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SECTION I
INTRODUCTION

Under the Clean Air Act of 1970, the Environmental Protection

Agency 1is gliven the résponsibility of establishing performance
standards for new installations or modifications to existing

- installations in stationary source categories. As a contractor,

Monsanto Research Corporation (MRC), under the Environmental
Protection Agency's "Field Sampling of Atmospheric Emissions"
Program, was asked to provide emission data from the Woodville
"Lime and Chemical Company of Woodville, Ohio.

The fleld test work was directed by Clyde E. Riley, Field

-Testing Section, Emission Measurement Branch. The sampling

was performed by Monsanto Research Corporation with Darrell L.
Harris as Team Leader.

This report tabulates the data collected at the No. 1 lime kiln

. of the Woodville Lime Company during the sampling program of

August 6, 7, and 8, 1974. This kiln is equlpped with a Buell
electrostétic precipitator to control particulate emissions.
The feed for the kiln is a dolomitic stone, quarried at'the
site, and sized at one inch to two.and one-fourth inches. Feed
rate is approximately 700 tons per day and product rate is
approximately -350 tons per day. The kiln is fifed with a
mixture of natural gas and a number 6 fuel oil, and no pre—'
heater is used. The product is cooled in a Neims cooler before
storage and no crushing 1s performed. .




Sampling was performed at the outlet of the electrostatic pre-
cipitator. The outlet was measured for particulate céncentra—
tions according to procedures described in the Federal Register!?
Method 5, "Determination of Particulate Emisslions from Stationary
Sources." Method'l, "Sample and Velocity Traverses. for Station-

ary Sources"; Method 2, "Determination of Stack Gas Veloclty
and Volumetric Flow Rate (Type S Pitot Tube)“ and Method 3,
"Gas Analysis for Carbon Dioxide, Excess Air and Dry Molecular
Welght" are other procedures that were required for the Method 5
tests. Other tests that.were.perfbrmed were a combination of
" Method 8 and Method 6, "Determination of Sulfur Dioxide Emissions
from Stationary Sources"; Method 7, "Determination of Nitrogen
- Oxide Emissions from Stationary Sources"; and Method 9, "Visual
Determination of the Opacity of Emissions from Stationary
_Sources." All of the above methods are described in the
Federal Register.?

No modifications were necessary to prepare the kiln stack for
sampling. Sampling performed previously by aﬁother-contractor
required an extension of the stack and the erection of scaffold-
ing for placement of the sampling devices. These modifications
were unchanged for this program (see EMB report T74-LIM-3A).

The followlng sections of this report include: (1) summary

. of results, ((2) description of the process, (3) location of
sampling points and tr?verse data, (4) process operating condi-
tions, and'(S) sampling and analytical procedufes. Apprendices
include all field data from this sampling project. Process
production rates are not included in this report but w111 be
available in.a_future publication. '

!Federal Register, Vol. 36, No.-159, August 17, 1971.
’pederal Register, Vol. 36, No. 247, December 23, 1971.
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SECTION II
SUMMARY OF RESULTS

Data on particulate emissions from the lime kiln are summarized
in Tables 1 and 2. Emissions of filterable particulate, as
measured by the‘brobe and filter catch, averaged 7.43 pounds
per hour (lb/hr) at a concentration of 0.0303 grains per dry
standard cubic foot (grains/dscf). Total particulate emissions
averaged 12.2 pounds per hour at a concentration of 0.0500
grains/dscf. Emissions from the first tést'(P—l) were obviously
much higher than the other two runs. While the.reason for

this difference 1s not apparent, it can probably be attributed
to variations in process operations and to prbblems encountered
with control equipment operating parameters, described in
Section IV, "Process Operation." 1In addition, 1t should be
pointed out that this increasé in emissions is éoncurreht with
the visible emission data-

Data on the oxides of nitrogen emissions are summarized in
Table 3. These data show an average NO: concentration of -
279 ppm by volume and an hourly emission rate of 55.5 pounds
per hour. .

‘Data on sulfur dloxide emissions are summarized in Table 4.

These data show. an average S0, '‘concentration of‘15.3 ppm by
vdlume.and an hourly emission rate of 4.21 pounds per hour.
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Table 3
' SUMMARY OF NO_ RESULTS

1b/DSCF

Date - Run # ~Time nga © x 10758 grams/Nm? 1b/hr? Kg/hrb

8-6-74 N-1A 1540 174 2.06 0.330 35.8 16.3
8-6-7h N-1B 1630 226  2.68 0.430 46.6 . 21.2
8-6-74 . N-1C 1820 202 2.39 0.383 41.6 18.9
8-6-74 N-1D 1920 200 2.37 0.380 41.2 18.7
N-1 Average —- 201 2.38 0.382 ¥1.3  .18.8
8-7-Th  N-2& 1200 341 B, 04 0.648 67.2 30.5
8-7-74 N-2B 1240 355 4,21 0.675 . 70.0 31.8
8-7-74 N-2C 1415 436 5.16 0.827 85.8 39.0
8-7-74 N-2D 1510 320 3.78 0.606 62.8 28.5
N-2 Average = —- 363 4,28 0.686 71.4 32,4
8-8-74 N-3A 1045 253  .2.99 0.479 494 22.4
8-8-74 N-3B 1130 276 3.27 0.524 54,1  24.6
8-8-74 N-3C 1230 292 - 3.45 0.553 57.0 25.9
8-8-74 N-3D .1335 276  3.27 0.524 54,1 24,6
N-3 Average - 274 3.24 0.519 - 53.7 24. 4
N-1, N-2, and = -- 279 - 3.30 0.529 . 55.5 25.2

N-3 Average : .

-

2parts ber millien, by volume

.bBased on volumetric flow rate from corresponding Method 5
run (DSCFM) S




A Table E
SUMMARY OF S0, RESULTS

Run # .S-1 S-2 . 8-3 Average

“Date - 8-6-T74 B-7-T4 8-8-74
Volume of gas sampled (dsef) 146.8 96.14 73.84 105.59
: (Nm?3) 4,157 2.723 2.091 2.980
" Run Time (min) 187 180 . 164 177
S0, Concentration _ o ' '
(ppm, by volume) 6.08 26.6 13.1 - 15.3
(1b/dsef x 10™°) 1.01 4.38 2.17 2.52
(mg/Nm?) : | 16.1 = 70.2 34.8 4o.4
SO, Emission Rate? _ ' ' .
~ (1b/hr) 3 1.70 7.35  3.59 4.21

(Kg/hr) | . 0.772 3.34 - 1.63 1.91

9Based on velocity taken from corresponding Method 5 run
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Visual emissions measurements were recorded from the No. 1
kiln stack plume 1ndepeﬁdent1y by two MRC personnel during
each particulate test. Data for these opacity measurements
are summarized in Table 5. The average opacity for all tests
was less than fitve (5) percent. Periods of high emissions,
however, did occur during certain sequential minute intervals
for the first test, during which opacity levels exceeded the
5 percent normal_range. This normal range value of 5 percent
opacity or less was considered typical of the Woodville control
device as well as other well-controlled lime-producing opera-
tions. ' )

Samples of thé limestone feed material in the storage silo,
the ki1ln product, fuel oil, and the dust recovered by the

_electrostatic precipitator (ESP) were collected near the

beginning and end of each of the sampling runs. A composite
was prepared of the feed material and fuel oil on which analy-

-8is for the total sulfur content was performed along with the

individual samples of product and ESP dust. These results
are presented in Table 6. ' o '

'Additional,detailed results of the test program are presented

in Section V, “"Sampling and Analytical Procedures."
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!}I B ‘ Table 6
' TOTAL SULFUR CONTENT OF SILO FEED, FUEL OIL,
PRODUCT AND ESP DUST
I
: Avg
" ‘ Date Samplg No. Material % Sulfur Found % Sulfur
8-6-74  S-T4-001-788 Silo Feed .- 0.028, 0.028 . 0.028
% - 791 Fuel 0112 1.52 © 1.52
. 792 Kiln Product 0.081, 0.099 0.097 °
793 Kiln Product 0.098, 0.108
795 ESP Dust 0.572, 0.707 0.614
% 796 ESP Dust 0.527, 0.650"
© B-7-74  §-74-011-836 Silo Feed .  0.03%, 0.036 0.035
! ~ 839 Fuel 012° 1.36 1.36 -
840 Kiln Product ~ 0.40, 0.30. 0.23
! ' "841 Kiln Product 0.11, 0.11 o
. 843 ESP Dust 0.76, 0.87 0.77
! 844 ESP Dust 0.70, 0.74
8-8-74  S-74-001-873 Silo Feed © 0.053, 0.048 ° ¢.051
! | 876 Fuel 011% 1.37 1.37
877 Kiln Product 0.071, 0.077 0.11
! 878 Kiln Product - 0.149, 0.148
880 ESP Dust 0.733, 0.672 0.71
% 881 ESP Dust 0.688, 0.732 '
qThe fuel o1l samples were also analyzed for the Btu content with
- the following results: )

-

S-T4-0p1=791 18236 Btu/1b
S-74-001-839 ' 18343 Btu/lb

S-T4-001-876 - 18404 Btu/lb

10
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 SECTION III.
PROCESS DESCRIPTION

Limeétone consisting primarily of calcium carbonate or combi-
nations of calcium and magnesium carbonaté with varying amounts
of impurities is quarried at the Woodville Plant.. The lime-
stone is caidined or burned to form 1ime, commonly divided

into two basic products--quicklime and hydrated lime. Calci-
nation expéls carbon dioxide from the raw limestone, leaving
calcium oxide (quicklime). With the addition of water, calcium
hydroxide (hydrated lime) 1s formed.

" The basic processes in production are: (1) quarrying the
-limestone raw material, (2) preparing the limestone for kilns

by crushing and sizing, (3) calcining thé limestone, and

(4) dptionally processing the quicklime further by additional
crushing and sizing followed by hydration. The majority of
lime is produced 1n rotary kilns which can bg'fired by coal,
oil; or gas. Rotary kilns have the advantage of producing
high production per manhour and a more uniform product. They
do, however; requlre higher capital investment and unit fuel
costs than most vertical kilns.

The WOodville'Lime and Chemical plant has two rotary kilns
each equipped with a Buell electrostatic precipitator. The
kilns are almost ldentical. The feed for both 1is a dolomitic
stone, quarried on the site and fed in sizes ranging from
1 inch to 2f1/u inches at a rate of about 700 tons per day.

11




Thefe is no preheatef. Normally the kiln is fueled with a.
mixture of 95 percent Number 6 fuel oil and 5 percent natural
gas. Both kilns have two héat transfer sectlons, each 20
feet long. The product, about 350 tons per day, 1s cooled in
a Nelms cooler before storage. There 1s 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
operation 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 procesé fan 1s after

- the ESP, and there is no cyclone.

In both‘systems the inlet gas to the precipitators 1s 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 one celi and two
fields. Design gas velocity is 1.5 feet per second and treat-
ment time is-10.0 seconds. The plant manager reported that
."an earlier emission test showed exit loadings of less than
0.005 grains per dry standard cubic foot. '

At present the dust collected from the precipitators 1s dis-
posed of in the quarry. 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.

12




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 designf Raw materlials and products are typical of
those in the industry. ' '

13
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SECTION IV
LOCATION OF SAMPLING POINTS

Figure 1 shows the sampling ports used in the Number 1 lime
kiln exit stack. The sampling ports were located in a 63.5-
inch inside diameter vertical stack, 4 feet (0.75‘diametér)
from the stack exit, and 12 feet (2.26 diameters) from the
nearest upstream disturbance. In order to meet the sampling
requirements of Methods 1 and 5 of the Federal Reglister,

Vol. 36, No. 247, it was necessary to use an existing stack
extension that had been left on the ESP exhaust outlet from
a preceding test program. Forty-eight traverse points (24
along each of two perpendicular diameters) were used as
described in the Federal Register, Method 1. The stack was
found to be slightly elliptical at this location, measuring
6?-3/4 inches on the east-west diameter and 63-1/2 inches on
the north-south diameter. The larger dlameter was used for

calculation of the stack area.

