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SECTION 1
INTRODUCTION

The Kingsford Charcoal Plant in Burnside, Kentucky, was emission
tested by Monsanto Research Corporation (MRC) for the U.S.
Environmental Protection Agency (EPA) under Contract 68-02-2818,
Work Assignment Number 28. The objective of the sampling program
was to collect background information on charcoal kiln emissions
which may lead to the development of source performance standards.

The field test was monitored by Frank Clay, Field Testing Section,
Emission Measurement Branch, EPA. The sampling conducted by MRC
was directed by Tim Thalman as team leader. Carbon monoxide (CO)
and total hydrocarbons (THC) were continuously monitored in the
exhaust duct leading to an afterburner control device over the
entire charcoal production cycle. Exhaust gas temperature,
velocity, and moisture were determined on a periodic basis.

Sampling at the Burnside Plant was conducted by MRC during
May 1-6, 1980. The monitoring techniques employed were non-
dispersive infrared (NDIR) analysis for CO, and flame-
ionization detection (FID) for THC. Moisture was determined
by EPA Method 4.

Quality assurance/quality control in the sampling area covered
such activities as instrument calibration, using standard or
approved sampling methods, chain-of-custody procedures, and
protocols for the recording and calculation of data. QA/QC in
the analysis area involved using only validated analysis methods,
periodic operator QC checking and training, and sample QC by the
use of NBS traceable reference standards.




SECTION 2

SUMMARY OF RESULTS

Pollutants which were measured for this emission test were total
hydrocarbons and carbon monoxide, both determined by continuous
monitoring instrumentation. In addition, gas velocity and
temperature were recorded every 15 minutes and moisture was
determined about every 12 hours.

The Kingsford Charcoal Plant in Burnside operates twenty batch
kilns. Kiln #8 was emission tested over the burn cycle of the
process. Although emissions are controlled by an afterburner,
samples were taken before the control device to characterize
uncontrolled emissions during the burn cycle of charcoal
production.

Kiln #8 was loaded with dry wood in the form of lumbermill ends
in bundles on May 2. The burn was initiated by a fuel o0il torch,
the doors and vents closed and sealed with wet mortar, and
sampling began at about 1 p.m. that day.

Kiln exhaust gas velocity and temperature are shown in Figure 1
over the duration of the burn cycle. Gas velocity is not induced
by a fan or other air mover, but allowed to draught naturally.
Kiln operators slow and speed the burn progress by limiting inlet
air, much like a domestic wood stove operates. Conseguently, gas
velocity fluctuates over a factor of two throughout the cycle.
Exhaust gas temperature, however, c¢limbs slowly from about 100°F
initially to nearly 500°F near the end of the burn, with a sharp
rise at the end of day 3.

Carbon monoxide concentration as a function of time over the burn
cycle is illustrated in Figure 2. The CO values reported in ppm
represent the concentration as seen by the CO analyzer, i.e.,
after CO, has been removed. Thus, actual values are approxi-
mately 10-15% higher. The drop in CO levels which occurred at
around 12:00 Noon on May 4 may be related to a slowdown in the
burn, since the gas velocity and temperature also dropped at

this time.
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A similar trend was observed for total hydrocarbons (THC) over
the burn cycle, as shown in Figure 3. A decrease in concentra-
tion occurred at the end of May 3 (day 2), before rising to top
earlier concentration levels near the end of the burn. The two
curves in Fiqure 3 represent gas concentrations with and without
a condenser in the sample line, used to knock out moisture and
heavier, tarry organics in order to protect the flame ionization
detector of the monitoring instrument and the calibrated flow-
meter. Complete CO and THC results are furnished in Appendix A.

Integrated gas analysis results are summarized in Table 1.

Levels of CO, rose during the burn, while €O, 0., and N, changed.

Moisture determinations are summarized in Table 2. Moisture

levels in the exhaust gas rose from 32% to 48% at day 2 as water

i; drivgn off from the wood, then dropped to 36% near the end of
e cycle.

The charcoal kiln operated normally throughout the emission test.
Thus, the emission results should be representative of uncon-

troiled emissions during normal kiln operation during the burn
cycle.

i
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TABLE 1. SUMMARY OF INTEGRATED GAS ANALYSIS
RESULTS, KINGSFORD CHARCOAL, BURN-
SIDE, KENTUCKY, MAY 3=-5, 1980

co,, CO, 0z, N, Molecular weight,
Date Time % % % % ib/1b mole

5/3/80 2210 9.5 3.5 6.0 8l1.0 29.78
5/4/80 1700 11.0 2.5 3.25 '83.25 29.89
5/5/80 1800 16.2 1.4 9.3 73.1 30.97

. TABLE 2. SUMMARY OF STACK GAS MOISTURE DETERMINATIONS,

KINGSFORD CHARCOAL, BURNSIDE, KENTUCKY,
MAY 3-5, 1980

. Percent
Date Time moisture
5/3/80 0110-0218 32.00:
5/3/80 1808-1908 34.00a
5/3/80 1951=2021 35.00
5/4/80 0232-0332 41 .91
5/4/80 0419-0519 4] .43
5/4/80 0555=-0711 43.29
5/4/80 1200=-1345 48.39
5/4/80 1600-1630 47.04
5/5/80 0100-0214 38.80
5/5/80 1318-1418 4l1.22
5/5/80 1603=-1633 36.08

%alues for saturated air at
corresponding stack temperature.




SECTION 3
PROCESS DESCRIPTION

The Kingsford Charcoal Plant in Burnside, Kentucky, produces
charcoal in a batch process, using "Missouri-type" kilns as

shown in Figure 4. The kilns are constructed of concrete and
process 90~110 tons of wood per batch. Charcoal is produced

by packing the kiln tightly with split wood (about firewood size)
and lighting the wood with a diesel fuel torch. The steel doors
are closed on the kiln and air is drawn through side ports from
below the kiln. During ignition, a large amount of air is
necessary for rapid combustion to insure the heat level needed for
pyrolysis. A typical cycle may include the following time frame:

1/2 day load,

3 to 5 days burn,

3 to 4 days seal and cool,
1/2 day unload,

for a total turn-around batch time of 7-9 days, depending on
initial moisture content of the wood. The emission test was
conducted during the 3-5 day burn period.

For the production of good-quality charcoal, kiln temperatures of
at least 600°F are required. Prolonged higher temperatures will
reduce the yield of charcoal without necessarily upgrading it for
recreational use. 1If, on the other hand, pyrolysis temperatures
remain low, the charcoal may be too "smokey" for domestic use, and
larger than normal amounts of brands (partially charred wood) will
be produced.

