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"SECTION T

INTRODUCTION

Under the Clean Air Act of 1970, the Environmental Protection
Agency is given the responsibility of establishing performance
standards. for new installations of modifications to exiéting
installations in stationary source categories. As a con-.
tractor, Monsanto Research Corporation (MRC), under the EPA's
"Field Sampling of Atmospheric Emissions" Program, was asked
to'undertake a sampling program to provide emission data from
the Allied_Products_CQmpany'in Montevallo, Alabama. |

The field test work was directed by Jason Burbank, Field
Testing Section, Emission Measurement Branch. The sampling

was performed by'MRC with Thomas L. Peltier as Team Leader.

This report tabulates the data collected from the.exhaust of
No. 3 lime kiln at the Allied Products Company during the

sampling program of September 15, 16, .and 17, 1975.

A venturi scrubber is used to control the particulate emissions
from the kiln, which burns both natural gas and pulverized
coal. 'Particulate, sulfur dioxide, nitrogen oxides, and car-

bon monoxide emissions were measured at the outlet of the

,venturi sérubber. Sulfur dioxide levels and particle size

distribution at the inlet were also determined. Total sulfur
content of the coal feed, calcined lime, and scrubber feed
and discharge water was determined, as well as pH and total

1



suépended solids (TSS) of the scrubber feed and discharge

-water.

Particulate emissions from the scrubber were measured ac-

cording to procedures described in the Federal Register,
Vol. 36, No. 159, August, 1971, Method 5, "Determination of
‘Particulate Emissions from'Stationary Sources." '

Method l;'"Sample_and Velocity Traverses for Stationary
Sources"; Method 2, "Determination of Stack Gas. Velocity and
Volumetric Flow Rate (Type S Pitot Tube)'"; and Method 3,
"Gas Analysis for Carbon Dioxide, Excess Air and Dry Molecu-
lar Weight" are other procedures that were required for the
Method 5 tests. Method 6, "Determination of Sulfur Dioxide
Emissions from Stationary Sources'" and Method 7, "Determina-
tion of'Nitrbgen Oxide Emissions from Stationary Sources"
were performed according to the procedures in the Federal
Register, Vol. 36, No. 247, December 23, 1971. Method 9,
"Visual Determination of the Opacity of Emissions from
Stationary Sources" of the Federal Register, Vol. 39, No. 219,

November 12, 1974, was performed on the exhausts of the bag-
 house. The carbon monoxidé sampling and analysis on the
exhaust gases of the lime kiln were performed according to

Method 10, "Determination of Carbon Monoxide Emissions from

Stationary Sources,"'of the Federal Register, Vol. 39,_Nd. b7,
March 8, 1974. '

The EPA also condﬁcted a sampling project during the sampling
at Allied Products Company. A continuous 30, monitoring o
device, a Dynascience Air Pollution Monitor, was used on both
.the inlet and outlet of the‘venturi. Results from that sam-

pling program are included in Appendix C.
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The following sectionS'of this report include: (l)‘summary
of réSQlts, (2)-prodess'description and operation,v(3) loca-
tion of sampling points, (4) sampling and analytical proce-
dures. Appéndices include all field data and analytical
data from this-sampling'project.



SECTTON TT

SUMMARY OF RESULTS

“Summaries of the particulaté emissions from the No. 3 lime
kiln are given in Tables l.and 2f Three Method 5 tests were
performed on the outlet of the venturi scrubber, which was
used to control the particulate emissidns from the kiln.
Emissions of filterable particulate, as méasuréd by the prbbe
and filter catch, averaged 24.6614 1b/hr dr 10.232 Kg/hr, at

a concentration of .0304 gr/dscf or 63.6 mg/Nm3}_ The con—
dentration data is reported in dry standard cubic feet (DSCF)
where standard conditions are 68°F and 29.92 inches Hg. The
metric conditions are 20°C and 760 mm Hg for normal cubic
meters (Nm3). - o '

* The Methdd 7 nitrogen oxide results are given in Table 3.
Grab flasks were taken on two different days with eight flasks
being used one day and four flasks the next for a total of
twelve samples. Table.3 gives an average NOX_emission rate
for each set of four samples taken on the two days and also
an overall average for the two days of sampling. :An average
flow rate of 2693 Nm3/min (95091 dscfm) was uséd to convert
~ the concéntration of grab flask to an emission rate for the
kiln., All twelve grab flasks:gave fairly close results, since
~ none of the values deviates more than + 30 ppm from the 103
parts per million (ppm) overall average for two days of sam-
pling. However the NO_ concentration from a lime kiln can

‘Vary by as much as 100% during normal operation.
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While MRC personnel were performing the.Métth 6 sampling on
- the inlet to the venturi scrubber, EPA personnel were per-

fdrming S0, sampling using the Dynasbiences Continuous Monitor.

. A report of this festing is includéd in. Appendix C. A dis-
‘cussion of the sampling operations and the reSults of the
sampling aré included in the report.. An average SO0, cdnoen—
tration in ppm for the inlet and outlet is included in Table
4, Copies of the original strip charts are included in '
Appendix F. Figures 1, 2 and 3 are a graphical deScfiption
of the Dynascience datar_' '

The Method 6 sulfur dioxide reéults are also given in Table

5. As can be seen from Table 5, only the first run on the
inlet to the venturi showed any sulfur dioxide by Method 6
testing. The results of the outleﬁ coincide with the results
of the Dynasciénce'Continuous Monitor, Which showed a zero
concentration (<5 ppm, ﬁhe zero drift during the test while
spanned to 500 ppm full scale). However, the results for
Runs 2-1 and 3-I showed appreciable SO, concentratioﬁs:with
the Dynascience (65 to 212 ppm) but none with Method 6. How-
ever, we know this is impossible since the Dynascience Con-.

. tinuous Monitor was run simultaneously'with the runs on the
inlet. '

These resﬁlts can probably be best explained by the 1ime'dust_
which is collected in_the-end of the 80, probe. The S0, probe
has a glass wool plug for stopping particulatés and_the glass
wool'merely acted as a filter for the lime dust and the com-
bination.of the two scrubbed out the S0, giving zero concen-

tration levels on Runs 2-I and 3~-I. Since no velocity traverse



1
i1 | |
- Table 4, SUMMARY OF S0, EMISSIONS BY THE DYNASCIENCE SO, MONITOR
l | ' Corrected 10 Minute Averap;es.of' S0, Measurements at. the Allied
' Products Lime Plant Montevallo, Alabama
'. - _ _Cor’fected High Low. . Stack
‘ Test : Average Peak Point Temperature
l Date . Site Time PPM PPM =~ _PPM °C
- 9/15/75 Scrubber — 1:05 pm 139 177 117
. : ' Inlet
I 1:15 139 164 122
- 1:25 137 194 122 449 (840°F)
| l ‘ 1:35 126 130 | bl | |
I | 1:45 | 152 196 128 438 (820°F)
) 1:55 | TR 163 115
l | 2:05 126 1h2 114
| .15 1hY 157 128 427 (800°Fj
l 2:25 150 178 128 |
I 2:35 159 187 139 421 (790°F)
' 2:45 - 236 290 170 427 (BOO°F)
l 2:55 194 278 164 '
| \_ 3:05 - 203 282 154 415 (780°F)
l o 3:15 - 252 286 221 L27 (800°F)
' " 3:25 232 ~ o264 212 |
| 13:35 203 2U6 180
I - 3:45 - 211 232 189
: 3:55 207 2U5 172 1432 (810°F)
l . h.05 | 243 312 - 157 -
I : 15 | 150 167 1'25'
- y:25 174 200 150
i ;



_ Table 4 (cont'd). SUMMARY OF 302 EMISSIONS BY THE DYNASCIENCE S0,
l o o MONITOR
' ' Corrected 10~ Minute ‘Averages of S0, Measurements at the Allied
l . ‘Products Lime Plant Montevallo, Alabama
| | Corrected High  Low Stack
o Test " Average . Peak Point Temperature
' Date Site Time PPM - PPM PPM oC
I ' 9/16/75 Secrubber 11:U45 am 0 0 0 66 (150°F)
Qutlet : o .
_ R _
l 4:05 pm 0 0 o0
I 9/17/75 Scrubber .10:28 am 168 194 148 427 (800°F)
' Inlet : '
' | 10:38 159 190 139
- 10:48 183 . 212 158
l - 10:58 190 202 161
11:08 159 175 141
l 11:18 124 142 105
I _ 11:28 101 111 88
- 11:38 86 127 65
I . 11:48 - 156 173 128
. 9/17/75 Scrubber  2:00 pm 0 0 0 66 (150°F)
. : OQutlet B
l . S 3:15 : 0 0 0
l 10
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was performed at the inlet, the flow rate used in the deter-

mination of the emission rate there is an estimated value.

. It was seen from an earlier test (7-31 and 8-1-74) by the

Alabama Air Pollution Control Commission that the flow in

dscefm increased from inlet to outlet locations by an average
factor of 1.35. This could be attributed‘to leakage of am-
bient air into the system between those two points, (a high
negative pressure exists) as well as inaccurécies of velocity
measurement due to turbulent or cyclonic flow. When this fac-
tor is applied to the situation here, taking into considera-
tion the increased duct disintegration and numerous leaks seen
which were not mentioned in that earlier report, a value of
60,000 dscfm for the inlet flow rate can be estimated. The
design flow rate for the venturis, as givén in the process
description, dmounts to 80,000 dscfm.

.Table 6 gives the total sulfur results on the coal,'proddct,

scrubber feed water and scrubber exit water. The samples
were.coliected during'the'MethOd 6 inlet runs and are refer-
enced to the runs. - The results in the fable show.the coal
being burned had an average sulfur conteht'of_l.86%. The
product had'an average sulfur content of .005%._ The particu-
late in the scrubber feed water had an average sulfur content
of 2.94%. The particulate in the scrubber exit water had an
average sulfur content of'3.73%,

Table 7-10 presents a summary of the Brink® particle sizing
results, Metric and English, respectively. Three runs were

made on the inlet of the venturi scrubber. As can be seen

from the tables, over 96 percent (weight basis) of the parti-

cles collected in all three runs were in the probe, cyclone
and first stage of the impactor, corresponding to a meéean aero-
dynamic diameter of >5.0 microns, or a mean actual diameter of
>2.75 microns. ' |

15
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Table 7. SUMMARY OF BRINKS® PARTICLE SIZING.
' RESULTS (METRIC) USING UNIT DENSITY

- CASCADE IMPACTOR PARTICLE SIZE DISTRIBUTION FOR Ruh 1

INPUT VARIABLE - UNITS INFUT DaAT.

SAMPLING TIME TOMIN 10,0
PRESSURE DROP M HE 3,30
STATIC PRESSURE S JCEL] -18.80
PARTICLE DEWSITY /GE 1,00
BAROMETRIC PRESSURE €M HE 75,17
GAS mOL WT 28,0
GAS TEMPERATURE DEG € 50.5
GAS VISCOSITY POISE 6,00022
GAS DENSITY GsCC 0,00095
STAGE WT OF mATERIAL. oPe MG/acH WT PCNT CuM WT PCNT

CYCLONE 88,800 3,738 47,89 100,00
R 8,366 4,63 R 8,57 12,11
2 0,918 2,73 © o tuos . 0.9 3.55

3 10000 1,87 N T 1.02 2,61
e - 0,240 0.98 0,01 0,25 1.58
s 0,206 0,81 0,01 ey 1.3
FILTER 1.100 . a,05 . 1,13 1,13

CASCADE IMPACTOR PARTICLE SIZE DISTRIBUTION FOK RUN 2

INFUT VARIABLE INPUT DATA
SAMPLING TIME MIN 4.0
PRESSURE DROP . €M HE 2.0%
STATIC PRESSURE cm W20 15,62
PARTICLE DENSITY Gsic 1.00
BAROMETRIC PRESSURE M HE 75.49
GAS MOL MT. 28.0
GAS TEMPERATURE ‘DEG € B&.7
645 VISCOSITY . POLSE 6,00021

. GAS DENSITY .G/CC 0,00095

STAGE WT OF MATERTAL DPC ME/ACH WT PCNT tuM Wi PONT

CYCLONE 70,808 2.56 94,07 100,00

1 2,060 5.08 0.28 . 2.7% 5,95
H . 1,210 3,00 0.16 . 1.81 ) 3.19
3 0,490 2,08 0.07 0.65 1,58
“ 0.1%0 1,09 0.02 0.20 0.93
5 0,150 0,10 0.02 .20 .73
FILTER 0,400 ' 0,05 = 0.53 .53

CASCADE II'IPACYOR. PARTICLE %12E DISTRIBUTION FOA RUN 3

INPUT VARIABLE UNTTS INPUT DaTA
SAMPLING TIME MIN © 4.0
PRLSSURE DROP M HE 2,79
STATIC PRESSURE tH H20 r16.51
PAKTICLE OENSITY s/CC . 1.00
BAHOMETHIC PRESSURE €M MG 78,23
6AS MOL WT 26.1
6AS TEMPERBTURE . DEB ¢ 93,3
GAS VISCOSITY POISE 0,00092
GAS DENSITY escc 0.00094
STAGE . WY OF MATERIAL DPC HG/ACM W PENT  CUM WT PCNT .
CYCLONE 75,800 8,59 93,91 100,00
1 2,431 4,79 0.28 3.09 6.0%
2 1.004 2,83 0,12 1.28 2,99
3 0.137 1,94 0.02 0.17 1,72
4 o.120 1,02 0,01 7.18 1,59
5 0,092 0.64 0,01 0,12 1,39

FILTER 1,000 -0z 1,27 1,27
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Table 8. SUMMARY OF BRINKS® PARTICLE SIZING
C ' RESULTS (ENGLISH) USING UNIT DENSITY

CASCADE IMPACTOR PARTICLE SIZE DISTRIBUTION FOR RUM 1

INFUT VARIABLE UNITS INPUT DATA
SAMPLING TIME MIN 10,0
PRESSURE DROP IN WG 1.30
STATIE PRESSURE IN H20 =740
PARTICLE DENSITY GsCC 1,00
BAROMETRIC PRESSURE IN HE 29.43
GAS MoL wT 28.0
GAS TEMPERATURE DEG F 1950
GAS VISCOSITY : PDISE . 6.p00022
GAS. DENSITY . 6sCC 0,0009%
STATE WT OF MATERIAL . opPe MG/ACF WT PCNT cumM WT PCNT
CYELONE 85,800 : : 131,59 87.89 . 100,00
1 8,366 4,63 12,83 8,57 12,11
2 0.915 2,73 To1,68 0,94 3,55
3 1,000 1,07 1,53 1.02 2,61
L] 6,240 0,98 0,37 0,25 1.58
5 0,206 0,61 0,32 0,21 . 1,34

FILYER ’ 1,100 1,69 1,13 1,13

CASCADE IMPACTOR PARTICLE sIZE DISTRIBUTION FOR RUN 2 .

