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ABSTRACT

Emissions data from stationary point sources in the St. Louis
Interstate Air Quality Control Region (AQCR) have been gathered during
the calendar year of 1975. Data for "criteria" pollutants will be
available on an hourly basis. Emissions from large sources are based on
hourly, measured values of pertinent operating parameters. Those from
smaller sources, between 10 and 1000 tons per year are based on annual
data modified by a detailed operating pattern.

An emission factor verification program has been initiated. It is
carried out by source testing of typical sources using standard EPA
methods. Results obtained so far indicate good agreement for SO
values. The data obtained for NO and particulates originating %rom
combusion sources tend to indicate that the existing factors are toc
high by variable but substantial amounts.
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1.0 SUMMARY

Emissions data from stationary point sources in the St. Louis Inter-
state AQCR have been gathered during the calendar year of 1975. Data for
"criteria" pollutants - 502’ NOX, Particulates, CO and Hydrocartons - will
be availatle on an hourly basis. Emissions from large sources are based
on hourly, measured values of pertinent operating parameters. Those from
smaller sources, between 10 and 1000 tons per year of 502, for example,

are based on annual data modified by a detailed operating pattern.

An emission factor verification program has been initiated. It is
carried out by source testing of typical sources using standard EPA meth-
ods. Results obtained so far indicate good agreement for SO2 values. The
data obtained for NOX and particulates originating from combustion sources
tend to indicate that the existing factors are too high by variable but sub-
stantial amounts.
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2.0 IMTRODUCTIOM

This is the third of a series of reports describing the operation of the
Regional Air Pollution Study (RAPS) Point Source Emission Inventory. The two
prior reports dealt with the methodology (EPA 450/3-74-054) and the first six
months of operation of the inventory (SC553.TO16FR). This report describes
the data acquisition for May through December 1975, as well as the emission
factor verification program carried out by stack sampling during the same
period.



3.0 EMISSION DATA ACQUISITION

During the period of 1 May to 31 December 1975, the collection of
hourly, measured data from all major sources of SO2 was continued. The
methodology used is described in detail in "Point Source Emission Inven-
tory - Final Report, Task Order 16, Phase II" EPA Contract No. 68-02-1081,
dated May 1975.

Hourly process or consumption data covering 145 points were recorded
and coded on punched cards as described in the same report. The cards were
verified and processed through an editing routine (also described in the
named report). The information was then transferred to the Univac 1110
computer at the National Environmental Research Center at Research Triangle
Park, NC. Major point sources in the St. Louis AQCR are shown in Figure 1.

The emissions from 60 smaller sources were obtained and recorded as
annual data, together with the operating patterns. The pattern is capable
of indicating the actual operating hours, operating days (in Julian form)
and weekly patterns by days. For example, the entry

D:2-48, 50-184, 186-244, 246-365, W:1-5, H:8-17

denotes the operation of a plant which normally operates Monday through
Friday (W:1-5), from 8 AM to 5 PM (H:8-17), but is closed down for New
Year's (D:1), Washington's Birthday (D:49), Independence Day (D:185), and
Labor Day (D:245). If an hourly output for a specific hour and day is
requested, the computer will first make sure the plant was operating that
day, then divide the annual number by the actual number of hours of oper-
ation for a 5 day week, 9 hours a day operation, less the number of days
when the plant was shut down.

A 3 month long strike at Union Electric Company delayed the acquisition
of data from all U.E. plants; however, since the resumption of normal con-
ditions, the delayed data are forthcoming.
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Arrangements are being made with all companies furnishing data to
continue the data collection through 1976. It appears that most, if not
all, companies will again cooperate in this effort.

Once the necessary output programs become fully operational, it will
be possible to obtain emissions for criteria pollutants emanating from
statijonary sources for any one-hour period in the St. Louis AQCR for the
calendar year of 1975. The information for hydrocarbon emissions will be
refined and supplemented under a separate task order next year.

A typical printout, showing hourly data for Particulates, 502, NOX,
Hydrocarbons (HC) and CO, is shown in Figure 2. The printout gives name
and address of the source, its classification, location in UTM coordinates,
stack parameters, fuel analysis and method of calculation, in addition to
the emission values.
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4.0 EMISSION FACTOR VERIFICATION STUDIES

4.1 INTRODUCTION

Emission estimates are based on consumption or production figures from
which emissions are caiculated using an emission factor. Emission factors
are averaged numbers relating emissions to consumption or process data. In
some cases, the relationship is direct and relatively uncomplicated. For
example, for every ton of bituminous coal burned, a total of 38S pounds of
sulfur dioxide is produced, where S indicates the sulfur content of the
fuel, on a weight percent basis. Thus, if a plant burns 100 tons of 3% sul-
fur coal per hour, it emits

100 x 38 x 3 = 11,400

11,400 1bs of SO2 per hour. Since in this particular case the sulfur is
contained in the fuel and is converted virtually completely to SO,, the
numbers resulting from the use of the emission factor are quite accurate and
reliable.

If, on the other hand, we wish to determine the amount of oxides of
nitrogen produced by the same operation, a somewhat different sjtuation
ensues. The emission factor for a boiler burning bituminous coal, as given
in the EPA publication AP-42 "Compilation of Air Pollution Emission Factors",
varies with both boiler type and size, from 6 to 55 lbs. of NOy per ton of
coal. This is because the factors affecting NOX production include flame
and furnace temperature, residence time of the combustion gases, rate of
cooling, amount of excess air, as well as the amount of nitrogenous com-
pounds in the fuel. Thus, the emission factor of 18, which is applicable
to a pulverized coal boiler of this size, is an averaged value. Actual values
may depart significantly from the numbers obtained by such a factor.

In order to improve the accuracy of the emission inventory gathered at
St. Louis, a number of representative sources were sampled and their stack
effluents analyzed. An attempt was made to encompass a wide variety of the
larger point sources: large and medium sized power plants burning coal, fuel
0oil and gas; industrial boilers of different types and sizes; and industrial

-7-



operations, such as catalyst recovery units in a petroleum refinery, known
or suspected of being major sources of poliution.

The program is an ongoing one; during 1975, the following sources were
sampled:

I111inois Power's Wood River Power Plant

Boiler No. 1, operated on gas
Boiler No. 1, operated on fuel oil
Boiler No. 4, operated on coal

Highland Power Plant, Highland, I1linois

Boiler No. 3, operated on coal
Stag Brewery, Belleville, I1linois

Boiler No. 1, operated on coal
General Motors Power Plant, St. Louis

Boiler No.LZ; operated on coal
Amoco Refinery, Hartford, I1linois

Boiler No. 6, operated on oil and gas
Catalyst Regeneration Unit

Complete stack sampling reports are attached as Appendix II.

4.2 DISCUSSION: METHODS AND RESULTS

In general, the test methods specified in the Appendix of Part 60, CFR
Title 40, "Standards of Performance for New Stationary Sources" were used.
The methods include:

Method 1 Sample and Velocity Traverses

Determination of Stack Gas Velocity

Gas Analysis for C02, Excess Air and Dry Molecular Weight
Determination of Moisture in Stack Gases
Determination of Particulate Emissions

Determination of SO2 Emissions

~N Oy O AW N
|

Determination of Nitrogen Oxide Emissions
-8-



The only deviation from these methods was the use of a higher probe and
oven temperature in Method 5. A temperature of 325° was used instead of
250%F to avoid any problems with condensation of sulfuric acid.

Serious problems were encountered with stack gas velocity measurements
using Method 2. Using mass balance methods as a check, it became apparent
that the values obtained with an S-type pitot tube, used in accordance with
Method 2, were too high by varying, but substantial amounts. Reproduci-
bility was adequate, and repeated calibration of the pitot tube indicated
that correct readings were obtained. A careful check of the literature
indicated that high readings had been observed by other investigators.
Burton (1) indicated that values of 104 to 150% of the rated value can be
obtained. Grove (2) presented data indicating that a) significant errors
are always positive and b) they can be very large. The most common source
of errors is due to cyclonic flow, unfortunately a fairly common occurrence
in power plant stacks, where "“double entry" stacks (two boilers feeding one
stack) are frequently used.

TABLE 1
COMPARISON OF MEASURED* and CALCULATED** FLOWS
Location Flow, SCFH % A
Measured Calculated
Wood River #] 10,086,750 8,237,263 +22.5
Wood River #4 17,981,280 13,089,200 +37.4
Highland Power 1,386,070 910,920 +52.2
Stag Brewery 1,394,990 782,900 +78.2
Monsanto 1,687,655 1,563,000 + 8.0
General Motors 1,598,005 1,434,847 +11.4
Amoco 2,543,040 - -

*  Using S-type Pitot tube, EPA Method 2
** Based on stoichiometry and excess air.

(1) Burton, C.S., Quantitation of Stack Gas Flow, Jnl., APCA 22, pp. 631-
635 (1972).

(2) Grove, D.J. and Smith, W.S., Pitot Tube Errors due to Misalignment and

Non-streamlined Flow, Stack Sampling News, 1974,

-9-



One way of ascertaining the correctness of the data is by comparing
the mass flow of SO2 calculated from fuel consumption and sulfur analysis
of the fuel, on one hand, with the value obtained from stack gas flow and
analysis, on the other. The former is calculated according to Eq. 1

wSOZ =W, x38xs , (1)

where

W - weight of SO, produced, 1bs/hr
502 2

wc - weight of coal consumed, Tons/hr
S - % sulfur in coal, dry basis

This value should be equal to one obtained from EQ. 2
W = X Qe
0, = “S0, S (2)

where

c - Concentration of SO2 in stack gas, 1bs./SCF

502
QS - Stack gas flow rate, SCF/hr

-10-



For example, the flow rate for Boiler #4 at Wood River was calculated thusly:

Boiler #4 Oxygen Required For
Composition of Coal Lb-mols/100 1bs Coal Combustion, mols
C 61.43% 5.12 (1) 5.12
Ho 4.38 (2.19) (2) (1.09)
S 3.21 0.10 (3) 0.10
02 9.67 0.30 -.30
N, 1.11 0.04 (4) -
Hy0 (moisture)11.82 (0.66) (2) -
Ash 8.55
Chlorides 0.02
100.19 6.01 mols oxygen
Average Excess Air: 40% 2.40
Total 8.41

Corresponding Nitrogen 31.77
Assumed reactions:
(1) ¢+0, ~C0,

(2) Excluded from calculation for dry flue gas
(3) S+ 02 > 802

(4) Oxidation reaction uncertain

Dry flue gases per 100 Tbs coal, 1b-mols:

COZ 5.12
502 0.10 1b-mol x 386 = SCF
O2 2.40
N2 0.04

Air Nitrogen 31.77

il

Total 39.43
@ 43 tons ccal/hour

15,220 SCF/100#
13,089,200 SCF#

A comparison of results is shown in Table 2. As can be seen from Table
2, the values obtained using flow rates based on mass balance show a much
better agreement with values obtained from emission factors, than those based

on pitot measurements. .



TABLE 2

- COMPARISON OF 50, EMISSIONS BASED ON

CALCULATED AND MEASURED FLOWRATES

Location

W

- Weight of SO2 Produced, Based on

502
Emission Factor | Calc. Gas Flow | Measured Gas Flow
Wood River #1 (o0il) 153 1bs/hr 178 1bs/hr 217 1bs/hr
Wood River #4 5245 5104 7035
Highland Power 414 433 658
Stag Brewery 75 82 125
General Motors 479 472 546
Amoco (boiler) 309 - 320
(catalytic cracker) 708 - 354

—

For this reason, calculated flow rates were used whenever there was an

indication of non-linear flow in the stack, as indicated by the fact that
turning the pitot tube 90° on axis did not give a zero reading on the manometer.

Using the most reliable available results, experimental emission factors
were calculated for 502, NOX and particulates for the sources tested so far.
These emission factors are compared with “standard" emission factors, taken

from AP-42, in Table 3.

-12-
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Even though relatively few source tests have been run so far, certain
conclusions can be drawn from the results obtained:

1.

Determinations of stack gas volumes according to EPA Method 2 is
uncertain. Incorrect results are obtained in a high number of
cases, since the basic assumption of laminar flow, parallel to
the walls of the stack does not pertain in many cases.

Engineering calculations of mass flow, based on ultimate analysis
of the fuel and determinations of the excess air in the stack gases,
give reasonably accurate results. This is borne out by sulfur bal-
ance calculations. For example, the average experimental emission
factors for SO2 for coal burning installations comes out to 38.75S
compared with 38S suggested in AP-42.

The emission factors shown in Table 3 are applicable to the specific
installations for which they were obtained. However, definite pat-
terns appear to exist, which seem to have more general validity:

a) Emission factors for NOX for combustion sources appear to be
too high by a variable, but substantial margin. The experimen-
tally obtained factors range from a low of 7.7% to 72% of the
applicable AP-42 factors.

b) Experimental emission factors for particulates simi1ar1y vary
from 8 to 58% of the applicable AP-42 factors for installations
which do not have precipitators. In the presence of the latter,
their assumed efficiency becomes an overriding factor.

c) Hydrocarbon and CO emissions, which are rather insignificant
for combustion sources, likewise run less than suggested by
AP-42 factors.

-14-



5.0 CONCLUSIONS

The RAPS Point Source Emission Inventory has produced an extensive and
accurate data base with an hourly resolution for the base year of 1975, with
a temporal resolution of 1 hour for the important point sources in the AQCR-
70.

The emission factor verification program, though somewhat Timited in
scope, indicates that good accuracy can be expected from the SO2 inventory.
Estimates for oxides of nitrogen and particulates appear to be on the high
side and may have to be adjusted by changes in the emission factors.

The continuation of the program for another year will do much in im-
proving the definition of the data obtained so far.

-15-



APPENDIX 1
EMISSION FACTOR CALCULATIONS
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EMISSION FACTOR CALCULATIONS

WOOD RIVER #1 - GAS FIRED

Burn Rate: 580 x 10° SCF/hr  Sulfur: - Ash: -  Flow Rate: 8,237,280 SCFH

NO expected .580 x 600 = 348 lbs/hr
found: 7.4 x 10° 1bs/SCF (average)
7.4 x 10° x 8,237,280 = 60.9 1bs.

Experimental EMFAC: 600 x 60.9 = 105
348
CO expected: .580 x 17 = 9.9 1bs/hr

found: 2.5 ppm
3

2.5 x 106 x 8,237,280 x 28.3 x 28 x 2.205 x10° = 1.6 1b/hr
22.4
Experimental EMFAC: 17 x 1.6 = 2.76
9.9
WOOD RIVER #1 - OIL FIRED
Burn Rate: 3.66 x 103 gal/hr Sulfur: .29% Ash: - Flow Rate: 8,237,263 SCFH

§92 expected: 3.66 x 144 x .29 = 152.8 1bs/hr
found: 178.0 1bs/hr

Experimental EMFAC: 144 x 178 = 167.7
152.8

NO, expected: 3.66 x 105 = 384.3 1bs/hr
found: 7.1 x 10% x 8,237,263 = 58.5 1bs/hr

Experimental EMFAC: 105 x 58.5 = 16.0
384.3

-17-



EMISSION FACTOR CALCULATIONS

CO0 expected: 3.66 x 3 = 11.0 1bs/hr

found: 2.5 x 1070 x 8,237,263 x 28.3 x 28 = .635 = 1.6 1bs/hr
2.4 54
Experimental EMFAC: 3 x 1.6 = .44

1.0

PARTICULATE  expected: 3.66 x 8 = 29.3 Ibs/hr
found: 4.55 x 107 x 8,237,263 = 3.7 Tbs/hr

Experimental EMFAC: 8 x 3.7 _ 1.0

9.3

HC expected: 3.66 x 2 = 7.3 1bs/hr

found: 1.7 ppm
1.7 x 10°® x 8,237,263 x 28.3 x 16

2. 54

.635 1bs/hr

s
Fs

Experimental EMFAC: 2 x.635 = .17
7.3

WOOD RIVER #4 - COAL FIRED
Burn Rate: 43 T/hr  Sulfur: 3.21% Ash: 10.95% Flow Rate: 13,089,200 SCFH

§92 expected: 5245 1bs/hr
found: 5104 1bs/hr

Experimental EMFAC: 38 x 5104 = 36.97

5245

NO, expected: 18 x 43 = 774 1bs/hr

found: 4.46 x 10% 1b/sCF

4.46 x.106 x 13,089,200 = 58.37 1bs/hr

Experimental EMFAC: 18 x 58.4 = 1.36

774
-18-



EMISSION FACTOR CALCULATIONS

Particulates: expected: 43 x 17 x 10.95 = 8004 1bs/hr
Less: Precipitator at 99.5% off = 7964
40 1bs/hr
found: 23.45 1bs/hr

Experimental EMFAC: 17 x 23.5 = 9.96

0

HC expected: 43 x .3 = 12.9 1bs/hr
found: 1.3 ppm
1.3 x 108 x 13,089,200 x 28.3 x 16_= .76 lbs/hr

22.4 54
Experimental EMFAC: .3 x .76 = 0.018

12.9
HIGHLAND POWER COMPANY

Burn Rate: 6702 1bs/hr 3.25% Sulfur 10.98% Ash Flow Rate:

802: expected: 414 1bs/hr
found: 433 1bs/hr

Experimental EMFAC: 38 x 433 = 39.7
414

expected: 6702 x 15 = 50.26 1bs/hr
2000

found: 1.5 x 10° x 910,920 = 13.66 1bs/hr

NO, :

Experimental EMFAC: 15 x 13.7 = 4.1

0.3

o

Particulates: expected 6702 x 5 x 1.95 = 183.5 lbs/hr
2000 5
found: 1.76 x 107 x 910,920 = 16 1bs/hr

Experimental EMFAC: 5 x 49— = .44
183.5

-19-
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EMISSION FACTOR CALCULATIONS

STAG_BREWERY

Burn Rate: 3604 1bs/hour Sulfur: 3.25% Ash 10.98% Flow Rate: 782900
SCFM
§02 expected: 74.9 81.4 1bs/hr
founded: 79.0 91.1 1bs/hr

Experimental EMFAC: 38 x 79 = 40.1 38 x 91.1 = 42.5
749 81.4

NOX expected: 3604 x 15 = 27.0 1bs/hr
2000 5
found: 1.65 x 10” Tbs/SCF

1.65 x 10° x 782,900 = 12.9 1bs/hr

Experimental EMFAC: 15 x 12.9 = 7.16

27
Particulates expected: 3604 x 5 x 10.98 = 98.9 1bs/hr
2000
found: 37 1bs/hr
Experimental EMFAC: 5 x 37 = 1.87
98.9
Hydrocarbons: expected: 3604 x 1 = 1.8 1bs/hr
2000
found: 7 ppm
782,900 x 7 x 10° x 28.3 x 16 = .24 Tbs/hr
22.4 45

Experimental EMFAC: 1 x .24 = .14
1.8

CO expected: 1.802 x 2 = 3.6 1bs/hr
found: 8.9 ppm = .54 1bs/hr

Experimental EMFAC: 2 x .54 = .30
- 3.6

-20-



EMISSION FACTOR CALCULATIONS

GENERAL MOTORS

802

NO

Particulates

co

HC

expected: 479 lbs/hr
found: 472 lbs/hr

Experimental EMFAC: 38 x 472 = 37.4
479

expected: 7491 x 15 = 56.2 1bs/hr
2000

found: 2.81 x 10° x 1,434,847 = 40.3 1bs/hr

Experimental EMFAC: 15 x 40.3 = 10.8

56.2

2000

less: Precipitation at 98% 520

expected: 7491 x 13 x 10.9 = 531 1bs/hr

11 lbs/hr
found: 1.396 x 10° x 1,434,847 = 20.0 1bs/hr

5

Experimental EMFAC: 13 x 20 = 23.

1

expected: 7491 x 2 = 7.5 1bs/hr
2000
found: 1,434,847 x 25 x 10% x 28.3 x 2

22.4

[oe}

|

=N

54
Experimental EMFAC: 2 x 2.8 = .74

7.5

expected: 7491 x 1 = 3.8 1bs/hr
2000

found: 1,434,847 x 1.8 x 100 x 28.3 «x 1

2.4

N

l

Ny

54
Experimental EMFAC: 1 x .11 = .03

3.8

-21-
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EMISSION FACTOR CALCULATIONS

AMOCO - BOILER #6

Burn Rate: 64,063 SCF/W Refinery Gas 308 gal/hr Fuel 0il Sulfur 3.5%:

Flow Rate: 21,453,040 1.4%
SO2 expected: 64.063 x 3.5 x 1.069* = 239.7 *Spec. Emission Factor
.308 x 1.4 x 160 = 68.9
-308.6

4

found: 1.26 x 10" x 2,543,040 = 320.2 lbs/hr

AMOCO - CATALYTIC CRACKER RECOVERY

Feed Rate: 34,485 bbl/day fresh feed Flow Rate: 5,160,271
S0, expected: 34.485 x 493 x 1 = 708 1bs/hr
24
found: 5,160,271 x 6.853 x10° = 353.6 1bs/hr

Experimental EMFAC: 493 x 254 = 246.3
08

~J|

NOX expected: 34.485 x 71 x 1 = 102.0 1bs/hr
24

found: 4.26 x 10° x 5,160,271 = 219.8 1bs/hr
Experimental EMFAC: 71 x 220 = 183
102
Particulates expected: 34,485 x 242 x_1 = 347.7 1bs/hr
24
less precipitator at 94% 327.9

19.8
found: 29.5 lbs/hr

Experimental EMFAC: 242 x 29.5 = 360

9.8

—t|
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HC expected: 34.485 x 220 x 1 = 316.1 1bs/hr

2
found: 5,160,271 x 3 x 28.3 x 16
2.4 454 = .69 1bs/hr

no

Experimental EMFAC: 220 x .69 = .48
316.1

-23-



APPENDIX II
SOURCE TEST REPORTS

-24-



SOURCE TEST REPORT
ILLINOIS POWER COMPANY
WOOD RIVER PLANT
ALTON, ILLINOIS
BOILERS NO. 1 AND 4
JUNE, 1975

Tested by: Rockwell International

. Griscom
. Klein

. Littman
. Norris
. Ducker

OZTOX
DOMO =
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1.0 SUMMARY

In conjunction with the RAPS project, a 1imited stack testing program is
being conducted. This report details the results obtained on boilers No. 1
and 4 at the Wood River Plant of the I1linois Power Company.

The stack testing included the following pollutants: 502, particulates,
NOX, H2504, and hydrocarbons. Orsat analysis for COZ’ €0, and O2 were also
performed. Detailed results are included in this report. Although these tests
were not conducted to ascertain compliance with ITlinois standards, it is of
interest that the emissions were well within Tlimits, with the exception of 802
emissions from the coal fired boiler No. 4.

We acknowledge and appreciate the excellent cooperation we obtained from
both local and home office representatives of Ii1linois Power Co.
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2.0 INTRODUCTION

The current stack testing program is being conducted in conjunction with
the emission inventory work for the St. Louis RAPS project. The emission in-
ventory is being compiled using published emission factors. The stack testing
is being conducted to evaluate the emission factors and to gather information
for additional emission factors.

This stack test was conducted at the I1linois Power Co.-Wood River Plant
in Alton, I1linois. Testing was performed on boiler No. 1 during natural gas
and oil firings and on boiler No. 4 during coal firing. The test on boiler No.
1 was during the week of 16 June 1975 and the test on boiler No. 4 was during
the week of 23 June.

Boiler No. 1 is a gas and/or oil fired, 450,000 pounds per hour steam gen-
erating unit. There are no stack emission controls on boiler No. 1. Boiler No.
4 is a pulverized coal fired, 713,000 pounds per hour steam generating unit.
There are mechanical and electrostatic precipitators on boiler No. 4.

Both units were sampled for total particulates, nitrogen oxides, hydro-
carbons, sulfur dioxide, sulfuric acid mist, carbon dioxide and oxygen. Boiler
No. 4 was also sampled for particle size distribution.
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3.0 PROCESS DESCRIPTION

Boiler No. 1 was built by Combustion Engineering and installad in
1949. It was originally operated as a pulverized coal fired unit but was
converted to gas and/or oil fired. The unit is rated at 450,000 1bs per
hour steam at 1325 psi and 1010°F. Boiler No. 1 is a forced draft unit and
it has no stack emission controls. This boiler is illustrated in Figure 1.
Boilers 1, 2 and 3 are similar units and are served by a common stack. The
stack is of brick construction, 250 ft tall and 15.5 ft inside diameter at
the top.

Boiler No. 4 was buiit by Combustion Engineering and installed in
1954. It is a pulverized, coal-fired steam generating unit. The unit is
rated at 713,510 1bs per hour at 1500 psi and 1005°F. The boiler is an
induced draft type and it is equipped with centrifugal and electrostatic
precipitators, rated at 99.5% collection efficiency. This boiler is illus-
trated in Figure 2.

Boiler No. 4 is served by & brick stack, 250 ft tall and, 17 ft inside
diameter at the top.

There is a Monsanto CATOX, sulfur dioxide scrubber installed on unit
No. 4 adjacent to the electrostatic precipitator. This unit is currently
not in operation and should have no effect on this source test.
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4.0 SOURCE TEST DESCRIPTION

Boiler No. 1T was tested in the duct work, just ahead of where the
duct combines with flow from Boiler No. 2 (see Figure 3 below).

N
—
ST
/ %JTQ\ ’\ \)
‘ c
Boiler \.\ ‘
No. 4 ~

\ -
Dorier

No.3

A ; ;
Boiler . ,r/’___*\\\\m,,*'

Ne. 2

8(_’)1‘ 2&?”
No.t

FIGURE 3 - WOOD RIVER PLANT, PLOT PLAN
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At this sampling point the duct is 7'1" x 11'6 5/8" inside dimensions.
To obtain forty-two sampling points, eight, 3 inch sampling ports were weld-
ed in place, approximately 17 1/2 inches apart vertically and six points
were sampled at each port. This sampling point is only 1-2 duct diameters
from the nearest induced draft fan outlet and is therefore not an jdeal spot
for sampling, but it is the best available location for testing this boil-
er without going to the large expense of constructing a sampling platform
on the stack.

As it turned out, the bottom sampling port was at the same level as
the build-up of particulates in the duct. The inside duct dimensions are
then revised for this point to 7'1" x 10'8 5/8".

Figures 4 and 5 illustrate the sampling location and arrangement for
this test.

FIGURE 4 FIGURE 5
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The test on boiler No. 4 was performed on a platform on the stack at
roof top level, approximately 140 feet above ground level. This platform
was installed for the testing of this unit in conjunction with the eval-
uation of the CATOX scrubbing system. There is a ramp connecting this plat-
form to the roof of the power plant building.

At this level there are four 6 inch ports installed at 90 degrees
around the stack. At each of these points on the platform, there are ex-
tensions to the platform to allow for a good working area and tor set-up
and supporting sampling equipment. An adapter was made to give us a 3 inch
coupling to attach to for our supporting monorail.

At this location the stack diameter is 24.75 feet and it is approx-
imately four diameters from the inlet to the stack. A full traverse of the
stack was performed with eighteen sampling points on the traverse.

Figures 6 and 7 illustrate the sampling location and set-up for this
test.

FIGURE 6

FIGURE 7
-36-



5.0 PROCESS OPERATION

Boiler No. T was tested 17 June to 20 June. On 17 and 18 Jdune, the
boiler was fired with natural gas only and on 19 June and 20 June the boil-
er was fired with distillate oil only. During testing periods on all four
days the boiler was under constant load of 420,000 1bs per hour steam. There
was only one short fluctuation for approximately 30 minutes on 19 June when
some oil burners malfunctioned. Only one time was there any excessive emis-
sions from stack No. 1 and this was due to an unbalanced fuel/air ratio in
getting boiler No. 1 up to full load prior to our testing.

Boiler No. 4 was tested from 24 June to 27 June. During this entire
sampling period the load on this boiler was maintained almost constant, with
a generator output of 100 MW. There were no noticeable excessive emissions
during this pericd. Ashes are blown from the boiler at approximately 10:30 AM
and 3:00 PM. There was no visible change in emissions during these periods,
although the actual amount of particulates apparently increased as shown by
our particle size testing before and during this time period.
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6.0 DISCUSSION

The EPA standard method 2, Volumetric Flow Rate Determination, has
come under question as a result of this testing. On boiler No. 1 the flow
rate as determined by method 2 is 168,113 SCFM compared to a flow rate de-
termined stoichiometrically from the fuel rate and fuel composition of
137,288 SCFM. At the sampling point for boiler No. 1, method 2 was not ap-
plied precisely since only 42 points were used instead of perhaps 48 or 50
due to the bottom port being blocked, but by observing the values that were
obtained it is unlikely that more sampling points would bring these two flow
rates into agreement.

On boiler No. 4 the average flow rate determined by method 2 is 299,688
SCFM compared to an average flow rate of 218,497 SCFM determined stoichio-
metrically. At the sampling point for boiler No. 4 only one complete traverse
was made per test instead of two on perpendicular diameters as described in
method 2. Despite this, the values obtained corresponded with values obtained
by other testers of this unit, so it is felt that this test is a valid meas-
urement using method 2.

The flow rate determined stoichiometrically compares very well with the
expected flow as seen by a comparison of sulfur dioxide emissions using both
flow rates. Using the published emission factor of 38 S, which allows for a
95% conversion of sulfur in the coal to sulfur dioxide emission, the emissions
should be 5245 1b/hr. With the flow rate using method 2 the emissions would
be 6689 to 7318 1b/hr, which is definitely too great. With the stoichiome-
tric flow rate the emissions would be 4877 to 5335 1b/hr, which is a reas-
onable result. For this reason the emissions determined using the stoichio-
metric flow rate are reasoned to be the correct results. For comparison the
emissions are expressed using both flow rates.

On boiler No. 4 the coal scales were not functioning during the test
period. The fuel firing rate of 43 tons per hour was determined by comparing
the operating conditions with similar conditions on record as part of the
ongoing emission inventory.
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7.0 SAMPLING AND ANALYTICAL PROCEDURES

A11 testing was performed with sampling equipment from Joy Manufactur-
ing, designed for isokinetic sampling to enable testing by EPA standard methods.

Gas flow rates were calculated using the observed gas temperature, mol-
ecular weight, pressure and velocity, and the flow area. The gas velocity
was calculated from gas velocity head measurements made with an S-type pitot
tube and a magnehelic pressure gauge, using standard method 2.

Moisture contents were determined by passing a measured amount of gas
through chilled impingers containing a known volume of deionized water, meas-
uring the increase in volume of the impingers liquid and the increase in
weight of silica gel used to finally dry the gas, and calculating the amount
of water vapor in the sample from this increase and the measured amount of gas.

The stack gas concentrations of carbon dioxide, oxygen, carbon monoxide,
and nitrogen by difference were measured with a standard Orsat apparatus. These
concentrations and the moisture content were used to determine molacular weight
of the stack gas.

7.1 PARTICULATE MATTER

Standard method 5 was used for determining particulate emissions with
the exception that the probe and oven were operated at 300-350F. Measured
stack gas samples were taken under isokinetic conditions. The samples were
passed through a cyclone, fiberglass filter, impingers, pump, a meter and an
orifice as shown in Figure 8.

The total particulate matter collected in each test was the sum of the
filter catch plus material collected ahead of the filter in the sampling
train. The amount of filter catch is determined by the difference in the
weight of the filter before and after the test, after dessicating. The par-
ticulate matter from other portions of the train were determined by rinsing
the probe, cyclone and all glassware ahead of the filter with acetone, evap-
orating to dryness and weighing.

7.2 NITROGEN OXIDE

Using method 7, gas samples were withdrawn from the stack into evacu-
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ated 2-1iter flasks containing a dilute solution of hydrogen peroxide and
sulfuric acid. The hydrogen peroxide oxidizes the Tower oxides of nitrogen
(except nitrous oxide) to nitric acid. The resultant solution is evaporated
to dryness and treated with phenol disulfonic acid reagent and ammonium hy-
droxide. The yellow trialkali salt of 6-nitro-1-phenoi-2, 4-disulfonic acid
is formed, which is measured colorimetrically.

