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ITI. INTRODUCTION

Under the Clean Air Act of 1970, as amended, the Environ-
mental Protection Agency is charged with the establishment of
performance standards for stationary sources which may contri-
bute signifigantly to air pollution.. A performance sténdard is
based'on the best emission reduction systems which have been
shown to be technically and economically feasible.

In order to set realistic performance standards, accurate
data on pollutant emissions must be gathered from the stationary
source category under consideration.

Woodville Lime and Chemical Co. in Woodville, Ohic, was
designated as a possible representative well-controlled
stationary source in the lime production industry and therefore
was selected for an emission ?esting program. The process under
investigation in this test series was operation of the No. 1 lime'
kiln at the Woodville plant, from which emissions are controlled
by a cyclone in series with a Buell electrostatic precipitator.

Preliminary tests were performed dufing the week of May 20,
1974, to ascertain composition and velocity of the gas stream
and to observe visible emissions. )

The emission test program was conducted from July 8 to 10,
1974, on three test runs. Sampling was done at the kiln stack to

determine concentrations of filterable and total particulate;
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oxides of nitrogen, and sulfur dioxide. Determinations of
moisture content and dry molecular weight were performed
simultaneously. Samples of the kiln feed, kiln product,

kiln fuel, and effluent dust from the ESP unit were collected
for calculation of a sulfur balance. 1In addition, visible
emissions were recorded by two certified observers during this
time. Because of difficulties with process.operation and
above-normal production rates, further tests were sche@uled
for August 5, 1974. 1In the interim between test periods the
kiln was shut down, at which time the ESP was cleaned and

inspected.
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III. SUMMARY OF RESULTS

Data on particulate emissions from the lime kiln are
summarized in Table 1. Emissions of filterable particulate,
as measured by the probe and.filter catch, averaged 9.17
pounds per hour at a concentration of 0.041 grain per DSCF.
Total particulate emissions averaged 18.3 pounds per hour
at a concentration of 0.077 grain per DSCF. Emissions of
filterable particulate were higher in the first two tests
than in the thirad. This can probably be attributed to discon-
tinuity in process operations and to problems with control
equipment, described in Section IV, "Process Operation”.
Because of these difficulties, the emissions data reported
in this report are considered questionable with respect to
being representative of a well-controlled lime-producing
process.

Data on oxides of nitrogen emissions are summarized
in Table 2. These data show an average concentration of
339 ppm by volume and an hourly emission rate of 67.7 pounds.
2"

Data on sulfur dioxide emissions are summarized in Table
3. These data show an average concentration of 44.5 ppm

by volume and an hourly emission rate of 12.0 pounds per




Table 1.

_

Run Number

Date

Volume of Gas Sampled , DSCF®
L Average Stack Temperature, °F
Percent Moisture by Volume , %

Stack Volumetric Flow Rate, b

DSCFM
Stack Volumetric Flow Rate, ACFM®
iPercent Isokinetic

= Jnit Production Rate, ton/hr

Particulates - probe, bypass, and
filter catch

- o G, SN en- e e

‘mg

j?gr/DSCF

gr/ACF

i‘lb/hr

1b/ton
‘]Particulates ~ total

mg

A\

, gr/DSCF

igr/ACF

,le/hr
11b/ton

"

a
Dry standard cubic feet at 70°F,

€ Actual cubic feet per minute.

1
7/8/74
237.923
621
11.3
27619
64393

102.9

3267
~— MVL *’* M_rb'.
.—_—_~“

781.1
0.051
0.022

12.0

1704.6
0.111
0.047

26,2
g2

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

SUMMARY OF PARTICULATE DATA

3
7/9/74
239.642
669
12.1
27390
67296
104.5

s 24

718.9
0.046
0.019

10.9

989.9
0.064
0.026

15.0

29.92 in. Hg.

2

7/10/74

Avg.

248,641 242.07

674
11.4
28658
70330

103.6

889.3
0.055
0.022

13.6
o

655
11.6

27889
67340
140

639

0.041

1194.6

0.077
0.03z2
18.3

=TI

F
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Table 3. SUMMARY OF SULFUR DIOXIDE DATA

Test No.

Date, 1974

Flow rate,DSCFMa
Sample volume, DSCF?

802 in sample, grams

SO2 emissions, lb/hr

50, concentration, ppm
by volume

2
7/8
27619
166.917

0.867

19.1

70.2

4
7/9
27390
165.549

0.130

2.42

10.6

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

6 Avg.
7/10
28658
166.705

0.649

14.4 12.0

52.6 44.5




e —

———

hour of sulfur dioxide.

Visual determination of the opacity of emissions from
the lime kiln exit stack was performed independently by two
PEDCo personnel. Data on opacity measurements are summarized
in Table 4. The average opacity was less than 5 percent
in all tests. A period of high emissions occurred, however,
for about 1 minute in the first test, during which opacity
levels exceeded 20 percent. Failure of a field in the -electro-
static precipitator caused the discontinuity, with the result
that the opacity values are not considered typical of those
occuring with well-controlled lime~production operations.

During sample recovery on test 1, the probe glass liner
tip was'found to be broken. This test was therefore not
representative of true emissions. Because of the higher
than expected opacity and various process problems, this
test series was terminated before eﬁough measurements were

obtained to provide representative results.

-
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P No, : 1 3 S
Date 7/8/74 7/%9/74 7/10/74
. Obs. 1 . Obs. 2 Obs., 1 DObs. 2 Obs. 1 0Obs. °
Interval of Obse_rvationsa Start | 1715 1713 840 843 820 838
-End { 2124 .2112 1245 .1235 1252 1239
Duration of Observation, min® 247] 228 245 233 || 272 |212.5
Total No. of Readings® 988 912 980 932 1088 850
No. of Readings Unobservable ' 0 10 0 154 0 0
No. of Readings @ 0% Opacity 986| 711 914 174 1061 782
5% 2 184 34 597 21 66
10% : - 7 26 7 s 1
15% - - 3 - 1 1
20% - - 3 - - -
25% - - - - - -
30% - - = - - -
35% - - - - - ~
40% - - - - - -
45% - - - - - -
50% . - = - - - -
Percent Readings Unobservable 0 0.8 0 l6.5 0 0
Percent Readings @ 0% Opacity . 99.8 78.0 93.3 | 18.7 97.5 | 92.0
5% 7 0.2 20,2 3.5 64.1 1.9 2;?
10% : - - 2.6 0.7 0.5 0.}
15% - - 0.3 - 0.1 9;%
20% | - - | 03] - - |-
Percent Readings [xceedinyg 20% - - - - - -

aZQ-hour clock start and end times

Excluding the time that readings were wot recorded for period of observation.

C . . .
Readings recorded at 15-second intervals unless otherwise noted.

Observer 1 - R. 8. Amick
Observer 2 - W, G. DeWees -




IV. PROCESS DESCRIPTION

Limestone consisting primarily of calcium carbonate or combina-

tions of calcium and magnesium carbonate with varying amounts of

‘impurities is quarried at the Woodville Plant. The limestone is

calcined or burned to form lime, commonly divided into two basic pro-
ducts~--quicklime and hydrated lime. Calcination expels carbon
dioxide from the raw limestone, leaving calcium oxide (guicklime}.
With the addition of water, calcium hydroxide (hydrated lime) is
fofmed.

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 (4) optionally processing
the quicklime further by additional crushing and sizing followed by
hydration; The majority of liﬁe is produced in rotary kilns which
can be fired by coal, o©il, or gas. Rotary kilns have the advantage
of producing high production per man-hour and a more uniform product.
However, they do require higher capital investment and unit fuel |
costs than most vertical kilns.

The Woodville Lime and Chemical plant has qu rotary kilns
each equipped with a Buell electrostatic precipitator. The kilns
are almost identical. The feed for both is a dolomitic stone,
quarried on the site and fed in sizes ranging from 1 inch to

2 1/4 inches at a rate of about 700 tons per day. There is no
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breheater. Normally the kiln is fueled with a mixture of

95 percent Number 6 fuel oil and 5 percent natural gas. Both

kilns have two heat transfer sections, each 20 feet long. The
product, about 350 tons per day, is cooled in a Neims cooler before
storage. There is no product crushing, but undersize material

is separated and returned to the kiln. The majority of the
product is used in the steel industry, mostly in basic oxygen
furnaces; none of the product is hydrated.