The direction and rate of spread of the pyrolysis zone are
associated with a number of factors, such as location of air
ports and stacks, volume and velocity of the incoming air, wood
size and moisture content, piling of the charge, and design of
the kiln. At the Burnside Plant, the rate of burn is controlled
by placing bricks across the air inlet ports and manually
adjusting air intake by brick positioning. Also, mortar, cement,
or clay mud is packed against the steel door edges and top vents
to further seal the kiln and better control the burn rate.

b
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Figure 4. '"Missouri-type" charcoal kiln.

Pyrolysis generally proceeds at a faster rate at the upper part
of the charge, where higher temperatures are available for longer
periods of time. Less rapid pyrolysis takes place near the kiln
floor, where the average temperature usually is lowest. 1In the
YMissouri-type" kiln, combustion and carbonization progress from
the top of the kiln to the floor.

Burn progress in kilns with uncontrolled emissions can be deter-
mined by the color of the smoke from the kiln or by determining
the temperature along the vertical distance of the steel doors.
The pyvrolysis is completed when fire has reached the floor of the
kiln as determined by view ports (air intake ports) at the floor
level. This may also be indicated by a marked decrease in the
volume of smoke and a color change from muddy white on day 3 to
muddy gray on day 4. Opacity is about 80% on the last day due to
the high concentration of tars in the exhaust. At Kingford-
Burnside the kiln tested had an afterburner for emission control.

When pyrolysis has been completed, all air ports are sealed for
the start of the cooling cycle. After the ports are sealed, the
stacks remain open until smoking has practically stopped to pre-~
vent the development of gas pressure in the kiln. Stacks can
usually be sealed from 1 hr to 2 hr after the air ports are




closed. This is done with slide plates in a junction box
located near the bottom of each exhaust duct.

At Burnside the kilns are allowed to cool for about 1 day before
removing the charcoal. Water is sprayed on top of the kiln to
facilitate cooling. Yields of about 20-25 tons of charcoal are
achieved.

At Burnside, charcoal is batch-produced in 20 separate "Missouri-
type" kilns. A plot plan of the batch kiln area of the Kingsford
Plant is depicted in Figure 5. Emissions during pyrolysis are
controlled by an afterburner which services a set of four kilns,
as shown in Figure 6. Two 16-inch circular ducts exit near the
bottom of the kiln end and then join a common 25~inch diameter
duct leading to the afterburner, which is centrally placed with
two kilns on each side. Sampling was conducted in the common
duct, before the afterburner.

Each afterburner is equipped with two fuel o0il burners and one
blower for combustion air. No. 2 fuel o0il is used as auxiliary
fuel for the afterburners, although plant personnel usually
schedule kiln rotation so that three out of four kilns are running
(either in the pyrolysis or cooling stage) in order to minimize
auxiliary fuel usage.

10
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Figure 5. Plot plan of Kingsford Charcoal-
Burnside Plant, batch kiln area..
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SECTION 5

SAMPLING AND ANALYTICAL PROCEDURES

The Kingsford Charcoal Burnside Plant was emission tested for
total hydrocarbons, CO, and integrated gas analysis. The follow-
ing describes the methods used.

TOTAL HYDROCARBONS

Total hydrocarbons were measured using a Beckman 402 Hydrocarbon
Analyzer. The analysis is based on flame ionization, a highly
sensitive detection method. Figure 8 illustrates the filter/probe
and instrument assembly that was originally set up for sampling at
the start of the charcoal burn.

Two in-stack stainless steel small mesh screen filters were pro-
tected by an outer stainless steel sheath with the inlet holes
pointing away from the gas flow. The sheath allowed any tars or
creosote to adhere to its walls rather than the inner screen filter
and prevented screen plugging. The filters were also protected by
a 100 psi air pump which was used to blow back any condensed
organics/particulate matter. An electrical three-way valve was
connected to each filter and a timer was set to actuate the three-
way valve every 15 minutes to discontinue sampling and blow out
the filters. The blow-back lasted 3.75 minutes and the sampling
11.25 minutes. Of the two in-stack filters, one filter was for
the THC sample line and one filter was for the CO sample line.
However, blow-back and sampling occurred simultaneous on both
filters to eliminate any possible dilution air contamination of
either sample line during the blow=back cycle. From each separate
three-way valve a heated teflon-lined flexible tube directed the
sample gas to the THC analyzer, and an unheated teflon-lined tube
went to the CO analyzer.

For the THC analyzer, the sample gas was originally directed to
the analyzer with no sample conditioning other than maintaining

a 375°F gas temperature. However, as anticipated, after about 20
hours of sampling, the increase in moisture and organics in the
sample gas caused the unheated flowmeter on the THC analyzer to
operate inefficiently because of condensation. Since the flow-
meter provided one basis for accurate calibration of the analysis
system, a coil condenser was added between the heated flexline
and the electrical three-way valve.

15
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SECTION 4
LOCATION OF SAMPLING POINT

The location sampled was the #8 kiln exhaust, before the after-
burner control device, in order to obtain uncontrolled emissions
data. Figure 7 illustrates the sampling port location.

As a result of the presurvey visit and preliminary traverse, it
was found that the exhaust velocity was very low (about 6 ft/sec)
in each of the twin ducts. Also, because the sampling program
involved continuous monitoring, frequent switching between ducts
would have been necessary. Thus, in order to counter these diffi-
culties, a pair of sampling ports were installed in the common
duct downstream from the twin exhaust ducts to allow for a higher
flow rate and elimination of duct switching. The location of the
new ports is shown in Figure 7, their position as far downstream
(2.3 diameters) from the elbow joint disturbance as feasible. Two
4-inch diameter ports were installed at the 12 o'clock and 9
o'clock positions in the 25~1/4 inch duct as one faces downstream.

Inside the common duct was found 11 inches of solidified tars
(creosote), up to the lower lip of the horizontal sampling port.

13
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Figure 7. Sampling port location in exhaust duct from
charcoal Kiln #8, Kingsford-Charcoal,
Burnside, Kentucky.
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At this point, the instrument was purged with ambient air for
about one hour to clean/evaporate the water/organics out of the
flowmeter. From then on, all water and heavier (condensable)
organics were condensed out of the sample gas before it reached
the heated flexline. Periodically (about every 8 hours) the con-
denser was removed to allow analysis of the combined condensable
and non-condensable organics in the gas stream. This non-
conditioned sample gas was analyzed for only a short period (about
1/2 hour) to prevent degradation of the FID and plugging of the
instrument flowmeter.

As Figure 8 shows, the zero gas (breathing air) and span gas (9970
ppm methane) were also controlled by another three-way valve, so
that sampling or calibration could occur by means of the operation
of only one valve.