7.3 SULFURIC ACID MIST AND SULFUR DIOXIDE

The "Shell Method"* was chosen for this determination due to uncertain-
ties which exist about the validity of the results using method 8. A gas
sample is drawn from the stack using a heated probe and passed through a water
cooled, coil condenser maintained below the dew point of sulfuric acid at
1400—1940F, followed by a fritted glass plate and then passed through a chilled
impinger train with two impingers containing an isopropanol and hydrogen per-
oxide mixture and followed by an impinger containing silica gel for drying.
This set-up is shown in Figure 9.

The condensed sulfuric acid mist in the coil condenser is water washed

~ from the condenser. The final determination is made by titrating the solution
with barium chloride, using a thorin indicator. Isopropanol must be added

to the solution to be titrated to improve the rapidity with which the barium
sulfate precipitates during titration.

Sulfur dioxide in the gas sample is oxidized to sulfur trioxide the im-
pingers containing the hydrogen peroxide. Sulfur dioxide is then determined
by titrating the hydrogen peroxide solution with barium chloride, using a
thorin indicator.

* | isle, E.S. and J.D. Sensenbaugh, "The Determination of Sulfur Trioxide
and Acid Dew Point in Flue Gases", Combustion, Jan. 1965.

Goksgyr, H. and K. Ross, "The Determination of Sulfur Trioxide in Flue
Gases", J. Inst. Fuel, No. 35, 177, (1962).
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7.4 PARTICLE SIZE

An Andersen, fractionating, inertial impactor is used for the determina-
tion of particle size in the range of approximately 0.5 to 10.0 microns. The
sampling head is placed either in the stack at the end of the sampling probe
or in the oven after the heated sample probe. A sample of stack gas is drawn
isokinetically through the sampler (see Figure 10). The particulate matter is
fractionated and collected on the plates inside the sample head and a deter-
mination is made by the difference in weight of the plates before and after
testing. Results are expressed for particles of unit density.
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8.0 RESULTS

The results obtained from these tests are summarized in Table 1 and 2.
As discussed previously, the main flow of pollutant is based on calculated,
rather than measured, flow rates. The actual calculations and field data
are attached as Appendixes A and B. Although these tests were performed for
research purposes and not as part of compliance procedures, standard EPA
methods were used (except as indicated). It is thus of interest to compare the

results obtained with State of I11inois standards. A comparison is shown in
Table 3.
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TABLE 1

Boiler No. 1
SUMMARY OF RESULTS

Date 6/18 6/19 6/20
Stack Flow Rate - SCFM * dry 137,288

% Water Vapor - % Vol. 10.1

% C02 - Vol % dry 10.3

%0 5 " Vol % dry 8.9

% Excess air @ sampling point 70.7

SO0, Emissions - 1bs/106 Btu 0.35
NO, Emissions - 1bs/10% Btu 0.08 0.12 0.10
H2504 Mist - 1bs/106>Btu 0.01
Particulates

Probe, Cyclone, & Filter Catch

Ibs./hr. 3.7

Tbs/10% Btu 0.007

Total Catch

1bs ./hr.

1bs/10° Btu

% Isokinetic Sampling 79.8

70% F, 29.92" Hg
Calculated fiow, dry
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TABLE 2

Boiler No. 4

SUMMARY OF RESULTS
pate 6425 6126|6427
iStack Flow Rate - SCFM * dry 218497 218,497 218,497
T% Water Vapor - % Vol. 8.25 8.16
% C02 - Vol % dry 16.4 14.7 15.3
%0 5 Vol % dry 6.4 5.6 5.5
% Excess air @ sampling point 45,3 35.9 35.3
S0y Emissions - 1bs/100 Btu 5.77 5.27
NOy Emissions - 1bs/10% Btu 0.65 0.62
H2S04 Mist - 1bs/10° Btu 0.05 0.05
Particulates
Probe, Cyclone, & Filter Catch
1bs./hr. 29.8 17.1
1bs/10° Btu 0.03 0.02
Total Catch
1bs./hr.
1bs/]06 Btu
% Isokinetic Sampling 96.8 93.4

*70° F, 29.92" Hg
Calculated Flow, dry
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TABLE 3

COMPARISON OF RESULTS

Pollutant Fuel Standard Found Comment
1bs/10® Btu 1bs/10%Btu

S04 Gas  }--=-- | emmeee—- Boiler 1
0il (Dist)|0.3 0.35 Boiler 1

Coal 1.8 5.52 Boiler 4

NO, Gas 0.3 0.08 Boiler 1
0il(Dist) {0.3 0.11 Boiler 1

‘ Coal 0.9 0.64 Boiler u
iParticulates Gas 0.1 Boiler 1
0il 0.1 0.007 Boiler 1
Coal 0.1 0.02 Boiler U4
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Minor Constituents are summarized in Table 4.

TABLE 4
MINOR CONSTITUENTS

Boiler No. 1 Boiler No. 4
S0, (mist) 0.01 Tbs/10% Btu 0.05 1bs/10% Btu
co 2.5 ppm (Avg)
Kydrocarbon 1.7 ppm (Avg) 1.3 (Avg)

In addition to measuring particulate loadings, a particle size analysis was
made using an Andersen impactor. The results are shown in Table 5 and Figure 11,
The high percentage of particles less than 0.4 microns in diameter is probably
spurious. Microscopic examination indicates the presence of large ammonium sul-
fate particles, which apparently were formed by Subsequent reactions of ammonia
with sulfuric acid. The latter, present in vapor form at stack temperature, was
apparently retained by the glass fiber filter.
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TABLE 5
PARTICLE SIZE DETERMINATION

" test: Run | Boiler *4  bares o /27
Plate Tare(g) Final{g) Net (mg) Filter  Total $ of Cum % ECD
| Net Total (Microns)
L1 2047A5 20.4Me 2.1 2.2 1000 1 ¢ aiove
L2 0.4719 24,08 2.4 oo 93.% .95
‘ 3 21.6035 21.L,073  3.% th.2 83,8 44§
' 4 225182 225185 3.2 9.4 726 328
5 H, 7385 167412 2,7 g.¢ 3.2 2,08
6 4843 1L4ns 2R t.S 552 oS
1 7 . 7409 117418 09 2.7 48,7  0.LY
s ¥ 21407 21.4100 I3 3¢ 46.0 OF2
| Back Up 1.3 422 Y22 L0993
! Filter
| rotar 3G 143 339
; Test: Run 2 Rotler oy Date: (0/27
3 Plate Tare (g) Final (qg) Net (mg) Filter Total % of Cum % ECD
f Net Total {(Microns)
r 1 20,1922 20,1985 3.3 7.1 1000 1. Eabove
{ 2 2,373 21,3758 4.5 06 9.3 (.95
; 3 21,0884 21,6920 3.6 8.5 807 465
4 222725 awSTCE 43 . 3.2 325
C5 69k 11,7003 37 8.1 Cal 2,08
i 6 1.0809 11683 A7 ¢y 894 .68
7 )1.6868 11,6892 2.4 S Y8l 0.6Y
s* 20,944 20929 08 .2 Hdas G843
Back Up 7.6 4).3 41,3 <043 |
Filter — !
25.0 116 42.6 |

X Weiqhed afler tect |

C‘?anec{ , taved
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APPENDIX A
PARTICULATE CALCULATIONS
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PARTICULATE CALCULATIONS
Volume of dry gas sampled at standard conditions - 70° F, 29.92 "Hg

v \/ Pm\[Tstd \ . vm \[Pg . AH
<Ef,;,’><Pstd><Tm'> } 0'0334(1.021> *13.6 )

Volume of dry gas sampled at standard conditions, ft3
3

Vms ta

t

Vmg td

Vm = Meter vciume sampled, ft
1.021 = Meter correction factor

P, = Meter pressure, barometric pressure, PB’ plus orifice

pressure, AH, in. Hg.

]

Pstd = Standard pressure, 29.92 in. Hg.

Tstd = Standard temperature, 530° R or 70° F

Tm = Meter temperature, 530° R for compensated meter

CFm = Meter correction factor

Volume of water vapor at standard conditions

yp. [ eH2O\ [R Tstd _1b. = 0.0474 x Vi¢
c|{ M0 )| Pstd 754 gm.

3

1l

Vw

Vw = Volume of water vapor at standard conditions, ft
ch = Volume of liquid collected in impingers and silica gel, ml.
oH20 = Density of water, lg/ml.

M Ho0 = Molecular weight of water, 18 1b/1b mol

R = Ideal gas constant, 21.83 in. Hg. - cu. ft./1b-mol - Or

% Moisture in Stack Gas

M = 100 x ot Std
0 Vmstd + VWstd
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Average molecular weight of dry stack gas

MW, = | %C0, x —2 ), 32 V. 28
"o ( 2 100)* <A O x a5) *{ * N, X o0
Molecular weight of stack gas

_(100 - % M %M

Stack velocity at stack conditions

_ Ts x AP avg. 1
v, = 85.48xC <~¢§;—77~EW§~ Z,

V. = stack velocity, fps.

= pd ft. 1b. ]/
85.48 = pitot constant, <oc. < B ToTs —oR 2
Cp = pitot coefficient, dimensionless
TS = average stack temperature, OR
Ps = stack pressure, barometric pressure plus static pressure, in. Hg.

AP Avg = average differential pressure, in. HZO

Stack gas yvolume at standard conditions

- M Tstd Ps
Os = 3600(“ 1—0(7) Ys A<"r‘§" W)
QS = stack gas yolume flow rate, SCF/hr

A = stack cross sectional area, ft2
3600 = seconds per hour

Qs' = Q = 60 = SCFM
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Per cent isokinetic sampling

Ve p AH T

o) Vs PS An

—
It

—
it

per cent isokinetic sampling

1.667 = minutes per second, X 100

_ o0 _1b.
0.00267 = MH20 X R X 54 g

sampling time, min.

@:
An = cross sectional area of sampling nozzle, ft2

Particulate emission

M
2.205 X 107 o
S Ms td

particulate emission, 1b/scf

C

CS

2.205 X 107 = pounds per mg.

Mn = total mass of particulate collected, mg.
Cp = CS X QS = 1b/hr

CE = particulate emission per hour

‘..H=CE:H

CH = particulate emission, 1b. per million BTU

H = heat input, million BTU per hour
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Excess air at sample point

% Ep = 100 X % Op
(0.266 X 4 N,) - %0
2 2

% EA = excess air at sample point, %

0.266 = ratio of oxygen to nitrogen in air by volume
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PARTICULATE SAMPLING CALCULATIONS

Test: ) P- looo Kivee . ®) By Date: &/

Material collected (mg) =

Frlter Catch = 1.2
Dry Catch =
Acctone Wash = /48
TOTAL = 15,7
Gas Volume Vm = 0.0334 / Vm X%B + aH )
std 1.021 3.6 )

0.0334(77.7IS)<2;;'%+ 0,789\ 7¢.059 scF
1,021 13.6

Volume of water vapor Vw = 0.0474 x Vlc

0.0474 (181 1ml )= €584 scr

% Moisture sM = 100 x Vwstd
Vmstd + Vwstd

100 x (8.5%4 )= 10,1
(7@@5?}»(&3&7}

Molecular Weight of dry stack gas

MW MWD= % CO02 x 0.44 + %502 x 0.32 + N2 x 0.28
(10,5 x 0.44) + (8.9 x0.32) + (80-8 x 0.28)= 30.0

Molecular Weicht of stack gas

MWy = 100 - 8M x Mdp + M x 18
100 100

O
b
—
(00
1l
5 ]
o
~J
[~

i ~ r~
1100 - )01 x 30,0). +H 101
] 100 d 100
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PARTICULATE SAMPLING CALCULATIONS

Test: I P "Uooo( River - #1 Blr, Date: Q//?
Stack Velocity Vs = 85.48 x C, [Ts x P avg] 1/2
P x Mw
S W

85.48 x (0. 86 ) 7/‘/3 x O7i7 1/2 =
[261.4 X 29,19 ] 57,64 s

Pstd

Stack Gas Volume Qs = 3600(1— ﬁ_d__) (Vs)(A)(Tstd) <~_P§_)
100 Ts

3600 [ (1o | )](57.34) (75.59) 530 (24.9) = /0,086, 253SCFH
T00 (743) 29.92 LA

Stack Emission Rate Cg = 2.205 x 10‘6< Mn >

Vystd
2.205 x 10°® (15,7 ; = #1, 58 * /& / 1b/scf
76.659
Cp=Co x Qs = (4S5=1077) (10,080,389 = __ 459 1b/hr
-3
Cy=Cg+H =( 459 )= 896 /0 1b/106 Btu
(572,94 )

Isokinetic Variations I = 1.667 [(0.00267) Vi, + Vm (P + AH )]
B Ts

Tm 13.6
6 Vs Pg A,
1.667[ (0.00267)  (1&1.] ) +7é'//7<1&7,gé+ 0'7f7)](7‘/3 ) =727%
530 13.6

(120)  (572.84)  (29.9) (3.406x07)

Excess Air at Sample Point

% EA =100 x % 0o
(0.266 x % N2) - % 0)

100 (8.7 )
(0.266 x90.8) - (3.9) = 70.7%
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PARTICULATE SAMPLI:G CALCULATIONS

Test: [P Wooo Rwir #4 Date: (/RS
Material collected (mg) =
Filter Catch = G&3./
zzgtgizcgash z V/'g
TOTAL = 1069
Gas Volume Vm = 0.0334 (_\_/_m__]><P3 + i'_d_)
std 1.02 13.6
0.0334(/0(9.659(1;"(’3 + l,‘/é>= 103,73 scr
1.021 12.6
Volume of water vapor Vw = (.0474 x Vic
0.0474 (196.9m1 )= 9,323 scr
% Moisture %M = 100 x Vwstd

Vmstd + Vwstd

100 x ( 9.232)
(03,754 ) + (§,33% ) = $.25

o®

Molecular Weight of dry stack gas

MW MWD= % CO2 x 0.44 + %02 x 0.32 + %N2 x 0.28

(19 x0.44) + (L4 x0.32) + (172 x 0.28)=30.59_

Molecular Weight of stack gas

MWw = 100 - 3M x MWp + %M x 18
100 100

[;_o_g-s.zs xw'%}[?,zsx 1aﬂ= 19,83

100 100
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PARTICULATE SAMPLING CALCULATIONS

Test: IP - \Wocd River - ¥4 Bir Date: (»/2$

Stack Velocity Vs = 85.48 x Cp [Ts x P avg] 1/2

Ps X Mww

85.48 x ( ©.€L) 1569 x £.08% 1/2 =
29.66 X 29.83 1637 fps

Stack Gas Volume Qs = 3600(1- m_) (Vs)(A)(Tstd Ps
100 Ts Pstd

3600 [ (2.25)]“@.37) “20.9 ) 530 (29.6L) = [8749,238 SCFH

100

(256.9) 29.92

Stack Emission Rate Cg = 2.205 x 1o~6< My )

Vystd

2.205 x 1078 (10(.9 = 2.27 xlo © 1b/scf
Cp=Cs xQs = (2.2.7></o'(') (18,049,238 = _4l.01 1b/hr
Ch=cCesH = (9lol )= o044 1b/106 Btu

(g28.0)

Tm 13.6

Isokinetic Variations I = 1.667 [}0.00267) Ve *+ ¥m (P + AH )]T
B s

1.667 [ (0.00267)  (/46.9 ) + ;oq.wlz(aq,u + L4960 )] (756.9) = 96. 3%
530 13.6

(12 () (1.37)

Excess Air at Sample Point

(29.66) (12 30x0"7)

% EA = 100 x % O
(0.266 x % Np) - % 0p

100 ( 6.9 )
(0.266 x77,2) - (4,7 ) = 452
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PARTICULATE SAMPLING CALCULATIONS

Test: IP Wees Rives H 4 Date: (0/2(0

I

Material collected (mg)

Filter Catch = 37.2
Dry Catch = .
Acetone Wash = 1S
TOTAL Py 5‘8!7
Gas Volume Vm = 0.0334 Vm J_XPB + & H
std 1.02 13.6
0.0334(102,958),, .+ 1.43 \= 79,241 scr
1.021\"" 13.6

Volume of water vapor Vw = 0.0474 x Vic

0.0474 (1896,ml )= €,8&! scr

% Moisture gM = 100 x Vwstd
Vmstd + Vwstd

100 x ( .84 )
G947 ) + (9,821 ) = Y. 106

o

Molecular We:.ght of dry stack gas

MW MWD= % CO2 x 0.44 + %02 x 0.32 + 3N2 x 0.28

(14.7 x 0.44) + (5.6 x0.32) + (79,7 x 0.28)=30.5§

Molecular Weight of stack gas

MWww = 100 - sM x MWy + &M x 18
100 100

[lOC ‘g‘,_@ X‘a)ohsg]'f‘[ g-l(px 18]= ’??I\S‘é—

100 100
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PARTICULATE SAMPLING CALCULATIONS

Test: IP-Wood River - ®4 Bir Date: /2 6
Stack Velocity Vs = 85.48 x Cp [Ts x P avg] 1/2
P x Mw
s W

85.48 x (0,8 ) | 762.0L x 0.057 1/2 =
26 45 X 29.55 1638 fps

Stack Gas Volume Qs = 3600(]- m_) (vs)(A)[Tstd) ( Ps
100 Ts Pstd

3600 [- (S}?»é(p ](/(p.l?) (4€0.9) 530 (2945) =)79/3.3/9 SCFH
_____lo /

(263.¢ 29.92

Stack Emission Rate Cg = 2.205 X 1o~6< My )

VMSti;

-6 - -

2.205 x 10 (9.3'}62.;/; ),.304xi0 1b/scf

CE = Co x Qs = (1304074 (17913,3/9) = _23306 1b/hr
Ch=C+H = (2320 ) 0.028 1b/106 Btu

(925

Isokinetic Variations I = 1.667 [(0.00267) Vie t Vm + AH
™ \Pp Ts

1.667[ (0.00267) (18C.1 ) + 7’“?-f4'9<2?,az+ z"/ﬁﬂ(nm) =7

530 13.6
(120)  (16,3¢) (2965  (n3@xn™?)

Excess Air at Sample Point

% EA = 100 x % 0

(0.266 x % Np) - % 0
100 (5.6 )

0.266 x73,7) = (5,
62~ { x1%7) - (5.6 ) =

25 7%



STOICHIOMETRIC
FLOWRATE CALCULATIONS

Boiler #1
0i1 Composition mols/100+# mols 02 required
S 0.29% + 32 x 1 = 0.009
C 86.4 + 12 x 1 = 7.200
Ho 12.7 + 2 =6.35 x 0.5 = 3.175
No 0.2 + 28 = 0.007
0, 0.2 + 32 x -1 = -0.006
Ash trace
Etu 140,000 Btu/gal .
Theoretical 0, = 10.378
Excess air = 70.7% excess O2 = 7.337
0, Total = 17.715
N, = 3.76 x 0 = 66.608

Mols Flue Gas COr» + S0 + N2 + 0o + N2

7.200 + 0.009 + 0. 007 +77.337 + 66.608 = 81.161

3
Flue Gas = 58.54 x 386.7 1t. = 31385 scf/100#

mo 1
@61gpm = 61 x 7.171 f.] x | X 22637.4 = 137,288 SCFM
gal  Jo0#

= 8,237,263 SCFH
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Composition of Coal

STOICHIOMETRIC
FLOWRATE CALCULATIONS

Boiler #4

Lb-mols/100 1bs Coal

Oxygen Required for
Combustion, mols

C 61.43% 5.12 (1) 5.12
Hy 4.38 (2.19) (2) (1.09)
S 3.21 0.10 (3) 0.10
02 9.67 0.30 -.30
N, 1.11 0.04 (4) -
H,0 (moisture) 11.82 (0.66) (2) -
Ash 8.55 -
Chlorides 0.02 -
100.19 6.01 Moles oxygen

Assumed reactions:

(1) ¢+ 02 - 002

Average Excess Air: 40% 2.40

Total

8.41

Corresponding Nitrogen 31.77

(2) Excluded from calculation for dry flue gas

(3) s+ 02

> S0,

(4) oOxidation reaction uncertain

Dry flue gases per 100 1bs coal; 1b-mols:

Co, 5.12
S0, 0.10
0, 2.40
N, 0.04
Air (Nitrogen)  31.77
Total 39.43

@ 43 tons coal/haur

1b-mol x 386 = SCF

15,220 SCF/100#

= 13,089,200 SCF#
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NOX EMISSION DATA

tate Gll7 $ /18 Gas Fuael

Run No. / e 3 & / Z 3 “f
Time - - - - 1130} 1200)/9a0l/< 50
Hg NO, blawk| 252127¢ | 28S |7SS @z 192 |1s5<
P 0 ] 1 j ) L. .
Ti— Initial Flask Temp,’ F 1ol 201 90 ) 92| 90 | 90 40 | Y
. 0 - (A
Tf— Final Flask Temp, °F 90 | 40 g0 50| 90 40 90 Y
Ve- Flask Volume, ml. 2047|2039 2027|2028 2047 203812039 (2029
P].— Initial Flask Pres, "Hg 3.0 —_— s T T
Pe- Final Flask Pres, "Hg 24,7} —t+—-t T
Tb/scf N0, %[0 * - 12.9lasg ol s.steslse s s
10/10%tu 10, = |vaelenq|od| ocloor|ocro s
Vsc= <17.71 ] ) (V) AR U N
in. Hg Tf Ti
Voo = Ve - 25
C=6.2x107° Ib/scf  fug N, \ = Tb/scf NO,
ug/ml Vsc
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NOX EMISSION DATA

Date 6//9 Ol Fired
Run No. ] 2 3 4 5 L 7 W
Time 120001 220 1300] 1330} 1400| 1500] 1530] 1600
ug N0, ceol2i12| 196 | 2227|214 223|220
T;- Initial Flask Temp, °F 90 -
Te- Final Flask Temp, °F 40 .
Ve - Flask Volume, mi. 204 7] co3d] 2039 2028120285} 20858] co8Y Lo56
Pi— Initial Flask Pres, "Hg 3,0 i
Pf— Final Flask Pres, "Hg 29.7 | ~- _—
1b/scf NO, X0~ 7.217.5|6.9 {80 |80 | 25| 72|77
16/10%tu No, D1z fou2loni o |eds | oae|ogs] s

Vsc= (17.71 %R > (Vfc) Pe .
in. Hg Tf

ug/mi

C=6.2x10"° 1b/scf <%g NO,,

Vsc

) = 1b/scf N,

-66-




NOX EMISSION DATA

pate_G R0 O/l Fiied

Run No. / 213 A
Time /3351/350])320] 135S
Hg NO, 1734173 11621175
T;- Initial Flask Temp, OF 90

Tc- Final Flask Temp, °F 40

Vfc" Flask Volume, ml. 204712038 203712028
Pi— Initial Flask Pres, "Hg 3,0

Pe- Final Flask Pres, "Hg 248

1b/scf NO, xjo0~° G le.2l 5.7) 6o
16/10°8tu N0, 0.10]0,10] 0.09] 0.1 0
Vsc= (17.71 E& > (Vfc) = scf

Hg

in.

C=6.2x10

1b/scf <u9 NO,

ug/ml Vsc
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HpS04 MIST and SO EMISSION DATA

. Date 120 leol /2o
Run No. / 2 /+2
Vinc-Meter Volume, Fi3 1.513 X079 114.572
Vmstd-Feter Volume, Std. Cond. 7,330 G G122} 14,248
Pg-Barometric Pressure, "“Hg 24,64 29.84
AH-Avg. Orifice Pres. Drop, "Ho0 Ol o,/

V¢-Vol. of Titrant, ml. O .4 | 0.4 | 43.5
Vip-Vol. of Titrant for Blank, ml. nrl n.l n.'l
Vsoln-Yol. of Solution, ml. Jo O (oo | seo
V,-Vol. of Aliquot, Titrated, ml. 1o | /O 30
1b/scf HpSOg %o~ 7 5.89 ©.25

16/100 b Hos0g 0.0 0.0

1b-scf SOp x/0 > | 2,15
1b/10° Btu S0, 0,35

Vmstd = 0.0334 (Vm) (PB + oM >
CF 1336

CFp = Meter correction factor

CH2504 =<1.08 x 1074 1b-1 ) (V¢ - Vo) (0 [Vsoln)= 1b/scf N = 0.01 Narmal
g-ml Va Barium
Perchlorate

Vms td

Cs02 =<7.05 x 1072 1b-1 ) (Ve - Vep) (D) (Vsaln
g-ml Va = 1b/scf

Vmstd
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test: IP-Weed Kiver H
Carbon Monoxide:
Methano:

Total riydrocarbons,

' N\
Tast: \/\/ood f\’\‘xpr‘ "33[
Carbon Monoxide:
Methane:

Total Hydrocarbkons,

Test: Weod River ¥
Carbon Moncoxide:
Methane:

Total Hydrocarbons,

Test: Wood River #1)
Carbon Monoxide:

Methane:

Hydrocarbon Results

Date: C_p//?

Time:
1.29 ppm
1.8 ppm
as CH4: ), 37 ppm
Date: (% //9 Time:
</, 33 ppm
0.5  ppm
as CHy: ), 90 ppm
Date: (af19 Time:
©.272 ppm
O.Lo6¥ ppm
as CHy: /.39 ppm
pate: (/19 Time:
©.372 ppm
0.63% ppm
J, 12 ppm

Total Hydrocarbons, as CHy:
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NOX EMISSION DATA

Date 50/25

Run No. / 21 3 |¢¥ s |9 /0
Time 1220} 13/0}1920 V192811610 1vo Y1700 {171S
Hg NO, 1250 1500y oo Vizzoligo {1220} 1220 120
T.- Initial Flask Temp, °F 70
Tf- Final Flask Temp, Op 40 —
V¢~ Flask Volume, ml. 2047|2038| 2035|2028] 2024 2052 2052 205¢
Pi" Initial Flask Pres, "Hg 3,0 N . - -
Pe- Final Flask Pres, "Hg 2.6 —t i SR
1b/scf NO, x10~° 4518340 |4 2]4.2 14343180
16/1088tu NO 0.¢4 0,15l 0.58| 0. ¢07lo eol 0.6t 0.6l 0.7/

2

Vsc= <]7.71 R ) (vfc)
in. Hg

fc - 25

ug/ml

C=6.2x10° 1b/scf (ug NO,

Vsc

p P.
( f - 1 = scf

) = 1b/scf No,
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NOx EMISSION DATA

pate_ @ /26
Run No. / 21 3 ¥ (Y & 7 {/C
Time 1200|1230 1230 {1335 115 {1995 |15/5 ] /820
g NO, l12sof)370] 990 (1270 | /150 | 1eso]i320 |17sC
'Ti— Initial Flask Temp, O 40 —_ .. SRR SR NP
Tf— Final Flask Temp, OF 40 S
Vgc- Flask Volume, ml. 20472038| 2039| 2028] 202¢|2052] ¢osef eose
Pi' Initial Flask Pres, "Hg 3.0 ] IR PR e R
Pf- Final Flask Pres, "Hg 24, L,
Tb/scf NO, x/o> 941 9.&13.2 192149/ Vyvige | 5.
16/10%tu N0, c 62l 063|047 |0 01l 0.58) 0.c2l o el .72

Vsc= (17.71 ] ) (Vfe) <Pf - P1>=scf
in. Hg Te T,

C=6.2x10° 1b/scf <ug N02> = Tb/scf NO,

Hg/ml Vsc¢
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H2S04 MIST and S02 EMISSION DATA

-5
Cso =<7.05 x 1077 1b-1 ) (Vo - Vi) (M) st]n)
202 ] t tb Va = 1b/scf

g-m

Vmstd

-72-

| Date Glee| Wl ey | Gl ele7
Run No. RN, / 2 | 142
Vpc-Meter Volume, Ft3 2695 7.09¢ 294821 7.3¢
Vmstd-Meter Volume, Std. Cond. 2.53717,532 72,006 | 7000l 14200
Pg-Barometric Pressure, "Hg 25. G2 2955 | 29,58
AH-Avg. Orifice Pres. Drop, "H)0 O, O./
Vg-Vol. of Titrant, ml. 5.9 1.4 5.9 5.6 130/
Vip-Vol. of Titrant for Blank, ml. il nil ni/ nil | nif
vsoln~Vol. of Solution, ml. /oo | 2so /00 /o0 | 250
V,-Vol. of Aliquot, Titrated, ml. 2S /O 25 25 | 1o
1b/scf HS04 x</o™® 3.4 35 | 3.4

0 -
16/10% Bt HoS04 0,08 ©.08 | 008
1b-scf S0 xjo™? 4.07 3.72
16/10° Btu S0, 50 5,27
Vmstd = 0.0334 (Vm) (PB + OH )
CF,, 13.6
CFp = Meter correction factor
CH2S04 =(1.os x 10-4 1b-1 > (Vt - Vgp) (8)  [Vsolp)= 1b/scf N = 0.01 Normal
g-ml Va Barium
Perchlorate



TEST:

HYDROCARBON ANALYSIS

IP Wood River #4
COMPOUND

Ethane

Propane

1 - Butene

n - Butane

iso - Pentane

cis, 2 - Pentene

1 - Hexene

n - Hexane

3,3 dimethyl, 1 - Pentene

2,4 dimethyl Pentane + Benzene

1 - Heptene
n - Heptane
Toluene

Ethyl Benzene
meta-, para-, xylene
orthoxylene

-73-

DATE: 6/26

CONCENTRATION (ppm)

TIME:

1400

D OO O OO OO OOOOO

QOO OCOoOO

.074
.043
.015
.018
.018
016
.046
17
.029
.068
.040
.016
.065
113
.394
.087

.043
.052
.143
.308
. 185
.622



APPENDIX B
FIELD DATA
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SUPPLEMENTARY PROCESS & EMISSION DATA FOR POWER PLANTS

s b or ., X
Test musbes el17 | eh8 | /5 | &lo
Net Unit Load - MW 43
Boiler Heat Rate - BTU/KW hr.

( e ) /3,893 |
Boiler Heat Input — 10 BTIU/hr. 592, 2 5«?Z$/ 5/, ,5/ 5/2, 5
Emission Level - lb./106 BTU

Particulates
502
NO
x
' - /030 | /030 -
Fuel Heating Value - BTU/1b. Bt CF | B4u/cF /9‘5’20
o — 5§78 5 &0
Fuel Burning Rate Durlng Test - 1b./hr. 103 E ki /OJCF/Ar Gl GPM !
Fuel Ash Content - 7%
Additive Rate — 1b/hr.
}

Y Assumed same ws

o/r$
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ORSAT YIELD DATA

Location .ZZL'_EQ_M/?- Lo/LER / Comrments :

Date

Time

Operator

Test (c0.,) (0,) (co)
Read%ng 1 Rea%ing 2 Reading 3

6-17 | 18# 72% | oo

§./8 | 734 59% | 00 #

& 78 /‘7wa//y:,o7.? &) 7‘.057'(62)7/-,5‘/5/@5]

G2 2.7 23.0 = <535 /VW(GZ’/)
C 5 %Az O
Awwel 105 J8) | 835 (e 7Plst) #8350 E4NG)# 835(5+4) 28
2.57 268 2.2 /973 =27

/7ny;
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Locationm,fbﬂ/épl (O éZTQ{ZI.ZZZ.