The electrostatic precipitator on kiln Number 1 was put in
cperation in July 1971. 1In this kiln the main process fan is
located before the ESP, with a cyclone before the fan to reduce
fan blade erosion. The precipitator on kiln Number 2 was put in
operation in December 1973. The main process fan is after the
ESP and there is no cyclone,

In both systems the inlet gas to the precipitators is cooled
to about 600°F with a combination of water injection and/or
tempering air. Each precipitator has 28,800 square feet of
collecting surface.area, which inciudes one cell and two fields:

design gas velocity is 1.5 feet per second and treatment time,

10.0 seconds. The plant manager reported that an earlier

emission test showed exit loadings of less than 0.005 grain

per dry standard cubic foot.

At present the dust collected from the precipitators is

disposed of in the gquarry. It is expected that in the future the

10




I

dust will be granulated and used as a component of dry mix
fertilizers that are blended in another part of the complex.
At the time of the initial plant inspection (February 8,
1974) the precipitators were working satisfactorily and had
been very well maintained. The plant is representative of

modern design; raw materials and products are typical of those

in the industry.

11 .
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V. LOCATION OF SAMPLING POINTS

‘Figure 1 shows the sampling ports and sampling points used
in the No. 1 lime kiln exit stack. The sampling ports were
located in a 63.5-inch inside-diameter vertical stack, 4 feet
(0.75 diameter) from the stack exit, and 12 feet (2.26 diameters)
from the nearest downstream disturbance. In order to meet the

sampling requirements of Methods 1 and 5 of the Federal Register,

Vol. 36, No. 247, it was necessary to install a stack extension
on the ESP exhaust outlet. Forty-eight traverse points (24
along each of two perpendicular diameters) were used as described

in the Federal Register Method 1. Additional sampling points in

the existing stack at a lower site were used for some of the gas

sampling.
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VI. PRQOCESS OPERATION & TEST CONDITIONS

Before the test series began, EPA engineers had decided
to conduct tests at the Woodville plant only during periods
in which opacity of visible emissions from the kiln stack
was in the range of 0 to 5 percent. This range had been
described as typical of opacities during operation of the
No. 1 kiln and was judged to be typical of those occurring
"in a well-controlled lime-producing plant.

Although plant operations appeared to be_normal and
preliminary readings indicated 0 to 5 percent opacity values,
several problems developed during the firs£ day of testing,
July 8,1974. After about 3 hours of testing, PEDCo's team
of opacity readers stopped the tests at 8:22 p.m. because
opacity values were exceeding. the S.percent limit. Testing
was resumed at 8:27 p.m. and continued until 9%:13 p.m.,
when the "A" field of the kiln's electrostatic precipitator
malfunctioned, probably because of overload. Samﬁling was

resumed at 9:16 p.m., when the opacity values again dropped

‘to the 0 to 5 percent range, The first test was completed

at 9:29 p.m.

The second test was started on July 9 at 8:41 a.m.

Opacities of visible emissions ranged between 0 and 5 percent
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throughout the entire test sequence; The test was completed
at 12:48 p.m., and because no problems were encountered

in sampling or process operation the emissions were considered
representative of those occurring normally.

After completion of the second test, plant operators
performed a routine cleaning operation, shutting down a
fan on the inlet to the ESP for removal of adhering dust.

The fan was not re-started after cleaning, however, and
opacity readings during the afternoon ranged between 10
and 15 percent. The third test, therefore, was not begun
until the following day.

Testing was resumed at 8:24 a.m. on July 10. Operations
appeared normal except for a heavy load in the kiln, as
evidenced by the ampere meter on the kiln-drive motor.

Opacity readings ranged from 0 to 5 percent. Sampling was
hampered, however, by biockage in the silica gel impinger,
which was replaced several times. ®@As testing progressed,

the opacity readers reported ;n increasing number of 5 percent
readings, with occasional 'puffs' as high as 10 percent.
Observations of the plume were difficult because of cloudy
skies. Test No. 3 was completed at 12:55 p.m.

Operating variables for the three test runs are summarized
in Table 5, and sulfur contents of the vafious‘brocess streams
are shown in Table 6.

A fourth test, intended to provide values to replace

those obtained in Test No. 1, was started at 3:00 p.m. July

15
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Table 5. SUMMARY OF OPERATING VARIABLES

Date

Particulate Test No.
Stone Feed Rate, ton/hra
0il Rate, gal/hr

Firing Zone Temp, °F

Mid Kiln, Temp, °F

Kiln Feed End Temp, °F
Before ESP Temp, °F

Stack Temp, °F

ELECTROSTATIC PRECIPITATOR DATA
"A" Field
Primary current, amps
Primary voltage, volts

Precipitator current, amps

HB" Field
Primary current, amps
Primary voltage, volts

Precipitator current, amps

7/8/74
1
3268~
322

2620-2650
1460-1465
1020-1040

683-700

660-675

39-50
250-275
0.20-0.30

41-55
240-260
0.27-0.35

7/9/74
3
TSy
356
2600-2650
1450-1475
1000-1035
685-700
660-690

37-46
250-265
0.19-0.23

50-54
240-250
0.28-0.30

7/10/74
5
36
375
2590-2620
1470-1520
1050-1080
700~725
6§70-700

48-61
250-270
0.20-0.32

53-61
240-250
0.32-0.37

a) Obtained by multiplying indicated tonnage by #=F881666

(see Appendix D).

16




Table 6. SULFUR CONTENT OF KILN, FUEL OIL, FEED ROCK, PRODUCT
AND EFFLUENT DUST.
Sul €ur Content
Sample Date Time $ by weight
#1 ESP Col. Dust 7/8/74 1830 0.9
#1 ESP Col. Dust’ 7/9/74 1015 1.32
#1 ESP Col. Dust 7/10/74 0800 1.28
#2 ESP Col. Dust 7/8/74 2030 0.78
#2 ESP Col. Dust 7/9/74 1255 ' 1.16
#2 ESP Col. Dust 7/10/74 1030 1.64
#1 Stone Feed 7/8/74 1750 0.02
#1 Rock Feed 7/9/74 1100 0.07
#1 Rock Feed. 7/10/74 1700 0.086
#1 Rock Feed 7/10/74 1000 0.07
#2 Stone Feed 7/8/74 2036 0.14
#2 Rock Feed 7/9/74 1230 0.04
#2 Rock Feed 7/10/74_ 1300 0.04
#2 Kiln Product 7/9/74 1300 0.01
#1 Lime Product 7/8/74 1720 0.07
41 Lime Product 7/9/74 0930 0.04
#1 Lime Product 7/10/74 1000 0.02
#2 Lime Product 7/8/74 2030 0.06
#2 Lime Product 7/10/74 1230 0.07
#1 Fuel 0il 7/9/74 0930 1.75
#1 Fuel 0il 7/8/74 1900 2.26
#2 Fuel 0il 7/9/74 1230 1.7
$#2 Fuel 0il 7/10/74 1230 5 0.875
$#2 Fuel 0il 7/8/74 2030 3.22
#1 Fuel 0il 7/10/74 1100 2.26
17
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10. Except for the heavily loaded kiln, process operations
appeared normal. Because opacity readings rose to the 15

to 20 percent range, testing was stopped at 4:30 p.m. Cleanup
operations later revealed that the sampling probe was broken.
The values obtained in this test were therefore discarded,

and further sampling was scheduled for the following day.

On the morning of July 11, however, stack opacity values
were Again ranging between 5 and 10 percent. Although plant
personnel tried several variations in kiln operation, the
high opacity readings persisted throughout the day and evening.
A reading at 10:30 b.m. gave values between 20 and 25 percent.