INPUT VARIABLE UNITS INPUT DATA
© SAMPLING TIME MIN 4.0
PRESSURE OROP IN HG .80
STATIC PRESSURE IN H2O =6,15
- FARTICLE DENSITY G/CC 1.00
+ - BAROMETRIC PRESSURE IN HG- 29.72
GAS MOL WT 28.0
GAS TEMPCAATURE aEG F . 188.0
! GAS VISCOSITY POISE 0,00021
GAS DENSITY 6s/CC _0.00095
STATE WT OF MATERIAL 1121 MG/ALF WT PCNT CUM WT PCNTY
CYCLONE 70,800 ) 387.63 ’ 94.07 100,00
2.060 5.06 9,82 2,74 8,95
1,210 3,00 5.77 1.61 3,19
N 0.490 2,05 2,34 0,6% 1,58
4 0.1%0 - 1,09 0,72 o.20 0,93
E) . 0.150 0.10 R 0,72 0,20 a,73

FILTER - 0,400 1,91 0.5%3 .53 -

CASCADE IMPACTOR PARTICLE SIZE DISTRIBUTION FOR RUN 3

INPUT VARIABLE UNTTS INPUT DATA
SAMPLING TIRE mIN 4.0
PRESSURE DROP IN HE 1.10
5TaTIC PFRESSURE IN H20 +6.50
PARTICLE DENSITY - 6/CC 1,00
BAROMETRIC PRESSURE IN HG ‘9.62
GAS MOL wWT ) ) 24.1
GAS TEMPERATURE DLG F - RDOLU
G645 VISCOSLTY POISE o.00022
GAS DENSTTY Grec 0.000%4
STATE WT OF MATERIAL- oec © MG/ACF WY PCNT . CuM WT PCNT

CYCLONE 73.800 ‘303,58 93.91 100.00

1 2.431 BT9 9.9 3.0 &, 0%

5 0,092 L1 0,30 0,12 1,29

FILTER 1.000 . . L2 B B 1.27 1,27
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Table 9., - SUMMARY OF BRINKS® PARTICLE SIZING
RESULTS (METRIC) USING ACTUAL DENSITY

CASCADE IMPACTOR PARTICLE SIZE DISTHRIBUTION FOR RUN 3

INPUT VARIABLE UNITS " INPUT DATA
SAMFLING TIME ‘ MIN - 10.0
PRESSURE DROP Ch HG . 5.30
STATIC PRESSURE CM H20 -18,80
_PARTICLE DENSITY g/CC 3.25
BARCMETRIC PRESSURE - CM HG  © . 75,77
GAS MOL T 28,0
GAS TEMPERATURE’ DEG C . 8046
GAS VISCOSITY POISE 0.00022
GAS DENSITY G/eC 0,00095
STAGE Wi OF MATERIAL vec MG/ACM . WT PCNT CUM WT PCNT
CYCLONE 85,800 " 3,73 a7.88 100,60 i
1 8.366 2,51 0.3 -  8.57 12,12
2 . 0.91% 1.46 0.04 0,9 - 3,55
3 1.008 0,98 0,08 1,03 2,62
“ u.240 0.49 0.01 0.25 1,58
5 0,206 u,29 0,01 0.21 1,34
FILTER : 1,100 ‘ ) 0,05 1,13 1.13

CASCADE TMPACTOR PARTICLE SIZE DISTRIBUTION FOR Run 2

INFUT VARTABLE UNITS " INPUT DATA
SAMPLING TIME miN 4.0
PRESSURE DROP CM HEG ) 2,03
STATIC PRESSURE CM K20 -15,62
PARTICLE DENSITY G/CC 3,25 i
BAROMETHIC PRESSURE CM MG 75,49
GAS MOL W1 28,0
GAS TEMPERATURE DEG C 86.7
GAS VISCOSITY POISE 6,00021
GAS DENSLTY A 6/6C 0.0009¢ _
STAGE Wl UF MATERTAL opc MG/acH WT FCNT.  CUM WT FCNT
CYCLONE 70,500 - 9,88 94,07 100,00
1 2,060 2,75 0.28 2.7 5,93
2 1,210 1,61 0,16 1.61 3,19
3 . 0,490 1,09 0.07 0.65 1,58
4 - : 6.150 - U,55 0,02 0.20 0,93
5 0,150 u,34 0.02 0.20 0,73
FILTER 0,400 0.05 0.53 0,53

CASCADE IMPACTOR #ARTICLE SIZE OISTRIBUTION FOR RUN 3

INFUT VARIABLE UNITS INPUT OATA
SAMPLING TIME MIN 4.0
PHESSURE OROP CM HG 2.79
STATIC PRESSURE CM H20 -16,51
EARTICLE DENSITY B 744 : 3.25
GARUMETRIC PRESSURE " HE | 75,23
GAS MOL WT 2841
GAS TEMPEHATURE DEG C 93,3
GAS VISCOSITY POISE . 0.,00022
GAS DENSLTY . ¢ G/CE 0,00094
STAGE Wl UF MATERIAL UpC MG/ACH Wl PCNT CUM WT PCNT
CYCLONE 73.800 . ’ 8,59 93,91 100,00 *
1. 2.431 2,60 0,28 3.09 8,09
2. 1,004 - 1,52 0,12 1.26 2,99 .
3 0,137 1,02 0,02 0.17 1,72
4 0,120 ¢,51 0,01 0.15 1,54
5 0,092 0.30 0,01 0,12 1.39
FILTER 1.000 . 0,12 1.27 1,27




Table 10. SUMMARY OF BRINKS® PARTICLE SIZING
'RESULTS (ENGLISH) USING ACTUAL DENSITY

CASCADE IMPACTOR FARTICLE SIZE DISTRIBUTION FOR RUN 1

INFUT VARIABLE - UNITS INPUT DATA
oy upispeshiaghiesn ———— emenn-
SAMPLING TIME MIN . 1040
PRESSURE DHOP IN HG 1.30
STATIC PRESSURE IN H20 L aT,80
PARTICLE DENSITY G/CC 3.25
BAHOMETRIC PRESSURE IN HE 29,83
GAS MOL WY : 28,0
GAS TEMPERATURE DEG F- 195.0
GAS VISCOSITY POISE 0,00022
GAS DENSITY . &/t 0.00095
STATE Wi OF_MATERXAL opL MG/ACF WT PCNT cuM WT PCNT
: L}
CYCLONE 85,800 131,59 87,88 .100.00
1 6.366 2.51 12,83 B.57 12.12
2 0.915 . 1,46 1.40 0.9 . 3,55
3 1.008 0.98 1,55 1,03 2,62
Y 0,240 o9 0,37 0,25 1,58
s 0,206 v,29 0,32 . 0.21 1,34
FILTER 1.100 . 1,69 1.13 1,13

CASCADE IMPACTOR PARTICLE SIZE DISTRIBUTION FOR RUN 2

1HPUT VARIABLE UNETS INPUT DATA
SAMPLING TIME MIN 4.0
FRESSURE DROP IN HG 0,80
STATIC PRESSURE IN H2O 46415
PAHTICLE DENSITY 6/CE 3.23
BAROMLTRIC PRESSURE IN HE 29.72
, GAS MOL WT 28,0
GAS TEMPERATURE DEG F 188,0
GAS VISCOSITY POISE 0.00021
GAS DENSITY 6/CC 0,00096
ETATE Uf OF MATERIAL 2131 MG/ACF WwT PCNT cuM WT PCNT
CYCLOKE 70.800 . 337,47 94.07 100,00
1 2.060 2,75 9,82 2,74 5,93
2 . 14210 1,61 © 5,77 1,61 3,19
3 0.499 1,09 2,34 0,65 1,58
4 0,150 0.55 0,71 0,20 0,93
5 0,150 0,34 0,71 0,20 0,73
FILTER u,400 . 1,91 . 0,53 0.53

CASCADE IMPAGCTOR PARTICLE sIZE DISTRIBUTION FOR RUN 3

INPUT VARIABLE . UNITS INPUT OATA
SAMPLING TIME . MIN 4.9
PRESSURE DHOP IN WG S 1.10
STATIC PRESSURE IN H20 =630
PARTICLE DENSITY G/CC 3.25
BAKUMETRIC PRESSURE IN HG 29462
GAS MuL WT 28.1
6AS TLMPERATURE" DEG F 200,0
GAS VISCOSITY POISE - 0.00022
GAS DEWSITY B/CC 0,00094
STATE WT UF MATERIAL oec MG/ACF WwT PCNT CUM WT PCNT
CYCLONE 73,800 . 303,40 - 93,91 100.00
' 1 2,431 2,60 9,99 ° 3.09 6,09
2 ' 1.004 1,52 4,13 1,20 2,99
3 S 0,137 1,02 0,56 0,17 1,72
4 0.120 u,51 0,49 0.15 1,54
5 v.092 BT 0.38 0.12 - 1,39
FILTER 1.000 4,11 1.27 1.27




" The characteristic particle diametér (listed in Tables 7-10 as
DPC) is the diameter of a spherical particle of unit density
(1b/ce) for which 50% of the particles will impact on a given

stage and 50% will pass around to the.succeeding stage. The

equivalent aerodynamic diameter (diameter based on a spherical
particle of unit density) is reborted in Tables 7 and 8, and
shown in Figures 4, 5, and 6. Not only does this method of
reporting thé data form a'good standard for comparison between
particles of varying shape and denSity, but also it is general-

-1y the aerodynamic particle size which 1s Qf interest to the

tester. The actual diameter can be assumed to be as reported
in Tables 9 and 10, and as shown in Figures 7, 8, and 9.  These

values are based on spherical particles with an actual_density

“of 3.25 g/cc, which is derived from the density of CaQ given

in The Handbook of Chemistry and Physics, 53rd edition,

Table 11 presents a summary of the carbon monoxide emissions

from the kiln. The Method 10 testing was done on the exhaust

gases collected in a Tedlar bag. The Orsat analysis was per-

formed on the same gases as the carbon monoxide analysis. The

__integrated sample was’cbllected during the respective Method

5 runs.

The table 1lists the CO concentration in ppm, Which was obtained
from the calibration curves for the Beckman NonDispersive In-

frared (NDIR) instrument. Background CO was not measured at
this source.

The same flow rate used to calculate S0, and NOX emission rates

was also used for CO emission rates. The CO concentration in.

the Tedlar bags Was'also determined by using Drager tubes which
involves drawilng a_small amount of gas through a COlumn of in-
dicating material which changes color to indicate the concen-
tration of CO present. The results from this method are also
listed in Table 11. |
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Table 12 presents a summary of the visible emissions. The

-tablevgives the dpacity readings which correspond, in part,
%o the third run of the Method 5 tests. The readings were

taken from 3:00-4:00 p.m. on September 15, 1975 by J. Burbank,
Observer #1, P. Westlin, Observer #2, and K. C. Hustvedt, Ob-
server #3, of the EPA. The opacity readings were not taken

- during éadh'Method;S run because of the difficulty in reading
‘the opacity of the white steam plume against a white sky.

This steam plume would not evaporate until it reached a height'
of approximately 75-150 feet. At this height, any particu-
lates that did exist in the plume, were SO well dispersed

that no visible emissions could be detected. It was due to

these reasons that visible emissions measurements were not

taken as'originally plannéd.‘ Appendix:E gives. the Complete

'Visible Emissions Results_including field data sheets, sum-

mary sheets with 6-minute averages, and graphs plotting opaci-
ty vs. time. ' '
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"SECTION ITT

PROCESS DESCRIPTION AND QPERATION

Limestone consisté primarily of calcium carbonéte or combina-
tions of calcium and magneSium“carbonate with varying amounts
of impurities. Lime is a calcined or burned form of lime-
stone, commonly divided into two basic products -- quicklime
and hydrated lime.  Ca1cination'expels carbon dioxide from
the raw limestone, leaving calcium oxide (quickiime). With

. the addition of water, calcium hydroxide (hydrated lime) is

" formed.. ' ' '

.The basic processes in production are (1) Quarrying the lime-
- stone raw material, (2) preparing the limestone for kilns by
crushing and sizing, (3) calcining the limestone, and (U) op-
tionally processing the quicklime further by additionai
_ crushing and sizing and then hydration. The majority of lime
is produced in rotary kilns which can be fired by coal, oil,
or gas. Rotary kilns have the advantages of high production
" per man-hour and a uniform product but require'higher capital

investment and ha?e higher unit fuel costs than most vertical
kilns. | |

The Allied Products Company lime plant in Montevallo, Alabama,
cdnsists of three rotary kilns located on the edge'df the high
calcium limestone Quafry; Two small older kilns (total pro-
ductidn capacity about 500 tons of lime per day) are controlled

" by two Ducon scrubbers. The newest and largest kiln (number 3)
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is controlled by twin ASE; Incorporated venturl scrubbers.

This kiln is rated at 800 tons of lime.per day, however, 1is

' iny'able to operate at 650 tons per day when coal is used as

fuel.

Alabama .coal is used in the kiln and they try to restrict it

to less than 1.25 pefcent sulfur content because the lime is

used in steel furnaces (U.S. Steel) and high sulfur in the

‘lime effects the steel gquality. The plant uses natural gas

to the extent that it is available but there is never enough
natural gas available to run the plant for several days with-
out coal. ' The plant would need 10,000,000 cubic feet of nat-
ural gas per day if they had no coal (number 3 kiln would use
half of it). | |

To reduce emissions, 12 Buell cyciones (2 parallel sets) are

- used as pre-cleaners and then the gases enter twin venturi

scrubbers. Two 600 HP fans are 1ocatéd between the scrubbers

and a nine foot diameter stack. The gas flow into the ven-

turis at design amounts to 182,162 acfm @ 650°F, or approxi-
" mately 80,000 dscfm. The actual flow rate was estimated to
be 60,000 dscfm. The water flow through the venturis was

about 1600 gallons per minute.

‘The slurry waste enters two settling tanks (only one in use
~at any time) from which the sludge is pumped to a slurry waste

~ pond. . Water from the waste pond evaporatesyor returns to the

plant water'sump_in the bottom of the quarry. This waste.water

'usually-has a pH of greater than .9. Makeup water is estimated

at less than 600 gallons per'minute. The amount of waste gen-
erated is about 35 tons per day in the waste'pond'ahd about 35

_ tons per'day of dry materilal collected from the multicyclones.

Dry material is hauled to a spoil pile where it is wetted and
forms a solid mass. The truck lanes are kept wet to reduce
fugitive emissions. |
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Otherﬂprocess_ahd handling emission control equipmeht con=
sisted of a 28,000 cfm bag'colléctor on a milling operation,
a 10,000-12,000 cfm baghOuSe on handling opefations, and a
5,000 acfm at 150°F Ducon scrubber on a 10 ton/hr hydrator.
The_slurry collected in fhe hydrator scrubber is returned to

- "the process.

' The operating parameters-of the lime kiln were monitored

during the testing. The process data recorded are listed on
data sheets found in Appendix G. The lime kiln operated nor-

'mally.throughout the'testing. A summary of the operating

data taken during the sampling period appears in Table 13.

_ Thé Allied Products venturi scrubber had a large steam plume

- which made visible emission readings very difficult. A small

amount of particulate was.visible at times but it was diffi-

cult to quantify because of the distance from the stack at

~ which the steam dissipated. The complete visible emission’

results are found in Appendix E.
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Table 13. SUMMARY OF LIME KILN OPERATING DATA TAKEN DURING
SAMPLING : ' '

»

Limestone ‘Fuel (Coal) TFuel (Gas) Stack
Date Feed Rate - Feed Rate Feed Rate Temp. Oxygen
O-F .

‘Test (1975)  (TPH) (TPH) (1000 CFM) %

1 9/15.-” 51.6 6.7 _.15 345 0.5
'é.. 9/16 | 51.6 6.5 15 300 | 0.5
3 9/16 5i;6 5.9 o 34 3k 0;5

10 xlaéa% Tons” %71«

o wo
oy, 10
17,000 Bt 10
)0 .'B&/s'cr N
kg




SECTION IV

LOCATIONIOF SAMPLING POINTS

Figure 10 is a diagram of the inlet to the venturi scrubber on
the_No. 3 '1lime kiln. The steel rectangular duct has dimen-
sions measuring l.37 meters (54") by 2.74 meters (108"). The
exhaust gases flow from the Bueli-cyclones_info the duct be-
fore being diverted into the 2.venturis. The sampling loca-

tion does not meet the requirements_of Method 1 of the Federal

,Register; The location 1s presumed adequate for Method 6 test-

ing, since S0, concentration can be assumed to be uniform.

. However, because of the possibility of particle stratification

at the bend immediately preceding the inlet ports, this loca-

tion leaves much to be desired for particle sizing. A sampling

~platform is located near the duct and has beén_used previously.

The temperature of the exhaust gases at this location is 388°cC
(730°F). and the flow rate has been estimated to be 1699 Nm3/min,
(60,000 DSCFM).

_LOcations were available to collect the coal before it was pul-

verized and the product after.it_was cooled. The water being

used in'the‘scrubbers was collected before and after the ven-
turi and analyzed for total suspended solids and acidity.

- Figure 11 is a diagram of the outl@t-of'the venturi Scrubber.

The stack has an inside diameter of 2.72 meters (107") and has
an overall height of approximately 25.91 meters (85'). The

nearest upstream disturbance is below the sampling ports,
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because the inside diameter expands from 2.72 meters (107"),
at the sampling ports, to an inside diameter of 3.66 meters.
(144™) at approximately 12.91 méters (40') below the ports.
Fdr.this reason, a 48 point traverse was employed on this
stack. The nearest downstream disturbance, the outlet, is
approximately 10.67 meters (35 feet) from the sampling ports.
The éampling on this stack was performed on scaffolding set

up in front of each 90° port.

‘Both sets of scaffolding were}appfoximately 15.24 meters (50')
high with sampling platforms 3.66 meters (12') by 1.83 meters
(6') approximately .30 meters (12") away from the edge of the
stack. The two 2U-point tfaverses were performed through two
7.6 cm (3 inch) nipples. The sampling for Methods 5, 6, 7

and 10 was performed through the ports provided in each stack.
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SECTION V

SAMPLING AND ANALYTICAL PROCEDURES

. Methods 1 thrbugh'u and 6 and 7 from the Federal Register,

Vol. 36, No. 247, December 23, 1971, were followed during
the sampling at Allied Products in Montevallo, Alabama.

Method 5 from the Federal Register, Vol. 36, No. 159, Au-

. gust 17, 1971, was followed during the particulate sampling
.at Allied Products. The clean-up procedures used followed

the guidelines of the above Federal Register, and "Speci-
fications for Incinerator Testing at Federal Facilities,"
U. 3. Department of Health, Education, and Welfare publica-
tion, October 1967. Analysis of sample was performed ac-
cording to the -aforementioned August 17 Federal Register,
with the addition of back half water evaporation, dessica-

- tion, and weighing for inorganic matter following ether/

chloroform extraction, as defined in the HEW publication.