ORSAT FIELD DATA

Corments:

Ne. ! o/t EA

Date .
Tine .
Operator
— Test (co.) (0.) (co)
[ DA TE = Read%ng 1 Rea?ling 2 Reading 3
&-/275 | //30hrs. A /Zé/?.o A
/[Coghrs | /3.0 .;70.3/6’,5 20.5
C.20.-785 | //130hrs) 15,0 wich 2/"'-’(’ L3 2
[Seohbrs| 104 % | [H S| 16.Y
avs 4//° /0.3 5.7 0.0
»e -5‘@/7//0/;:([ a.f_/econom/'zcn-/aﬁﬂf .S‘a.m/cz/e
Sornt on c/c"'ﬁ/ KLleer oféo/'/er Aowse
G. /9 r7w dry s JoF (W) #. 08I B2 T Eeb (28) =Go.0
S 2ES 22.¢3
7w webs 899 o). 10l T8):-26.97 #/. 82 €77
¢- 20 082 (G *. 7¢5 (R8)= Go, 72

//wdry= ./56(69(6/) #

2.C3
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T 3 T EgTES Ty
oogp g/ | GE| SC/ | 58 o8| £/ £/ W 5/HeG/ | &/ JC
Dogy vgs | See” G/ {08 |65 &7 s/ /7 ELA7) OF: & [l
08 L7 o/ G/ | GZ [0fF| T/ {597 7 WY YA WAR A
0&8Z 027 oo oL |[egc| &7 (297 / 7/ CAS Y SO e-c
046 GL 7 | 928 ¢/ oL Ok £/ (24 470 ARV W H c =
o4 Ge/ oL T /A o8 Jo/cl @20 ¢0 cer LB B 7 7=
) . JCiEs
G8z Sl /| gro 0/ |0g c’ c- 570 VAVANAY-RIE / =/
CL T ogs | G/l TE 1 80 | GAE o/ 57 glo YR AN IR Y4 < 7
Y Pad 0/ [ o788 o //1 ¢ [opF c/ 4 40 YR AYAWAR Y4 &=/
0&& GL7 | Foe| 0771 g7 |oes| &7 Z77 270 AEOET A7 E7 | A7
oéC O/ | Ore| % | oL | oCcc| @/ o/ L@ OGS/ &L/ £/IC/ Iv4
o4 C oLy | s/l S5 og (87 20 90 SAO | ghrAIE/VEC T O/
owﬁdopmﬁpso JoTur | TeNnIdV|poarsag
do "84 -ur do do |'8H "ul dav
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PARTICULATE CLEANUP SHEET

Date: (o /4"? /75 Plant: IP - \A/CDOD Rlvﬁ';{

Run Number: 2 Location Of Sample Port: *| Bailer Duct
Operator: Barometric Pressure: 29.86 1., Her
Sample Box No. Ambient Temperature 20 °F

Impingexr H20 Silica Gel

Volume After Sampling 3( ! ml Weight After 373.2 g

Impinger Prefilled With 200 ml

Volume Collected 1 & [ : ml

Weight Before 353,/ g

Moisture Weight 20./g Moisture Total | &)/ g

Dry Probe and Cyclone Catch:

Container No.

Extra No. Weight Results

Probe, Cyclone, Flask
And Front Of Filter
Acetone Wash:

Container No.

Extra No.

Weight Results [, celSg

Filter Papers and Dry Filter Particulate

Filter No. Container No.

vl

Filter No.

Container No.

Filter Particulate

Weight 0O.c/%! ¢

Total Particulate

Weight 8,618 7 ¢

% Moisture By Volume V. = O
™ da
N
\V, - 0,044 (181,1;: %
Wtd
. 8.584
/om T

(0(:;5 I+ 11‘51—(

o224 (77, 7/5')(‘”' 564 as G

Jc!

©.184 .
76_,.Ci. T Cw. -

[.0a1i

LA

9w {4,

=\) IO ’ " :)c, '\\b'( E,fh Ve
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OXIDES OF NITROGEN FIELD DATA

Pate ol17 ¢/

I

Plant | P-Woop River - Big #|

Sample Collected By O, Klesn

Run No.

Power Stat Setting

Field Data e /i & Ac?

Clock Time blank! - { - - 1130] 1200 100 /‘/:Mf
Flask number ]2 3 | 4 / 2 2 i« z
Volume of flask less correction (m}) |2047| 2038 2034 2028 | 2097|203 8| 2039} 2025/
Pressure before sampling in. Hg. —'3‘0 3.0 |3.0 (3.0 |3.0]3.0|3.0 :;OE
Pressure after sampling, in. Hg. 25.71 2971297 29.7129.7129.7 27—,'} 24, 71
Flask temperature, °F 0 | 50 | 50 |50 | 90 | 90 | 90 | 90 J
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OXIDES OF NITROGEN FIELD DATA

AL

Hate

p1ane L P~ Woop Pk - Bir. %/

O. Klern

Sample Collected By

Run No.

Fower Stat Setting

Tield Data
Clock Time /200 /.2_50‘ /300‘ 1330|1460 /5005/530 {&c¢
Flask number / 212 14 S|4 [ 7 &
Volume of flask less correction (ml) 501./7*;039 20_39-:?025; 2025|005 2052 2~
Pressure before sampling in. Hg. 50| 3.0 2.0l 3.0l3.0 | a-;i#:_
Yressure after sampling, in. Hg. 24. 7 24,7 129,71 29, 7129, 712971 29.7 2. 7
Flask temperature, °F 1 90 {90 | 90 | g0 f 90 | 90 | 94 g o
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OXIDES OF NITROGEN FIELD DATA

Date é/20

Plant IP - Wpod /(T?.w:'/e - 5/—& 7/

O: /(/!fll‘[

Sample Collected By

Run No. .

Power Stat Setting

Field Data

|

Clock Time 13251 138D )350 3585 }
Flask number / 2 3 f/ i &
Volume of flask less correction (ml) 2047|2038 | 2039 2028 15
_______ 71 ot = ——1

Pressure before sampling in. Hg. 3,00 2.01 3.0l 3.0 j
Pressure after sampling, in. Hg. )? 71 24, 7 29, 7| 34,7 | JI
Flask temperature, O “/U %) 40 .70 J
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GAS SAMPLING FIELD DATA

Material Sampled For Su/furl'( MJ_,Sf ¢ SOL
Date (. 20- 7O

prant [Wead /Tiver Location #£ / £ 9e Sles

Bar. Pressure <Y &% _ "Hg  Comments :

Ambient Temp %o ° OF

Run No _ /

Power Stat Setting érc, Q/Q..L/ G 3/5 F

Filter Used: Yes No X Shels mellec

Operator

Clock | Meter Pitot orifice Temperatures ]
Time (Ft.%) in. H20 | in Hp0 | Stack |Probe | Coil | Impinger

4 P 4 H Tn | Out

(2:02 1253.747 | 0.7 \alinH0l200F 310 (5
/207 (254 000 | o7 ol W5 F 73 C 5865 F
(/2 256,27 o7 ol 13/0%F 73 % Y35 H 55 °F
/347 25755 e/ _lolf 305 7 %0 F| 52 F
/2:32 |25882 1o/ |0/ /5P |70 ChasH 82 °F
/2:27 \260sa0 o] Q,/gian 5%|  yasisa
/2:32 \2¢/%¢0 |07 |8 915 |72 ¢ pac 455 F
Comment s:
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GAS SAMPLING FIELD DATA

Material Sampled For 3&/7/:_'(,7{, Mz,f?‘ £ Sdg

Date

.

20

;o
Plant _Werd /Trver

Location # /5//‘

Bar. Pressure 29, §%  "Hg  Comments :
Ambient Temp O OF
Run No &
Power Stat Setting B
Filter Used: Yes No
Operator
Se 2 Tmpingers rot chenged

Clock Meter Pitot Orifice Temperatures ]
Time (Ft.3) in. H20 | in H20 | Stack|Probe| Coil | Impinger

A P AH In | Out
[i07 |3¢/. e | 0.7 |0/ 5F\ 76 C V0 8 95 F
/i /2 12¢.475 | 07 le./ 345 F Zo#| 90 %
/[ /7 1 2¢3.68 0.7 0./\//”7145;) #1580 |85 G0 F
/:32 | 2¢4 879 | 0.7 la./ 925 %\ 78 ey 458 Fo F
/:37 | 2¢c.o0 0.7 lo./ h725 %178 € yas 7| 58 °F
(92 | 2¢7/8 1e7 lo./ 925 |77 * Y35 H Jo
/5] | 2¢8.337 o
Comments :
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SUPPLEMENTARY PROCESS & EMISSION DATA FOR POWER PLANTS

- —-

Test nunmber

¢/25 | ¢ /.ga G127

Net Unlt Load - MW ]OO lcC 160

Boliler Heat Rate - BTU/KW hr.

Boiler Heat Input - 106 BTU/hr.

9250 | 923,0 | 928. 0

Fmission Level -- lb./lO6 BTU

Particulates

502

NO_

Fuel Heating Valve — BTU/1b. 10156 10186 | 10726

Fuel Burning Rate Durlng Test — 1b./hr. 8(‘000 600 O £e000

Fuel Ash Content - %

Additive Rate — 1b/hr.
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DATE

€. R5-75

¢-2¢.75

6. 7 75

ORSAT FIELD DATA

Location _I__éé._ZE)Q..k‘_/.E ﬁ__CC"_’_Q_[_fO /Y_;______Z— L. Corments:

Date No, f BoltER

Time TEALT
GR1Scor

Operator JELEIN
Naoltf1/5

Test (co.) (0.,) ‘ (c0)
Reading 1 Reagiing 2 Reading 3

/1350 brs. /¢, 22. 8/(}/% 22.8

/295 hrs| 3.2 /19.0/58] 19 0

/538 brs.| _ 7¢.2 2.6/ 54 274

/030 brs.| /8.3 -70.51/ 55| Q0.8

C.25. 17wy <« 1St (tst) +.064(32) #. 777 (28) = Jo. 89

W ek =9175(30.89) +.0835 (V8): 2834 ¢/ ¥9- 25 &3

C.2

ey7

4179

FIW, 2 097 W)+ 056 (3 +.797(28)- 30.58

22.93

MW el =, 9/8% (30.55) +.08/6 V8)- 2808 147 2555

£.37 1TW, =

(A A

274

L 153 (HF) #.0585 (30 #. 793 (25) - J0.67

22.78
-90-
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PARTICULATE CLEANUP SHEET

¢ /25

Date:

Run Number: )

Operator:

Sample Box No.

Plant:

’P \IJOOD R\VER

Location Of Sample Port: ¥4 Roije, Slack

Barometric Pressure:

29.63

Ambient Temperature 5§

Impinger H0

Volume After Sampling 36¥, Sml
Impinger Prefilled With 200 ml

Volume Collected 68,8 ml

Silica Gel

Weight After

516.S g

Weight Before

Yo&, i g

Moisture Weight _28.9g Moisture Total /96.7 g

Dry Probe and Cyclone Catch:

Container No.

Extra No.

Weight Results

Probe, Cyclone, Flask
And Front Of Filter
Acetone Wash:

Container No.

Extra No.

Weight Results [.0% ¢ g

Filter Papers and Dry Filter Particulate

Filter No. Container No.

”
o

Filter No.

Container No.

Filter Particulate

Weight J2L9£$:7’ g

Total Particulate

Weight &./J& /g

% Moisture By Volume

-03.
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PARTICULATE CLEANUP SHEET

Date: C: /2(/9

H2

Run Number:

Operator:

Sample Box No.

Plant: P Woen k"avng

Location Of Sample Port: ﬂ‘{-@c:;rm S7ﬂrk

Barometric Pressure:

29.62

Ambient Temperature 20

Impinger H20

Volume After Sampling 35§ ml

Impinger Prefilled With 250 ml

Volume Collected {5:8- ml

Silica Gel

Weight After

SA¥. ! g

Weight Before S00.0 g

Moisture Weight Jgﬁlfg Moisture Total fék;:/g

Dry Probe and Cyclone Catch:

Container No.

Extra No.

Weight Results

Probe,ICyclone, Flask
And Front Of Filter
Acetone Wash:

Container No.

Extra No.

Weight Results (,02/5 g

Filter Papers and Dry Filter Particulate

Filter No. Container No.

A

Filter No.

Container No.

Filter Particulate

Total Particulate

Weight 0,058 7 g

% Moisture By Volume
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OXIDES OF NITROGEN FIELD DATA

Date 6 /—7\5

Plant I P WDDD QlVER - BOI LEN 3 . ‘}

O. Kleha

Sample Collected By

Run No.

Power Stat Setting

Field Data

Clock Time 122011310 1 192000428 (1610 |iewc | 11,8 |70
Flask number / 2 2 Y S G o ) O
Volume of flask less correction (ml) 2047 2031 203y 208 | 128 2QS 241085 ch/;
Pressure before sampling in. Hg. 3'0 - ,
Pressure after sampling, in. Hg. Qg'é '
Flask temperature, °f ~70 - \

-97-~



OXIDES OF NITROGEN FIELD DATA

6l2 ¢

Date

Plant _ LC-Weoece Ruvex - Boier No. 4

Sample Collected By O. Klelﬂ

Run No.

Power Stat Setting

Field Data

Clock Time 1200]1230[1330[1335 1415 (144511515 | 1540
Flask number ) 2 4 1S ¢ 9|/
Volume of flask less correction (ml) 204712032] 2037 2028| 20252052 2054|2257
Pressure before sampling in. Hg. 2.0 —

Pressure after sampling, in. Hg. 26,61 - . -

Flask temperature, OF 90

-98-
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GAS SAMPLING FIELD DATA

Material Sampled For ¢ iZZ 2 gf gicz,g

Date é— -?(4/

S 3.
Plant Weod /Tiver

Location # 9’5//‘

Bar. Pressure 2% ( 2

"Hg Comments :

Ambient Temp 570

Run No

Op

/

Power Stat Setting

Filter Used: Yes

7;'.2 verse /)o z‘: | P S

No c.gAc///Z:L(Aad/

Operator

Tine | (oD im0 | Sn g0 [Sack Toeshe | corT | Tapinger
h P A H In | Out

o 478 045 | 008 o©0./ 1325

5 Y775 cod | 0./ 1325 |280183 |/7¢| 8¢

/¢ ¥/ 205 | o/ | 325 {285|82.51/50| 62

) ¥852 0.5 0./ 338 13e5|8/ /35| 83

20 |483.3 c.ed | 0./ 325 586079 130l 85

28 g F ced | 0 [ (G2& 1500 (775720 85

Jao 455. 790

Comments:
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GAS SAMPLING FIELD DATA

Material Sampled For (5’1 2 ,é/ IO o
¢.27

Plant Weod [T/ ver
Bar. Pressure 29 $¢ 7

Ambient Temp S5 O

TravetrSe [oint #SE

Date

Location ¢ g

Comments :

lng

Run No /

Power Stat Setting

Filter Used: Yes No

Operator
Clock Meter Pitot Orifice Temperatures
Tinme (Fe.) in. H20 in H20 Stack |[Probe | Coil | Impinger

A P a H In | OQut
76:55 Jo) 85,748 laoss5| o/ |320 |280| 73

5 Y56 S 0055 | 0./ |32 |35 78155 7o
Zo ¥88 0055 | o/ 330 SN 78 1435 72
Al ¥579 0.055 | 0./ 1330 |Goac) 78 /30| 7<
20 %4708 0055 | €./ |30 |Goo | 77 |/35| 7<
25 472 0055 0./ 330 |3/0| 76 /35| 72
Jo “7J. 200

Comments: . S
/‘70 /3t(ur¢ CO/)rzc‘/ .5"@9 D/y f/;c Imﬁfﬂﬁc/ srrrel Thesrie vy
From ambrent coels s
[robe $eT/ o bas Lo oc ot 7 Zo Heep Lernpup.. sva/ For

e 9/Q5(’ /p,_céc
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/705

GAS SAMPLING FIELD DATA

Material Sampled For QS?C? 2

7

< 3

Date . 27

Plant _&,C_G_d/ /7)/‘(/1/'

Bar. Pressure 2% 99 "Hg
Ambient Temp &§& °F

Run No 4

Power Stat Setting

Comments :

7
Location #%¥ &

—_— O .
Traverse /2mé #E

Filter Used: Yes No
Operator
Clock Meter Pitot Orifice Temperatures
Tine (Ft.%) in. H20 | in Hp0 [ Stack|Probe | Coil | Impinger
AP AH °c_[In | out
0o ¥93. 200 l10.055| 0./ |328 .3/@ 7¢°C 160°H 85 F
g &Y o 0055 | 0./ 329 30 &9:5 7% Se °F
/0 S25 7 0.055 | 0./ 1335 1520 |34V # 78°F
/s |
<0 428 7 cod5 | _a./ I35 WI328 3/%/'23 75° ‘
245 Y993 0.055 | 0./ 1330 \B37) ¢ e o fi
Jo sec. 5o/ i
{
1
|

Comments:
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SOURCE TEST REPORT
HIGHLAND POWER & LIGHT
HIGHLAND, ILLINOIS
BOILER NO. 3
JuLy, 1975

Tested by: Rockwell International

R.W. Griscom
0.C. Klein
F.E. Littman
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1.0 SUMMARY

In conjunction with the RAPS project, a Timited stack testing program is
being conducted. This report details the results obtained on boiler No. 3 at
the Highland Power and Light Co. in Highland, I11inois.

The stack testing included the following pollutants: 502, particulates,
NOX, and H2504. Orsat analysis for COZ’ CO, and 02 were also performed. De-
tajled results are included in this report. Although these tests were not con-
ducted to ascertain compliance with IT11linois standards, it is of interest that
the particulate emissions are within Timits while the SO2 emissions are not.

We acknowledge and appreciate the excellent cooperation we obtained from
the officials of the power company and the City of Highland.
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2.0 INTRODUCTION

The current stack testing program is being conducted in conjunction with
the emission inventory work for the St. Louis RAPS project. The emission in-
ventory is being compiled using published emission factors. The stack testing
is being conducted to evaluate the emission factors and to gather information
for additional emission factors.

This stack test was conducted at the Highland Power and Light Co. in
Highland, I1linois. Testing was performed on boiler No. 3 during the week of
14 July 1975,

Boiler No. 3 is a coal fired, 75,000 pounds per hour steam generating unit.
There are no emission controls on this unit. This boiler was sampled for total
particulates, particle size, nitrogen oxides, sulfur dioxide, sulfuric acid mist,
carbon dioxide, and oxygen.
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3.0 PROCESS DESCRIPTION

Boiler No. 3 was built by Union Iron Works and installed in 1959. It
is equipped with a traveling grate stoker which is gravity fed. The econo-
mizer has not been used for 10 years. The boiler was originally rated at
75,000 pounds per hour steam, however, present operating capacity is approx-
imately 60,000 pounds per hour. Steam pressure is maintained at approximately
610 psi. Boiler No. 3 is an induced draft unit and has no stack emission con-
trols. The stack is of steel construction, 90 feet tall and 5 feet inside

diameter.
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4.0 SOURCE TEST DESCRIPTION

Boiler No. 3 was tested in the stack, approximately 35 feet above the
ground. The City of Highland provided the use of a "cherry picker" for the
period of testing. The testing arrangement is illustrated in Fiqure 1, 2

FIGURE 1

POSITIONING OF
UNI-STRUTS TO
CARRY THE EPA
EQUIPMENT

FIGURE 2

ANALYSIS

AND PROBE
ADJUSTMENT
BY OPERATOR
IN CHERRY
PICKER BUCKET
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FIGURE 3

DETAIL SHOWING UNI-STRUTS AT 90 DEGREE PLACEMENT ON STACK.
QPERATOR ADJUSTS PITOT POSITION.

The No. 3 stack is 5.0 feet inside diameter and approximately 90 feet tall.
This sampling point is approximately 5 diameters from the flue gas inlet. In
accordance with the EPA Standard Method 1, fourteen samplinag points were chosen
on each of two perpendicular diameters. Two, 3 inch couplings were installed
on the stack for use as sampling ports.
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5.0 PROCESS OPERATION

Boiler No. 3 was tested 14 July to 16 July. During this testing period,
the load on the boiler remained fairly constant since this boiler drives a
turbine which provides the baseline electrical generation for the plant. Gen-
erator output was generally between 4000 and 4300 KW. There was no visible
change in emissions during testing. Ashes were pulled almost every hour. Dur-
ing these periods visible emissions didn't change, but the flow rate in the
stack increased.
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6.0 DISCUSSION

A problem exists about the use of EPA Standard Method 2, Volumetric Flow
Rate Determination. On boiler No. 3 the flow rate determined by method 2 is
23101.2 SCFM compared to a flow rate determined stoichiometrically from the
fuel rate and fuel composition of 15182 SCFM. At this sampling point this should
have been a good check of method 2, since it was a reasonable distance downstream,
5 diameters, and two complete, perpendicular traverses were made.

The flow rate determined stoichiometrically compares very well with the
expgcted flow as seen by a comparison of sulfur dioxide emissions using both
floiw rates. Using the published emission factor of 38S, which allows for a
95% conversion of sulfur in the coal to sulfur dioxide emission, the emissions
would be 413.87 1b/hr. With the flow rate using method 2 the emissions would
be 658.4 1b/hr, which is definitely too great. With the stoichiometric flow
rate the emissions would be 432.6 1b/hr, which is a reasonable result. For
this reason the emission determined using the stoichiometric flow rate are
reasoned to be the correct results.

To determine the amount of coal consumed, the generator output and a ratio
of kw to pounds of coal were used to calculate coal consumption. The ratio used
was based on operating records for the previous month. Using the current ratio
of 1.6, the average fuel consumption for 15 July was 6702.4 1b/hr.

During testing for particle size, the first run was with the Andersen im-
pactor in the stack while the other two were run with the impactor in the oven.
For this test, a problem existed which forced the use of an unheated probe. With
the impactor in the stack this is no problem, however with the impactor in the
oven there was probably some condensation in the probe which increases the weight
of particulates.
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7.0 SAMPLING AND ANALYTICAL PROCEDURES

A1l testing was performed with sampling equipment from Joy Manufacturing,
designed for isokinetic sampling to enable testing by EPA standard methods.

Gas flow rates were calculated using the observed gas temperature, molec-
ular weight, pressure and velocity, and the flow area. The gas velocity was
calculated from gas velocity head measurements made with an S-type pitot tube
and a magnehelic pressure gauge, using standard method 2.

Moisture contents were determined by passing a measured amount of gas
through chilled impingers containing a known volume of deionized water, meas-
uring the increase in volume of the impingers liquid and the increase in weight
of silica gel used to finally dry the gas, and calculating the amount of water
vapor in the sample from this increase and the measured amount of gas.

The stack gas concentrations of carbon dioxide, oxygen, carbon monox-
ide, and nitrogen by difference were measured with a standard Orsat apparatus.
These concentrations and the moisture content were used to determine molecular
weight of the stack gas.

7.1 PARTICULATE MATTER

Standard method 5 was used for determining particulate emissions with the
exception that the probe and oven were operated at 300-350°F. Measured stack
gas samples were taken under isokinetic conditions. The samples were passed
through a cyclone, fiberglass filter, impingers, pump, a meter and an orifice
as shown in Figure 4.

The total particulate matter collected in each test was the sum of the fil-
ter catch plus material collected ahead of the filter in the sampling train. The
amount of filter catch is determined by the difference in the weight of the fil-
ter before and after the test, after dessicating. The particulate matter from
other portions of the train was determined by rinsing the probe, cyclone and
all glassware ahead of the filter with acetone, evaporating to dryness and weigh-
ing.
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7.2 NITROGEN OXIDE

Using method 7, gas samples were withdrawn from the stack into evacuated
2-Titer flasxs containing a dilute solution of hydrogen peroxide and sulfuric
acid. The hydrogen peroxide oxidizes the lower oxides of nitrogen (except
nitrous oxide) to nitric acid. The resultant solution is evaporated to dry-
ness and treated with phenol disulfonic acid reagent and ammonium hydroxide.
The yellow trijalkali salt of 6-nitro-1-phenol-2, 4-disulfonic acid is formed,
which is measured colorimetrically.

7.3 SULFURIC ACID MIST AND SULFUR DIOXIDE

The "Shell Method"* was chosen for this determination due to uncertainties
which exist about the validity of the results using method 8. A gas sample is
drawn from the stack using a heated probe and passed through a water-cooled,
coil condenser maintained below the dew point of sulfuric acid at 140°-194°F,
followed by a fritted glass plate and then passed through a chilled impinger
train with two impingers containing an isopropanol and hydrogen peroxide mix-
ture and followed by an impinger containing silica gel for drying. This set-
up is shown in Figure 5.

The condensed sulfuric acid mist in the coil condenser is water washed
from the condenser. The final determination is made by titrating the solution
with barium chloride, using a thorin indicator. Isopropanol must be added to
the solution to be titrated to improve the rapidity with which the barium sul-
fate precipitates during titration.

Sulfur dioxide in the gas sample is oxidized to sulfur trioxide the im-
pingers containing the hydrogen peroxide. Sulfur dioxide is then determined
by titrating the hydrogen peroxide solution with barium chloride, using a
thorin indicator.

*Lisle, E.S. and J.D. Sensenbaugh, "The Determination of Sulfur Trioxide
and Acid Dew Point In Flue Gases", Combustion, Jan. 1965.

Goksgyr, H. and K. Ross "The Determination of Sulfur Trioxide in Flue Gases"”,
J. Inst. Fuel, No. 35, 177, (1962)
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7.4 PARTICLE SIZE

An Andersen, fractionating, inertial impactor is used for the deter-
mination of particle size in the range of approximately 0.5 to 10.0 microns.
The sampling head is placed either in the stack at the end of the sampling
probe or in the oven after the heated sample probe (see Figure 6). A sample
of stack gas is drawn isokinetically through the sampler. The particulate
matter is fractionated and collected on the plates inside the sample head
and a determination is made by the difference in weight of the plates be-
fore and after testing. Results are expressed for particles of unit density.
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8.0 RESULTS

The results obtained from this test are summarized in Table 1. As dis-
cussed previously, the main flow of pollutant is based on calculated, rather
than measured flow rates. The actual calculations and field data are attached
as Appendixes A and B. Although these tests were performed for research
purposes and not as part of compliance procedures, standard EPA methods were
used (except as indicated). It is thus of interest to compare the results ob-
tained with State of I1linois standards. A comparison is shown in Table 2.
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TABLE 1
Boiler 3 - Hﬂ&?land Power
OF SULTS

SUMMARY
Date 7/15/75 | 7/16/75
Stack Flow Rate - SCFM * dry 15182 16962
% Water Vapor - % Vol. 8.798 8.55
% CO2 - Vol % dry 14.0 11.8
%0 ) " Vol % dry 4.3 5.2
% Excess air @ sampling point 24.7 30.8
S0, Emissions - 1bs/10® Btu 5.9
NO, Emissions - 1bs/10® Btu 0.17 0.24
H2S04 Mist - 1bs/108 Btu 0.04
Particulates
Probe, Cyclone, & Filter Catch
1bs./hr. 16.08
1bs/10° Btu 0.22

Total Catch

1bs./hr.

1bs/10° Btu

% Isokinetic Sampling 92.67

*70° F, 29.92" Hg
Calculated, dry
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TABLE 2
COMPARISON OF RESULTS

Pollutant Standard Found

" 1bs/106BTU 1bs/106BTU
S0, 1.8 5.9
NO, no standard for 0.19

sources € 250x108BTU/hr

Particulates 0.23 0.22

The only minor constituent measured during this test was sulfuric acid
mist which was determined to be 0.04 1bs/106 BTU.

In addition to measuring particulate loadings, a particle size analysis
was made using an Andersen impactor. The results are shown in Tables 3 and 4
and Figure 7. The high percentage of particles less than 0.5 micrcns in
diameter is probably spurious. Microscopic examination indicates the presence
of Targe ammonium sulfate particles, which apparently were performed by sub-
sequent reactions of ammonia with sulfuric acid. The latter, present in va-
por form at stack temperature, was apparently retained by the glass fiber fil-
ter. The results for the first few plates on runs 2 and 3 are misleading since
the cyclone was ahead of the Andersen impactor and it fairly effectively re-
moves the larger particles.

Some of the photomicrographs are included for illustration. Figure 8 is
of the total particulate filter from the run on 15 July. It shows bits of un-
burned to partially burned coal and sulfate needles. Figure 9 is from stage
5 of the impactor and shows small carbonaceous particles and sulfates, which
are the white, shiny areas. Figure 10 is from stage 6 of the impactor and
shows less carbonaceous particles and much more sulfate particles. The sul-
fate particles are definitely recrystallized on the filter since they fol-
low filter fibers and are much larger than the impactor plate holes woula
allow.
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Test: No. |
Plate Tarel(q)
1 20,471
2 Zbh4oe
3 21,602l
a 20,5136
5 11,7377
6 11,488
7 11,7399
8 2],4084
Back Up
Filter

Test: Ng.2

Plate Tare(qg)
1 20, 1444
221, 3106
3 205880
4 ALLATR
5 116965
6 1. 4,807
7 H by
8§ 2240

» Back Up

Filter

HicHL AnD Powrnr

Final (g)
204748
21,4788
ARAINTS

205178

L7412

N, 4904
o418
214180

Total

Final (qg)

20191 %
21,3707

2l o884

ke
20,4241

Total

TABLE 3
PARTICLE SIZE DETERMINATION

Date: jul% 7y 1975
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Net (mg) Filter Total % of Cum %
Net Total
34 5.6 1000
5.7 §.7 944
2.9 | 4, 8 8.7
L‘.?. ‘—;“,.3 .?(r(.
2,8 58 64.C
1.9 %0 584
1.9 5.0 8584
Lol lho S2.3
4.8 9.3 4.3
35.3 24,8 GO 100
pate: luly 16, 1975
Net (mg) Filter Total % of Cum %
Net Total
.4 1.2 100.0
Q,i Chq ‘QQPZ
04 1,8 118
O [-3 960
0.7 3.0 143
Ole 2,6 7,:&
) 5.3 £9.0
4| 184 3.7
14. 8 G5 656
o?( 4“7’08 22.6 ‘w'c

ECD

(Microns)

12.{2 & AgoveE
& 9
G.02
4:6*/

2
W

.34

Y3

ECD
(Microns)

[2,04% ¢ A8ovE
1.7

5,27
d.5e
2.5
{07
0.7l

S

0.4 ¢



Test: N03

Plate Tare (g)

1 C 436
2 Ol ldYe
3 (C.1452

4 0,476
50,1480
6 &S0
70,1497
80,1470

Back Up -
Fileer O021IC

Test:

Plate Tare (g)

3

Back Up
Fi.lter

TABLE 4
PARTICLE SIZE DETERMINATION

H!s;-u;m\.»m Powra Date: Iu[q‘ 1, 1725

Final (qg) Net (mg) igt;;gr Total d% of Cum $% ECD
Net : Total (Microns)

CaHY 2 G5 N T B O S 1~ v PO )

L ES 0.2 [y L (s 4,5  95.2 &.07

o145 0.5 ok 3 36 0.7 548

O.1482 Ovls [ 17 4.6 87 3.9¢

(D 1540 0] ¢

o2 1.0 0.4

Chises 2403 ®

Cis3k  && 07 18 2.0 2. CHY
7 9.9 410 4LE <y

S
oG

50 2,3 2,24
9 £33 0. 1 ¥

N

3 A
3.3 (&

—~—

Total 25,1 16, S 35,7 1000
Date:

Final (g) Net (mg) Filter Total $ of Cum % ECD

Net Total {Microns)
Co 2.9 000 i2.&7
0.2 08 q1.¢ .07
;.S. Z.!O ?G!g 5;?25
Gl AL B LS S8
.o H4,0 1. 2.34
l.(/ "1',/"1 88."\{ 3/18
23 C"{ aq'd ;1/:
’ S - )

g 2 }lO 75-_: u/’f7
12,2 Y&3 481 <L+

Total ‘ 25 2 [ 0.0
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FIGURE 8

TOTAL PARTICULATE FILTER

-127-



-

It

ANDERSEN

TO STAGE 6.

ol

IMPACTOR.




Figure 11 is the backup filter for the impactor and it shows mostly sul-
fates with some very fine carbonaceous particles.

Figure 12 is of material
collected in the cyclone.

There are a large variety of particle sizes, al-
though somewhat misieading due to agglomevation of particles, and there is
the presence of fused and partially fused glassy material and minerals.

FIGURE 11
ANDERSEN IMPACTOR BACK-UP FILTER SHOWING VERY FINE CARBONACEOUS

MATERIAL AND A GREAT NUMBER OF SULFATE CRYSTALS.
w'Y ¥ Ui W A Y
}s ,n*er:%;‘;:;pf‘ ,

¥

FIGURE 12

CYCLONE COLLECT. NOTE AGGLOMERATION AND PARTICULARLY THE
SPHERES OF FUSED GLASSY PARTICLES.
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APPENDIX A
PARTICULATE CALCULATIONS



PARTICULATE CALCULATIONS

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

yn \( Pn\f1sta | _ m \[rg . oM
(mrm Pstd <Tm> 0'0334(1.021 +]3.6>

Vmgtq = Volume of dry gas sampled at standard conditions, ft

Vms ta

3

Vm = Meter volume sampled, ft3
1.021 = Meter correction factor

P = Meter pressure, barometric pressure, P,, plus orifice

m B?

pressure, AH, in. Hg.