At 6:00 a.m. on July 12, opacity readings still ranged
between 5 and 10 percent. Personnel of the Woocdville plant,
EPA, and PEDCo agreed that the kiln should be shutdown briefly
for inspection. Examination of the_ESP revealed that several
charge plates were covered with about 1 inch of a sticky
substance, which prevented the dust_particles in the effluent
from receiving the positive charge and thus reduced collection
efficiency. It was estimated that ‘cleaning of the plates
would require shutdown of the kiln for a week or so. A
shutdown was scheduled for the week of July 15 to allow
cleaning of the ESP, rebricking of certain‘kiln sections,
and routine periodic maintenance. Further emissions testing

was to be conducted shortly after resumption of kiln operation.

18 -
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VIiI. SAMPLING AND ANALYTICAL PROCEDURES

Sampling procedures were designated by EPA. Analyses of
collected samples were performed by PEDCo. Appendix H presents
detailed sampling and analytical procedures.

Velocity and Gas Temperature

Gas velocities were measured with a calibrated type S
pitot tube and inclined draft gage. Velocities were measured
at each sampling point across the stack diameter to determine
an average value according to procedures described in the

Federal Registefl - Method 2. Temperatures were measured with

the use of a thermocouple.

Molecular Weight

A 4-hour integrated sample of the stack gases was collected
during test 1 by pumping the gas into a Tedlar plastic bag at
the rate of approximately 0.005 CFM. This bag sample was then

analyzed with an Orsat analyzer for COz, 0 and CO as described

2!
in the Federal Register, Method 3.

Particulates

Concentrations of particulate matter in stack gases were

measured by Method 5 as described in Federal RegiSter? A rigid

train consisting of a heated glass-lined probe, a 3-inch diameter

1} Federal Register, Vol. 36, No. 247, December 23, 1971.
2) Federal Register, Vol. 36, No. 159, August 17, 1971.

19
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glass-fiber filter, and a series of Greenburg-Smith impingers
was used for particulate sampling, as shown in Figure 2.

Sampling was conducted under isokinetic conditions by
monitoring stack-gas velocity with a pitot tube and adjusting
‘the sampling rate accordingly.

The particulate sample was recovered by triple-rinsing
the nozzle, probe, cyclone by-pass, and front half of the filter
holder with acetone into a glass coﬁtainer. The back half of the
filter holder, impingérs, and connecting tubes were rinsed with
distilled water and the washings placed in a glass container with
the impinger contents. These components were then triple-rinsed
with acetone into another glass container. The filter was
placed in a separate container. Blank samples of water and
acetone were also taken.

NO,

Nitrogen oxides were collected in evacuated 2-liter
flasks containing 25 ml of a dilute sulfuric acid/hydrogen

peroxide absorbing solution. The sampling and analytical

procedure was as described in Method 7 of the Federal Registerl

except that the final flask vacuum was read immediately after
sampling.
S0,

Sulfur dioxide sampling procedures followea those described

in Method 6? However, due to the low expected concentrations,

1) Federal Register, Vol. 36, No. 247, December 23, 1971.

26 .
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larger sampling equipment was used. Flue gas was passed

through a set of Greenburg-Smith impingers at a rate of
appréximately 0.8 cubic foot per minute. The first impinger
contained 150 ml of 80 percent isopropanol; the second and
third impingers contained 100 ml each of 3 percent hydrogen
peréxide/water solution. After sampling, ambient air was passed
through the train for 10 to 15 minutes. The isopropanol solution
was discarded, and the peroéoxide solution rinsed into a. glass
container. The hydrogen peroxide solution was titrated with
barium chloride, using a Thorin indicator as described in
Method 6.

Visible Emissions

Visible emissions were determined according to procedure:
in Method 9. Readings were difficult to determine at times due
to trucks loading and unloading ESP dust and quarry rock in the
vicinity of either the ESP unit or the observer and the light
colored plume against an overcast gnd partly'cloudy sky caused
poor distinction. 1In-addition, certain ESP rappers set up
a visible emission condition (puffs) that read approximately
5 to 10 percent opacity for about 2 to 3 seconds every cycle.

Sulfur Analysis

Solid samples were analyzed using Standard Methods of

Chemical Analysis of Limestone, Quicklime and Hydraded Lime,

C25-67, A.S.T.M. Standards, Part ¢, Cement; Lime; Gypsum, 1972,

American Sodiety for Testing and Materials, Philadelphia, Pa.
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Fuel o0il samples were analyzed using Standard Method of Test

for Sulfur in Petroleum Products by the Bomb Method, D 129-64,

A.S.T,.M. Standards, Part 17, Petroleum Products - Fuels, Solvents,
Burner Fuel QOils, Lubricating 0Oils, Cutting 0ils, Lubricating
Greases, Hydraulic Fluids, 1972, American Society for Testing

Materials, Philadelphia, Pa.
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Table Al.

Pun llo.

Test Date

Sampling 'time, 24 hour clock

sampling Jocation

D
o n

Ly

3
P,

3

I

m

m
nstd

W

gas

57
c

s
C
<

Pr

S LA

Liv

Sawpling Hoz:zle biametcr, in.
Neb Time of Test, Min.

Barowniric Pressure, in. Hg
nbsolute

Averagoe Orifice Pressure

Brop, in. “20

Volume of bry Gas Sampled at
reter Conditions, DCF

Average Gas teter Temperature,
o
i

Vorlame of bDry cas Sampled at
Stuandard Conditions®, DSCEF

Total I )0 ¢ollected in Impin-
gurs ajiid Silica Gel, ml

Volum» of Water Vapor Collected
at Standard Conditionsb, 5CF

% Hotslure in Stack Gas, by
Vo lume

Mole Fraction of Dry Gas
Valuwe % Dry

Vulﬁmu % Duy

Volume % Dry

Volume % bry

Percent Iixcess Alr

tlolecular Weight of sStack Gas,
bry Basis

SUMMARY OF PARTICULATE RESULTS

1
7/8/74

1713
2129
ESP Outlet

0,375
240

29.48
3.01

256.911

108.5

237,923
636.7

30.180
11.26

.B8874

21.66
8.0
0

70.34

74.7
31.79

3
7/9/74

0841
1248
ESP Qutlet

0.375
240

29,48 -

3.00‘
259,227
109.5
239,642
698.5
33.109
12.14

.8786

-3
7/10/74
824
ESP Outle
0.375
240

29,40
3.26
267,191
104.5
248,681
675.0
31,995
11.40

.8860
19.6
11.4

0

65.0

164
31.59
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Table A1 ({(continued)
Molecular Woelght of Stack
Gas, Vel Basis
Pitot Tube Coefficient

Avoeraygye Stack 'lemperature,
o
I B

et Sampling lPolnts

Static Pressure of Stack
Gas, 1n. 1y

Stack Gas Pressure, in. Hy
Absoluto '

Stack Gas Velooity at Stack
Conditions, [pm

. . 2
Stack Arca, ft
Dry 3tack Gas Volumetric Flow

Rate at Standard Conditions,
DRDSCIM

C

Stack Gas Veolumetric Flow Rate
at Stack Conditions, ACEFM

Percent lsokinetic

Percent Opacity

Unit Production Rate -
ton/hr.

Particulate - pProbe, Cyclonea,
and FPilter, ny

Particulate - Total, my

Lnpinger Catch

Particulate - Probe, Cyclone,
and Filter, gr/SCF

Particulate - Total, gr/sSCr

30.23

.83

621

48

0.03
29.51

2928
21.992

27619

64393

102.9

el

781.1

1704.6
54.2

0.051

0.111

|t

30.04

.83

669

0.03
29,51

3060
21.992

27390

67296

104.5

718.9

989.9

24,4

0.046

0.064

fon

30.04

.83

674

48

0.03
29,43

3198
21,992

28658

70330

103.6

417.0

889.3
53.1

0.026

0.055
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S o, Table Al (continued) 1
Cat Particulate - Probe, Cyclone, - 0.022
and TFiltev, gr/acCFE
C.ou Particulate - Total, gr/iACF 0.047
C Particulate - Probe, Cyclone, 12,0
it . N -
and ulter, Ilo/nr.
Coe Particulate - dotal, Ib/aor. 26.2
Ptf Particulate - Probe, Cyclone e
: ) and Filter, 1b/ton
Pft Particulate - ‘Total, lb/ton G

= e — o .
Dry standard cubic fect at 70°F, 29.92 in. iiy.

