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II. INTRODUCTION

Undexr the Clean Air Act of 1970, as amended, the Environ-
mental Protection Agency (EPA) is charged with the establishment
of performance standards for stationary sources which may con-
tribute significantly to air peollution. A performance standard
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 éonsideratibn.

Woodville Lime and Chemical Company in Woodville, Ohio, was
designated as a well-controlled stationary source in the lime
producing industry and was thereby selected by EPA for an emission
testing program. The tests were conducted during the period of
May 20 to 21, 1974. The process under investigation in this test

series was the No. 1 lime kiln at the Woodville plant. Emissions

from the lime kiln are controlled by a cyclone in series with an
electrostatic precipitator. During the test period difficulties
encountered with process operation and above-nbrﬁal production
rates resulted in nontypical emissions; the test\program was
therefore rescheduled for a later date (Jﬁly 8, 1974).

Results obtained in preliminary testing on May 20 and in

one complete test on May 21 are presented here. The complete
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test run included measurements of filterable particulates, total
particulate, oxides of nitrogen, and sulfur dioxide in effluent
from the exit stack of the lime kiln. In addition, moisture
content and dry molecular weight of the exit gas were determined,
and opacity of visible emissions was recorded by two trained

observers and also with a continuous opacity transmissometer.
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III. SUMMARY OF RESULTS

A summary of data on particulate emissions from the No. 1
lime kiln ESP exit stack is presented in Table 1. The pre-
liminary test (A), which was conducted on May 20, 1974, covered
only 40 of the 48 traverse poipts; the second test (No. 1), con-
ducted on May 21, 1974, covered only 44 of the 48 traverse
points. In addition, the plant was operating at an above-normal
production rate, which caused overloading of the ESP emission
control device. ATherefore, the emissidns data presented in
this report are considered to be guestionable and nonrepresentative
of a well-qontrolled lime producing process.

The EPA Process Engineer decided to conduct several tests
on the effluent gas stream from the ESP even though the process
rate exceeded normal operational parameters. This decision was
based on the need for information wifh which.to determine
correlation of emissions concentratieons and visible opacity
observations. EPA had transported to the plant site a continuous
monitoring transmissometer for opacity measurements; the emission
measurements therefore were performed for purposes of correlation
with readingslfrom this instrument, even though émission rates
wére known to be above normal for this plant.

The filterable particulate, as measured by the probe and

filter catch, averaged 30.35 pounds per hour at a concentration of




" SN N W BB W B

L

- o

- . .

E - e -,
Caar ] -

Table 1.

LImE KILN

Run Number‘

Date

Volume of Gas Sampied,-DSCFa
Average Stack Temperature, °F
Percent Moisture by Volume

Stack Volumetric Flow Rate, DSCFMb
Stack Volumetric Flow Rate, ACFMS
Percent Isokinetic

Feed Rate, ton/hr

Particulates - probe, bypass, and
filter catch

mg
gr/DSCF
gr/ACE
ib/hr
1b/ton

Particulates - total

my
gr/DSCF
gr /ACF
l1b/hr
1b/ton

a »
Dry standard cubic feet at 70°F,

A

5/20/74

56.155

675
12.17
26994
66504

99.3

277.2

0.0762
0.0310

17.6

635.2

0.1746
0.0710

40.4

29.92 in Hg.

SUMMARY OF PARTICULATE RESULTS

1
5/21/74
121.814
686
10.65
27142
66504
98.2

s AT

1463.4
0.1854
0.0757

43.1
o,

1586.8
0.2010
0.0820

46.8
,-!EEEF

-

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

Actual cubic feet per minute.

!

Average

681
11.41
27068

66504

0.131
0.0533

30.35

0.188
0.0765

43.6
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0.131 graiﬁs per DSCF. Total particulate emissions averaged 43.6
pounds per hour at a concentration of 0.188 grains per DSCF.
Results of the second test yielded higher concentrations of
filterable particulate than were obtained in the first test,
probabiy because of discontinuities in process operation and
production rates.

Emissions of oxides of nitrogen and sulfur dioxide were
determined only during the second test. A summary of oxides
of nitrogen data is presented in Table 2. These data show
average emissions of 48l ppm by volume and 93.2 pounds per hour.