CARBON MONOXIDE

Carbon monoxide was measured using a Beckman 864 Nondispersive
Infrared Analyzer, which automatically and continuously deter-
mines the concentration of CO in a flowing mixture. The analysis
is based on a differential measurement of the absorption of
infrared energy. Figure 9 illustrates the equipment set-up used
for continuous CO monitoring of the charcoal burn cycle.

The CO sample gas was drawn through a filter and unheated flexline
gsimilar to that described for the THC instrumentation. However,
the gas had to be conditioned by passing through impingers, one
containing silica gel (to remove moisture) and the other con-
taining ascarite (to remove CO,, a positive interference in NDIR
analysis). The impingers were installed in reverse to prevent
solids from being blown into the sample line.

Since the maximum detection limit on the NDIR was 5,000 ppm and
concentrations of over 10,000 ppm were expected, a diluter with

a 10:1 dilution ratio was used to bring the sample gas within the
instrument detection range. Because gas dilution is both pres-
sure and temperature dependent, the sample gas as well as the
2,995 ppm CO calibration gas was brought to ambient temperature
and pressure before passing through the diluter. This allowed a
constant dilution ratio to be maintained over the five day samp-
ling period, and served two purposes: (1) no pressure or
temperature measurements were necessary, and (2) no elaborate
calculations were needed to determine the dilution ratio during
sampling using temperature and pressure data. The gases were
brought to ambient conditions by passing them through a 2L side-~
arm flask, sending the excess gas to the atmosphere, and pulling
the sample (charcoal exhaust or calibration) at the desired flow-
rate through the diluter. :

17
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The sample gas passes from the diluter through a three-way
valve, pump, needle valve, flowmeter, and to the CO analyzer.
The last three-way valve was switched to calibrate using 581 ppm
or 273 ppm CO gas. These gases were not diluted or conditioned;
thus then passed only through the needle valve and flowmeter

(to set all gases at the same flowrate) before entering the CO
analyzer.

Problems developed soon with the in-stack filter on the CO gas
line. The filter plugged several times during the night shift
(11 p.m. - 7 a.m.) of May 2-3. When the plugging problem could
not be corrected, the filter and sample line were removed and
the sample line for moisture analysis was used temporarily for
pulling gas for CO measurement. During the day shift (7 a.m. -
3 p.m.) on May 3, the sample extraction set-up was .changed to
that shown in Figure 10.

Since only a small portion (about 10%) of the gas passing through
the THC analyzer is actually burned in the FID and the excess gas
is vented to the atmosphere, this excess gas was used for the CO
analysis. As shown in Figure 10, the set-up of the THC analyzer
is basically identical to that of Figure 8 except (1) only one
filter and sample line is used for both instruments, and (2) the
excess gas from the THC analyzer is not vented but sent to the
diluter and CO analyzer. As before, the gas leaving the THC
analyzer passed through the side-arm flask to set the gas at
ambient conditions before being pulled through the diluter.

From the diluter to the CO analyzer, the set-up is the same as
in Figure 9. This entire system shown in Figure 10 was used for
the remainder of the sampling period.

INTEGRATED GAS ANALYSIS

Exhaust gas analysis was performed using the method outlined in
the Federal Register, Method 3, "Gas Analysis for Carbon Dioxide,
Oxygen, Excess Alr, and Dry Molecular Weight."

19
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APPENDIX A

COMPLETE EMISSION RESULTS
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TRAVERSE POINT LOCATION FOR CIRCULAR DUCTS

PLANT _Kovee fond) Claw e
DATE _Y/29/F0
SAMPLING LOCATION Zbxi2at] Exhaust Due¥ Lon K lpw %3 F—— 58 ——‘\
INSIDE OF FAR WALL TO B
OUTSIDE OF NIPPLE, (DISTANCE A) ___ 2. & Y - a8
INSIDE OF NEAR WALL TO 3 as m ')
OUTSIDE OF NIPPLE, (DISTANCE B) -2 ¥4 }
STACK 1.D., (DISTANCE A - DISTANCE B) 2.5 /4 ° —_——
NEAREST UPSTREAM DISTURBANCE s& |
NEAREST nownsmam D I%unsm ,ﬁ Y
CALCULATOR _ £€ SCHEMATIC OF SAMPLING LOCATION
TRAVERSE PRODUCTOF TRAVERSE POINT LOCATION
POINT FRACTION COLUMNS 2 AND 3 FROM OUTSIDE OF NIPPLE
NUMBER OF STACK LD. STACK 1. (TO NEAREST 1/8 INCH) DISTANCE B (SUM OF COLUMNS 4 & 5)
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3 0. 11 2.97 ' S
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EPA METHOD 2

VELOCITY TRAVERSE DATA
PLANT _.&%uﬁm”_céaﬁm
LOCATION .&Awiﬁm kilvw A R
DATE Loy /i RUNNO. ___!
STACK INNER DIAMETER, @ (in, ) 2.5 Y
BAROMETRIC PRESSURE (in, Hg) 2& 7Y

CROSS SECTI ONAL AR A )
OPERATORS

PITOT TUBE I.D, NO. 341

AVG. COEFFICIENT, Cp= __©:19

LAST DATE CALIBRATED Yas/29

SCHEMATI C OF STACK
CROSS SECTION

STACK TEMPERATURE

C)

TRAVERSE | VEL. Hd. Ap P
PT. No. |mm (in.)H,0 t °_m°n Ts."x °R) | mm Hg (!}n. Hgl| JA_"
; — — — — R
2 0.02 /59
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PRELIMINARY VELOCITY TRAVERSE
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PRELIMINARY VELOCITY TRAVERSE

PLANT__K1nJG 3,
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32

STACK 1.D.

DATE "

LOCATION Z'mmag ky.
Elw 8

BARONETRIC PRESSURE, in. g 2£.29

STACK GAUGE PRESSURE, in. H0
OPERATORS _2£ 77

EPA (Dur) 233
a1

Tt~
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T HEAD TEMPERATURE
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POINT HEAD TEMPERATURE
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EPA METHOD 2
VELOCITY TRAVERSE DATA

(w PLANT kaugs-pord.'
LOCATION - —_Ki/n ¥
DATE 05-04-99  RUNNO.
STACK INNER DIAMETER, m (in.) 37

BAROMETRIC PRESSURE,JIM?(in. Hg) 2%
CROSS SECTIONAL AREA, m2(ftd) ————
OPERATORS
PITOT TUBE 1.D. NO.
AVG. COEFFICIENT, Cp=

LAST DATE CALIBRATED SCHEMATIC OF STACK
Time CROSS SECTION

N STACK TEMPERATORE | Vo7 ¥ 6
TEAN ! VEL. Hd. Ap -
M| oA B |mm in. 00 t, X% L
; 257

