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ABSTRACT 

Emissions data from stationary point sources in the St. Louis 
Interstate Air Quality Control Region (AQCR) have been gathered durin9 
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 :i.s 
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 tram 
cornbusion sources tend to indicat~ that the existing factors are too 
hl_9h by variable but substantial amounts. 
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1. 0 SUr~MARY 

Emissions data from stationary point sources in the St. Louis Inter­
state AQCH have been gathered during the calendar year of 1975. Data for 

"criteria" pollutants - S02' NOX' Particulates, CO and Hydrocarbons - 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 of S02' 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. ResuOits obtained so far indicate good agreement for 502 values. The 
data obtained for NO X and particulates originating from combustion sources 
tend to indicate that the existing factors are too high by variable but sub­
stantial anDunts. 
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2.0 INTRODUCTION 

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.T016FR). 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. 
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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 S02 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 Julialn 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 (0:1), Washington's Birthday (0:49), Independence Day (0:185), and 
Labor Day (0:245). 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 non~al 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 possibl(~ to obtain emissions for criteria pollutants emanatin9 from 
stationary sources for anyone-hour period in the St. Louis AQCR for the 
calendar yE~ar of 1975. The information for hydrocarbon emissiom. will be 
refined and supplemented under a separate task order next year. 

A typical printout, showing hourly data for Particulates, S02' NOX' 
Hydrocarbons (He) 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 calculated 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 38i pounds of 
sulfur dioxide is produced. where i 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 lbs of 502 per hour. Since in this particular case the sulfur is 
contained in the fuel and is converted virtually completely to S02' the 
numbers resulting from the use of the emission factor are quite accurate and 
reliable. 

If, on the other hand, we wi sh to detenni ne the amount of oX'ides of 
nitrogen produced by the same operation, a somewhat different situation 
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 NOX per ton of 
coal. This is because the factors affecting NOx production include flame 
and furnace temperature, residence time of the combustion gases, t'ate of 
cooling, amount of excess air, as well as the amount of nitrogenoLis 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. Jl.ctual 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 
oil 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 pollution. 

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

sampled: 

Illinois 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, Illinois 

Boiler No.3, operated on coal 

Stag Brewery, Belleville, Illinois 

Boiler No.1, operated on coal 

General Motors Power Plant, St. Louis 

Boiler No.2, operated on coal 

Amoco Refinery, Hartford, Illinois 

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 - Sample and Velocity Traverses 
2 - Determination of Stack Gas Velocity 
3 - Gas Analysis for CO2, Excess Air and Dry Molecular Weight 
4 - Determination of Moisture in Stack Gases 
5 - Determination of Particulate Emissions 
6 - Determination of S02 Emissions 
7 - Determination of Nitrogen Oxide Emissions 
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The only deviation from these methods was the use of a higher probe and 

oven temperature in Method 5. A temperature of 3250 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 "doub1e entry" stacks (two boilers feeding one 

stack) are frequently used. 

TABLE 1 

COMPARISON OF MEASURED* and CALCULATED** FLOWS 

Location Flow, SCFH 
Measured 

Wood River ifl 10,086,750 
Wood River :,¥4 17,981 ,280 
Highland PO\~er 1,386,070 

Stag Brewery 1,394,990 

Monsanto 1,687,655 

General Motors 1,598,005 

Amoco 2,543.040 

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

Calculated 

8,237,263 

13,089,200 
910,920 

782,900 

1,563,000 

1 ,434,847 

-

% 6. 

+22.5 

+37.4 
+52.2 

+7B.2 

+ 8.0 

~ 
(1) Burton, C.S .• ~ntitation 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. 
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One way of ascertaining the correctness of the da.ta is by comparing 
the mass flow of 502 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 

where 

Wso = Wc x 38 x 5 
2 

Wso - weight of 502 produced, lbs/hr 
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 

where 

Cso -
2 

Concentration of S02 in stack gas. lbs./SCF 

QS - Stack gas flow rate, SCF/hr 

~10-

(1) 

(2) 



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

Boil er #4 Oxygen Required For 
Com~osition of Coal Lb-mols/100 1 bs Coal Combustion, mols 

C 61.43% 

H2 4.38 

S 3.21 

°2 9.67 

N2 1.11 

H2O (moisture)11.82 

Ash 8.55 

Chlorides 0.02 
100.19 

Assumed reactions: 

(1) C + 02 + CO2 

5.12 
(2.19) 