The method for sampling of sulfur dioxide was intended to
measure emissions in the 1000 ppm range. Analysis of the samples
obtained, however, showed sulfur dioxide concentrations much
lower than those expecfed, about 20 ppm; sample volume was there-
fore inadeguate to yield measurable results. This low concen-
tration was attributgble to the neutralization of the sulfur
dioxide by the alkaline dust produced in the process.

Determinations of visual opacity of emissions from the lime
kiln stack were performed independently by two PEDCo personnel
using Federal Register Method 9. Opacity was also measured by the
Lear Siegler continuous transmissometer. Data on visible emissions
are summarized in Table 3. The average opacity was 14 percent
for all reédings during the test periods. A 20 percent opacity
level was exceeded about 8.5 percent of the test‘time. This high
visible opacity was another indication of emissions much higher

than those expected.
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Table 2. SUMMARY OF NITROGEN OXIDES EMISSIONS FROM

LIME KILN
Test no. 2 3
Date: 5/21/74 5/21/74
Time, 24 hr 1249 1339
Flow rate, DSCFM 27142 27142
Sample volume, ml 1025.4¢6 1145.04
Milligrams of NO, 0.979 1.009
Concentration, ppm 500.7 462.2
Emissions, lb/hr 96.94 B9.48

6

Average
column

27142

481.5

93.21
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Run No, 2

Table 3. 'Summary of Visual Opacity Readings
Date 5/21/74 ' Lear
Siegler
Ubs. 1. Obs. 2 Ohs. Y 2 Chs. 1 Ohs,
Interval of Observations' Startruil58 1158 1530 ll |
‘End | 1441 | 1458 o Eese .
Duration of Observation (min)2 163 180 ~ 20 —_
Total No. of Readings> 653 | 720 | 8o
flo. of Readings Unobservable B B R S R
No. of Readings 8 0% 0p5city 0 4 0__, - .
- - 0 118 0
S ) s
15 388 270 24 S
207 >4 64 1 ___;u:,*m_.
25% 21 22 ?_m _____________ e
30% ST N N N 0 S
35% 0 18 _ i _
405 0 6 | 0
45% 0 2 | H 0
507 0 0 °
Percent Readings Unbbservab?o " " “““““:“"'i“ —_—
Percent Readings @ 0% Opacity 0 0.6 . 0 o
57 0 16.4 0
107 28.9 | 27.9 N 2.5
15% 5940 37.5 h o) 30.00
20% 83| 8.9 | . LATeSh
Percent Readings Cxceeding 204 | 3.4 | 8.8 | 1 0

1. : .
Z4-hour clock start and end times

ZExcluding the tiwe Lhat readings were not recorded for

3 , . - .
Readings recorded at 15-second intervals unloess olhevuwise noted.

Observer 1 -~ W. DeWees

Obsefver 2 - R. Amick

perioad of olservation,




The testing series was terminated.by CAP personnel before
the desired number of tests were run because the lime kiln was
running at a high production rate, and visible emissions were
exceeding the average 5 percent opacity level that was normal

for the No. 1 lime kiln exit stack.
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IV. PROCESS DESCRIPTION

Limestone consisting primarily of calcium carbonate.or combina-
tions of calcium and magnesium carbonate with varying amounts of
impurities is guarried at the Woodville Plant. The iimestone is
calcined or burned to formllimé, commonly divided into two basic pro-
ducts--quicklime and hydrated lime. Calcination expels carbon

dioxide from the raw limestone, leaving calcium oxide (quicklime).

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

formed.

The basic processes.in production are: (1) guarrying the lime-
stone raw material, (2) preparing the limestone for kilns by crushing
and sizing, (3) éaléining the limestone, and (4) optionally processing
the quicklime.furéher by additional crushing and sizing followed by
hydration. The majority of lime is produced in rotary kiins which
can be fired by coal, oil, or gas. Rotary kilns have the advantage
of produéing 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 tﬁb rotary kilns
each equipped with a Buell electrostatic precipitator. The kilns
are almost identical. The feed for both is a dolomitic stone,
qﬁarried 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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preheater. 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 cocled 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
ocperation in July 1971. In 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 includes cone cell and two fields;
design gas velocity is 1.5 féet per second and treatment time,
10.0 seconds.

At present the dust collected from the precipitators is
disposed of in the guarry. It is expected that in the future the
dust will be granulated and used as a component of dry mix

fertilizers that are blended in another part of the complex.

10
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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.