0po36 | .030 | )26
PTY T4 INLY (X3 ' [f2
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clockt |OYHIS oY | /8D ) 10=0 02 | us
170 ) n4t 037 | pie |
| 0¥ 1100 022 | 247
[#7 § i 086 | 220
I;’? k%) 040 | #2222
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EPA METHOD 2

VELOCITY TRAVERSE DATA

PLANT W,
LOCATION ide Ky
DATE _May 41920 RUN NO. _
STACK INNER DIAMETER, m (in.)
BAROMETRIC PRESSURE, mm ug Gin. H) _22.46
CROSS SECTIONAL AREA, m2(ft2)
OPERATORS 2t. <D
PITOT TUBE 1.D. NO.
AVG. COEFFICIENT,Cp=
LAST DATE CALIBRATED SCHEMATIC OF STACK
_ CROSS SECTION
TIME vt M0 7€~
7 vEL Hd. Ap STACK TEMPERATURE | v~ £ 7
PE=R0.  {mm (in.) HO t, %’ =260/ | mm Hg (in, Ho) \g
Timé _DP Lol s
200 044 221 1915~ 1.02¢ 27
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)s4S | .e26 | 20¥F| az3e0 I _o/0 A0
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- B al A

PLANT ___%M%?d
A7) Z L o s é:?‘

LOCATION

EPA METHOD 2
VELOCITY TRAVERSE DATA

DATE
STACK INN

5 ~

RUN NO.

Di

BAROMETRIC PRESSURE, mm

CROSS SECTIONAL AREA, m2(ft2)

OPERATORS

ETER, m (in.)

(in. Hg) 28.20

PITOT TUBE I.

A T7, WPy Lol ALy o0,

D. NO.

AVG. COEFFICIENT, Cp= . 2. 27/

LAST DATE CALIBRATED

SCHEMATIC OF STACK

/CR' §2 SECTION

=T por & VEL Hd. A9 STACK TEMPERATURE A ,{y @
' i t ¢ § ;

PI=Ro. | (in.) H,0 s“f/( F) /%ff W .
0 )70 | 0/% /75 { o 040 248
o149 1,075 | 170 | o800 |~ 935 253
0p oo 0,075~ | 297 40315 L0330 253
0216\, 020 | 205 P k3D 030 | 263
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Y$\p. 017 | 2/0 0906 027 25>
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p3 ) S lp, 04 1 as/ & 0ARD DAy - | G
o33 0 lp. 922 207 4 0345 . 26/
43935 0. 027 209 000 22/ 2t
pyoo 10.02] | 211 A 01 27 %%
0d 5 8. 020 | 240 /) 1030 | 025 265

s /20 |p.0221 2077 { |04% 035 2067
Ly J5 |g, 222 2/5 [ i p30 213
cFoo |g. o2/ 207 | WS 035 217
osps |p.022| 207 .4 |13 MY 276
o520 |peo22| 2/5- {4y 635 2%
rsvs 1n.p2% | 208 4 (o0 3% 280
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s 630 &—O'?[ 2322 4 _124% ,039 X% |
65 1 06.075 | 275 { 1300 035 B2
2200 | p . p3c | 24 (315 035 287
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0120 | 64D 244 1345 04 Ly
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PLANT Loges Lo el

EPA METHOD 2
VELOCITY TRAVERSE DATA

LOCATION

RUN NO.

DATE
STACK INNER DIAMETER, m (in. )

BAROMETRIC PRESSURE, mm Hg (in. Hg) 2820
CROSS SECTIONAL AREA, m2(ft2)
OPERATORS
PITOT TUBE 1.D. NO.
AVG. COEFFICIENT,Cp=
LAST DATE CALIBRATED : SCHEMATIC OF STACK
CROSS SECTION
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VELOCITY TRAVERSE DATA

EPA METHOD 2

PLANT K a.bu. S 7£a ™~ Ck
LOCATION <
DATE RUN NO.

STACK INNER DIAMETER, m (in.)
BAROMETRIC PRESSURE, mm

CROSS SECTIONAL AREA, m&(ft?)

OPERATORS

(in. Hg)

PITOT TUBE 1.D. NO.
AVG. COEFFICIENT,Cp=
LAST DATE CALIBRATED

SCHEMATIC OF STACK
CROSS SECTION

Ef‘mg VEL Ha. Ap |—STACK TEMPERATURE P,
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6230 o3 7 | 430 6845 023 9 /6
navs |.0¢) YO 10200 024 423
o260 | . 040 439 698 O2 423
031 | ¢38 | ¥47 | 013© 025 | 427

| 0330 | 039 Yé € OHE . 025 417
2345 | e31 | ye® | 1p0o0 aze | Y
evoo |, 032 | 4ype | e | ol | 395
oY 4 |, 034 | 4$0 | 930 017 - | RY
oy 30 nw@c@d |0LHE 0LY Rgo
0d ¥S bvw's o | do.. 1100 o | k75

(65 0o |fr readid,s e OIS | 3

los /5 lhpHp | Y80 120 Ol 263
o5 30 loqn | Ug( N45 K2 260

Les 45 |, 042 Yy 200 ,0/ 35)
ot 08 LpYY 1 Y90 | 1215 | 018 | =242 |
log v5 |, oys | 448 .| o= 20 | 27>

04 30 | 24/ s | 1295 013 | 2377
e 45 | py2 | 497 |iz00 07 | 200

(02 00 | 1 8 ¥29 12 /S 012 27

075 0 36 430 1230 N2 | 29
0 730 .O;g‘ ¢4 Yz 45 0 | %8
d 749 .0 Y I4OA m(ﬁ
0 go0 025 | 1415 0 %l:z

s - 023 Y§Ie 1430 001 3/%

0 50 023 41p 14945 | odb 3073

w AVERAGE ’@Q.