I

Pstd = Standard pressure, 29.92 in. Hg.

Standard temperature, 530° R or 70° F

Tstd
Tm = Meter temperature, 530° R for compensated meter

CFm = Meter correction factor

Volume of water vapor at standard conditions

v eH20 R Tstd 1b. = 0.0474 x Vi¢
Te | MH20 Pstd 454 gm.

Volume of water vapor at standard conditions, ft

Vw

I

Vw
V]C = Volume of liquid collected in impingers and silica gel, ml.
pH20 = Density of water, lg/ml.

M Hp0 = Molecular weight of water, 18 1b/1b mol

R = Ideal gas constant, 21.83 in. Hg. - cu. ft./1b-mol - °r

% Moisture in Stack Gas

X \/
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Average molecular weight of dry stack gas
MWL = (%0, x _ A4 (q 32 4 28
¥p ( 2 1oo>+</ 0 x 755 ) *\ * N2 X 150

Molecular weight of stack gas

={100 - 2 M %M
MWW (———]—0—0*"-— X MWD> ‘<—-I-0'6 X ]8)

Stack velocity at stack conditions

v, = 85.48x C <I§_£4Mlé!3; ) 1,

Ps x Mww‘

V_ = stack velocity, fps.

s
= pi ft. 1b. 1/

85.48 = pitot constant, sec. < 5 FoTe = oR > 2

Cp = pitot coefficient, dimensionless

TS = average stack temperature, OR

PS = stack pressure, barometric pressure plus static pressure, in. Hg.

AP Avg = average differential pressure, in. HZO

Stack gas yolume at standard conditions

_ M Tstd Ps
Qs = 3600(" TUG) Vs A(Ts— ”P?iﬂ’)
Qs = stack gas volume flow rate, SCF/hr

A = stack cross sectional area, ft2
3600 = seconds per hour

Qs' = Qs - 60 = SCFM
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Per cent isokinetic sampling

—
]

P
1.667 [(0.00267) e+ e < B+

—
I

per cent isokinetic sampling

1.667 = minutes per second, X 100

_ PHpO. 1b.
0.00267 = g X R X g

sampling time, min.

O:
An = cross sectional area of sampling nozzle, ft2

Particulate emission

M
C, = 2.205 X 1070 ol
mstd

CS

2.205 X 10°° = pounds per mg.

i

particulate emission, 1b/scf

Mn = total mass of particulate collected, mg.

Cp = CS X QS = 1b/hr

(o]
il

particulate emission per hour

g H

C, = particulate emission, 1b. per million BTU

C,=¢C

H = heat input, million BTU per hour
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Excess air at sample point

(0.266 X % NE) -9 02
% EA = excess air at sample point, %

0.266 = ratio of oxygen to nitrogen in air by volume
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PARTICULATE SAMPLING CALCULATIONS

el
Test: 1 Date:
et s s
Material collected (mg) =
Filter Catch = ¢:13%3%
Dry Catch = o.60o 37
Acetone Wash =4.059 L
RO
TOTAL = ‘73(5,79\v\ﬂ

Gas Volume Vm = 0.0334 { vm 1XPB + H
std 1.02 136

0.0334(UG.cot ) 2, 5, + Lo \= 1T 03¢ scF
1.021 13.6

Volume of water vapor Vw = 0.0474 x Vic

0.0474 (233 ml )=_{L. 29}  scF

% Moisture $M = 100 x Vwstd
Vmstd + Vwstd

100 x (1L:29)) o
Girese Y+ Ciiasy ) = B.1%8 ¢

ol

Molecular Weight of dry stack gas

MW MWD= % CO2 x 0.44 + %02 x 0.32 + 3N2 x 0.28

(14,0 x0.44) + (4,3 x0.32) + (g7 xo0.28=_30 4%

Molecular we:ght of stack gas

MWw = 100 - %M x MWp + M x 18
100 100

[_1_9_0 -6'19% xgo,Q,)}+[3.‘lﬁf$ X 1ﬁ= 29. 3196

100 100
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PARTICULATE SAMPLING CALCULATIONS

Test: ”l’:’éé\’a.u\du Wy Bollen Date: ’7//5/75'

Stack Velocity Vs = 85.48 x Cp [Ts x P avg] 1/2
P. X Mw
S W

85.48 x (©.&5) | 988 x 0.267 1/2 = |
30,80 X 24,220 39,598 fps

Stack Gas Volume Qs = 3600(1— _/_M_) (vs)(A)(Tstd [ Ps
. 700 Ts ) \Pstd

3600 [- (2,79?)](39,5%) (19,¢3) 530 (3.2) = /3806071 SCFH
100 (G€5) 29.92 ’

Stack Emission Rate Cg = 2.205 x 10‘6< Mn )

Vmstd
2.205 x 106 (236.7) = [, 7647xs">  lb/scf
On.o.sbg
Ce=Cx Qs = (hTesx™y (480,02 = _24,¢b 1b/hr
Cu=Cp+H = (29¥6) = G0 330 1b/106 Btu
(72.2¢ )
Isokinetic Variations I = 1.667 {(0.00267) V1C + Vm + AH
Tm \Pg T13.6/|Ts
o Vs Ps A,
1.667[ (0.00267)  (23%,2 ) +)/$57?(30,,_ A )](765 ) = G2.67%
530 13.6

(ve)  ( 39.598) (30.2) (267xr0°)

Excess Air at Sample Point

% EA =100 x % 02
{0.266 x % Np) - % 0

100 ( 43 ) -
(0.266 xgy,7) - (4.3) =24/2
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7/15/75

5/27/67

STOICHIOMETRIC
FLOWRATE CALCULATION

Boiler #3

Coal Composition mols/100# mols 02 required
S 3.25% + 32 X 1 = 0.102
H,0 12.89 + 18 = 0.716
Ah 10.98
Btu 10856 Btu/1b
C 61.63% + 12 x1 = 5.136
H, 4.37 +2=2.185 x 0.5 =1.093
N, 0.77 + 28 = 0.028
0, 3.86 + 32 x =1 =-0.277

Theoretical 0, 6.054
Excess air = 24.7% excess 0, = 1.495

7.549

N2 = 3.76 X 02 =28.384

Mols Flue Gas Co, + 306 + N, +0, +N

5.936 + 0.102%+ 0.028 +21.495 + 28.384 = 35.145 mols

Flue Gas = 35.145 x 386.7 ;g3 = 13590.6 SCF/100#

moT

@ 6702.4 1b coal/hr = 6702.4 xygg x 13590.6 = 910,896 SCFH
1

5,182 SCFM

Sulfur Check - SQQ emissions

by emission factor 6702.4 + 2000 x 38 x 3.25 = 413.9 #/hr S0,

using calculated flow

4 1b

910,896 x 4.75 x 10~ SCF © 432.6 #/hr SO,
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NOX EMISSION DATA

Date_2 //5‘ /'" s

Run No. / 21 2 A ) G / 54
Time Oyis)sasl s Ve Visoc| 12yl 1ol voc
ug N0, Y52 lqeAeos| 3¢l veelys ] ion] sve
Ti' Initial Flask Temp, OF 906 — —
Tf- Final Flask Temp, OF /0

Ve~ Flask Volume, mi. zoq1]203¢(2039 (2026|2025 2o ve2osv]205)
Pi' Initial Flask Pres, "Hg 2.5 —4 B S .
Pe- Final Flask Pres, "Hg 30,21 ——-- — R R
1b/sct N0, xio~ 5 R N I N I e I S VR e
16/10%¢tu NO, r2 | o9loglois|erolc.oel o5l ¢, i

Vsc= (]7.71 E& ) (Vfc) Pf - Pi
in. Hg Te T,

C=6.2x10"

ug/ml

1b/scf <ug NO,

Vsc

) = 1b/scf NO,
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NOX EMISSION DATA

Date 7[/&7 /75

Run No. / V4 2 &
Time CIYSY /320112211280
ng N0, seilyrelsca e
T.- Initial Flask Temp, F 90 R DR .
T.- Final Flask Temp, °F 1201 ——rt
Vfc' Flask Volume, mi. 2ol 7] 2038 | 2039 2028
P;- Initial Flask Pres, "Hg 2580 - 4
Pf- Final Flask Pres, "Hg 2., 1

1b/scf NO, xj0~> 1.6 1. 207) 1.9F6 {705
16/10°tu NO,, Gt Vo22loae ] 6,23

Vsc= (17.71°_R ) (Vfc) <Pf - Pi) - scf
in. Hg Te T,

C=6.2x10"° 1b/scf fug NO, \ = 1b/scf NO,
ng/ml

Vsc
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119504 MIST and S02 EMISSION DATA

Date Wis | s |V /s
Run No. / 2 | +2
Vic-Meter Volume, Ft3 (2371 5. 7350 11,958
Vmstd-Meter Volume, Std. Cond. Giled | S.o82|.840
Pp-Barometric Pressure, '"Hg 30,2 3¢, 2

AH-Avg. Orifice Pres. Drop, "Hp0 O.l o

V¢-Vol. of Titrant, ml. |. 8 |. % 3).92
Vip-Vol. of Titrant for Blank, mi. el arl Al
Vsoln~Vol. of Solution, ml. 250 | 25| gso
Va—Vo]. of Aliquot, Titrated, ml. Py 25 /¢
1b/scf HpS0g xj0 @ 305 |3.42

16/10% g o504 ey | 0,04

1b-scf S0 xjo~ 4 4,78
1b/10° Btu s0, 5.9

Vmstd = 0.0334 (Vm) (PB + M )
CFpm 3.6

CFp = Meter correction factor

CH2504 =(1.08 x 1074 1b-1 ) (Vi - Vi) (M) (vsmn)= 1b/scf
g-ml Va

Vmstd

-5
Cs0 =(7.05 x 1072 1b-] > (Vi = Vgp) (W) (Vsol
202 g-ml t tb Va Yo 1b/scf

Vinstd
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APPENDIX B

FIELD DATA
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SUPPLEMENTARY PROCESS & EMISSTION DATA FOR POWER PLAMTS

Test number q/17/15’ 7/[6/76
Net Unit Load - M& KW 4188.91 44571

Boiler Heat Rate — BTU/KW hr.

Boiler Heat Input - 106 BTU/hr. -72'74; 77' A/

Fmission Level - 1b./106 BTU

Particulates
502
Vo0
x .
Fuel Heating Valve -~ BTU/1b. 10856 | 108S¢
Fuel Burning Rate During Test - 1b./hr. (9702,‘/ 7'3/ ’/
Fuel Ash Content ~ % ' IO,?g /0, 7?

Additive Rate — lb/hr.

7/1$ 7/1¢

i'_'&&' Kw +ime Kw
9 4600 o
o 4400 L 00
|l 4200 |0 4 200
12 Y4200 | 4 200
| 4200 12 4 300
2 4000 ! 4300
3 4000 2 4600
4 400D 3 4600
kY _4100. 4457,1

4188.9

FU&C‘ Consump‘i’c(uﬁ BQ.SI'S M ,a(o ‘5 CD&.I / | KV

Calculated Flow Rates: 2lis 90,86 ¢ SCrH
We 1,017 73 SR
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IS5 T7E

LWL

ORSAT FIzliD DATA

Location W&_m Corments:

Date

7. /575

Time

Operator ///C /0

Test (c0.) (0,) (c0)
Read%ng 1 Pealing 2 Reading 3
0845 s 150 1s0 | 182/ %32 | 782/ 0.0
7 4 /7
/235 brs /17{0/ /Yo | /& 9’/ Yo 1 /8 / 0,0
/005 prs //.?’////.6/ /6. C’//¢{ /(.O/o.a
(330 frs|22/13.2 |18/ 58 180/ 00
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PARTICULATE CLEANUP SHEET

Date: A{/I S /'1 $

~-

Run Number: 1

Plant: [iGHLALD

(—)O’L)‘\: Nay C.ykd

Location Of Sample Port: 2 ABevE 4N

e STAcK

Operator: Barometric Pressure: 3o 2o LNy
Sample Box No. Ambient Temperature 50" F
Impinger H0 Silica Gel

Volume After Sampling 40{ ml Weight After 5% 1.2 g

Impinger Prefilled With 2Zoco mi

Volume Collected 2ol ml

Weight Before Guoco g 300 TAZS

Moisture Weight 3‘1.2 g Moisture Totall38.1g¢g

Dry Probe and Cyclone Catch:

Container No.

Extra No.

Weight Results

Probe, Cyclone, Flask
And Front Of Filter
Acetone Wash:

Container No.

Extra No.

Weight Results@.7029 g

Filter Papers and Dry Filter Particulate

Filter No. Container No. Filter No.

L

Container No.

Filter Particulate
Weight Q.__7,_558 8

Total Particulate

weight0.93(7] ¢

% Moisture By Volume
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OXIDES OF NITROGEN FIELD DATA

Date ;1 Aﬁ; 72?
-, - s
Plant f//)q I SR Z’ /: Ll o

Sample Collected By /7//5/""7

Run No.

Power Stat Setting

Field Data

Clock Time 7/,5';004 /0.5/| 1178 /ico //:l,/q oitde
Flask number / 7 J % 5 A 7
Volume cf flask less correction (ml) «20‘/7 :\703(5‘ 2037 2035 2025 2082 gese
Pressure before 11 gcg Hg 5 i

ress samplin . N C 65 6.0 Jj 43 vl Ve

» . ’ 7/ + <. ’:"L han

Pressure after sampling, in. Hg(ag‘,,_’) 30, 20| 3020 Go,20| 30.20| S50 o |Gz o Lo
Flask temperature, O Fo 2 ?0 9 2o P20 Je
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OXIDES OF NITROGEN FIELD DATA

Date 7{["0!_1\’
Rioriapp  Eleerz(c

Plant

Sample Collected By

Run No.

Power Stat Setting

Field Data

Clock Time DS [[BH2ol[dsol (R (P
Flask number 1 > | 3 |4
Volume of flask less correction (ml) 2_0407‘2056 WD | 208
Pressure before sampling .iaa.MHg. £S5 1 6S 6.5 6.5
Pressure after sampling, in. Hg. 30.2-| 30+ | 30 ~ |Be. >
Flask temperature, °F % | %« | % | B0
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GAS SAMPLING FIELD DATA

13

o2

P

-
Material Sampled For /%?<Z QS?C\?/_EE /

pate . /5-749

I . - )
Plant Z*[L]rfé//g /“[ L "//‘/'f' (o, Location Eﬁ/ /Jj/‘ 7 J

Bar. Pressure JOQr ""Hg

Comments :

Ambient Temp %9 °F

__‘/ Fg "=

Power Stat Setting

2-7

Run No

Filter Used: Yes No
Operator JQ/-' Rt d /,“'/cf
/

Clock Meter Pitot Orifice Temperatures
Time (Ft.%) in. H20 | in H20 [ Stack |Probe | Coil | Impinger |

AP aH In [ Out "]
F5e |6 02 | oo | 0./ | 570 | 29070 YR b F
Y0 | 565/ 032 | 0./ 560 305 S0R S5 F
2R N AARS oly | 0./ 1560 13/0 ZZ 5 s CFJ:
3i5c |53 054 | e/ |sbe oz |7/ Blashss F
Sdo |85¢25 o3¢ | o/ |E5c |45 25 %
“lod 57053 E

j

Comments:
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Material Sampled For HQ SC, o

GAS SAMPLING FIELD DATA

Pan

% o U2

pate 7~ S 5-7&O

) s E
Plant /A a//ard
P

Location SL{QC/KJ

Bar. Pressure (J70. <4 "Hg Comments :

Ambient Temp %5 O

Run No 2 /(é e X/

Power Stat Setting

Filter Used: Yes No

Operator G rIS L // S e

Clock Meter Pitot Orifice Temperatures

Time (Ft.) in. H20 in H20 Stack |Probe | Coil | Impinger
p .A H In Out

/8 | 870.857 | 0.30 | o./ |.550 \320%| 53 Cl0| 95 %

525 | 8743 0.30 | o/ 550 \320%|  Ys5t 0 F

28 | 8725 034 | o0/ 550 (3%0%|82 2Va5% 77 °F

S35 87535  |oF8 | o/ |Sco kaas¥  yasH 72 A

A 3E | ETLRE OS5 o./ S¢o % 50% (seiVe F

943 157520 lo | o/ |Sco k3HH Y35

S AE |7 070 75 ¢

Comments:
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PARTICULATE CLEANUP SHEET

Il
i
Date: '7//&/'ﬁ;

Run Number: \X\{iﬁrsﬂAx .2 2

T

Operator:

Sample Box No.

Plant: ziléHLAND ELE(TNH

i

Location Of Sample Port: ¥ 32 Reiler .t A

Barometric Pressure:

Ambient Temperature

Impinger H20

Volume After Sampling 25 < ml

Lt ¥R

Impinger Prefilled With 220 ml

57 ml

"

Volume Collected

Silica Gel

Weight After 20 97.5 g

Weight Before 4 OC.( g

Moisture Weight 7. g Moisture Total (:/.5g

Dry Probe and Cyclone Catch:

Container No.

Extra No. Weight Results

Probe, Cyclone, Flask
And Front Of Filter
Acetone Wash:

Container No.

Weight Results 2615 mg

Extra No.

Filter Papers and Dry Filter Particulate

Filter No. Container No.

Filter No.

Container No.

Filter Particulate

Weight [/ 8. 4 g

Total Particulate

Weight 37%77me

S Meisture-By—-Volume F{LT{{,“(”v

(‘C‘W’\ ¢€ t\,“‘ b‘CL"I‘(’\\

AE

Void

- &"; ;‘/" :)) 7‘{/ ‘

’
’ .
(]‘“"5’(97 F 244 7S w03 1,021 X (50-2 + PRy,

{h /scr

2.6 x10 >

O 0S|/ =l
Lg= 2.205%00 \37 9%
o Mcllﬁ‘*uﬂ ¢ ,
7e Merztuv e 0,047 R S = 2, 4L
ioo - ._.?;'(.—1{5:, e — =

ERRIZ RIS

¥.55 _70 -154-



PRELIMINARY
SOURCE TEST REPORT
CARLING BREWING CO. - STAG BREWERY
BELLEVILLE, ILLINOIS
BOILER NO. 1

4 NOVEMBER 1975

TESTED BY: Rockwell International
R.W. Griscom
0.C. Klein
F.E. Littman
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1.0 SUMMARY

In conjunction with the RAPS project, a limited stack testing program
is being conducted. This report summarizes the results obtained on boiler
No. 1 at the Stag Brewery in Belleville, I1linois. Some work remains on
the combustion efficiency of the unit to better clarify some of the obtained
results. A final report will be issued at that point.

The stack testing included. the following pollutants: 502’ particulates,
NOX, H2504, and hydrocarbons. Orsat analysis for COZ’ C0, and 02 were also
performed. Results of these tests are included in this report. Although
these tests were not conducted to ascertain compliance with I11inois stand-
ards, it is of interest that the particulate emissions and the S0, emis-

sions are just slightly above the Timits.

We acknowledge .and appreciate the excellent cooperation we obtained

from the officials of the Stag Brewery.
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2.0 INTRODUCTION

The current stack testing program is being conducted in conjunction
with the emission inventory work for the St. Louis RAPS project. The
emission inventory is being compiled using published emission factors. The
stack testing is being conducted to evaluate the emission factors and to
gather information for additional emission factors.

This stack test was conducted at the Stag Brewery in Belleville, Illinois.
Testing was performed on boiler No. 1 on 11, 12 and 13 August and 15, 16
and 20 October 1975.

Boiler No. 1 is a coal fired, 50,000 pounds per hour steam generating
unit. There are no emission controls on this unit. This boiler was sampled
for total particulates, particle size, nitrogen oxides, sulfur dioxide,
sulfuric acid mist, carbon dioxide, oxygen and hydrocarbons.
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3.0 PROCESS DESCRIPTION

Boiler No. 1 was built by Henry Vogt Boiler Co. and was installed in
1939. It is equipped with a gravity fed, traveling grate stoker. Steam
pressure is maintained at approximately 125 psi. The firing rate of the
boiler is directly controlled by the steam requirements of the brewery.

As a result, there is a considerable fluctuation in the steam load through-
out the day. Boiler No. 1 is a natural draft unit and has no stack emis-
sion controls. The stack is of brick construction and is 225 feet tall

and 8 feet inside diameter.
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4.0 SOURCE TEST DESCRIPTION

Boiler No. 1 was tested in the ductwork between the boilers and the
stack. This is a common duct for both boilers 1 and 2, however, boiler
No. 2 was not in operation at the time of testing. The sampling location
is illustrated in Figure 1.

The duct at this point is 52.5 inches wide by 102 inches deep. The
cross-section of the duct at this point is not rectangular since fly ash
is deposited at the bottom and sloped to one side. Sample points were cho-
sen accordingly to avoid sticking the probe into this fly ash. In accord-
ance with the EPA Standard Method 1, thirty-five sampling points were cho-
sen, seven at each of five sampling ports. Five, 4-inch pipe nipples were
installed on the duct for use as sampling ports.
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PLAN VIEW

Boiler 2
N\ 1l
‘Stack ) :
/ _T
Sample Boiler 1
Ports
Elevation

FIGURE 1

SAMPLING LOCATION FOR BOILER NO. 1
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5.0 PROCESS OPERATION

As mentioned previously, the firing rate on this boiler is determined
by the steam requirements of the plant operation. As a consequence, load
fluctuations of up to 100% occurred. During testing on 16 October, the
boiler load was reduced considerably since no brewing operations were
taking place that day. The load that day remained very constant. Ashes
are pulled approximately once an hour. At those times the flow rate in
the ductwork increased.

During testing in August, high sulfur coal was being burned; in October
Tow sulfur coal, (1% S), was used.

~164-



6.0 DISCUSSION

Flow determinations were made in accordance with EPA Standard Method
2, using an S-Type Pitot Tube. This method gives correct results as long
as the pitot tube is positioned normally to the flow of gases. This is
no problem as long as the flow of gases is laminor and parallel to the
walls of the ducts. However, if the flow is turbulent or vortex-type, the
readings obtained are incorrect, with a positive bias (too high). The ex-
istence of a turbulent condition can be ascertained by turning the pitot
tube 90° on its axis. A zero reading should then result. If no zero read-
ing is obtained, the results are open to question.

In the duct being tested, the existence of turbulence was evident by
the fact that a zero reading could not be obtained except on 16 October
when the boiler was operated under reduced Toad. Actually, the flow rate
on that day was not much lower than under full load conditions, but the
gases consisted of a large excess of air and 1ittle combustion products.
As a result, the flue gas temperature was lower.

Under conditions when satisfactory flow measurements cannot be obtained,
a stoichiometric calculation of flow rates can be made, based on fuel consump-
tion, fuel composition, combustion rate and excess air. As a check on the
correctness of the assumption, the mass flow of SO2 can be calculated based
on gas flow and 502 concentration on one hand, and fuel consumption and sul-
fur analysis on the other. The conversion of sulfur in coal to 502 is straight-
forward and occurs with 95% efficiency.

To determine the amount of coal consumed, the steam output and a boiler
efficiency were used to calculate coal consumption. The boiler efficiency
was determined by comparing steam output to coal usage on thirteen high pro-
duction day shifts. By this method an efficiency of 82.5% was determined.
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Table 1 shows the comparison of the results obtained by the two method-.

TABLE 1
COMPARISON OF FLOW RATE DETERMINATIONS

E, SCFH SO0, (1bs/hr) BASED ON
e WﬂiiggrngCa1iu§ated AP-42* 2 (Calggl%ted Meg%g;ed
8/12 1,394,989 782,909
10/20 736,170 74.9 81.4
10/20 776,420 79.0 91.1

* Compilation of air pollutant.
Emission Factors, EPA Publ. No. AP-42

A small problem still remains in that these SO2 emissions are still high--
er than predicted by emission factors. There is evidence to believe that the
combustion efficiency of this boiler is very poor. If this is the case, then
some amount of coal goes unburned. The stoichiometric flow rate determination
is based upon complete combustion of the coal and, therefore, the actual flow .
rate would be less if combustion is not complete and the S0, emissions would
be closer to the predicted results. This assumption will be evaluated short-
ly with a coal and ash analysis. Fgllowing this test, a final report on this
installation will be completed.
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7.0 SAMPLING AND ANALYTICAL PROCEDURES

A1l testing was performed with sampling equipment from Joy Manufacturing,
designed for isokinetic sampliing to enable testing by EPA standard methods.
The following EPA methods were utilized during testing:

Method 1: Sample and Velocity Traverse

Method 2: Volumetric Flow Rate Determination

Method 3: Gas Analysis by Orsat Method

Method 4: Stack Gas Moisture Determination

Method 5: Determination of Particulate Emissions
Method 7: Determination of Nitrogen Oxide Emissions

In addition, a modified method 8 using the "Shell Method for Sulfuric
Mist" was used for sulfuric mist and sulfur dioxide. Particle size deter-
minations were made using an Andersen fractionating, inertial impactor.
Hydrocarbon grab samples were taken.
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8.0 RESULTS

The results obtained from this test are summarized in Table 2. As
previously discussed, the pollutant emissions are based on calculated,
rather than measured, flow rates. Although these tests were performed
for research purposes and not as part of compliance procedures, stan-
dard EPA methods were used. It is thus of interest to compare the results
obtained with State of I11inois standards. A comparison is shown in Table 3.

Since the measured flow rate is higher than the calculated flow rate,
the testing for particulates was apparently conducted at greater than iso-
kinetic conditions and the results are then higher than they should be.
For this reason, it would appear that for the testing on 12 August, this
boiler is very nearly within compliance.

The results of a sample taken on 6 August for hydrocarbon was:

Carbon Monoxide: , 8.93 ppm
Methane: 0.33 ppm
Total Hydrocarbons, as CH4: 6.97 ppm

The results of another sample for hydrocarbons taken on 11 August are
given in Table 6. The total amounts to 7.14 ppm.
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IABLE ¢
SUMMARY OF RESULTS

Date 8/11 8/12 10/15 10/16 10/20
Stack Flow Rate - SCFM * dry 13048 13048 13604 12359 12695
4% Water Vapor - % Vol. 9.02 4.7
% C0p - Vol % dry 10.5 9.3 5.6 11.55
# 0, - Vol & dry 10.4 10.8 14.8 8.7
9% Excess air @ sampling point 97 .7 103.3 9322 695
SO, Emissions - 1bs/106 Btu 24 2 35
NOy Emissions - 1bs/]06 Btu 0.36 0.31
H2S0q Mist - 1bs/10° Btu s
Particulates
Probe, Cyclone, & Filter Catch
1bs./hr. 37.03 7.46
1bs/10° Btu 0.95 0.37
Total Catch
1bs./hr.
1bs/10° Btu |
;
% Isokinetic Sampling %
*70° F, 29.92" Hg
TABLE 3
COMPARISON OF RESULTS
TLLINOIS STATE
POLLUTANT STANDARDS FOUND
1bs/106 BTU 1bs/108 BTU
502 1.8 2.4, 2.3, 2.4
NOy No standard for 0.36, 0.31
sources <250 X 10
BTU/hr
Particulates 8/12 0.28 0.95
10/16 0.37

In addition to measuring particulate loadings, a particle size analysis

was made using an Andersen impactor.
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TABLE 4

PARTICLE SIZE DETERMINATION

TEST: STAG - ANDERSEN #1
PLATE NET (mg) FILTER  TOTAL % OF

[ 13
2 10.
3 6
4 4
5 2
b 3
7 1
8 10.
BACK UP 20.
FILTER
TOTAL 73
TEST: STAG

NET TOTAL
18.6

14.3

8.7

6.6

3.5

4.2

2.0

14.8

27.3

.9 100.0

N W o~ O O PP O N

- ANDERSEN #2

PLATE NET (mg) FILTER  TOTAL % OF

1 9.
2 6.
3 5
4 4.
5 3
6 2
7 3
8 6
BACK UP 23.
FILTER
TOTAL  64.

O OO o O W N AN

NET TOTAL
14.

10.
37.

100.
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CuM %

18
32
4]
48
91
55

.6
.9
.6
.2
v
.9

57.9

72
100

CuM %

14.
24.
32,
39.

43

47.
52.
63.

100

.7
.0

6
5
6
3
9
9
5
0
.0

DATE: 8/13

ECD
(MICRONS)

12.28 & Above
7.72

5.15
3.63
2.23
1.15
0.70
0.47
<0.47

DATE: 8/13

ECD
(MICRONS)

12.28 & Above
7.72
5.15
3.63
2.23
1.15
0.70
0.47
<0.47



TEST:
PLATE

1
2
3
4
5
6
7

8
BACK UP
FILTER

TOTAL

TEST:
PLATE

~N oY o Pw N —

8

BACK UP
FILTER

TOTAL

TABLE 5

PARTICLE SIZE DETERMINATION

STAG - ANDERSEN #3

NET (mg)
PLATE

3.

16.

N e = e NN

5
1
38
.2
5
7
0

3

NET(mg) TOTAL % OF
FILTER TOTAL
16.1 19.4 25.2
5.0 7.5 9.7
4.3 6.4 8.3
2.3 4.1 5.3
2.0 3.2 4.2
1.4 1.9 2.5
6.1 7.8 10.1
7.2 9.2 11.9
17.6 17.6 22.8
62.0 77.1 100.0

STAG - ANDERSEN

TARE(g)

FINAL(g) NET(mg)

FILTERS

ONLY

#3

FILTER TOTAL
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DN - DWW —

CUM %

25.
34.
43.
48.
52.
55.
65.
77.
100.

O N W NN o1 YW

ECD

DATE:

(MICRONS)

12.

7

O O — W O

26,

28.

- O N W W O

28 & Above
.72
5
.63
.22
12
.69
.46
<Q.

46

DATE:

% OF
TOTAL

8/13

8/13

CUM%

26.
34.
41.
44,
47.
50.
60.
71.
100.

ECD

(MICRONS)

12.
72
5.15
3.63
2.
1

0
0

7

<Q.

28 & Above

22

.12
.69
.46

46



TABLE &

HYCROCARBON ANALYSIS

TEST: STAG #1 UATE:

Propane

{sobutane

i-Butene

n-Butane

isopertane

i-Pertene

n-Pentane

Z-Mmethyl Pentane

2-Methyl, 1-Pentene

1-Hexene

n-Hexane

3,3-cimetnvi, 1-Pentere
2,4-dimethyl Pentane & Benzene
T methylcyclopentene & 2M (2 Hexene
(yciuhexane

Z-methnyl Hexane

3-methyl Hexane

t-Heptlene

n-Heptene

n

Ethylbenzene
meta, para Xylene
Orthoxyliene
n-Nonane

b

ropyibenzene

1.3,4 Trimethyil Benzene

8/11/75
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APPENDIX A

PARTICULATE CALCULATIONS
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PARTICULATE CALCULATIONS
Volume of dry gas sampled at standard conditions - 70° F, 29.92 "Hqg

Vm Pm\(Tstd | _ Vm Pg , _OH
<CFm><Pstd><Tm ) = 0'0334(“1.0‘21'>< *13.6 )

Volume of dry gas sampled at standard conditions, ft
3

Vms ta

3

Vms tq

Vm = Meter volume sampled, ft
1.021 = Meter correction factor

Pm = Meter pressure, barometric pressure, PB’ plus orifice

pressure, AH, in. Hg.

Pstd = Standard pressure, 29.92 in. Hg.