11
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Figure 1. Test Site-No. 1 Kiln Precipitator Outlet.
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VI. PROCESS OPERATION

- The EPA project engineer arrived at the plant at 3:00 p.m.
on Monday, May 20. At this time the plant was running at 5 to
10 percent over the normal production rate. Because the
Pfizer Chemical Company lime plant in Perrysburg, Ohio, had
just gone on strike, production at the Woodville plant had
been increased to the absolute maximum in anticipation of
increased demand. Neither stack was clear (about 20% opacity),
and the ESP voltage and amps were reading low. It was assumed
that the higher opacity was due to the increased'production rate,
which caused the process to emit greater concentrations of dust.
The kiln feed rate was calculated by multiplying the factor of
wprPZY9 times the total indicated tonnage recorded from the
control room stone totalizgr meter (see reference letter in
Appendix D).

On the ﬁorning of May 21, kiln No. 1 was processing an
average of Wewee- tons of stone per hour. The ESP voltage and
amp readings were still low, and opacity readings still high
(about 15%, with some as high as 30%). A water spray was added
to the feed end of the kiln to increase the conductivity of the
gas stream in the ESP, but no effect on collection performance

was noticed. Plant officials believed that increasing the

13
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production capacity may have resulted in "heavy combustibles"
(0oil) passing into the ESP. This o©il possibly combined with
dust to build up a coating on the wires and plates. This
coating would eventually be removed by the rappers but this
process mighf'require several weeks. Further testing was post-
poned until the time when the plant and the ESP resumed normal

operation. The operating variables are summarized in Table 4.

14
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Table 4. SUMMARY OF OPERATING VARIABLES

Test No. 1
Stone feed rate, (tons/hr) oo~ o
0il rate, (gal/hr) 388

Gas to oil ratio, (BTU Basis) -

Mid kiln temp., (°F) 1490-1530
Feed end temp., (°F) 1040-1100
Before ESP temp., (°F) 690-740
Stack temp., (°F) 675-710

Electrostatic Precipitator Data

A Field

Primary current, (amps) 35-46
Primary voltage, (volts) 210-245
Precipitator current, (amps) 0.17-0.21
B Field

Primary current, (amps) 22-39
Primary voltage, (volts) 200-245
Precipitator current, (amps) 0.12-0.21

NOTE: No operational data were collected during the
preliminary run on May 20, 1974.

15
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VII. SAMPLING AND ANALYTICAL PROCEDURES

Sampling procedures were designated by EPA. Analyses of
collected samples were performed by PEDCo. Appendix G 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 Reg}sterl - 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 CO,, O and CO as described

2'
in the Federal Register, Method 3.

Particulates

f

Method 5 as described in Federal Register”,2 was used to
measure particulate matter. A rigid train consisting of a heated
glass-lined probe, a 3" glass fiber filter, and a series of Green-
burg-Smith impingers, as shown in Figure 2, was employed in all

particulate tests.

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

16
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Sampling was conducted under isokinetic conditions
by monitoring the velocity with a pitot fube and adjusting
the sampling rate accordingly. Because of the heavy dust
loading during a 4-hour test, two filter changes were required
during Test 1. After 131 minutes of testing on Test 1 the
high temperature and high vacuum pulled a hole in the poly-
vinyl vacuum line in the meter box. The hole was detected’
immediately because of the vacuum that was required to sample.
The test was terminated at this point.

Sample recovery consisted of triple-rinsing the nozzle,
probe, cyclone by-pass, and front half of the filter holder
with acetone into a glass container. The back half of the
filter holder, impingers, and connecting tubes were first
rinsed with distilled water, then placed in a glass container
along with the impinger contents. fhese components were then
triple-rinsed with acetone and the washings placed in another
glass container. The filter was placed in a separate con-
tainer. Blank samples of water and acetone were also taken.

NO
—X

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

ekcept that the final flask vacuum was read immediately after

"sampling.

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

18
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The samples were analyzed by the PDSA method. Two samples
were lost in the lab by breakage.

£9,

Sulfur dioxide was determined by passing a measured volume
of flue gas through a set of midget impingers at a rate of
approximately 0.025 cubic¢ foot per minute. The first impinger
contained 15 ml of 80 percent isopropanol; the second and third
impingers contained 15 ml each of hydrogen peroxide in water
solution. The hydrogen peroxide solution was titrated with
barium chloride using a Thorin indicator to determine sulfur
dioxide (SOZ). Because the concentration was so low, less than

1l ml of titrant was required and an accurate measurement was

not possible,

19
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APPENDIX A

PARTICULATE RESULTS AND

' EXAMPLE CALCULATIONS
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‘Summary of Particulate Results

Run #o.
Test Date
Sampling Time, 24 hour clock

Sampling Location

Dn Sampling Nozzle Diameter, in.