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

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

49

0.019

0.026

10.9

15.0

ligg.
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CALCULATIONS

Volume of dryBgas sampled at standard conditions - 70°F,
29.92" Hg. ft~.

B m
13.6 17.71 X 256.911 (29.48 + 3.01
v = — 13.6
m -— -
std .
(T_ + 460) (108.5 + 460)
m = 237.710
Volume of water vapor at 70°F & 29.92" Hg, Ft.3
v, =0.0474 XV _ = Ft.> = (0.0474)(636.7) = 30.180
gas
% moisture in stack gas
100 X Vw .
gM = gas = 100 X 30.180 = 11.27
Vm + Vw 237.710 + 30.180
std - Tgas
Mole fraction of dry gas
My = 100 - %M = 100 - 11.27 = .8873

100 100

Average molecular weight of dry stack gas

MW . = (3CO. X 44) + (30
d 2 00 2" 100 2" 190

(21.66 X .44) + (8 X .32) + (70.34 X .28)

X 32) + (%N, X 28)

31.79




- o

s v %

4

]

10.

Molecular weight of stack gas

MW=MW a X Md +.18 (1 - Md)

(31.79) (.8873) + (18) (1-.8873)

30.23

Stack velocity @ stack conditions, fpm

. 1/2
v_.= 1062.6c_ x\AP X (T_ + 460) |-——s -
s = . p s P MW

= (1062.6)(.83) (.389) (621+460)

s —

1 = 2923
(29.51) (30.23)

Stack gas volume @ standard conditions, SCFM

17.71
_ X Vs X AS X Md X PS
0, = -

(Ts + 460)

Per cent isokinetic

1032 X (T + 460) X V
§I = S Msta

= (17.71)(2923)(21.992) (.8873) (29.5

(621 + 460)
= 27576 ' :

_ (1032) (621+460) (237.710)

2
VS X Tt X PS X Md X (Dn)

Particulate - probe, cyclone, &

c__ = 0.0154 x Mg =
A"

an
m std

(2923)(240)(29.51)(.8873)(.375)2
= 102.7

filter, gr/SCr

(0.0154) (781.1) = 0.051
237.710
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11.

12,

13.

14.

15.

Particulate total, gr/ScCF

Cao = 0.01543 X fg = (0.0154) (1704.6) = 0.1l1
std 237.710

m

Particulate - probe, cyclone & filter,
gr/CF at stack conditions

17.71 X Can X Ps X Md

Cat = = {17.71)(0.051) (29.51) (.8873)
{621 + 460)

(Ty + 460) 0.022

Particulate - total, gr/CF @ stack conditions

17.71 X CaO X Ps X Md

C.y = = (17.71) (0.11) (29.51) (.8873)
| (621 + 460)

(T_ + 460)
s = 0,047

Particulate ~ probe, cyclone, & filter, lb/hr.

= : = (. .051) (27576) = 12.05
Cqw = 0.00857 X C_ X Q_ ( 00857)( 051} (27576)

Particulate - total, 1lb/hr.

C,x = 0.00857 X Cio X Qs = (.00857) (0.11) (27576) = 26.0
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APPENDIX B

GASEOUS RESULTS AND

EXAMPLE CALCULATIONS
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N02 CALCULATIONS
TEST A
1. Sample Volume -
Pf P.
V. o= (17.71)(V_ - 25ml) —
s o _
T T,
“T £ 1

vthere: VS = Sample volume at -std. cond., dry

2. PPM NO

2

C =

wher

2
]

o
H

basis, ml.
= Volume of flask and valve, ml,.

o
Pf = Final absolute pressure of flask, in.Hq.
Pi = Initial absolute pressure of flask, in. Hg.
'Tf = Final absolute temperature of flask, “R.
Ti = Initial absolute temperature of flask, R.
- 26,68 _ - 4.03
(17.71) ( 2073~ 25ml) cEq Tes i)
1457 ml

(.5245) (M) 6

vV
5

x 10

fl

e: C Concentration of NO_,PPM. {dry basis)

2!

M = Mass of NO2 in gas sample, mg.
VS= Gas sample volume @ 70°'F and 29.92" Hg.
(.5215) (0.830) 100
1457
. 298.8 PPM .
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3.

LBS/HR NO

2

—_—— P

ER = (PPM) {(Q )(60
S hx \ 387 £t3 /1b-mole /

where: ER = Emission Rate in lbs/hr.

PPM= Parts per million N02 (dry basis)

MW = Molecular weight of NO2, 46.01
ER = (7.133) (PPM) (0_) x 1078
ER = (7.133) ( 298.8) ( 27619 ') x 107 °

ER = 658.9 LBS/HR

min) x ( &E*’_--_(_lb_i_/}l%:md?ﬁx 1076
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SO, CALCULATIONS (Test 2)

2
' AH
Vmstd = vp—tIstd) {(Pbar + 13.6
(Tm) - (Pstd)
- 1,90
Vmetd = _( 180.062) (530) (29.48 + 13.6
( 566) (29.92)
Vmstd = 166.917 std cu. ft.
ppmso. = AVE-VED) (N)  (Vsoln) (.032) (24.5) (105)
, =
(64) (28.316) (Va) (Vmstd)
ppMso. - 1 28.52) (0.0188 ) (510 ) (.032) (24.5) (10%)
, =
(64) (28.316) (10 ) (166.917)
PPMSO2 = 7078 ppm by volume

CS0, = (7.05%107°) (Vt=Vth) (H) (Vsoln)

(Vmstd) (va)

CSO, = (7.05x10°°)( 28.52) (0.0188 ) ( 510)
(166.917 ) (10 )

S0, = 1.155x107°> 1b/std cu. ft.

Emission rate (CSOZ)(sttd)(GO)

Emission rate = (1.155x10 ™ ) (27619 ) (g0)

Emission rate 19.1 1b/hr.
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Vmstd

Vmstd

Vmstd

PPMSO..

PPMSO

PPMSO

Cso, =

Cso, =

Cso, =

Emission rate

Vm

(Tstd) (Pbar + 13.6

S0, CALCULATIONS (Test 4)

2

AH

(Tm)

(181.11

(Pstd)

) {(530)( 29.48+ 13.6

(574 )(29.92r

165.549

std cu. ft.

(VE-Vtb) (N)  (Vsoln) (.032) (24.5)

(10%)

(64)

((3.12 )(0.0188 )( 650) (.032) (24.5) (105)

{28.316) (Vva) - (Vmstd)

(64)

(7.05x10"

(28.316) ( 10) (165.549)

10.0 ppm by volume

3) (Vt-Vth) (H) (Vsoln)

(Vmstd) (va)

) (3.12 ) (0.0188 ) (650 )

1.624x10"°

(7.05x10"

Emission rate =

Emission rate =

(165.549 ) (10 )

1b/std cu. ft.

(CS0,) (Qssta) (60)
(1.624x107° ) (27390 ) (60)

2.67 lb/hr.
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SO, CALCULATIONS (TEST NO., 6)
: AH
Vmstd = Vm (Tstd) (Pbar + 13.6
(Tm) (Pstd)
1.85

Vmstd = ( 180.024) (530)(29.40 + 13.6

(565 ) (29.92)

(10%)

Vmstd = 166.705 std cu. ft.
PPM502 {(Vt-Vtb) {N) (Vsoln) (.032) (24.5)
(64) (28.316) (va) {Vmstd)

ppMso. = 17.90 ) (0.,0188 )¢ 590) (.032) (24.5) (10°%)

PPMSO

CsS0

(64)

(28.316) (10 ) (166.705)

2 51.5 ppm by volume

, = (7.05x107>) (VE-Vth) (H) (Vsoln)

(Vmstd) (vVa)

cSo2 (7.05x107°) (17.90 ) (0.0188 ) (590 )

CS0, =8.398x10°

Emission rate
Emission rate

Emission rate

{166.705 ) {10 )
1b/std cu. ft.
(csozikosstd)(GO)

(8.397x107% ) (28658 ) (60)
14.4 1b/hr.
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APPENDIX D

OPERATING RESULTS
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WOODVILLE LIME AND CHEMICAL COMPANY

-

Office of the Vice P Phone 848-4311
ice of the Vice President _ WOODVILLE, OHIO

August 23, 1974

EPA
Mutual Plaza

Room 926
Research Triangle Park, N. C. 27711

Attn: Mr. Gene Riley
Dear Sir:

Herewith enclosed please find copies of your research
data sheets, with the stone rate recalculated to a more
reasonable figure. This information was placed in your
column for Gas Totalizer, which I have relabled as

::::iiffi% Stone Rate T/hr. The factor that I used was
0.7231685. This factor times the total indicated tonnage
6§ us a reasonable figure to calculate the amount of

j lime produced.