Test Methods 1, 2, 3, 5 and 7 were performed at the set of
90° ports on the stack 146 inches from the outlet of the ESP
and 48 inches from the atmospheric outlet of the stack.
-Additional sampling points in the existing stack at a lower
site were used for some of the gas sampling. Modified Method
6 tests wergﬁgpqducted at the West port located 53 inches
from the ESP outlet and 141 inches from the stack outlet.
Sampling was done at a single point on the west port traverse
at a probe 1nsertion depth of 33 inches.

14
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Figure 2 shows a top view of the stack and the scaffolding

location. Figure 3 is a cross-sectional view of the outlet

which shows. the location of the 48 traverse points.

16
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SECTION V
PROCESS OPERATION AND TEST CONDITIONS

From previous plant visits and discussions with plant per-
sonnel, it was found that the two electrostatic precipitators
operate under normal conditions with esséntially no visible
emissions. Plant oberations appeared to be normal for the
‘Number 1 kiln and electrostatic precipitator on the morning
of August. 6, 1974, with visible eﬁission opaclty readings in
the range of 0 to S percent. ‘

However, several problems developed during the first day of
testing. At 8:10 a.m. the plant manager informed the Project
Officer that a fan shutdown was scheduled on the Number 1
kiln. The fan 1s located on the inlet to the ESP and has to
be cleaned of adhering dust material on a routine bssis.

The shut-down was scheduled for 8:30 a.m. and lasted for only
ten minutes. |

The first series of tests was started at'3:25 p.m. A probe
tip exchange was. necessary at 4:15 p.m. due to subisockinetic
sampling conditions caused by a low orifice pressure calibra-
tion factor. As testing progressed, the opacity readers
reported anlincreasing number of'5 persent‘readings, with
occasicnal "puffs" as high as 10 percent. Observations of
the plume were difficult because of the cloudy overcast sky
background as well as the excessive fugitive dust emlssions
created by trucks loading and unloading ESP dust and quarry

19




rock 1n the vicinity of either the ESP unit-.or the observ-
ers. '

The o0ll feed rate to the kiln had to be substantialiy increased
at 2:30 p.m. to maintain the desired kiln temperature. This
condition was caused by another kiln starting up which reduced

-the natural gas pressure on the maln feed line,. The test was

completed at 7:00 p.m.

Near the end of the test, the ESP inlet temperature increased
to 710°F at which time (6:00 p.m.), it was noticed that the
stack opacity was clearing up. Mr. Judd, the plant chemist,
was asked if they could malntain the inlet temperature between
700°F and 710°F for the second test, which would start the
following morhing. '

Upon arrival at the plant the followlng morning, the stack
opacity was observed to be at 0 percent. The process
operator stated that the ESP inlet temperature had not
dropped below T00°F for the last 16 hours.

"The second test was started on August 7 at 11:44 a.m. The

majority quvisible emissions were recorded to be 0 percent A
opécity with minor periods of 5 percent opacity through this
test sequence. Durlng the test, no samplihg or process problems
were encountered. The test was cémpleted at’ 3:22 p.m.

The third test was conducted during the following morning
(August 8, 1974) starting at 10:27 a.m. The stack plume was
reading atiﬁmpgrcent opacity and the process WwWas operating
at a normal production rate. The visible emlssion readers
reported that they were observing a lower percentage of 5
perdent readings compared with the second test. Short puffs
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of 5 percent were the only readings observed during this
testing sequence.

The kiln feed rate was calculated by multiplylng a conversion

~ factor times the'total indicated tonnage recorded from the

control room stone totalizer meter. These data are not
avallable at this time but will be supplied in a future
publication. Operating variables for the three test runs are
summarized in Table 7. Additlional detailed information per-
taining to the process operation during the testing-periods
is presented in Appendix F. ' '

The Woodville Lime and Chemlcal plant is very representative
of modern design and operation, and has a typical raw material
and proéuct. During the entire test program conducted between
August 6, 1974, and August 8, 1974, the prccees and electro-
static precipitator were operating at a normal production

‘rate for which the facility was designed. It is therefore

recommended that the results of the emission tests conducted
at this installatlion be used in the development of standards
of performance for the lime producing 1ndustry
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Table 7

SUMMARY OF OPERATING VARIABLES

Date 8-6-T74
Particulate test no. ' P-1
Stone feed rate (ton/hr)? -
0il rate (gal/hr) 294
Firing zone temp (°F) 26U49
Mid-kiln temp (°F) 1352

. Kiln feed end temp (°F) 1025
Before ESP temp (°F) . 702
Stack temp (°F) 663

ELECTROSTATIC PRECIPITATOR DATA

A" Field
Primary current (amps) 74
Primary voltage (volts) 251
Precipitator current (amps) 45
"B" Field
Primary current (amps) 72
Primary voltage (volts) 238
Precipitator current (amps) LUl

8-7-Th

pP-2
311
2662
1373

1031 .

711
673

68
257
.39

70
248
LAY

8-8-74

P-3

316
2600
1360
1023

712

669

69

256

.4o

70
245
.44

q0btained by multiplying indicated meter tonnage by a con-

version factor

22
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SECTION VI
SAMPLING AND ANALYTICAL PROCEDURES

. T T

T, i S [
et . - =3
the'”f",' T i

Woodville Lime and Chemical Company lime kiln were sampled'g “ =

The outlet gases of the Electrostatic precipitator at

for particulate emissions, :sulfur dioxide, and nitrogen N
oxldes concentrations. Runs of the particulate serlies were g
identified by a number prefixed by "P" followed by the number

of the series, S0, and NOx run numbers were preceded with

te

an "S" or "N", respectively.

Sampling procedures were designated by EPA. Analyses of
collected samples were performed by Monsanto. “Appendix J
presents detailed sampling and analytical procedures.

Velocity and Gas Temperature

Gas velocitiles were'meésured 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 Registef‘,_Method 2. Temperatures were measured with

the use of a thermocouple.

!
1
+
-

!Federal Register, Vol. 36,. No.. 247, December 23, 1971. - . |
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Molecular Weight

A Ud-hour integrated sample of the stack gases was collected
during each partliculate test by pumping the gas into a Tedlar
plastic bag at tﬁe rate of approximately 0.005 cfm. The
sampling train was assembled as shown in Figure 4. This bag
sample was then analyzed with an Orsat analyzer for CO;, .O»,
and CO as described .in the Federal Register, Method 3.

Particulates

Concentratlions of particulate matter in stack gases were

‘measured by Method 5 as described in the Federal Reglster.!

A rigid train. consisting of a heated glass-lined probe, a

3-inch diameter glass-fiber filter, and a series of Greenburg-
Smith impingers wés used for particulate sampling, as shown in
Figure 5. ' | |

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

The three particulate runs were performed on three successive
days. All -runs used two'2ﬂ—point traversés, for a total of

48 points, and each point was sampled 4 min for a total run
time of 192 min. On the first run (P-1), a .374 inch nozzle
was used to start the run. At the eleventh point of the first
traverse, it became obviods that .the flow rate would not be
sufficient to maintain an isokinetic rate with the .374 inch
nozzle throughout the run. Preparation was made for a nozzle
change. Between the 13th and 1l4th points .(52 min into the

lrederal Register, Vol. 36, No. 159, August 17, 1971.
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‘ Figure 4. Integrated gas sampling train
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run) the sampling was stopped, and a 0.244 inch nozzle was
installed for the remainder of the run.

This nozzle change caused no problem in the calculation of
particulate graih loading; however, calculation of the isokine-
tic percentage was more difficult. Calculation was accompllshed
by treating the two parts of the run as separate runs and

taking a welighted average to determine the final percentage

by the following method:

(I,.)(Py) + (Z,)(P2)
Py + P2

I =

where:
ITo = overall isokinetic percentage
I, = isockinetic percentage with first nozzle
I. = isokinetic percentage with 2nd nozzle
Py = number of first nozzle points
F; = number of second nozzle poihts

During Run P-1, at approximately 150 minutes into the run,

the AH readilng droppedtbelow its . set point and the vacuum
increased indicating a plug in the system. It became impossi-
ble to control the flow rate at a sufficiently high level,

so the run was stopped. An inspection of the equipment
‘revealed no noticable plug, but it was suspected that the
'umbilical tubing had become klnked. The run was re-started,
and no additional flow stoppage occurrea.

Samples from the Method 5 sampling trains were recovered as
outlined 1n-the_Augﬁst 17, 1971, Federal Repgister. After removal
of the filter, all sample exposed surfaces were washed with

distilled water or reagent grade acetone as specified. All
sample bottles for liquid samples were obtained from Wheaton
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" The particulate éample was recovered by rinsing the nozzle,

Scientific, Catalogue No. 219630. Each of these bottles,

except those used for collecting SO, samples, was acid- ;
soaked with 1:1 HNOs for one day, rinsed with distilled
water, and soaked with distilled water for one day. _ :

N . .

probe, cyclone by-pass, and front half of the filter holder
twice with acetone into a glass container. The inside walls
of the probe were brushed while rinsing. The back half of the
filter holder,  impingers, and connecting tubes were rinsed

twice with distilled water and the washings placed in a glass -

container with the 1lmpinger contents. These components were
then double-rinsed with acetone into ancther glass container.
The filter was placed in a separate container. Blank samples
of water and acetone were also taken.

Analytical procedures for the Method 5 samples follow the
Federal Register guldelines, with one exceptipn; Container
Number 3 as indicated in the method contains water from the
Impingers and washing of the glassware of the train. The
solution was extracted with chloroeform and ether, and then
the extracted portion was drled to constant welght, as speci-
fied. 1In . addition, tﬁe water remalning after extraction was
evaporated to dryness at 212°F to constant weight. Both-
weights were included 1n‘the total mass of particulate.
Sample welghts from'the Method 5 samplérs were reported as
"front half" (probe washings and filter collection weights)
dnd "total" (front half plus water, chloroform-ether extract
and impinger acetone washing weights). Sample residues were
sent to EPA for trace metal analysis. B "

e . -
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Nitrogen oxides ﬁere collected in evacuated 2-1iter flasks
containing 25 ml-of a dllute sulfuric acid/hydrogen peroxide
absorbing solution. The sampling and analytical procedure
was described in Method 7 of the Federal Register.! The
sampling train was assembled as shown in Figure 6. Four

nltrogen oxlde samples were ¢0llected at equal intervals during
'each of the particulate runs. Each sample was collected using
a 2-foot glass-lined probe at the upper port locations. Each
flask was evacuated and pressure tested for one minute, and
" the initial flask temﬁerature, pressure, and barometric pressure
recorded.. The sampling probe was inserted into the stack
and heated, and the sample flask connected. The 3-way stopcock
was turned to the "purge" position and stack gas drawn through
the system with a rubber squeeze bulb to check for condensa-
tion in the probe line. The 3-way stopcock was then turned

to the sample position for 15 to 30 seconds. The flask valve
was then closed and disconnected from the probe. 'The contents
"were shaken for at least 5 minutes. ‘

The flasks were allowed to set for at least 16 hours. They
were then shaken for at leasﬁ 2 minutes, the final pressure,
‘temperature, and barometric pressure were taken, abd the sample
was transferred to a storage bottle.

~The. samples were anaiyzed using the Phenoldisulfonlc acid,
photometric analysis described 1ﬁ the above mentioned Federal
Register.f:.?able 3 gives the calculated amouhts of nitrogen

" oxides glven as NO; in both parté per million and mass per unit

—— - +

lpederal Register, Vol. .36, No. 247, December 23, 1971.
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Figure 6. Nitrogen oxide sampling equipment
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volume. Mass per unlt time figures were calculated using the
volumetric flow_fate from the corresponding Method 5 run pitot
traverse.