Tt Net Time of Test, Min.

Pb Baremetric Pressure, in. lig
Absolute '

P

m Average Orifice Pressure

Drop, in. ”20
n Volume of bDry GCas Sampled at
Meter Conditions, DCF

Average Gas HMeter Temperature,

m op

Vm Voluma of bry Gas Sampled at
std  Standard Conditions?, DSCF

Vw Total H,0 Collected in Impin-
) gers aild Silica Gel, ml

Vw Volume of Water Vapor Collected
gas at Standard Conditionsb, SCF
3 M % Moisture in Stack Gas, by
Volume '
Md Mole Fraction of Dry Gas

5 CO Volume % -Dry
% O2 Volume % Dry
. CO Volume % Dry
2 N Volume i bry
% LA° Percent LExcess Air

de Molecular Weight of Stack Gas,
Dry Basis

A
5/20/74

1630 -
1745

kiln outlet

0.375
60

29.62

56.690
.73
56.155
164.2

7.783

12.17

.8783

1
5/21/74

1055 -
1339
kiln outlet

0.375
131

29.52
2.79

131.663

109
121.814
306.3

14,.51%

10.65

. 8935

27.4

32.65
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Molecular Weight of Stack
Gas, Wet Basis

Pitot Tube Coefficient

Average Stack Temperature,
°F

Net Sampling Points

Static Pressure of Stack
Gas, in. Hy

Stack Gas Pressure, in. Hg
Absolute

Stack Gas Velocity at Stack
Conditions, fpm

Stack Area, £t 2

Dry Stack Gas Volumetric Flow
Rate at Standard Conditions,®

DSCFM

Stack Gas Volumetric Flow Rate

at Stack Conditions, ACFi
Percent Isokinetic
Percent Opacity

unit Production Rate -
tons/hr.

Particulate - Probe, Cyclone,

and Filter, mg
Particulate - Total, mg

% Impinger Catch

Particulate - Probe, Cyclone,

and Filterxr, gx/SCF

Particulate - Total, gr/SCF

e

30.87

.83

675

40

.026
29.65
3017
21.992
26994
66504

99.3

277.2

635.2
56

.076

e 175

=

31.09

.83

686

44

I.026
29.55
3014
21.992
27142
66504

98.2
14

-

1463.4

1586.8

8

.185

.201
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Run ilo. A

Cat Particulate - Probe, Cyclone, .031
and Filter, grx/ACF

Cau Particulate -~ Total, gr/ACF .071

caw Particulate - Probe, Cyclone, 17.6
and Filter, lb/ihr.

qu Particulate - Total, 1lb/hr. 40.4

P ¢ Particulate - Probe, Cyclone -
and Filter, 1b/ton

Ptt Particulate - Total, 1lb/ton -

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

C

standard conditions at 70°F, 29,92 in. Hg.

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

J—

.076

.082

43.1

46.8
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EXAMPLE CALCULATIONS USING TEST 1 DATA

Volume of dry,gas sampled at standard conditions - 70°F,
29.92" Hg. ft°. :

17.71 X v P, + P
m

B m
13.6 .79
v - (17.71) (131.663) (29.52 + {57
m = .
td .
s (T + 460) .. (109 + 460)
m ' = 121.814
Volume of water vapor at 70°F & 29.92" Hyg, Ft.3
v = 0.0474 X V_ = Ft.3 = (.0474)(306.3) = 14.519 Stad ft>
w w .
gas
% moisture in stack gas
100 X V
&M = Ygas = (100 X 14.519)
v T v - = 10.65%
(121.814) + (14.519
Mstd wgas ) ( )

Mole fraction of dry gas

Md = 100 - &M - (100) = (10.65)

100 = 0.8935

100

'Average molecular weight of dry stack gas-

MW . = (3CO

a X 44) + (%0

100

X 32) + (3N, X 28)
2 2" 169 2" To0
8

= (27.4 X .44) + (6.6 X .32) + (66 X .28) = 32.65
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Molecular weight of stack gas