. Method 9 from the Federal Reglster, Vol. 39, Noé. 219, Novem-

ber 12, 197&, was used to determine the v151ble em1881ons

Method 10 from the Federal Register, Vol. 39, No. 47, March
8, 1974, was followed during the carbon monoxide sampling

“and analysis.

The total sulfur analysis of the coal collected during the
Method 6 runs was performed according to ASTM D271-70.

The total sulfur analysis of the product and the particu-
late in the scrubber water was performed according to ASTM
Designation: €25-=72, "The Standard Methods of Chemical
Analysis of leestone, Quicklime, and Hydrated Lime," Sec-

tion 23 1, Standard Bromine Method. (See copy in Appendix
K.) '



The analyses for pH, total suspended solids, and total
dissolved sulfur on the scrubber water was performed ac-
cording to the 1971 edition of "Standard Methods for the

~ Examination of Water and Wastewater," 13th Edition,
‘Method #156, pages 330-336 and Method 224C, pages 531 538.

ho



APPENDIX A

COMPLETE PARTICULATE RESULTS & SAMPLE CALCULATTON
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Mdlecular weight of wet stack gas (lbs/lb~-mole) = Ms

METHOD 5 CALCULATIONS

Plant: Date:
Run # / Location Sampled: ,é)zﬂ/vé /jmzag
.'Volume of gas at meter conditions (CF) ' = Vm|= fn D, 3;79
Average meter t_empetature' (°F) - = Tm|= -y c,'2
' Barorﬁetr_ic p.res.s_ure' absolute (in Hg) _ = Pb |= 29§ 3
Average drifiée.pressure drop (in H,0) = pH = ~0.2¢,
/7.¢8 . ' 1S b D S7% '
wms = Sty (o) - ey (o7 B%)
" Volume of gas samp'led at std. _.cond.‘ (SCF) = Vms = &0, ?3’
Volume of liquid collected (ml) : = Vl|= /G
Vw = (.0474).(v1) = (.0474) ( B3/9¢ )
Volume of water vapor at std. cond.. (CF) = Vw |= A5 5~
M= (Vms)(v‘:) (Vw) = ( 4;0..‘?-5(’ )/JJ;/{)/y,/f). =M = 1y
Percent moisture =" (100) (M) = (100) 59/ ) = % M= 99/
| "Mole fraction _é)f dry gas = 1-(M) = 1-( L7990 ) = MF |= J.8009
| | $ 0, = /L8
$ COp = /D17
$ CO = Q
$ Np = 100-(%05+ '%coﬁ $CO) = 100~( + + )| =% Nz'“'_/_u_f_é__
MA = 0.44 (% CO,) + 0.32 (3 0p) + 0.28 (3 Ny + % CO)
Md = 0.44 (/2.7) + 0.32 ( /,8) + 0.28 ( 7S+ o) =_Md_= 30,53
Molecuiér weight.of dry gés (lbs/'_lb-mole)'
Ms = (Md) (MF) + 18(M) = (30.53) (0,900 4 18 (./79/ )
Lo of - 2807




T_l\' Method 5 Calculations o -2- ' : Run #
. _ (3 02) - [0.5 (8 CO)J
| ! PR 264(%Nz)J (% 0,)+[0.5(s co)J x 100
‘ ( /1.8 )-[o.5( O )
! - - To. 264(25e)]-(ug )TEO 56 )Jx'loo
I  Percent excess air . o = % EA = [ 4
| Average stack texﬁperature (°F) | . =Ts|= - /Y
_I- Average of the sg root of veloci-ty head (in H?_O)lé = W\p D)6
I o Absolute pressmre of stack (:Ln Hg) = Pg|= '077.57/
) | ~Pitot Tube coefficient o | = Cp|= _ 0828
I _ Ts+460) _ . (/4/g’ + 460) 4
i v_s‘_— (85.48) (CP) (VA )(—ms (Ms = (85.48) (0.82%) ( ) <( 25317 (me)>
I A_vefage‘ velocity of the stack gas (FPS) = Vs |= | 37./47
v ) Test Time (min.) _ ' = T = /._-3 )
I Stack are_a-(SF-)- o _ = A = 6997/
o - (1063) (MF) (&) (Vs) (Ps) _ (1063) (A4029) ( (DY) (F2BA (9.9/)
l * (TS + 460) (/g + 460) .
- Volumetric flow rate of stack (DSCFM) =Q = _YBS5 &
_I - Diameter of sampling nozzle (in.) =dl= _ 0.2
I_ ' Area of nozzle = 54.54 x 107%(d)2 = 54.54 x 107*(.2¢$N2 = An = 320x7
- vm) [ AH ] |
L. (L. 667) (Ts + 460) [0 00267 (V1) + Ty (Pb N 13_.6)
I _ | (T) (Vs) (Ps) (An) :
. : - N L (HRET8 (r Jb))jl
E L. (1.667) (/98 + 460) E)'OOZGHJ/%) + 1455 qe0y \ I3 +! 13.6
(720 ) 3749 ) 28] ) Lo’y
I' . Pef&ent-Isokinetic (%) R o =1I|= /ﬁ'{ﬁ §/




i
1

- ‘Method 5 Calculations -3- Run #
Particulate - probe, filter, and cyclbne - front half| (mg) = Mp = //7 3
Particulate - total (mg) = Mt|= /3/ ?
o .y (Mp)  _ /793 )

Cap = (.0154) mroy (.0154) < X T)
Concéntration' fr.ont half (gr/DSCF) = Cpp = 0. 0301
- (M) ( /39 )
- Car (.0154) e Toms) (.0154)¢ X
Concentration total (gr/DSCF) | = CaT = 0. 03323
o s, _(Mp) _ ey (/9.3
Cpp (2.295 X ;LO ) Tms ) (2.205 x 10=°) i S oos 3 |
. : : -L
Concentration front half (lbs/DSCF) = Cpp = 732410
_ 6y (ME) _ —ey (/3.9 ) |
| CRT - (2.205 X lO__ )(Vms) (2.205 x 10 )( 095 )
Concentration total (lbs/DSCF) = Cgt = K77 x/9 ¢
Ep = (60) (Cpp) (Q) = (60) (43220°%) ( P §5) |
Emission rate front half (lbs/Hr)' = Ep = r>7§/ ??
‘Eq = (60) (Cpp) (Q) = (60) (£7771°°) ( 24685 9-)
Emission rate total (lbs/Hr) | o Ei‘ = 27 72




APPENDIX B

COMPLETE NOX'RESULTS
AND SAMPLE CALCULATION
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METHOD 7

NOyx CALCULATIONS

Plant-'_- A\‘\;i& Pré)&\kc‘qb

Date . 7/{(:/75

T

Test No. _ \
Volume of flask and value (ml) _ = VP = K054
‘Initial absolute pressure of flask (in Hg) = BT = 1.4
Final absolute pressure of flask (in Hg) = PF = 2%.9/
Initial temperature of flask (°F) =TI = 70
"Final temperature of flask (°F) o = TF = (§
Mass of NOx as NO, in . gas sample (ug) o= M= 36T
 Volume of sample at standard conditioﬁs, dry-basis(ml) = VS
e - P pI-
VS = 17.71 x (VF-25) (77555 - TI+060)
L ' 28901 2.2 _ NYS |
VS = 17.71 x (059 -25) (%5 ey - Sryms0) _1821,93 m1

Concentration of NOy as NO, (dry basis) (lbs/scf) = C

1bs

C=6.2 x 1075 x(gg)

o oaer PRV 3
C = 6.2 x 10-5 x ( ) = /.20 X 10
' * * /yqug scf




APPENDIX C

30, CONTINUOUS MONITORING REPORT
AND METHOD 6 CALCULATIONS




Measurement of S0, emissions were conducted at the

"lime plant in Montevallo, Alabama,'during the week

- sampling period. The purpose of the testing wés tw

‘Scrubber inlet sampling was conducted in a vertical

This sampling point was the same as used for Method

T. INTRODUCTTON

Allied Products
of September

15, An Environmental-ProtectiOn Agency test crew used a'Dynasci~

ence S0, monitor to perform SOé measurements of the

inlet and

outlet gases at a venturi water scrubber designed for particulate

control. The scrubber effluent recycled through a
and water samples were taken at feed discharge to d

pH, and'total_sulfur content. The procéss consists

holding pond,
etermine TSS,

of calcination

of limestone in a rotary kiln fired with coal and natural gas.

Approximately 90% of the heat input was due to coal

during the
o-fold: (1)

to determine inlet and outlet S50, concentrations across the scrub-

ber in order to cdlculate the S0, removal efficienc

obtain S0, measurements that could be compared with

Method 6 measurements made by a contractor test crew.

6 results are contained elsewhere in this appendix.

JII. LOCATION OF SAMPLING POINTS

y, and (2) to
simultaneous
The Method

duct where

the gas flow was downward and the stack pressure was negative.

size tests, located after mechanical cyclone dust c
prior to the induced draft fan.

stack at an opening where duct material had eroded

6 and particle

bllectors and

- Outlet sampling was performed in
-~ the duct following the scrubber and I.D. fan and leading to the

Away .




.80, in nitrogen.

ITT. SAMPLING AND ANALYTICAL PROCEDURES

The SO, measurements were performed with a Dynasclence Air Pollu-
tion Monitor. The sensor in this unit operates on the principle

of a fuel cell, where the pollutant diffuses through a semiperme-

" able membrane and is detected by a special'sensing lectrode capa-

ble of undergoing electro-oxidation or electro;reducﬁion; The

" resulting current is directly proportional to the partial pres-

sure of the pollutant in the gas mixture, and is amplified and
displayed on a meter.

A special in-stack filter and condenser system was c¢onstructed 50
that a gas sample could be drawn from the stack and the particu-

: Iate and moisture could be removed prior to entering the monitor-

ing unit. The in-stack filter holder contained gla‘s wool and a
glass~{iber mat filﬁer, The 0.8 m. long probe of stainless steel
tubing was not heated, but mounted in the stack so as to be at

stack conditions. The condenser was a teflon coll in an ice bath
and with a moisture trap. )

The sample gas was drawn out of the stack by a leakless diaphragm
pump at the rate of about 0.8 1lpm. Output from the|Dynascience
monitor was recorded with a strip chart recorder. Calibration was

pefformed prior to each sampling period and immediately following

each period. The calibration gases were 450 ppm SO, and 185 ppm

“The strip chart readout was divided into 10-minute intervals and

~ the average was determined for each interva1i High| and low values

were also noted. This data is shown in Section II of the main
body of this report.




”Some'variation in the SOZ'éohéentration in the scrubber inlet
gas was recorded. Plant operation data showed the coal rate at
a constant 6.7 tons/hour on the first day_of inlét.monitoring
(9/15), and 6.5 tons/hour during inlet monitoring on 9/17. The
stone feed rate was also constant over the test period. This
variation dould_be explained by changes in air feed through coal
pulverizer and rock feed. Excess 0, allowé S0, to oxidize to

S0g which combines with the calcined lime (Ca0) forming Ca SOy,

The Dynascience SO, monitor bperated satisfactorily during the
test .program. The instrument, designed as a continuous monitor,
performed as a source ﬁest‘device with no apparent difficulties.
Operation of the instrumeht, inclﬁding oalibratioh, was simple
and straightforWard and the supporting équipment was somewhat
less trouble to handle than the sampling eQuipment required for
a Method 6 test. '

IV. SUMMARY AND DISCUSSION OF RESULTS

On September 15, the Dynascience equipment was mounted at the

Allied_scrubbeﬁ inlet. The sampling port was upstream from the
inducéd'draft fan, so the static pressure was negative. The

stack temperature was about 425°C (800°F).‘ Sampling began after
calibration at about 1:00 p.m. Early problems with| leaks in the
sampiing system and improper seals in the filter holder were
overcome. Sampling continued until about U4:30 p.m.| Recalibration
of the Dynascience monitor showed that span drift and zero drift
were‘minimalf |

The.sampling equlipment was set up at the outlet of thé scrubber

on 3eptember 16. This was a high moisture gas stream and the

-




_The'sampling train was mounted at the scrubber inlet

and sampling started about 2:00 p.m.

. days.

glass-fiber filter mat was removed from the in-stack
cause of moisture condensation. The glass wool was
Statie pressure was positive and témperature was abo
(150°F) .

and continued until 4:30 p.m.

Sampling began after calibration at about

17. Sampling began at about 10:30 a.m. and oontinue
12:00 noon. The equipment was then moved to the secr
The stack cond

both locations were' approximately the same as for th

Table C-1 shows the results of the sampling as‘daily
Ten-minute averages with'péaks and lows are shown in
of the mainibody of this report.  Copies of the stri

are'included in this Appendix.

Table C-1. Results of' S0y Monitoring at Alliéd'

filter be-
left in place.
ut 65°¢

11:30 a.m.

on September
3 until about
ubber outlet
itions at

e previous

averages.
Section IT
b chart data

Scrubber Outlet_ 0 : 0

These results have been corrected for span drift and

Products
Lime Plant
Date Sampling Location S0, Concentration (l0-Minute Averages)
-'Average- High | -Low
(ppm) (ppm) (ppm)
9/15 Scrubber Ihlét : 177 . E 252 126
9/16 Serubber Outlet 0 | 0 0
9/17 Serubber Inlet 147 190 ' 86
9/17 0

zefo_drift.

The 30, measurements at the scrubber outlet were below 5'ppm which

was within the range of zero drift during the testing.




nificant. While the 350, concentration at the inlet

" Results from'the.testing.at the Alliéd.Products_scrubber are sig-

averaged

abdut'l60‘ppm'over nearly 5 hours of sampling, the outlet concen-
tration was negligiple{ ‘This should be expected after examining

the bperation of the scrubber and lime-dust control

mixture of water, S50,, and caustic lime dust enters

'ehergy'scrubbér and exhausts as a high moisture gas

system, A
the high

stream. Lig-

uid effluent contains lime dust and, likely, all the 30, as Ca S0y .




METHOD 6
S0, CALCULATION -
Plant_ /] | M&\ @ducm) __pate  G/z5/75
-_LOC.E}tion \-Jrk.(_c.,{' L_../C') [y T ¢ Run# ;L
Barometric Pressure Absolute (in Hg) : BP = | 2. 72
Average Meter Temperature (°R)

- Absolute (°F + U460) Tm = | 4550
Volume Through Dry Gas Meter (CF) - Vg = ~ 9,7
Volume of Ba(ClOy), to Titrate Sample (ml) Vi = 9 7
Volume of Ba(Cl0,), to Titrate Blank (ml) Vp = )
Normality of Ba(Cl0,), Solution (g-eq/1) N=| o 099
Total Volume of Solution (ml) : | Vg = 2y
Volume of Aliquot (ml)- Va = 50
Volume of- Gas at Standard Conditions (SCF) = Vg

| 765 | |
Vg = 17071 plER) g 71"'7)(““) = | o829

m ( 5% )

Concentration of S0, (1bs/SCF) dry basis = C

E— 5 (Vt V) (N) (Vg) _ 5 (2.8 )UHOOQ%(7ZQCu)
C = 7.05 x 10° ?T—T 705 x 10" ST aron
C= 1,00 x 10 1bs/SCF

Ppm DO, =)

% Velocity of Stack Gas (Actual)(FPS) Vo= | 2055

%Z Moisture in Stack Gas M = ERNE
Area of Stack (ft2?) A=T 2. 444
Absolute Stack Temperature (°R) Tg = e
Absolute Stack Pressure (in Hg) Pg = 29,72
SO, Flow Rate (lbs/hr) =

g = 6 377 x 10+“(1 (MxlO‘Z))(V)(A)(P )(C)

(Ts)
523
_ ,6_.—'3:("7 x 10% ( 2oV D ) (36,59 ) (w2, *’i‘l“\)(lq A2 ) (oo x 1.0_-5 )
S = ( (09 '
S = 5T (lbs/hr)

HF Clow rote Yrom q«c:raosc of three Methed 5 Kun  used
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1
1
1
1
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1

Plant ﬁ),Q

- METHOD &
S0, CALCULATION

4\ (\ /\_A-Auu\»dﬂ

S0, Flow Rate (1lbs/hr) =

Date 97 /2 5'/_ ey
Location L)bLL&Aj\ w{ ,U{dh\Luhd Run# / f'ch
Barometric Pressure Absolute (in Hg) BP = |29 7
Average Meter Temperature (°R) : B
Absolute (°F + 460) _ Tm = |52, 5
" Volume Through Dry Gas Meter (CF) Vm = O, 2o
Volume of Ba(Cl0y,), to Titrate Sample (ml) Vg = e
Volume of Ba(Cl0,), to Titrate Blank (ml) Vy = [~
Normality of Ba(Cl04), Solution (g-eq/1) N = , 019
Total Volume of Solution (ml) Vg = Z oy
Volume of Aliquot (ml) Vg = 5 ed
Volume of Gas at Standard Condltlons (SCF) = Vg
- (¥ )(BP) _ .. i ) ) -
) Vg 17..71 _I?W .17.71 0 | ) __
'Concentration of S0, (1bs/SCF) dry basis = C
Q= .0 10~ ) (Vt'vb)(N)(VS) = . =5 ( )( )(
c = (o 1bs/SCF
Velocity of Stack Gas (Actual)(FPS) V =
% Molsture in Stack Gas M. =
Area of Stack (ft2) A =
Absolute Stack Temperature (°R) Ty =
Absolute Stack Pressure (in Hg) Pg =

- 6.377 x _107*(1-(Mx1072)) (V) (A) (P) (C)

(T3)
- 6.377 x 10% ( ) ( ) ( )
5= T ( )
g = C?)