502

Sulfur dioxide sampling procédures followed those described
in Method 6. However, due to the low expected concentrations,
the Method 8 sampling train shown in Figure 7 was used. The
first impinger contained 150 ml of 80 percent isopropanol;

the secénd and third impingers contained 100 ml each of 3
percént hydrogen peroxide/water solution. The S0; determina-
tion runs were performed simultaneously with each Method 5
run on the three days and are of the same general duration.
The first run (S-1) was conducted using a flow rate of
approximately 1 acfm and the second and third runs (S-2 and
S-3) using a rate of approximately 0.5 acfm at meter condi-
tioné. On the last run (S-3), at the 164th minute, the dial
.shaft of the dry gas meter broke, and the run was stopped and
considered to be complete at this point. For all three runs,
the solution in'the first impinger was replaced with fresh
solution during port switching. Also during these shut downs,
the silica gel was changed, if necessary. After sampling,
ambient air was passed through the train for 10 to 15 minutes.
The isopropancl sclution was discarded, and, the percxide
"solution rinsed into a glass container. Samples collected
from the sulfur dioxide modified Method 6 runs were analyzed
by the barium perchlorate titration using thorin indicator

as outlined in the December 23, 1971, Federal Register.

Table 4 gives the summary ofrfgsults of the Soz.testing; The
SO0, emission rates are based on the velocity determined during
the Method.5 run of the same sampling period.
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Visible Emissions

Visible emissions were defermined according to procedures
presented in Method 9. Two observers were employed to record
gimultaneous visible emission data during the particulate
testing. The observers started recording readings just prior
to the start of_the Method 5 run and ended just after the
Method 5 run stopped. Readings were also discontinged during
shut-down periods for port changing, ete.

Readings were difficult to determine at times due to trucks
'loading and unloading ESP-dust and quarry rock in the vicinlty
of either the ESP unit or the observer, and the light-colored

plume against an overcast and partly cloudy sky caused poor
distinetion. 1In addition, durlng the first run 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 rapping cycle. Readings were taken énd recorded every

15 seconds. The summary of these readings Is presented in
Table 5. ‘ '

Total Sulfur Analysis

Samples of the limestone feed material in the storage silo,

the kiln product, the fuel oil, and the dust collec¢ted by the
electrostatic precipitator (ESP) were collected near the be-
ginning and end of each sampling run. A composite was prepared
of the feed material and fuel oll on which analysis of the total
sulfur content was performed along with the individual samples
of product:and ESP dust.‘ The .sulfur content.Bf the fuel oil
was-analyzed.by,the Parr qub'calorimeter method.

— -
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A major problem was encountered in the analysis of the sulfur
content of the limestone (silo feed), kiln product, and ESP
dust. It was suggested by EPA that the materials be analyzed
by the Parr bomb method (ASTM D271-46). The materials would
not ignite using{the standard method, and benzoic acid was
added as a combustible material as suggested in.the alternate
method. The procedure is basically a gravimetric technique

in which the sulfur is converted to sulfate and precipitated

as BaSO4, a white material. However, the precipitate Qas
brown, indicating the formation of Fe(OH); which coprecipitated
and thus lead to apparently high sulfur values., An alternate
procedure specific for limestone and lime analysis (ASTM C—é5-72)
was suggested to EPA. 'This Na,CO; fusion method was used to
obtain the sulfur content of the lime and liméstone samples.

Fuel 611 samples were analyzed for sulfur content by using
Standard Method of Test for Sulfur in petroleum Products by
the Bomb Method, D129-64. The complete sﬁlfur results for
these samples can be found in Table 6.

-
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APPENDIX A

COMPLETE PARTICULATE RESULTS
AND SAMPLE CALCULATIONS
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_ABBR

1T
rB
DELH
VM
™
VHSTD
Vi
VWG
PCNTM
MD
co2
02
N2
MWD
M¥
DELP
TS
PH
PS
Vs
DS
AS
@S
QA
on

pcll

PCTI =

Table A-1

ISOKINETIC CALCULATI

ON FOR FIRST (a) AND

SECOND (b) PARTS OF RUN P-1 WITH TWO
‘ DIFFERENT NOZZLE SIZES

UDESCRIPTION

e ey - - - -

DURATION OF RUN
BAROMETRIC PRESSLURE
AVG ORIFICE PRESS DROP
VOL DRY GAS(METER CON)
AVG GAS METER TEMP

VoL DRY GAS (STD COND)
TOTAL H20 COLLECTYED
VoL H20 VAPOR(STD CON)
PERCNT MOISTURE BY VOL
MOLE FRACTION DRY GAS
PERCENT co02

PERCENT 02

PERCENT N2

MOL WT OF DRY GAS

MOL WT OF STACK GAS
AVG STACK VELQCITY HEAD
STACK TEMPERATURE
STACK PRESSURE(STATICY
STACK PRESSURE (ABS)

" AVG STACK GAS VELOCITY

STACK DIAMETER

STACK AREA"

STACK- FLOW RT(DRY STD)
STACK FLOW RT(ACTUAL)
PROBE. TIP DIAMETER
PERCLNT ISOKINETIC

UNITS P=1A

MINUTES 52.0
IN HG 29.69
IN H20 2.748
nCF 44,572
.DEG F BE«3
DSCF 43,17
ML . 96,3
SCF 4.565
9,56

0.904

19,0

8.7

Te.3

31,4

IN H20 0.534
DEG F 567.
IN HZ20 =-0,.30
IN He . 29.67
FPM _ 2691,
INCHES T 63,50
S8 IN 3166,9
DSCFM 27375,
ACFM 59177,
INCHES 0,374
87.5

Weighted Average Calculation

{PCTI(A) x TT(A)] +

[PCTI(B) x_TT(B) ]

TT(AY + TT(B)
(87.5)(52) + (102.9)(140) _

= 98.7

(1uo)(52)
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140,90

29.69 -

0.759
65,329
87.3
62.85
141,1
6.688
9,62
0.904
8.7
72.3
31,4
Z0.1
0,413
627,
-0,30
292.67
3074,
63,50
316649
29552,
£7601,
0D.244

102.9,

[R—
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LA
PB

" DELH

VM
™
VMSTD
VW
VWG

" PCNTM
MD

co2

.02

N2
MWD
MW
DELP
TS
PM
PS

DS
AS
GS
on
on

_PCTI

MF

mMT

CAN

. CAD

CaT
CAU
CAW
CAX

DESCRIPTION

DURATION OF RIIN

BAROMETRIC PRESSURF

Table A-2
PARTICULATE EMISSION DATA

AVG ORIFICE PRESS DROP
VOL DRY GAS(METER CON)
AVG GAS METER TEMP
VOL DRY GAS (STD COND)

TOTAL H20 COLLECTED
H20 VAPOR(STD CON)

VoL

PERCNT MOISTURE BY vOL
MOLE FRACTION URY GAS

PERCENT co2
PERCENT 02
PERCENT N2

MOL WT OF DRY GAS

MOL WY OF STACK GAS

AVG STACK VELOCITY HEAD
STACK TEMPERATURE
STACK PRESSURF(STATIC)

STACK PRESSURE
. AVG STACK GAS VELOCITY
DIAMETER

STACK

STACr. AREA

(ARS)

STACK FLOW RT(DRY STD)
STACK FLOW RT(ACTUAL)

PRORE

PARTICULATE
PARTICULATE
PARTICULATE
PARTICULATE
PARTICULATE

"PARVICULATE

PARTICULATE
PARTICULATE

11P DIAMETER
. PERCENT ISOKIMECTIC

(FRONT)
(TOTAL)
(FRONT)
(TOTAL)
(FRONT)
(TOTALY
(FRONT)
(TOTAL)

UNITS

‘MINUTES

IN HG
IN H20
DCF
DEG F
OSCF
ML

SCF

IN H20
DEG F

IN H20

IN HG
FPM
INCHES
SQ@ IN
DSCFM
ACFM
INCHES

kG

MG
GR/DECF
GR/DSCF
GR/ACF
GR/ACF
LB/HR

‘LB/HR

- pe1 ®

192.0
29,69
1.298
109.901
87.0
105,92
237.5
11,257
9.61
D.904
19.0
8.7
T2.3
31,4
30.1
0.391
611,
"Uo30
29.67
2971.
63,50
3166.9
28986,
65320,
*

*

422,9

667,.,8
0.0615
0.0971
0.0273
t.0430
15,273
24,118

-

® See Table A-1 for calculation of these data.
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192.0
29.67
1.724

_134.828

94.8

- 128,16

335.8
15.917
11.05
0.890
22,0
6.1
71,9
31,8
30.2
0.390
© 661,
"0.30
29,65
3024,
£3,50
3166.9

27704,

66488,
0.305
104.5
119.1
253.3

N.0143

0,030u

6.0060

t.0127
3,398
7,226

p-3

192.0
29.61
1.529

128,360
108.4

118,80
303,8
14,400
10,81
0.892
21,0
7.0
72,0
31.6
30,2
0.381
655.
"=0430
29.59
2990,
63,50
3166.9
27559,
65754,
0.305
97.4
117.3
173.5
0.0152
0.0225
0.,0064 .
0.009%
3.591
5.312_
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Table A-3
PARTICULATE CALCULATIONS

Example: Run No. P-3 {(See Table A-1l for data)

1. Volume of dry gas sampled at standard conditilons (dscf?)

. 17.7 x WM (PB + %%%%
VHSTD = {TM + 150)
17.7 x 128.360 x (29.61 + %3—5%)

108.4 + 460

118.80 dsef

Volume of water vapor at standard conditions (scf®)

VWG

_0.0474 x VW
0.0H474 X 303.8
14,400 sef

Percent molsture in stack gas

100 x 14.400°
118.80 + ;H.HOO

10.81

PCNTM =

1

Mole fraction of dry gas

100 - PCNTM
—100

100 - 10.81
100

= .892
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" Table A-3 (Continued)
PARTICULATE CALCULATIONS

Molecular weight of dry stack gas

MWD

(%C0;, x 0.44) + (%0, x 0.32) + [(%C) + #N,) x 0.28)

(21.0 x 0.44) + (7.0 x 0.32) + [(0 + 72.0) x 0.28]

31.6

Molecular weight of wet stack gas

MWD x MD + 18 (1 - MD)
31.6 x 0.892 + 18 (1 - 0.892)
30.2

MW

. Stack gas velocity at stack conditions (fpmc) '

i=n

Y. VDELF x (TS + 560)
vs = u360 x |22 N
Ve = 300 x n N S R

where n = the number of data polnts

L
1 ]
H360.x 20.50 x (29.59 - 30'2)

2990 fpm

Stack gas volumetric flow rate at standard conditions
(dscfmd)

- 0.123 x VS x AS x MD x PS

@ = TS + 160 -
. 0.123 x 2990 x 3166.9 x 0.892 x 29.59

655 + J60

27,559 dsefm
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Table A-3 (Continued)
PARTICULATE CALCULATIQNS

9. Stack gas voiumetric flow réte at stack conditions (acfme)

oa = 0:05645 x Q5 (TS + 460)
PS x MD .

0.05645 x 27559 x (655 + 460) .
59.59 x 0.892

65,754 acfm

fl

{
]

10. Area of nozzle (sq ft)

AN = 54.54 x 107"(DN)?
54.54 x 10-*(0.305)2

5.07 x 10—% sq ft

1l. Percent Isokinetiq

VM

DELH
100.0(TS + 460) [0.00267(vw) * T qgoj(PB + i§73i]

FOTL = (FT)(VS) (PS) (AN)

| . ' 128. 360
100.0(655+460) [0.00267(303.8) + (108.u+u60Y(29'61+

192 x 2940 x 29.59 x (4.07 x 10-%)

97.4

12. Particulate-probe, cyclone, and filter (gr/dscf)

MF

CAN TSTD .

0.0154 x

1]
o
o
—
un
e
>
—
=
L] »
o

0.0152 gr/dscf

bo
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13.

14,

15.