MW

MW M

a + 18 (1 - Md)

d

= (32.65)(.8935) + (18)(.1065) = 31.09
Stack velocity @ stack conditions, fpm

‘ 1/2
1 1 =
= 5128.8 I S
v, c, x\bp  x (T_ + 460) |-;S 5 ‘J
L 1/2
= (5128.8) (.83) N(.403) (686 + 460) [FE ST 09 = 3014
Stack gas volume € standard conditions, SCFM
17.71 X V_ X A XM, X P
Q_ = s s = d S = SCFM=
s - .
(T + 460) (17.71) (3014) (21.992) (.8935) (29.55)
. S -
(686 + 460)
= 27116
Per cent isokinetic
1032 X (T_ + 460) X V
T = T Meed (1032) (686 + 460) (121.813)
2 (3014) (131)(29.55) (.8935) (. 375) 2
Vo X T, XP_ XM X (D)

= 98%

Particulate - probe, cyclone, & filter, gr/SCF

C,, = 0.01543 x Mg (.0154) (1463.4)
Vm sta’  121.813

= 0.185 gr/DSCF




- R S Sy . -

R .-

R N

| ) e e e W

11l.

12.

13.

14,

15.

Particulate total, gr/SCF

c.. = 0.01543 x Mg o (-01543)(1586.8) _

ao = .201
Mg (121.813)
Particulate -~ probe, cyclone & filter,
gr/CF at stack conditions
17.7) X C__ X P_X M '
an S d (17.71) (.185) (29.55) (.8935)

C = R =

at

(686 + 460)

(TS + 460)

.0755.

Particulate'— total, gr/CF @ stack conditioirs

17.71 X Cao X PS X Md

c = = (17.71) (.201) (29.55) (.8935)
au

: ' (686 + 460)
(T, + 460)

= .082

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

Caw = 0.00B57 X Can X QS = (.00857)(0.1853(27116)-= 43.0
Particulate - total, 1lb/hr.

= = .0085 0.201) (271 = .
Cax 0.00857 X Cao X Qs ( Q 7)Y ( ) ( 16) 46.7
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APPENDIX B

GASEOUS RESULTS AND

EXAMPLE CALCULATIONS
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NO, CALCULATIONS

2
Test No. 2
1. Sample Volume
P P,
v, = (17.71)(V_ - 25nl) - 1
T T

f i

where: VS Sample volume at std. cond., dry

basis, ml.

VO = Volume of flask and valve, ml.
Pf = Final abscolute pressure of flask, in.Hg.
Pi = Initial absolute pressure of flask, in. Hg.
Tf = Final absolute temperature of flask, "R.
T, = Initial absolute temperature of flask, "R.
V_ = (17.71) (2070 - 25ml) ?7'22 o Abs2
S 550 544

vV = 1025.5 ml.
S

2. PPM NO

2
cC = (.5235)(M) < lo6
s
where: C = Concentration of N02,PPM.(dry basis)
M = Mass of NO2 in gas sample, mg.
V= Gas sample volume @ 70°F and 29.92" Hg.
= .979 -
c (.5245) ( ) % 106 -
1025.5




3. LBS/HR NO

2
ER = (PPM)(QS)(GO m;?) < M.W.(lgs/lb-mole) x 10-6
: 387 ft”/lb-mole
where: ER = Emission Rate in lbs/hr.
PPM= Parts per million NO, (dry basis) g
MW = Molecular weight of N02, 46.01
Q, = Dry standard cubic feet per minute
ER = (7.133) (PPM) (Q_) x 107°
ER = (7.133)( 500.7)( 27142 ) x 10-6
ER = 96.94 LBS/HR

.- . . o~ — -
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Vsoln

v
a

Cso s

7.05X1072

sttd

SO2 Symbols

Volume of gas sample through the dry gas meter
(standard conditions), cu. ft.

‘Volume of gas sample through the dry gas meter

{meter conditions]), cu. ft.

Absolute temperature at standard conditions, 530° R.
Average dry gas meter temperature, °R.

Barometric pressure at the orifice meter, inches Hg.
Absolute pressure at standarxrd conditions, 29.92

inches Hg. _

Volume of barium percholorate titrant used for the

sample, ml.

Volume of barium percholorate titrant used for the

blank, ml.

Normality of barium percholorate titrant, g.-et./l.

Total solution volume of sulfur dioxide, 50 ml.

Volume of sampie aliquot titrated, ml. )
Concentration of sulfur dioxide at standard conditions,
dry basis, 1lb./cu. ft.