/ As I indicated our oil totalizer gives us a very good
indication of the total amount of oil used, but as a
whole I tend to discount the hour by hour figures.

Wﬁ’v

Yours very truly,

- . e
4 -

«

s

George Judd
Chief Chemist
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' . . . ., P vl -
SUITE 8 + ATKINSON SQUARE
CINCINNATI. OHIO 45246
513/771-4330
ANALYTICAL DATA

Plant WGOoDY L E [ Iwmiz (0. Date "]-8""7?
2. Sampling location \img& Kuw MO, | B¢ oudL&T Run No. {
3. sample Type _SULPURIC RCA\D  AIST™ Sample Box No. A
4. Clean-up Man __¥. meEraPowmS |
MOISTURE NUTE: it C€L WAS SATUEMTED
IMPINGERS ' SILICA GEL :
Final Volume LS8 ML Final Wt. 2733,749. g. g. ,.‘{537
Initial volume 200 ML Initial Wt.20009. _ g. ~g. _f_i___
Net Volume SR ML Net Wt. 22]9- g 9. 35,7
. TOTAL MOISTURE _ 2419 9.
FoapL
ﬂz z 375 LABORATORY RESULTS
b Upudazl . 2 3 4. 5 6 7
GROSS '
TARE
BLANK
FRONT HALF
Acetone wash of nozzle, probe, cyclone Container 1. mg
(bypass), flask, front half of filter
holder.
Filter Number Container 2. - my
Water wash of nozzle, probe, cyclone Container '
{(bypass), flask, front half of filter Water 3. mg
holder.
Container
Ether-Chlorcoform
Extraction 4. mg
FRONT HALF SUBTOTAL mg
BACK HALF

Impinger contents and water wash of

impingers, connectors, and back Container .

half of filter holder. Impinger Water 5. ng
Container _
Ether-Chloroform
Extraction 6. mg

Acetone wash of impingers, connectors,
and back half of filter holder Container 7. mg

BACK HALF SUBTOTAL mg

TOTAL WEIGHT my
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Fll oo - b v SONN e IN | A
SUITE 8 . ATRINSON, SQUARE
CINCINNATI, OHIO 45246
513/771-42330

ANALYTICAL DATA

[ —

Acetone wash of impingers, connectors,
and back half of filter holder ' Container 7. mg

Plant Mavbl/!/u( /A Al ~27E Date 7= ?‘77
2. Sampling location Airz@ HUN B/ o o7 LR 7~ Run No. - ¥ ﬁ/
3. Sample Type ‘ = 0., Sample Box No.
. =
. 4. Clean-up Man JL:A 5(/)/.?
=g 1
/.5 MOISTURE 37
. IMPINGERS ' SILICA GEL '
" Final volume % ML Final Wt. <44/ }q. g. g.
Initial Volume & o ML Initial Wt.4w, 0g. g. g.
Net Volume 2/ &5 ML Net Wt.’ z1.{9. g g.
. TOTAL MOISTURE _3®r,7/ J.-
376.1
: LABORATORY RESULTS
1 2 3 4 . 5 6 7
5 GROSS
‘ TARE
BLANK
i FRONT HALF
Acetone wash of nozzle, probe, cyclone Container 1. mg
= (bypass), flask, front half of filter
i holder.
, Filter Number Container 2. mg
' Water wash of nozzle, probe, cyclone ., Container
. {(bypass), flask, front half of filter Water 3. mg
holder.
Container
Ether-Chloroform
i Extraction 4. "~ mg
FRONT HALF SUBTOTAL mgj
. ‘BACK HALF
Impinger contents and water wash of
| impingers, connectors, and back Container
half of filter holder. Impinger Water 5. g
Container
. Ether-Chloroform
Extraction - 6. mg

BACK HALF SUBTOTAL Mg

TOTAL WEIGHT : mg
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ol LI - b i v NN 2 AN
SUITE B8 « ATKINSON SQUARE
CINCINNATI, OHIO 4524
513/771-4330
ANALYTICAL DATA

»

1. Plant _ wephliasll 4111E Date _ J—10-11Y
Sampling location 4y X 1AM A 1 Gy LT Run No. (o
Sample Type D Sample Box No.

4. Clean-up Man . WMEA T WS

w N

MOISTURE
IMPINGERS . SILICA GEL
Final Volume §03 ML Final Wt. &/92,4. g. g
Initial volume 28] 4] ML Initial Wt. ofpo 9. g. g
Net Volume 2.0 2 ML Net Wt.’ 92.4g. g. g
LoD foyc 4 o e z‘-;’{TOTAL MOISTURE g.
o z 0%
- 200 3 20 —;-"-;;' LABORATORY RESULTS
1 2 3 4 5 6 7
GROSS
TARE
BLANK
i FRONT HALF
Acetone wash of nozzle, probe, cyclone Container - 1. mg
(bypass), flask, front half of filter
i holder.
, Filter Number __ Container 2. mg
. Water wash of nozzle, probe, cyclone Container
{(bypass), flask, front half of filter Water 3. mg
: holder. o
i Container
Ether-Chloroform
Extraction 4. my
i FRONT HALF SUBTQTAL ile]
i BACK HALF
Impinger contents and water wash of :
impingers, connectors, and back Container .
i half of filter holder. ' Impinger Water 5. ng
. Container _
Ether-Chloroform
Extraction 6. mg
s Acetone wash of impingers, cornnectors, '
and back half of filter holder Container 7. mg
;' BACK HALF SUBTOTAL mg
.. TOTAL WEIGHT myg
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_HOK GAS SAMI L ING-EVACUATED FLASK

COMPUTER INPUY DATA

Prepared By r—‘{ ME A DOLOS

Project wNo. 3082-v

TESY . o
O DAY _ LOCATION

L1 AL 1 71BN Wiololp v (L&) LV mE (€0 | 1
1 5 13 ’ . : 37

o ) ) i-_'L.f\Si(
) sA M e

TYPE OF OPERATION SAMPLLEG VOLUME
FLASE 10O,

[u')

LIAMIE] TGN NG ) L g g g | L dARi01.32
38

68 , 76 80
T PLASK VACUUN= T TG (LG e Sp BARG | e e
MIMPRIC CLOCK A
IHLT1AL EANAL IM- FINAL PHEQ—L o bscrn
LEG 1 LEG 2 {LEG 1 | LG 2 {ITIAL SURLE
4 L ' . K\., |—' L{ 8 ," i
L8 31000 11319 11i51d 1/ 101S] (029198 | 1) | esael | L2611 19)
] 5 9 13 i7 21 25 30 35238, 45
N st
R [:A(;-I-': N '.I.I ) _;\'1 fj-_;\l OX rlll:: Slr
VOIL . (nl) . TV R IN SAMPLFE BY
Fos
| 11218510 | e | o vt Fin
46 52 59 (z,_g’? , 66 75 PEDCO - EMVIRONMENTAL

BLIITE 1Y« ATKIMAOr: LoUuUAHE
CIHCINNATIL, OMID 43248




-‘-‘-‘

MO, GAS SAMPLING-EVACUMPED MLASK
FhY

COMPUTIER INPUT DATA

Prepared By F'-.

