURE, °F Tsavg_ -0
AVERAGE VELOCITY READ, in. H,0 8Pap. | 1,20
AT VELOCITY READ, in. H;0 Spax. | 2.0

C FACTOR , 9
CALCULATED KOZZLE DIRAETER, in. (88
KCTUAL 1i0ZZLE DIAETER, in, ez

-

1
"
|

i



Md

Miad

MW

mole fraction of dry gas

100 - %M _ 100-0 _,

100 100

mole weight of dry stack gas

(.32) + N, + CO (0.28)

o, (0.44) + 0, 5

0+ 21.8 (0.32) + 78.2 (0.28)

28.87

= mole weight of stack gas
= MWd x Md + 18 (1 - Md)
= 28.87 (1.0) + 18 (1 - 1)

= 28.87

stack gas velocity at stack conditions, fps

72.5 - [8pS (Tg + 460)
P (MW)

1.80 (70 + 460)
72.4 /\Eg.za (28.87)

= 77 fps




states that from the probDe SELEeCTLUIl Clidi L, Wiillill 4 HEVE saveiuu & sgusw ~3
a nozzle diameter must be selected which will give the calculated iso-
kinetic sampling velocity (77 fps) at 0.1 to 0.15 cfm. The 2-mm nozzle

was the only selection available. It was necessary to maintain 0.155 c¢fm
in order to maintain 77 fps at the nozzle. After selecting the 2 mm
nozzle, paragraph 5 of page 4 requires that, from the calibration curve

for "Brinks Molel B Cascade Impactor' Figure 2, you are to determine the
Ap (in. Hg) which will give the selected flow rate of 0.155 cfm., Extra-
polation of the curve shows approximately 17 in. H, Ap was necessary to
obtain 0.155 cfm., Sampling was accomplished using these values and the
following calculations, based on a reprint supplied by Monsanto Envire-
Chem, were used to determine the characteristic diameter under the existing
sampling condition,

Calculations for Stage 1 Characteristic Diameter

>

—
_ -15.3 u 234 2 2.05 x 10° u D ~ P,
ope T ':::;:___ N oL, T p VP
'chp 2 g.PP, p oo

-15.3(1.81x10_€)_ﬁJ 234(1.81x10° )% | 2.05x10° (181107 (0.249)° (1,03)

qji.18x10‘3 1.18x1073 70(0.98)
_-28.16 x 107 1) 702 x 2078 | 5.88 x 10°
0.344 x 107 1.18 x 107> 68.6

= -79.29 x 107° +\/ 6.71 x 1072 + 8,57
= - 0.08+ 2.93

Dpc = 2,85 ¢

It was assumed that the size distribution for each stage would be proportional
to the existing calculated sizes supplied in Table II of the reprint; there-
fore the characteristic diameter for stage 1 was computed using the supplied
equation and the following calculations were made to determine characteristic-
diameters for remaining stages.

=
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”_ +quradex yo II ®1qel woiy 1 38815 103 1233WETP STISTISJIBABYD

|

!

03 1 99®IS 103 PRIL[NITED I9IBUETP 211STI9IOEIBYD JO OTIBY » l
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A 0g*0 = G# 2L 10F €£€°0 X 16°0

n z6*0 = w§ 3°f 103 (G0 X 1670

§# 3°C 107 011 X 1670 l
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mgy"T = I W0 A0 BT F 5 wowa l
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D = 0.249 ¢m

P = 29.34/29.92 = 0.98 atm

P, = P (assumed)

2 o]
3 3 70 nBu
V = 0.15 x 28.32 x 107 ecm™ % 60 sec = —
o sec

P = 1.205 x 10> gm/em’

3
p =1 gm/cm”  (assumed)

4

b o= 1.81 x 10™% gm/em’

T = average stack-gas temperature, F

average pressure head, inches mmo _

>
o
0
1]

P = average stack pressure, inches Hg

characteristic particle diameter for impactor stage, micron [

=)
g
0
it




APPENDIX A

Complete Particulate Results

and Sample Calculations
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Sample Calculations

Run 1 - OQutlet

1. -Volume of dry gas samp]ed at standard conditions?, DSCF

17.7 x V, (Py + rn) 17.7 x87.62 1.68 )
Vm = 13.6 13.6
std (Tm ¥ 460) (" 96.7+460 )

2 Volume of water vapor at standard conditionsb, SCF

v - - < : '
. "gas = 0.0474 x Vw = 0.0474 x 14,9 = 0.7v SCF

3. Percent moisture in stack gas

100 x V,,
gas . _100 x_ 0.7 . o.84

M = =
V ¥V
Merg  Mgas 83.95 + 0.71

4. Mole fraction of dry gas

100 - %M _ 100 - 088 _ o9

My =m0 ° T00

d 100

5. Molecular weight of dry stack gas

de =(%cozx—r—)+ (0 xmo)+ [('3-:(:04-':.:.‘2)x1

28  _
100) + (21.0 x -Tﬁﬁ) + §9.0x 55 } = 28.84

(0.0 x

= 83.95DSCF

— S e el R




 p— -

"
|

I‘ 6. Molecular weicht of wet stack gas -

.-"mﬂ-mdxnd#is 0 ét-ld)= 2884x° 992 +18 (1 -0992 )" .75

- 7. Stack gas ‘velocity at stack conditions, o T .' Y

1 1/2 SRR PE
=5128.8 x (o x /T X (T, * 460) [Ps x Y ] PP S

| 1/2 AU
.- 5128.8 x 0.85 X 27 98 - _ '- _
S -‘&) 38 X 28.75 J T f’t-1.48‘.. fpm |

T ——-

:8. Stack qas volumetric flow rate at standard cond1t1cnsd, DSCFi!

0.123 x V x “'-x H,x P 0.123 x X X X . L ‘
q _ _ g F‘ﬁs d g - - 4148 ]257 0.992 30.08 = 36,189 DSCFH
T (T, * 4€0) -~ : ( 68.8  +460) ‘

; ) T o o ] ) . o E s .
- - P - R - ke
- . g oy

o, _Stack.gas volumaetric flow rate at stack conditions, ACFH R :
05645 x 0 (T, + 460) _ 05685 x 36189 ( 68.8+ 460) _  4¢ o03 ACFM;.
PS X “d 30.08. X 0.992 L IREE "% :

o
L

-

10. Percent isokinetic ' T o \

71,032 x (T + 4£9) x ¥
§1 =

.vsth

Moed 1,032 x (68.8+ 260)x 8395 | 5. . 31
4148 X 120 xso oa X0, 992x b 182 J ’

' K-
x. Ps X ‘!d x '(D"_)

e ol o o ol e ol E-:'-ﬁﬂ -

————
- -
B e PR SIEEE L e
* N - .
-
. . :
) . R A, - E .
. . N . s ha ; .
. - .. '_-. .. - - .. 3
- ; , : Vo - - . o
- R . N . .
- e - o e . : N ] ;.
- . . - A
’ - L s ‘
- 1] . . ‘-..
- ' ’ i - “ -
) . - v mpe— - A——— - - e w—— g ——————_— —
- — - R .
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Particulate - probe, cyclone, and filter, ar/DSCF

m
¢ = 0.0154 x «—— = 0.0154 x —L&S— = 0.0212 9r/DSCF
an Vm 83.95
: ., std
Particulate - total, gr/DSCF
m
- t 117.0 = 0.0215 gr/DSCF
Cao 0.0154 x g = 0?0154 X B3 95—
Mstd '

Particulate - probe, cyclone, and filter at stack conditions, gr/ACF

LA, Con X Ps XMy 17.7 X 0,0212%30.08%0.992  _ r/ACF
at = T+ A60) (688 + 460) noste A

Particulate - total at stack conditions, gr/ACF 9;-

17.7 x C,o x P x My 17.7 x0.0215X 30.08 X 0.992
av (T, + 460) i "1 68.8 + 460)

c

= 0.0215 ap/ACF
w

Particulate - probe, cyclone, and filter, 1b/hr

Caw = 0.00857 x Can x Qg = 0.00857 x0.021% 36,189 = 6.57 1b/hr

i
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. ) s - . .
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‘16. Particulate - total, 1b/hr

g 7 00087 x Cyg X 0 = 0.00KE7 50.0215 x 36,169 = 6.7 10/

(

2 Pry standard cubic feet at 70°F, 29.92 in. Hg.

b Standard conditions at 70°F, 29.92 in. Hg.