Standard temperature, 530° R or 70° F

Tstd
Tm = Meter temperature, 530% R for compensated meter

CFm = Meter correction factor

Volume of water vapor at standard conditions

Yw = V1 pH20 R Tstd 1b. = 0.0474 x V¢
C\ MH20 Pstd 454 gm.
Vw = Volume of water vapor at standard conditions, ft3

Vi = Volume of Tiquid collected in impingers and silica gel, ml.
pH20 = Density of water, 1g/ml.
M Ho0 = Molecular weight of water, 18 1b/1b mol

R = Ideal gas constant, 21.83 in. Hg. - cu. ft./lb-mol - or

9% Moisture in Stack Gas

% M= 100 x ot St
0 Vmstd + VWgtd
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Average molecular weight of dry stack gas

MND = <%C02 X ]4640>+ <% 02 X %) +<% NZ X T%%)
‘Molecular weight of stack gas

M = (100]5dﬁiﬁ X MWD> X ]8)

Stack velocity at stack conditions

_ . Ts x AP avg. 1
v = 8548 x C (-Tg;—;;—3ﬂﬁi— > /2

V_ = stack velocity, fps.

S
85.48 = pitot constant, fi- 1b. Ly
prtot constant, sec. ( 5. Mols ~oR | 2
Cp = pitot coefficient, dimensionless
TS = average stack temperature, OR
PS = stack pressure, barometric pressure plus static pressure, in. Hg.

AP Avg = average differential pressure, in. H20

Stack gas yolume at standard conditions

_ M Tstd Ps
@ = 3600(“ m‘ﬁ) Ys A(*T's— W)
QS = stack gas volume flow rate, SCF/hr

A = stack cross sectional area, ft2
3600 = seconds per hour

0s' = Q  : 60 = SCFM
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Per cent isokinetic sampling

—
"

Vmc P AH T
1.667 [(0.00267) Vie + T ( B *136])| S

-
il

per cent isokinetic sampling

1.667 = minutes per second, X 100

_ PH0 1b.
0.00267 M0 X R X e

sampling time, min.

=
An = cross sectional area of sampling nozzle, ftz

Particulate emission

M
-6 n
C 2.205 X 10
s <Vmstd>

CS = particulate emission, 1b/scf
2.205 X 107° = pounds per mg.
Mn = total mass of particulate collected, mg.

C. = CS X QS = 1b/hr

E
CE = particulate emission per hour
CH=CE:H
CH = particulate emission, 1b. per million BTU
H = heat input, million BTU per hour
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Excess air at sample point

g EA = 100 X % 02
(0.266 X % N2) - % 02
% EA = excess air at sample point, %

0.266 = ratio of oxygen to nitrogen in air by volume
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PARTICULATE SAMPLING CALCULATIONS

Test: S tac - Borler ¥ Date: wliz [7<
Material collected (mg)
Filter Catch = /(3.2
Dry Catch =
Acetone Wash = 1509, 0
TOTAL =/(72.2
Gas Volume VmStd = 0.0334 PB

CF 1

(oK. -

0.0334 (1. %7).2?50 + /, I8, 795 SCF
(.ol ) . 13.6

Volume of water vapor Vw = 0.0474 X Vlc
0.0874 (/62 ml) = 7,726 SCF

% Moisture M = 100 X Vwstd
Vmstd + Vwstd

100 X ( 7,.726)

- §.92 9
(75.795) + ( 7.72¢ )

Molecular Weight of dry stack gas

MND = %C02 X 0.44 + %02 X 0.32 + %N2 X 0.28

(108 X 0.44) + (/T4 X 0.32) + (77./ X 0.28) = 20.20

Molecular Weight of stack gas

Miw = 100 - %M X MWD + M X 18
100 100

100 100

[100- 73 X 20,2 ]+[ g2 x18]= 9.1/
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PARTICULATE SAMPLING CALCULATIONS

Test: Sfafs» Boiler ¥*1 Date: 8/'1/1?

Stack Velocity Vs = 85.48 x Cj, [Ts x P avg] 1/2
P x Mw
S w

Stack Gas Volume Qs = 3600<1~ 44__> (vs)(A)(Tstd\ { Ps
100 Ts Pstd

3600 [ (zuw)](az,{g;) (#6.82) 530 (29.°) = 1.35¢.365 SCFH
100 (997,7) 28.92

Stack Emission Rate Cg = 2.205 X 10-5< Mn )

VMstd

2.205 x 1076 (meg = 4e8x0”F 1b/scf

78.7%S
Cp = Co x Qs = (#6&x0™ ) (1,394,369) = &S 38 1b/hr
Chy=Ce+H = (65,35)= 2% 1b/106 Btu

(59,00 )
Isokijnetic Variations I = 1.667 {(0.00267) V]C + Vm + AH

Tm \Pg 13.6/(Ts
1.667[ (0.00267) (162 ) + A ;’-7(27,3 + 49 )] (997.7) =8¢,98 %
530 13.6

(Jol2)  (2¢483) (29,37 (M3bxmw™?)

Excess Air_at Sample Point

% EA =100 x % 0p
(0.266 x % N;) - % 0

100 { /0.9 )
(0.266 x9,/) - (2.9) = 7.7
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STOICHIOMETRIC
FLOWRATE CALCULATIONS

Boiler #1 8/12/75

Coal Composition

Peabody-River King Mo1s/100# Mols 02 required
S 3.25% + 32 x 1 = 0.102
sl 5 e
Btu 10856 Btu/1b
C 6163 + 12 x 1 = 5.136
H2 4.37 2 =_2.185 X .5 = 1.093
5/21/87 g% 586 R - _0.277
Theoretical 0, 6.054
@ 97.7 % Excess air = 5.915
11.969
N2 = 3.76 x O2 = gg:gg%
Mols Flue Gas = 5.136 + 0.102 + 5.915 + 45.003 + 0.028 = 56.184 mols
56.184 x 386.7 %g; = 21726.4 SCF/100# coal @ 70°F, latm.

8/12/75  31.775 x 10° #/hr steam @ 82.5% boiler eff.
1193.8 Btu/# 125 psig; sat. steam
178.1 Btu/# 2100F water
T015.7 But/#
31.775 x 10° x 1015.7 = 3.91198 x 107 Btu/hr input
875

3.91198 x 107 + 10856

3603.5 #/hr coal

1
3603.5 X186 * 21726.4

782909.1 SCFH, dry

-180-



NO, EMISSTON DATA
Date 8///'/75

Run No. / 2 2 </ = G
Time 1200| 1210} 19/ | 19201 428] 1420
ng N0y s32|552| yye|5/2| 388|286
Ti- Initial Flask Temp, °r 90 s A e
Te- Final Flask Temp, °R reol — —
Vi~ Flask Volume, mi. 2047 202 2039 co2s| 202slpcse
Pi" Initial Flask Pres, "Hg 2,60 I SN SUR S
Pf- Final Flask Pres, "Hg 24,20 I SNSRI SRUISRUI TR T
1b/scf No, x10~° L4 (2ot 78] 154 (147 [1ys
1b/10%Btu NO, o.90] 0.42] 0,36) 0.39| 0.29 | 0. 29

Vsc= (17.71‘_’5 ) (Vfc)
in. Hg

V ZVf—ZS

fc

C=6.2x10"°

Hg/ml Vsc

1b/scf (ug N02> = Tb/scf N0,

-181-




NOX EMISSION DATA

Run No. /121214915 &9 Yo
Time RIS Jizzd1sa0)iseslisso | isas)isselisss
kg NO, dJog| qie| - |ise| 240|296 (944 70
T.- Initial Flask Temp, °R ao | ——

T.- Final Flask Temp, °R e | -t~ -
Ve~ Flask Volume, ml. 2072)¢o63 Yecsa|eoso| 2ovrfec 9|20
P.- Initial Flask Pres, “Hg 26 b i o

P~ Final Flask Pres, "Hg 24,30 - i .
1b/scf No, x10~¥ 1,53 Gl Rl T T 32 I 2
16/10%8tu NO, o031 |0032 0.29] 0:26] 0,20} 033 ]0.37

Vsc= (]7.71 %R (vfc) - P = scf
in. Hg Te T:

V =Vf"25

fc

C=6.2x10°

1b/scf ug
ug/ml

NO2 = 1b/scf NO2
Vsc
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PARTICULATE SAMPLING CALCULATIONS
Andevsen Rung l, 2,3
Test: SMS - Boiler *‘/ Date: g//3 /7.§'

Material collected (mg)

Filter Catch = 292¢

Dry Catch = B

Acetone Wash = 494

TOTAL = 292.4

Gas Volume  Vm_,, = 0.0334 (Vm -)(PB N J..)

13.
CF 6

0.0334 (. &17) 24,3 + 1. . 24,208 SCF
(1ol ) 13.6

Volume of water vapor Vw = 0.0474 X Vlc

0.0474 (¢ m) = 2.8/ SCF

% Moisture M = 100 X Vwstd
Vmstd + Vwstd

100 X ( 2.871) = /0,67 g
(24.208) + ( 2.841 )

Molecular Weight of dry stack gas

MWy = %002 X 0.44 + %02 X 0.32 + %N2 X 0.28

( 12 X0.48) + (49,2 X0.32) +(79(X%X0.28) = 30./6C

Molecuiar Weight of stack gas

MWw = 100 - %M X MWD + %M X 18
100 100

100 - /067 X 350, ( +[ /617 x]é} 28 36
100 100
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PARTICULATE SAMPLING CALCULATIONS

I.gs_t_:_ Eo”erﬁl - Ah({t’r’(‘r 4 L

Stack Velocity Vs = 85.48 x C Ts x P avg 1/?
P xMw

85.48 x (Chéd(e ) /1028 7x 0.8 1/2 =
2937 X 2x26 22,877 fps

Stack Gas Volume Qs = 3600(1— _A;M__) (VS)(A)<Tstd> (P )
100 p

Date: 903/75

std
3600 [ ( /o,m)] (22.87) (36.92) 530 (29.37) = /373950 SCFH
100 (,525-7) 29 92 i
Stack Emission Rate Cg = 2.205 X 10-6( My )
VmMstd
2.205 x 1070 (292.9 = 2.6 x0” " 1bfscf
§zq,2ogg
Cp=Cox Qs = (266%8°) (1 373,560) = _36.S9 1b/hr
Cy=Cg+H =(3637 )= _ogce 1b/106 Btu
| 45 91&
Isokinetic Variations I = 1.667 I—(0.00267) ieg * ¥m + AH
[ Tm \Pg 13 Ts
6 Vs Pg- A

1.667[ (0.00267) (6l.o ) + 24‘3Z<2r,,3 + 1LY )](10257)=z"¢r¢%
13.6_/J

530
(30) (22817 (29,37) (L3gxae™3)

Excess Air at Sample Point

% EA =100 x % 0

(0.266 x % N2) - % 02
100 (92 )

(0.266 x75¢) - (9.2
-184-
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Hydrocarbon Results

Test: S‘fa;‘ CF ) Beile Date: & /(p Time:
Carbon Monoxide: 8,93 ppm
Methane: Q. 35 ppm
Total Hydrocarbons, as CH4: &.97 ppm

Test: Date: Time:
Carbon Monoxide: ppm
Methane: ppm
Total Hydrocarbons, as CHy: ppm

Test: Date: Time:
Carbon Monoxide: pom
Methane: jojeinl
Total Hydrocarbons, as CHgy: pem

Test: Date: Time:
Carbon Monoxide: ppm
Methane: ppm
Total Hydrocarbons, as CHy: prm
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APPENDIX B
FIELD DATA
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SUPPLEMENTARY PROCESS DATA FOR POWER PLANTS

Date 8/11 - 9//3

Net Unit Load - MW

Average Steam Load - 10° 1b/hr

Boiler Heat Input

Fuel Burning Rate - 1b/hr

Fuel Heating Value - BTU/1b 108 &l

Fuel Sulfur Content - % 3.28

Fuel Ash Content - % 10,98

Fuel Moisture Content % 12.89

g//l NO.. $/13 Andercen N
21, 025%00" [b /he stoam 36,869 /03 Ib Jhr itrana
29, 12x/0% Btu [hr 45,976 %02 Biu/hr
36055 b /Thr <oal 4]83, 5 b ks ran |
78¢90F SCFR g;;g@? SCF -

§/12 Nox ¢ B.7

3l 7725 x707 1 /v sTeam
36,12 x10 " Blu lhr
20025 b [he roal
782439 SCFH
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ORSAT FIELD DATA

Location M%ﬂfﬂé—_ Corments:
g

Date 5 /-?- Z';f

Time
Operator
Test (co.) 0D (co)
Read%ng 1 Rea%ing 2 Reading 3
7 228} /0.6 2%2///&;:; 242
/240 /2.0 :{o.(f/ gll ze.¢
s (2 [ /<L, L o
1535 20 |22/ 2r2 |
ass 10, § 10.4 0,0

X* T/erc 1§ readem 4o 6.@/1(2!( ﬂaf it number 'S
rot velld andl has been elimiteled Lrom He are:wye,
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ORSAT FIELD DATA

Location 55@}? /G/C VY'C/;}(f

Comments :
Date 5 /I 7(5
Tine
Operator
Test (co,) (0.) (co)
Reading 1 Rea:c)ling 2 Reading 3
%) A 5?67»f§//1%:? 20.&
/300 0.8 .?0,0//7;-? 0.0
ave, Mo A ?o P 0.0
=)
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PARTICULATE CLEANUP SHEET

' ~ ] o
Date: B)/I,Z/f’f Plant: .Yeq Lrecoey o
- &
Run Number: .2 _ Location Of Sample Port: %y Jgo}/ef- b¢<(f
O for o .
Operator: 2yi.ia ./A ER Barometric Pressure: ,2 ?, 30
Sample Box No. Ambient Temperature 20
Impinger H20 Silica Gel
Volume After Sampling,?ﬁ/ ml Weight After LR~ g
Impinger Prefilled With 20C ml Weight Before JTW.0 g
Volume Collected /41 ml Moisture Weight Jd-,J g Moisture Total /(c\g/ g
Dry Probe and Cyclone Catch: Container No.

Extra No. Weight Results

Probe, Cyclone, Flask
And Front Of Filter
Acetone Wash: Container No.

Extra No. Weight Results /5070 g

Filter Papers and Dry Filter Particulate
Filter No. Container No. Filtex No. Container No.

g' Filter Particulate
Weight J./&632 ¢

Total Particulate
Weight /. (742¢g

% Moisture By Volume
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OXIDES OF NITROGEN FIELD DATA

Date 5/”/75

Plant 5+4¢3 - BOHGr ﬁ/

Sampie Collected By Klein

Field Data
Cleck Time 1260) j121041415) /420 14281/ 30
rlask number / 2 «f s (‘

*
Voilume of flask (m]) 20(/7 Zojg 2037 202& 202»5— 2082
‘ressuve before sampling in. Hg. 2.6d 1 B I S
>ressure after sampling, in. Hg. 24,20 -
Flask temperature, °F jeo e .

* Flask + valve - 25 ml. for absorbing solution
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OXIDES OF NITROGEN FIELD DATA

8hi2 25

Date

Sfdﬁ - Bl ®y

Plant

Sauiple Collected By KL?M

Field Data

Clock Time 1218 Y12¢e0lis20liseclissolisad sse lises

Flask number / 2 3 % < A 5 /o
*

Volume of flask (ml) 2047] 2038) < [po28feoes f20s2] 205y ves;

Pressure before sampling in. Hg. 2.6l I U NN SN DU S

Pressure after sampling, in. Hg. 29,30 - -

Flask temperature, OF )20 -1 -

* Flask + valve - 25 ml. for absorbing solution
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PARTICULATE CLEANUP SHEET

Date: '%,/13 /7’5 Plant: _:f .13 B rc,.,ugg,

Run Number: wa:l\crmu /J Jr; Location Of Sample Port: 1tl Ba'x fen ‘Du_;"
Operator: Gr‘mc o // Micia Barometric Pressure: 29,30

Sample Box No. Ambient Temperature 10 i

Impinger H20 Silica Gel

Volume After Sampling .50 5ml Weight After  J3/0, & g
Impinger Prefilled With J{ O ml Weight Before . .%.%) g

Volume Collected 20, % m Moisture Weight /0,Sg Moisture Total (»/. 0
LA I ght /Y/>g &l.0g

Dry Probe and Cyclone Catch: Container No.

Extra No. Weight Results

Probe, Cyclone, lask
And Front Of Filter
Acetone Wash: . Container No.

Extra No. Weight Results 79, A g

Filter Papers and Dry Filter Particulate

Filter No. Container No. Filter No. Container No.

AA&N(A Il%,'/{a’ ¥ /[:I’/;WJ Filter Particulate

Weight 242, 4 ¢

Total Particulate
Weight 29%).% ¢

% Moisture By Volume
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PARTICULATE SAMPLING CALCULATIONS

Test: g+43 -Boiler #*¢
Material collected (mg)

Filter Catch
Dry Catch
Acetone Wash

Date: lO//(a /75

M
13.6

TOTAL
Gas Volume  Vm_,, = 0.0334 <Vm —>GB +
CF
0.0334 (55 4) <Z?.cp/ . 0,516
( foor) 13.6
Volume of water vapor Vw = 0.0474 X Vic
0.0474 ( s¢ ml) = 2.65Y  scF

% Moisture M = 100 X Vwstd
Vmstd + Vwstd

100 X ( 2.65Y) -

> = $%35% SCF

(59.3557) + (2.6859 ) T ALl

Molecular Weight of dry stack gas

MWy = %C02 X 0.44 + %02 X 0.32 + %N2 X 0.28

(5 ¢ X0.48) + (/9.8 X0.32) +(79.¢

Molecular Weight of stack gas

Miw = 100 - 4M X Md;  + %M X 18
100 100

100 100

[wo - 40k X 29,48¢ ]+[ Y% 66

-199-
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PARTICULATE SAMPLING CALCULATIONS

Test: 5*43 - Roiler #| Date: /0//6/75

Stack Velocity Vs = 85.48 x Cj [Ts X P avg] 1/2
P. x Mw
s W

85.48 x (0.8 ) | 9492.2 x 0.02¢ 1/2 =
29,50 X28,953 19, L0 _ fps

Stack Gas Volume Qs = 3600(1— m‘) (vs)(A){Tstd\ [ Ps
100 s ) \Pstd

3600 [- (4,<,c)](/4/,co) (350 ) 530 (29.s0) = 972,729 SCFH

Stack Emission Rate Cg = 2.205 x 10-6< Mn )

VmMstd

2.205 x 1076 (2929 = 100G xt0™>  1b/scf

15‘/.5553
Cg=Co x Qs = (looLxICH (972,729 ) = _9.78 1b/hr
Cy=C+H ={ 978 )= o 54 16/106 Btu

(/8,252 )
Isokinetic Variations I = 1.667 |[(0.00267) Vig # Vm + AH

Tm \Pg  T13.6/Ts
].667[ (0.00267) (SC ) + 55“"1(27,6/ + O,S/c)] (942.2) = §3.0 %
530 13.6

os) (146 ) (245) (L36xo"2)

Excess Air at Sample Point

% EA = 100 x % 0p
(0.266 x & Np) - % 0y

100 ( /9.8 )
(0.266 x79¢) - ()4 & ) = 232.2%
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STOICHIOMETRIC
FLOWRATE CALCULATIONS

Boiler #1 10/15/75

soal Composition mols/100# mols 02 required
G 65.00% + 12 X 1 = 5.417
5 1.04 + 32 X 1 = 0.033
H, 4.50 + 2 =2.25 x 0.5 = 1.125
N> 1.0 + 28 = 0.036
C? 7.94 + 32 = 0.248 x-1 = -0.248
Ash 8.34
Mois 12.18 + 18 = 0.677
Btu 10.390 Btu/1b
Theoretical O2 = 6.327 mols
Excess air = 103.3% excess O = 6.536
Total O2 = 12.863
N2 = 3.76 x 0y = 48,364

Mols Flue Gas

i

L0, + SO0, + Ny + 0, + N,
5.917 + 8.033%+ 0.836 +26.536 + 48.364 = 60.386 mols

Flue Gas = 60.386 x 386.7 f3 = 23,351.3 SCF/100#
:

@ 26.5 x 103 1b/hr steam = 29.5 x 103 x 1015.7 = 36.319 x 10 BTU/hr
0.825

36.319 x 106 + 10390 = 3495.6 1b/hr coal

816267 SCFH

3495.6 x— x 23,351.3
100 13604 SCFM
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HpS04 MIST and SOz EMISSION DATA

Date 1ofis w20l ool whel rofe
Run No. | / / Z 2
Vype-Meter Volume, Ft3 1L, 58 2 12908 12.794
Vmstd-Meter Volume, Std. Cond. (o7 12,6352 12, Y&
Pg-Barometric Pressure, “Hg 25,48 24.51 29.8/ é
AH-Avg. Orifice Pres. Drop, "Ho0 0.) o.l O.1 {
V¢-Vol. of Titrant, ml. 9,92 3.6 | 267 192 9,0
Vip-Vol. of Titrant for Blank, ml. nd nr | nil nol wil
Vsoln~Vol. of Solution, ml. 250 |co 250 /60 25D
Va—Vol. of Aliquot, Titrated, mi. |.© 20 .o 20 /.0
1b/scf HoSOs xlo” @ 1,53 1,816

1b/100 o HyS04 0.029 03y

Jb-scf SOz x1o0" 9 |.C&| l.207 1,251
16/108 Btu S0, 2,4 2,3 2.4

Vnstd = 0.0334 (Vm) (PB + oM )
“tF,, 136

CFy = Meter correction factor

.

CH2S04 ={1.08 x 104 1b-1 ) (V¢ - Vgp) () (Veoln)= 1b/scf N = 0.01 Normal
g-ml Va Barium
Perchlorate

Vms td

-5
Cso =<7.05 X 10 w-]) vV, - V) (0 (Vsoln
2 gm) ot ™ Va = 1b/scf

Vmstd
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SUPPLEMENTARY PROCESS DATA FOR

POWER PLANTS

Date jolig 10//G 0/eo - /o/eo -2
Net Unit Load - MW
Average Steam Load - 103 1b/hr 29. § ]Y.83 32,0 33.78
Boiler Heat Input 10©Bt/hr| 26.3 20. 1 39. ¢ 41.SS
Fuel Burning Rate - 1b/hr 34956 /933 319/, & 39,99/
Fuel Heating Value - BTU/1b /0390 /0390 /0390 /0390
Fuel Sulfur Content - % l.oY l.o4 [ 0¥ /0%
Fuel Ash Content - % Q.34 Q.34 g.3Y £.3%
Fuel Moisture Content % 1208 [2./8 12.78 12,18
CalCWla,‘\&’O( Haw Rcdes A

1o/1s 8!6}3@7 SCEH

vo/re 74/)55‘&: SCFH

1o/eo -1 736,170 SCFH

10/e0- 2 276,440 scrd
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ORSAT FItlD DATA

Location S+4¢S - Bc Vler * Corments:
Date 'O//S 4 /O//(a ¢/O/2D
Tlme
Operator ’('e‘ 1
Test (co.) {0.) (co)
Read%ng 1 Reading 2 Reading 3
16 /15
]3/0 9,2 /.0 0.0
|380 9.9 /2, G 0,0
10/16
13 4o S 6 14.& 0.0
1136 58 9.0 0,0
1ofleo ]
[12o /. § 8.9 .0
/135 A &S 0.0
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PARTICULATE CLEANUP SHEET

/] -

Date: 1O/ b Plant: i)'{‘q G
3
Jun Number: | Location Of Sample Port: lBa}Je, ke |
Operator: Griscow ) K‘e;’n Barometric Pressure: 29,6 |
T
[ -]

Sample Box No. Ambient Temperature /0 F
Impinger H20 Silica Gel
Volume After Sampling Zfz/ ml Weight After S/ 8 g

Impinger Prefilled With 200 ml

Volume Collected ﬁ [ ml

Weight Before £¢C,0 g

Moisture Weight

/5 g Moisture Total 56 g

Dry Probe and Cyclone Catch:

Container No.

Extra No.

Weight Results

Probe, Cyclone, Flask
And Front Of Filter
Acetone Wash:

Container No.

Extra No.

Weight Results O./&l%g

Filter Papers and Dry Filter Particulate

Filter No. Container No.

|1 2

Filter No.

Container No.

Filter Particulate

Weight ©2,087Y g

Total Particulate

Weight Q 2977 ¢

% Moisture By Volume
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GAS SAMPLING FIELD DATA

Material Sampled For S0, 450,
Date lo /IS/?&'

Plant S+a 3 Location
Bar. Pressure 29.98 "Hg Comments
Ambient -Temp 7S Op

Run No !

Power Stat Setting

Filter Used: Yes No

Reoler H {

. 270‘/9 ;AI HS, M

c_&rou-u(

29.498 .'.\.143. - stack

operator  (5v)$cam ! Klern

Clock Meter Pitot Orifice Temperatures OF

Time (Ft.”) in. H20 | in H20 | Stack |Probe | Goil | Impinger

LAP AH Oven | In | Qut
]2:5S 1689.162 | Qo3 0. S§40 (235|158 |l05]| 70
ho§ 1692 o.04 0,1 53‘0 278 1183 |13:16/
s 1094, & 0,.CY 0.1 565 (275|180 Y20 L2
l'2s 169215 1 068 | 0l 1S6S |215 170|246 3
1135 1700, (S 004 | 0,1 580 {218 [178 |i30]6S
4SS 1 1103.18 ‘ 0.02 o, | s40 1278 170 126l &6 i
Iss |70874S |
Comments: Jqooo ibs coql ckuﬁﬂd o 7-3 ShfF
29,5 xp0 % 1b [hr steam

-208-




GAS SAMPLING FIELD DATA

Material Sampled For 50, 4 $O4

Date lojao/n’

Plant S*a% Location
Bar. Pressure ""Hg Comments :
Ambient Temp 75 Of

Run No |

Power Stat Setting

Filter Used: Yes No

Boiler #

29,505 (n Hs, jfm—wo(
€546 in. Haq. stack

Operator _ (oriscom Klein
! Clock Meter Pitot Orifice Temperatures OF

Time (Ft.3) in. H20 | in H20 | stack|Probe | Coil | Impinger
L NI AH B Tn | Out |
L“”" 1783 4920 | 0.07 | O/ 90275 | 1941135 XDﬁ
g__;_;_:g_o» 17856 ! 0.08 20" 5§75 | 328 [eO| 70 '
i 11430 178%, 0 006 | 0.1 | 550 1278 1551 70 i
{ Ji:90 1790,/ | .65 o1 570 {310 | 16& /48 b 7 '
1 Jliso 1 1792, 3 ool |04l $$0|285 1321 &9 J\
120 | 17994 ;?0'095 0! S30 1275 /66 |12Y| G
| lzio | 119,38 _‘ 17/
i
: - —

12,968 (F |

doo much darbulence.

2 &P diopped odf drom 0.07 o O.05 right a{fer Jie

opefn."( or ""M*CPPP‘;I P“LH”‘E{ ashes
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GAS SAMPLING FIELD DATA

Material Sampled For SO, £58,4

Date o /2. (o)

Plant _ Sta Y Location #| Boiler
Bar. Pressurc 25,8/ "Hg Comments

Ambient Temp 75 O

Run No 2

Power Stat Setting

Filter Used: Yes No

operator  Coriscom (’e:‘n

Clock Meteg Pitot Orifice Temperatures OF i
Time (Ft.*) in. H20 in H20 | Stack |Probe | Coil | Impinger
AP 4H In | Out

r‘12-..1,‘_5 1796.380L | ©.02 O.f SOS (275 {150 | 10| &9

12:4S 1 17984 c.of | o 570 |2725 |55 |38 @5}
12:55 | 1800.7 0.035 | 0,1 580 |290 130| w5 |
ios | 1803 |l oweis| o | sso |29 25| &S |
IS 1865, 2 0.0f | a.| $90 | 298 120} & &
li2s_ {4sry 1003 |00 | 86o |39 |iss |20 ¢y

‘ . ’E_-’)S____L._Ifgg?'/go

JEEEROUU U IOURD R SR 0 SOOI U M S

Comments: 12,794 CF
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SOURCE TEST REPORT
GENERAL MOTORS ASSEMBLY DIVISION
ST. LOUIS, MISSOURI

BOILER NO. 2

TESTED BY: ROCKWELL INTERNATIONAL
R.W. Griscom
0.C. Klein
F.E. Littman
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1.0 SUMMARY

In conjunction with the RAPS project, a Timited stack testing pro-
gram is being conducted. This report details the results obtained on
boiler no. 2 at the General Motors Assembly Plant in St. Louis, Missouri.

The stack testing included the following pollutants: SO2 (sulfur dioxide),
particulates, NOX (nitrogen oxides), HZSO4 (sulfuric acid mist) and hydro-
carbons. Orsat analysis for CO2 (carbon monoxide), and O2 (oxygen) were also
performed. Results of these tests are included in this report. Although
these tests were not conducted to ascertain compliance with St. Louis stan-
dards, it is of interest that the particulate emissions are within the Tim-
its. The SOP emissions standards are not applicable for this time of the
year, nor for an individual boiler in an installation.

We acknowledge and appreciate the excellent cooperation we obtained from
the engineering department and the power plant personnel at General Motors.
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2.0 INTRODUCTION

The current stack testing program is being conducted in conjunction
with the emission inventory work for the St. Louis RAPS project. The
emission inventory is being compiled using published emission factors.
The stack testing is being conducted to evaluate the emission factors and
to gather information for additional emission factors.

This stack test was conducted at the General Motors Assembly Plant
in St. Louis, Missouri. Testing was performed on boiler no. 2 on 8,9 and 10
September 1975.

Boiler no. 2 is a coal-fired, 80,000 pounds per hour steam generating
unit. The unit is equipped with a cyclone, mechanical precipitator. This
boiler was sampled for total particulates, particle size, NOy, SO,, H,50,
CO2 and 02.
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3.0 PROCESS DESCRIPTION

Boiler no. 2 was built by Union Iron Works and was installed in
November 1952. It is equipped with a gravity fed spreader stoker.
Steam pressure is maintained at approximately 165 psi. The firing
rate is controlled to match the demands of the assembly plant. At
shift changes the load drops off 20-25% for an hour or two. The ca-
pacity of this boiler is rated at 80,000 pounds of steam per hour.

This boiler is equipped with a Western Precipitation Multi-cyclone
mechanical precipitator rated at 98% efficiency. Boiler no. 2 is an
induced draft unit and uses a common stack with boilers 1, 3, and 4.
The stack is of brick construction and is 225 feet tall and 13 feet
inside diameter at the top.

This boiler and no. 4 boiler are equipped with caustic scrubbers
for removing 502. These scrubbing units are in operation from October
through March for compliance with the Tocal St. Louis standards.
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4.0 PROCESS OPERATION

Bojler no. 2 was tested 8 September to 10 September. During the
testing period the boiler load remained fairly constant. Because of
shift change, the load started to decrease between 2 and 2:30 PM. Test-
ing was generally completed prior to 2 PM. Ashes were pulled on the boiler
at approximately 11:30 AM and 1:30 PM each day.
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5.0 SOURCE TEST DESCRIPTION

Boiler no. 2 was tested in the ductwork between the boiler and the
stack and ahead of the takeoff for the 802 scrubber. The sampling lo-
cation and testing arrangement are illustrated in Figures 1, 2, and 3.

The duct at this point is 49 inches wide by 5 feet high. This lo-
cation was between four and five diameters from the last bend in the
duct. In accordance with EPA Standard Method 1, thirty-two sampling
points were chosen, eight at each of four sampling ports. General
Motors already had four, 3-inch pipe couplings installed for use as

sampling ports.
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PLAN VIEW
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BOILER 1
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FIGURE 1 SAMPLING LOCATION FOR BOILER 2
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FIGURE 2

OPERATOR POSITIONING SAMPLING UNIT AT TEST LOCATION

FIGURE 3

SUPPORTING STRUCTURE FOR SAMPLING EQUIPMENT
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6.0 SAMPLING AND ANALYTICAL PROCEDURES

A11 testing was performed with sampling equipment from Joy Manu-
facturing, designed for isokinetic sampling to enable testing by EPA
standard methods.

Gas flow rates were calculated using the observed gas temperature,
molecular weight, pressure and velocity, and the flow area. The gas
velocity was calculated from gas velocity head measurements made with
an S-type pitot tube and a magnehelic pressure gauge, using standard
method 2.