(lbs/hr)
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METHOD 6 '
S0, CALCULATION

Plant _/ /(/QLL( L,vl-,rk,u.xl_t; Date '7/25'/ A

Location 5%7L(1“£ Z4 ek Run# 2—T
Barometric Pressure Absolute (in Hg) BP = 249, &/
- Average Meter Temperature (°R) _ o
Absolute (°F + 460) ™Tm = SE/.S
Volume Through Dry Gas Meter (CF) Vm = &, 72
- Volume of Ba(Cl0O,), to Titrate Sample (ml) Vi = I
Volume of Ba(Cl0,), to Titrate Blank (ml) Vy = O -
Normality of Ba(Cl04), Solution (g-eq/l) N=_. n.ccdy
Total Volume of Solution (ml) Vg = "L T
Volume of Aliquot (ml) : _ o Vg = 5TES
Volume of Gas at Standard Condltions (8CF) = Vg
e (V) (BP) _ ( ) ) -
. Concentration of S0, (lbs/3CF) dry basis = C
C g 0 lo [ (Vt_vb)(N)(VS) = . . -5 ( )( )(
705 x (Vz) (Va 7:05 % 10 ( L )
C = ' _ CD _1bs/SCF
Velocity of Stack Gas (Actual) (FPS) vV =
% Moisture in Stack Gas M =
Area of Stack (ft2) : A =
Absolute Stack Temperature (°R)  Tg =
Absolute Stack Pressure (in Hg). Py =
S0, Flow Rate (lbs/hr) =
s = 6:377 x 10*%(1-(Mx1072)) (V) (A)(Pg)(C) -
(Ts)
S = 6.377 x 10* ( )( )( ) ( ) (
= - [QE
S = CH (1bs/hr)



L

‘Barometric Pressure Absolute (in Hg) o BP

‘Area of Stack (ft?)

METHOD &
S0, CALCULATION

_'Plant /] ,()\L\f;_& .G)J\«:—g‘&k.c,t} Date 7 2.5 /“;5'“

Location GDKAjt&&:&‘ (?15/U4,;jlkhj\ Run# -
: i = _

= 29 5/
Average Meter Temperature (°R) " - T
. Absolute (°F + 460) . T = 53/
Volume Through Dry Gas Meter (CF) Vm = O 82
Volume of Ba(Cl0y), to Titrate Sample (ml) - Vi = o
Volume of Ba(Cl04), to Titrate Blank (ml) Vy = |5
Normality of Ba(Cl0y), Solution (g- eq/l) N = L LC Y]
Total Volume of Solution (ml) Vg = P
Volume of Aliquot (ml) . Vg = L0
Volume of Gas at Standard Conditions (SCF) = Vg :
_ (V) (BB) _ 100 () ]

Concentration of S0, (1bs/SCF) dry basis = C |

= 7 05 x 10~ 5 (Vt-V?)(N)(Vs) 7.05 x 10” 5'( ( )()( )(

¢ = () 1bs/SCF

Veloc1ty of Stack Gas (Actual)(FPS)

% Moisture in Stack Gas

Absolute Stack Temperature (°R)

na =<
nnonono

o

Absolute Stack Pressure (in Hg)

S0, Flow Rate (lbs/hr) =

g = 8:377 x 10*%(1- (rx10- 2))(V)(A)(P 2(C)
(Ts)

J6:377T x 310 () ()¢
s = > QR —

5 = o __ (1bs/hr)




METHOD &

‘ 50, CALCULATION
Plant_A QL. :gz N A UCC} Date__ 7/25/7S
‘Location Yot (o vl . Run# % -0
Barometric Pressure Absolute (in.Hg) BP = 29, 57)
Average Meter Temperature (° R) _

Absolute (°F + 460) _ Tm = SELS
Volume Through Dry Gas Meter (CF) Vm = ©Q.88&5
Volume of Ba(Cl0,), to Titrate Sample (ml) Vg = ¢
Volume of Ba(Cl0,), to Titrate Blank (ml) Vy = f=3

. Normality of Ba(Cl0,), Solution (g-eq/1) N = L0057,
Total Volume of Solution (ml) Vg = 20T
Volume -of Aliquot (ml) Vg = e
Volume of Gas at -Standard Conditions (SCF) = Vg
COncentration of S0, (1bs/SCF) dry basis = C

B} —s (Ve=Vp) (M) (Vs) _ - o P D Y ) ¢
c 7 05 x 10 (Tg) (Vo 7.05 x 10 0 DIGE

c= (O _ 1bs/SCF

Velocity of Stack Gas (Actual)(FPS)

% Moisture in Stack Gas

Area of Stack (ft?2)

Absolute Stack Temperature (°R)

LI | I T I

g

Absolute Stack Pressure (in Hg)

v o=

SO, Flow Rate (lbs/hr) =

g o 6:377 x 10%*(1-(Mx1072)) (V) (A) (Pg) (C)
_ Ta) .

i

2

i

1

1

i

1

l 'vg_=_-'17.71'(_\f;?%_rf1@=17,71<_ (')( - -
1 |
I

i

i

I

1

i

i

6.377 x 10% ( ) )

8= _ | ( )

8 = O __ (lbs/nr)




METHOD §
SO, CALCULATION

Plant /QJZQA¢WA /Czdmf{AAA/ ___Date 9>/2“5//,/

S0, Flow Rate (lbs/hr) =

- 6.377 x 10*”(1 (Mxlo“z))(V)(A)(P )(C)
- (Tg)

6.377 x 104 ( Y (¢ ) (

) (

Location f) (_,LL,Q,Q\X_‘ L]/\_H.’n, \F\/\ Run# _5 ()
'Barometrlc Pressure Absolute (in Hg) "BP = 9.5/
Average Meter Temperature (°R) ) ' ]
Absolute (°F + 460) . Tm = _S 30,5
Volume Through Dry Gas Meter (CF) Vi = R
Volume of Ba(ClOy), to Titrate Sample (ml) Vi = &
Volume of Ba(ClO,), to Titrate Blank (ml) . Vp = >
Normality of Ba(Cl0,), Solution (g- eq/l) ‘N = b (0 CTY
Total Volume of Solution (ml): Vg = z O
Volume of Aliquot (ml) o Vg = S0
Volume of Gas at Standard Conditions (SCF) = Vg
- (V) (BP) _ ( ) 3
Ve = 37,71 LRBEL » a7.ma L :
Concentration of S0, (1lbs/SCF) dry basis = C
. Ve-Vp) (N) (Vs) . -5 ¢ ) ( )¢
c = 7.05 x 105 LU 5 , 5
705 x (Tg) Vo)~ = 705 x 10 T
C = . (:) - 1bs/SCF
Veloeity of Stack Gas (Actual)(FPS) Vv =
% Moisture in Stack Gas M =
Area of Stack (ft?2) A=
"Absolute Stack Temperature (°R) Ty =
Absolute Stack Pressure (in Hg) Py =

8 = — - I

s O __(1bs/hr)
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COMPLETE CO RESULTS -
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FIELD DATA SHEET - METHOD 10 -

LOCATION Oudlel & crwdoec—Aliecf i | | COMMENTS:_.

TEST h\ uwcﬂ' j_ |

: DATE ?lJ6/76-

OPERATOR_ [ halvneye,

TUNE METER READING 3(,

CALIB. METER READING

GAIN TURNS NUMBER .9\

1
o
1
i
'
'S
1
I
_JIF\

. - ROTAMETER SETTING CO ANALYZER | . o —
NCK TIME (Cubic ft/min, cubic ft/hr) | Meter Reading RUN NUMBER .
Jos-swem IO 4.5%
!"l/b"(g,o?b pAMl _ : - 3,0 . "‘*.75970




FIELD DATA SHEET -.METHOD 10

© LOCATION (JuMedt fbc.v_w\;\oe_«(\'*ﬂ\\fe@ | COMMENTS :
TESI? RuvnFo.
" DATE 7//6/7’5

opERaTOR T ol

' TUNE METER READING 2= 3(,

- CALIB. METER READING

GAIN TURNS NUMBER Q.55

1
k.
i
-
1
1 B

& "ROTAMETER SETTING - CO ANALYZER '
OCK TIME (Cubic ft/min, cubic ft/hr) Meter Reading RUN NUMBER .,
'-3'.0%--3:\5\0.:\').; 30 B 27
S5 410581 3.0 " o




FIELD DATA SHEET ~ METHOD 10

LOGATTON Dutlet See wober ~ B Wed COMMENTS :

TEST _I_Qmw-‘w 3
DATE "7/'/19/75

oPERATOR T )1l vian

TUNE METER READING 3 b

CALIB. METER READING

GAIN TURNS NUMBER_&A.§5

‘ROTAMETER SETTING CO ANALYZER

- JCK TIME (Cubic ft/min, cubic ft/hr) Meter Reading RUN NUMBER ,
| 31203 3om. 30 : 3.5 %
_?f5‘3‘(9pﬂﬂ ' B(C) ' IL{%%

(===

e A R




APPENDIX E

COMPLETE VISIBLE EMISSIQNS RESULTS




“" - . o .:JU""“‘“J/IU‘] VRN D0e Lib TLSTuns

‘\ . - Opsevivy ¥4
l Date: Beysk, \\"/ 1qTS 300 M

‘! .

Ei ‘JHL U rluﬂl.. L\VV'\E,

il\ : - o .
! of Discharoe'- NDuxlex of \iev\\wr\ Sc.vu\n\w’v

Type U?stawa, 7rcw Ubservu to Discharyge Point:3n
-
l LOC&UOH of Dlscnurge %3 2w Ou\:\\ﬁ"v ight of Cbservation Point: G reawct beve \
He1ght of Point of Ducharre 85 ' I‘]r\_cuon of OL,LJL,\U- frem Discharge Point:

% Description of ‘Background: Pc,_¢\\\l (-\"’M'\\[ SK\, EDE'
JJ _ Descmptwn or.Sky-- Duur.k -L—\‘N‘LS Sy Yumes, _
Hmd D1rect1on N\-_;_ | Wind Ve]ocity: S mp\’\
' Co]or of Plume: W p\»a,f )**‘“\M) Betached Plume: No
‘:l Duratwn of Obser\atmn \D \N\\V\“C\

| | © SUSMARY OF AVERAGE OPACITY |  SURIARY OF AVERAGE GPACITY

j - e
41' ) ~ Time Opacity ‘} 1ime Upacity
Set Number | Start rE nd | Sun T Average 'T”SFt Number| " Start [ End | Sum | Fve rage

1590 | i505 | o 4R 2]
150¢ | 1599 l | 27

T = O WO oo~ tn |+ Lol pol —

P R S | .

— et} |

o~ |l
Gl Lo Lol Lo LI L
S| SO |t Lo

—t]

| s
O \o
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: l ' _ RECORD OF VISIBLE EMISSIONS :
. - K Company-Hame __ (’\u‘ ) ED _ bate _SCoT /Z‘ ~3.00 F~
l‘ | Plant Address _ C.qcinn ALQ Observer Qi?\l\);.?*:n‘m-' ..«,m_:(’é'um,., Geerdie
Stack Location 2f 3 R.( .., ALAAM AN - Otzggz;egns *gt‘ 350 VIS
l " Weather Conditions Q,Cuk (J,NMQ. \r%p N resg gt _ -/
S _ TIME COMMENTS
AR T ATR] SECOTDS . _
l- ‘ 00.] 15 [ 350 1 45 - : i A
| WD ~la IO \Q\:ARJ Ao d e \w--gm ',:w»-};{
l | nlolo ol | ' |
' : a|olol oo -
ol ololo ,.\WVUr N
I 05| 51 SJlw| ™ i ch N\‘ R ﬁ“‘. Al \;\LCLL-A"\
wlolololol © o g N 0 Lo
l' olololslo | | - S
0 [ Diolol O }
09 [O] DI D 5 A ‘Y(tuuriﬁ(p A IA-, - f/) bt s C"ﬁ-(/, ﬁ,ew-
l . o 0| | /A»‘? Lot _/L*(Au,a_/w /m,u, At o.«,
N E \Q - }1 n - - Bl TF f2d gt AT L, 424.4‘¢/,,n1..--1.u14,14; I'
I 5“06-62’ 12 1D _CB O (\-« ...r’/(.*-(._!.;ﬁw!r"({l[:;;k‘74_ N /‘ﬁ.(:-'(,(/tuan')!
| S BOIOIKDIO Vv Litols ./,:L/\ 15 =/850 [7 '
l _ 14 O D D) Q AA s (i b 57;54.4") Aot ThG S :/f‘—tftc"(-’t-‘é“‘:('_‘l;&i:
| 15 DO IO (O | (_olTnet it ALtz ) '
l' - 16 |O[OOWY \ Los il L)
' Rale) Q| <D ' '
I _ BIOID DO |
- | 18 [D|O[D |0 !
I . 20 1 [OIOI) |
o 21 O D[]y
l N 21 DOIOH[D '
o 2lalo oD '
‘ ' 28 |[DJO | o O
l 25 1Q 10O 1D
| 2611 OO ]
l B 2101010 [0
- 23[9 l0l0 _“
i ANIRE _ f
l _



SUnSeal YUl s Ll vs10ns

: — O : (-:\‘-CE\F*&)-
I Date: Ge p‘\'. v ] 1T - ks ‘
s . - ‘ '
1| Type 6f Flant: biwme
(! | C o) - wblo ey : _
.;,-* Type of Discharge: Dutlet of Ueatur Scr Distance from Observer to Sischarge Point 3y
I Location of Discharge:*‘3l\£\\v\\0w\\€-‘\' Height of Cbservation Point:(eymuewd evel,
]g Height of Point of Dischargezggl B Dircction of Ovserver frem Discharge Point:
-‘ : _ g - " ESE
" Description of Background: Pu;\r\\\{ Uﬂ“‘.‘l\[ -[k\/-
]I Description 0T Sky: pm.--k_ ‘(«'\DWJS at tires _ _
- Hind Direction: N .' find Velocity: 5m(7.L\
. . . . - - . -‘- .Lk‘v\"_“_ . . . o .- i
‘l - Color of Plume: Wwive ('(’ ¢ ' Detached Plume: N,o.
‘:l Duration of Observation: 49 wmwnwteq |
"’ - | SUMMARY OF AVERAGE OPACITY | - SUNNARY OF AVERAGE OPACITY
1§.I | Time T Upacity | Time T Cpacity
= Set Number | Start | End Sun | Average | Set Mumbor|  Start | tnd | S@m T Eve rage
I , 1 150y 15'1'_7 O D' ik 21
I 2 158 1523 0 o N R
L. 3 CEL NN R > 23
o B & (15.32_1 15335 | O ) - e
(o 5 1536 | 154] O o 25
g 6 154y | 1547 O O . 25
I A 1548 | 1553 D 0 _ 27
: 8. 1559 | 1599 O O 23
::1 . 9 . ) , 29
: 10 30
W 3]
N ] 32
i 23
I 14 ; A
. 15 I 35
Y 16 36
r 17 37
, 18 _ 33
| 19 39
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* RECORD OF VISIBLE EMISSIONS

Company Name @ci VEQ) : Date ‘S«:grr )L B
Plant Address (\(vﬂ - Obsel;ver- PE\-\/
Stack Location A 3 A (/u. 9 crgfoiy Observer's