¢ /—EPS X (TS + 460) s detefmined by averaging the square root of the
product of the velocity head (aPs) and the absolute
stack temperature from each sampling point.

d Dry:standard cubic feet per minute at 70°F, 29.92 in. Hg.

-
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Particulate Suﬁmary in English Units

" DESCRIPTION

'DATE OF RUN

STACK AREA

NET TIME OF RUN
BAROMETRIC PRESSURE
AVG ORIFICE PRES DROP

. VOL DRY GAS-METER COND

AVG GAS METER TEMP

VOL DRY GAS-STD COND
TOTAL H20 COLLECTED

VOL H20 VAPOR-STD COND
PERCENT MOISTURE BY VOL
MOLE FRACTION DRY GAS
MOLECULAR WT-DRY STK GAS
MOLECULAR WT-STK GAS

AVG STACK TEMPERATURE
STACK PRESSURE, ABSOLUTE
AVG STACK GAS VELOCITY

$TK FLOWRATE, DRY, STD CN

ACTUAL STACK FLOWRATE
PERCENT ISOKINETIC
PARTICULATE WT-PARTIAL

 PARTICULATE WT-TOTAL

PERC IMPINGER CATCH

PART. LOAD-PTL, STD CN
PART. LOAD-TTL, STD CN
PART. LOAD-PTL, STK CN

- PART. LOAD-TTL, STK €N

PARTIC EMIS-PARTIAL

PARTIC EMIS-TOTAL

Inlet

UNITS

FJ2
MIN
IN.HG
IN.H20
OCF
DEG.F
DSCF
ML

SCF

DEG.F
IN:HG
FPS
DSCFM
ACFM

MG
MG

GR/DSCF
GR/DSCF
GR/ACF
GR/ACF

.LB/HR

LB/HR

]
10-30-73

8.726
60.0
30.01
1.700
46.99
85.5
45.97
8.8
0.42
0.9
0.991
28.84
28.74
66.9
29.59
73.024
37684.
38234.
19.5
7364.00
7371.50
0.1
2.46680
2.46932
2.42997
2.43245
796.81
797.62

2 -3 Average

10-31-73  10-31-73

8.726 8.726

60.0 120.0

29.85 29.65

4,490 4,660

71.99 148.29

69.4 76.1

72.68 146.93

14.9 26.8

0.7 1.27

1.0 - 0.9

0.990 0.991

28.84 28.84

28.74 28.75

69.4 72.1

29.43 29.23 _
74.405 77.427 - -74.952
37985. 39101. 38257.
38957. 40539. 39244,
92.4 90.7 67.6
40148.00 65483.00 - 37664.99.
40152.50 65486.50 . 37670.16
0.0 0.0 0.0 7
8.50661 6.86339 5.94560
8.50757 6.86376 5.94688
8.28965 6.61620 5.77861
8.29058 6.61655 5.77986
2769.66 2300.31 1955, 59
2769.97 2300.43

*1956.01
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Qutlet

' DESCRIPTION UNITS ]
DATE OF RUN - o 10-30-73
STACK AREA FT2 8.726
NET TIME OF RUN MIN 120.0
BAROMETRIC PRESSURE IN.HG 30.01
AVG ORIFICE PRES DROP IN.H20 1.680
VOL DRY GAS-METER COND DCF 87.62
AVG GAS METER TEMP DEG.F 96.7
VOL DRY GAS-STD COND DSCF 84.00
TOTAL H20 COLLECTED ML 14.9
VOL H20 VAPOR-STD COND  SCF 0.7
PERCENT MOISTURE BY VOL 0.8
MOLE FRACTION DRY GAS 0.992
MOLECULAR WT-DRY STK GAS 28.84
MOLECULAR WT-STK GAS . 28.75
AVG STACK TEMPERATURE DEG.F 68.8
STACK PRESSURE, ABSOLUTE IN.HG 30.08
AVG STACK GAS VELOCITY  FPS 69.132
STK FLOWRATE, DRY, STD CN DSCFM 36160.
ACTUAL STACK FLOWRATE ACFM 36196.
PERCENT ISOKINETIC 93.5
PARTICULATE WT-PARTIAL MG 115.50 2
PARTICULATE WT-TOTAL MG 117.00
PERC IMPINGER CATCH . 1.3
PART. LOAD-PTL, STD CN  GR/DSCF  0.02118
PART. LOAD-TTL, STD €N GR/DSCF  0.02145
PART. LOAD-PTL, STK CN  GR/ACF ¢.02114
PART. LOAD-TTL, STK CN  GR/ACF  0.02142
PARTIC EMIS-PARTIAL LB/HR 6.56
PARTIC EMIS-TOTAL LB/HR 6.65

L

Particulate Summary in English Units

2

10-30-73

8.726
120.0
29.85
1.880
93,72
77.9
92.53
9.5
0.45
0.5
0.995
28.84
28.79
84.8
29.92
74,494
37752.
35004.
98.7
04.50
207.00
1.2
0.03403
0.03445
0.03292
0.03333
11.01
11.15

3

10-31-73

8.726
120.0
29.65
2.010
96.89
78.0
95,04
21.9
1.04
1.7
0.989
28.84
28.72
84.6
29.72
77.415
38751.
40533.
98.7
135.00
137.50
1.8
0.02188
0.02228
0.02090

0.02129

7.27
7.40

"~ Average

73.680

. 37554,

38578.
97.0
151.67
153.83
1.4
0.02570
0.02606

0.02499..
0.025%4

8.28
8.40

PRI
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Particulate Summary In Metric Uﬁits

Inlet T
DESCRIPTION UNITS 1 RN o3

DATE OF RUN 10-30-73 10-30-73 = 10-31-73
STACK AREA _ M2 0.811 0.811 0.811
NET TIME OF RUN MIN 60.0 60.0 120.0
BAROMETRIC PRESSURE MM, HG 762.25 758.19 " 753.11

" AVG ORIFICE PRES DROP MM_H20  43.180 --114.046 - ' 118.364
VOL DRY GAS-METER CN DM3 1.33 2.04. 4.20
AVG GAS METER TEMP DEG.C 29.7 20.8 24.5
VOL DRY GAS-STD COND DNM3 1.30 2.06- .- 4.16

_ TOTAL H20 COLLECTED ML 8.8 . 149 - 26.8
VOL H20 VAPOR-STD COND NM3 0.01 0.02 - 0.04
PERCENT MOISTURE BY VOL 0.9 1.0 7 - 0.9
MOLE FRACTION DRY GAS 0.991 0.990. .. .0.991
MOLECULAR WT-DRY STK GAS 28.84 28.84 ___ 28.84
MOLECULAR WT-STK GAS 28.74 - 28.74  28.75
AVG STACK TEMPERATURE DEG.C 19.4 -20.8 ... 22.3 .
STACK PRESSURE, ABSOLUTE  MM.HG 751.59 747.52° T 742.44
AVG STACK GAS VELOCITY M/S 22.258 . 227679 7 - 23.600
STK FLOWRATE, DRY, STD CN ODNM3/M  1067. —--1076. - -1107.
ACTUAL STACK FLOWRATE AM3/M - -1083. - -5 =-1103 sl 1148, .
PERCENT ISOKINETIC 19.5 ©92.47 TT90.7
PARTICULATE WT-PARTIAL MG - 7364.00  40148:00 - -65483.00
PARTICULATE WT-TOTAL MG 7371.50 - 40152.50° . 65486.50
PERCE IMPINGER CATCH: , 0.1 0.0 0.0
PART. LOAD-PTL, STD CN MG/NM3  5644.98 - 19466.34 15706.02
PART. LOAD-TTL, STD CN MG/NM3  5650.73 - -~ - 19468.52- --15706.86
PART. LOAD-PTL, STK CN MG/AM3  5560.70 18969.85 - 15140.36
PART. LOAD-TTL, STK CN - MG/AM3  5566.36 - 18971.97- . 151471.17
PARTIC EMIS-PARTIAL KG/HR 361.43 1256.32 - 1043.42-
PARTIC EMIS-TOTAL KG/HR 361.80 - .-~ .-7256.46 . 1043.48

Average

22.845
1083...
1H1.