- A-~l0




EPA METHOD 2

. VELOCITY TRAVERSE DATA
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STACK TEMPERATURE P
TRAVERSE | VEL. Hd. AP

9 ’
PT. No. ""“““'“"20 ts°C(°Fl Ts.°K(°R) mm Hg (in, Hg) ap
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Revision
10/79

MOISTURE IN STACK GAS DETERMINATION
METHOD 4

Plant X{-;ééuﬂ Chasgne/ Date _S- 3-§0

Run # / Location Sampled /:é;o;p cofle f

Volume of gas at meter conditions (CF) = VM = 3.937

Average meter temperature (°F) = TM = _72(

Barometric pressure absolute (in Hg) = PB = %9(

VMS = Volume of gas sampled at standard conditions (SCF)
= (17.64) (VM) (PB 17.64 (3539 ( 855
s = Sl - WS LA L 50349
$38-S
Volume of water final_ 473 Wt. of silica gel final 2% ]
Volume of water initial o Wt. of silica gel initial /22 Y

' Volume collected Vy, = 423 Wt, of water vV, = O.) gnm
Total volume of water collected (ml) =V, +V, = VL = VSO

Volume of water vapor at standard conditions (CF) = VW
VW = (.0470 )(VL) =.0471 ( ¥#80) = 3. 2751

Mole fraction of water vapor = M

i S (2296 - M=
MWW T Gam) ¢ ey~ M T L 3T4AR
$-9134¢

Percent moisture = (100)(M) = 100 (.3847) = sm _3%. 9

/ ST ,m u-;lf = J06.§ Ane /0. 3}'/- JY. 2
' 4 93.0 §2.0 £7. 8
(3 Torr/ JJ.S’WJ RV & 59""! o ‘I‘J*J

/P32

T Sitea Cel say ) -
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MOISTURE IN STACK GAS DETERMINATION
METHOD 4

Plant ﬁﬁ;-;{gna/ pate §- 3-F0O
' xiln 'y
Run # f / / Location Sampled our/fef Top éfzr
7
Dry gas meter calibration factor = Y = .99/

"
<
]
L
~N
Q
“\

1]
a—-l
N
E\
W
J
“\

Volume of gas at meter conditions (cf)

Average meter temperature (°F + 460)°R

Barometric pressure absolute (in. Hg) Poar = 2%.%90

- vm(std) = Volume of gas sampled at standard conditions (dscf)

076000 P * TR | 17,60 (4795(20%) (, 101y 2 0 vo?

Vi(std) = Ty (5357

\ ~ Volume of water final ml Wt. of silica gel final g

( Volume of water initial ml  Wt., of silica gel initial

113

Volume collected V; = _ ml  Wt. of water V, = aT

Total volume of water collected (ml1) = V; + V, = vy, = Y, s
Volume of water vapor at standard conditions (scf) = vwé(std;
Vuc(std) = (-04707)(Vic) = .04707( ¢ ¥<87) = 2.099675

Mole fraction of water vapor = Bws

v
. wc(std) - (2°1) - - p}
L Bus Voioed) * welstd) e N F (367 Bos 0. 223

Percent moisture = (100)(Bws) =100 (.322 ) = 32 Z

. () (Fe*) (F) Y b ek SeF
’_}m"l. wt seter Vel J ” ‘ Time }

- |a53.2 [a8hr6v| 5 o)y
3eu7 pﬁ] >4

30870 290589 | & /@W‘G 3

/45| dws]7)5] ‘,\)\ _
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Revision

10/79
MOISTURE IN STACK GAS DETERMINATION
METHOD 4
Plant é;;;:-ﬁ:d @&m/ Date S-3-£0
Run # _ Location Sampled su#ef Top o/
7

OY4, 0 = Q5/eb5L
Volume of gas at meter condit}_ons (CF) = VM = /. 9‘/.3
2WE 21
Average meter temperature (°F) =TM = 27. 3

Barometric pressure absolute (in Hg) = PB = 2 Zié

VMS = Volume of gas sampled at standard conditions (SCF)

VMS = (17.643‘(VM)(PB2 - 17.6?41.\( /;9'?)522.%2 - 1.5¢ 7£J
S31.§

Volume of water final <2Y./ Wt. of sllica gel final /2¥ S

Volume of water initial © Wt, of silica gel initial /22 )

Volume collected V, = .1'7(/ Wt. of water Vv, = /. VvV gm

Total volume of water collected (ml) = Vi+Vy, =VL = 25-3

Volume of water vapor at standard conditions (CF) = VW
VW = (.0471 ) (VL) =.0471 (253 ) = /./916

Mole fraction of water vapor = M

' (LBI) M= , g
NSV Uy ¢ Gy ot 2389

Percent moisture = (100)(M) = 100 (.Bﬁ{) = M 35’.95/

Leak [k = Tnwd : .co) Ar Jo sFKH
Conl Mabe : fie! € 00! AT 2.0 5eFH

Final Zroa!
Sfﬂﬁ-f Time /7‘./ / sr )M/IU"I' I;.‘f -";‘
Krmished oo 2/

Ann
A9




Revision
10/79 ¥

MOISTURE IN STACK GAS DETERMINATION

METHOD 4 0 270 /{//’
Plant 'L)-‘tagfor& QL&“,,&( Date S-Y-go

Run # 3 Location Sampled Top of Port

Volume of gas at meter conditions (CF) = VM = ‘2. 7L7
Average meter temperature (°F) =TM = &7

Barometric pressure absolute (in Hg) = PB = 28,95

VMS = Volume of gas sampled at standard conditions (SCF)

(17.64) (VM) (PB) 17.64 .
VHS = A e - L HRRL - 2.22)

Volume of water final —~_ Wt. of silica gel final

Volume of water initial e— Wt. of silica gel initial - .

Wt. of water V, = ;7 en

Volume collected V, = "

Total volume of water collected (ml) =V, + V, = VL = 5-7

Volume of water vapor at standard conditions (CF) = VW
/e /14
= (.0471 )(VL) =.0471 (B ) = 2,685 Samy Ine :
5 back flyshed with
Mole fraction of water vapor = M ﬂ/'/,_' ccetohe 4+ susuletis
a;_ o ddp 4 vy top to
VW . ) rent  coadewsche
M=m—w=r—Jg——(— =M= 0,4)9 prevent? coxde
+ 32221 )+ (2 {5 —

Percent moi t‘hge (&2})9’1) = 100 (0.4q/f ) = *M _’ﬂ. 2

.I%mml- # Finn i temp. DI
2°F 2 sl ¥ 5 w
/ ¢ 2585 ¢ 22

Qm Jmp) K T ima
Cof




Revigion
10/79

MOISTURE IN STACK GAS DETERMINATION

METHOD 4 Timse OIS }ps

Plant ll &G S LoD ( ZM&CMZ Date éZZ}_- Q,Zﬂ

Run ¢ Location Sampled

OF #§ /f/td/

Volume of gas at meter conditions (CF) = VM = _%_23{

Average meter temperature (°F) = TM = 19

Barometric pressure absolute (in Hg) = PB = Zg . Z:‘

VMS = Volume of gas sampled at standard conditions (SCF)

(17.64)(VM)(PB) _ 17.64 (2 .9
VMS "‘TEWF%“ﬁEUT"" "—T?WT'T;%%%?L'Zl

% ’ X
Volume of water final — Wt. of gilica gel final g—

(- Volume of water initial ~— Wt. of sllica gel initial

Volume collected V; = _ "= ¢, of water Vou _S74 gm

Total volume of water collected (ml) = Vi 4V, =VL = &2, £

Volume of water vapor at standard conditlons (CF) = VW

= (.0470)(VL) =.0471 (67,4 ) = Z-Zﬂz

Mole fraction of water vapor = M

W 2!2) - W= | .