METYDow S

Project No. _%0B2~vy

TEST - N

NO . DATE LOCATTION

T

|- WOODU Y} LLE Ly mpE co

IEIBll7l*l8*"l1|q*‘9“‘1‘41’¢lllllfllll!l[-‘!'llil"
1 3 13 ‘

u\mci V&Y B0 b ) ESR) ot T

. A SAMPL LI TV LASK
TYPE OF OPERATION e VOLUME
: FLASIL M0, (i)

Ll 18lZeBig)e

38 68 76 80
[ FLASE VACUUR a0 g PLASK TEHP, 01| BARG= | o ——ye :

LHITTAL A, R e i ETH bscrt |
T.EG 1 LG 2 LG ] LEG 2 1'P'IAL SURE }
LZR 003319 1 L2i9] Li3e] 1110S] 11019291981 | | COBY8L |1 120618
] 5 5 3 17 21 25 30 D) s
VOL . {(ml) I IN SAMPLIE BY
¥ 50l | CMILOZ 1 ) SBeH |1 M
4 52

59 .67 266 75

PEDCO-EI"JVIFQ’ONMENTAL
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SUITE 8 ATKINSOMN SQUATRL
CINCINNATI, OHIO 45246
S13/771-4330
ANALYTICAL DATA

1. Plant _JLﬂhga/i,QZ% L .

£5 /P 59/1_71' Yo 75

Date _ = ¢ S 7L

Run No. /

2. Sampling location

T T Tl e s PR e e .

R TER ST R TEe e

3. Sample Type S o s Sy P Sample Box No, =
4. Clean-up Man A4 '%é“ﬂé/ 7T 6lass
. 5//" Of el e Was
: MOISTURE veKer? Dering Kun.
IMPINGERS S51LICA GEL :7
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Net Volume 597 ML Net Wt. gF 7 g. g. g.
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GROSS 9z Ty %X, N . Zﬁv 78 DB LTS
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FRONT HALF

Acetone wash of nozzle, probe, cyclone
(bypass), flask, front half of filter
holder.

Filter Number (X LVF

Water wash of nozzle, probe, cyclone

(bypass) , flask, front half of filter
holder.

BACK HALF

Impinger contents and water wash of
impingers, connectors, and back
half of filter holder.

Acetone wash of impingers, connectors,
and back half of filter holder

Container 77 1. FH* [/ mg

‘Container ¢ 2. FF7/O0mg
Container

~Water _ 3. mg
Container
Ether~-Chloroform
-Extraction 4. mg
FRONT HALF SUBTOTAL 77¥%/. / mg
Container éﬁﬁz '
Impinger Water 5. jZd,gqug
Container Z7J& _ )
Ether-Chloroform
Extraction 6. F 6 g

Container 498 7. 45/ F mg

BACK HALF SUBTOTAL 2232 4 mq
TOTAL WELIGHT /7% & Mg
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Final Volume . T~ ML Final Wt. . g g.
Initial Volume -2 ML Initial Wte=n2 9. g - g.
Net Volume s ' ML, Net Wt. R g g-.

TOTAL MOISTURE 93 5-J.

LABORATORY RESULTS ‘
1 2 3 4 5 6 . 7

GROSS < Zoent o, 7527 T8 o) 2 a0l e
TARE - G5 9538 D ATFE 285 25 O 55 lel 578
BLANK 5 oz~ o , &) S COFAE S0 Z

FRONT HALF

Acetone wash of nozzle, precbe, cyvclone Container &g 1. Z&5FHmg
(bypass), flask, front half of filter

holder.
Filter Number o //# ‘Container 44" 2. Fu & Img
Water wash of nozzle, probe, cyclone " Container
(bypass), flask, front half of filter Water 3. my
holder.
Container
Ether~Chloroform
Extraction 4. mg
FRONT HALF SUBTOTAL Z/8% mg
BACK HALF
Impinger contents and water wash of
impingers, connectors, and back Container 7125{
half of filter holder. Impinger Water 5. p7.& mg
Container 757
Ether~Chloroform
Extraction 6. EZZ 7 _mg

Acetone wash of impingers, connectors,
and back half of filter holder Container 7477 7. 74%.7 mg

BACK HALF SUBTOTAL AR

TOTAL WEIGHT - 232, 2P my
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sSuUiITE 8 - ATKINSON SQUARE
CINCINNATI, OHIO 45246
513/771-4330
ANALYTICAL DATA

1. Plant Wil s S Lt Lo Date ___ 7Z—fed =7
2.. Sampling location ESLE DS 7 Run No. S
3. Sample Type Sy el Sample Box No. &
4, Clean-up Man (12

MOISTURE
IMPINGERS SILICA GEL :
Final Volume S ML Final Wt. £7745 9. qg. g.
Initial Volume _z~ ML Initial Wt. g2 9. g. - 9.
Net Volume Pt ML, Net Wt. 75 9. g. g.

TOTAL MOISTURE =&~ g.

LABORATORY RESULTS

1 2 3 4 5 6 7
GROSS  PFALT OEFSTZ P FTL86T B Zeve
TARE SG A7) D PA LD 2L 296 28.0/FF BF STH7
BLANK  ©0,/A17 0 Q Q.3 C.COZE

FRONT HALF

Acetone wash of nozzle, probe, cyclone Container 772 1. /57 Zmg
(bypass), flask, front half of filter

holder.
Filter Number /s "Container 772 2. Z3# /mg
Water wash of nozzle, probe, cyclone Container .
(bypass), flask, front half of filter Water 3. mg
holder.
Container
Ether-Chloroform
Extraction 4. mg
FRONT HALF SUBTOTAL fd/_‘z,ﬁmg
BACK HALF
Impinger contents and water wash of .
impingers, connectors, and back Container
half of filter holder. Impinger Water 5. pxo, / g
Container FZ&
Ether~Chleoroform
Extraction 6. B 57~y
Acetone wash of impingers, connectors,
and back half of filter holder Container 774 7. /03 7 mg

BACK HALF SUBTOTAL H 7L FmY

TOTAL WEIGHT TS S mg
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PEDCo-ENVIRONMENTAL SPECIALISTS, INC,

MEMORANDUM
TO: R. Gerstle : DATE: Oct. 29, 1974
SUBJECT: Woodville Lime FROM: E, Barnett
' [ T
gé,,thcumdjlﬂ
FlLE: 309"2"7/ ' ce: Wm. DeWees

Following are the results of anlaysis of the rock and oil samples

from Woodville Lime.

Results
Sample Date Time £FAA (mg S/grams of sample)
S q-pof -

#1 ESP Col Dust 7/8/74 1830 7490 9.0
#1 ESP Col Dust 7/9/74 1015 752 13.2
41 ESP Col Dust 7/10/74 0800 769 12.8
$#2 ESP Col Dust . 7/8/174 2030 791 7.8
#2 ESP Col Dust 7/9/74 1255 753 11.6
#2 ESP Col Dust 7/10/74 1030 770 16.4
#1 Stone 7/8/74 1750 753 0.2
#1 Rock 7/9/74 1100 493 0.7
#1 Rock ' 7/10/74 1700 ? 0.6
#1 Rock 7/10/74 1000 760 0.7
#2 Stone 7/8/14 2036 73% 1.4
#2 Rock 7/9/74 1230 7499 04
#2 Rock 7/10/74 1300 261 0.4
#2 Kiln 7/9/74 1300 750 1.0
¥1 Lime r« + / 7/8/74 1720 YEY, 0.7
#1 Lime 7/9/74 0930 799 0.4
#1 Lime : "7/10/74 1000 . 768 0.2
#2 Lime 7/8/74 2030 738 0.6
#2 Lime : 7/10/74 1230 ver 0.7
#1 Kiln Fuel 0il 7/9/74 0930 796 17.54
#1 Fuel 0il 7/8/74 1900 739 22.63
#2 Kiln Fuel 0il 7/9/74 1230 791~ 17.12

. 42 Fuel 0il 7/10/74 1230. 769 -, 8.75
#2 Kiln Fuel 0il 7/8/74 2030 725 32.16

_#1 Fuel 0il : 7/10/74 1100 - 763 22.56

Solids were analyzed using Standard Methods of Chemical Analysis

of Limestone, Quicklime, and Hydraded Lime, C25-67, A.S.T.M. Stand-

ards, Part 9, Cement; Lime; Gypsum, 1972, American Society for
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TO: R. Gerstle -2- Oct. 29, 1974

Testing and Materials, Philadelphia, Pa.