- 67.6

37664 .99
37670.16
0.0
13605.78
13608.70
13223.63
13226.50
887.06

887.25




Particulate Summary in Metric Units

Outiet
" DESCRIPTION. UNITS 1
DATE OF RUN ©10-30-73
© STACK AREA M2 0.81
NET TIME OF RUN MIN 120.0
BAROMETRIC PRESSURE MM. HG 762.25
AVG ORIFICE PRES DROP MM.H20  42.672

VOL DRY GAS-METER CN DM3 2.48

KG/HR

AVG GAS METER TEMP DEG.C 35.9
VOL ORY GAS-STD COND DNM3 . 2.38
TOTAL H20 COLLECTED ML 14.9

- YOL H20 VAPOR-STD COND NM3 0.02
PERCENT MQISTURE BY VOL 0.8
MOLE FRACTION DRY GAS 0.992
MOLECULAR WT-DRY STK GAS 28.84
MOLECULAR WT-STK GAS ' 28,75 -
AVG STACK TEMPERATURE DEG.C 20.4
STACK PRESSURE, ABSOLUTE  MM.HG 764.03
AVG STACK GAS VELOCITY M/S 21.071
STK FLOWRATE, DRY, STD CN DNM3/M 1024,
.ACTUAL STACK FLOWRATE AM3/M 1025.
PERCENT ISOKINETIC . 93.5
PARTICULATE WT-PARTIAL MG 115.50
PARTICULATE WT-TOTAL = MG 117.00
PERCE IMPINGER CATCH 1.3
PART. LOAD-PTL, STD CN MG/NM3  48.46
PART. LOAD-TTL, STD CN MG/NM3  49.09
PART. LOAD-PTL, STK CN MG/AM3  48.38
PART. LOAD-TTL, STK CN Me/aM3  49.01
'PARTIC EMIS-PARTIAL KG/HR  -2.98
PARTIC EMIS-TOTAL 3.02

2
10-30-73

0.811
120.0
758.19
47.752
2.65
25.5
2.62
9.5
0.01
0.5
0.995
28.84
28.79
29.3
759.97
22.706
1069.
1164
88.7
604.50
207.00
1.2
77.88
78.83
75.34
76.26
5.00

- 5.06

3

10-31-73

0.811
120.0
753.11
"51.054
2.74
65.6
2.69

. 21.9

0.03

1.1
0.989

28.84

28.72
29.2
754.89
23.596
1097.

- -1148.

98.7
135.00
137.50
1.8

- 50.06

50.99
47.83

. 48.72

3.30

3.36

Average

22.458
1063.
1092.
v 97.0°
151.67
. 153.83
1.4
58.80
. 59764
%57.19
58.00
3.76
3.81

af ek
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Complete Particle Size Results

APPENDIX B

and Sample Calculations
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SAMPLING LOCATION

APPENDIX B

e 1. NOMOGRAPH DATA

PLAKT _ o2& E

DATE_{O-3C =723

ST e=—T

CALIBRATED PRESSURE DIFFEREHTIAL ACROSS

ORIFICE, in. Hy0 aHg VLl
AVERAGE NETER TERPERATURE (AUBIERT +20°F),°F Tnav ao
' o
PERCENT GOISTURE IR GAS STREAA BY VOLUKE o1 Fimaies Byo o

BAROWETRIC PRESSURE AT I;'.ETER, in. He

e D
STATIC PRESSURE It STACK, in. He T
| (P 20.073 x STACK GAUGE PRESSURE in in. Hy0) Py =7 54
RATIO OF STATIC PRESSURE TO KETER PRESSURE SPn | Lo
: . MPERATURE, ° -
AVERAGE STACK TEMPERATURE, °F Towe | =70
AVERAGE VELOCITY HERD, in. Hy0 YT V-1,
RAXLU: VELOCITY HEAD, in. Hy0 . Svoar. | 2.pC
¢ FACTOR L act
CALCULATED KOZZLE DIASETER, in. (28
ACTUAL L:OZZLE DIAETER, in. /B2
REFERENCE Ap, in. H,0 . !, L
EPA (Dur) 234
i1 e .

i3] i .
SR AR FiA e s, 2




Md

MiWd

= mole fraction of dry gas

~100 -7 M _ 100-0 _,
100 100

it

mole weight of dry stack gas

+ CO (0.28)

H

002 (0.44) + 02 (.32) + N2

0+ 21.8 (0.32) + 78.2 (0.28)

I

28,87

= mole weight of stack gas

= MWd x Md + 18 (1 - Md)

= 28.87 (1.0) + 18 (1 - 1)

= 28,87

= stack gas velocity at stack conditions, fps

= 72.5 ,\J 5pS (Tg + 460) o

—— /\J 1,80 (70 + 460)

P, (W)

29.24 (28.87)

= 77 fps
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From page 4 of the BrinksBMS-11 Sampler-Sampling Instructions, paragraph 4

states that from the probe selection chart, which I have labeled Flgure 1,
a nozzle diameter must be selected which w1ll give the calculated iso-
kinetic sampling velocity (77 fps) at 0.1 to 0.15 cfm. The 2-mm nozzle
was the only selection available, It was necessary to maintain 0.155 cfm
in order to maintain 77 fps at the nozzle. After selecting the 2 mm
nozzle, paragraph 5 of page 4 requlres that, from the calibration curve
for ”Br1nks Molel B Cascade Impactor' Figure 2, you are to determine the
tp (in. H ) which will give the selected flow rate of 0.155 cfm. Extra-
polation of the curve shows approximately 17 in. H, 4p was necessary to

obtain 0.155 cfm. Sampling was accomplished using these wvalues and the
following calculations, based on a reprint supplied by Monsanto Enviro-

Chem, were used to determine the characteristic diameter under the existing

sampllng condition,

Calculations for Stage‘l Characteristic Diameter

] 3
_ -15.3 4 234 2 2.05 x 10" uD.” P,
DPC“'_"_'_—_+ ——— + pVP
‘VgcpPZ ngP2 poo

-15.3(1.81x10_ ) QJ 234&4,81%10 l_ 2.05x108(1.81x10-4)(0.249)3(1.031

ﬁjl .18x10°3 1.18%107°2 70(0.98)
_-28.14 x 10°% 1/ 792 x 1078 5.88 x 10°
- T Y e b e
0.344 x 10 1.18 x 10 68,

= -79,29 x 10'3-+\/ 6.7 x 10°° + 8,57

= =~ 0.08 + 2,93

Dpc = 2.85

.o

It was assumed that the size distribution for each stage would be proportional
to the existing calculated sizes supplied in Table II of the reprint; there-
fore the characteristic diameter for stage 1 was computed using the supplied
equation and the following calculations were made to determine characteristic-

diameters for remaining stages.




b A . B e

N

-

Proportioning Table II

If Dpc from Table II = 3,14 for Jet #

w*
then 2233 1.63 for Jet #2 = 148 u

0.91 x 1,10 for Jet #3 = 1,00 p

0.91 x 0.57 for Jet #4 = 0,52 p

0.9t x 0.33 for Jet #5 = 0,30 ¢

* Ratio of characteristic diameter calculated for Stage 1 to
characteristic diameter for Stage 1 from Table II of reprint.