Percent moisture =:;82)S 2{/
. Ftone 254. 7

( Taittel | 301.3 /o?ﬁ"‘IZZ/‘-Z\.d-;//;;“ /?.5‘
T - ] 7. i 1 ] /




Revision
10 /79

MOISTURE IN STACK GAS DETERMINATION
METHOD §

Trme Q555 Hris.
Plant ﬁ [n, gﬁ:é ( :A'gcggz Date ﬁ. 3 g, m
Run # Location Sampled E ¢£' DoZ fo?

Volume of gas at meter conditions (CP) = VM = 401‘7

Average meter temperature (°F) = TM = ¢¢

2735

VMS = Volume of gas sampled at standard conditions (SCF)

s - QL (uuee) | apet (W (OHI5 |y g

T XS
Volume of water final Wt. of silica gel final

Barometric pressure absolute (in Hg) = PB =

Volume of water initial Wt. of silica gel initial

Volume collected V; = Wt. of water Vv, = gm

Total volume of water collected (ml) =V, ¢+ V, = VL, & 7",' 15

Volume of water vapor at standard conditions (CF) = VW

= (.0471 )(VL) =.0471 (HIB ) = 3,ﬂ9> _

Mole fraction of water vapor = M Time 0559
+e7H
3412
M= o u,;-,,f) Cyway = M - 434
l’b’
Percent moisture = (100)(M) = 100 (M32%) = gm H329
@) P Gyur P
(#y) ” 7 R/
Imp. M;“‘/J z"'?gmd- L) c"""f £
c Bmel | 37415 |707 0] 6% Jorsy | *

Ll 300,00 254358 | ¢5 [0555 | ~3.5
betoo 1 418 | 4AT7[ls - [
Averepe! )

A-22
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MOISTURE IN STACK GAS DETERMINATION
METHOD §

Plant

[« ]
Run # G Location Sampled _'%, we e é_\lg

| Date E/r//s-o

Volume of gas at meter conditions (CF) = VM = 2.9%

Average meter temperature (°F) = TM = 20 F

Barometric pressure absolute (in Hg) =PB = 2907

VMS = Volume of gas sampled at standard conditions (SCF)

vMs = (17.64)(VM)(PB) _ 17.64 (19‘/)6’&02 = 27%

(TH + B60) C g0 +

Volume of water final Wt. of silica gel final

Volume of water initial Wt, of silica gel initial

Volume collected V; = Wt. of water V, = gm

Total volume of water collected (ml) = Vy +V, =VL = L A
Volume of water vapor at standard conditions (CF) = VW

VW = (.0471 )(VL) =.0471 (K G ) = 2. &/

Mole fraction of water vapor = M

. VW (3.5)) - M=
N G AR T TR & 7D M X 2

Percent moisture = (100)(M) = 100 ( ) = !M_ 9%, 39
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10 /79 )
' MOISTURE IN STACK GAS DETERMINATION
METHOD 4
Plant K\Ms";or& Cz‘mumso-\ Date 5[ 5" ?Q_
) 1
Run # i Location Sampled IKiw 'ﬂ’%’ 'Old‘l*-"?__
275 5‘!; .
. &‘B%sﬂ- ® zzh; Tnitie
(218 S Vo*l_ugf%&oei: gas at meter conditions (CF) = VM =« & N o)
Average meter temperature (°F) =TM = 78°F

Barometric pressure absolute (in Hg) = PB = _28(\_@

VMS = Volume of gas sampled at standard conditions (SCF)

= (17.64) (VM) (PB) _ 17.64 (1190)(383)
s = ity (%~ +160) Ll

53

Volume of water final Wt. of silica gel final 33,52

( Volume of water initial Wt. of silica gel initial 305.31,
Volume collected V; = Wt. of water V, = 25,20 gn

Total volume of water collected (ml) = Vi ¢V, =VL = _ 20>

Volume of water vapor at standard conditions (CF) = Vw

VW = (.0471 )(VL) =.0471 ( A5N) = I,Lg'?

Mole fraction of water vapor = M

(T - M= 4|2
it;q “m

Percent molsture = (100)(M) = 100 (0'-“_;;;_) = M '-ll.).:.

vw =
M= s +wW " e

20
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MOISTURE IN STACK GAS DETERMINATION
METHOD 4

Plant /4:.; Foro c’éucae/ Date S-S5 -%0O

Run # /o0 Location Sampled _ gutf/ Za;_b

Volume of gas at meter conditions (CF) = VM = /. 2/

Average meter temperature (°F) = TM = ?/.(

Barometric pressure absolute (in Hg) = PB = __ Jf.§)
VMS = Volume of gas sampled at standard conditions (SCF)

« (17.64)(VM)(PB) _ 17.64 (Lo/7)(Mf7)
wis « QO TRL = LS Ve ) (I fo) 2.93é¢8

£81, €

) Volume of water final p4p.2  Wt. of silica gel final _ /4.0

( " Volume of water initial?2s4.§ Wt, of silica gel initial /p{ 7
' Volume collected V; = /p.f Wt. of water V, = 0,3  gm
Total volume of water collected (ml) = V, 4+ V, = VL = /(0 /f

Volume of water vapor at standard conditions (CF) = VW

VW = (.04710 )(VL) =.0470 ( // ) = Q.5Jé(?[

Mole fraction of water vapor = M

VW (0.596H)
M= = ——— = M= 0. 36 Of
VSV 12.43¢8) + (osael) - N LEE>

Percent moisture = (100)(M) = 100 (p.30f) = sM J6./

'hm\\

2 . s Taitéal




SPON CQS @ x 000 Dote _5_&5/_

&7
(  Span  Gas CC;NC. — 9918 PN HC (onceatrationt
Tim e Feak Ht Range Condemser ’
oW __or oOFF PP
/s@e 2.00 PIY] 54 ] ~ 00O OFF 1764
215 P a |~ OO OF F 2163
2:20 AV 56 | x 100 OFF IL16G
2459 59 Lx_ 1000 OFF 1L Z/
3.00_fW 100 [~ 1600 OFF 19 940
315 fm 99_ [« 1000 oOFF 19, 240
‘ 3.30 PM 94 LA 1000 OF = 118 7242
345 P 45 | 2 1600 OFF - 8 943
4:00 PM 20 | x 5000 OfFF 19 940
4 15 Pm 206 | + &000 OF~ 2Q4‘?Q
H:30 PM A0 [~ 5000 OF~ 19 940 |
445 A 2.2 | x 5000 OFF 00934 .
5106 P 8.5 LA 8000| oFF | 844
¢ 51s P 9 | » Q00| _OFF. 8 943
530 PM 20 Lo | oFE 13945