. Location —
Heather Conditions — o -

R AT SECTS ' . COHIENTS
00 | 151 391 4%
Sl plololo
3 OO DD
2 Q0] o]
-II- ' 13 QOlals | S
_ # |00 ]
_ II 35 (VD[] D] 0O
36 QIO O D
1 w {a[s]o] o
' 38 Qlelo |
J39 JOlolo o
I 0 |9[0] OO
‘ o 41 | Ol OlOo| O] i
II 2 |lolala S
vv | 43 (j' DO O
l | 1 [0 o |O
- s QN OO
: I - 6 OO o |l O
o Ha (OIS [
R Js |Jojolo o
- 9 |OIG[O | O
‘ I'I 150 O olo] O
st |O|0[0o] O
I s2 |OIO[OTO
. 53 Al O O
| 52 O] o
I . 55 ‘O S D] O
o ss [OIO|0) | O
1 7 1 9lolo o
" s | Ol0lold
II 59 | Yolo] ©
I

i



SURAIY UE Y e LSS 100

‘l Date: 5&\3\- \\, \Q7‘3 - o Doser >
' _' T_‘«/pc Gt Flunt: Lime ‘ _ o
i \,‘e '\mi" Scvuwlwory
T Type of DTSChaT‘OL \7‘7“\\@, oY " Uistance Trom (Juserver to Discharye Point:3u
I Loc-atmn of D1sc'narge"|v’f3k \n OW‘\\Q‘A‘- Height of Cbserveticn Point:bnuwi Ledel.
- I He1ght of Pomt of Discharge: g';’ Direction of Qbserver frem Discharge Point:
' - eskt
~ Description of Background: Pur‘r\\l C\a““\{ 5‘17
JI Descmpuon of Sky Dm—k L\—.M,«Ls u»‘v T\wws |
Wind Direction: NE-_ : : o Wind Velocity:gm?_\f\
- Color of Plume: \d\;\t\e(‘b‘\t‘u?‘s " ' Detached Plume: Mg
;I Duration of Observation: (o> wamwtey
i . . . ‘ i ’ ° .
i SUMHARY OF AVERAGE OPACITY 5 _ Ui mm’ OF AVERAGE GPACITY
}i . - . - - : -
! fime Upacity | | Time T Gpacity
Set Nunber Stert| tnd | Sumn | Avorage in_cqt Number] T Start | €nd | Sum | Averace
ll o] 1505 | 555 IE H2 21
N2 15 | 151 2 | 75 N
g S T I = = 237
4 ISW [ 1523 | A o 24
e o > 152% | 132y o o 25
g b 1532 | 1528 @ o 25
L 7 (53¢ | 5] o o 27
, 8 1242 | 15497 = 0 23
- 1548 | 1553 | o > 75
f:r 10 1264 [ 1559 | D o 30
! 11 1 3]
5 12 32
1 23
o 14 7
} 15 35
?flj LI - ' %6
b 17 | 37
L 18 ' 38
I .19 39
i 20 , a0
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"RECORD OF VISIBLE EMISSIONS

Company Name PRooV Ty Date W6 S0V TG

Rrliio

Plant Address JamesT% v AL, AL AL ‘Observer b o (le TTved

Stack Location A5 fcli, e, ['x{_i{‘&

Obser'ver'sr--- o
Location z. D T

Boeods

Weather Conditions Vartrly Clavny

TIME COMMENTS
HR | MIN Sel0r1DS :
00 [ 15 T30 | 45
2l |OJO0 o 1O BowGe KEAD (hids S mm
g1y’ | oo ™ Drs mrpEn o,
02 |7 | O .‘:‘ O I (T Bt 6o vy A ST
w | oo T . o _
03 .0 . i LA {7/ Cir fecovii 70 Dejui’rie
04 -4 ) oy O :
o e . . "‘) - Pl o
05 5 [ Ao iad T Riacu e
06 |~ |.@ ) ") ¢
07 o M e )
o Rl O N
(0 e |9 n
nl2i2 124 o 3
’
.I 2 v} I 2 o ) .i
BIClo ol o :
1wl JCH o) o i
15 || QP Q N
IR R R i
17| Oloe (0o ‘
18 [Cla Jo |o |
9 v {0 " I !
) . !
20 c {J = i l
X |
AR I B e
22|10 | ¢4 |~ ,
23 I o) o |
24 |° .
A I O .
26 Qa0 o
_rztete 1o o ;
28| )1 20| = :
291 S |2 AN o :




RECORD OF VISIBLE EMISSIONS

Company Name . ' °~ " * - © ~ Date _

Plant Address ' : Observer

Stack Location # 3 kyl¢4, ¢4;1AA/L/J,L/. Observer's '_ .
Location * /- 5"

Weather Conditions

TIME COMMENTS

HR | MIN SECONDS

00 15 30 45

T 37130 Clo {9 v

32 ) al e C

33 ol 91oq o

3 {09210 0

13 Ol ] ¢ 2

3 | T o | T

laz lelclo v

i |ofel. | o

9 oo
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a3 lelotlo | o
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O

46 | D
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47 O
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-
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49 |[C o O

0 |olofo.

o o 1o o
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52 Jolal of g
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54 o ol R
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I
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-APPENDIX F

FIELD DATA SHEETS FOR METHODS 5, 6, 7, SO, CONTINUOUS
MONITORING, AND BRINKS® PARTICLE SIZING

l\



| Profdo

PLANT _ .,Ar Mu

TRAVERSE POINT LOCATION FOR CIRCULAR DUCTS

I DATE __ (-5 -5 .,
SAMPLING LOCATION 0 wageX ) he e -
l INSIDE OF FAR WALL TO N
OUTSIDE OF NIPPLE, (DISTANCE &) . [ 13
INSIDE OF NEAR WALL TO
| OUTSIDE OF NIPPLE, (DISTANCE B) -2
I STACK 1.D., (DISTANCE A - DISTANCE B) — /&7
~ NEAREST UPSTREAM DISTURBANCE -
/NEAREST DOWNSTREAM DISTURBANCE ’
| ' © CALCULATOR ' SCHEMATIC OF SAMPLING LOCATION:
- l  TRAVERSE | PRODUCT OF TRAVERSE POINT LOCATION
1 powT - FRACTION . COLUMNS 2 AND 3 FROM OUTSIDE OF NIPPLE
NUMBER OF STACKID. | STACKLD. (TO NEAREST 1/8 INCH) DISTANCE B (SUM OF COLUMNS 4 & 5)
l ! 10/ ‘o7 ' @@ (78 o 7%
' . - (03 - 3 3/‘\-‘_’) ' g 3/‘(;
11— PrTe = £ %
| o o079 oo '\ ¢ 72
| ., 105 iz, | /7%
- v , (3 4 g | oy
| T bl 17y ) 2 3%
. © . a4 )03// ! 20 ¥y
O c 372 >4 ’/5, ,/ =Y l/‘é‘)’-
l o 523 By Yo Fe¥Ya.
_NIE) 298 HZ 7% | “ &g
13 Lo 7% | V043
1 (17 22 ; 78 %
o [ e v/ 537
B - | .o §r7g | | &5 78
. 17 B0k £¢ "y ;" R
' ' ' (2 &3 O 1 3/'/‘/ : 95 7o
: - 1y | )
it ] BLY I | 7€ 7%
j—= 84949 75 3% Jo1 7Y
| A W 76 % Jou %
11 \O‘H?. [ C /78 | o7,
1 9L% _ [03°/8 |04 >4
w989 4 e v [ 1/ 7%

I EPA (Dur) 232

\

4/12




==

PLANT /4 /é ( (&

DATE __ 4 -/

~-7s

vocaion (0 el 7 l/.z-’w(/ux.

STACK 1.D.

07"

" BARONETRIC PRESSURE, in. Hg 0‘/ g3
STACK GAUGE PRESSURE, in. Hy0_

(7.1«.)

OPERATORS )Y \DW%QJ q: 777c

~ (_L(/

VELOCITY

TRAVERSE ~ STACK
- POINT HEAD TEMPERATURE
NUMBER | (apg), in.Hy0 (Ty), °F
[ O (26
2 O, b /3
7 o, Yy a1
y O. 8¢ (LS
< 7Y LY,
N d . S¥ /ST
3 0.6 /Y
¥ 5L /LS
0. <Y (v
20 0. S8 Ak
/! ¢.49 AN
(2 & ¢S ST
/i Jg.3q | 15~
Y QD 3 A /Y5
/S~ - ©.3] /45
V4 0,25 | /<37
/7 (0,30 | )45
15 ©.33 iYSsT
)9 0. 36 45T
20 0. 36 /ST
2l (2.38 IS
22 ad.40 YN
23 O30 | JyYsT
24 old I\
AVERAGE | (1) 14 Y
EPA (Dur) 233 _ o
4/12 [\V\’( -

PRELIMINARY VELOCITY TRAVERSE

(. L_‘Z’é {—L/Q.‘f‘:/

P

A=Y

SCHEMATIC OF TRAVERSE POINT LAYOUT

TRAVERSE VELOCITY STACK
POIN_T . HEAD - ‘TEMPERATURE
NUMBER (apg), inH0 (T,), °F

5 - ~
A& o2 /s
27 6.2y [ Y
2.5 &L 25 / S
VA 2.5 (Y&
30 &2 it &
3/ Pl /e
7.0 0.8 &
3.7 i /YE
3y D20 | rersT
76~ 27 /ST
3¢ 0.2y (¥ &
3 0.3% /4¢
35 0.3 /[4E
37 0. Y ’yé
4o 0.9% L
i/ 0.y /Y5
G 0.8 ) ST
y 7 £, S2 /S
; 0. S% (s
s 0 .58 S
A o.S¢ /ST
¢ .33 /S
AERAGE | 1,19 1YL,
14 S




L
.
i
I
I
I
I
I
1
o
.
1
i
I
I
.
v
.
I

NOMOGRAPH DATA

Ao /} I
PLANT _/ "] /( /éx;bo'{ / M“t(l,u.{ ;@’d“

DATE._ 215 -75%

SAMPLING LOCATION

EPA (Dur) 234
4/12

'CALIBRATED PRESSURE DIFFERENTIAL ACROSS | |
AVERAGE METER TEMPERATURE (AMBIENT + 20°F),°F | Thage. 9 90
PERCENT MOISTURE IN GAS STREAM BY VOLUME B Ay
. CToed - ™
BAROMETRIC PRESSURE AT METER, in. He Py 34 2~
STATIC PRESSURE IN STACK, in. Hg
| (Pp:£0.073 x STACK GAUGE PRESSURE in in. Hp0) P YG K
RATIO OF STATIC PRESSURE TO METER PRESSURE /P /
AVERAGE STACK TEMPERATURE, °F T L
avg. - ks
AVERAGE VELOCITY HEAD, in. H)0 bhae | s
- S
MAXIMUN VELOCITY HEAD, in. H,0 Mmax. | O
| ceacToR : |
P 7&7
CALCULATED NOZZLE DIAMETER, in. 190
L
_ ACTUAL NOZZLE DIAMETER, in. ~
. ' ¢ 0) ‘-J'S
-REFERENCE Ap, in. H20 C\ _ 7 C
4L 4




<5/ A2 [ _59C ot 1 ot 1 /38 >/ (rols ko [ €600 ISCTIsh | T/ [ <] 97 |
JE/l A 32C o f 2¥ | /R Hh! Fola'o | 7% g o<@ SShH Oht7 | CS 37 | s¢ds
S5 =5 [ ACT ¢ | of |t3Z LA QSO oS0 | ot 0 PSR Csh | (Shl s s k!
7¢I 3 LoC st of | 13X AR tascl o | of o K CShE | STAI vh &l
757 7 L7 s IR Srl |50 The | Af 0 BURTSH | ~Yohl |[S(T T
i 77 L2 =7 [ 28 [ 7= | &A] [TTT|CTT |~k v | 655 5hE | OCRT | 5% 77
(&7, ©2 57T £'¢ e IA IS TIRTT | &F 0 (ot IAA | &Th/ [STT a7
)N Z35 LOE [t 3 R | <R AP X/ AT7T XY T [ StbJpf | SThr |0 0T L
42 07 ] T T EE EERE Rhs | Srr SR STI T adp sk e T S &
7c7 09 Lil<e ¢ g e 1 +=2 Anl WSV RS T RIE 015t €A 5 [tht [as] c
S5/ P2 LTT <l 7€ T x8 ] LA 33T IS/ | 00V alds ChA | AIAT [0/ 7
hell 79 O9< <« f E RS Ehi | 25 AS/ | o290 Josh AR | S/R/ 08 S
4/ L 95T et EIRE7 SAL ([ SAL_SR7 T sSTJaltssh | CIAl | <C A
7T 5C 9<C | O X[ /2 LA |fe7 | X2/ CSo [Sep cEh [ BRET | £ &
-Nﬂ S <¢cr | G« L | 50 CA S0 <Fq BC 9\sc 7850 ] 2AE/TTST T
T X[ LT XT| SV SC T LA /7o Sca F | cI0 SR | BARE | & /| o
1 S | 1o upy | ey, | wniov ] a3ws3e | 7L S __
Jes |- 0 4o o 00 | LW FRY o eww | ok wGen) 0013 [ ML ysguny
L ‘JYNAVEINIL | IUNIVHISHIL | 'wanowa | JHALVHTGWIL JUNIVHIAWIL | WILNIYIAA10 av3d m_.,ez_ R 2] NS 1NI0d
L%.:m\ d30HIdN ¥08 ITdWYs dind 4313k SYOAHQ HIVLS 2YNSS3IYd 3214140 ALIJ0T3A  |DRIOY3Y HIALIR YD | 3WIL H207D JEHIAVHL
WS/ P WAOPT O ALVE NVAT  SILANIK ~ZTCTAYIAI VAV TIV GHODIY GRY OVIY
S | 1NOAVY 1KI0d ISHIAVHL 40 JILYWIHIS - |
S0 9V I0NIYIIY | A7-XT o Bhudskonuzig
T2 ONILLIS X089 ¥3LYIH TT O d) 'I8NSSINd JI1Y1S
TG ONILEDS 4ILYIH 3904d €4 67 JuNSSI¥d OIL3N0NYE
577 _401V4 3 OF 3UNLYY3dWIL NNV
T77 BT R [ Ty H0LYH3d0
- = HIDWON X089 ¥3ILIW - | 7 HI0WNN NAY
% U3AWNN XO08 37dwvs. - = &7 3dAL 31dWvs
Z XoCr % JBNLSION GINNSSY ‘PIVIA J 5 FeIi70 NOILYI0T DNITdNYS
| _ < ATO "a't 312Z0N | | S s =Z 3lve
§0/ ATy T7 34ALONYHLONIT 35044 | _ SVFL] F L AN
viva g13id




bRy SPO9sh

o&! 57 A3Y 85 Ly 15 Sh Xef]te’f aval | 2ol 1h
£rr 29 /R I EA AN NZE Ah! T | &FF | SFT ek &ALl BL6 | 9%
— LT/ > hST TS 1 b | oo %F] 507 | 997 | Br 518 (LR <737 | %L 53
5t/ 72 1S bl AL | 2R AT | Shg |50 S¢@ [ 0]Q ¥XA /97 | sThH &¢
ZU Y bht TE 1 22 | @5 | 3h1 [T9o0 (Y@ | jho [<19°@3h | 2/7] ] 9b | L¢
I2Y9% [ 9 as¢ A AL 25 2h) | SHa[SEP| 3%5°d |ORRELR | £99/ |5 8] 7%
rel 57 | _AhC £h | 5C_ | 13 Lh, (RSO AZ 9| (L0 [ o8l BLh | 5997 | S8 | St
£e/ 99 AT OF | AC | 1F | BA7 [SCe[RUq TC 0 [l LLA | ¥o9/ |s'ks | hl
ié 29 _$ST L€ 5 { X RA/ |ESC 35| Cew [PhaaLl | 029/ 281 jaode
¢! 27 [ st L8| b | 25 ZA7 | TS| hE @ |SSL A(h | (ST SEC] T
8/ 95 2AC A'E 5C | 28 Lhl S0V hso K& o | S/ Sk | S55/ 1 5S¢ re
RYZ) vk £ST L8 AL | 2L A7 1370 |S7a | Reg [SLE LA XSS/ S| Of
Y <2 27C L€ Lt QL 7 | Fa| Spo | Ato SR /LA Os</ | 921 be
I 57 9€ U & | X Al JT&o 18] /¢ 0 255720 | <A/ | 8¢y &t
3 B € X€ hg 4 L( i Eo|(go] T alsgtibsp |-SASM | S7] L
{A7 47 b 4,C g 5 ¢ | 9h7 90| S0t A€ 0 ool Y T7h |tAS/ | 2T 7
LY, ¢ L oLe ¢ L | 20 | % | 9A7 |&© O &t O | &L 7 | RS 99 | € |eo
_ _ 75T LR -
AAIl D2 7CT [ ~AZF [ | [& | Ch7 [otofoce (93 [S9T 99k [taos/ [S(B | ht v
5/ —7 Jee [T 25 | €& LA [CFalr@ U0 (po/’SPAh | Qos/ | L5 {C
A 7| R & | & /X | Lhrs [Lga (0] Lo [sc4 g9 | (SHh/|SCS T
SA/ <2 L 7T QHh | X €3 S/ VoY Ao B3SO A | SR/ 08 It
R .Y — 7 _527¢ A ey d <= OX /7 |Toyte’/ | [ho (ST ]9k |aSh/ | SR X
o A/ Co £3T (T | oF 15 oSt {thalthe | 580 [00LLSH | oSN | SKAT 5
&Y s —9C | £ ] a8 | X3 ISt [%Xa[3%0 | 5S¢ o | eoC &Sk | (hht LSCH] 57
AL/ § 2 AHPC | €78 5 5 (05/ |[25°0104°2 P21 3CELsE | Shar] oh [T l<cde
/ _ 4ot U | oMy LY | 63530 _ _ _
= o | e o e | MW FRIY % vrwe | ofnwCen) _ o013 - oL g
SvL| quniveaawat | 3univeadual | unnowa | 8niveaawsy | univedawar | Tviiwawdsaie QvIH R ) MWHVS| ) \iod
bdo&q muua_nz_ X089 37duvs d¥knd HILIN SYDAHD HOV1S ] 3UNSS3Hd 3014160 ALID0T3A  [ONIGY3Y YILIW YD | 3WiL WI0TD ISHIAYHL
"ON NNH

o

TS -57 \®. uva




| _ N ‘ ‘ ORY Lok (Oh77 | 7€)
477 ) <<€ 59 e | 23X Chi |ICT BT " INT LS5 | 197 (ST &h
77 77 S5T AN YA NE] el PO BSTT7 T Th G (SPE 50k | Sl | S| R
TF7f 27 AT S| AL X A/ 1ASC AT €8 |SY8- L4 | Tt/ | t/7] 94
Had A2 | 25 | 0 | bl /(S| _sA/ [CSTIET| LS @ {ORT'CLE | 0§ | <4
sc/l  ho £8¢C TC5C | 15 ] Sk P71 [R2T [X9%0 [9v5 06k | & 77 [ Zor| hh Jedo
JE/ A2 X3 §9 1 of2 | I8 2K 90 9¢/ [ g5 | 096 S8F | Sc¢77 [ S/ | €k .
2¢/ S7 | @ege |27 | ¢ | 1E |} B O |Ter|xCT] (ST Qs LSk | €9 St/ | <her | st
- 40000 | g up | | worov | o3uis3g | |
.N\“ ' ) .FM.-.-.DD 1371 .5 T 2ur o 1S - EE.NE_H .
o o W wm Jo'71} - AQ*H vt "(hw) 0°H 'ut 'Cdv) . MIGTI INITJWYS H3IGUWNN
I4ZLL 3y 1veIdw3L | 3¥NIVEIdNIL “RNOIVA JUNRLVHIWIL JUNLVEIJWIL |- WIININISSI0 OvIH R -y ; 1NI0d
A2 - HIOKIdWI ¥X08 31diWvS difld | - HILIWSYOANQ Hoyis 3UNSSIYA INAYO | ALIJOIIA [OHIOVIH HILIW SYI [ IWIL ¥I0TD : ISHIAVHL
< od / "ON NNH
S -