-
-
e
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NOMENCLATURE

o

[p]

- -r
'a-

Po = 29.34/29.92 = 0.98 atm

P2 = Po (a2ssumed)

3
V = 0.15 x 28.32 x 10° cm3 x 60 sec = 4o-C%
o] s5ec

P =1.205 x 10™° gm/en’

3
Pp = 1 gm/cm {assumed)

g = 1.81 x 10_4 gm/cm3

o
]

= average stack-gas temperature, F

L
>
5
iz}

n

average pressure head, inches HZO

average stack pressure, inches Hg

L
=
/3]
n

= characteristic particle diameter for impactor stage, micron

o
[p]
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APPENDIX C
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'NOMOGRAPH DATA

PLANT 22 v v G €

s — .“--1/‘-.
DATE /A /=2 ™

7oy

SANPLING LOCATION /= __"° [-A

TR aben e o e T e T T T e et e e

CALIBRATED PRESSURE DIFFERENTIAL ACROSS \
ORIFICE, in, Hy0 atg e,
AVERAGE METER TEMPERATURE (AMBIENT + 20°F), °F T avg 70
PERCENT MOISTURE IN GAS STREAW BY VOLURE Buo 2
BAROHETRIC PRESSURE AT METER, in. Hg v {300/
STATIC PRESSURE IN STACK, in. Hg 22 'z 7
<7
(Pp0.073 x STACK GAUGE PRESSURE in in. Hy0) Ps {5777
RATIO OF STATIC PRESSURE TO KETER PRESSURE St | (.00
AVERAGE STACK TEMPERATURE, °F T, 75
avg. o
AVERAGE VELOCITY HEAD, in. Hy0 Y A
MAXIMUM VELOCITY HEAD, in. H,0 Sopax. | 2,0
C FACTOR ' 76
CALCULATED NOZZLE DIANETER, in. 8.0
ACTUAL NOZZLE DIAMETER, in. 238
REFERENCE ap, in. Hy0

- EPA (Dury 234
412
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|
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e

‘NOMOGRAPH DATA

PLANT _Buwree

DATE_O-3C . 23

SAMPLING LOCATION _OWT L ¢

REFERENCE ap, in.H,0 = . -

CALIBRATED PRESSURE DIFFERENTIAL ACROSS
ORIFICE, in. H,0 &Hg Ll
AVERAGE METER TEWMPERATURE (ANBIERT +26°F), °F . T‘“avg. ae
PERCENT NQIiSTURE IN GAS STREAM BY YOLUME Buo s
BAROMETRIC PRESSURE AT METER, in. Hg Pm 2.8
-
STATIC PRESSURE 1IN STACK, in. Hg A
) : -0, =7
| (Pp0.073 x STACK_GAUGE PRESSURE in in. Hy0) Ps 77 34
RATIO OF STATIC PRESSURE TO METER PRESSURE S/Pm L~
 TER RE, © .
AVERAGE STACK TEWMPERATURE, °F Tsavg. -0
AVERAGE VELOCITY HEAD, in. Hy0 Bap | 0,00
MAXIU VELOCITY HEAD, in. H,0 Somax. | 2. pc
C FACTOR , q¢L
CALCULATED HOZZLE DIAVETER, In , (B8
ACTUAL HOZZLE DIAXETER, in. - i /B2 - -

EPA (Dur) 234
412
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TRAVERSE POINT LOCATION FOR CIRCULAR DUCT
PLANT ]f-?)_/(l,fv\. & o (‘"0 vy / ‘i\
DATE . & |29 /53 ' o ' R
SAMPLING LOCATION i r~ f oG 7 e
INSIDE OF FAR WALL TO Y 77 v .7 -
OUTSIDE OF NIPPLE, (DISTANCE A) L¢C /2 > R eS8 & !
INSIDE OF NEAR WALL TO h© - o
OUTSIDE OF NIPPLE, (DISTANCE B) /2 & ,
STACK 1.D., (DISTANCE A - DISTANCE B) L0 |
NEAREST UPSTREAM DISTURBANCE 7 4T :
NEAREST DOWNSTREAM otsmgg.quca 19 AT ,
CALCULATOR Tt b SCHEMATIC Of SAMPLING LOCATION ;
: I
TRAVERSE A PRODUCT OF TRAVERSE POINT LOCATION -
POINT FRACTION COLUMNS 2 AND 3 FROM OUTSIOE OF NIPPLE
NUMBER OF STACK L.D. STACK 1.D. (TO NEAREST 1/8 INCH) DISTANGE B (SUM OF COLUMNS 4 & 5)
/ 2.1 e 2 ¢ 77y |
2 6.7 % A fe l 97¢, |
3 /¥ - £/3 /e /o sy =
¥ 1.7 r 7 ” [3 /> |
& 250D i /8 /s ALy by
6 358 i s 2 22 /% .
7 bhy” | " 2y / 32 /u H
§ 75,0 v 30 /7 3L/ 2 !
7 2.3 " 33 G 3%/2 |
/b F > t 35 - ) ¥y i
2 73.3 " 37y s Y433/4 !
/> 97.9 39 Yes . /N
3
|
b b
PA (Dur) 232 -

412
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PLANT _T2tewnge.

PRELIMINARY VELOCITY TRAVERSE
|

(ovp

DATE__ie |29 73

LOCATION _

| NLET

STACK 1.D.

40"

BAROMETRIC PRESSURE, in. Hg

i)

EPA (Dur) 233
412

STACK GAUGE PRESSURE, in, H,0 = 9+ 7L
' l OPERATORS __heod e d | CuARix
¥ hient
Il TRAVERSE VELOCITY STACK
POINT HEAD TEMPERATURE
_ NUMBER | @py), in.t,0 (Tg), °F
I . ’ [&y" 9
* .96
Il 3 (& .
L [y
| l £ [-8%
A /.38
: l 7 14"
§ 193~
i l 9 /-9
1o /&3~
j 1 /.30
' l 1Y /.52
13 X<
I . 14 2,00
s RAN
[ l /6 /-8
| /7 /-7
| I 8 /.68
‘9 R4
l 2 /144D
i /8D
> /5
l )3 /‘ Lfo
Pad {13y
' AVERAGE -
]

v 313‘.

SCHEMATIC OF TRAVERSE PbINT d.AYOUT

TRAVERSE VELOCITY STACK
POINT HEAD TEMPERATURE
NUMBER (Aps), in.HzO (Ts), °F

. o
LR
AVERAGE
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TRAVERSE POINT LOCATION FOR CIRCULAR DUCTS

PLANT D. Len 4L -

<,
DATE____ O [>G /73 [— ()
SAMPLING LOCATION oL T LE T S —~ \\:1
INSIDE OF FAR WALL TO = — -7 3 1§ -
}v .
OUTSIDE OF NiPPLE, (DISTANCE A) Al / / 2- q [ 5 o s < Q—»
INSIDE OF NEAR WALL TO -t b 7/
OUTSIDE OF NIPPLE, (DISTANCE B) {r /2. C._ <
STACK 1.D., (DISTANCE A - DISTANCE B) Ede) _ |
NEAREST UPSTREAM DISTURBANCE Tl “
NEAREST DOWNSTREAM DISTURBANCE ___ & 7 5~
CALCULATOR L2 N EDD SCHEMATIC OF SAMPLING LOCATION
7
TRAVERSE 20 PRODUCT OF TRAVERSE POINT LOCATION
POINT FRACTION COLUMNS 2 AND 3 FROM OUTSIDE OF NIPPLE
NUMBER OF STACK 1.D. STACK L.D. (TO NEAREST 1/8 INCH) DISTANCE B (SUM OF COLUMNS 4 & 5)
. ! ¢ )
, o 4o ) 7/ ¢ 5/
2 / % 7 o é‘ i 7t ’/7_
e _T . .
3 25, . 171/ . /& Y
oL 72, 5" / RE/y / 245
3 £33 P 3t / bt 2
¢ 756 " 3¢y . it By
g