Conversion factor, including the number of grams per gram
equivalent of sulfur dioxide (32 g./g.-eq.), 453.6 g./lb.,
and 1,000 ml./1., 1b.-1./g.-ml,

Stack gas flow rate at standard conditions dry cu. ft./min.




Vmstd

Vmstd

PPMSO2

PPMS0O

PPMSO2

CSO2

AN S e e
4 s s

CSO2

Emission rate

Emission rate

-l =Em . "y o AW :
| , - . T . .

9

SO2 Calculations

(Tstd) (Pbar)
vm (Tm) (Pstd)
( ) { ) ( ) =
I ) - )
(VE-Vth) (N) (Vsoln) (24.5) (10°)
63) (28.316) va) (Vmstd)
( ) ( ) ( ) (24.5) (10%)
) (28.316) ( ) ( )
ppm by volume
(7.05x1072) (Vt-Vtb) (N) (Vsoln)
{ ) {
1b/std cu.ft.
(CS0,)  (osstd)  (60)
( ) { } = 1b. /hr.

I
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WOODVILLE LIME AND CHEMICAL COMPANY
i ‘ Phone 849-4311
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August 23, 1974

P

EPA ,
Mutual Plaza

Room 926

Research Triangle Park, N. C. 27711

-

Attn: Mr. Gene Riley

Dear Sir:

1l
o]

Herewith enclosed please f£ind 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
wachted Stone Rate T/hr. The factor that I used -was

A’ s This factor times the total indicated tonnage

5 givesTus a reasonable figure to calculate the amount of

¢« 1lime produced.

- .|
A

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

‘
g

Gl N e

Yours very truly,

-

George Judd
Chief Chemist

~
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TRAVERSE POINT LOCATION FOR CIRCULAR DUCTS

‘;LANT ) redinllr 2 oms
ATE S =207y

“AWPLING LOCATION . Y2, ] 75ey  E S5 oFack

NSIDE OF FAR WALL TO x5 e
OUTSIDE OF NIPPLE, (DISTANCE &) ___ &3 "4
JNSIDE OF NEAR WALL TO 2!
l OUTSIDE OF NIPPLE, (DISTANCE B) 3,
TACK L., (DISTANCE A - DISTANCE B) &3 £ * i _
NEAREST UPSTREAM DISTURBANCE /R -2 m J4E " =2 3Ol
EAREST DOWNSTREAM DISTURBANCE __ 4 X~ = 0.76 L )
ALCULATOR SCHEMATIC OF SAMPLING LOCATION B
TRAVERSE PRODUCT OF TRAVERSE POINT LOCATION E‘:"-ﬁ
POINT FRACTION COLUMNS 2 AND 3 - FROM OUTSIDE OF NIPPLE &
. NUMBER OF STACK L.D. STACK 1.D. (TO NEAREST 1/8 INCH) DISTANCE B (SUM OF COLUMNS 4 & ) :
) 7 2
R [/ 3.5 | 2P [0 1 [ &
;2 32 P |2 .03 / 2 é;—
3 5.5 3.49 | 3 5
e 4 2.9 S, D2 | 53
fs /0.5 b o 7 6 Z y—
2.2 .35 3% )
7 2/ /0.2 /0 -i‘
3 19, 4 /2.3 123
' 4 23,0 14 & 1% %
)b 272 [ 7.3 / 7:%;
li /4 32.3 20, 5 2035
) £ 39 5 253 2SS 2
R Lo.2 3%.2 33%
17 b7 7 43, 0 L3 2
L5 722. 8 46, 2 b
| B 722D &3, 9 9
’_ 12 2. 5/ 2 5}%
13 3.9 3.3 .5’3_.3.
ki 3c.8 55,1 $57
lo 19,5 5L, 8 &5t %
L 92,1 53 5 58 %
11 94, S L 0.0 {%f",i_
23 26,8 b4, 5 J,{ 613
- - r =
2y 74,9 €35 |29 (25| 37 L2
4 (Dury 232

4/12
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VOL. (ml) TYPE IN SAMPLE BY
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GAS SAMPLING FIFLD DATA

Material Sampled For Sz,

Date B2 7
Plant ji/fn .z 1//‘//¢ Lispre s Location ,,-e /5 [z f/
Barometric Pressure " Mercury