Moisture contents were determined by passing a measured amount of
gas through chilled impingers containing a known volume of deionized
water, measuring the increase in volume of the impingers liquid and the
increase in weight of silica gel used to finally dry the gas, and cal-
culating the amount of water vapor in the sample from this increase and
the measured amount of gas.

The stack gas concentrations of C02, oxygen, CO, and nitrogen by dif-
ference were measured with a standard Orsat apparatus. This method is shown
in Figure 4. These concentrations and the moisture content were used to de-
termine molecular weight of the stack gas.

5.1 PARTICULATE MATTER
Standard method 5 was used for determining particulate emissions with

0° OF. Measured

the exception that the probe and oven were operated at 300-35
stack gas samples were taken under isokinetic conditions. The samples were
passed through a cyclone, fiberglass filter, impingers, pump, a meter and an

orifice as shown in Figure 5.

The total particulate matter collected in each test was the sum of the
filter catch plus material collected ahead of the filter in the sampiing train.
The amount of filter catch is determined by the difference in the weight of
the filter before and after the test, after dessicating. The particulate mat-
ter from other portions of the train was determined by rinsing the probe,
cyclone and all glassware ahead of the filter with acetone, evaporating to

dryness and weighing.
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FIGURE 4

OPERATOR DETERMINING STACK GAS COMPOSITION
WITH ORSAT APPARATUS
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FIGURE 5
PARTICULATE SAMPLING TRAIN
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6.2 NITROGEN OXIDE

Using method 7, gas samples were withdrawn from the stack into evac-
uated 2-1iter flasks containing a dilute solution of hydrogen pe-oxide and
suifuric acid. The hydrogen peroxide oxidizes the Tower oxides of nitrogen
(except ni-rous oxide) to nitric acid. The resultant solution is evaporated
to dryness and treated with nhenol disulfonic acid reagent and ammonium hy-
droxide. The yellow trialkali salt of 6-nitro-1-phenol-2, 4-disulfonic acid
is formed, which is measured colorimetrically. The field procedure is shown
in Figures 6 and 7.

6.3 SULFURIC ACID MIST AND SULFUR DIOXIDE

The Shell method was chosen for this determination due to uncertainties
which exist about the validity of the results using method 8.* A gas sam-
ple is drawn from the stack using a heated probe and passed through a water-
cooled, coil condenser maintained below the dew point of sulfuric acid at
140°-194°F, followed by a fritted glass plate and then passed through a chilled
impinger train with two impingers containing an isopropanol and hydrogen
peroxide mixture and followed by an impinger containing silica gel for drying.

This setup is shown in Figure 8.

The ccndensed sulfuric acid mist in the coil condenser is water washed
from the ccndenser. The final determination is made by titrating the solu-
tion with karium chloride, using a thorin indicator. Isopropanol must be
added to the solution to be titrated to improve the rapidity with which the

barium sulfate precipitates during titration.

Sulfur dioxide in the gas sample is oxidized to sulfur trioxide in the
impingers containing the hydrogen peroxide. Sulfur dioxide is then determined
by titrating the hydrogen peroxide solution with barium chloride, using a
thorin indicator.

*Lisle, E.S. and J.D. Sensenbaugh, "The Determination of Sulfur Trioxide and
Acid Dew Point in Flue Gases," Combustion, Jan.1965.

Goksoyr, H. and K. Ross, "The Determination of Sulfur Trioxide in Flue Gases,"
J. Inst. Fuel, No. 35, 177, (1962)
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FIGURE 6
OPERATOR EVACUATING FLASK FOR NITROGEN OXIDES TESTING

FIGURE 7

OPERATOR FILLING EVACUATED FLASK WITH STACK GAS SAMPLE
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6.4 PARTICLE SIZE

An Andersen fractionating inertial impactor is used for the deter-
mination of particle size in the range of approximately 0.5 to 10.0 mi-
crons. The sampling head is placed in the oven after the heated sampling
probe and a sample of stack gas is drawn isokinetically through the sam-
pler. The particulate matter is fractionated and collected on the plates
inside the sample head and a determination is made by the difference in
weight of the plates before and after testing. Results are expressed
for particles of unit density. The sampling arrangement is shown in Fig-
ure 9. The sampling head assembly is shown in Figure 10.

6.5 HYDROCARBONS

Gas samples were withdrawn from the stack using a vacuum pump to fill
Tedlar bags. The composition of the hydrocarbons was determined by gas
chromatograph.
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FIGURE 9

SAMPLING UNIT WITH ANDERSEN SAMPLER IN OVEN




AIR FLOW
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FIGURE 10
ANDERSEN STACK SAMPLER
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7.0 RESULTS

The results obtained from this test are summarized in Table 1. As
explained in the following discussion, the pollutant emissions are based
on calculated, rather than measured, flow rates. Although these tests
were performed for research purposes and not as part of compliance pro-
cedures, standard EPA methods were used. Due to the seasonal nature of
thelloca1 SO2 regulations the only applicable standard is for particulates.
It is of interest to note that this boiler is within the standard: 0.28 1b/
10% Btu compared to the standard of 0.40 1b/10°% Btu.

In addition to measuring particulate loadings, a particle size analy-
sis was made using an Andersen impactor. The results are shown in Table 2
and Figure 11.

The results of two samples taken on 8 September for hydrocarbons were:

Carbon Monoxide: 26.80 and 23.04 ppm
Methane: 0.23 and 0.25 ppm
Total Hydrocarbons, as CH4: 1.31 and 2.30 ppm

The major ccmponents of several hydrocarbon samples taken on 3 and 9
September are given in Table 3.
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TABLE 1

SUMMARY OF RESULTS

Date 9/8 9/9 9/10

Stack Flow Rate - SCFM * dry 27,041 26,633 26,633

% Water Vapor - % Vol. 8.34 7.38
% C0p - Vol % dry 11.16 10.65
%0 , - Vol % dry 8.37 9.25
% Excess air @ sampling point 64.2 76.72
S0, Emissions - 1bs/100 Btu 5.81 6.14
NO, Emissions - 1bs/10® Btu 0.49| 0.48
H2S04 Mist - 1bs/10° Btu 0.19 0.16

Particulates
Probe, Cyclone, & Filter Catich

1bs./hr. 20.41 20.03

1bs/10° Btu 0.25 0.24

Total Catch

1bs./hr.

Tbs/10° Btu

% Isokinetic Sampling 119.3 110.8

*70° F, 29.92" Hg
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TABLE 2
PARTICLE SIZE DISTRIBUTION

Test: GM-Ardersen #1 o Date: 9/10
Oven Temperature = 300°F

Plate Filter Net (mg) % 0f Total ECD (Microns)
1 1.1 1.43 16.8
2 1.7 2.21 10.7
3 3.5 4.55 7.1
4 4.7 6.10 4.9
5 4.6 5.97 3.1
6 4.6 5.97 1.6
7 3.5 4.55 0.99
8 5.3 6.88 0.66

Backup Filter 48.0 62.34 <0.66

Total 77.0 100.00

Test: GM-Andersen #2 0 Date: 9/11

Oven Temperature = 370.9°F

Plate Filter Net (mg) % Of Total ECD (Microns)
1 1.2 2.39 17.3
2 1.4 2.78 10.9
3 3.3 6.56 7.3
4 5.3 10.54 5.0
5 4.8 9.54 3.7
6 4.5 8.95 1.7
7 3.2 6.36 1.0
8 3.8 7.55 0.68

Backup Filter 22.8 45.33 <0.68

Total 50.3 100.00
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TABLE 3
HYDROCARBON ANALYSIS
(Concentrations in ppb as Carbon)

Compound

9/8 9/8 9/9 9/9
Ethane-Ethylene 51.7 70.7 48.0 70.3
Acetylene 15.8 29.7 33.7 25.1
Propylene 3.1 7.1 1.7
Propane 29.3 20.2 22.1 33.7
[sobutane 20.3 14.8 25.6
{-Butene & Isobutylene 52.1 29.9
Butane 62.4 72.0 16.9 21.5
Pentane N 9.1 7.4 22.3
Isopentane 6.7 9.2 4.3 21.5
Hexane 52.1 31.7 136.7 95.2
Benzene & 2,4-Dimethyl Pentane 66.3 53.5 14.6 18.7
1-Methylcyclopentane & 2M-C3-Hexane 21.2 37.9
Toluene 143.4 62.6 76.5 115.3
Ethyl Benzene 58.7 65.2 83.1 100.1
Meta, Para=Xvlene 130.3 141.8 182.6 180.4
Ortho-Xylene 29.3 30.4 38.4 40.9
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8.0 DISCUSSION

Flow determinations were made in accordance with EPA Standard Method
2, using an S-type pitot tube. This method gives correct results as long
as the pitot tube is positioned normally to the flow of gases. This is
no problem as Tong as the flow of gases is laminar and parallel to the
walls of the duct. However, if the flow is turbulent or vortex-type, the
readings obtained are incorrect, with a positive bias (too high). The ex-
istence of a turbulent condition can be ascertained by turning the pitot
tube 90° on its axis. A zero reading should then result. If no zero read-
ing is obtained, the results are open to question.

In the duct being tested, the existence of turbulence was evident by
the fact that a zero reading was not obtained with a 90° rotation of the
probe.

Under conditions when satisfactory flow measurements cannot be obtained,
a stoichiometric calculation of flow rates can be made, based on fuel consump-
tion, fuel composition, combustion rate and excess air. As a check on the cor-
rectness of the assumption, the mass flow of 502 can be calculated based on gas
flow and SO2 concentration on one hand, and fuel consumption and sulfur analy-
sis on the other. The conversion of sulfur in coal to SO2 is straightforward
and occurs with 95% efficiency.

To determine the amount of coal consumed and Btu input, coal scale
readings were checked against the actual steam production. This ratio was
also compared with a ratio determined by power plant supervision over sev-
eral previous months. On 10 September the coal scale readings averaged
7314 1bs/hour and the steam flow averaged 66,310 pounds of steam per hour.
This gives a ratio of 9.15 pounds of steam per pound of coal. The ratio
used by plant supervision is 9.3. Since these two ratios are so close, the
ratio of 9.3 determined by plant supervision was the one used for all de-
terminations of coal consumption during the test.

Table 4 shows the comparison of the results obtained by the two methods.
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TABLE 4
COMPARISON OF FLOW RATE DETERMINATIONS

T
H

FLOW RATE, SCFH | S0, (Ibs/hr) Based On
Date Measured Calculated AP-42% Calculated Avg. Measured
Flow Flow

9/8 1,622,490 1,403,921

9/9 1,598,005 1,434,847 478.5 472.0 545.9

9/10 1,396,329 480.0 501.3 578.1

* Compilation of Air Pollutant Emission Factors, EPA Publ. No. AP-42
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STOICHIOMETRIC
FLOWRATE CALCULATIONS

BOILER #2
Coal Composition
Moisture 7.71%
Ash 10.895
S 3.465 + 32 = 0.108 x 1 = 0.108
C 62.0 <+ 12 = 5.167 x 1 = 5.167
H2 5.0 2 =2.500x5=1.25
N2 1.0 + 28 = 0.036
O2 9.9 + 32 = 0.309 x-1 =-0.309
6.216
@ 70.46% Excess Air 4,380
10.596
N2 = 3.76 X 02 = 39,840

Mols Flue Gas = 002 + 802 + N2 + EA + N2 =
5.167 + 0.108 + 0.036 + 4.38 + 39.84 = 49.53 mol¢100#

On 9/9 7268.8 1b/hr coal during SO
1,392,211.5 SCFH

, test 49.53 x 386.7 x 72.688 =

On 9/9 7491.4 1b/hr coal during particulate test 49.53 x 386.7 x 74.914 =
1,434,846.6 SCFH

9/8 7329.9 1b/hr 1,403,921.71 SCFH

9/9 1,434,846.6 SCFH Part.
1,392,211.5 SCFH 50,

9/10 1,396,329.4 SCFH 502
1,363,385.8 SCFH Andersen
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APPENDIX A
PARTICULATE CALCULATIONS
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PARTICULATE CALCULATIONS

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

Vms ta

1"

Vm Pm \[Tstd _ Vm Pg AH
(CFm><Pstd><Tm > = 0'0334("1.‘0"21>< * 136 )

Vmstq = Volume of dry gas sampled at standard conditions, ft
3

3

Vm = Meter volume sampled, ft
1.021 = Meter correction factor

Py = Meter pressure, barometric pressure, PB, plus orifice

pressure, AH, in. Hg.

Pstd = Standard pressure, 29.92 in. Hg.

Standard temperature, 530° R or 70° F

Tstd
Tm = Meter temperature, 530° R for compensated meter

CFm = Meter correction factor

Volume of water vapor at standard conditions

Vw = V_l pHZO R Tstd 1b. = 0.0474 X V]C
€1 MH20 Pstd 454 gm.
Vw = Volume of water vapor at standard conditions, ft3

V]c = Volume of Tiquid collected in impingers and silica gel, ml.
pHo0 = Density of water, 1g/ml.
M Hs0 = Molecular weight of water, 18 1b/1b mol

R = Ideal gas constant, 21.83 in. Hg. - cu. ft./1b-mol - o)

% Moisture in Stack Gas

% M = 100 Y std
% = X
Vmstd + Vwgtq
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Average molecular weight of dry stack gas
o 44 32 28
MW, =1[%C0, X Il 9% 2L 9 £
D < 2 1oo>+ </ 0y x 100) +< #N X T )
Molecular weight of stack gas

_{100 -z m M
Mww <_——700 X MwD) +<_T55 X ]8>

Stack velocity at stack conditions

_ Ts x 4P avg. 1
v, = 85.48 x Cp < r— Mww /5

VS = stack velocity, fps.

85.48 = pitot constant, 1= 1b. Ly
prtot cons sec. < TG, Fols - oR | 2
Cp = pitot coefficient, dimensionless
TS = average stack temperature, OR
P_ = stack pressure, barometric pressure plus static pressure, in. Hg.

AP Avg = average differential pressure, in. H20

Stack gas volume at standard conditions

_ %) Tstd Ps
O - 3600(“ 766) s A( Ts W)
QS = stack gas volume flow rate, SCF/hr

A = stack cross sectional area, ft2
3600 = seconds per hour

0s' = Q, 60 = SCFM
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Per cent isokinetic sampling

- Vme [P AH T
e) VS PS An
I = per cent isokinetic sampling

1.667 = minutes per second, X 100

_ PHO 1b.
0.00267 = gl X R X e

sampling time, min.

e:
An = cross sectional area of sampling nozzle, ft2

Particulate emission

M
C, = 2.205 X 1078 i
std

Cs particulate emission, 1b/scf

2.205 X 1070 = pounds per mg.

Mn

total mass of particulate collected, mg.

Cc = Cg X Qg = 1b/hr

CE = particulate emission per hour
CH=CE:H
CH = particulate emission, 1b. per million BTU

H = heat input, million BTU per hour
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Excess air at samole point

100 X % 05
(0.265 X % N,)

% EA

- % 02

% EA = excess air at sample point, %

0.266 = ratio of oxygen to nitrogen in air by volume
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PARTICULATE SAMPLING CALCULATIONS

Test: BIr 2 -PRun) Date: ‘?/8/75
Material collected (mg)
Filter Catch = [4S.]
Dry Catch =
Acetone Wash = ]49. 4
TOTAL = 2948
Gas Volume VmStd = (0.0334 Vm ] pB + H

CFm 13.6

0.0334 (44 M)

. 0.1+ 0. 46 = 44.6172 SCF

(101 )<3 13.6

Volume of water vapor Vw = 0.0474 X Vic

0.0474 ( 85 ¥ ml) = 4.067 SCF

% Moisture ™ = 100 X Vwstd
Vmstd + Vwstd

= 313‘/ %

100 X (4 067)
(44.672) + (#067 )

Molecular Weight of dry stack gas

MW, = %C02 X 0.44 + %02 X 0.32 + %N2 X 0.28

D

(/16 X 0.48) + (8,37 X 0.32) + (80,47% 0.28) = J30.12

Molecular Weight of stack gas

MWw = 100 - %M X MND + M X 18
100 100

[wo- 8.3 X 3012 ]+[ 8.3% X18]= 29.1285
100 100
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PARTICULATE SAMPLING CALCULATIONS

Test: Bly. 2 - Run | Date: 9/8/75
Stack Velocity Vs = 85.48 x Cp [Ts X P avg] 1/2
P x Mw
s W

85.48 x (0,85) |883.7 x 0.299 1/2 =
30.13 X 29.128 39869 fps

Stack Gas Volume Qs = 3600( - g_rL> (VS)(A)<_T_s;g_) <_Ps__>
100 Ts Pstd
+
3600 [ { 9.34)] (39869) (20.92) 530 (30./3) =/, 622,48%75cFH
T00

(883.9) 29 .9’2

Stack Emission Rate C¢ = 2.205 x 10*5< My >

Vystd
-5
2.205 x 107 (29%5; = _|.45¢x0 1b/scf
44672
Cp = Cg x Qs = (L4SHUXICS) (1,903, 92/) = 20. ¥/ Tb/hr
Cy=Ce+H = (2004 )= 0,25 1b/106 Btu
( 82.0 !
[sokinetic Variations I = 1.667 [(0.00267) Vg + Um ( +&_>:|
Tm \Pg 1376/[Ts
o Vs Pg A,
1.667 [ (0.0C267) (8S. 8 ) + "“277<3o./4 + 0o )] (883.7) = //2.3%
530 13.6 /]

(7¢;) (34.50) (30.13) (3.¢/o7x/o"5

Excess Air at Sample Point

% EA = 100 x % 02
(0.266 x % Np) - % 05

100 ( 8.37)

* Sfoié‘:'a‘;neg-frib Q; = 1,403 92/ sceu (0-266 x8a47) - (£.37) = 642
1, 703, 9% = v -245-




PARTICULATE SAMPLING CALCULATIONS

Test: Blv.2 -Rumn 2 pate: 9/ef71s
Material collected (mg)
Filter Catch = /30.3
Dry Catch =
Acetone Wash = ]38, 8
TOTAL = 2691
Gas Volume VmStd = 0.0334 Vm ] PB + H
CFm 13.6
0.0334 (42.6/) o0y 0. 40 - 4,5/ SCE
(Lol ) 13.6
Volume of water vapor Vw = 0.0474 X Vlc
0.0474 ( 70,4 m) = 3,388  sCF
% Moisture %M = 100 X Vwstd
Vmstd + Vwstd
100 X ( 3.389) - 738 %
(42.51)) + (3,388 )
Molecular Weight of dry stack gas
MND = %002 X 0.44 + %02 X 0.32 + %N2 X 0.28
(10.65% 0.44) + (9.28 X 0.32) + (80,1 X 0.28) = 30,07
Molecular Weight of stack gas
MWw = 100 - %M X MWD + M X 18
100 100
100 - 738 X 20,07 + 7,28 X14= 29,192
100 100
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PARTICULATE SAMPLING CALCULATIONS

Test: PBlr2 -Run 2 Date: ‘.?/7/75
Stack Velocity Vs = 85.48 x C, [Ts x P avg] 1/2
LPS X MwW J

85.48 x (0,85 ) | 8%4 x ©.289 172 =
30,00 X 29.192 39, ¥4 fps

Stack Gas Volume Qs = 3600<]- M > (Vs)(A)(Tstd\ { Ps
100 Ts Pstd

*
3600 [ ( 7.38)](39,445) (20,42) 530 (30:10) = /, S98 0OAFSCFH
100 (39649 28.92

Stack Emission Rate Cg = 2.205 x ]O‘6< Mn >

Vmustd
-S
2.205 x 1070 (262.13_ = 1.396 X/0 Tb/scf
€R.851
Cp = C x Qs = (L39GXO™H)  (,434,846) = _20.03 1b/hr
Cy=Ce:H = ( 20,03) - 0.24 1b/106 Bty
(g3.8 )
[sokinetic Variations I = 1.667 [30.00267) V. + Um ( + éﬂ__)]
- Tm \Pg 13.5)(Ts
6 Vs Ps A,
1.667 [ (0.00267) (G9¥ ) + 92.18830./# + ©- %0 )](876.5') = [/0.8%
530 13.6

(96 ) (36.42) (@0.43) (3.507%0°%

Excess Air at Sample Point

% EA =100 x % 02
(0.266 x & No) - % 0o

#.-S‘O"éél‘l.’wa#l'c Qs‘ 1,439, 897 100 ( .25 )

\ 1,434,847 o (0.2¢6 x80,1 ) - (9.25) = 267 %
/S:= 1,593,003 x3?.‘/‘/5.=3«§‘§l2 K F"&‘ -247-




STOICIOMETRIC
FLOWRATE CALCULATIONS

Boiler #2
Coal Composition Mols/100# Mols 0, required

Moisture 7.71%
Ash 10.895
S 3.465 + 32 = 0.108 x 1 = 0.108
o 2.0 =+ 12 = 5.167 x 1 = 5.167
H2 5.0 + 2 = 2.500 x .5 = 1.25
N3 1.0 =+ 28 = 0.036
0 9.9 32 = 0.309 x -1 = -0.309

6.216
@ 70.46% Excess air 4,380

10.596
N2 = 3.76 x 02 = 39,840
Mols Flue Gas = CO, + SO, + N, + EA + Ny =

5.967 + 6.1082+ 0.036 +°4.38 + 39.84 = 49.53 mols/1004

on 9/9 7268.8 1b/hr coal during SO2 test

49.53 x 386.7 x 72.688 = 1,392,211.5 SCFH
on 9/9 7491.4 ib/hr coal during particulate test
49.53 x 386.7 x 74.914 = 1,434,846.6 SCFH
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NOx EMISSION DATA

9/3/75

Date
Run No. /12131415 |6
Time /150]12001/230] /230 | /325]/330
1g NO, J65| SLs| 865 815 760 | 76O
T.- Initial Flask Temp, °F 90 | 90| 90| 90| 90 | g0
Te- Final Flask Temp, °F 95 1 95| 95| 95| 95 | 92
Vg~ Flask Volume, ml. 2047)2038] 2039 | 2028 2025|7052
P1" Initial Flask Pres, "Hg 2.512.512.5 125125175
Pe- Final Flask Pres, "Hg 30,16 30, 16} 30.16] 30:16] 30.16|30.16
1b/scf NO,, xj0”% 2971298 2.9812.82|2..4| ¢2.¢co
15/10%6tu MO, ot |osi|osi |08 04s| 0.9
= scf

Vse= (17.71 %R > (Vfe) _f -
in. Hg

C=6.2x107

ng/ml Vsc

-249-
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NOx EMISSION DATA

Vsc= (17.71 %R > (Vfc)
in. Hg

Vfc = Vf - 25

C=6.2x10

ug/ml Vsc

1b/scf (ug Noz) = 1b/scf No,

-250-

e 912775
Run No. /121314 {56 718
Time 0910 (0912 1008 [ 1010 | Joq0 | 1092 ) 1240 | 1245
ug NO, 710 |1020} 710 | 70| 760] 760 | 760] 760
T.- Initial Flask Temp, F 90 |90 | 90 | 90 | 70 90 {90 | 90
Te- Final Flask Temp, °F 95 195 195 {95 {95 | 95 | 95 { 95
Ve~ Flask Volume, ml. 204712038 2639 | 2o2g) 2025 |2es2 205 2| 2050
Ps- Initial Flask Pres, "Hg 2.cleslasleslas las lasles
| Pg- Final Flask Pres, "Hg 301 (e 30.1(5] 30, 16 | 30.16130./( | 30.i(s] 30.16}30. 16
1b/scf NO, x10" % 3.33 [3.52) 2,95 |2.63 | 2.6¥ ] 2.0 2.00}2. Lo
1b/10%8tu No, 0,57 0.60) 042 O4s| 0.4s|o.4s|0.48{ 0,95
= scf




HpS04 MIST and SO2 EMISSION DATA

-251-

Date ‘?/9 Q/Ci ‘?/"1 ?//C’ ‘?//O ‘?//O

Run No. / 2 | £2 / V4 /¥ 2

Vmc-Meter Volume, Fed 1,503 | 692319430 ] 10.339) €899 19,23«

Vmstd-Meter Volume, Std. Cond. 7256567 1149.536) 10:376) 8931 {719,307
1 - 1"
© °g-Barometric Pressure, "Hg 30091 30,04 | 3014 | 30,04 2o.0v ) 30,04
AH-Avg. Orifice Pres. Drop, "Hp0 o0 | o Ol O O, D!
| V¢-Vol. of Titrant, ml. 84 | 59 127299) 7.8 L& 139 33
—
t Vgp-Yol. of Titrant for Blank, ml. al we wi ni f nil ni/
: ysein~Vol. of Solution, ml. 100 jolo) 2so | loo 100 | 250 t
\/a—VOT. of Aliquot, Titrated, ml. /O 1O / /o | 10 /

Ib/scf HpSO4 %0 @ 12,00| 9.1% 10,201 8,22
v ]b/]ob Btu HZSO4 0.2l Ok C.i7 | 0"‘/ %
[ ib-scf S0 wio ! 3,39 359

1b/10° Btu SO, S&) ot ;

Vmstd = 0.0334 (Vm) (PB + BH )

CFn 13.6
CFp = Meter correction factor
CH2304 =<].08 x 104 1b-1 ) (Ve - Vi) (1) (vm]n = 1b/scf N = 0.01 Normal
g-ml Va Barium
Perchlorate
Vmstd
. -5
Cs02 =<7.05 x 107 1b-] ) (V, - Vi) (W) (Vsoln
gm/ b Va = 1b/scf
Vmstd



APPENDIX B
FIELD DATA
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SUPPLEMENTARY PROCESS DATA FOR POWER PLANTS

Date 9/8 3/9 9/10
Net Unit Load - MW
Average Steam Load - 103 1b/hr
Boiler Heat Input xfO‘B'Ta/AH 82.0 83.§/%1: 3 3’/»&/7%6
Fuel Burning Rate - 1b/hr
Fuel Heating Value - BTU/1b 1I87
Fuel Sulfur Content - % 3,465
Fuel Ash Content - % 10,898
Fuel Moisture Content % 7.71
alg
Lse §2.0%10° Btu Jhy
iZi_ Lor par{'i‘tu‘“ffi L NOw _9__/_?_ Lor SO, 4350,
G:00am 010> b /hr steam 36 yoxso0®
9430 70 12:00 L]
10,00 0 12 30 70
10130 L& 1,00 71
v 70 I 30 G4
T~ 70 2,00 L3
1% b/, 210

4.3 2794944 1h/hr coul

x11187% €38 %00 Btu/ly

qlie  {o s0, 450,

4.0 -9
9:%0 7
10v60 10
10130 te&
106D S

Grexi0? hlhe s

11 3¢ o7
12:00 )
il bo &7
;00 &8
130 o
2.00 L4
Gl imie

A
Laoxio? 1b/ke

44,3 1283 Ib/he ceal
)‘l”87: ?,13 K/O(‘ B+“/Af i'/t";‘,‘Q

71240,% Ha//sr (oal = &l.Lrse” 2+ -

‘CUY A‘\dt‘u ZAd
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ORSAT FIELD DATA

Location GCY\C’\’“( M0+°"5 - S'{"Lw“é(loments:
Date 7/g ) ?/? 4 9//0

Tire

Operator K [?: n

Test (co.) 0.) (c0)
Reading 1 Reagling 2 Reading 3

9/8
1030 O, 7 8 + 7 O
l{es .& &1 0
1318 1,0 g,2 )
0980 10, & 70 Q &)
s/io

0S50 /0.3 2.9 o)
102§ 84 7.2

1315 e _ a1 /o)
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PARTICULATE CLEANUP SHEET

Date: 9/?/75 Plant: G MAD

Run Number: / Location Of Sample Port: %2 Beiige
Operator: Barometric Pressure: 0./ b
Sample Box No. Ambient Temperature &S
Impinger Hp0 Silica Gel

Volume After Sampling zjlz_ml Weight After $19.0 g

Impinger Prefilled With 200 ml Weight Before SOS/L ¢

Volume Collected 72 { ml Moisture Weight lz,eg Moisture Total &S. gg

Dry Probe and Cyclone Catch: Container No.

Extra No. Weight Results

Probe, Cyclone, Flask

- And Front Of Filter

Acetone Wash: Container No.

Extra No. Weight Results 0./4/94 g

Filter Papers and Dry Filter Particulate
Filter No. Container No.  Filter No. Container No.

Filter Particulate
Weight G./4S/ g

Total Particulate
Weight 0.2945 ¢

% Moisture By Volume
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PARTICULATE CLEANUP SHEET

Date: ‘7 /Q/75 Plant: G MA D

Run Number: 2 Location Of Sample Port: "2 Baw»gﬁ
Operator: Barometric Pressure: 30.14

Sample Box No. Ambient Temperature gs

Impinger H20 Silica Gel

Volume After Sampling 260 mil Weight After 52 9;4 g
Impinger Prefilled With 200 ml Weight Before 519.0 g

Volume Collected 1% ml Moisture Weight _ 2,& g Moisture Total é?‘/ g
Dry Probe and Cyclone Catch: Container No.

Extra No. Weight Results

Probe, Cyclone, Flask
And Front Of Filter
Acetone Wash: Container No.

Exfra Na. Weight Results (i138¥g

Filter Papers and Dry Filter Particulate
Filter No. Container No. Filter No. Container No.