Fuel oil samples were analyzed using Standard Method of Test

for Sulfur in Petroleum Products by the Bomb Method, D 129-64,

A.5.T.M. Standards, Part 17, Petroleum Products - Fuels, Solvents,
Burner Fuel Oils, Lubricating Qils, Cutting 0Oils, Lubricating
Greases, Hydraulic Fluids, 1972, American Society for Testing

Materials, Philadelphia, Pa.
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SAMPLING METHODS
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‘DETERMINATION OF PARTICULATE EMISSIONS

The following method was used in this test program.

Sampling procedures followed those described in the Federal

Regis;ter.l

SAMPLING APPARATUS

The particulate sampling train used in these tests met

design specifications established by the Federal EPA and was

assembled by PEDCo personnel. It consisted of:

Nozzle - Stainless steel (316) with sharp, tapered
leading edge and accurately measured round opening.

Probe - Pyrex glass with a heating system capable of
maintaining a minimum gas temperature of 250°F at the
exit end during sampling. .
Pitot Tube - Calibrated type S attached to probe to
monitor stack gas velocity.

Filter Holder - Pryex glass with heating system capable
of maintaining minimum temperature of 225°F

Draft Gage - An inclined manometer made by Dwyer with a
readability of 0.0l inches H20 in the 0-1 inch range
was used.

Impingers - Four impingers connected in series with

‘glass ball joints. The first, third, and fourth

impingers were of the Greenburg-Smith design, modified
by replacing the tip with a 1/2 inch I.D. glass tube
extending to 1/2 inch from the bottom of the flask.

The second impinger was of the Greenburg—Smlth deSLgn
with a standard tip.

Thermometer - Dial type with long stem.

"G S TER "EER e ik "l CEE aE TEh uh (A (T D 'S B AR e
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‘FPederal Register, Vol. 36, No. 247, Part ITI,
becember 23, 1971.
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Metering System - Vacuum gauge, leak-free pump, ther-
mometers capable of measuring temperature to within
5°F, dry gas meter with 2% accuracy, and related
equipment, to maintain an isokinetic sampling rate and
to determine sample volume. The dry gas meter is made
by Rockwell and the fiber vane pump is made by Gast.

Barometer - Bourden tube type to measure atmospheric
pressures to + 0.1 inches Hg.

SAMPLING PROCEDURE

After selecting the sampling site and the minimum
number of traverse points, the stack pressure, temperature,
moisture, and range of velocity head was measured according

to procedures described in Method 1 of the Federal Register

(December 23, 1971).

Approximately 200 grams of silica gel were weighed in a
sealed impinger prior to each test. Glass fiber filters*
(3" diameter) were desiccated for at least 24 hours and
weighed to the nearest 0.1 milligram on an analytical
balance. One-hundred ml of distilled water was placed in
each of the first two impingers; the third impinger was
initially empty; and the impinger containing the silica gel
was placed next in series. The train was set up without the
probe as éhown in Figure A-1l. The sampling train was leak
checked at the sampling site by plugging the inlet to the
filter holder and pulling a 15 inch Hg wvacuum. Leakage
rates of less than 0.02 cfm at a vacuum of 15%in. Hg were
recorded in all cases. The probe assembly was then attached,

and crushed ice placed around the impingers. More ice was

added during the run to keep the temperature of the gases

leaving the last impinger at approximately 70°F.

®* MSA 1106 BH
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During sampling, stack gas and sampling train data were
recorded at each sampling point and when significant changes

in stack flow conditions occurred. Isokinetic sampling

rates were set throughout-the sampling period with the aid

of a nomograph.
SAMPLE RECOVERY PROCEDURE

The sampling train was moved carefully from the test
site to the cleanup area. Samples of the acetone and water
used in the sample recovery were taken for use as blanks.
The sample fractions were recovered as followé:

Container No. 1 - The filter was removed from its
holder and placed in a petri dish and sealed.

Container No. 2 - Loose particulate and acetone wash-
ings from all sample-exposed surfaces prior to the
filter were placed in a glass jar and sealed. Par-
ticulate was removed from the probe with the aid of a
brush and acetone rinsing.

Container No. 3 - The condensate from the first three
Greenburg-Smith impingers was measured within + 1 ml
and placed into a glass jar. Water rinsings from the
back half of the filter holder, all connectors, and the
first three Greenburg-Smith impingers were placed in
this container and the container sealed.

_Container No. 4 - Acetone rinsings from the back half
‘of the filter holder, support, all connectors, and the
first three Greenburg-Smith impingers were placed in
this container and sealed.

Container No. 5 — A minimum of 300 ml of acetone was
taken for the blank analysis.

Container No. 6 - A minimum of 300 ml of.distilled
water was taken for a blank.

The silica gel from the fourth impinger was weighed and

recorded. The used silica gel was discarded.




e e

Mratys =

—————

ANALYTICAL PROCEDURES

The following procedures were used and follow the

methods described in the Federal Register of August 17,

1971.%

Container No. 1 - The filter and any loose particulate
matter from this sample container were placed into a
tared glass weighing dish, desiccated to a constant
weight and weighed to the nearest 0.1 mg.

Container No. 2 - The acetone washings were transferred
to a tared beaker and evaporated to dryness at ambient
temperature and pressure; desiccated to a constant
weight; and weighed to the nearest 0.1 mg.

Container No. 3 - Organic matter from the impinger
solution was extracted with three 25 ml. portions each
of ethyl ether and chloroform. The extracts were
combined into a tared beaker, and evaporated until no
solvent remained at about 70°F. The sample was then
desiccated to a constant weight and weighed to the
nearest 0.1 mg. The remaining water was evaporated by
boiling in a tared beaker, and the residue weighed.

Container No. 4 - The acetone washings from the back
half of the filter holder, connectors and first three
Greenburg-Smith impingers were transferred to a tared
beaker; evaporated to dryness at ambient temperature
and pressure; desiccated to a constant weight; and
weighed to the nearest 0.1 mg. :

Container No. 5 - The acetone blank was transferred to
a tared beaker, and evaporated to dryness at ambient
temperature and pressure. The blank was then desic-
cated to a constant weight and weighed to the nearest
0.1 mg.

Container No. 6 - The water blank was evaporated by
boiling 1n a tared beaker, desiccated to a constant
weight, and weighed to the nearest 0.1 mg. Blank
corrections were made in prOportlon to the amount of °
reagent used. -

I

Federal Register, Vol. 36, No. 159, Part II,
August 17, 1971.
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DETERMINATION OF NITROGEN OXIDES IN STACK GAS:

PHENOLDISULFONIC ACID METHOD

INTRODUCTiON
The following method was used to determine total oxides
of nitrogen. Samples were collected in evacuated flasks con-
taining a dilute sulfuric acid-hydrogen peroxide absorbing solu-
tion, and the nitrogen_oxideé, except nitrous oxides were measured
spectrophdtometrically at 410 nm.
REAGENTS |
The following reagents were used in this sampling program:
(A1l chemicais were ACS analytical-reagent grade.)
Water - Distilled - deionized water.

Hydrogen Peroxide (3%)- 10 ml. of 30 percent H,0, was
diluted to 100 ml in a 100 ml wvolumetric flask with wdter.

Absorbing Reagent -~ 2.8 ml of concentrated H,S50, was
diluted to one liter with distilled water. After mixing well,
6 ml of 3 percent hydrogen peroxide were added. The solution
is prepared fresh every two or three days.

Sodium Hydroxide (1 N} - 40 gm of NaOH were dissolved
in distilled water and diluted to one liter.

Ammonium Hydroxide ({(concentrated) -

Sulfuric Acid {(fuming) - (15-18% 503)

Phenoldisulfonic Acid Solution - 25 grams of pure white
phenocl were dissolved in 150 ml of concentrated H,50, on a
steam bath. After the solution cooled, 75 ml fuming sulfuric
acid were added. It was then heated to 100°C for two hours.
The reagent was stored in a dark stoppered reagent bottle.
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Potassium Nitrate Solution {standard) - 0.5495 grams of
KNO3 were dissolved in one liter of water in a volumetric
flagk. 100 ml of this solution was diluted to one liter in a
volumetric flask. One ml of the final solution was equivalent
to 0.025 mg NO,.

SAMPLING APPARATUS

Flasks - Two-liter, Pyrex, round-bottom flask were encased
in a simple container with a sleeve and accompanying stopcock valve
as shown in Figure A-2.