16.

17.

Table A-3 {Continued) '
PARTICULATE CALCULATIONS

Particulate~total (gr/dscf)

=T TR

MT
VMSTD

0.0154 x %%%f%o

0.0225 gr/dsecf

”

CAO = 0.0154 x

Particuiate—probe, cyclone, and filter at stack condi-
tions (gr/acf)

_17.7 x CAN x PS x MD - ’ ;
CAT. = (TS + 560) :
- 17.7 x 0.0152 x 29.59 x 0.892
(655 + 160) -
= 0.0064 gr/acf _ | .

Particulate-total at stack conditlions (gr/acf)

. 17.7 x CADO x PS x MD
CAU = (T8) + §60)

17.7 x 0.0225 x 29.59 x 0.892
- (655 + 460)

0.0094 gr/acf

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

CAW = 0.00857 x CAN x QS
- =.0.00857 x 0.0152 x 27559
= 3.591 1lb/hr ' -

Particulate-total (lb/hr). . | . -

'0.00857 x CAO x QS
'0.00857 x 0.0225 x 27559
= 5,312 1lb/hr .

CAX

Lt




Table A=3 {Continued)
PARTICULATE CALCULATIONS

aDry standard cuﬁic feet € 70°F, 29.92 in. Hg
PStandard cubic feet € 70°F, 29.92 in. Hg
CFeet per minute @ stack conditlons; n = humber of data points
dpry standard cubic féet_per minute @ 70°F, 29.92 in. Hg

€Actual cubic feet per minute € stack conditions

y2
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Table-B-2
METHOD 7 - NOx CALCULATIONS

!

Plant Woodville Lime and Chemical Company
Date  B-6-74-
Test No. N-1A Example Calculation:

Volume of flask and valve (ml) = VF = 2071
Initial absolute pressure of flask (in Hg) = PI = 2.69
Final absolute pressure of flask (in Hg) = PF = 29.11
Initial temperature of flask (°F) _ ' s TI = 87
Final temperature of flask (°F) = TF = 68 .
Mass of NOx as ND; in gas sample {pg) .= M= 604.7 H
Volume of sample at standard conditions, dry basis(ml) = V§
Cem PF_ PI
VS = 17.71 x (VP-25){grengp - TT+#460)
29.11. 2.6
" V8 = 17.71 x ( 2071 —25)(-6'3% - —37—1:5963) = 1820 mi
!
Concentration of ROy as NO, {dry basis) (lbs/sef) = C
c=6.2 x 1075 x(o)
R . V'E
c=6.2x105x (ST - 2,059 x 107 1bs!

scf - ]

B
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METHOD
: S50, CALCULATION
r
Plant .’dyp/yc//e,_ Lime. ___pate__ 8-¢-2¥
Location Wondyv He . £ b Run# S/
Barometric Pressure Absolute (in Hg) BP = L2469
Average Meter Temperature (°R) :

Absolute (°F + 460) Tm = 539
Volume Through Dry Gas Meter {CF) Vm = A0 737/
Volume of Ba(C10,)» to Titrate Sample (ml) Vg = < D
Volume of Ba(Cl0,),; to Titrate Blank (ml) Vp = Wi
Normality of Ba(C104)z Solution (g-eq/l) N = /
Total Volume of Solution (ml) Vg = /rpo
Volume of Aliguot {ml) Vg = _ o
Volume of Gas at Standard Conditions (SCF) = Vg

Vi) (BP ' , .
v-1.71_(_.lil.u_)__l-1.lm¥ﬂ_(_i%ﬁl - </,
g 7 Tm 7.7 J39 //d 5’

Concentration of 80, (lbs/SCF) dry basis = C

- -5 (Ve=Vo) (NI (Vs) -5 %ﬂﬁw&.&fm
C = 7.05 x 1075 L(vg'gré—s— 7.05 x 10 ) =

C=  Joas » ¢ 1bs/SCF

Velocity of Stack Gas (Actual)(FPS) Ve <7 5
£ Moisture 1n Stack Gas M= Y
Area of Stack {ft2) A= e
Absolute Stack Temperature (°R) Tg = e 3
Absolute Stack Pressure (in Hg) Pg = 25 67

S0; Flow Rate (lbs/hr) = 3

_,' 6.377 x 10“‘(1-ng10-2))(-V)(Aggs)(t:)
5 Ts)

| 6.317 x 10* (9459) (H25 ) (20.2 Y (.47 ) Lobtts™ ¥ s “y
C d2)

§ o 7o /i (1bs/hr)

-
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c

-

K

Concentration of'Soz (1bs/SCF) dry basis = C

METHOD 6.
50, CALCULATION ‘
Plant ﬁ//a/n//c. Loze pate___§- 7-7¥
Location Ypodu Mo  [Of o Runi S 2
Barometric Pressure Absolute (in Hg) BF = 2LL7
Average Meter Temperature (°R)
. Absolute (°F + 460) T = S
Volume Through Dry Gas Meter (CF) Vm = 49, &30
Volume of Ba(Cl0,); to Titrate Sample (ml) Vg = T
Volume .of Ba(ClO0,); to Titrate Blenk {ml} Vp = P
Normality of Ba(£104); Solution (g-eq/l) Ne= —as/8
Total Volume of Solution (ml) , - Vg = AL
Volume of Aliquot (ml) . ) Vg = =2€
Volume of Gas at Standard Conditions (SCF) = Vg )
BP (295_?))(97967) - =
v .71 =17.71 -
g = 17.71 34 7.7 7N 9614

- 7. -5 (Ve=Vp) (N)(Ve) —s (/287 pue Y 90
¢ = 7.05x 10 (vg?)(r)‘(‘ 7.05 x 10° —(—(4{#—{&2%// 5

C= %3&x¢¢w6 : lba/SCF

Veloclity of Stack Gas (Actual)(FPS)
% Moisture in Stack Qas

Area of Stack (ft2)

Absolute Stack Temperature (°R)
Absolute Stack Pressure (in Hg)

on T L
s n N

o3

S0, Flow Rate (lbs/hr) = §

S « 6377 x 10*“(1-(»151():’25)(V)(A)(Ps)_(g)_ :
B N ] TB .

S0./

L P

eda &7

L L

el A A il

S ( ////

w.
v

‘]35_’ : glbs/hz_-). o

ErTT——
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METHOD &
S0, CALCULATION

Plant m‘zﬂg Ve, Lompe Date & -9-2¥

Location_u oty /L ibio Run# S-3

Barometric Pressure Absolute {(in Hg) BP = =7 6/
Average Meter Temperature (°R)

Absolute (°F + 460) B 5K 6
Volume Through Dry Gas Meter (CF) Vi = 78, 256
Volume of Ba(C10,); to Titrate Sample (ml) Vg = I 25
Volume of Ba(Cl0,); to Titrate Blank (ml) Vy = P
Normality of Ba(Cl0,); Solution (g-eq/1) N = 2. aHE
Total Volume of Solution (ml) Vg = Cmn
Volume of Aliquot {(ml) a ® 25
Volume of Gas at Standard Conditions (SCF) = Vg
Vg = 17.710 L) BP) L 4y oy (F828)(27.¢/) P 2389

T {(ss56)
Concentration of 50, (1bs/SCF) dry basis = C
- -5 (Ve=Vp)(N)(Ve) . -5 (.80 )£yl )( 50)
C = 7.05x 10 (vgg)(ra)i‘ 7.05 x 10 i

72, §¥ I 25 )

C=__ 2/7.416"%  1vesscr

Velocity of Stack Gas (Actual)(FPS) Ve 998
% Moisture 1in Stack QGas M= 4
Area of Stack (ft?) A= S0
Absolute Stack Temperature (°R) Tg = _ /7%
Absolute Stack Pressure (in Hg) Pg = ,

S0; Flow Rate (1bs/hr) = §

o 6.377 x 10%%(3-(Mx20-2)) (V) (A){(Pg)(C)
(Tg)

L6311 5100 (IIZNHEN —?«wud?—w 27450 %y
97228

Ss.._ _\2s5s9 (1bs/hr)

5

g
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TRAVERSE POINT LOCATION FOR CIRCULAR DUCTS

puant _ LA o el
OATE __ _¥/1/24 ’ .
SAMPLING LOCATION ML_ Y.
IRSIDE OF FAR WALL TO So-.;tﬁ
OUTSIDE OF NIPPLE. (DISTARCE A) _é 2 ’/rr & 354
INSIDE OF NEAR WALL TO Y ,
OUTSIDE OF NIPPLE. (DISTANCE B} 4 /s
STACK 1.D..; (DISTANCE A - DISTANCE B)_...E_}Jﬁh &3 74
NEAREST UPSTREAM DISTURBANCE 14L”
NEAREST DOWNSTREAM % 45 .
CALCULATOR _ __ o SCHEMATIC OF SAMPLING LOCATION
TRAVERSE PRODUCT OF “ TRAVERSE POINT LOCATION
POINT FRACTION COLUMNS 2 AND 3 FROM OUTSIDE OF NIPPLE
KUMBER OF STACK 1.D. STACK 1.D. (TO REAREST 1/8 INCH) DISTANCE B {SUM OF COLUMAS 4 & 5)
N I [
| T aleng o {.\_o-u.,'td AULA R % | % |
2 e aa (‘aop@up &%
3 4«6-:\ O a 'KL\. veprtas A4 & 2 %
4 /(_1,,0-‘?-. (5] -:101'7‘}\ e ML 5 Y
5 d.4 A . ‘f‘fw.u &3
¢ ene [ Lo S e e & 7o
7 /0
¥ 12
9 /4%
/0 (2%
/] 2 0%%
] 25 Y
13 28 %
/4 43 Y%
15 YL
l& 49
/7 51k
LY 53%
/9 55 Yy
20 LA
21 589
22 4 - &£Q Yy
23 \ K
29 627
EPA (Dun 232
n
117
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NOMOGRAPH DATA

PLANT {b"odCQv‘,He 'V\.?:M\c.ca Co.

DATE g -6-7Y

SAMPLING LOCATION =1 t.%wf. Ko ESP#L Ou Het

R\A.\\ }

CALIBRATED PRESSURE DIFFERENTIAL ACROSS
ORIFICE, in. K0 sme | 1877
AVERAGE METER TEMPERATURE (AMBIENT +20°F),°F Togg, § 0
PERCENT MOISTURE IN GAS STREAM BY VOLUNE Bo | /A
. . C'\.
BAROMETRIC PRESSURE AT METER, in. Hg o | 2709
STATIC PRESSURE IN STACK, in. Hg
(Pp£0.073 x STACK GAUGE PRESSURE in in. H0) Py 772
PI
RATIO OF STATIC PRESSURE TO METER PRESSURE: ra | |
TEMPERATURE, ° T ) 7L
AVERAGE STACK TEMPER F s, | 874
AVERAGE VELOCITY HEAD, in. H,0 Aoy [N H 2
MAXIMUM VELOCITY HEAD, in. H0 S, | 5.
C FACTOR F P

CALCULATED NOZZLE DIAMETER, in.

3/

ACTUAL NOZZLE DIAMETER, in.