Filter Particulate

Weight Q. j303 ¢

Total Particulate
Weight 0,2 g

% Moisture By Volume

-260-



OXIDES OF NITROGEN FIELD DATA

Date 7 /8/75-

plant __ Geneval Modovg

Sample Collected By ’(If’"‘“

Field Data

Clock Time J1eD| 1200|1230 1230 | 1325)/ 230
Flask number / 2 3 &/ Y A
Volume of flask (ml)" 2047|2038 | 2039| 2028|2025 2052
Pfessure before sampling in. Hg. e.stast asteslesytes
Pressure after sampling, in. Hg. 30.16] 30,461 30,6130, 16 35./6 33,/
Flask temperature, OF go | 90| 90} 90 | 20 | 70

* Flask + valve - 25 ml. for absorbing solution
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OXIDES OF RITROGEN FIELD DATA

Date 9/9/75
prant . Ceneval Motors

[4
Sample Collected By K(PIV\

Field Data

Clock Time 091010912 {100 1016) 104010492 1240 {1245
Flask number / 2 3 < S A 7 &

*

Volume of flask (ml) 0471203812039} 20281 202812082 o5 2 12056
Pressure before sampling in. Hg. 2.stesléesyastesltestaosije s
Pressure after sampling, in. Hg. 30,4 { 304 Joid 30,4 | 36.1¥ V30 14) 30, 1€ | 38,4
Flask temperature, °F 90 190 | 90| vo | 90 | ¢ |0 YO

* Flask + valve - 25 ml. for absorbing solution
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GAS SAMPLING FIELD DATA

Material Sampled For Soz_ ¢ SO;

vare _9/9/7¢
Plant <5MAD Location #2 Boiate

Bar. Pressure  30.,J4  '"Hg Comments : Poiit 2-b

Ambient Temp Q20 Op

Run No l

Power Stat Setting

Filter Used: Yes No

Operator

Tne | (e noh20 | n oo [tack Toeebe T corl | Tapinger
AP All In | Out

oo ]1327.042 oS O] 450 (328 120| €8

105 1322, 3 Ods | Ol |4$0 325|160 130 7§

o 13246 |ong | o |44s |340]170|145] 78

A 1330,9 0.1S | 0./ Y40 {350 1151901 74

l:20 1332, 2 0.12 | 0./ HYS 13261174135 77

Ay 1333, & Q.S | O “eo | 215|170 [ 130) &C

530 [1334.630

Comments: 7.58% 'ﬁj
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GAS SAMPLING FIELD DATA

Material Sampled For S0, 450,

Date 7/9/75

plant (MAD Location W2 BoiLgRr

Bar. Pressure 30¢{4  "Hg  Comments: Ppint 246

Ambient Temp 490 Of

Run No 2

Power Stat Setting

Filter Used: Yes No

Operator

Clock Meter Pitot | Orifice Temperatures OF

Time (Ft.5) in. H20 | in Hz0 | Stack |Probe | Coil | Impinger
AP AH In | Out

li490 |334.632 | OIS | Ol Hyp | 300 1g |10 32

j1 48 1336.0 oS | 0. (490 |340| ! Fliee| 74

1§50 | 13370 Ol | 0 1440 [328| 16y j1val 74

1255 | 132¢.2 G2 | 0. |H30 [325)[10(138|7S

2:00 1339, 3 O.i? O 430 (3201170 [130] 7¢

2:05 | 1340.5 0.1¢ O 435 1310 | 165|185 77

2:10 91622 L

Comments: G.992 {3
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GAS SAMPLING FIELD DATA

Material Sampled For SO; 3 SO_;
Date 9/’0/75
Plant CJM/‘\D Location #2 Boiner
Bar. Pressure 30.09 mHg Comments :
Ambient Temp g0 O
Run No |
Power Stat Setting
Filter Used: Yes No
Operator
Clock Meter Pitot Orifice Temperatures OF
Time (Ft.3) in. H20 in H20 Stack |Probe | Coil | Impinger
AP AH In | Out
9,13 |34l 30 | Q.18 O: | 430 | 210] 175|130 &7
9:18 | 1342.9 0. 2 o.] | 430 |305|170)150] 77
7:2¢8 | 1348, 0.2 0.1 430 (3001651125 79
L 938 | 13418 019 | 0.1 1435 |315] 1201 g0 .
{ —
| g4 | 13492 | 0.2 O.1 [430 |330|/60|11] $)
!
| 9i58 | 1352072
},..
* |
?
S ~ |
| - L L
. lowgye St
Lomments: 7 Coal Counter 84S 96651 | cewnt= 200
10608 Fblb 562
12188 Gbb &6
206 966 703
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GAS SAMPLING FIELD DATA

Material Sampled For SO; g SO;

pate _ 9/10/75

Plant (>MAD Location ¥2 Bojexg
Bar. Pressure 30:04 "Hg Comments :

Ambient Temp £S Op

Run No VA

Power Stat Setting

Filter Used: Yes No
Operator
Tine | (to0 ne 20 | i to0 [Stack [Pesbe | Cort [ Topinger
AP AH In Out
10110 | /352,072 2 O.] | 440 | 220 1HO| 14| &¢
1001S | 138315 0.1 0. il{‘/o 290 160} &S
j0:25 | 138825 | 0./% | 0. Hyp (330 | 166 (IS0l 83
10:38 | 138572 Ol O Y40 358 /30 | &7
lo.4s | 13591 02 0.1 | 4490 (315 {160 /‘25I &&
10:88 | 136).060 0.2

Comments: 8:788 ‘?‘{3
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PARTICULATE CLEANUP SHEET

Date: 9/'0/75 plant: GMAD

Run Number: _A_&ﬁer;en 1 &2 Location Of Sample Port: *¢ Bo wgg
Operator: Barometric Pressure: 30.04
Sample Box No. Ambient Temperature

Impinger H20 Silica Gel

Volume After Sampling 24 ml Weight After  S/S.4 g

Impinger Prefilled With 260 ml Weight Before S$06.0 g

Volume Collected Al | ml Moisture Weight ?,f g Moisture Total SO//g
Dry Probe and Cyclone Catch: Container No.
Extra No. Weight Results

Probe, Cyclone, Flask
And Front Of Filter
Acetone Wash: Container No.

Extra No. Weight Results 2.5:2‘1‘2_(@

Filter Papers and Dry Filter Particulate

Filter No. Container No. Filter No. Container No.
ﬁacl(up Eilders " Filter Farticulate
i Weight ¢),] 2 73 g
Ff' *C rs
Bo.ctru.{i_g Total Particulate

weight 0.)679 ¢

[

% Moisture By Volume
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Test: |
Plate Tare(g)
1 0,189
2 (0. 1437
3 0.1470
4 6./1416
5  OustIe
6 01494
7 049
8 Y7

Back Up -
Filter 01 L14S

Test: @
Plate Tare(g)
1 CiqkS

2 O.4fe

3 O ISLS

4 VIRE [o]7)

5 G153

6  Oridb]|
7 0468

8 OI4gs

Back Up O’A|3) 2

Filter

Particle Size Determination

Final(qg)

0.1500
011484
o,/80%
01463
Ol85¢
o./M90
o187
O 490

Oy

Total

Final (g)

01497

O 424
011858
01453
61571

O 150k
©1SCO
052

0. 2360

Total

Date: 9 //0/75

-270-

Net{mg) Filter Total % of Cum %
Net Total
N ].43 1,43
/7 2.2 ey
2.5 4.55 %19
4,7 b0 14,29
A 5,97 2.
4.0 597 26:2)
3.5 4,55  3on7g
53 .58 37,60
¥ O 2,34 1000
770 1000
Date: 9/r0/75"
Net (mg) Filter Total % of Cum %
Net Total
12 1,39 2,29
ld 2,718 5417
2.3 LSk 1173
5,3 10849 22.27
4,8 g,s4 3.8l
4.5 g, 95 4o.76
3.2 .36 97,02
3%, % 255  £4.07
22.2 45,3y 100,0
£0.3 10,0

ECD
(Microns)

/6.
167
7./
4.9
3/
1 G
0/79
0.66
2PAA

ECD
(Microns)

17,3
(o9
7.3
S.0
3.2
147
1.C
0468
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SOURCE TEST REPORT
AMOCO OIL REFINERY
WOOD RIVER, ILLINOIS
BOILER NO. 6 - POWERHOUSE
AND
CATALYTIC CRACKER REGENERATOR

TESTED BY: ROCKWELL INTERNATIONAL
R.W. Griscom
0.C. Klein
F.E. Littman
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1.0 SUMMARY

In conjunction with the RAPS_project, a limited stack testing program
is being conducted. This report details the results obtained on bociler no.
6 in the powerhouse and the stack for the catalytic crackerrregenerator-at
the Amoco 0il Refinery in Wood River, Illinois.

The stack testing included the following pollutants: sulfur dioxide (302),
particulates, nitrogen oxides (NOX), sulfuric acid mist (HZSO4), and hydrocar-
bons. Orsat analysis is for carbon dioxide (COZ)’ carbon monoxide (C0), and
oxygen (02) were also performed. Results of these tests are included in this
report. The tests oh boiler no. 6 were not conducted to ascertain compliance
with I11inois standards. Amoco 0i1 may choose to use the test on the cataly-
tic cracker regenerator for demonstrating compliance since the precipitator
on this unit was just recently installed. Thus, it is of interest to note
that this unit is in compliance with the regulations for particulates, 502
and CO.

The test on the catalytic cracker regenerator was witnessed by E. Sullivan,
R. Yoder, and J.C. Rhodes of Amoco and Dr. John Reed of I11inois EPA Permit
Section and Mr. Fred Smith of I11inois EPA Testing Section.

We acknowledge and appreciate the excellent cooperation we obtained from
the management and engineering personnel of the Amoco 0il1 Refinery.
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2.0 INTRODUCTION

The current stack testing program is_being conducted in conjunction with
the emission inventory work for the St. Louis RAPS project. The emission inven-
tory is being compiled using published emission factors. The stack testing is
being conducted to evaluate the emission factors and to gather information for
additional emission factors.

This stack test was conducted at the Amoco 0il1 Refinery in Wood River,
I11inois. Testing was performed on the No. 6 boiler at the powerhouse on 4, 5
and 6 November 1975 and on the Catalytic Cracker Regenerator on 12 and 17
November 1975.

Boiler No. 6 is an oil and gas fired, 200,000 pounds per hour steam
generating unit. There are no emission controls on this unit. This boiler was
sampled for total particulates, particle size, nitrogen oxides, sulfur dioxide,
sulfuric acid mist, carbon dioxide, oxygen and hydrocarbons.

The Catalytic Cracker Regenerator was recently equipped with an electrostatic
precipitator. This stack test may be used as a compliance test on the newly in-
stalled precipitator. This unit was sampled for total particulates, nitrogen
oxides, sulfur dioxide, sulfuric acid mist, carbon dioxide, oxygen, carbon
monoxide and hydrocarbons.
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3.0 PROCESS DESCRIPTION

Boiler no. 6 was built in 1954 by Babcock and Wilcox. The boiler is
fired with a combination of plant oil and gas streams. Steam pressure is
approximately 600 psi. This boiler "swings" with the plant, that is, it
picks up upsets or changes in plant operation or demands. The capacity
of this boiler is rated at 200,000 pounds of steam per hour. For environ-
mental concerns this boiler has been derated to less than 250 x 10E Btu/hr

input.

There are no stack emission controls on this boiler. Boiler no. 6 is
an induced draft unit and exhausts through a masonary lined, steel stack which
is 159 feet tall and 8.5 feet inside diameter.

The Catalytic Cracker Regenerator has had an electrostatic precipitator
installed during 1975. This precipitator was started up at the end of October
1975. There is also a waste boiler being installed ahead of the precipitator
but this was not in operation at the time of testing. The stack is of steel
construction and is 171 feet tall and 8 feet inside diameter.
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4.0 PROCESS OPERATION

Boiler no. 6 was tested on 4,5 and 6 November 1975. During the
testing the boiler load remained fairly constant even though it was pick-
ing up any changes in plant operation. This boiler was fired on refin-
ery gas, fuel oil, and "slop" o0il during testing. Since there are no
individual meters there was no way of knowing how much of each fuel was
being burned. There were no visible changes in emissions during test-
ing.

The Catalytic Cracker Regenerator was tested on 12 and 17 November
1975. Since the startup of the precipitator during late October there
had been some problems with the precipitator. During testing, the con-
veyors that remove the collected material from the precipitator were not
operating. This did not seem to interfere with testing. On 17 November,
however, there was a short in one of several compartments of the precipi-
tator and the precipitator was only kept in operation for our particulate
test. The tests for sulfur dioxide, sulfuric acid mist, and nitrogen
oxides were run with the precipitator by-passed. Visible emissions at
this time increased significantly.

Since the waste heat boiler was still being installed during testing,
water was being sprayed into the gas stream to drop the gas temperature
from 1,000°F to 600°F to prevent damage to the precipitator. This con-
dition raised the flue gas moisture content to approximately 29%.
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5.0 SOURCE TEST DESCRIPTION

Boiler no. 6 was tested in the stack. The sampling location and test-
ing arrangement are shown in Figures 1 and 2. Figure 2 illustrates how the
sampling equipment was somewhat obstructed. In order to make a complete
traverse at this sample port, a short 5 foot probe was used for the near
paoints and a longer 10 foot probe was used for the far sample points..

The stack is 8.5 foot inside diameter. The sampling location was ap-
proximately 36 feet from the stack inlet which is perpendicular to the stack.
This means that the sample ports are 4 diameters from the inlet. In accor-
dance with EPA Standard Method 1, 36 sampling points were chosen, 18 on a
traverse. A 3-inch pipe coupling, pipe nipple, and reducing flange were
used to attach to an existing standard 4-inch flange on the sample ports.

The Catalytic Cracker Regenerator was tested in the stack after the pre-
cipitator. Figure 3 illustrates the regenerator to the right followed by the
precipitator in the center and the stack to the left. Figure 4 shows the
stack and sampling platform and the crane used to hoist the sampling equip-
ment up to the platform. The testing arrangement is shown in Figures 5 and 6.

The stack is 8 foot inside diameter and the sampling Tocation is approx-
imately 80 feet from the stack inlet. In accordance with EPA Standard Method
1, since the samp]%ng location was more than 8 diameters from the inlet, 12
sample points were chosen, 6 on a diameter. A 3-inch pipe coupling, pipe re-
ducer, and a 4-inch flange were used to attach to the existing 4-irch flanges
on the sample ports.
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FIGURE 1

SAMPLING EQUIPMENT SET UP AT SE PORT - BOILER NO. 6

FIGURE 2

SAMPLING EQUIPMENT SET UP AT SW PORT - BOILER NO. 6
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FIGURE 3

CATALYTIC CRACKER REGENERATOR, PRECIPITATOR, AND STACK

FIGURE 4

STACK, SAMPLING PLATFORM, AND CRANE FOR HOISTING
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FIGURE 5

SAMPLING EQUIPMENT SUPPORT

FIGURE 6

SAMPLING EQUIPMENT SET UP FOR TESTING
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6.0 SAMPLING AND ANALYTICAL PROCEDURES

A1l testing was performed with sampling equipment from Joy Manufac-
turing, designed for isokinetic sampling to enable testing by EPA standard
methods.

Gas flow rates were calculated using the observed gas temperature,
molecular weight, pressure and velocity, and the flow area. The gas ve-
locity was calculated from gas velocity head measurements made with an S-
type pitot tube and a magnehelic pressure gauge, using standard method 2.

Moisture contents were determined by passing a measured amount of gas
through chilled impingers containing a known volume of deionized water,
measuring the increase in volume of the impingers liquid and the increase
in weight of silica gel used to finally dry the gas, and calculating the
amount of water vapor in the sample from the increase and the measured
amount of gas.

The stack gas concentrations of carbon dioxide, oxygen, carbon monox-
ide, and nitrogen by difference were measured with a standard Orsat appa-
ratus. These concentrations and the moisture content were used to determine
molecular weight of the stack gas.

6.1 PARTICULATE MATTER

Standard method 5 was used for determining particulate emissions with
the exception that the probe and oven were operated at 300-350 F. Measured
stack gas samples were taken under isokinetic conditions. The samples were
passed through a cyclone, fiberglass filter, impingers, pump, a meter and an
orifice as shown in Figure 7.

The total particulate matter collected in each test was the sum of the
filter catch plus material collected ahead of the filter in the sampling train.
The amount of filter catch is determined by the difference in the weight of
the filter before and after the test, after dessicating. The particulate mat-
ter from other portions of thé train was determined by rinsing the probe,
cyclone and all glassware ahead of the filter with acetone, evaporating to
dryness and weighing. ‘
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REVERSE-
TYPE
PITOT TUBE \ 3 ! % : -
g%ggllj% CYCLONE 9 m t)
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6.2 NITROGEN OXIDE

Using method 7, gas samples were withdrawn from the stack into evac-
uated 2-Titer flasks containing a dilute solution of hydrogen peroxide and
sulfuric acid. The hydrogen peroxide oxidizes the lower oxides of nitrogen
(except nitrous oxide) to nitric acid. The resultant solution is evaporated
to dryness and treated with phenol disulfonic acid reagent and ammonium hy-
droxide. The yellow trialkali salt of 6-nitro-1-phenol-2, 4-disulfonic
acid is formed, which is measured colorimetrically.

6.3 SULFURIC ACID MIST AND SULFUR DIOXIDE

The Shell method was chosen for this determination due to uncertain-
ties which exist about the validity of the results using method 8.* A gas
sample is drawn from the stack using a heated probe and passed through a
water-cooled c¢oil condenser maintained below the dew point of sulfuric acid
at 1400—194°F, followed by a fritted glass plate and then passed through a
chilled impinger train with two impingers containing an isopropanol and hy-
drogen peroxide mixture and followed by an impinger containing silica gel
for drying. This setup is shown in Figure 8.

The condensed sulfuric acid mist in the coil condenser is water washed
from the condenser. The final determination is made by titrating the solu-
tion with barium chloride, using a thorin indicator. Isopropanol must be
added to the solution to be titrated to improve the rapidity with which the
barium sulfate precipitates during titration.

* Lisle, E.S. and J.D. Sensenbaugh, "The Determination of Sulfur Trioxide
and Acid Dew Point in Flue Gases," Combustion, Jan. 1965.

Goksoyr, H. and K. Ross, "The Determination of Sulfur Trioxide in Flue Gases,"
J. Inst. Fuel, No. 35, 177, (1962)
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Sulfur dioxide in the gas sample is oxidized to sulfur trioxide in the
impingers containing the hydrogen peroxide. Sulfur dioxide is then deter-
mined by titrating the hydrogen peroxide solution with barium chloride,
using a thorin indicator.

6.4 PARTICLE SIZE

An Anderson fractioning inertial impactor is used for the deter-

mination of particle size in the range of approximately 0.5 to 12.0 microns.
The sampling head is placed in the oven after the heated sampling probe and

a sample of stack gas is drawn isokinetically through the sampler. The par-
ticulate matter is fractionated and collected on the plates inside the sam-
ple head and a determination is made by the difference in weight of the plates
before and after testing. Results are expressed for particles of unit density.
The sampling head assembly is shown in Figure 9.

6.5 HYDROCARBONS

Gas samples were withdrawn from the stack using a vacuum pump to fill Ted-
lar bags. The composition of the hydrocarbons was determined by gas chromato-
graph utilizing-a;Backman. 68000for €O, CH&,.andwtotal?hyﬂvoccrbOns:and;a.
Perkin Elmer 900 for the complete hydrocarbon breakdown.
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7.0 RESULTS

Results obtained from the test on boiler no. 6 are shown in Table 1.
Results obtained from the test on the Catalytic Cracker Regenerator are
shown in Table 2. Although these tests were performed for research pur-
poses, standard EPA methods were used. Since the test on the Catalytic
Cracker Regenerator may be used for compliance, it is of interest to com-
pare the results with the State of I1linois standards. A comparison is
shown in Table 3.

In addition to measuring particulate loadings on boiler no. 6, a par-
ticle size analysis was made using an Andersen impactor. The results are
shown in Table 4 and Figure 10.

The average results of hydrocarbon samples taken on boiler no. 6 on
4 and 5 November are:

Carbon Monoxide: 1.11 ppm
Methane: 1.07 ppm
Total Hydrocarbons, as CH4 3.28 ppm

The major hydrocarbon components of these samples are given in Table 5.

The average results of hydrocarbon samples taken on the Catalytic
Cracker Regenerator on 10 and 12 November are:

Carbon Monoxide: 28.91 ppm
Methane: 0.13 ppm

Total hydrocarbon results are not available due to a malfunction of the
analyzer. A complete analysis of the major components indicates that the to-
tal hydrocarbons are approximately 2-3 ppm. The major components are given in
Table 6.
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SUMMARY OF

TABLE 1

RESULTS - BOILER NO.
Date 11/4 11/5 11/6
Stack Flow Rate - SCFM * dry 54,010 47,766 42,348
% Water Vapor - % Vol. 13.19 12.67
% C0p - Vol % dry 10.33| 10.83
%0, - Vol % dry 5.90 6.30
% Excess air @ sampling point 35.6 39.6
SOZ>Emissions - 1bs/108 Bty 1.88
NOy Emissions - 1bs/100 Btu 0.45 0.58
H2504 Mist - 1bs/108 Btu 0.021
Particulates
Probe, Cyclone, & Filter Catch
1bs./hr.
1bs/10% Bty
Total Catch
1bs./hr. 26.4 32.2
1bs/106 Btu 0.14 0.18
% Isokinetic Sampling 100.4 92.7

*70% F, 29.92" Hg
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SUMMARY OF RESULTS - CATALYTIC CRACKER REGENERATOR

TABLE 2

Date 11/12 /17 .
Stack Flow Rate - SCFM * df}n 87,35;“m~ 84;;&2 o |
% Water Vapor - % Vol. 27.98 29.9

% CO2 - Vol % dry 16.5 17.2

% 0 5 " Vol % dry 1.65 1.4

% Excess air @ sampling point | 8.1 6.8

SOp Emissions - PPM 419 ;
NOy Emissions - PPM 71.2 362.7 1
Hz2S04 Mist - PPM 3.4 i
Particulates ;
Probe, Cyclone, & Filter Catch f
lbs./hr. %
1bs/108 Btu ;
Total Catch ;
1bs./hr. 18.7 27.4 ;
1bs/10° Btu ;
% Isokinetic Sampling 116.3 100.26

*70° F, 29.92" Hg
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TABLE 3

COMPARISON OF RESULTS

ILLINOIS STATE

SOURCE POLLUTANT STANDARD AMOUNT FOUND
Boiler No. 6 Particulates 0.1 1b/10° Btu | 0.16 1b/10° Btu
0, 1 16/1° Btu | 1.9 1b/10% Bty
co 200  ppm 1.1 ppm
Catalytic Cracker
Regenerator Particulates 80.1 1b/hr 23.1 1b/hr
SO2 2000 ppm 419.0 ppm
Co 200 ppm 28.9 ppm
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TEST: AMOCO - BOILER NO. 6
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TABLE 4

PARTICLE SIZE DETERMINATION

Filter
Net (mg)

o P B O O
— N0 0 N O O O

9.
11.
15.
59.9

12.1

Filter
Net (mg)

RO T RN = s
A Vo I T = ) T = © )N N |

Ny
x©

‘

[e)]
—
[00]
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% Of
Total

.57
.19
.16

A~ W o O

10.44
13.47
53.43

100.00

% 0f
Total
2.75
7.44
2.27
4.21
4.37
8.25
9.87
14.40
46.44
100.00

DATE: 11/4

DATE:

ECD
(microns)

A
(@]

1
1
.3
6
4

O O —~ N A O W P

.4 & above

.84
.56
.56

11/6

ECD
(microns)

1

A
[an]

0
0
.3
6
4

OO —~= NN B~ Oy O D

.2 & above

.83
.55
.55



% OF
TOTAL
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FIGURE 10 ECD (MICRONS)
PARTICLE SIZE DISTRIBUTION-BOILER NO. 6
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TABLE 5
HYDROCARBON ANALYSIS
BOILER NO. 6

COMPOUND

Ethane

Ethylene

n-Propane
Acetylene

n~-Butane

Isopentane
n-Pentane

Hexane

Benzene + 2,4 DM-C5
Heptane

2,5 dimethyl Hexane
Toluene

1, Octene

Octane

Ethyl Benzene

m, p-Xylene
‘0-Xylene

Nonane

n-Propyl Benzene
1,3,5 trimethyl Benzene
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CONCENTRATION (ppb as C)

11/4

20.
36.
35.
35.
55.
1.

5.
29.

33.
38.

24.
123.
37.
13.

16.

HON N YW~ O W

~N S —NO W N

11/5

16.
27.
34.
32.
52.

33.
18.
15.
10.
94.
128.

56.
290.
79.
19.
49,

N = O W N~ OO O~ 0O AT w0



TABLE 6

HYDROCARBON ANALYSIS

CAT CRACKER REGENERATOR

COMPOUND

Ethane
Ethylene
n-Propane
Acetylene
Isobutane
n-Butane
Propylene
[sopentane
n-Pentane
Hexane
Benzene + 2,4 DM Pentane
Heptane
Toluene

1, Octene
Octane

Ethyl Benzene
m,p-Xylene
o-Xylene

Nonane

CONCENTRATION (ppb as C)

10 /12
19.5
12.8
51.3
9.5
16.7
4.7
3.7
1.4
5.1

41.3

38.1

27.6

46.1

29.3

4.4

18.6

111.2

38.1

10.4
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APPENDIX A
PARTICULATE CALCULATIONS
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PARTICULATE CALCULATIONS

Volume of dry gas sampled at standard conditions - 70° F, 29.92 “Hg

Vistq <[ Ym Pm)/Tstd | _ Vm Pp ., _OH
st ((‘,Fm><Pstd><Tm 0.0 vozr )\ " * 136
Vmgtd = Volume of dry gas sampled at standard conditions, ft3

Vm = Meter volume sampled, ft3

1.021 = Meter correction factor

Pm = Meter pressure, barometric pressure, PB’ plus orifice
pressure, AH, in. Hg.

Pstd = Standard pressure, 29.92 in. Hg.

Tstd = Standard temperature, 530° R or 70° F
Tm = Meter temperature, 530° R for compensated meter

CFm = Meter correction factor

Volume of water vapor at standard conditions

Vw = V] pH20 R Tstd 1b. = 0.0474 x V¢
C\ MH20 Pstd 454 gm.
Vw = Volume of water vapor at standard conditions, ft3

Vig © Volume of liquid collected in impingers and silica gel, ml.
pH20 = Density of water, 1g/ml.

M Ho0 = Molecular weight of water, 18 1b/1b mol

R = Ideal gas constant, 21.83 in. Hg. - cu. ft./1b-mol - R

% Moisture in Stack Gas

%M = 100 x St
Vmstd + Vwstq
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Average molecular weight of dry stack gas
= [ 44 , 32 N 28
Mip = <’“C02 X '1'00>Jr (" 0, x 100"> *( % Ny x T(')U)

Molecular weight of stack gas

_(100 - 2 M M
MWW <*——T66 X MWD> +<—T66' X ]8)

Stack velocity at stack conditions

v, = 85.48xC) (]}Ljﬁiﬁijﬂﬁl; ) 1/,

N Ps x MWw

VS = stack velocity, fps.

85.48 = pitot tant, fi- 1b. Y

4 pitot constant, soc. < 5 ToTs — oR 2

Cp = pitot coefficient, dimensionless

TS = average stack temperature, OR

PS = stack pressure, barometric pressure plus static pressure, in. Hg.

AP Avg = average differential pressure, in. HZO

Stack gas volume at standard conditions

_ IM Tstd Ps
O = 3500(“‘ T’o‘G) Vs A(T T?El’)
QS = stack gas volume flow rate, SCF/hr

A = stack cross sectional] area, ft2

3600 = seconds per hour

0s' = Qg 60 = SCFM
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Per cent isokinetic sampling

—
fl

v p AH T
1.667[(0.00267) Vie + T;':_Q (B +T§‘6”>] s
eV, P A

—t
ft

per cent isokinetic sampling

1.667 = minutes per second, X 100

= M -._....!P_'_..._.
0.00267 Mi1,0 X R X 754 gn.

sampling time, min.

@:
An = cross sectional area of sampling nozzle, ft2

Particulate emission

M
C, = 2.205 X 107° e
mstd

Cs

2.205 X 10'6 = pounds per mg.

1]

particulate emission, 1b/scf

Mn = total mass of particulate collected, mg.
CE = CS X QS = 1b/hr

CE = particulate emission per hour
CH=C‘E:H

CH = particulate emission, 1b. per million BTU
H = heat input, million BTU per hour
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Excess air at sample point

9 EA = 100 X % 09
(0.266 X % N2) - % O2
% EA = excess air at sample point, %

0.266 = ratio of oxygen to nitrogen in air by volume
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PARTICULATE SAMPLING CALCULATIONS

Test: Amoco - Bl © -Run | Date: 1/ ‘7/75'

Material collected (mg)

Filter Catch = 2173%

Dry Catch =

Acetone Wash = 59.7

TOTAL = 2710

Gas Volume VmStd = 0.0334 m P +
CF

G607,
0.0334 (_7_5) 29, & + 0.96 7s T4, £SO SCF
( ’10‘ ) ' ]3 6
Volume of water vapor Vw = 0.0474 X Vic
0.0474 (24om1) = //,37¢ SCF

% Moisture %M = 100 X Vwstd
Vmstd + Vwstd

100 X (/1.376) . 1349 ”
(7428 ) + (1L376 )

Molecular Weight of dry stack agas

MND = %C02 X 0.44 + %02 X 0.32 + %N2 X 0.28

(1033 X0.48) + (5.9 X0.32) + (¥3.77 X 0.28) = 27, #&7

Molecular Weight of stack gas

MWw = 100 - %M X MND + %M X 18
100 100

[100-/3-’7 X 29§89 ]+[ 12./% x18]= 28,32/
700 100
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PARTICULATE SAMPLING CALCULATIONS

Test: Blv. ¢ - Run | Date: 1//‘//75
Stack Velocity Vs = 85.48 x C, [Ts x P avg] 1/2
P. X Mw
s W

85.48 x (0.806) | £96.5x O./5Y 1/2 =
29.L4 X 28.32/ _30./0_fps

Stack Gas Volume Qs = 3600(1- zy_) (Vs)(A)(Tstd\ [ Ps
700 s/ \Pstd

38,2499 6 /3 SCFH

3600 [— _(/3,/‘7)](30'/) (€6.745) 530 (2908
100 (896) 29.92

Stack Emission Rate Cg = 2.205 X 10'6< Mn >

Vpstd A
, -6 - -
2.205 x 10 (72%78753 L./ x/10 1b/scf
Cp = C x Qs = (&.1C x/0™%) (3299613) = 26,4 1b/hr
Cy=Cp+H = (26.44) = 0. 1Y 1b/106 Btu
(1¢s.8 )

Isokinetic Variations I = 1.667 [F0.00267) V]C + Vm ( + AH )]
Tm \Pg Ts

6 Vs Ps A,
1.667 [ (0.00267) ( 240 ) + 75325(29-69" 0,%95)] (§76 .52 =/00. 2%
530 13.6

(/o8) (3040 ) (29.08) (24700 7)

Excess Air at Sample Point

% EA = 100 x % 0o
(0.266 x 2 Np) - % 07

100 ( <797 )
-303- (0.266 xg2,77) - (5. 7) = 31,99
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PARTICULATE SAMPLING CALCULATIONS

Test: Amoco -8lr G - Kun 2 Date: ///5'/75

Material collected (mq)

Filter Catch = 290.9

Dry Catch =

Acetone Wash = £9,7

TOTAL = 350, (

Gas Volume VmStd = (0.0334 (Vm )GB + _H_>

CF 13.6

0.0334 (&9.73%) N .
el/23 00,8196 8,745 SCF
(101 )\ 2?75 3.6 " e

VYolume of water vapor Vw = 0.0474 X Vlc

0.0474 (joYml) =  9.973 SCF

% Moisture %M = 100 X Vwstd
Vmstd + Vwstd

100 x (9.973 ) = 207 %
(¢&74s) + (9.973 )

Molecular Weight of dry stack oas
= %C02 X 0.44 + %02 X 0.32 + %N2 X 0.28

(10,83 X 0.44) + (.2 X 0.32) + (263X 0.28) = 29.973

Molecular Weight of stack gas

MWw=1OO—%MXMND + M X 18
100 100

[100-/.1.67 X 29,4973 ]+[ [12.67 X18]= 28,456
T 100 100
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PARTICULATE SAMPLING CALCULATIONS

Test: RBlr. ¢ - Run 2 Date: ///S/?S

Stack Velocity Vs = 85.48 x C, [Ts x P avg] 1/2
P x Mw
S w

85.48 x (0. 80) | 908.42 x 0.132% 1/2 = 3
24,71 * 28,156 2773 fps

100 Ts Pstd

Stack Gas Volume Qs = 3600<]- %M > (Vs)(A)<Tstd> <p§ )
100 3

3600 [- (/2,47)}(27,73) (5%2.748) 530 (29.7)) = 2,845 983 SCFH
700 (908 ) 2992

Stack Emission Rate Cg = 2.205 x 10-6< Mn >

VMstd
-8
2.205 x 107 (350, 6 = /125 x/o 1b/scf
68,795
Cg = G x Qs = (//2600°%)  (2,889€3) = 32,229 1b/hr
Cp=Cp+H =(32229) - o /8 1b/106 Btu
(17720 )

Isokinetic Variations I = 1.667 F0.00267) V]c + %ﬂ. (P + %%_T>]T
m B .0 s

o Vs Py A,
1.667 [ (0.00267) (2/10,4 ) + 75.325‘(29, 75+ 09/%)] (P08.42) = 92,774
530 13.6

24y  (22.73)  @911)  (2é71x0° ")

Excess Air at Semple Point

% EA = 100 x % 0p
(0.266 x £ Np) - % C;

100 ( 6,3 )
-305- (0.266 xg2,43) - (¢.3) = %0 3




NOX EMISSION DATA

Date | ///7‘/75

Boiler No. &

Run No. J el a3l ¥1s ¢ | 71¢

Time 1098155 130 | 123¢| 1280|1510 1515 { 1400
g NO, s98| @28) 76 |422| 394|rc00| /05| 109S
T;- Initial Flask Temp, °R 525|525 525|528 S25| 25| S525] 528
Te= Final Flask Temp, °R Sys |85 5495 | YS| £YS | S |sYS |98
V.- Flask Volume, ml. 2047 | 2038|2039 | 2028 2025 | 2052 | 2052{2056
P.- Initial Flask Pres, "Hg 2.5l 2,5la2.st 2.5)2.85}12.8]|25})¢5
Pc- Final Flask Pres, "Hg 29.,65|24.651 29, 65| 29.L5[29.L5]29. L5295 |29.6S
1b/scf NO, xjo”> 1,89 2.35| 02| 1.47] 1,37} 3.44]3.80|3.58
1b/10%8tu NO, 0,33} o491 o050, 260,29 |v.60 |0.67 0.3