A (Bur) 232 -
412

d il




PRELIMINARY VELOCITY TRAVERSE

—

| [ |
PLANT _Diom ¢ @ ( Dy-[2 ‘

Il DATE__ J€ /7"’1L/’/5 i
LOCATION __ &CTLET
STACK 1.D. He v

' I BAROMETRIC PRESSURE, in. Hp

STACK GAUGE PRESSURE, in. H,0__+ 1.C

' l OPERATORS____ Eriwess , TulNER " SCHEMATIC OF TRAVERSE ijmf LAYOUT {_
bt ets3IENT ;
I I TRAVERSE VELOCITY |  STACK TRAVERSE VELOCITY STACK :
POINT HEAD TEMPERATURE POINT HEAD TEMPERATURE
NUMBER @pg), in.Hy0 (TQ), °F NUMBER (8pg), inHy0 (T,), °F
! l ! s 71 :
2 j. 93"
I I 3 /.94
# A .
l . S ity
¢ /478" j
} Ei /.60 ‘ D :
g / ;-7:0 o
[ I 7 L 98—
‘ /0 ). 74~ ',
? /1 215 w
: . /2 /53T ;
i
]
]
g |
1
I AVERAGE . | /. €24 L AVERAGE

EPA (Dun) 233
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o ANALYTICAL DATA

PLANT. B up G 2
DATE__Z¢ - 3¢ - 23
SAMPLING LOCATION /o { ¢ T
SAMPLE TYPE __2a r7_

RUN NUMBER /- A

SAMPLE BOX NUMBER

CLEAN-UP MAR ‘7’&740“’
FRONT HALF

ACETONE WASH OF NOZZLE, PROBE, CYCLONE (BYPASS),
FLASK, FRONT HALF OF FILTER HOLDER

rrernuneer @018 0.332.9
Tave — PN
Ned— 03852

BACK HALF

IMPINGER CONTENTS AND WATER WASH OF
IMPINGERS, CONNECTORS, AND BACK

CONTAINER l‘g{‘

COMMENTS:

LABORATORY RESULTS

979.0 m

CONTAINER S-7F - 002~ /37 S5 0 ng

FRONT HALF SUBTOTAL _ I3

CONTAINER M7

ETHER-CHLOROFORM

12

HALF OF FILTER HOLDER EXTRACTION L0 e
. 3 _—
ACETONE WASH OF INPINGERS, CONNECTORS, CONTAINER_"‘@;. S ‘mg
AND BACK HALF OF FILTER HOLDER : —
BACK HALF SUBTOTAL _ /- S mg
TOTAL WEIGHT _/37/5"  wlf
MOISTURE
* IMPINGERS :
FINAL VOLUME _2¢0  ml
INITIAL VOLUME £ 0 90 m!
NETVOLUME __ 0o _ml
SILICA GEL L
FINAL WEIGHT _4 %7.9¢ g g '
INITIAL WEIGHT 4 2.5 2¢g - g g ' A’\ /?
- NETWEIGHT 2.%¢ ¢ g TOTAL MOISTURE (¢ el
EPA (Dun) 231




ANALYTICAL DATA - L,

PLANT S s g ¢

DATE__ /0 ~F¢c-73

SAMPLING LOCATION _©u7 L7~ /[
SAMPLE TYPE __ZarTieuiade
RUN NUMBER __/ -3

SAMPLE BOX NUMBER ___ 3%}

CLEAN-UP MAN____ 2 a-«.i,fj'

FRONT HALF

ACETONE WASH OF NOZZLE, PROBE, CYCLONE (BYPASS),
FLASK, FRONT HALF OF FILTER HOLDER

EILTER NUMBER 0. 3O 5— g 333
Tare —0. 323/

T~ 0,027

BACK HALF

COMMENTS:

LABORATORY RESULTS

conramer__ 7/ - TE0 n

CONTAINER S = 7F-002 - /%2 A7, & p

FRONT HALF SUBTOTAL _ S5

[MPINGER CONTENTS AND WATER WASH OF CONTAINER _15/3_"/ o e mg
IMPINGERS, CONNECTORS. AND BACK ETHER-CHLOROFORIS - 00 ‘
HALF OF FILTER HOLDER EXTRACTION mg

. . . .
ACETONE WASH OF INPINGERS, CONNECTORS, CONTAINER__/_'_E o, “mg
AND BACK HALF OF FILTER HOLDER - S o .
BACK HALF SUBTOTAL . /o mg z
TOTAL WEIGHT [17.® mg ﬁ{
MOISTURE
" IMPINGERS -
FINALVOLUME _ 202 ml
INITIAL VOLUME 20 ml
NETVYOLUME ____ 2  ml
SILICA GEL e :
FINALWEIGHT 4 &7.9 ¢ g 2 _ g
INITIAL WEIGHT #2570 ¢ g 4 - !
NETWEIGHT _ /2.9 ¢ _ g g TOTAL MOISTURE___ /4. § . -
EPA(Dw) 231 g o |
.M X




ANALYTICAL DATA ' - ' -

PLANT. L wae e

DATE_ /o =~ 30— 77

SAWPLING LOCATION _cx L e/ 22
SAMPLE TYPE ___Larl

RUN NUMBER A -A

SAMPLE BOX UMBER
CLEAN-UP MAN F s

_’I—

7
FRONT HALF

ACETONE WASH OF NOZZLE, PROBE, CYCLONE (BYPASS),
FLASK, FRONT HALF OF FILTER HOLDER

FILTER NUMBER Be L7387 #5327 L
Tar-2:3276
met S3.3457

BACK HALF

IMPINGER CONTENTS AND WATER WASH OF
IMPINGERS, CONNECTORS, AND BACK
HALF OF FILTER HOLDER

ACETONE WASH OF IMPINGERS, CONNECTORS,
AND BACK HALF OF FILTER HOLDER

MOISTURE

. IMPINGERS o
FINALVOLUKE 2292 mi
INITIAL VOLUME £ ¢ & ml
NETVOLUME . _._ o0 ml

SILICA GEL T
FINAL WEIGHT _287.7 ¢ g

COMMENTS:

LABORATORY RESULTS

CONTAINER 1te - FeE0 2.8,

CONTANER S =73 02 /47 A5¥&on

FRONT HALF SUBTOTAL _ o480

CONTAINER /2 9 - %7 e ;!".’74 o’ mg
ETHER-CHLOROFORM LR . f
EXTRACTION J /. me

CONTAINER /22 0.0 -0

BACK HALF SUBTOTAL . 45 e

TOTAL WEIGHT SO/ 5 A5 g

INITIAL WEIGHT 4250 ¢ g
NET WEIGHT 1e.9 ¢ g

EPA (Dur) 231 o
1




k)

PLANT. Bun & €

OATE___/o--F 0 —73

SAMPLING LOCATION _C e T Le ¥  2-8
SAMPLE TYPE ParT—

RUN NUMBER -8

SAMPLE BOX NUMBER

CLEAN-UP MAN ?u?zl"’
FRONT HALF

ACETONE WASH OF NOZZLE, PROBE, CYCLONE (BYPASS),
FLASK, FRONT HALF OF FILTER HOLDER

ANALYTICAL DATA

COMMENTS:

LABORATORY RESULTS

CONTAINER _ 75/ /7 ¢ me

412

- irr b s e e w——— -—

FILTERNUMBER @-3522 .32 3¢ CONTAINER S—73 ~co2—4S R 28-&
- — O 3234 ’ :
T 02§
/. -
FRONT HALF SUBTOTAL 204.5
BACK HALF ‘ . .
MPINGER CONTENTS AND WATER WASH OF CONTAINER __’f_j’_:fﬁ 2.2 ng
IMPINGERS, CONNECTORS, AND BACK ETHER-CHLOROFORH o
HALF OF FILTER HOLDER EXTRACTION 0,0 mg
ACETONE WASH OF INPINGERS, CONNECTORS, CONTAINER .25 8.5 ng
AND BACK HALF OF FILTER HOLDER ’
BACK HALF SUBTOTAL 2.5 g
TOTAL WEIGHT 2°7:° m
MOISTURE
IMPINGERS o -
- FINAL VOLUME 2 ml
INITIAL VOLUKE £22 __ mi
NETVOLUME — % _ _ m!
SILICA GEL ce
FINAL WEIGHT 2725 ¢ g g L 9,5
INITIAL WEIGHT 475 2 g _ g g =
. NET WEIGHT 175" ¢ _ " & . TOTAL MOISTURE__ =S 4
. a LA : > L _
EPA (Dur) 231 —77"'_.? :

- Mananl ¥ v ol L1 8 . T




Al S
[l
P

ANALYTICAL DATA

hl

PLANT /T o o 2 COMMENTS:
DATE_J2 —3/-73

SAMPLING LOCATION /v Lel  Z- 4

SAMPLE TYPE Y/ Y

RUN NUMBER J A

SAMPLE BOX NUMBER

CLEAN-UP MAR 7 & 7@

FRONT HALF ' : ' LABORATORY RESULTS

PP PR TR o

Lol

ACETONE WASH OF NOZZLE, PROBE, CYCLONE (BYPASS), ~ CONTAINER _/ SC . bolT/ o

FLASK, FRONT HALF OF FILTER HOLDER
Lvoss C Tars— el

FILTER NUMBER 2. 37/ — .337 7 =2,04/¢CONTAINER S ~7F-992 /57 ha) 2., 6 g
2 878] =0, 2244=25723 :

Is 3
FRONT HALF SUBTOTAL ‘5 4820 m

¥,

BACK HALF

NRYR Lk 14

IMPINGER CONTENTS AND WATER WASH OF CONTAINER __LQ_:/ -7 r°  m
IMPINGERS, CONNECTORS, AND BACK . ETHER-CHLOROFORH e |
HALF OF FILTER HOLDER EXTRACTION %10.0 ng

ACETONE WASH OF IMPINGERS, CONNECTORS, " contamer 26 & _ O 5 g
AND BACK HALF OF FILTER HOLDER - . ,
BACK HALF SUBTOTAL _ Z. & mg -‘
TOTAL WEIGHT 6L S ml]
}
MOISTURE :
IMPINGERS o
- FINAL VOLUME _2/ o i
INITIAL VOLUME .22 @ ml
NETVOLUNE _ ‘& o
SILICA GEL - -
FINALWEIGHT 27/ ¥ ¢ g g
INITIAL WEIGHT %75-9 g _ . g : L
NETWEIGHT _ /6 ¥ ¢ - 3 & JoTALMOISTURE 2 6. & .z
EPA (Dur) 7l I : ' . . X
4/72 l . V ’ . R ’ o . . ’ . . L




ANALYTICAL DATA

PLANT_ﬁun o &

DATE ro-3/ =73
SAMPLING LOCATION o ovlde/ 2 -8
SAWPLE TYPE __ Aan/

RUN NUMBER 3-&

SAMPLE BOX NUMBER
FRONT HALF

e

CLEAN-UP MAR
ACETONE WASH OF NOZZLE, PROBE, CYCLONE (BYPASS),
FLASK, FRONT HALF OF FILTER HOLDER

FILTER hunger &3 45 7 gozso6—
Td/l.l- "6’,1-7_5 o

Yot 0,0, 53

BACK HALF

IMPINGER CONTENTS AND WATER WASH OF
IMPINGERS, CONNECTORS, AKD BACK
HALF OF FILTER HOLDER

.

ACETONE ¥WASH OF IMPINGERS, CONNECTORS,
AND BACK HALF OF FILTER HOLDER

MOISTURE

MPINGERS -
FINALVOLUNE <42 & ml

INITIAL VOLUME fﬂ o  nf
NET VOLUME ml

SILICA GEL L

COMMENTS:

LABORATORY RESULTS

/ }0}' o

CONTAINER __/_f'l__.

-1e2

/5.0

CONTAINER S —77-2eZ

mg

mg

m

FRONT HALF SUBTOTAL _

CONTAINER ._/..6_’2:_,&%

/38,6

-
RS

o?. 0

rg

ETHER-CHLOROFORH

@S

mg

EXTRACTION

&« a

.mg

comAmER__/ﬁ:g

2.8

ng

BACK HALF SUBTOTAL

/37. 5

mg

TOTAL WEIGHT

FINAL WEIGHT _Z29-7¢ g
INITIAL WEIGHT #75 -2 ¢

g TOTAL MOISTURE

NETWEIGHT /3.7 ¢ 4

_EPA (D) 231 247
: im ‘ )

1.7

-
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-Process Data

.....
-----
.....

TEST  BARGE GRAIN™ —TEST 7 7 TOREICN AMOUNTPROCESS
RUN  NO. WEIGHT MOISTURE  MATERIAL UNLOADED  RATE
1b/bu . 1 . DURING
Ib/bu T T T/ hr
T Bunge 33  SB 55.0 13.2 1.0 . . 43340 2,919,000
Maury 15  SB 55.5 13.3 3.3 42151 2,599,000
Bunge 6 Corn  55.0 13.2 4.2 47195 3,115,000
AVE 2.878,000 .
2 FM49 S8 57.0  12.5 0.9 50563 3,263,000
Mary T 13 Corn  55.5 13.1 4.5 50540 3,300,000
AGS 511  Corn  57.5 18.3 3.6 52678 3,304,000
AVE 3,289,000
3 CH 64 Corn  57.5 13.1 4.7 50400 3,050,000
Bunge 31 Corn 55.5 12.7 3.8 49031 ‘fr2;551,000
FM 22 SB 57.5 12.8 0.7 50785 2,368,000
AVE 2,656,000
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APPENDIX F

Sampling and Analytical Procedures
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- SCOPE

BMS-11 SAMPLER - SAMPLING INSTRUCTIONS

These instructicns are intended to give a stcs-by-step

procedure for determining the particle size distribution

of a liquid mist or solid loading in & gas flowing

through & duct. Because c¢f the specific nature of a

given process, some changes of the prccedures given may

be necessary. However, the essential features of the

method should be reteined if reliable results are toc be

obtained.

EQUIPMENT

A) For sampling

1)
2)
3)
¥)
5)
6)
7)

8)
2)

BMS-11 sampler

One (1) set of probe tips

Sample probe for entering gas stream

Vacuum source {vacuum pump or ejector)

Stopwatch

Heating tape 110 V 3 ft. long

Bottles to collect cyclone samples (4 oz. French
square)

Mercury for manometer

Two (2) wash bottles, one with distilled Hz0 and

one with acetone or methanol




-

BMS-11 SAI'PLER - SAMPLING INSTRUCTIONS
Page 2

10) Rubber tubing to connect EMS-10 to vacuum source
and sample probe

11) A source of 110 V electrical power must be provided
at the sampling lccation

12) Suitable platforms must be provided at the sampling
location for placing the BMS-10 along side the
sampling port and for working sapce for the operator
(NOTE: See attached drawing for type of platforms

usually required)

B) For analysis

The analytical equipment and chemical required will
vary considerably depending on the ccmposition of

the collected material. The equipment 2nd chemicals
given below are for typical acid mist. w/

1) 1,000 ML beaker

2) 250 ML beak: r

3) Glass cr stainless steel stirring rod (1/16 inch
dia, by 6 inches long)

4} N/10 NACH

5) N/100 NAOH

6) Phenolphthalein indicator solution

7) N/100 Hcl or HaS0

'8) 50 ML Buret

Ty
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BMS-11 SAMPLER - SAMPLING INSTRUCTICHNS
Page 3