B ﬁcﬁ T FY




wviod

Iy
0¢z 4ng) ¥d3

oor/, %2

(ON10Y3Y 0 TYNLIV
SONIW 60T §1 L3N) £

001/gz

_shy

(ONIdv3Y o |
TYNLIY SONIK ONIAYIY
00 T¥NLIY §1 13N)QT

P T hhe

N S

- 00T/7¢

Sk

(ONIGYIY 20D
TYOLOY SHNIW ONIGYIH

2o WN19v SI 13NEQ

AATI2N hby

e
LS5

8—\3

L'Z"

72y 209

| clwa/m
 (S1SYE A¥Q) SV ¥OVLS
40 LHII3A ¥¥INIT 0N

¥

JWNT0A
13N
ITVYIAY

13N

DMQYIY
ALY

13N

ONIQY3Y
ALY

INIdy3IY

SY9
TYNLOY _

Ny

zo__.__.<z_s_mu.~.mn_ LHOI3M dYINJI310W A¥d

JA\“Q A %.Eﬁ.% |

o, FZC - 3uNlvy3dual INdiewy

2 A

u\\\ﬂ\,% QOHL3W IWOILATYNY

(SNONNILNOD ‘Q3LVYIILNI 'I¥8) IdAL ITdWNYS

kﬁ\% y \
7L I 5 NOLLYO0T INIIdWYS

MWH.A..\ z2.$/ (40070 44-47) JWIL DNITJWYS

X777/ 3w

‘SINIWNOD

\\Vu\m\w\ : INVd




 CLEAN-UP DATA

. ' . / . - |
Plant ﬂgé-«l—{/ _ Comments:
pate_ G [r35] 7% [%Q%'§L7o—§0£—-50/
Sampllng Location &dg, Hz ;ﬂz -/' G0 2-50 5
Sample Type MM . F/zﬂae' K -
Run Number / . //& Ho ¢ 5~ 7)—;J0 2 - 5—*
Sample Box Num ‘ex: | / Ao 5’-75’*00215‘“07/
Clean-up Man gg,(é,%. _ ' & 72 '

8 7-:/ / }&0 ‘15720 -C L:;(o[ -S=7500 2 - 505

'IMPINGERS
#1 #2 #3 #4 o #5
3 P _

Final Vol. 37’.) ml /2.&?, ml /.0 ml ml ml
~ Initial Vol. /4.2 ml ,gp oml g _ml ml ml

Net Vol. . 275 ml Z& ml /.0 ml ml ml

Total Net Volume in Impingers . 30‘-‘- - ml

SILICA GEL

Final Weight .3/5-: & 8 g : g

Initial Weight S35 g . g

Net Weight 75 G, g g o g

Total Net Weight in Silica Gel (Y , (., g

Total Moisture 314.(, g

Filter Number(s) _35’»/('7/ | - o /[}f‘; |
: - )i "
‘/3 77
2
/ QC)
/‘;’
51

' MRC7/73




Yy >0 L B¢ o e 20 XL Jhi [$e]i&a | ot & OpFvhis | Licr TSI 9]
h/ E> Ty AN S| 3¢ SH |[Zto(gLo | L€ o SS4gis | STol T3¢ ST
Al S92 1 ALc 5 _S¢ L ON ISCosee T 3v g [SCh (/% 1ar Sty F/
J A7 J~> o o(¢ P S0 T K A/ (oo [T [aoa 9/5 | o) 0¢ f
ool &7 | T | T hi A SHE T TV erT T T4 0 ZASIIYES (ool | S<C | ¢©
Y  ho 22 i °C YA A DRl ogy oc/ | Sho noA LS SI0f 1osC i
Xp/l ST L U Ac | 9L - SAL |ACT TR 7 | as-e [ 990775 T To07 (57t¢ a7
VZY s 9o 2¢7¢€ HC £C| =S¢ Shr | Sey [ STT | F T [ ST 975 JOO7 Taaf b
=] 73 P EdE S T/ S AR PRI T | €352 [ool ROS (CSno | S/ 2
77 U5 T4 C ] T Al Ah 7 S/{T™S7 1 (5T [OFL 905 | s%Lolasy 4
<77 5 | 3T [T VTCTEC | TR/ | Zgl | BT 550 o, 503 [t3Zo 1357 7
Ae7|  8s | ©9Jc (<[ 1C [ R& WAl TSy RI7 IS0 [t (05 [ a5Lo [007 I
Sr/ X 3¢ TS| 7¢ 1 °C 27 [ TS7 | O3/ (S 7 [0o3 7 oS (RFLo | <7 %

5¢/ 5 55 C TC] /¢ TC <A O OVT T 77 [ 008 S| <nbd ] 0% &

CE7 < o £€ST L7 7¢ [Tt¢C L0 | A80|DST ] T 0 [ 15 G6Lh| TALTOT ST T

TZ%7 42 CAC 7157 | 0ol | ZA7 (50450 7S T | 757 34F hLol O 7

| o 20 | go ) WNLY | a3¥is3n _ _
add do | g [M00 | LW PR O we | ofHufon . 43019 _.”_“,__m_‘_ﬁm - y3gHIN
AL | 3unlvyzdwil | ‘3Un1vEIawaL WONIYA JUNLVYINIL JUNIVYISKAL | TvilNIRISHI0 eI AR 1442} ) 1K104
hubum\..\\ H3OKIdNI X084 37divs dRnd H313W SYIAHO . HOVLS JYNSSIUL 3NHU0 | ALID0TI3A  [ONIGYIY HILIW S¥O JWIL ¥207D 354IAVHL
BH,_S/8 WO FO074IVH MVHT  SILONIW <7 A¥3AZ V1V0 1TV Q40234 ONV OY3Y
o 1N0AYY LNIOJ 3SUIAVHL 40 JILVWIHIS - _
7777 9V IIN3YIIY - </-£35 . () 438WNN ¥4
INI113S X089 ¥ILVIH _ : _ — 97 c — td}'3uNS538d D11v1S
/7 ONILLIS ¥I1V3H 38044 S Tr7 . 0L L 38NSSI4d JIM1INOHYE
FCo ¥010v¥4D _ _ T 205 3¥NLvEIdWIL INJISWY
Y7777 CHY 3L S _ - PisrmeGos )/ @oAprasi-rr  HOLYHIdo
z YITWNN X08 ¥IL13W _ _ 7 YIGWNN NNy
% Y3IBWNN X08 31dwvs _ . ‘ ‘ T S Gdz 3dAL 31dWvS
XY T % UNLSION QINNSSY . _ — NDILYO07 ONINdWYS
_ _ SAY o @131220N S X575 310
For rpa T/ J4ALONY RIONIT 38084 : . sprFead o LN

{

- ¥Yiva a13ld

b




137 SN RS bie hd | 99 Y o)V xor | on’g | ST0 8hHS cell 1<) %

Y5 AR (¢ 5% R T 9¢ Ps/ 11707 ] Thg [Q€9:9bs | ST | 0% 5

s 29 | tle | JE& | AL | R €T [%59 |bho | be T [ SEEShS | <ol [ S| X |

S/ 4o e [ =T | Az | 2% (S7 [ #0o | 880 | S¢a | ST RAs | o¢i [0 & | 1

£S/T A7 | <92 | <€ ] A5 | 98 | €57 | 950|0b0 | Jie | OSUTAS | LIl | SC8| U7 s
71T %o LT T At c§ | ¥ ST 1960960 | J9¢ 0 | Qik 105§ X177 |08 EYY
3S/ | L9 | _SS€ ot | AR | (XK 15/ | Beolxco | bero | SC€op> ] TN <8 h¢

hS/ 592 /ot NEERE 24 COS7T T rloeCco ] Lo | obt7 eeS | VI oY Ct

<</ <L < 9¢ 57T ¢ 2K S/ <o) tlC| (€ N/ ¥ Lol | 1C
TH [ b [S¢ | L€ | B[ h8 | BAI |[Bo[l90 | 5€0 [5i6 9t | Sanjosl | 1
SA7 39 " SSC 9T <X £ES LA/ (9ol L2Q ST fooL'seS ) Tt | S R
TSAT 7.9 T3t AT T8 | tF AT [eColeca| L0 [ oI his| 097] ool 5C

is7 | X5 3¢ ¢ X | <% Ch] 270290 ST [ooCtel | (So7 [ =17 XY

£si A 5S¢ oe TX | <X Ch7 [PCe [olo| 92 & | Otk | 8597 [0 <9 Ce
Ler| - VO 9°¢ Q'C T8 [ SR | TA7 |Rho [XFa| SIFT | ZSCES [ X307 [T 9¢

L 7 A4 XY (V0] £ [t 1 7vh) dpolsno | g0 | €680t |ogsa] Qo9 | s

. : | _ _ _ $E80cS | Opal | 009 :

Z7a A ¢ pc T EE SAT 192999 | SeTg | Sty hTs | (fa7 | S(s he
oIt o L 180 a5 ¢ | 9A7 [CTUfGO | g€ T |t %es | _séo/ ss | ¢
9/ 47 | g | ot | 6L | £L T Lk AT TRI7T T €A JorC (XS | (677 | TS ¢
o5, 57 tFE | £'¢ £ <L LAY tesj (o | 8¢'7 |VoL-5¢S5 | ogor a5 j¢
AS/Y LT IEA A A NS CA/ o/ jol | 360 JooF hES | </ | S'Ch g
XY, (9 P | Rt | T XX LA T[990 980 [Ost £t5 | Ssca/ | sA | Ll
hSl 29 S2C TCl 7¢ HC ht e bLpo] S0 |sco0 ¢S | vy | STH| 37

ISry 27 7€ fep e | Fel  dAr ol sk O (g0 | SiSToes | a¥es [ooh o

- 30011 | oM ey | wn1ov| cauis3e

J° a0 | 4o om0 | 1IN FICUTIN TR E e o I Clwoonn P3N yaqune
(2L 1 JuNIvYIdWIL | 38NLYE3ANAL | ‘wnaova FYNLYYINAL | JUALVHIAWIL | TVEININ3EA0 Q¥3H m:__.__z B T 7)) JHIIdHVS 1NiI0d
apoud HISKIdNI X08 31dWYs | dwnd :uwuxﬂgxn : xu«hm. JUNSSIYd INABO {  ALIDDTIA [INIOVIH HILINW SYD | 3MIE 301D , 3SYIAVHL |

AQ | T ON NNH . : \ﬂm\ Q&W 3iva o R&lw\d%&% hwu.u\_\_%\\ FZSA_ .



~Eff 79S| st ac]

- 257 S/ / >¢C S 24 £h/ Lol o/} Oh D | aas'bSS | (nil [ 47 5h fl
YAY] 12 HIt £h | AS 23 LA [ROT e | op@ [ SR 85S | _sh// @57 (h Jou e
SS7] - Te £Cr ph [ S8 [ 93 ST [ Zo/ [ Xel | (A0 | Se0 LSS | Chil [ST7 1T 55 |eets
isr |- 1¢C ace b bh N | S XSS B | Fry | b | SsESSS | VR |oary Sh .
05/ A ALE LA hY | 59 <57 o<1 | osy ©o9¢Q O0s8 €8S | &y [s¢af hh
</ oC ICC VXA ] AY | S8 | IS/ | 675687 | ss@ | aS€C€3Ss | _sg// |oSor ©h

59/ GC 2t th | A3 78 TS/ [T (T | Lh o | <t85 083 | €&/ 5T s

XL oL 2t | AL RS 2P T e/ | e ] oy bA@ | 0S¢ bhS| oyl |00o; in ] sc®

_ L0 | ger™up| WNLIY | GIIS30

Je b 4 do o |0 | LW T Whveww | owudem] 49079 VMR L ysguny

Jie7s | ‘BAIVMIGNAL | ‘IUNLVHRANIL [ uangwa | UNIVEIIL | JuNIveIMWIL | TWILNINIIIN0 Qv 3K KRN 1) Y| hiog

sgoud | U3oNIdNL X08 31d4Wvs | dwnd ILIWSYOANO - | WOVLS | 3uNSS3ud 30140 | ALID0VIA |SNIOYIH HILIW SYO|3WL ¥00TD | 3sw3avaL

@ e ON NNY . \.ﬂn\& lvag . aHV.)@RVJ\% \\% ANVd




N5 es

Wiol

Uy
0£z (ng) ¥d3

© Sc €

001/, 82

(ONIOY3Y 00 TYNLOY
SANIW 001 1 1AN) C

001/

! "hC

0'h 0

(@N1av3d o
TYNLOY SNNIW ONIQY3Y
03 T¥YNLOV SI LIN)Q]

001/2¢

{'he

NN«

(9NtaY3Y 03
VALY SONIK INIQYIY

20 wnLav 51 13NEQ

2 /h S

00/

P

el W/

1'C|

03

ajowq/qi W
(SISYS A¥Q) SYD HOVLS

40 LHOI3IK YY¥IN03 100

HEIRPIRGNT

INIaY3Y
TYNLIY

ONIOY3Y

3WMI0A WLV

13N

13N 13N

13N

INIaY3Y
YNV

ELLEERY A

V9

NNy

/3

HO1vd3d0

wmnambun_su._. INJIGNY

s

|\ﬁl\|m.u.

\\(‘\\:NQ\

(SNOANILNDD ‘03LVHIILNI ‘9¥8) IdAL IJWYS

QOHLIW TYOILATIUNY

\%ﬁn\,m\.\u\‘mb\.

T4/ - =

ROILY0T ONITdWYS

\ Axuo._o n-42) WL ONITSWYS

BXARMA

3iva

‘SLNIWW0D

NOILYNIWYILIQ LHOIIM UV INOITON AYG

277 1NY1d
;I




Fioree - P78 —ee - Sol
Fl/g Acetvas, g 75. I O .3,07
: o] ‘/& \’.‘ Lo g: 7{-~ oL L {CZS’
" . Pl ruee clhlofrem Eara SIo
: . _ _ ETHEL C _
Plant ’L/M ‘/-’L“&"Zévuc/tp ' Comments: T - -
Date (]}"L.(Q“ 7S5

Sampling Location X dj‘, -L-.CG,U\ _
 Sample Type ({4 — S - ‘zi)_#
P i ,,s; & .
Run Number <>- - ‘:,q 3
Sample Box Number /71 N M
0D o ] e,
Clean-up Man {f‘;eﬂu--x 1 W{ 07\*» “edl. _
IMPINGERS |
#1 _ #2 #3 - #l #5
Final Vol. 25 m1 13/ m B3 m ml ml
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Initial Weight A0 g g e
Net Weight Y. % . ‘ g _ g
Total Net Weight in Silica Gel  [% g

Total Moisture (7%/82) g

1
.!L\\.
:
-
!
L
I
| ||
J
1
.
1
 |_

" Filter Number(s) 53715

MRC 7/73




b1 e L toc | sicl TIT 3 s/ (Tl | L' L8 (5L I35 575s1] GIF 1/
o T oY [ 52| 951728 VIR RS R ESI 7 T - I B =T
7l *L CeC | 55| 22178 e’ = FETELS | % [[Gre 7
| LL | Gte | ohs Rl ob [ SIREYEY 5 INNIDYE as¢ ]| oc ¢!