= scf

Vsc= <17.7'| %R ) (Vfc) Pr -
in. Hg Tf

VfC=vf- 25

2

C=6.2x10° 1b/scf (ug NO

ug/mi

Vsc
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ug/mi

1b/scf <u9 O,

Vsc

-307-

) = 1b/scf NO,

NO,, EMISSION DATA
Run No. / 2 3 4 S G
Time 0730|/000| /030 | 1200] /19066 | 1408
ng NO, 9681110] 9/0 | 9501085} 1160
T:- Initial Flask Temp, °F 530|530 %90 |S30| 830 £30
- . 0
Tf— Final Flask Temp, F S50 | 550] §S018550) £s50) 850
Vfc— Flask Volume, ml. 2DHY| 203l 2039 2028] 2028] ¢o82
Py~ Initial Flask Pres, "Hg 2.812.8512.8} 2.8} 2.5 2.8
~ Pe- Final Flask Pres, "Hg 29,751 29/28129, 7571 29,75} 29.75| 24,75
- 1b/scf NO, x/0"° 3.3413.66| 3.e|3.32|3. 80| 0!
6
1b/107Btu NO, 0.5Y] 0.6210.5! JOo.sY|OL/]0.6LS
Vsc= (17.71 % > (Vfc) ST T R
in. Hg T¢ T
Vie = Vg - 25
C=6.2x107°




HpS04 MIST and S0z EMISSION DATA

Boiler No. &

Date /6 e

Run No. / / 2 e
Vpe-Meter Volume, Ft3 6.0S7 2,958
Vmstd-Meter Volume, Std. Cond. 5.959 7.768
Pp-Barometric Pressure, “Hg 29.59 29.59

AH-Avg. Orifice Pres. Drop, "Hp0 Ol o. 1/

V¢-Vol. of Titrant, ml. 99 /.6 /5.05) 2.08
Vip-Vol. of Titrant for Blank, ml. nil ni/
Vsoln—Vol. of Solution, ml. 500 | 100 500 100
Va—Vol. of Aliquot, Titrated, ml. & 25 5 25
1b/scf HpS0q x/@'é [ 154 /. 696
1b/100 Btu HoSOg 0.007 0,028
1b-scf SOp X,D"’ 1154 /.366

16/10° Btu S0, /.72 209

Vmstd = 0.0334 (ym) (PB + MM )

“CFpy 13.6

CFy = Meter correction factor

CH504 =(].08 x 104 1b-1 ) (Vg - Ver) () (Vsoip) 1b/scf
g-ml Va

Vmstd

-5
Cso =<7.05 x 107% 1b-1 > vV, - Vep) (N (Vsoln
2 g-mi t to Va = 1b/scf

Vmstd

-308-

N = 0.01 Norma.
Barium
Perchlorate




PARTICULATE SAMPLING CALCULATIONS

Test: Ameco - Cat Cracker  Dater  11/i2/7s
Material collected (mg) =
Filter Catch = 33,0
Dry Catch =
Acetone Wash = 22.9
TOTAL = (5.9
Gas_Volume Vmstd=0.0334<vm )(ps s _H_>

CF 13.6

00338 ((jlgff)—;<z-a,qz + 052 > 41,736 SCF
Volume of water vapor Vw = 0.0474 X Vic
0.0474 (3492 m1) = 1o.2)f SCF

% Moisture M = 100 X Vwstd
Vmstd + Vwstd

100 X (16.210) = 21376 %
(91936 ) + (Ie.211 )

Molecular Weiqght of dry stack gas

MWD = %C02 X 0.44 + %02 X 0.32 + 9N2 X 0.28

(1L.S X 0.48) + (V.65 X 0.32) + (51.§5%X0.28) = 30.706

Molecular Weight of stack gas

Miw = 100 ~ %M X MW
700

+ ¥M X 18

D T00

27,151

100 - 27,976 X 30,70( |* 27.176¢ x18]
700 100
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PARTICULATE SAMPLI:a CALCULATIONS

Test: (Cat Cracker Date: ////2/75;

Stack Velocity Vs = 85.48 x Cp [Ts x P avg] 1/2
l_ X Mw

85.48 x (0. 8b ) |/10/2./ x 0914 1/2 =
29. 31 * 27./5/ 78.269 fps

Stack Gas Volume Qs = 3600(1— M > (vs)(A){Tstd) [ Ps
100 Ts ) \Pstd

3600 [ (27»9769)](78’.26‘7) (82 265) 530 (29.34) = K5, 24/998 SCFH
100 (1ore) 2992

Stack Emission Rate Cg = 2.205 x 10‘6< Mn >

VMstd
2.205 x 106 (65.9) =  a.482%0" % b/sct
(9736 %
Cp = Cg x Qs = (3982%/5Y  (57241,998) = /& 28 1b/hr
Cy=CpsH = = 1b/106 Btu

)
( )

Isokinetic Variations I = 1.667 [20.00267) Vig + ¥m ( + AH )]
P Ts

Tm 3.6

1.667[ (0.00267) (342 ) + ‘//'7349(29,4;_+ 0"72@)] (212,71 = //&.332
530\ 13.6

(6o ) (78269 (9360 (3.4x00°)

Excess Air at Sample Point

% EA =100 x % 02
(0.266 x % No) - % 0y

100 ( /1 eS)
{0.266 x¢,8¢) - () 4s) = &2 %
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PARTICULATE SAMPLING CALCULATIONS

SCF

Test: AMOCO ‘Ca;‘ Cracker Date: I//I?/?S

Material collected {mg) =
Filter Catch = 22,9
Dry Catch =
Acetone Wash = S/, &
TOTAL = £4, 7
Gas Volume VmStd = 0.0334 Vm PB + H

CF 13.6

m
0.0334 (3672/_) 29 68 + 0,652 - 34.6/Y
(o1 ) 3.6

Volume of water vapor Vw = 0.0474 X Vlc
0.0474 (3.sml) = 19,765 SCF

% Moisture %M = 100 X Vwstd
Vmstd + Vwstd

100 X (_19-7e3) = 29.9 g
(34.614) + (14,765 )

Molecular Weight of dry stack gas

MW, = %C02 X 0.44 + %02 X 0.32 + %N2 X 0.28

D

(177 X 0.48) + (/.4 X 0.32) + (8.9 Xxo0.28) = 3,028

Molecular Weight of stack gas

+ %M X 18

MWw = 100 - %M X MW
100

700 D

100 100

[100 - 2719 X 3/.028 ]+[ 27. 7 X 18]= 27,73
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PARTICULATE SAMPLING CALCULATIONS

Test: Amoco - Ca‘f C\'ac/cer Date: ////7/75

Stack Velocity Vs = 85.48 x Cj [Ts x P avg] 1/2
P. X Mw
5 W

85.18 x (0.8 ) [/03‘?,3 x 0,900 ] 1/2 =

29,614 X 27.13 _79.32  fps

Stack Gas Volume Qs = 3600(1— ﬁﬁ_) (Ws)(A)(Tstd\ [ Ps
100 Ts Pstd

3600 [- (29,2)](7?,52) (s0.268 530 (29.6/4) = 5018 545 SCFH
]00 (/le?) 92 v

Stack Emission Rate C¢ = 2.205 x 10-6< Mp >

VMstd
2.205 x 106 ( §4.7 = £3956 /0" % 1b/scf
(ﬂ&?g
Ce = Cg % Qs = (5:396 %16 (5018 599) = _27.40 1b/hr
Chy=Cg+H =( ) = 1b/106 Btu
( D)

Isokinetic Variations I = 1.667 I}0.00267) Vlc + Vm ( + AH )]
T P Ts

m 13.6
& Vs Pg An
1.667 [ (0.00267) (3n.s ) + 34617 <29,¢g + &652)] (1839.3) =/0026%
530 13.6

(60) (79.32) @29.619)  (3.4x0"%)

Excess Air at Sample Point

% EA =100 x % 02
(0.266 x % Np) - % 0p

100 ( 1Y
-312- (0.266 xgn.4) - (14 ) = 6-7 4




APPENDIX B
FIELD DATA
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NOx EMISSION DATA

nmnz ¢ ////7

Cat. Cracker iz Date ——

Run No. /I 1213 |4 5 G 7 g
Time 1008 1115 V12101 1238 11305 1500 | 1 S30| /150
rg NO, 292 | 296 /00012061180 | 1400 1320))220
T1.— Initial Flask Temp, Or S10 1510 |s30 |530 | S30ls30 530 520
Te- Final Flask Temp, °R S30|s30]|ss0 |Sssolssol sso|s50 |sso
Ve~ Flask Volume, ml. WH7| 2038|2039 202820282082 2652 [ 20506
P;- Initial Flask Pres, "Hg 2,.8512.8]2.512.5)2.8])2.512.5}2.5
Pe- Final Flask Pres, "Hg 2940 2992129,61 | 29.61] 29.61129.¢1129.¢1 2.6/
Ib/scj NO, x|o" % 023 10,84 | 3.80|4. 24 |4.15 |4.86}v.5¢ [ 23
1b/10%8tu NO,

o/ he WO, 42.6 435 |1go.6 21728 2l4.2 2%0.8 L36.3 2/¢.3

Vsc= (17.71‘_’3 (Vfc) Pe - i) Lot
: in. Hg Tz T,

v =Vf-25

fc

C=6.2x107° lb/scf (ug Noz> * 1b/scf NO,

ug/ml Vse
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H7S04 MIST and S02 EMISSION DATA

C0\+ C\’QC ‘(t’l"

(HpS04 =(1.08 x 10-4 1b-1 ) (V¢ - Vep) (V) (vsﬂ]u)= 1b/scf
Va

g-ml

Vmstd

(507 =<7.05 x 107 1b-1 ) (Vi = Vep) (W) (Vsoln
g-ml Va = 1b/scf

Vmstd

-315-

Date whz 17
Run No. / 2
Vpe-Meter Volume, Ft3 2,380 /1,95¢]
Vmstd-Meter Volume, Std. Cond. 17,3005 0,820
°g-Barometric Pressure, "Hg 29.0] 29.01
AH-Avg. Orifice Pres. Drop, "Ho0 0.1 ol
V¢-Vol. of Titrant, ml. 2.1 o3 2,75
Vip-Vol. of Titrant for Blank, ml. il nil W, nil
vsoln"Vol« of Solution, ml. s00 | 100 100
V4-Vol. of Aliquot, Titrated, ml. 5 50 50
Ib/scf HpS0s xio 0,089 1,578
/100 5y, 50, Ib/hv a.46 825
1b-scf S0p x|p"° (.851 6856
1b/10° Btu SO, 1b/hr 353§ 353.8
Ymstd = 0.0334 (ym) (PB ¥ _A_H___)
CFm 13.6
CFy = Meter correction factor
N = 0.01 Normal

Barium
Perchlorate




SUPPLEMENTARY PROCESS DATA FOR POWER PLANTS

Boiler No.G
Date 1/ Jils 1l
Net Unit Load - MW
Average Steam Load - 10% 1b/hr see be low

Boiler Heat Input

Fuel Burning Rate - 1b/hr

Fuel Heating Value - BTU/1b

Fuel Sulfur Content - %

Fuel Ash Content - %

Fuel Moisture Content %

Steam loads checked over ttme od tes?
II/‘7/

Part. 155 3x00° Ib/hy = 18S.8 210° Bu/hr
NOo,  1S4.2x00 1b/hy = 184.5 x10° Blu/hr

Andersen /SO;4></03 lb/hy = 1800 x/0@ Biulhr

II/ET

[t

Part, 1479 x10% W /he 177.0 %10 Biu/b,
177 6 x10® Biulhe

NO» 148.4 %102 |b/hr
Andersen 150.¢ xto? |blhe = 180.2 x10% Biu /hr

/e
Dndecsen  1yo.¢ xi03 ol = 1083 /0% Bia/hr

So, €50, 1421 X[ > \b/he = 170.1 x/0® Btu/hy

200 psi H= 2589.3 Btu/#

50;/(;‘ Feedwal‘:r ; ZQO"F )
H= /276.S Btu/n

Steam : GO0 PSiﬂ ) Sa')er‘\ea'h’d ) S?ooF
Heat Ou’fput = 1276.S-2592 =/0172.2 Btu //6 S feam
Qu?‘,ou‘ -+ 2390 = 10172 + 0,85

Hea'{ Inf:uf
= 1196, 7 BAu /b 5Team
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ORSAT FIELD DATA

Location A mocoe  — B/" # G Corments:

vare Uld = ule

Time
Operator ﬁ(ﬂ?ﬂl

Test (CO?) ) (o)

Reading 1 Reaaing 2 Reading 3

1’y

s /1C, 6 3.7 0.0
1030 /Oo‘/ 5, g o a
/oo /0.0 b. 2 o, 0
s

1352 /. © %4 0.0
[‘/30 ,047 Cos 0'0
0g0 23 | &o eXe,
117/¢s

9/2 ]LD i'?jo

-317-




585 ‘8¢ =
Qm@ xo»LL ,}:3 m.t\:on_ |Ie

QO STH

= 3y°

>o4ddv  wo wﬂc..ﬁdm& 0407

Y1va@ Q7314 31vINJ1Ldvd

X7 00g | SHT %) 27T 2 ti'o €261 1€ FIE]
S~ oSE | Lhe deN 2°/ 2’1 b1 g02¢1 82, Li-1
0% cmz | Ih% 79 | Sez| ST 317 3/'0 ¢'8/b] 52 1=
>34 SIS | IAC o% | T |82 ST | 17 LY QTer | e SI-

[ 294 aSe | FAE 09| obe| s/ 7| 5177 8/°0 ST bl Fi-T
% Ny 13 CY 3821 <7 @7 9970 NI (A
oS~ 3o¢ | SAE o | 5&Z| o7 o7 VN 2 5057 1B 311

4 WAY v okz| 97 Q7 97’0 L 0% I J11
LY A OpzZ | aSEl o8 | 3V o2 | so 7| o] | 397’0 K74 lo: o1
S5 ¢t | SAL AN|[Sle| o'l T Kz 20LT | Ho? o1
Shh oce | S¢¢ 98 10L2| ol o'l V1K Vo005 T THL FR]
Xy ShZ2| SE 09 |S9¢| 97| o’i 9170 € '8LEI| 35 [T
oSh A NG 09 |SS2| 01| 0] N0 b 'SE3T | 357 7-1
obhh SHe | Ote| XL &S5|o82| o1 o I Chb8l | TS kg

R $h2 [ 32 I5Sh2| 60 Lo Ko ZTCaT | Lhe =
ok ose | 21¢ Sss|o€e| Sl SU6 | 2179 9 0b8l | 94 T
Z ooz | OIC| 0S| ts|oz2|elg| 0C0 ) 1170 ¢ B38| ¢h: T-1
0oz | D0 -oSr|01C Aol obT 2502850 | o0 | stk 9881| ok 0l -1

213N atu BeNnl1o 9dlLSo
i .mit ug 1 1 .mmmqmw (3INQj 38 LU { 1BNJDY [pBULSA( . "
‘dwa] | “ssaud| dus] | duws) wnnoep “dudl 44 om: ut ow: uL ERELET ¥2019 julod

30e38 3oe3s | 9qoUg X0g dung 49butdut HVY 9214140 10314 seg Auq
HY "BAY—™—4v -6Ay NQ X 103084 9
FF 0T 43bua aqoud AP 5207 OHV 433N
m\m *ur ‘+eirq dirl aqoud ‘quiod 3593 yoes vy ¢ ﬂsvaU J4o3edadp
o/ % 94n3SLOY paunssy 40 14B1S BY} 1e pJOIaJd pue peay lﬂm.\ \v\= 938
3952 BY, SSaJdd ‘'Jeg Y 7 3 uoL3ed07
=) do dway guarquy |SANYTE TV NI TIId-INVLYOAWI A¥3A ] *ON uny

ooxw d\ jueld

-318-



-

-319-

— IVMI;\_\Is A T ‘“ .
Lode pe ‘ / e
/s R S ‘A ",
’ s r- 5 50 o+ SINIWHOD
HS
K 22T A /S 7
‘ ; St ECe/ | S L A 17
St | ese | AN AR EAN X 50 9295/ L4
Jeg | ssel | 97 S| T2 O 0 ¢/ 0 FRVEYY 24 L
I L 0 AL W 5 BN L YA I VAT R
Sec | efe 7 1oyl Stof St /7 ;osEES °f ! -
U sTe U A U T | iS {Ghe| Lo 3o w0 [T L¢ 5
c¢ | ece |TT 9 L Tege| Lo | O w9 VRV AN < -
SECT T /e 09 Tl oec | €77 537 o ANy /¢ ¢ -
| ceg |t 7Sl ) Fe 1 ST g OV arepbi ) I /-c
SRS — . W
L e 07 Lhs/| L5 o PR
) S| e Ls ) olzl s, 71 2777 g —c Sre s hs BY,
— GTn) gey 55| olel se/y Scof °r g Toesbl | /s Lo
N JSTU e A Fl =y S CELT A =
e | P 5 LS el fe/ | ses e Q < Aepr S < -
P LV r3cl Oy & ] 2 e/ |k sl
cEEl g 925 | escly Sr/p sSs/ A g T4 | LC “/-
iy \(Ma e \W.N 27} _Shr \4\7\ T e PR e s -
oy ..\n. (SRS L | \ﬂQ -/ \\m‘.vﬂ e R\ <1~ \“ .“\\rm\‘w / \m.\m o=
Cr e CoE ¢/ e or’ \ab..@ \%\\TQ \m\\Q 27 og | S/ -
co/ | e | 0 L 97 | SL ] Sl S el il AL 5
L aBnen 291 IN0[ 28 LUT | [2n0Y {padLsag
by rug o do FBy ug > dv 19
*SS2Udl cuo) | dwal anroen .amah 40 0%y ut 0% Ul ARELEIN 32019 JULO0d
7503S ) 8Go4yd | x0g o] AODULGWT | HY 33tftap 18114 seg £ug
! A




PARTICULATE CLEANUP SHEET

/ e
Date: /// 4/ 75
L4,

Plant: Arioco

. L . oL )
Run Number: / Location Of Sample Port: / {, Ll =TecK
Operator: Barometric Pressure: A7 (i
Sample Box No. Anmbient Temperature Ls~
Impinger H20 Silica Gel
~

- ;/
Volume After Sampling 372 ml
Impinger Prefilled With A7 ml

Volume Collected / 75// ml

Weight After 5 s

-

Weight Before <o

g

Moisture Weight «/5” g Moisture Total %O g

Dry Probe and Cyclone Catch:

Container No.

Extra No.

Weight Results

Probe, Cyclone, Flask
And Front Of Filter
Acetone Wash:

Container No.

Extra No.}

Weight Results /03 77g

Filter Papers and Dry Filter Particulate

Filter No. Container No. Filter No. Container No.

/3

/ /¢

Filter Particulate

Total Particulate

Weight 0. £ 775g

% Moisture By Volume
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PARTICULATE CLEANUP SHEET

/
. e
Date: ///; /73
/7 7

Run Number: A

Operator:

Sample Box No.

Plant:

Location Of Sample Port: ¥éf£ Bip.

Barometric Pressure:

Ambient Temperature

Impinger H20

Volume After Sampling 27 *ml
Impinger Prefilled With £ <9 ml

Volume Collected /72 ml

Silica Gel
5174 g

506 ¢

Weight After

Weight Before

Moisture Weight /7.7 8 Moisture Total 2’”'7/;;

Dry Probe and Cyclone Catch:

Container No.

Extra No. Weight Results

Probe, Cyclone, Flask
And Front Of Filter
Acetone Wash:

Container No.

Extra No. Weight Results.. 6377

Filter Papers and Dry Filter Particulate

Filter No. Container No.

Filter No.

Container No.

Filter Particulate

Weight 4. 2 709 g

Total Particulate

Weight £ 2 " g

% Moisture By Volume
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OXIDES OF NITROGEN FIELD DATA

a
Date L 7L7s

) =
/ ’//l' .
Plant _Amoucs Fowee FiaeT

Sampie Collected By /\//f’ln

Field Data

Clock Time RS A VA WP Ve W ks
Flask number /7 V2 2 o 5 A 7
Volume of flask (ml )* V20u9] 2036} 2039 | 203C 2025 | Zasa | 2usa
Pressure before sampling in. Hg. 25 V252525 220 05
Pressure after sampling, in. Hg. 29.590 — - - - - -
Flask temperature, °F 1740 B - - - B

* Flask + valve - 25 ml. for absorbing solution
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OXIDES OF NITROGEN FIELD DATA

/
Date 11/s /7¢ _
Plant Ammo - Bl #e
[
Semple Collected By Klein

Field Data

Clock Time

0930) )oo0| 103011200 ) /900} /905

Filask number

/1123l v|s e

Volume of flask (m])*

2047| 2038] 2039| 2028| 2025 | 2452

Pressure before sampling in. Hg.

215 ZOS 20: 2‘$ 2-5 C?'J’&

Pressure after sampling, in. Hg.

29757 26,057 29,751 29, 75} 29, 15 2 4. 281

Flask temperature, Of

90 |90 {99 {90} 90 | 70

* Flask + valve - 25 ml. for absorbing solution
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GAS SAMPLING FIELD DATA

/
Material Sampled For ~ 0Oy § o0z

Date // /C /75/
7

Plant _Amoco Location _"‘“: L BOFLC’IE\)‘

Bar. Pressure <9%.5 9  "Hg  Comments :

Ambient Temp i O

Run No /

Power Stat Setting

Filter Used: Yes No

Operator GQI_SCOM, Klein

Clock Meter Pitot Orifice Temperatures OF

Time (Ft.%) in. H20 in H20 Stack [Probe | Coil | Impinger

AP aH In | Out

LR R12g5. 3951 4./ | 0./ 435 |Fre | 122 M| T
6IHT 20273 L o/ ‘ 6./ 435 305" | 142501 T4

)0/ 50 \R12Y-7 0./ 9./ Y357 27571144 | /6o yid
088 (2030 | | gy |0/ 435 1330 s i ,Zf%
J 08 {213y L0/ | od  (#0 \325 116 e | 75
Ty 222,413 |

Comments: (- //(?ﬂ-)c-f >
.29/- L/ miw.
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GAS SAMPLING FIELD DATA

-327-

Material Sampled For /O, § N O}

Date // z/é /75/

Plant A oco Location ¢ Boiler

Bar. Pressure ~¢, 59 ""Hg Comments :

Ambient Temp 75" Of

Run No A

Power Stat Setting

Filter Used: Yes No

Operator <§1'€'SCO~‘-";L K'Vear

Clock Meter — [pitot Orifice Temperatures OF ]

Time (Ft.%) in. H20 in H0 Stack [Probe | Coil | Impinger

AP AH 1 In | Out

| /) do N AsIxo3 |0/ |2/ 428 1295 |fsa-li7s| 757
NiHo |21 L5 Loy Lo | H#9 |320 |/s7 lise| Zo
Ly arate oy 0/ |44 Sl ysE | Vo
No56 41373 |0/ T{ 0/ |40 350 457 1ol T
) 55 |anzg 1o/ g4y | (3057 Jo
Aed \ri39.950 L

R BE—

i |

— Comments: /. %3 7 4:-}-3
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Test: AMDC,D ~ BJ}T. lo .
Oven Tewmp, ™ 38D

Flate Tare (g)

1 G853

2 O g E
3 S0
4 0.150&

5 o 1585C
6 0. 148¢
7 0.1536
8 0.1500

Beck Up O.2146
Filter

|
Test: Amoca ~ BH".

Oy !{ w
Plate Tare (g

1 Cleod
2 o470
3 01462
4 Guoys e
80, 14YY
3 0.1489
70146
8 Ol

Back Up -?or:so”t -((Her

Filter

Particle Size Determination

Final(g)

Date: “/17,/75

Filter Total % of Cum % ECD

Net Total (Microns)
ALY 0.0 o0 0.0 1YY gaboeve
MR .0 v.e oo 912
O.jsl& 4,0 3.57 3.5 G2
0553 4, Y09 TN 432
WRTAL] G .Y Gle 13492 2.6Y
0. 1586 9.9 8714 226 1.36¥
O, 1641 1.7 10,94 3340 U.€9
CNIAN LS 13,47 4,87 O.56
0.2139 599 5343 jooo <056

Total 112,) /00,0
bate: || /6’ /7.5'
lina '(;)372"7 o Filter Total % of Cum & ECD
Net Total (Microns)
01609 0.6 0.85Y ) 9.4 fabove
O 4 &) [, 0,99 7.0
0. 150k o, 4 3.97 e
O 156! G. 3 567 9.2¢
0. 1502 .8 S, 24 2,8%
OilGl9 1 3.0 1,75 /.36
Cils93 12,9 1,65 C.23
MtE93 J G, 7 /85,09 085
assume = 49,9 45.C¥% <58
avg, 4iret f thivd _rung
Total 1107 ] 00,00
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Particle Size Determination

test: Amoco =DBlr. G , pate: 1116175
Plate Tagvge)n Efz@f R mg)\ Filter Total % of
Net Total
1 glsal 0.183% l.7 2,78
5 O 412 SNEAY ] 4.6 7.44
3 O,1429 01443 R 4 2.27
4 0. 14852 01478 7 H.21
s O 1461 0.1488 2.7 4,37
6 00426 O.1477 <o £,28
7 01431 ©.1992 Gl 9. 81
8 0,146l o. 1850 g9 ] 4.40
pack Ppale] 0.240¢ 28.7 4 by
Total Gl & /00, 00
Test: Date:
Plate Tare (g) Final (g) Net (mg) Filter Total $ of
Net Total
1
2
3
4
5
6
7
8
Back Up
Filter
Total
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ECD
(Microns)

14,23 tabove
.97

598

.25
212
1,35
0,83
0.85

<0,8S

ECD
(Microns)



SUPPLEMENTARY PROCZSS DATA FOR POWER PLANTS

Date

Net Unit Load - MW

Average Steam Load - 103 1b/hr

Boiler Heat Input

Fuel Burning Rate - 1b/hr

Fuei Heating Value - BTU/1b

Fuel Sulfur Content - %

Fuel Ash Content - %

Fuel Moisture Content % é

Opena'r‘,'nq Data or Cat Cracker

Fres A Tolal ﬁ57§535 SLURRYY (C:‘.{;:/ﬁi;
Date Feeel (‘3“‘/(45) Feed ({38 /0{45) (Bgn/mg (BBLRZ(:;) (be,f f/iw‘n)
11112 3998 3881 489 8§35 20.G
Wk 14769 3549 yes 26 19,8

HCO = r‘/é‘av5 Cad (sele OV
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ORSAT FIELD DATA

Location AMOCD ‘C‘.j Crac/écr

Corments:

Date ////Z ¥ ////7
Time

Operator

Test (co.) 0.) (co)

Read%ng 1 Reaging 2 Reading 3

1712

(0D /6.4 2,0 O0.0
11717

130 /6.8 2,2 .0
/520 /17,2 /4 d,0
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PARTICULATE CLEANUP SHEET

Date: // /7-2 /7
A

Run Number: # /

Plant: Amoacq

Location Of Sample Portzczéﬂg(kx: /Zzl/wi

Operator: Barometric Pressure: E{ﬁ a3
Sample Box No. Ambient Temperature Sg°F
Impinger H20 Silica Gel

Volume After Sampling 5 2/ ml Weight After N g

Impinger Prefilled With 272 ml

Volume Collected (39/ ml

Weight Before 440 g

Moisture Weight .2/.0g Moisture Total =%.-g

Dry Probe and Cyclone Catch: Container No.
Extra No. Weight Results
Probe, Cyclone, Flask
And Front Of Filter
Acetone Wash: Container No.
Extra No. Weight Results &.072%g

Filter Papers and Dry Filter Particulate

Filter No. Container No. Filter No.

/

Container No.

Filter Particulate
Weight 0-¢% - 0 ¢

Total Particulate
Weight £.- 0657 g

% Moisture By Volume
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PARTICULATE CLEANUP SHEET

Date: ////7/7;—’ Plant: Arwco
Run Number: o2 Location Of Sample Port:(7@f¢%@<‘4[£@¢/1f
Operator: Barometric Pressure: cjﬁ»CQZ
o
Sample Box No. Ambient Temperature LS F
Impinger H20 Silica Gel
Volume After Sampling _$of ml Weight After 5035 g

Impinger Prefilled With Az ml Weight Before 4 o g

Volume Collected 307/ ml Moisture Weight A3‘5/é Moisture Total 3/ 5 g

Dry Probe and Cyclone Catch: Container No.

Extra No. Weight Results 0.05 /¢

Probe, Cyclone, Flask
And Front Of Filter
Acetone Wash: Container No.

Extra No. Weight Results

Filter Papers and Dry Filter Particulate

Filter No. Container No. Filter No. Container No.
v

-

/5 Filter Particulate
Weight 0 -425= g

Total Particulate

Weight .../ #7

% Moisture By Volume
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OXIDES OF NITROGEN FIELD DATA

Date ////2 ¢ ////7

Plant AmDCO - (a/ (r‘ac/ép,—

Saiple Collected By '(/“”1

Field Data

////2

117

Clock Time

] 26

101S 11118 12351308 [/S500] /53¢ |1$¢
Fiask number / 2 3 < 5 A 7 g
*
Volume of flask (ml) 2047) 20J8| 2037|2028 |2 0285|2052 2052|2056
Pressure before sampling in. Hg. 2.8 —
Pressure after sampling, in. Hg. .92 12992 296} 29561} 29.61127.6/129.61 |29, 6!
Flask temperature, °F 70 170 {90 | o0 g0 20 | v¢ 90

* Flask + valve - 25 ml. for absorbing solution
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GAS SAMPLING FIELD DATA

. ! <
Material Sampled For 502 L OLS)

Date // ’//:7/75’/

2
—

Plant Amoco Location CCAC(:K; QF.C/P/ TRIAR

Bar. Pressure .29 &/ ""Hg Comments : fééc/ Fi1P168 nar oaf Goear s
Ambient Temp 70 Op

Run No /

Power Stat Setting

Filter Used: Yes No

Operator Gez‘gaom' K‘leu/

Clock Meter Pitot Orifice Temperatures OF
Time (Ft.%) in. H20 in Hz0 Stack |[Probe | Coil | Impinger
AP AH In | OQut
2:'25 4220050 | 05 | 0/ |55 1220|267 050 72
220  [R222.3 2. 1 o/ s¥S |20 /70 /73] &7

A&éf ;,‘(2’73_(0 2.5 o./ S75 1350 1 /20 Vo /»6'»::
2. &-Zf'j,;,j_w.,mb',ﬁ/ o/ 590 (295 (/70 \ 5 4 i’
f Ay

2756 | 2427 3 07 6/ 59 3/{ /,,7 s90 | L6

.7 e
258" 12254 sva

o e e e -

. » | P
Comments: / L/é +.f
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GAS SAMPLING FIELD DATA

/.
Material Sampled For S50, ¢ S0

2
7 =
Date ////7/7.;’
/ 7
Plant Ariyc 0 Location Cj‘ng o Riecii i TH ,(
Bar. Pressure ""Hg Comments : f)gl_f(/r’""/. 1w Ot Anvovs
Ambient Temp 70 OF
Run No A
Power Stat Setting
Filter Used: Yes No
Operator (e s can Y.
I Clock Meter Pitot Orifice |  Temperatures OF
Time (Ft.%) in. H20 | in H20 | Stack |Probe | Coil | Impinger
| AP AH In Qut
T r o “*
L2y 2228 570 | p kL b/ 5G0 (2501770 V| 7-
(: o ' -~ ~ j - -
R L T P S/ 1 o/ 5957135 1173 [/sa| &
: 5 ' o i: -~ - e |
L s R i o-&£ | &/ LTD Jos $51 w0 l
C i ST 1
: P o
Y a0 aui 3 0 g0 | g L Geo (B {/ep (M) LS
,. ‘ :
33 |22:fe 54 |
j
|
S —t
!
| L

Comments: /.%. .57;' jf-tf"z
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