T

¢} Four place anﬂlytlcal balance (if any 4
gravimetric work is to be done) I

PRELIMINARY CALCULATICNS#

An important consideration in sampling for aerosols in

gases is to withdraw the gas sample at the same velocity 5“

PS exists in the duct at the collection point (isokinetic

sampling). This, in theory. requires measuring the gac

velocity in the duct at the sampling point and running

many samples to traverse the duct. _?'
r

The sampling condi:tions determined by the method described
below allow a fairly accurate determination of the amount

of particles less that Tu and an estimate of the amount ofqﬁ,
partlcles greater than 7Tu. '
i : i

1) The flecw of gas at the sample point must be determined

|

|

|
along with the gas temperature and pressure. :

2) The actual CFM 1s calculated as follows:

S ‘/’“ 460 + T4 20.02
ACFH = SQFM_f(FBO + 32 Bar. Press T Pg

3} Calculate the gas velocity at the sample point. JYZ/>¢C

Vd = AC FM
DI -

G

dewa [ ario v IF
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BMS-11 SAMPLER - SAMPLING INSTRUCTICHNS
Page &

Rl v L

4) From the probe selection chart, select a probe that
"\

will give a sampling rate (Fg) between 0.1 - 0.15 CFM. e, &

i 27
Lo - - LAl - P Pie e BN e
- ey Fal J

’

5} Usirg the calibration curve for Brink Model B Cascade

Impactor supplied with the BMS-11, select AP, corresponding

to (Fs).
5.

6) Estimate orifice AP (APes) under sampling conditions.

-

APuc = AP x MY Gas 460 + T~ (°F) , Bar. Press T (P, est)
Tes T MW ALIr x U600 + 1q ( F) 2G.G2

BMS-11 SAMPLING PROCELURES

1) Ready the sampling egquipment by filling the manometer on
"
the left (flow manometer) with Hg, and the manometer omsthe

right with Hz0 or Hg depending on the amount of pressure in
the duct. (NOTE: If the manometers should have been filled

prior to shipping, the clamps on the rubber tubing leading

to each manometer should b opened at this time.)

_ 2) Turn the sampler around and insert the glass cyclone (if not
already installed in sampler) in *ts proper place on the

left side of the sampler.

3) Pack the small glass filter tube with #800 Pyrex brand \
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glass wool. The filter tube should be packed as

firmly as possible by hand to a depth of two inches.

4) Place the small packed filter tube upside down on the

rubber stopper at bottom of impactor.

5) Insert the impactor and packed filter into its proper

place on the right-hand sidz of the sampler.

6) Connect the cyclone and the top horizontal nipple of

the impactor with a short plece of neoprene tubing.

7) Two pleces of neoprene tubing are extending through

the center panel of the sampler. Connect the top piece
to the vert. nipple extending down from the top of %
impactor, and connect the bottom piece of tubing to the

vert. nipple extending up f-om the boutom of impactor.

8) The short piece of tubing extending down from the

control valve should be connected to the smeall packed

filter tube.

e
it
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9) Put a #4 rubber stopper onto the bottem of cyclone

and place a 4 o.. hottle onto the rubber stcpper.

10) Make sure thet all of the connections that have been

made are tight and place the insulated cover on the

back of sampler.

11) Assemble probe to the proper leagth using previously
selected probe tip. All Joints in the probe should

be sealed with teflon tape and the direction of probe

e

12) A short piece of rubber tubing should be placed on
the outlet end of the probe and then sealed off with

2 tubing clamp placed in the center of the rubber tubing.

13) Place vacuum source as close to the sampling table as

is necessary to connect a vacuum hose from the sampler

to the vacuum source.

'14) Connect the electrical cord from the sampler to a 115V

outlet.

' tip marked on the ocutlet of probe assembly.

Ay,




B o e e

4
' -
"ot

BMS-11 SAMPLER - SAMPLING INSTRUCTIONS
Page 7

15) Measure the temperature of gases to e sampled and

record 1t on data sheet,

16} With the tubing clamp closed on the prove, insert the
probe into the duct with the prote tip pcinting down

stream with the gas flow.

17) Place the blower switch in the on position (indicator

1ight on) and then turn on the heater switch (indicator

light on).

-

18) The temperature at blower inlet should be adjusted to
5 to 10°F above stack gas temperature. This can be
done by rotating the thermoswitch dial counter clockwise

to raise the temperature and clockwise to lower the -

temperature.

19) Check the ccantrel valve in sampler and make sure it is
closed., Connect the rubber vacuum t-bing from the vacuum
source to the metal nipple protruding from the side of the
sampler. Turn on vacuum source. (NOTE: If vacuum is

turned on with control valv: open the Ho0 or Hg manometer

may blow.)
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20) After sampler has heated ur to the proper temp, turn
the probe until the probe tip is facing into the gas
stream, (Thls can be done by using the mark previously

placed on the probe outlet.)

21) Connect the rubber tubing of the prot. to the gless

cyclone protruding from the side of sampler.

22) With the probe tubing clamp closed, "very slowly"
open the sampler control valve. Draw 5 to & inches

H20 vacuum on system as indicated on the Hz0 manometer.

2.

Clow the control valve. The vacuum should drop off ;;'
very slowly since the gases inside the sampler are

being heated. Ii the vacuum drops off rapidly, 1eak%r -
are present and must be eliminated before proceedinéﬁf
with the sampling. Repeat Step 22 until the leak has

been found.

23) Open probe tubing clamp "slowly" to bleed off vacuum.
(NOTE: 1If probe cleamp  is left closed while the sampler
is heating up when connected to the probe, the Hp0 will

blow. )
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24) Plug electrical heating tape into auxiliary outlet

on sampler and loosely wrap it around the outlet of probe,

rubbter tubing and inlet of cy lone.

25) Turn on auxiliary outlet switch (indicator light on),

and give a few minutes to hcat up.

26) Recheck the direction of the probe tip and the sampling
box temperature, If both are OK, open the control

valve, start stopwatch, and adjust the Hg manometer to

the predetermined value (APsg) and check static .

pressure {Pg) (Hz0 manometer).

27) Monitor and record inlet and outlet temperatures, s

static pressure and flow rate during sampling.

28) At the end of desired sampling time, close control

valve.

20) Disconnect vacuum, turn off heaters and blower.

30) Close probe tubing clamp and unwrap the heater tape.




BMS-~11 SAMPLER - SAMPLING INSTRUCTIC
Page 10

31) Disconuect sampler ircm probe at the cylone rubber

tubing connection.

32) Remove prote from duct, wash the outside of probe with
distilled E:0, being careful not toc get any of the
outside washings into the open probve tip. Set probe

aside with probe tip pointing up.

33) Remcve back of sampler; and using a plastlc squeeze
bottle, wash cyclene with distilled Hz0 thruugh the
inlet, trying to get a swirling action of the HzO
which will wash the walls of the cyclone as well &s

the center. (Use about 3 oz. of Hz0.)

34) Remcve bottle containing washings. cap and place in

plastic bag.

35) Wash the inside of the probe with distilled Hz0 and
catch the washings in a 4 oz. bottle. Cap and store

the bottle inthe plastic bag with the cyclone bottle.

36) Disconnect all tﬁbing from the impactor and remove it

from the sampler.

o ——— o+
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27) Remove the smsl] glass thimble and store it in the u

plastic bag with the two washing bottles.

and set aside.

30) Unscrew the section marked one (1) and thoroughly |
wash the inside with distilled Hp0. Let the washings
run through the orifice in the bottom and drain into

38) Unscrew the top section of impactor (section marked in) b
!
l a widemouthed jar. Turn the section on its side end

wash the area below the orifice making sure all washings

are caught in the widemouthed jar.