SH HE [6C I~h| 231448 £81 120/ | JOT| ¢ 1S/4°929 [SLeT| S/lE ¥l
Kol | L2 S5 | Sh | 94 Sp | G T 57| i |SK ZL sul] &f /7
St _TT Lér | 5% AN el | €TV ¢T) [F7 166SCLS | el | ove ] ol
e AP K dbr | S/ | 99178 | TSIV G [ ChI| 127 [ Skd/c | ofcil oc T~ ¢
Lol 5O ceb” | SE S81 14 157 (51 | sp 7| &5* [idjelhes |Gy /| 527 )
W\ Lo | BT | SH| Ss| L2 b/ 9 | 9| x T TELITE | DIET| &F 7
£/ Lo SRC | I S5 245 FhR{ ST [T SS° Fs5995 | ST 577 )
< 57 S [ 4= ot | sst LS ARl gy [ xs7| 59 [THS 595 ity g 4
TSy 52 Che | 5¢ S5 (> 2D AT ST oRn” [1#a 590 | SZci) | ou i
</ S7 | v T Sel 831 1) St | STI AN &v | WTlcq7 | 28l < £
87 /L F2EE S| CRILE A L 1 G Tag 6T T s¢ C-
P | & LI S0 w52 <€l s QI 4o Tsejo= | OC:T | /
_ _ [ 2et™p ] g M ey - | wiov| a3uisag _
Ve P 4o PRI Ml Wl 1.1 0% v ww | 0%k w(Bew) ) 3073 .(”_“___._w,__ﬁm 4IBUNN
D, | IWNLVYIAIL | IUNIVYEILNIL WNNIYA JUNLYHIGWIL JYNLYHIWIL | TvIINIYI 4410 QY3H ¢ 'ON n 1K10d
.NBM\ YIOHIdwt X08 31dityS dind HI13IW SYO ANO RIVLS 1 38Ns834d 3314180 ALIJOT3A  |ONIOV3Y BILIW SYD | WL 201D ISUIAVHL
BH, S/ @ WIOECO ULV HVAT  SILANN oo AN3AI YAYO 1TV Q0D34 ONV Qv3y
iy len) g ; NOAYY 1N!Od ISYIAVYL 40 JILYWIHIS - | : |
ﬁﬁ@\_\.m\/o\._ =17 v P | TZEanh _, ShyIswnN g

TH ONILLIS X08 ¥ILIYIH-
3 ONIL13S ¥3LY3H 380 ~
—¥0LV4D |8
o @ RV eI N
T HIDWONX09 431N |
7 MIGWN X09 3duvs - | |
ZEE % JUNLSION QINNSSY N
ShHv G 01312208
TSv79 ¢/ 3dAL ONY HL9N31 38044

@RQ\H Jc.y)bw\ﬁu‘\o\% . .;

1o\ | ST @ - ("d) "3¥NSSINd J11v1S

0L LZ - JUNSSIYd J1913w04vE
G2 JUNLYYIAWIL INRIGWY
AV 7TV 1 H0Lv¥ido
& Y30WNN NNy

: S QT 3dAL 31dWYS
. Lro TEEGAUSS aiy R NOUYI0T ONIdWYS
YO <7775 31
Tivra SO GITY W

viva G13id




NxJ.\‘ L [ST 3 ,wvbw M;Af\ X/ .%M..ﬁ rS@ KT am\.rnu Q&\ 7<7] m.\

Ll S
7 i €4 /93 591 88 | o | €51 el foey | SA°T | SAt-U9 | <ushr st 4/
=7 Hd 25¢ 271 351 ok h=sT &/ &7 | Oha [ SCL 19 | ssh/ |aad)/ I
o271 tZ is¢ | A7 | 55 | 9% §s7 |77 Vol 7 | TR 7 [ X(h Loy ISsh7 | S| - 9]
SAll € 657 | s | | 6F AST TTheoThol €@ |.SC0’397 | o547 [OS5 5/
Y €C S 35 33 | bR PST xR OIIp 0| LCF7 | _stargo9 [Snk/ | 5005 178
c</| €L | AST 3S | e | 42 Hh S/ o | S| S€ 0 | anS rso9 | ssh/ | 894 5/
A7 e L. S5€ IR XL | AL | h>1 Lo | IR O| 1ET | 29¢ ‘99 | <thhl | SL&F Y7
ol EC ] SAe LA | & | B8 S/ [(Co|(Co| BCO | SHEOT| hH7 {058 /]
37 4 (sSC S /7 L g Lg LS/ (L9090 s¢’d fasorctog | S/ [ S T& al
ossy . AL st 77 LS | <% [Ny A5 0] 4So | P00 | SseV/IF | SEA JTUe8 /
o</ =< A | 1A LS |76 €5/ $sO| 357 | €€ 0 o000 097 [SXTA7T 5L 3
/1 CC SAC s P RS o5 e/ Lol #0] S0 [ L5456 | ofFk, [eSC A
0S5/ ( C L ATC Ch{ C3 0L c </ [FCF| <cof CTIT | BRLELS | STeA | <L 5
SA LC T3¢ [ XA | CF | 58| HZT |00 920 | 0oL BbS | Sth1 | W] 3
Cet L 5CC [ A 21X CS7 |TCol e @[T 7 | tassb> e/l 374 4
S DL vie | 9k 92 | 923 co/ |V Tl] /e | 9hko o | o <9 £
78 L | ol As | aS| ol (LG [ 737 T | OFWeo7 3T |5 [ T
/A28 co& | 07 | 92 | 7 CHT VLT 2T 907 293045 (S| o7 1
Zof e/ | <6€ | Sa | LS| (4 2l (307307 OF | Stk lbs |S57GET576 1 AT
/I | we |85 | {5 | s 977 (9077 {Je 71 0k | OLbLP8 | 25| 53| ¢c
T oZ gl | S | ZF | bE | 15/ BI71S5T | JF 15C9 885 |35/ | se=| <&
S AL | gl |SF | LE | 97 bl o (| 4F 1 E5 1Oy pa | 057} o2 3
£a/ <7 ciT | o118 | 06 Lol 1ed | LY CET V78942 |SIne) |SLF 2 oc
osin sl e e, | 65 bl 657 b5 1 ST | LhcmS | a5 |9 ¥
) EVAS S |78 1429 ST 1o Ty’ L2 T S¥ergs RYXRET | €T 3/
SR ZZ Lo [ Qe 98 L | €o [hE | HS o' 1059°Css [ CRET] dh |
. . . _ o 00U | o _ WALV | 038IS30 | N :
\f&. , |, . uhr;% ﬁws_: g w - = s ; s
. 0 ° TR 1.0 0K v 'Y 0°H "u '(dv) %3073 H3HWNN.
uw&u\ ‘JUNLVEIGNIL | ‘JUNIVEIGNAL | wonova | JUPLVHISNIL | JWNLVMIMRIL | TVININING | Ovaw KEYY 0 42) WIS | ) 10
) YIONIJWE NOB I1dUYS diid- 4313w m«u»xn Hav1S JYNSSIU4 3014180 ALI2073A  EONIOYIY HILAW SY | 3WIL W30 : 3543Av4lL
_ o / . SR, _ _
10 oG T S L ONNnY T LT e S R e




_ - , | . 1 77 ¢ g | S/S7 |00
L =1 Tof | | (3| 28| OS5 | i50|5h0 | <¢o | Xe o |57 [SU7| hT

LA/ —S¢ oCt | 3% L | & IS/ |oA7 |oA; <y LSACR/9 |Scas? [ <7 1c
| / _ g / :

For|  bC [CC 133 | BB 2| Lrl [sp7/] 5,7 250 | Sc770/7 | sosc (9077 Te
Lpry  EC 52C | 081 L8| I8 54/ Sp7 | SA7 ] ssoVsco /7 STass sy ae
- 301" U1 | 3o vy | weov| o3ws3a R
= 0 o | e [ 2RO} UMW £°C1) ol vwe | 0% ufev) | 0072 ...._h“__h._w_,“_ﬁm HIGWON
dw =2 | "3uNivHIdWIL | 'JUNLYEISNIL | 'wanoya F¥NLVYIdNIL JYNLIVHIGWEL | TVININ3EIM0 Qv3H PN 16$2) _ 1NI0d
360yd {__ YIMINI | X083TdWVS | dknd 313K SYI A0 WOVLS | 3unSS3dd 3DMAWO | ALIDOTIA [IMIOVIM HILIW SYD{ WL HIOTD | 3suzaver




e
Flly 5757002 - a5/
}f¢§,4CL:s-zr<nz-572.'_
_ B/ ﬁ‘,,o S -73-00e-513 "
CLEAN UP DATA B Y, ,74‘_ o 5. 7§-e0 L S/

: : y ‘ 300L~5/3
Plant /Mza///.m{iwi Commentf:A,/ﬂ’//Hbfvo EﬂL_ > 7_

pate_ 9//6/75" |

Sampling Location m o-‘.,.JULj'

Sample Type "77/-—/('1:-.1/ D

Run’ Number - 3 _

Sample Box Number ‘/ '
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H#1 #2 #3 #l #5

‘Final Vol. ; 78 ml / 2/ ml “Z. 0 ml ml ml 1/‘5)
"Initial Vol. /0’0 ml /60 ml & ml ml ml (;é»

Net Vol. . 2784 ml %/ ml- .0 ml - oml - ml 39'

Total Net Volume in Impingers - ml | é&@ J
| t Volune in Inpinger =
. 37

~ SILICA GEL ;

Final Weig_ht : "L../(. 54 g g g

Initial Weight $y2.¢ g ' g __ ¥

Net Weight - Je-3 g g . .8

Total Net Weight in Silica Gel /%.3 g

| a7
- Total Moisture .Sf}‘ J g
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GENERAL DATA SHEET

- TYPE RUN - S04 f;ﬁ?
DATE : f?*j/lé’ 775F’f RUN NO. -/ _
LOCATsz: ;Lhéifgggzﬁﬁgggz;g_ ~ OPERATORS : 6222121§;nfl
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RUN NO. [
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. FINAL .
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Oi/} hrs . '?oﬂrw O 929 Avs
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N
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'TYPE RUN _.-.gf/)#g Allced ﬁo;(?m“? -

l DATE: ?/7/75’ , RUN NO. Z
I LOCATION: _Serwbher &w‘élef* | Q?ERATORS: /1 ‘/(’é/udzree
INITIAL E_T,NAL
| METER rI‘]:MPFRA'I‘URE At 7 F o B s
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D £ bt 0 @ no i
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- AJAROMETRTIC PRESSURE =~ 2757 ,4/7' 29 _,‘3/ /44‘
| | 7 : — - ~
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APPENDIX G

PROCESS OPERATION FIELD DATA SHEETS
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APPENDIX T

ANALYTICAL DATA SHEETS
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THE BRINKS® CASCADE IMPACTOR




A reprint from

the copytight owner

Industrial & Engineering Chemistry

Cascade Impactor for Adiabatic Measurements

J. A, BRINK, Jr.t Monsanto Chemical Co., Everett, Mass.

Data on development, design,
and use of a practical instrument
in the field make it possible to

build a convenient tested device

for special purposes. Particle-

size measurements make possi-’

ble determination of acceptable
stack discharges of aerosols,

" evaluation of installed collection

equipment, rational selection and
design of equipment, and recog-
nition of potential problems
early in the development of
new processes.

IMpiNGF_MENT DEVICES have been used:

for years for sampling gas-borne parti-
cles (4-6). Owens (9) and Ferry, Farr,
and Hartmann (7) used a single jet and a
dry glass slide to collect samples of gas
particulates suspended in a gascous me-
dium, and mecasured the sizes of im-
pacted particles with a microscope by
laborious particle counts. In May's

cascade ‘system of impactor stages (§)

particles. were scparated into five frac-
tions ranging in particle size from 1 to 50
microns. Laskin (7) used May's impac-
tor on heavy aerosal particles of micron
and submicron sizes. A modificd cas-
cade impactor extended measurements
into the submicron range (7.3).

Extensive theoretical and experimental
work with cascade impactors has been
done by Ranz and Wang (77, 72), Gilles-

pic and Johnstone (2, 3), and others at’

the " University of Ilinois.  Dilcher,
Mitchel], and Thomas (70) and Wilcox
(74, 75) investigated the characteristics
of impactots and made significant im-
provements in design.

In many industeial plants aerdsols are
found in high concentrations in pases
saturated with vapor at 30° (0 200° (.

For measuring particle-size distributjons’

of acrosals it such gases, special equip-
ment is required. An “in-ling” cascade
impactor and accessory equipment for
adiabatic measurements on industrial
processes - were developed at Monsanto
in 1954, They arc small, light, and
compact, and can be carricd in a suit-
case for tests at plants throughout the
country.

! Present address, Research Department, =

Monsanto Chemical Co., St, Louis, Mo.

| ARTICLE 74

Impactor and Auxiliary Apparatus

The cascade impactor has five in-line
stages, cach of which has a jet that utilizes

a collection cup as an impaction plate.

A spring holds cach collection cup in
place. The particles suspended. in the
gases pass through a jet, particles with
sufficient inertia ‘impact against a cup,
and the remainder pass through annular
slots located around the cup.  Each col-
lection cup has annular slots with a total
cross-sectional area 30 times the arca of
the largest jet;
slots were negligible with. this_ design.
The dimensions of the impactor jets

(Table I) were sclected as described by

Ranz and Wong (77). The impactor

is 15'/4 inches long and was machined -

from 316 stainless stecl.  Particles in the
0.3- to 3.0-micron range are collected,

A glass cyclone, with: the same dimen-
sions as that described by Gillespic (2, 3),

turbulent ellects at the

", 80, Ne. 4, Aprll 1958, Pages 645-648
Copyright 1958 by.the Amerlcan Chemical
Society and reprinted by permission of

is used upstrcamn [rom the impactor,
Two filters, consisting of Corning No.
9480 filter tubes packed tightly with No.
800 Pyrex glass wool, collect particles
less than 0.3 micron in diameter. The
cyclone, impactor,  and filters are
mounted in a box with a removable
side. A No. 2'/, L-R Manufacturing
Co. blower, inside the box, is driven by a
8000 r.p.an. Fairchild Industries (Model

Dimensions of Cascade Im-
pactor Jets

Dimensions, Cm.

Table |,

Spacing of

Jut No. Jet dium, jet opening®
1 0.249 0.747
2 0.1775 0.533
3 0.1396 0.419
4 0.0%46 0.282
5 0.0731 0.220

% From collection cup surface,

l’l
INE/V

NN

-

SNNN

e

0 W W W

P

COLLEGTION.
T GUP

/JET SPINDLE

\/SPRING
\

| cASKET

The in-line impactor has five stoges.

Particles in the range of 0.3 to 3.0

microns are collected. by successive impingement
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~ Collection cups are positioned so that

the distance from the jet decreases
as the jet diameter becomes smaller.
Annular slots around cup mmm‘nze
turbulence

1401) motor on the back side of the box,
"A heater, consisting of three 12-inch
sections of Nichrome resistance wire

{Catalog No. 4106, “ize 1, coiled type,
Eagle Electric Mig. <l0.). is mounted in
the hox. The three sections of the heater
are connected in series and operated on
110 volis.
trolled with a 100° 10 400° F, thermostat
(Fenwall, Inc.,, Catalog No, 1731.0).
The box was desigried so that air could
be circulated at a high velocity past the
cyclone, impactor, and filters. The
blower discharges air through a duct be-
low the heater and then over the heater,
impactor, and cyclone back to the blower
inlet.  ‘Thermometers, mounted on the
removable side of the box, indicate the

temperature of the air entering  the.

Llower and leaving the heater. Two
manomecters, mounted on the removable
side of the box and connected to the
impactor, measure the static pressure’ at
the inlet and the pressure drop across the
impactor.

A sample line, hmud with Aexible
tape heaters (clectromagnetic  heating
tape, Howe and French), is controlled
with a Variac. Sample probes’ and
lines are sized for isokinetic sampling.