D-9¢



’Do&:e. 5-'_/2 ZQQ

VY- ]

Spar _{_Q__Z
( | THC
* Time i’m_,% Ht Range Cg;uc)e;:\f;: e
A el K x 5000 OFF 18943
600 M 2] 2 5000 OFF 20937
Cls P 272 * 5000 OFF 2 BY
(30 N 24 + 5060 OFF 23928
(o4 A 2.5 < 5000 OFF 22,432
_Jto__Pm 22.5 x_ 5000 OFF 22 432
(;;-; 15 P 2.5 x 6000 OF F Y 432
7.30 P 23.2 A 5000 oFF 23 130
745 A 24.2 A 5000 CEF 24127
g:00 P oscillobing ra o Ler roureal fe.
g5 P 24 x5 Q00 OEE D939
§:30 AW 22.5 % 5060C) OFF 22422
§45 P 24 <5000 | OFF - 126522
LM 28 <5000 | OFF 2305
Qs Pm 2 x 5000 OFF 195922




. "Dcd:é ——— T

[

BT Feak  Hi Range C;s?c)eo:\::‘;;ﬁ -
936 pr) 5 x 5000 B FF 74725
1. 454 P 25.5 A 5000 OFF 05 473
[0.00 FM 2 x 500 OF F 22927
Qs PM 255 X000 CFF 25 4273
1030 26 2 5CQ0 OFF 25929

1045 AN 27 * 500 OFF 2L 919

.("//‘,’00 mi 27 r_ 5000 DEF 2t 919

[l 15 . Pm %e %5000 OF F 25422

[1'30 _PM 265 x 5000 GF)~ AUL20

I1:45 Pm 26 £ 5000 OFF 24922

12:00 BV 2 000 | OFF 25922
Fad Do |/

4-30




 Dake 5[0;[%0

_THC
Condermser
on _or ofF fwaid
__12:15 AM n5 £ 5000 OFF zq}mf
1230 _AM 25 x 5000 0FEF 924 925
:4g AM 25 £ S000 OFF 24 125
00 BAmM 5.2 * 500 OEF 75 124
|15 _Am 24 X 5000 OFF 23 928
1130 Am 25 #5000 OFF 24 925
(.-lzqq_ Am 23.7 G40 OFF 23,628
:00 AmM 23.9 .00 QF F 23 130
215 Am 273 x X0 OFF 22931
230 _Am Trobe  Qub oS Stack -
245 Am 23 * 5000 OFE 22 233
3:00 fm _R2 > 5000 OFFE 21934
215 A 21.5 ~ 5000 OFE 21 425
(3B Bm 22 x_5000 OFF. 1934
345 Am 23 - 810 OFE. 12233]




CDabe

Sporv Gas @ <5000 07° '_
g THC

T e Feal HE Range Condemser '

ON _or OFF e

UOO A | MalSuncbiond] o& Toner Sc.méc_L S ﬁm;:e Con Lro./
H15 __ Am 24 x 5000 OFF 23928
4:30 _ Am 23 X _5600 OFF 22 93/
4:4S A 22.5 5500 OFF 22432
500  Am 2.2 x_ 5000 OFF 21934
518  Am 22 8 x 5600 QFF 22 73/
(‘5;30. Am 23 25600 QFF 22.93/
545  Am 221 x_S000 OFFE 22033
&1 00 Am 2.2 A 5000 OFF 22 13%
6115 Am 22.2 A 5000 QFF 22 %37
636 - Am 22 25000 OFF 21934
645  Am 23 x_ 5000 OFE 22 93/
7:00 Am 23 25000 OFF | 22,93/
(s Am 23 £_ 500X OFF 22,93
720 Am| 222 . G0 OFE | 22,33

A-32




THC -
© Time Fank HE Range Conderser =
on or. OFF PFm
7. 3’/5 Am Sam;-d,}e libe zacomzx%.cgéeﬂ) ["'O GO)(“J F’:E’ﬁ—
.00 _Am tbhe conldenser A, ,Sarnp\e_s Taker
|7 10, 460
915 Am = 2 * 5000 Ong 17148
19, M7
9:30 Am =2 8 x 5000 On 17 94¢
945 Am (s Somp\\r;)cu — ~
. | 147 v 10,642
10:00 Am 2.5 2 5000 AOro 17447
(- 10,703
1015 Am 17. & x 5000 o 17 547
10,764
1030 Am 7. 7 £ 8000 O 176496
ll.O(.S
1045 Am 18.72 * 5000 On IR 145
100 Am Shul: Ogg Q:xmf‘o\e ~
115 BAm Shobk oSk ~
10,338
30 Am 17 * 5000 On 1L, 949
| 10,096
[[:H5 A TAA 25000 Or - 16,550 _
’ 1 9,730
(2200 fm 16 £ 5000 On 15952
. . : N Q,‘lZlo
1215 _ Am 155 * 5000 Own IS 455
A-23 )




| Deke spulp

¥

-3¢

N THC
Tim e Feak HE Rarge Conderser WeT"
On  or_ OFF PPM_PRY
4730
12 .30 & xJO0O Own 15952
9,730
1245 A 1 ¢ x SOO0 On, 15952
696
|00 PM 14,3 * 5000 On 14257
4,122
115 PM 15 *5000 Or 14 955~
— 9.243
[ 30 Pm 15.2 * 5000 Orn J5 15¢
9.¥52
|45 AN [6.2 _X5000 On 16 15].
C 4,730
200 FM [ » 5000 @GN, 1952
9597
215 Pm 5.7 » 5000 On ls (5D
2U3
230 Pm 15.2 * 5600 On 15 154
_ 9304
245 M 5.3 * 00 Ono 1S 25,
762
3.00_Pm 12, G *3000 Orm 12,522
8577
3.5 _PM 4. 6 5000 Ono |4 55¢
§027
330 PmM 13.2. * 5000 On 13 /O
T w029
(345 PM 13.2 »000 Oro 12 /160
| : 8,33/
4:00 Pm 13.7 * SO0 On) (3658




Doke 56-2: ZZ’@

L -38

THC
Feat Ht Kange Condermser
OnN___or __OFF
- Qa2
|5 * 5000 On) I49¢4
| 8937
14.7 » 5000 On )4 L5
AT
/4.3 » 5000 On 199577
2514
14 A 500 Ow 3958
8435
4.2 2 5000 Qo "'!z 1577
8757
4.4 * 8000 Ows I4 25 (o
54358
(4.2 2 5000 O 4157
7,09
4.3 x 5000 Ow 14257
5,757
4.4 <5000 Ou 4 256
7906
|3 x50 On 12,96 |
7?0('
13 1066 Ou "Zﬁbj
§027
[3.2 x 500 Op 13160
790¢
)3 *_ 5000 On 12 9|
T oveg
[2.4 £_E200 On 3,2
' : . | 8270
3. ¢ » 5000 Qw) 3,959