REFERENCE 4, in Hy0

374

A0

EPA (Dun 234 T
a2
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 MRC 7/73

CLEAN-UP DATA

Plant Hsopvice & Comments:
pate 8-€ 79

Sampling Location £5F evrté]

Sample Typé £a-5

Run Number /- F

Sample Box Number e

Clean-up Man 779’,{(/#/4/

IMPINGERS
1 #2 #3 ¥4 #5
Final Vol. ‘/’o_ ml ml - ml ml . ml
Initial Vol. 209 ml ml ml mi . ml
Net Vol. 20° my, ml ml mi ml
Total Net Volume in Impingers = 00 ml .
(Q)SILICA GEL |

" Final Weight 1==ﬁ'i"z:"{g 3{5 g g
Initial Weight _#¥_3°© g 3eo g g
Net Weight z2.5 ¢ 45 g g
Total Net Welght in Silica Gel 375 g

Total Moisture 237{ £

Filter Number(s) 33"5
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CLEAN-UP DATA

Plant Wboowu.é Lim& Comments:

Date €-4-7¢

Sampling Location €5~ ovtéT
Sample Type /7 - &

Rur Number - |

Sample Box Number 2-
. . Tfﬁ/,b"
Clean-up Man 7wgcmin/ . ~e/
' ot hew
Y LRl X
IMPINGERS Yo, copud Fﬁz Oe Wi AN,
_ #1 2 #3' “w
Final Vol. [20.5 ml 3% m ml ml 777 ml
Initial Vol. jooc-0 ml <00 mi © oml ml 7o ml
Net Vol. 20,5 m ¥4 m Y m1 ml /2 ml
. ) S
Total Net Volume in Implngers l?'b ml
L)
[’r.')‘f'qp 2% o,
SILICA GEL rae
Final Weight -3 9/, 5g 3575 ¢ g
Initial Weight 300, g 300-¢ g g
Net Weight 51,5 $25 g g
Total Net Weight in Silica gel 109 .0 g

Total Moisture D 5 4

Filter Number(s) :5;,’:4

MRC 7/73

——— e e ——
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1
1
1
3

NOMOGRAPH DATA

PLANT Woodville, Ohio

‘. pate_8— 7= 7¢
SAMPLING LOCATION _onncl S7Cn s
‘ Foe = 2
a‘ CALIBRATED PRESSURE DIFFERENTIAL ACROSS i F 77
‘ GRIF‘CE, in. “20 . AH@ :1 ¢ ,
" AVERAGE METER TENPERATURE (RMBIENT +20°F), °F Tn '
i : - . ™| g5
i PERCENT MOISTURE IN GAS STREAM BY VOLUME By 0
| BARGMETRIC PRESSURE AT METER, in. Hg P 26.47
i STATIC PRESSURE IN STACK, in. Hg —3
[ ]
j (P *0.073 x STACK GAUGE PRESSURE in in. H0) Pg P
) , P.
ﬁ RATIO OF SYATIC PRESSURE TQ METER PRESSURE /Pp, /
‘ AVERAGE STACK TEMPERATURE, °F T,
. : ae. | S70
ﬁ AVERAGE VELOCITY HEAD, in. Hy0 _ S | e
MAXISUM VELOCITY HEAD, in. H,0 AP max. <
i ' FACTOR : 70 - g;‘ ¢
: L .
CALCULATED NOZZLE DIAMETER, in. ' 300
: ACTUAL NOZZLE DIAMETER, in. 308
l REFERENCE 4p, in. H,0 . Y 2. G2
2
| © EPA (Dun) 234
i _am
1
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CLEAN-UP DATA

Plant !QZS@_Q:HQ_Q.! ﬁ,', 0 Comments:

pate & />[>q :
Samplin'g Location %SM
Sample Type pg.a_TL" ,,,QQ& . '
Run Number A P-—& :
Sample Box Number MRe — &~

Clean-up Ma“M,QM,P%

IMPINGERS ’
#l #2 #3 #5

Final Vol. 354 ml ]4€ ml 9 ml ml ml

Initial Vol. {00 ml { 0O ml © m1 ml " ml

Net Vol. &5¢ m 40 m 4 m1 ml ml

Total Net Volume in Impingers Ay ml :

SILICA GEL -

Somemm 332. 8

Final Weight Sisfats> o . g - g

Initial Weight Foo-O ¢ g g

Net Weight i7- & g g g

Total Net Welght in Silica Gel 4

Total Moisture 3

Fi iter Number(s) 33. "I

MRC 7/73
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CLEAN-UP DATA

Plant J}Jo‘a&n\\*@ Lime - Uaemt;_;._s Comments:
Date 8-71-7%

Sampling Location 1 X et A

Sampie Type & PH—&

Rur. Number__ Q=S .

Sample Box Number MRC ' .
Clean-up ManTku\won..’. Sc_\_r.\‘acsse-\.-

. Hae;
IMPINGERS 150920"""01" /_)\__\
#1 #2 #3 #4 #5
Final Vol. 2522 m 320 m ml ml ml
Initial Vol. Q200 m1 200 ml ml ml ml
Net Vol. 452 m 120 ml ml ml ml

Total Net Volume in Impingers _ &%= |72 ml

o]

SILICA GEL
Final Weight 3505 & . g
- Initial Weight 300 g B
Net Weight . S0-5 g . - g
Total Net Welght in Silica Gel _50.5 g

Total Moisture a'z‘z,g 4

Filter Number(s) Owian —~

S1-17
w‘ﬁ:&_—%i&_&

MRC ?/73

—_—
—— .
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CLEAN-UP DATA

Plant LU—O-QM I‘i/:v-_l Comments:

Date Y’/S"}74’

Sampling Location Wilaa ESP Slach

‘Sample Type Et“gu'gg RPN _
.Run Number p~3
‘sample Box Number__ MRS —])

clean-up Man_D e coen Hewm :‘5) + Sthewart

Total Moisture 303,3 g

Filter Number(s) .BQ'QQ__

MRC_7/73
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IMPINGERS
p1 #2 #3 #l #5
. Final Vol. 334 m 142 ml & ml ml ml
Initial vVol. JoO m}l [0 ml mil ml ml
Net Vol. 224 m1 '*9411]'~ [ ml ml ml
Total Net Volume in Impingers 9?} ml
SILICA GEL _
Final Weight 33),% & g
Initial Weight 3 0D g ‘ g g
Net Weight —~ 2],¢ € g
- Dotal Net Weight in Silica Gel 2.Y &
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CLEAN-UP DATA

Plant &/ dooviece Lime Comments: : o
pate_ §-&7¢ . | | : !
‘Sampling Location £357 ouv7e &l '
Sample Type £FA-& '
Run Number 3-5

Sample Box Number %/ MR C

Clean-up Man_7; ﬂza,gg SCHL/IESSEL

213 : N
IMPINGERS . Ho O ot nleex
e e e, (% F
#1 M #4 #5
Final Vol. 27 m %2° m ml mli 70 m
Initial Vol. /¢¢ ml zoo mi ml ml /00 ml
Net Vol. -3 m Jzo ml ml ml . 30 m
Total Net Volume in Impingers [‘/7 © ml h
SILICA GEL
Final Welght 392 g g g
Initial Weight So¢ - g g g
Net Weight 45 g g 8
. . . o
. . y — )
Total Net Welght in Silica Gel _ ¥5 - g

Total Molsture 122 g

Filter Number(s) 3.2-2%

L mm— - i
l

MRC 7/73
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PROCESS OPERATION FIELD DATA SHEETS
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.-.39;1.1y .zL)DOM Lo cf)()?n-»w«[‘ Location ' 2(_);1\500\-(,&, [.\‘,,Qu,

witity [ e AL {unit e, = No,/ -
wrators C £ Kb, <(_0.AJ£3) J-W_\qu:,)u,‘t,‘\ Date F —C—~2C - , q
o /

Data 5et No. | Page k
. !
Time {24fhour clock) . - Jaﬁ
Units [ 1500 (1600 |70 | 15T 1012000 | 2000
[ Stone Totalizer N.A. PRBRFIRI . w75 TH1251 9524 | 99046 7?’:#'— _
1| Stone Rate jons/hr. 38,52 385513504 |37.65 | 3K, (4| 3757 | 2743
3 011 Totatizer Gals. 2023319049390 11105 {91375 %1705
41 011 Rate pals/hr. 3181 2colaes [3072(29C 1310 | R3¢
Gas Rate Ftalhr‘ o — - - | - -
% 0i1 to % fas e _ |
B Fning Zone Tempt of 2650 |2¢ 75| 2ea0|pesol 20 |2do | 648 | ;
' Jnidd]e Kiln Tempt °F 135D [13so |17 J?‘t-r- /310 |1340C /35 | |
‘ 7t Feed E.nd Kiin Tempt °f 1RAS /028 | jesT: | e (eeo | joyo | 1028 i
¥ ESP Inlet Tempt °F . 4737 & | 2/0 {7269 |7ec | Doy | Jox
‘1 ESP Outlet Tempt of 165Dl Gle |05 L7 [L70 ] £¢-51646.7
{ | ESP "A" Field '
Primary Current | amps || 1720l 7¢ | 24 25 |22 1 2¢ (7%
Primary Voltage volts 255 |25p | 250 { 25~ 250 ] a5h | 287
. .Precip'itator Current amps O.v2 ! wy 1.4 ;,‘1-(. AL A ¥
ESP "B" Field :
|Primary Current amps [,,g . Gy | £ 1oy |7# Ty |7A
) Primary Voltage . volts- 240 2__35 A35 240 1235 | 240 | 237
{Precipitator Current amps 0-¥0 . 3% |logdr ! 4% k.op .TF e
}. e of Operati‘dn Paiﬁ:(l) i - “ 'G.',f %t- \?’a‘t‘, . .
" COMMENTS: J4:30 - ﬁwé%zﬂ,;o& M&u b ELPLAf Dol 5‘an 'ﬂeu-n
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25 D odadl £ oms Z‘M | Location @M’ [;L,;,
cility z_ 5 Y AN 3

funit o, ';(,_/

u.-.rawr;':\ C. fﬂl‘j. -.l-—-@:\'ﬂanﬁx_a

Date

§-2- 7%

Data Set Ne.

] Page

Time (24fhour clock “Ff?f&zj
. Units [} ( y/7:Xo) /2)00 [3ecif4o0 |18 ool et fzz’.
. 1] Stone Totalizer N.A. ISL [0 ed et g 185 298 7290811 7¢ avdd 1922
& Stone Rate fons/hr. 3842 3847 3%: 59| Iwes | 3792 3v.50| A
31 041 Totalizer Gals. FLYSA 5L 7220 971¥ (9773171972038 00| 1557
4 017 Rate pals/hr. 32320 1390|279 306 | 300 g1
Gas Rate ':t3lhr - — ~
2011 to ¥ Gas o
* 3| Firing Zone Tempt °F 12650 12200 2ol 2 sl 2e sl ag | 2ecal
k[ mddle Ki'n Tempt °F W30 YZ75 |ir10 [13¢o | 13te|13¢ e} 1373
7| Feed £nd Kiln Tempt °F S 225 1106/5 | 1040 | joz5li09c | jpac | 1031
4| ESP Intet Tempt °F j w0 12ee 220 700 90 | 7651 700
q{ ESP Outlet Tempt °F | R b 7 6}0 e¥C| e | £7e | eyl e?3
#| ESP “A" Field { '
K| Primary Current amps ' ) LEZ | g 5 | ¢9 ¢q | ¢9 | 48
h} Primary Voltage volts 2551258 1 sl a57| as5 257|287
V& Precipitator Current _ amps ’3? ?39 .3% e !5 A | .39
ESP “B" Field ‘ 5
|f Prinﬁary Current amps j . 70 7 L&} 7 /1 11 7o
W primary Voltage volts ] LY f 1295 |25 2an]| 250 250 | AYE
YPrecipitator Current amps ! N A I YR IRY t,-l_q A9 1
se of Operation L. ‘ﬁ% n A | R |2t | B _
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Date - P—7¢,