40) With tweezers very carefully remove the collection cup
that is located in the top of Section #2. Wash the
top and bottom of the cup into the widemouthed Jar that

section (1)} was washed into.

and bottom with distilled HoO into a new widemouthed

jar. Remove the cup from Stage 3 and wash it. Follow

the same procedure for each stage.

I 41) Remove Section #? and wash the inside (including spring)
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L2) After all stages have been washed, put samples aside
ant reassemble the impactor. Make sure the cups are
riding free on their respective spring and that each

stage is in its oproper place,

43) Place the impactor into the sampler and -~onnect &ll

tubing to the proper place.

44) Put a new small packed glass thimble onto the

impactor and connect the proper piece of tubing.

45} Put a .aew 4 oz. bottle on the cyclone and place the

insulated back on the sampler.

46) Sampler is now ready for next sample.




CALCULATION OF ACTUAL GAS FLOW AFTER SAMPLING

1) Using the actual measured pressure drop acrcss the
impacter, the gas temp, static pressure, and time,

the actual gas flow can be calculated as follows.

_ MW Air 460 + T4 (°F 20.62
2) #Pe = BPas X MW Gas 60 + Tpo (°F X Bar. rriis T Psg

3) Using the calibration curve for the Brink Model B Cascade

Impactor, select the CFM corresponding to AP,.

k) To find the total CFM drawn through the impactor, simply

multiply the total sample time, times CFM. .

ANALYTICAL PROCEDURE (WET CHEMISTRY)

A

Different chemical analyses are reguired depending on the
nature of the dust or mist collected. An example procedure

for Hz504 mist is suggested as follows.

( :ng)

-

1) Pour the probe and cyclone washings into the 500 ML beaker

and add four or five drops of phenolpholein indicator.

2) Titrate with standardized NaOH. A low N Na OH (.01l to 0.1 N

NaOH) should be used first and if recessary then & stronger

N NaCH should Se used as required.
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3) Record the titer and normzlity on thc sample sheet.

4) Using the stainless steel rod (that has been washed with

distilled Hz0), push gla:s wool from filter tube into

a 500 ML beaker.

5) Wash the inside of the filter tube i:to the 500 ML bcaker.

Be careful not toc wash the outside of filter tube.

6) Add sufficient Hz0 to the glass wool until a slurry is

formed. . |

7) Add four or five drops phenolphthalein and titrate to

the glass wool and Ho0 with a suitable N. NACH. Be sure

to stir the mixture well to insure that all the acid has

been leached frcan the glass wool.

8) The impactor cup washings can either be analyzed while in the
widemouthed jar or they can be transferred to a beaker. '
In either case, add four or five d:ops of phenolphthalein
to each sample and titrate with & soitable N. NAOH.

(Record all titers on sample sheet.)
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¢) Convert the titers of each stage to total mg HzS0..

, I GRAVIMETRIC AVALYSIS OF SOLI™ MATERIAL
l' To g: vimetrically enalyze most solid material, the individuel ’

: semples must be dried in some manner. The followlng procedure
'I ascumes that the collected material will not be vaporized _!
I' while drying.
'. 1) Before the assembly of the impactor, thoroughly dry the )

impactor cups and pack glass wool thimble in & hot air'
l' overi, and desiccate until cool. '
]l v
2) Tare each cup and packed glass wool thimble with a good

four balance and place the cups inslde the impactor,

and the thimble on ﬁhe impactor.

3) After the sample has been collected, return the impactor

to the lab and very ccrefully remove the cups with a
Place each cup in a hot air oven

' small set of tweezers,
‘ until dry and then desiccate them until cool.
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4) Weigh each cup again and subtract the tare weight. The

result 1s the total mg material collected on each cup.

5) Wash the cyclone and probe with a suitable washirg liq.

and put the washings in a tared evaporation dish. :

6) Place the dish and washings on a steam bath and

evaporate the 1liq.

7) Remove the dish from steam bath and place it in a lot l

8) Desiccate the dried dish until cool, &and then weigh

it. Subtract the tare weight from the gross welght toﬁ&

determine the amount of collected material.

9) The packed glars wocl thimble can either be dried and
desiccated to determine the weight or material collected
or the material may be leached from the glass wool, if i
it is scluable in the washing 1lig. (The proper method

of leaching the glass wool 1s as follows.)

l gir oven until thoroughly dry. o ,
; I.
1




|

CALCULATION COF ACTUAL GAS FLOW AFTER SAMPLING
Page 5

2) Place the filter on a smell suction flask and

pull 100 ML of washing 1liq. through the glass wool.

b} Rupeat step a seversl times using the original

100 MLS of washing 1iq.

c) Wash the glass wool several more times using a

fresh washing solution each time.

d) Wesh the glass wool enough to insure that all the

material has been leached out, but at the same time - |

attempt to keep the total washing 1ligq. at a minimum

due to the evaporation and drying of the sample.
10) If the leaching method was used, evaporate the sample

on a steam bath, and dry it in a hot alr oven. Desiccate

until cool and weigh.

DETERMINATION OF CUMMULATIVE % Dpc

1) Determine the mg of material collected on each stage of

the impe=tor.
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\
2) In reference to the total sample collect” in the

impactor, find the % collected on each stage.

3) Starting with Stage #5, accunulate each stage to arrive

at the cumulative % smaller than Dy,.

DETERMINATICN OF mgz PER ACF

1) Total the mg of sample in the Impactor and glass wool
filter and divide by the actual sample gas flow to
determine the mg/ACF < 7 u.

2) Divide the mg of sample collected in the probe and
cyclone by the actual sample gas flow to determine the

"
mg/ACF > 7 u.

e I -



Tuesday, October 30, 1973

8:40 a.m.

11:20
12:00
12:04

12:34
12:46
12:51
12:52

120
123
:47

N NN

w

:51

7:49
8:19

p.m.

APPENDIX G

Test Log

Test crew arrived at plant. Equipment problems
causing delay.

Started Run #1 inlet and outlet particulate.
Qutlet probe heater smoking. Turned off.
Unloading stopped. Stopped test. Nozzle plugged
at inlet at start of test. Switched to larger
nozzle,

Restarted inlet.

Restarted outlet.

Stopped.

Restarted inlet

Finished inlet.

Restarted outlet.

Stopped outlet. o
Restarted.

Finished outlet. Plant shut down to change barges
and did not restart on time because of plant probiems.

Started Run #2 outlet.
Stopped to change barges.
Started Run #2 inlet.
Restarted Run #2 outlet.
Stopped to chaﬁge barges.

Restarted.




Tuesday (Con't.)

8:45 p.m.
9:03
9:15

Wednesday, October 31, 1973

| Qutlet Run #2 finished.

Inlet Run #2 finished.

Left plant.

9:00 a.m.
10:25
10:35
11:05
171:25
11:38
12:35 p.m.
12:42
1:17
1:45

————

Arrived at plant.
Started Run #3 inlet.

Started Run #3 outlet.

Stopped outlet.

Stopped inlet to change filter and cyclone.
Restarted outlet and inlet.

Finished Run #3 inlet.

Stopped outlet.

Restarted.

Finished Run #3 outlet. o
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APPENDIX H

Test Participants

Battelle Memorial Institute

Paul Webb - Test Team Leader
John Faught - Chemist
Harry Leonard - Technician

Ron Clark - Technician

' oll® o ol o o R

Ben Furness - Technician

Carl Turner - Technician

Environmental Protection Agency

Roger Pfaff - Project Test Qfficer

Ken Woodard - Project Engineer




‘V

o

| —
v
~N

i

e v

APPENDIX H

-4

Test Participants

Battelle Memorial Institute

Paul Webb - Test Team Leader

John Faught - Chemist

Harry Leonard - Technician
Ron Clark - Technician

Ben Furness - Technician

: s b .'

Carl Turner - Technician

Environmental Protection Agency

Roger Pfaff - Project Test Officer

Ken Woodard - Project Engineer
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