Ambient Temperature,oF‘gii Stack Temperature,©CF ol
Test No. 5;51#/

Power-5Stat Setting

Filter Used: — Yes v/ o No
Operator 411/7

Time Meter, ££3 Flow Rate Meter Temp. ,COF
cfm in " put -
/5% G2l /ELH | LI5 32 yrioh
& oy |\ogezo2e | o5 oz, G

Impinger Contents

No. 1 - /5 w02/, .Zégyor?zz
No. 2 =~ - 25,/ Mlalle T
No. 3 - __ ol Mealw FTE
No. 4 =~ Sofca e/ ‘
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APPENDIX F

LABORATORY REPORT
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S131771-43D
ANALYTHe “L DATA

1. rplant l/-/c?d)d? ville Lim e, - Date S {/6;/75/
2. Sampling location Limpe fifa, A/O_F ZSPO@f_AKmT Ro. Z
3. Sample Type ‘;/4;2]—}(“;_ LT Sample Box Lo,
4. Clean-up Man 4 / 0/(077%07?
MOISTURE
IMPINGERS ' - SILICA GEL _
Final Volume ‘/éo ML Final wt. 29/6_31 G .
Initial Volume 2 oo ML Initial Wt.Z2go o. . ‘.
Net Volume 725 Net Wt. . L S5Y. 4. g,
TOTAL MOISTURE 2, 37. _
LABORATORY RESULTS
1 2 3 4 s ) 7
cross 99,862 2. S332 (286t Fe:853) 00,1553
TARE  FT28 7 63 28025 96.8225 Laniz]
BLANK 012 M

L0023 0068, 10007
FRONT HALF

Acetone wash of nozzle, probhe, cyclone Containc__zr LMV{ L. C&Oi, 5/mg
{(bypass), flask, front half of filter. .
holder. . -

Filter Number Container .

jae]

. CS_@C’ ng

Water wash' of nozzle, probe, cyclone . Container

(bypass), flask, front half-of filter Water 3. ngy
holder. ’
Container
Fther~Chloroform
Extraction 4. ngy

FRONT HALE SUBTOTAL /¢ b3. &g

BACK HALF

Impinger contents and water wash of '
impingers, connector's, and back 'Contai_nm‘_[eu_l/_"_’_z__ . .
half of filter holder. Impinger Water 5. 4.3mg

Container WV ""3
ther-Chloroform .
Extraction 6. 52, ? my

and back half of filter holder _ Container Wl/‘\’ 7. _13.7 my

‘Acctone wash of impingers, connectors,

BACK IIALF SUBTOYAL /2 3, ng
TOTAL WELGHT [S38Le8 ng
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Plant [A/Qﬂd ILS L/me/'

Lo DATA

2. Sampling location A(,Jme.,k [ #_Z ZSI

_ Dbate 57725)]/7/5/

O tlet Run Ho.

3. Sample Type (zzgx%zcgckkéf

holder.

Filter Number

Water

waﬁh'of nozzle, probe, cyclone
(hypass), flask, front half of filter
holder.

BACK HALFP

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

wash of
and back

"Acctone Qa sh of impingers, connectors,
and back half of filter holder

Sample Box llo. éz
4. Clean-up Man __40 '(M;M-zf
_ ‘ HOISTURE
IHPINGERS SILICA GLL '
Final volume 357 M, Final Wt. 225"2_(;. 9. <a.
Initial Volume 200 ML Tnitial Wtizpo q. q. <.
Net Volume /3¢ ML Net Wi, ag. Y. Y.
TOFAL MOISTURE a7 9. '
LABORATORY RESULTS
1 2 3 4 s 6 7
GROSS ,776 .575‘4 2 5&}:3‘” 761858 _(22_5_3’}’
TAPFE, . 3G AW, S IRV NP
BLANK .0008 ‘ZZZ .ooz 7 S, - 008
FRONT HALF
Acetone wash of nozzle, probe, cyclone Container Lb/ﬂz:jL l"_JZEEZQEb
(bypass), flask, front half of filter

Container 2.

5?/«2 iny

Container

Water B

ng
Containephn__wn_
Fthor-Chloroform
Extraction 4. _  mg

FRONT HNALF SUBTOTAL

2?7 é e

2

Container Ub&#'

Impinger Water

Containor bt/vq' 9/

Ether~Chloroform
Extraction 0.

Container “Mzzgjfr;.