Data Set Mo, - | Page
Time (24fhour clock) - %
Units || Hop oo | pec li3e¢ (oo (%8,
Stone Totalizer N.A, 2GS 0FR2 253N |25 790|126/¢22 G;:,:;g‘
Stone Rate fons/hr. 13552|385938¢7 (30 |29 7590
0i1 Totalizer Gals. 4039 }D}?jﬂ};ib%} 4347 o%ﬁ: 1268
01 Rate als/hr. 324 | 3571297 | 314 | =29 Jle
Gas Totalizer Ft — ] . “
Gas Rate Ft3/hr — —_ - - —_—
[% 011 to % gas i
Firing Zone Tempt °F 20600 |2590 | MO [R60D | 2L/0 =400
ruddle Kiln Tempt °F 1380 |1370] 1340 1136C {1300 /360
Feed End Kiln Tempt °F lo@5 1000 |1C30 {010 |[foe b /023
ESP Inlet Tempt °F 702170212201 220 | 5,7 Ta
ESP Outlet Tempt oF 6Ld Lo e lese lers 24
ESP “A" Field ' '
Primary Current amps 70 {7z | 20 lauy bbb 24
Primary Voltage volts 255 .255 A5G 257 |259 ~56
‘| Precipitator Current amps 40 |y A0 |, 40 | .37 o
ESP "B" Field '
_|Primary Current amps 72 17/ |9 V€1 4% 70
) Primary Voltage valts 248 | 243 | M5 245 299 Y
Precipita_ter Current.. | .amps 48 .45 .44 {.33 L¢3 74
2 of Operation m—i,}:j-ﬁi,’— lfn“b " % "L‘I f"b
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SAMPLE IDENTIFICATION LOG :

_oPA Humber Sarple Location Run Cantents Comments .
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’ SAMPLE IDENTIFICATION LOG .
: ) Fhoak
__EPA iumber  Sarple Logstion  Run Contents o Comments
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SAMPLE IDENTIFICATION LOG
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EPA Number S;;m;;e- Location Run Contents Comment s
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ANALYTICAL DATA
er__/J-). M Qizuaﬁg CONMENTS:
DATE' Shal2Y
" SAMPLING LOCATION WQJH
SAMPLE TYPE £ PA
RUN NUMBER -/
SAMPLE BOX NUMBER JNES - |
CLEAN-UP MEN J et
ANALYST \./J{/j yd
FRONT HALF . . LABORATORY RESULTS
ACETONE WASH OF NOZZLE, PROBE. CYCLONE {BYPASS), CONTAINER S 7Y -&cy- 778 HDEC S o
FLASK, FRONT HALF OF FILTER HOLDER
FILTER NUMBER _ S 2 =S~ 7 ik 4 CONTANER 57 -20/~27 7 /36.4

- ﬂiﬁd_ﬁawﬁ_

FRONT HALF susTOTAL __ ¥ 22.9 o

BACK HALF
IMPINGER CONTENTS AND WATER WASH OF CONTAINER =5 2df-p0/~ 260 ‘/d . S/ ng
MPINGERS, CONNECTORS, AND BACK ' ETHER-CHLOROFORM
HALF OF FILTER HOLDER EXTRACTION S7Y-00/- 7/ /2 7.8
ACETONE WASH OF IMPINGERS, CONNECTORS, . CONTAINERS 28/ 401979 20. 7 o
AND BACK HALF OF FILTER HOLDER
: - BACK HALF SUBTOTAL 9479
TOTAL WEIGHT LTS ng
‘MOISTURE
RIPINGERS
AL VOLUE __ Y40 w |
INITIAL VOLUME _ 200 nl
NET VOLUME o0
SILICAGEL - _
FINAL WEIGHT 33-7 ST NS 8
INITIAL WEIGHT 300 ¢ NC(ay 00 | [l —
AET WEIGHT _22.5 ¢ DXl g TOTALMOSTURE___ A 375~ ¢
EPA (Dur) 231
v
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_ ANALYTICAL DATA
PLANT . ° “ /7 N
DATE E/2/74 R
SAMPLING LOCATION/ 4 L (A2
SAMPLE TYPE e e
RUN NUMBER L2
SAMPLE BOX NUMBER MEC [ :
CLEAN-UP MEN ‘ ﬂ/m
ANALYST \ wis
FRONT HALF ' : . ‘ LABORATORY RESULTS
ACETONE WASH OF NOZZLE, PROBE, CYCLONE (BYPASS),  CONTAINER = 7% 00/-847 S3.7

FLASK, FRONT HALF OF FILTER HOLDER

FILTER NUMBER 3=/ iﬁﬁfﬁ CONTAINER S 7Y~ 00/- §Y¢ 459 m

FRONT HALF SUBTOTAL ____ /7! = |

BACK HALF
IMPINGER CONTENTS AND WATER WASH OF " CONTAINER D 2¢00/8Y9 S5
* IMPINGERS, CONNECTORS, AND BACK ETHER-CHLDROFORM -
HALF OF FILTER HOLDER _ EXTRACTIONS 7§~ gof- 550 A\ LD o
ACETONE WASH OF IMPINGERS, CONNECTORS, CONTAINERSZ4-00/ -8 ¥8 A 78
AND BACK HALF OF FILTER HOLDER : 3/
BACK HALF SUBTOTAL /ST .2 ng
TOTAL WEIGHT - 25 F. 3 m
MOISTURE
WPINGERS
FNALVOLUNE 254w /70 Y
INTIAL YOLUME _ 480 ml _s20 0
KETVOLUME _259 al 40 ¢
scAceL
FINAL WEWGHT _337.% ¢ t t
INITIAL WEIGHT 39T ¢ ] t : -
NETVEGHT 308 I’ t _t - TOTALMOSTURE____ . 335. 5 - ¢
EPA (Dun 23
r————_— ‘m_ P
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ANALYTICAL DATA

DATE 4?,/&:/ 7'/
SAMPLING LOCATION L3P cﬁ,affﬁ _
SAMPLE TYPE £ PR s

" RuNNumeer__F= 3

SAMPLE BoX NumBeR /71 2 Q[
CLEAN-UP MEN : %w-—:/
ANALYST Lt '

" FRONT RALF _ : : LABORATORY RESULTS

ACETONE WASH OF NOZZLE, PROBE. CYCLONE (BYPASS),  CONTAWERSZY-00/-§S> ____ Y75 o
FLASK, FRONT HALF OF FILTER HOLDER

FILTER NUMBER 32 -2 Qéﬂ_-‘lgj;/’u/counmeadztaa{-an 658 m

é_ﬂ%ﬁ:’” 4

 FRONT HALF SUBTOTAL ____ /7.3 n

BACK HALF

DEPINGER CONTENTS AND WATER WASH OF conTAIER S 2000/ &5 33.2 n
IMPINGERS, CONNECTORS, AND BACK ETHER-CHLOROFORM
HALF OF FILTER HOLDER EXTRACTION S 2¥-00/- 855 /S

ACETONE WASH OF IMPINGERS, CONNECTORS, CONTARER-S.Y - 00/ 83 LeE me
AND BACK HALF OF FILTER HOLDER 5
_ BACK HALF SUBTOTAL -

TOTAL WEIGHT /fu?;J' ]

MOISTURE

MPINGERS
FINALVOLUME 32 ¥ m /42

INTTIAL VOLUME _ /00 sl /oo
NETVOLUNE _22¢ ul v

SILCAGEL =~
FINAL WEIGHT 3308 ¢
INITIAL WEIGHT 200 ¢ 1
nET weigHT 34 g P -

elo o

L)

TOTAL KOISTURE 3o

EPA (Dut} 231
yn
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SULFUR CONTENT ANALYSIS

HEAT OF COMEUSTION DATA SHEET

2 S Y Y ST

f

-Sample + Capsule__ /. /970

Tare Wt. Capsule__ 2 4178
X Net Wt, Sample S IA
Average Room Temp., ¢7 2 °c
!
' OBSERVATIONS
Tize Texperature

Min. Sec. . °c
5 28.72¢
.10 2257
1) [1]4] 2 ES

11 15 21.9¢

11 0 22 /5

11 45 A2 .3
216 23, 006
112 EI WYV
118 23,070

19 . CAN-XF ERN - o
20 FINXY:
21 ZJ1. 031

22 . 2x 030

23 2 % )

24 L2070

25 .

Corrected Temperature Rise:

‘l"iml.' Tenp. 23, 03D ' .
:Scale Corr. -l Y
True Fimal = 23.03Y
lz(c—b) - - L8203
‘Cr.i_rrected Yipal » _23.03 7
Initial Temp. L0, LIS
‘Seale Corr. e
,True Inicisl = an.l»o
ltl(b-l) - L DDé
‘Cortected Inttial = A0 826
_Het Temp. Rise . 221

1.8 x _YjfL =
i Water Ner. ‘l‘ew
Equiv. Rise

9&&[ { Total B‘I'U o

Bmpl.e Noj?‘/ 42/ 79{ "ZWLD'“ /0{ yiid Observer ‘;4/(

Interpolation to Find ISix-Tenths Pognt '

0.6R » .6(2 103> - 285 )= /330 ‘¢

Final Initial
Teap. Temnp.
Tewp. at .6R = A0 U5+ ZE! =g sf5C
' Init.Temp.
Time (b) at R = 7S + [/ = //:30 Min.
Prior Time + Sec.
Time Galn -
(b-a) = /7230 - D ov=_ [ B2 = L5 Min.
Time (b} Time Min. + 100 Tha.
Fired + Sec.
(c-b) = _S8on-_Jlo3e = T30 = [ Min
Final Tine (b) . Min. + 100 Ths.

Time - 4 Sec.
Radiation Rates:

Initial Rate (r)) = __.pA1 % __ & = Bp¥ _°C

Prelim, Hinutes per Mia.
Rige )

Fina) Rate (r,) = Dol S = .o0pf °c
, K Final Minutes per Min.

Fall

Corrections_for Total BTU:

fee
Puse Wire « 4.14 ﬂwcﬁgf oy -3 1\
Sulfur = 23 x 4522) x /,S 9'4 zii

Wt. Sample
Acid Titration = G4 w1l x L4778 B 5 26.8 = 22.9 BTY

Total Correction = 9 BTU
. 5.5,'_‘ e 4
Net Heat leerated -’ B'IU

Ass 4

Liberated Sample

Heat of Combustion = _ﬁtﬂ_ 1) S;fr}; /w?ﬁﬁ‘ﬁ':'ly
Net Heat

/J'JJJ é
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Bample No. .S 7V-£2{- L%

&

HEAT OF COMBUSTION DATA SHEET

#&/‘,{W%ﬁe S

Obserlve‘r ! ﬁl |

st

1
1Sample + Capaule _/I) 204
{Tare Wt. Capaule 9 183
i Het Wt. Sample ﬁ. JI L
' -
EAv.rage Room Temp. A3 °c
H - .
1 OBSERVATIONS
Tine Temperature
Min. Sec. °c
‘5 L4l
.10 . ;92
1l {0 .11
1l 15 e T A
1Al 30 a2, Y
11 45 e
16 L I7E
17 - o7 /56
18 23090
19 S5 ]
20 23[9 =~
21 2Tt 95
22 A3, 9
23 o3, /‘/,V
24 23, 100
25 3 ey
26
! Corrected Temperature Rise:
Final Texp. a F.195
Scale Corr. .00 -
True Final = 23./92
Ry(c-b) = L0219
Corrected Final » 3. /%8
'lnitill Temp. ~. 690
Scale Corr. N-a-Vi
True Initisl = 20,L972
I:'1(!'0--) - L2909
Corrected Initial = JO ! 70 b

-Het Temp. Kise -

A4g2
r T
1.8 x 5
} Water

. Equiv.

x .
Net Temp.
Rine

Interpolation to Find "S{x-Tenths Point:"

0.68 = .60 R3.795 - 20090) - /503 o

Final Initial
Temp. Temp.
Temp. at R = 284690 + £S03 = _A/93 ¢
Init.Temp. 0.6R
Time (b) at .6R = J/ /5 + /A = /127 Win.
Prior Time + Sec.
Time Cain
(b-0) = /27 - 000 = /0T = /4S5 uin.
Time (b) Time Min. + 100 Tha.
Fired + Sec. .
(c=b) = _ A0 . 37 7133 - E.Qj Min.
Final Time (b) Min. 100 Ths.
Time + Sec.
Jdia.r.ion Rates:

Bl °C

Initial Rate (r;) = _, 030 + .5 -
Prelim. Hinutes per Min.
Rise
Final Rate (rz) - _.005 + & - .esy  °C
. Final Minutes per Hin.
Pallf...,