Vacuum System - The vacuum system consisted of a vacuum
pump, capable of producing a vacuum of 3 inches Hg absolute
pressure, connected to a 0-36" Hg u-tube manometer.

Thermometer ~ Dial thermometer, range 25 to 125°F, 5-inch
stem.

Probe - Pyrex glass, heated, with a filter to remove par-
ticulate matter.

Variable Transformer - Rated at 12 amps, 0 to 140 volts.

Spectrophotometer - A Bausch & Lomb Spectronic ‘70, capable
of measuring optical density at 410 nm in 0.5 inch absorbance
cells was used.

SAMPLING PROCEDURES

25 ml of absorbing solution wére pipetted into a sample
flask.v The flask valve stopper was inserted into the flask
with the valvé in the "closed" position. The sampling train
was assembled as shown in Figure A-2 with all valves closed.
The probe was ﬁlaced at the sampling point. The probe valve
and the pump-manometer valve were turned to their "open"” positions
and the probe purged. The probe valve was then_closed and the
flask valve opened to its "evacuate" position.- The flask was
evacuated to at least 3 in. Hg absolute pressure: The manometer
reading was taken by turning the pump-manometer valve to the
"manometer” position. The pump was turned off and the system

was checked for leaks by observing any drop in the mercury level.
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The initial flask pressure, volume, temperature, and barometric
pressure were recorded on the data sheet. The probe valve was
slowly turned to the "sample" position until a slight drop in

the manometer ﬁercury_level.was observed. The sample was allowed
to enter the flask for about 3 to 4 minutes., The probe valve

was then closed when there was approximately a one inch mercury
vacuum left in the flask. The final flask pressure and téﬁperature
were then recorded. The flask valve was closed and the flask

contents were shaken for five minutes.

Sample Recovery
. The samples were allowed to remain in the flasks for at
least 24 hours. The sample was then transferred to a 250 ml
beaker using a small amount of wéter.
Analysis

The sample was evaporated to dryness in an oven and then
cooled. Two ml of phenoldisulfonic acid solution were added
to the dried residue and triturated thoroughly with a glass rod.
One ml of water and 4 drops of concentrated sulfuric acid were
then added. The solution was heated on a steam bath for three
minutes with occasional stirring. Aftgr cooling, 20 ml of water
were added and mixed well by stirring. Concentrated ammonium
hydroxide was added dropwise with constant stirring until alkaline
to litmus paper. The solution was transferred to a 100 ml volu-:
metric flask and the beaker washed three times with 4 to 5 ml
portions of water. The solution was diluted to the mark and
mixed thoroughly. The absorbance of each sample was measured

at 410 nm using the blank solution as a zero. A half inch absor-




bance cell was used.
CALIBRATION PROCEDURES

Flask Volume - The flask and flask valve were assembled

and filled with water to the stopcock. The volume of water was
measured to + 1 ml. The flasks were numbered and the volume
recorded on each.

Spectrophotometer - Aliquots of 0.0 to 16.0 ml of potassium

nitrate solution (standard} was added to a series of beakers,
and 25 ml of absorbing solution added to each. Sodium hydroxide
(1N) was added dropwise until alkaline to litmus paper (about

25 to 35 drops). These solutions were transferred to 100 ml
volumetric flasks and the absorbance read at 410 nm. The cali-

bration curve was checked prior to each set of samples.
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DETERMINATION OF SULFUR DIOXIDE EMISSIONS IN STACK GASES
This method was used to measure sulfur dicoxide in stack
gases and follows Method 6 of the Federal Registerl, with
modifications as noted below.
SAMPLING APPARATUS
Nozzle - Stainless Steel (316) with sharp, tapered

'leading edge.

Probe - Pyrex glass with a heating system capable of
maintaining a minimum gas temperature of 225 F at the exit
end during sampling and prevent condensation form occurring.

Pitot Tube - Type S, attached to probe to monitor stack

-gas velocity. *

Filter Holder - Pyrex glass

Impingers - Four as shown in Figure A;3. The first
and third are of the Greenburg-Smith design with standard
tip. The second and fourth were modified by replacing the
standard tip with a 1/2 - inch ID glass tube extending to
within one-half inch of the bottom of the impinger flask.

Metering System - Vacuum gauge, leak-free pump, ther-

mometers capable of measuring temperature to within 5°F, Adry
gas meter with 2% accuracy, and related equipment, to
maintain an isokinetic sampling rate and to determine

sample volume.

-

l. Federal Register, Vol. 36, No. 247 - December 23, 1971.
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Barometer - Bourden tube type to measure atmospheric
pressure to + 0.1 inches Hg.
SAMPLING REAGENTS

Filters - Glass fiber, MSA type 1106 BH
of a suitable size to fit in the filterholder.

Silica Gel - Indicating type , 6-16 mesh.

Water - Deionized, distilled.

Isopropanol, 80% - Mix 800 ml. of isopropanol with 200
ml. of deionized, distilled water. ‘
Hydrogen Peroxide, 3% - Dilute 100 ml. of 30% hydrogen

peroxide to 1 liter with deionized, distilled water.

ANALYTICAL REAGENTS
Water - Deionized, distilled.
Isopropanol

Thorin Indicator - 1 - (0-arsonophenylazo)-2-naphthol-3,

6~disulfonic acid, disodium salt. Dissolve 0.20 gram in 100
ml . distilled water.

Barium Chloride (0.0200N) - Dissolve 2.4431 grams of
barium chloride [BaClz] in 200 mi. distilled water and dilute
to 1 liter with isopropanol. Standardize with sulfuric

acid.
Sulfuric Acid Standard (0.02N)- Standardize to +
0.0002 N against 0.0l1N NaOH which has previously been

standardized against primary standard potassium acid
phthalate.

SAMPLING PROCEDURE

One sampling point of average velocity was chosen
which was more than 2 feet from the inner wails of the
stack. .The train was assembled as follows: 150 ml. of
80% isopropanol in the first impinger, 100 ml. of 3%
hydrogen peroxide in both the second and third impingers,
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and about 200 grams of weighed silica gel in the fourth

impinger. A portion of the reagents were retained for use

as a blank. The train was assembled without the probe

and was leak checked at the sampling site by plugging the

inlet of the first impinger and pulling a 15-inch Hg vacuum.

A leakage rate not in excess of 0.02 cfm at a vacuum of 15

inches Hg was recorded in all cases. The probe was then

attached and the probe heating system turned on. The probe

heater setting was adjusted during sampling to prevent any

visible condensation. Crushed ice was placed around the

impingers and more ice was added during the run to keep

the temperature of the gases leaving the last impinger

to 70°F or less.

' For each run, the data were recorded at startup, on

completion of the test and at 15 minute intervals.

Sampling was begun by positioning the probe at the sample

point. The pump was then started and sampling proceeded

at a rate of approximately 0.8 cfm for a 240 minute period.
At the completion of the test, the probe was removed

from the stack and the train was pruged for 20 minutes

by drawing ambient air through the system.

SAMPLE RECOVERY

The solutions from the second and third impingers
were transferred to a Wheaton bottle. These impingers
and their connecting glassware were rinsed with deionized
distilled water and other washings added to the same
container. The isopropanol from the first impinger and

filter were discarded.
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ANALYTICAL PROCEDURES

The volume of the sample was recorded. A 10 ml
aliquot of sample was pippetted into a 100 ml Erlenmeyer
flask. 40 ml of isopropanol and 2 to 4 drops of thorin
indicator were added. The sample was then titrated with
barium chloride to a pink end point. Each titration was
repeated with a second aliquot of sample. The blanks

were titrated in the same manner as the samples.




APPENDIX I

TEST LOG
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APPENDIX J
RELATED REPORTS

(Supplied by EPA)




that were encountered, two'
performed at the Woodville
first test series began on
EPA Report No.
started on August 5, 1974,

No.

RELATED REPORTS

Because of the process and control equipment problems

75-LIM-8.

74-LIM-3A.

additional test series were
Lime and Chemical Compahy. The

May 21, 1974, and is discussed in

~The last test series performed

and is presented in EPA's Report