BACK HALF SUBTOTAL

_fZ/f /:__|1|(f

é»f;f‘-;’i,,v@

v
J-

05 S myy

/0. 8 mgy
F3E.Ong

TOTAL WELIGHT

&35, 2wy
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APPENDIX G

SAMPLING AND ANALYTICAL 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

Register.l

SAMPLING APPARATUS

The particulate sampling train used in these tests met
design specificationé 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 0.01 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-Smith design
with a standard tip.

Thermometer - Dial type with long stem.

l-Federal Register, Vol. 36, No. 247, Part II,
December 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 atmospherlc
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 wvelocity 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 distiiled 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 shown in Figure A-l1l. The sampling train was leak
checked at the sampling site by plugging the inlet to the
filter holder and pulling a 15 inch Hg vacuum. Leakage

rates of less than 0.02 cfm at a vacuum of 15-  in. Hg were

recorded in all cases. The probe assembly was %hen 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

f
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During sampling, stack gas and sampling train data were
recorded at each sampling point and when significant chénges
in stack flow conditions occurred. Isokinetic sampling
rates were set throughout the sampling period with the aid
of a nomograph.

After the completion of the sampling throught the west port
the filter was changed due to a particulate buildup on it.
The velocity pressure readings were erratic at times resulting
in the sample train being shut-off at one point to clean the
pitot tube. |

After 131 minutes of sampling on Test 1 the velocity pressure
increased. The sample train was unable to pull enough flow to
maintain an isokinetic rate. The pump was immediately shut-~off.
The filter was again changed. The leak check that always fol-
lows a sample train component change pulled a check in the
bypass vacuum line., Because of tﬁe time.required to fix the
lime the test was concluded thirteen minutes short of a complete
test.
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 follows:

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.
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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 1mp1ngers 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.

ANALYTICAL PROCEDURES

The following procedures were used and follow the

methods described in the Federal Register of August 17,

1971.1

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 chloreform. The extracts were
combined into a tared beaker, and evaporated until no
solvent remained at about 70°F. The sample was then

I—Federal Register, Vol. 36, No. 159, Part II,
August 17, 1971.

[



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 in a tared beaker, desiccated to a constant
weight, and weighed to the nearest 0.1 mg. Blank
corrections were made in proportion to the amount of
reagent used.
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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 oxides, except nitrous oxides were measured
spectrophotometrically at 410 nm,
REAGENTS

The following reagents were used in this sampling program:

(All chemicals 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 volumetric flask with“water.

Absorbing Reagent - 2.8 ml of concentrated H,S0, 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% SO3)

Phenoldisulfonic Acid Solution - 25 grams of pure white
phenol were dissolved in 150 ml of concentrated H,50, on a
steam bath. After the solution cooled, 75 ml fumling 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

' KNO., 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 NOZ‘ : -

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. The flask valve stopper was inserted into the flask
wiﬁh the valve in the "closed" position. The sampling train
was assembled as shown in Figure A-2 with all valves closed.
The probe was placed 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 pressurél The manometer
feading 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 tu%ned to the "sample" position until a slight drop in

the manometer mercury level was observed. The sample was allowed
to énter 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 ﬁemperature
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 water.
Analysis

The sample was evaporated to dryness in an oven and then
cooled. Tﬁo ml of phenoldisulfonié acid solution were added
to the dried residue ana triturated thoroughly with a glass rod.
One yl of water and 4 drops of concentrated sulfuric acid were
then added. The solution was heated on a steam bath for three
minutes with occasicnal stirring. After 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-r
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 sclution as a zero. A half inch absor-
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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 (abouf

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 dioxide 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-32. 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, dry
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
?ressure to + 0.1 inches Hg.
SAMfLING 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 - {D-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 [Ba012] in 200 ml. distilled water and dilute
to 1 liter with isopropanol. Standardize with sulfuric

acid.
Sulfuric Acid Standard (0.02N)- Standardize to +
0.0002 N against 0.01N 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 walls 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 wvacuum.
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 approxiﬁately 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 B0% isopropanol form 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 H
TEST LOG
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APPENDIX I

RELATED REPORTS




RELATED REPORTS

Because of the process and control equipment problems

that were encountered, two additional test series were

performed at the Woodville Lime and Chemical Company. The

second test series began on July 8, 1974, and is discussed in
EPA Report No. 74-LIM-3B. The last test series performed
started on August 5, 1974, and is presented in EPA's Report

No. 75-LIM-8.