Corrections for Total BTU:

Fuse Wire = 4.4 x 4.5 Go974F - /77 ST

Sulfur = 23 x _O345¢ x __ /36 = _[83 BTU
Wt. Ssmple s

Actd Tieration = (.97 ml x L0q N x 20.8 = 227 BTV
’ Total Correction =5 5 7 BTV

Net Heat Liberated = /3 ¥ JBTU

Liberated Sanmple

-

Heat of Cosbustion =

- (4[00.3 Total BTU

e et . . ”~
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T s HEAT OF COMBUSTION DATA SHEET
Bample Hoi S 7 Y-goid72¢ ! 4"0\%/&’4, Date /f;/gfl/? ¢/ Obaerver Jf/e
1fryY i
Bample + Capaule 702242 v/ Interpolation to Find "Six-Tenths Point:"
:‘hre Wt, Capsule ?¢ G"Zﬂ .
}: Net We. Bample 0.6 030 "0.6R = .6( A7.003 - Abode) = [ IY¥3 ¢
| Final Initial .
'ilwauga Room Temp. 235 % Tesp. Temp.
i Temp. at .6k = J[ 030 + /L S¥3 - AAF73%
v .T . .
: OBSERVATIONS Intc.Teup 0-6R _
. Time (b) at &R = //. /5 + .oy = _ [/ 2¢ Min.
HE-&E_ Tﬂ’l’sé“““ Prior Time + Sec.
— = Tive Gain
T j,’g;f; (bes) = __//28 - [0:00e [P0 =_[33 Win.
T — e e Time (b) Time Min. _ + 100 Ths.
11 15 .,1.'3.\.",‘/ Fited + Sec. '
m 20 244 (c-b) = 200D_- __1/:30 _= _Z40_ = _ L7 min.
T 01 £40 Final Time (b) Min. + 100 Ths.
17 ~23 92 Tine + Sec,
18 23.597
;: g;iﬁ_ " Radiation Rates:
2 23, 60
22 XY Initial Rate (r,) = 2430 + . I« 2. 00h "c
23 3, oo Prelim. Minutes per Min.
24 w1 b re Rise
25 ol3 600 R
26 Final Rate (r)) =~ .00 ¢ S o= s c¢
Final Hinutes per Min. ’
Fall

; Corrected Temperature Rige:
I:lnsl. Texp. 2,3. ﬁ >

Scale Corr,

True Final = JJ._QOS

By(e=b) . = .00 3
Corrected Final = 27 &t
-Initial Temp. ) 203D
Scale Corr. Vo d

True Initial = -TA mﬁ

1, (b-0) - ._wE

Corrected Initial = 2/ 042
Met Temp. Rine = 2, Sk

Correctiona for Total BIY:

Fuse Wire = 4.14 x ___ 6.3 éﬂ - 2l [ BT

Sulfur = 25 x _AdN30 = _ /37 - __ /9.0 sw
X s

We. Sample
Acid Titration = 2 74 wl x 0777 K x 24.8 =J24 BTU
Total Correction = ég, Z BTU

Net Heat Liberated -4@22 Z BT

Heat of Cosbustion = ,@gf /37978
* " éae.t Heat

Liberated . Sample

-~

,11.8: QﬂZé x é.é‘Q - [ﬂé‘,t Total BTU

Water Het Temp.
lqniv. Risa
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APPENDIX .J

. SAMPLING AND ANALYTICAL PﬁOCEDURES
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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.!

Sampling Apparatus

R NS Al T T

The particulate sampling train used in these tests met design
specifications established by the Federal EPA and was assembled

- by MRC personnel. It consisted of:

Nozzle - stalnless steel (316) with sharp, tapered
leading edge and accurafely 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 attacheéd to probe to
monitor stack gas velocity

Filter Holder - Pyrex glass with heatlng system capable
of maintaining minimum temperature of 225°F

Draft Gage - an inclined manometer made by Dwyer with
a readability of 0.0l inches H,0 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 - Type K (chromel/alumel) thermocouples
with a Digitec Model 590 digital thermometer (range
of -310° to 2500°F)

-

'!Federal Régiétér, Vol. 36, No. 247, Part 11, Pecember 23, 1971.
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Metering System - wvacuum gauge, leak-free pump, thermo-
couples capable of measuring temperature to within

5°F, dry gas meter with 2% accuracy, and related equip-
ment to maintain an isokinetic sampling rate and to
determine sample volume. The dry gas meter 1is by
Rockwell and the fiber vane pump is by Gast.

Barometer - Bourden tube type to measure atmospherle
pressures to 20.1 inches Hg

Sampling Procedure

After selecting the sampling site and the minimum number of
traverse polnts, the stack pressure, temperature, moisture,

and range of velocity head waé measured according to procedures
described in Method 1 of the Federal Register (December_23, 1971)5

Approximately 200 grams of silica gel were weighéd in a sealed
impinger prior to each test. @Glass fiber filters* (3" diameter)

. were desiccated for at least 24 hours and welghed to the nearest

0.1 miiligram on an analytical balance. One hundred ml of
distilled water was placed 1in each of the first two impingers,
the third impinger was initially empty, and the impinger contain-
Ing the silica gel was placed néxt in serles. The train was

set up without the probe as shown in Figure J-1. The sampling
train was leak checked at the sampling site by plugging the

inlet to the filter holder and pulling at least a 15-inch Hg
vacuum. Leékage rates of less than 0.02 c¢fm 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 1ce was added during the run to keep the temperature of

the gases leaving the last impinéer at approximately 70°F.

-

# MSA 1106 BH or equivalent
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THERMOMETER

HEATED : ==
CLASS STACK WALL _ ‘H
PROBE : mmem* myu
B 1A [
' \\U _ H
- | : ]
T _ [ . _
| - : MANOMETER |[&| | 7 ‘ . SILICA .mm_. “ .
- B ldeomgFwater T T T L en
L THERMOMETERS -~ | CORD
g / w

CALIBRATED ORIFICE AHHV AH”V

CONTROL

VACUUM
GAUGE

DRY GAS
METER

lltll ”“I““I

MANGMETER-

‘Figure J-~1. Particulate sample train




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

r

Sample Recovery Procedure

" The sampling train was moved carefully from the test site‘to

the clean up 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.

Contalner No. 2 - Loose particulate and acetone washlngs
from all sample-exposed surfaces prior to the filter were
placed 1n a glass Jar and sealed. Particulate was removed
from the probe with the aid of a brush and acetone rins-
ing. '

Container No. 3 - The condensate from the first three
Greenburg-Smith impingers was measured within 21 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 con=
tainer 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 con-
tainer and sealed.

Container No. 5 -« A minimum of 300 ml of acetone was
taken for the plank 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 re-

' corded. The used silica gel was discarded.

—— P LI . .. ) »

_Detailed'proeedures follow.
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~ Cyclone and Fillter Clean Up

Method 5 — MRC Clean Up Procedure

Probe Clean Up

f

Remove any materlal from the outside of the probe and
nozzle that may contaminate the sample by falling or being
washed into the sample bottle. Remove the nozzle and.
rinse the inside with acetone into the front 1/2 acetone
sample bottle. Brush the inside with a clean test tube
brush while flushing with acetone into the sample bottle.
Wash the brush with acetone into the bottle. Rinse the
inside of the nozzle a final time with acetone.

Elevate one end (the nozzle end) of .the probe and rinse
through with acetone into the front 1/2 sample bottle while
slowly rotating through 720°. Run a clean probe brush
through the probe while flushing with acetone and slowly
rotating the brush. When the brush 1s exposed on the down
stream end of the probe, rinse 1t into the sample bottle
with acetone. Do not pull the brush back through the probe.
Repeat the brushing step. Rinse the probe a final time

by flushing with acetone while rotating it 360°. Wash the
funnel into the sample bottle. Observe the probe inside
and repeat the clean up procedure if sample partlicles are
obvious. . ' .

Remove the ecyclone and connecting glassware. Rinse the
cyclone with acetone into.the collection flask and pour
into the front 1/2 sample bottle. Repeat until all -loose
mater}al 1s collected. If sample material adheres to the

171 -
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inside surfaces, a small test tube brush can be used to
free it, and it should be rinsed into the sample bottle.

- If a brush or spatula is used to clean the cyclone and catch
bottle, 1t must be cleaned into the sample bottle. All
connecting glassware between the c¢yclone system and filter
must be treated in the same manner, i.e., flushing and/or;
brushing the sample exposedlsurfaces into the sample con-
tainer with acetone until no sample material 1s visible.

The fllter assembly must be disassembled in a dust-free
area. The filter membrane should be loosened from the
silicon rubber gasket by running a knife blade or spatula
between them being careful not to scrape or loosen particles
of glass from the glass frit. Lift the filter, using a
spatula, and place into its storage container, Carefully
scrape all particles of fllter material from both mating
surfaces (i.e., the silicon rubber gasket and the front-
half glass holder) and place them in the storage container.
Rinse and brush the front-half glass holder's sample exposed
' surfacesninto the sample bottle with acetone. Do not
wash or rinse the frit. Wash brushes, spatulas and funnels
into the sample and store.

|

3. Back 1/2 Clean Up

Rinse the back half filter holder, connecting glass to the
first impinger, and impinger "U" bends with distilled water
into the back half water wash sample-bottle by filling or
fldshipg twice. Remove each of the first~three impingers

. and poﬁfnihé content into a graduated cylinder for measure-
ment. Transfer these contents into the sample bottle,

Wash each of the three 1mpingers two times by squirting

- about 100 ml of distilled water into each, covering the
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inlet and outlet openings with clean caps or clean fingers,
and shaking to cause the wash water to contact all of the
inside surfaces. Pour this wash water into the sample
bottle and rinse the graduated cylinder and funnel into
sample bottlé with distilled water. Seal the bottle and
store. |

Rinse the back half filter holder, the filter ‘to impinger
connectors, and the impinger "U" bends with acetone into

. the back half acetone wash sample bottle by filling or flush-

ing two times. Wash each of the three impingers two times
by adding about 100 ml of acetone and shaking as with the
water wash. Transfer these washings to the sample bbttle.
Rinse the graduated cylinder used to measure the water and
the funnel with acetone into the sample bottle. Cap the
bottle ‘and store. '
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Analytical Priocedures

The following procedures were used and follow the methods
described in the.Federal Register!:

Container No. 1 - the filter and any loose particulate

matter from this sample contalner were placed into a

tared glass welighing 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, desliccated to a constant
welght, 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 T70°F. The sample was then desiccated to a con-

stant welght and weighed to the nearest 0.1 mg. The re-
mainlng water was evaporated by boiling in a tared beaker,
and the residue welghed.

Container No. 4 - the acetone washings from the back half
of the rilter holder, connectors, and first three Green-
burg-Smith impingers were transferred to a tared beaker,
evaporated to dryness at ambient temperature and pressure,
desiccated to a constant weight, and welghed to the
nearest 0.1 mg.

Container No. 5 - the acetone blank was transferred to a
tared beaker, and evaporated to dryness at ambient tem-
perature and pressure. The blank was then desliccated to
a constant welght and welghed to the nearest . 0.1 mg.

Container No. 6§ - the water blank was evaporated by boil-
ing 1n a tared beaker, desiccated to a constant weight,
and welghed to the nearest 0.1 mg. Blank corrections were
made in proportion to the amount of reagent used.

lFederal 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

1

The feollowing method was used‘to determine total oxidés of
nitrogen. Samples were collected in evacuated flasks contain-
ing 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% 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% hydrogen peroxide was added. The solu-
tion 1s 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% SO,

Phenoldisulfonic.acid solution - 25 grams of pure white
phenol were dissclved in 150 ml of concentrated H,SO, 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 im a dark stoppered

reagent -bottle..