THC

7_lr"Y\ € Fex:\,& Hé fawse. Comc)emsex‘ ng
on or _OFF FFM
835

KO0 M |42 1= Ye0%e Ons 14157
Q22

815 AN = = 5000 Ows /"{755‘
q122

830 m IS « D00 Or 4 955
¢339

845 £m [4.7 * 000 On) 4455
| 5574
100 P L. x S0 Ony 4057
o 3574
116 _PnT 1. | x 5700 O 14057
§57¢

$ 30 Py N x_5000 Orv 14057
\ §270
P45 P 136 x 5000 Ons 12 559
| 322

10:00 M 138 #5000 O 13 258
G122,

10°15 _Pm 15 * 5000 Qeu 465
426

10:30 PM 15.5 x 5000 Onl 15453
11,007

1045 PM 18. | r 500) I IR 045
w52

[:60 FM 6.2 x 5600 e 1615 ]
| vz

(lis Pm 5. | £ 5000 O 15 05y
* ) _ 1’2.2.

1230 Pm 15.0 S00 On 14,955




Debe

HC _
Fe.aﬁ /'/é fo.w e CONC)E.NSQ-Y‘ *?"2?
3 on or _?OFF' Wm
qi22
|5 x 5000 Ony 19968
/6,039
[6.5 x 5000 Ow 16,450

A-37




. o
Sparv  Gas @ x 5000 /O% ate

( | Total  Hydro Corbor y
Time Rak HL Bawge | Condermser
on___or off
12105  Am /6.7 * 5000 onJ
12:20 Am /7.0 » 5000 Ow
1245 Am [ .4 * 5000 Orv
100 Am 6.7 > 5000 On
[ 15 Am 6.7 2 5000 On
136 Am .Y 00 O
(“'IJLIS Am I8 *_SCOO Ow
2:00  Am 15 £5000 L O
205 Am (. * 5006 Ow
_2:30  Am \(, £ 5000 O,
245 Am 5.9 x_ S000 Ow
300 _Am 6.2 NG OIN
3115 Am 6.8 #5000 ONE
'(1.30 Ara 2.7 * 5000 On)
3145 A I8 « C000 On
A -3f




‘-’Do\f:e. -EQ!E'Q

72&0, H_yc)rt)c: ‘r\:)om
Feak HE famse Conderiser Bz e
onN or.__ QFF P
10, Z
8.2 * 5060 On> B 145
0, &5
1892 *_ 5000 Qo ’8“_4
19,
19 | * 5000 Ow 18 045
1,
1£.0 r_S000 Ow 17946
10,688
8.3 +_ S000 Ow 18,3;45
5. 5 * 5000 Q \'g:fq
8
9.2 * 5000 Ow —_— |Z 4
19. | * 5000 Ow 132
10, K4
",89%
19.¢ £ 5000 On 1954/
10,26
8.5 2000 On,) 8144
1008 g
19 = 5000 Ow 199473
10,090
19 * 5000 On 8943
nes2
20, | 00 On 20039
| : I, 885
20 * 5000 19 940

Ow




e

N THC
Tirm e Fe_q,& /'/é fo.wse. CONC)Q.NSQ.Y“ ¥
On _or QFF PP
e
. 7448 HAm 20.2 « 5000 Quw 20/ I'SC?
800 Am 12.8 * 00 QFF 12,71
815 Am 14.8 * 5000 OFF 4 755
B30 Am 15.72 *_ 5000 QFF 15 15Y
8:45 Am | (.5 * 5000 OFF 15 )
9:00  Am . * 5000 QFF 6 949
(- 7550
g5 Am 12 « 5000 On) 2.9
!
7:30 _Am |5 2 5000 On) | 18;-;,6‘?1,’ |
88¢2
945 Am 15.% £ 5000 O 5,254
880y
1000 Am 15.2 *_ 5000 Ow 15 )5y
8862
10:15  Am 15.3 25000 Qn |5 26
8973
10:30 . Am 5.5 £ 500 Qrn 1S 452
8,428
[0:45 Am 1S : 5000 On) |4 45E
R -TA)
(00 B 19 x 5000 On 495
_ Guct
115 A 1S 500 O [465E




Dake chfm

< | THC I
" Tim e Fead HE , famse. Condemser
: On___or—-oFF PP
1130 Am 5.5 x 5000 Ow ECKES
46 Am 5.5 x 5000 Ow \s,wg_
| az
12.00  Am L4 » 5000 Or 15952
gH50
12:15 P8m 163 £ _SA00 Ory 6 25)
P
12:30 Pl 163 + 5000 Or 625 ]
: 8
124G Phm 6.8 > S000 O l(,?g.*
@ . 7%
1300 Pém 4.8 > _SO00 N 4765
7384
13 15 PAm M. | *+ 5000 Or 4 0572
73&(
|:30 PBm 1.2 5000 Oro |4, 157%
| 7224
'HE PBm /1.9 * 5000 On lq 52'?"
2:00 P8 m 7.8 :066 On 17;1%
2:15 _18.8 > 5000 __Ow gﬁ_
_ 230 pm L =oYeYe Ow - nsjé;
_C-;):us: PM 20 25000 Owv ik @)
-': ) ’ocw-s
3:00 pm 20.1 A 500 On 209%7

N/



Doke otk

( __THC
Tim e Fect HE fawge Conderser Wek ~a
ON__ or OFF e
(0,198
1 35 193 x 5000 Ow 9 272
g
330 Pm 18 =5000) On I7.94¢
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PROJECT PARTICIPANTS

ENVIRONMENTAL PROTECTION AGENCY

Frank Clay Project Officer
Emission Measurement Branch

MIDWEST RESEARCH INSTITUTE

Bill Maxwell Research Engineer
Bill Terry Research Engineer

i MONSANTC RESEARCH CORPORATION
George L. Ball Contract Manager
Daryl DeAngelis Field Sampling Unit Leader

. James A. Peters Industry Principal Investigator

' Mark T. Thalman Team Leader, Day Shift
Bruce Kreischer Co-op Student, Day Shift
Windle H. McDonald Research Technician, Evening Shift Leader
Charlie M. Clark Research Technician, Evening Shift
Charles F. Duncan Sr. Research Technician, Night Shift Leader
Mark Perry Co-op Student, Night Shift
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