Experimental Procedure

Prior to cach test, the impactor and
auxiliary apparatus were tested lor leaks
under 8-inch mercury vacuum.  Then
the sample line and the impactor box
were heated to the temperature of the
process stream.  The sample probe was
inserted in the process stream and gas
flow through the impactor was started

L

SWITCHES——
GASES. FROM
PROCESS LINE

GLAqs CYCLONE~//

BLOWER———1

 THERMOSTAT—~ ]
GASES TO
ASPIRATOR

3
XMANOMETER' :

TAP
—~HEATER

S5 STAGE
IMPACTOR

22

/‘MANOMETER
TAP

NEEDLE VALVE

GLASS WOOL FILTERS

Compact make-up of impactor and its uumlacry equipment make it suitable for

tests throughout the plant
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The air temperature is con--

“and held constant until the end of the

test, A vacuum of 4 to 8 inches of mer-

~cury was usually. required, giving flow

rates of 2700 1o 3700 cc. per minute,
Usually, 40 10 80%, of the acrosol was
collected on ane cup or stage of the im-
pactor. The sample time was limited
by re-entrainment (rom this cup; a 25-
to 50-mp. sample could be collected on
one cup without re-entrainment. The
maximum sample time was used, so that
reasonable quantides were collected on
other cups. With one trial run, the
flow rate for subscquent runs was set at a
level that would give maximum collec-

- tion on the third or middle stage of the

impactor, and the sample time was set
at the wnaximum time feasible without
re-cntgainment,

After each test the sample cups were
removed from the impactor with tweez-
ers. The quantity callected on cach
cup was determined by weighing and. or
chemical analyses. The glass cyclone
was washed with water and the solution
analyzed.  The glass wool filters were
leached -with water and the resulting
solution was analyzed; or the glass wool
was removed, the Blter holder was rinsed,

« and the glass wool and solution were ana-
lyzed either volumetrically or gravimet-

rically, depending on the type of acro-
sol.  Roth weighing and chemical analy-
scs were used when condensation or
cvaporalion was a potential source of

MANOMETERS7’
'

Uy

~—THERMOMETERS

Temperature and pressure during
sampling period are controlled by ob-
serving ond adjusting instruments, In-
terpretation of data aids in identifying
aerosols collected
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error; double analyses showed that er-
rors due to condensation or evaporation
were negligible and sampling was adia-
batie. :

Calibratien of Impactor

The in-line impactor was designed
with. the intcrnal dimensions used by
Ranz and Wong (77), except that the
gases leaving any stage passed through
annular slots around the collection cups

rather than out the side. As the veloci- |

ties through the slots were /a0 to /as
the ‘jet velocities, the in-line” impactor
was expected to perform in the same way
as impactors used by Ranz and Wong.

Sulfuric acid mists were generated in
the laboratory and passed through dif-
ferent retention chambers in the manner
deseribed by Gillespie (2, 3).  Particle-
size determinations were made on these
mists with the in-line impactor (Figure
1). These data arc in good agreement
with data reported by Gillespie, wha
used impactors calibrated by Ranz and
Wong (77). This work showed that the
in-linc impactor should have the same
calibration as determined by them.

With a gas meter, the in-line impactor
was calibrated as a flowmeter. The re-
lationship between gas flow through the

impactor and pressure drop across the
" impactor, for air at 25° C. and 14.7
ps.ia., was determined to be:

Vo = 24.5 (AP).s0 (m

The gas flow, Vo, for process gases at dif-
ferent temperatures and pressures, was
calculated from this ecquation, using
suitable corrections for differences in
gas density.

Particle-5ize Distribution
Calculations

Calculation of particle.size distribu-
tions was based on_ the gencralized cali-
bration curve determined by Ranz and
Wong (/7). The- characteristic diame-
ter, Dy, for cach,stage of the impactor
may be calculated [rom

_ (18D 12 n
Dpe = ()" ot 10y @

where (s0)V'2 = 0.38 for round jets (/7).
However, as the € factor, is a function of
. D, calculation of D, is not as straigl-
forward as indicated by Equation 2. O
is defined in general as:
2L

C=1+4 (15}:) 1123 +

0.41¢ 70440 N TYL) (10
0.1 < [2L(10)/D,] < 134

(Q»L%PE);, 2.7,

(3
for

.W hen

the exponential term in Equation 3 may
be neglected and

C =1 4+ @AY (LD, (4)
" This condition existed in most applica-
tions of the impactor.  For air al normal

€

ASCADE IMPACTOR

room temperature and pressures, Equa-
tion 4 becomes

C =1+ 0165/D, (5)
When gases are expanded through a jet,
the temperature change can be estimated
on the basis of frictionless adiabatic flow
for a perlect gas (3). However, in most
cases this temperature change is negli-
gible and the velocity of the gases at the
jet throat, vy, can be estimated as follows:

When D, is taken equal to Dy, Equations
2, 4, and 6 can be combined to give

D, =
133 .

\/H-;ISI’z

234 u?

ot

ESHTORDF:
ppVoPo

(7

The characteristic diameters tor cach
stape of the impactor can be calculated
directly from Equation 7. When D,/
1. X (10)~* < 2.7, Equations 2, 3, and 6

417 (Do) must be solved by approximation. For
U= (DR (P (6). any test, after Dpe was calculated’ for
30
2 20 —~
€ 15
Q //’
E 1.0 /P/ -
: P P
Y = T e
Q 0.8 _ —
x L~
0.6 o
tl-J' /’V, /’a’
wl 0'5 - /f
Z 04 : ]
i MIST RETENTION
© 03 — ~ LOADING TIME -
3 / (MG S03/S5.C.F) (MIN)
S 02—~ o 14l 0l
o] o 19.3 0.l
g \% 1.7 12.0
o e o
"1 2 5 10 20 30 50 70 90 95 99

 CUMULATIVE MASS PERCENT LESS THAN Dp

Figure 1. Cumulative porticle size distribution of sulfuric acid mist generated in
the laboratory is a function of mist loading and retention time
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Figure

2. Cumulative particle size distribulion of sulfuric acid plant aerosols
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Curve Calculation

Cumula- -
o live %
Jet No. Dp;  Collected < Dpe
1 3.14 0.39 90,61
2 1.63 0.68 98.93
3 1.10 2.74 96.19
4 0.57 21.60 74.59
5 0.33 54,73 19.86
Glags filter
1 res 19.86
2 ces 0

‘each stage, cumulative distributions as

shown in Figures 1 to 3 were calculated.

Table Il. Particle-Size Distribution

For example, consider the curve given for’

a mist loading of 19.3 mg. of sullur triox-
ide per standard cubic foot and a reten-
tion time of 0.1 minute in Figure 1. The
data for this test arc given in Table IT.
As 19.86%, of the mist was not collected
by the last stage, this percentage of the
mist has diamecters smaller than 0.33
micron, the D, for the last stage. The
cumulative. per cent not collected by
stage 4 was 19,86% + 54.73% =
74.59%,. This calculation was contin-
ued as shown in Table 11 and then the
curve was plotted as shown in Figure 1.

Field Measurements

The impactor and auxiliary apparatus
have been used extensively at plants
throughout the country. Measurements
of particle-size distributions of acrosols
within and leaving eight different acid
plants have bcen measured, and collec-
tion efficiencies of different types of full-
scale dust and mist collectors for different
particle sizes have shown that the impac-
tor is a valuable and practical instru-
ment for field use.

The particless. = - distribution and

loading of the mis! ' :aving a new contact

sulfuric acid plant :re shown in Figure 2.
This plant is of the Leonard-Monsanto
design, a single unit with a rated capac-
ity of 400 tons per day on a 100% sul-
furic acid basis. Process gases in phos-

phoric acid plants are usually saturated ‘

with § to 409, water vapor, deperding
on the process design and operation, and

adiabatic measurcments are required.

A typical particle-size distribution for
the acid mist leaving a phosphoric acid
plant is given in Figure 3.

Particle-size determinations by chemi-
cal company personnel make possible
determination of acceptable stack dis-
charges of acrobols, cvaluation of in-
stalled collection equipment,
selection and design of equipment, and
recognition of potential problems carly
in the development of new processes.

)
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Nomenclature

C = empirical correction [factor [for
: resistance of gas to movement
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Figure 3. Distribution of phosphoric acid mist leaving typical plant can be used
to control process. Analysis of aerosols under varying plant conditions aids in the

selection of new equipment
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rational

of small particles as defined in
Equation 3, 4, or 5 :

D, = diameter of impactor jet, €m.

D, = diameter of aerosol particle,
microns '

D, = characteristic diameter of acrosol
particle for impactor stage,
microns

ge =1 (g.)/(atm.)(cm.)(sec.)?

= mean [rce path for gas molecules,
cm. L= 2,;/p3

Po = absolute pressure at inlet to
itnpactor, aun.

Py = pressure after jet, atm.

AP = pressure drop  across impactor,
inches 1g

T = temperature after jet, °K.

Vo = gas flow at inlet to impactor,
cc./sccond, I = 24,5 (AP)0- w0
for air at 25° C. and 147
p.s.i.a,

v = average lincar velocity of gas

_‘through jet, at Py and Ty
cm, per sccond

= average molecular velocity  of
gas, cm, per sceond 7 = {10y

;Bgc P2(1.013)
Tp

¢ = dimensionless inertial paramecter,

= CppeD,2/18 uD, (10)8 _

Yso = incrtial parameter for impactor
efficiency of 50%

p = gas density after jet at T2 and
Py, gramn per cc.

p» = density of acrosol particle, gram

per €c. _
viscosity of gas after jet at T2 and
Py, g./(cm.)(sec) :

It
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APPENDIX K

SAMPLING AND ANALYTICAL PROCEDURES




\dio:

- Filter,

QB“’) Designation: C 25 - 72

- Standard Maothods of

Ampugan Navonat Standard K67 3

Amgncan Natgndl Standards Instieia

CHEMICAL ANALYSIS OF LIMESTONE,
QUICKLIME, AND HYDRATED LIME!

fhis SE llv(l i s rsmed e the Toved Jesieaanon € 2y the nunlar wrnmeds itels Tollawoy the dearnatoon anheates thy
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Jast reapprosal

23, Tm.xl Sulfur _
23.1 Slandurd Bromine Method—Weizh |

"¢ of the prepared sample. Add approxiniatel

0.5 g of Na,CO,. Mix tharoughly in a poarces
lain crucible (Note 27) and heat gently uitil
sintered. Then ignite for 15 min ot tempora-
ture of approximately 1000 C, taking cure to

Callow.access of air 1o the contents of the cry-
cible. Caol and place the crucible in a 230-ml

beaker and cover with hol water. Add 10wl
of bromine water, then 30 ml HCI (14-1) and

- boil unlil solution is complete und all bromine

has been eapelled. Remove the crucible,
washing it with water. Add a lew drops of
methyl red and render the solution alkadine
with NIEOH (V4 1). Boit the solution for |
or 2 min, Nlter, and wash with hot water. To
the fiteate add 5 ml of HCE (1), adjost the
volume to about 200 mi, bring the sotution to
boiling. and while buoiling wdd 10 mt of hot
BuaCl, (10 percent). Alluw to stand overnight.
wash with hot water, ignite, and weigh
as BasO..

Note 27—1t is usually desirable ta make a fo-
sion in & platinum crucible. However, it has heen
found that with limestones very high in impuntics,

~when the fugion is mude in g mufile, the i, |m e {0,

plitinum ware is considerable. 1t has heen proved
that the use uf purcelain erucibles introduces no
appreciable error,

23.2 slternative fLeco Method:

23,2.1 Description—"TThe total sullur in var-

jous types of malerials -can be determined

.\u.urllcly by the Leco automatic titrator and

high frequency induction furnace. The sullur
in the sample burns to SO, in the furace and
Py car e 1 the e or oy the oy e <bieasn,
The gas enters a titration vessel containing
HC), K1, starch, and just enough K10, to re-
lease some free iodine to turn the stiurch bloe.

Hn. SO, bleaches the blue color and KIO,

sotution is added autematically Lo maintain
the blue color. When all the 30, huas been re-
leased, the blue color no tonger fades and the
amount of K1OQ; solution used is read on a
buret divectly as percent sultur)

NOTE 28— Lhe Leco inutrument should be stand-
ardized by using a4 calcium oxide ol known sullur

E’u,n:cnl a5 determined by the bromine method in

2322 Apparatus:

23200 Induction Furnace, S moditica-
tion, Leco Model No, 521,

23.2.2.2 Awiomatic Titrator, leco Model -
No. 532, ‘

23.2.2.3 Oxveen Tank and Repnulators,
23.2.2.4 Purifying Train, Leco -Model No,
j16. :

23.2.2.5 Combustion
Model No., 523-120, _

23.2.2.6 Crucible Covers,
5"b 41, :
3.2.2.7 Glass Accc’lcralor Scoop, Leco
Mndcl No. 503.32,

23.2.2.8 Srarch Dispenser.

Crucibles, leco

Leeo Model No.

23,229 Timer, Feco Model No, 393-100,

332210 Loading Funnel, Leco Model No.
50331,

2323 Reagents:

23230 Copper Ring Accelerator, Levo
Catalog No, 3504184,

23,202 Hvdrochlorie Aeid (HGEH) 35 per-
eent, Buker Catalug Na, 9835,

23203 Low-Sudfur Powdered Tron, Leco
C:\l;il\h} N, A01-78,

23230 Phenyimercuric Aectate, MO,

Catalog No, PP 5027,
QW2.05 Porsium odiie
Baker Catalog No. 3156,
23.2.3.6 Potussium lodile
aker Cotatog No. 3162
23.2.3.7 Srarch,
alog No. {006.

(K10 ) coystal,
(K1) crystal,

witer-soluble, Buker Cat-
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I

l23.2.3.3 Tin Metal cAccelerator, Leeo Cits
alog No. 501-76.
23.2.4 Solutions: ) .
23.2.4.0 Hydrochloric Acid—Dilute 15 ml
of hydrochlorie acid 1o 1 Liter with water.
23.2.4.2 Starch—Weigh 9.0 & of starch into
small braker. Add 310 10 ml of water i
tir into a smooth paste. Add stareh stowly
“while stirring into S0 ml ol hoiling waier.
saol and add 15 @ of K1 Transfer the solu-
jon 1o a l-liter valpmetric sk, shake well,
wnd ditute to volume. Discard any stareh solu-
“lion that imparts o red tinge to the blue golor
vhen titrating. To help preserve the stareh
'solulion. add 0.01 g of phun)lnwrcuric ace-

tate. .
23.2.4.3 Potassium Todute. Standard Solu-

tion—Accurately weigh 0.22269 g of KIOs
Correet this mass for purity. Trunsfer care-
fully into u {-liter volumelric Mask and dilute
"o volume with water. The solution is stable
lfor at least 3 months, For o 0.560-¢ sample
mass, the buret reads direaly in purcent
subfur.
23.2.5 Procedure: :
l 23.2.5.1 Allow 13 min for the eleetronics i
the furnace and titetor to Warm up.. :
23.2.5.2 Weigh 0,500 ¢ L0 me of prepared
sample und brush carcfully into the crugible

l using the foading funnel.
23.2.5.3 Add accelerators 1o the crucible

using level scoops in the following order: (i
scoop of 1in metal, (2) | scoop of iron pow-

I der, and (3) | copper ring. ' ‘
23.2.5.4 Cover the crucible with a crucible

cover. Do not reuse crucibles o covers,

l 23,2,5.5 Run @ blank determination for
each series of determination, that is, wil accel-
crators and no sample.

33.2.5,6 Place the. sample on the pedestal

l_ and Liltinto pusition in the combustion tube,
11,257 With the osvygen fluw set at 1.0
fiter/min, add the HCL o the middie of the
pell-shaped  portion of the titration vessel,

l Ahways fill to the same puinl. B

21258 Add one musure of stardhh solu-

tion to the tiration vessel

332,59 Turn the double throw switch Lo
the END POLN U pasition (Jown). Alow the
instrument o sel the emd point, After the in-

©dieator dight (for wolenuid valve) hus stopped

wlinking, phice the switch in the NLL IRAL
puasition and il the RIO, buret. Furn the
switch 1o the TITRATE position. .

21.2.5.10 Set the GRID CURRENT TAP

Gaiteh to Uhow” oaTedium, "t oor “ligh'
pusition. Determing the position oni Lest Tun,
witly the sample und accelerators that will pive
4 complete burn-off above 330 mA as indi-
cated an the PLATE CURRENT AM-
i ThR.

112501 Set the automatic timer 1o the

tine L resjuired combust the sample com-

pletely as folluws:
e, i

Sample
Ok hime 4
P diated Time W
12

| nngstane
S22 Afer the furnice has shul oIt
read divectly in pereent subfur,
23,2513 Report (he sanalysis as pereent
‘

wital sulfur,
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APPENDIX M

PROJECT PARTICIPANTS




Project Participants

Environmental Protection Agency.
Office of Air Quality Planning and Standards
Emission Standards and Engineering Division

~ Jason Burbank ' | '~ Pete Westlin
John M. Davis _ K. C. Hustvedt

MONSANTO RESEARCH CORPORATION

William R. Feairheller, Jr. Project Leader
Thomas L. Peltier ' | Task Leader
Mark T. Thalman ‘ Research Chemist .
Franecine Kulilk - ' ' _ Research Chemist
Jesse MgKendree : ' Technician
Windle McDonald : Technician

Lloyd Cox ' _ Technician

Lewis Cash _ Technician’

Jim Kircher | Technilcian

Flo Phillips ' Technician

Joan Hecathorn _ Secretary