Potassium nitrate solution (standard) ~ 0.5495 grams of
KNO, were dissolved inmone liter of water in a volumetric
flask. .One hundred ml of this sclution were diluted to
one liter.in a volumetric flask. One ml of the final
solution was equivalent to 0.025 mg NO;.
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Sampling Apparatus

Flasks - two-liter, Pyrex, round-bottom flasks were encased
in a simple container with a sleeve and accompanylng
stopcock valve as shown in Flgure J-2.

Vacuum systém_- the vacuum system consisted of a vacuum
pump, capable of producing a vacuum of 3 inches Hg
absolute pressure, connected to a 0-30" Hg gauge.

Thermometer - dial thermometer, range 25 to 125°F, 5-inch
stem. : ' .

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

Spectrophotometer - a Bausch & Lomb Specfronic 70, capable
of measuring optical density at 410 nm in 0.5 inch absor-~
bance cells was used.

Sampling Procedures

"

Twenty-five ml of_absorbing'solution were pipetted into a sample
flask. The flask valve stopper was inserted'into the flask with
the valve in the "closed" position. The sampling train was
assembled as shown in Figure J-2. Each sample was collected
using a 2-foot glass-lined probe at the upper port locations.
Each flask was evacuated and pressure tested for one minute,

and the initial flask temperature, pressure, and barometric

‘pressure were recorded. The sampling probe was 1lnserted into

the stack and heated, and -the sample flask connected. The 3-
way stopcock was turned to the "purge" position, ana stack gas
was drawn through the system with a rubber squeeze bulb to check
for condensation 1n the probe line. The 3-way stopcock was then
turned tb the sample position for ‘15 to 30 seconds. The flask
valve was then closed and disconnected from the probe. The con-
tents were shaken for at least 5 minutes.
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Figure J-2. Nitrogen Oxides Sampling Train

177.




e S W e T Wl e ol T ul WS el ol ol e e e

Sample Recovery

The flasks were allowed to set for at least 16 hours. They
were then shaken for‘at least 2 minutes, the final pressure,
temperature, and barometric pressure were taken, and the sample
was transferred to a étorage bottle using a small amount of
water wash. The solution was then treated with sodium hydrox-
ide (1 N) until a2 pH of 9 to 12 was reached. .

Analysis

The sample was evaporated to dryness on a steam bath 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 U4 drops of concentrated sulfuric acid were
then added. The solution was heated on a steam bath for three

minutes with occasional stirring. After cooling, 20 ml of water

were added and mixed well by stirring. Concentrated ammonium
hydroxide was added dropwlse with constant stirring'until
alkaline to litmus paper. The solutlon was transferred to an
appropriate volumetric 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 absorbance 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 ©oh each.- -

Spectrophotometer ~ aliquots of 0.0, 1.0, 2.0, 3.0, and 4.0

ml nitrate solution (standard) were added to a series of
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beakers, and 25 ml of absorbing solution added to each.
Sodium hydroxide (1 N) was added dropwise until alkaline
to litmus paper (about 25 to 35 drops). These solutlons
were treated exactly like the samples by evaporating,
adding reagents, and they were then transferred to 100 ml
volumetric flasks and the absorbance read at 410 nm.

The calibration curve was checked prior to each set of
samples. ‘ .
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Determination of Sulfur Dioxide Emissions in Stack Gases

Tﬁis method was used to measure sulfur dioxlide in stack gases
and follows Method 6 of the Federal Register!, with modifications

-as noted below.

Sampling Apparatus

Nozzle - stalinless steel (316) with sharp, tapered lead-
ing 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 from occurr-
ing.

Pitot tube - type S, attached to probe to monitor stack
gas veloclty

Filter holder - Pyrex glass

Impingers - four as shown in Figure J-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, thermo-
couples capable of measuring temperature to within 5°F,
dry gas meter with 2% accuracy, and related equipment,
to maintain an 1sokinetic sampling rate and to deter-
mine sample volume.

Barometer - Bourden tube type to measﬁre atmospheric
pressure to 10.1 inches Hg.

Sampling Reagents -

Filters - glass fiber, MSA type 1106 BH ®»r equivalent of
a suitable size to {lt in the filterholder.

Silica Gel - indicating type, 6-16 mesh.
Water - deionized, distilled.

. 'Federal Register, Vol. 36, No. 247, December 23, 1971.

*
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Isopropanol, B0% - mix 800 ml of isopropanol with 200 ml
of deionized, distilled water.

Hydrogen peroxide, 3% - dilute 100 ml of 30% hydrogen per-
oxide to 1 liter with deionized, distilled water.

Analytical Reagenfs

Water - deionized, distilled
- Isopropancl

Thorin indicator - 1-(0-arsonophenylazo)-2-naphthol-3,
6-disulfonic acid, disodium salt. Dissolve 0.20 gram in
100 ml distilled water.

Barium chloride (0.0200 N) ~ dissolve 2.4431 grams of barium
chloride (BaCl,) in 200 ml distilled water and dilute to
1 liter with isopropanol. Standardize with sulfuric acid.

Sulfuric acid standard (0.02 N) - standardize to x0.0002 N
against 0.01 N NaOH which has previously been -standard-
ized agalnst primary standard potassium acid phthalate.

Sampling Procedure

One sampling polnt of average velocity was chosen which was

33 inches from the inner wall of the stack. The train was
assembled as follows: 150 ml of 80% isopropancl in the first
impinger, 100 ml of 3% hydrogen peroxide 1n both the second and
third lmpingers, and about 200 grams of welghed silica gel in
the fourth impinger. A portlon of the reagents were retained
for use as a blank. The train was aséembled without the probe
"and was leak checked at the sampling site by plugging the inlet
of the first impinger and pulliﬁg a 15-inch Hg vacuum. A
leakage rate not in excess of 0.02 c¢fm at a vacuum of 15 inches
Hg was recorded in all cases. The probe was then attached ahd
the probe heating system turned on. The probe heater setting
was adjusted during sampling.fo_prevent any visible condensa-
tion. Crushedfice was placed around the impingers énd more l1ce
was added during the run to keep the temperature of the gases
leaving the last impinger to 70°F or less. '
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For each run,. the.data were recorded at startup, on comple-

tion of the test, and at l12-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 essentlally the same time period as the Method 5 sam-
pling. :

At the completion of the test, the probe was removed from the
stack and the train was purged for 10-15 minutgs by drawing
ambient air through the system.

The Method 6 samples were collected using the Method 8 train
modified for each run as follows:

Run S-1 - this run used a standard Method 8 traln with a
filter between No. 1 and No. 2 lmpingers and no heat
applied in the oven.

Run S-2 - this run used thé Method 8 train with an addition-
al filter between the probe and first impinger. The added
filter was not heated.

Run S-3 - thls run used the same train as Run S-2 but the
additional filter was heated to approximately 260°F.
Samples of the probe washing, isopropol solution in the
first impinger, first impinger wash, and filters were
collected and forwarded to EPA for further analysils.

Sample Recovery

The solutions from the second and third lmpingers were trans-
ferred to a Wheaton bottle. These 1lmpingers and their connect-
ing glassware were rinsed with deionized distilled water which
was added tg_the‘same contalner. ' : -

Analytical Procedures -N.T;

The volume of the sample was recorded. A 10 ml aliquot of
sample was pippetted into a 100 ml Erlenmeyer flask. Forty ml
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of isopropanol and 2-U drops of thorin indicator were added.
The sample was then titrated with barium chloride to a pink end
peint. Each titration was repeatéd with a second aliquot of
sample. The blanks were titrated in the same manner as the

samples.
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Visual Determination of the Opacity of

Emissions for Stationary Sources

. This method was used to measure visual emissions for stack gases

and follows Methéd 9 of the Federal Register.!

Applicability - This method is applicable for the determina-
tion of the opacity of emissions from stationary sources.

Procedufes - The observer quglified in accordance with this
method shall use the following procedures for‘visually deter-
mining the opacity of emissions.

Position - The qualified observer shall stand at a distance
sufficient to provide a clear view of the stack emissions
with the sun criented in the quadrant to his back. Consis-
tent with maintaining the above requirement, the observer
shall, as much as possible, stand at a position such that his
line of vision is approximately pérpendicular to the plume
direction; and when observing opacity of emissions from rec-
tangular openings with length-to-wldth dimensional ratios
greater than 2:1, his position should be approximately
perpendicular to the longer dimension.

~Field records - The observer shall record the name of the

plant, stack location, type facility, observer's name and
affiliation, and the date on a field data sheet. The time,
estimated distance to the stack, approximate wind~direction,'
estimated wind speed, description of the sky condition
(presenge and. color of clouds), and plume bacﬁground are re-
corded on a field data sheet at the time opacity readings are
initiated and completed. 77 ' :

'Federal Register, Vol. 36, No. 247, December 23, 1971.
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Observations - Opacify observations shall be made at the
point of greatest opacity in that portion of the plume where
condensed water vapor is not present. The 6bserver shall

not lodk continuously at the plume, but instead shall observe
the plume momentarily at 15-second intervals.

Recording observations - Opacity observations shall be re- i
corded to the nearest 5% at 15-éecond intervals on an obser-

vational record sheet. Each momentary observation recorded

shall represent the opacity of emlssions for that 15-second

time period:

Data Reduction - The data have been feduced by summing the num-
ber of like readings taken durlng any run périod ahd calcu-
lating the percentage of readings at 0, 5, 10, 15, and >20%
levels. This calculation is made by cbtaining the fractional
part of the total readings at each level (number of readings

at this level/total number of readings) and making this value
a percentage by multiplying by 100. ’ -

Y
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Determination of Total Sulfur in Material Samples

The solld samples collected at the site were analyzed for
total sulfur content. The fuel oil samples were analyzed by
the Parr oxygen bomb calorimeter to provide both the Btu
content and the percent sulfur by gravimetric analysis.

The EPA suggested that the method for the analysis of the
sulfuf content of the silo feed, kiln product, and ESP dust
was the sodium peroxide bomb procedure as outlined in Parr
Manual No. 121 and based on the ASTM D 271-46. Due to the
nature of the materials, 1t was necessary to add benzoic acid
in order to get the material to burn. In this method,
potassium perchleorate, the sample, benzolc acid and sodlium
peroxide are placed in the bomb and the mixture ignited. After
ignition the mixture is washed into hot water, neutralized
with hydrochloric acid, filtered, bromine water added, boiled
to expell excess bromine, neutralized and the sulfate formed
precipitated with barium chloride. Four samples were treated
as described in the method. The precipitate formed, instead
of being the expected white BaSO,, was brown in color indi-
cating that Fe{(OH); had co-precipitated with the BaS0,. It
was not established if the iron was from the sample or from
the bomb. In addition to this problem, it was found that for
several samples the 1gnition did not take place smoothly.

Alternative procedures were lnvestigated.and after review of
these metheods, 1t was suggested to EPA that ASTM C-25;72
would be preferrable. This ASTM procedure CO;tains a method
for sulfur in limestone and lime. 1In brief, the method is
based 6n a sodium carbonate fusion and gravimetric sulfur
determination using adjustment of the pH of the solutlion to
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eliminate Fe(OH)j3; precipitation. In additlon to the samples

obtained from the plant, several standards with known amounts
of sodium sulfate 1n calcium carbonate or calclium oxlide were

aiso analyzed as a check on the analytical method.

3

The results of the analysis of these standards are as follows:

Na, S0, 'Cacog % Sulfur %'Suifur '
() cao (g) (g) in Sample Found % Recovery
0.03982 1.00367 - 0. 862 0.862 100
0.0u4443 - 1.02216 0.94%0 0.912 97
0.03483 - 1.10619 0.689 0.622 ' 90

These results indicate that the method gives values within
90% of the true value.
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APPENDIX L

RELATED REPORTS
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Two additional test series were performed at the Woodville
Lime and Chemical Company. The first test was conducted on
May 21, 1974, and is discussed in- EPA Report No. 74-LIM-3A.
The second test series was conducted during the.week of

July 7, 1974, and 1s presented in EPA's Report No. 74-LIM-3B.
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