0.10 
0.30 

0.04 

(0.66) 

(1) 

(2) 

(3 ) 

(4) 

(2) 

Average Excess Air: 40% 
Total 
Corresponding Nitrogen 

(2) Excluded from calculation for ~ flue gas 
(3) S + O2 + 502 

(4) Oxidation reaction uncertain 

Dry flue gases per 100 lbs coal, lb-mols: 

CO2 

502 

°2 

N2 

Ai r Nitrogen 

Total 
@ 43 tons coal/hour 

5.12 

0.10 

2.40 

0.04 

31. 77 

39.43 

lb-mol x 386 = SCF 

= 15,220 SCF/100# 
= 13.089,200 SCF# 

5.12 

(1. 09) 

0.10 
-.30 

6.01 mol s oxyqen 
2.40 
8.41 

31.77 

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. 
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Location 

TABLE 2 

COMPARISON OF S02 EMISSIONS BASED ON 

CALCULATED AND MEASURED FLOWRATES 

WSO - Weight of 
2 

S02 Produced, Based on 

Emission Factor Calc. Gas Flow Measured Gas 
Wood River #1 (oil) 153 1 bs/hr 178 lbs/hr 217 1 bs/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 

Flow 

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 900 on axis did not give a zero reading on the manometer. 

Using the most reliable available results, experimental emission factors 
were calculated for S02' 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. Calculations are shown in Appendix T. 
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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. 

2. 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 5°2 for coal burning installations comes out to 38.755 
compared with 38~ suggested in AP-42. 

3. 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 similarly 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. 
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5.0 CONCLUSIONS 

The RJIPS 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 limited in 
scope, indicates that good accuracy can be expected from the S02 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. 
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APPENDIX I 
EMISSION FACTOR CALCULATIONS 
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EMISSION FACTOR CALCULATIONS 

WOOD RIVER #1 - GAS FIRED 

Burn Rate: 580 x 103 SCF/hr Sulfur: 

NOX expected .580 x 600 = 348 lbs/hr 
found: 7.4 x 106 lbs/SCF (average) 

Ash: 

7.4 x 106 x 8,237,280 = 60.9 lbs. 

Experimental EMFAC: 600 x 60.9 = 105 
348 

CO expected: .580 x 17 = 9.9 lbs/hr 
found: 2.5 ppm 

Flow Rate: 8,237,280 SCFH 

2.5 x 106 x 8,237,280 x 28.3 x 28 x 2.205 x 10 3 = 1.6 lb/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: 

~ 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 

NOX expected: 3.66 x 105 = 384.3 lbs/hr 
found: 7.1 x 106 x 8,237,263 = 58.5 lbs/hr 

Experimental EMFAC: 105 x 58.5 = 16.0 
384.3 

-17-
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EMISSION FACTOR CALCULATIONS 

CO expected: 3.66 x 3 = 11.0 lbs/hr 
found: 2.5 x 10-6 x 8,237,263 x 28.3 x 28 = .635 = 1.6 lbs/hr 

22.4 454 

Experimental EMFAC: 3 x 1.6 = .44 
D.O 

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

Experimental EMFAC: 8 x 3.7 = 1 0 
29.3 . 

He expected: 3.66 x 2 = 7.3 lbs/hr 

found: 1.7 ppm 
1.7 x 10-6 x 8,237,263 x 28.3 x 16 = .635 1bs/hr 

22.4 454 

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 

502 expected: 5245 1bs/hr 
found: 5104 1bs/hr 

Experimental EMFAC: 38 x 5104 = 36.97 
5245 

NOX expected: 18 x 43 = 774 lbs/hr 
- 6 

found: 4.46 x 10 lb/SCF 

4.46 x 106 x 13,089,200 = 58.37 lbs/hr 

Experimental EMFAC: 18 x 58.4 = 1.36 
774 

-18-



EMISSION FACTOR CALCULATIONS 

Particulates: expected: 43 x 17 x 10.95 = 8004 lbs/hr 
Less: Precipitator at 99.5% off = 7964 

40 lbs/hr 
found: 23.45 lbs/hr 

Experimental EMFAC: 17 x 23.5 = 9.96 
40 

HC expected: 43 x .3 = 12.9 lbs/hr 
found: 1.3 ppm 

1.3 x 106 x 13,089,200 x 28.3 x 16 = .76 lbs/hr 
22.4 454 

Experimental EMFAC: .3 x .76 = 0.018 
"'i2":9 

HIGHLAND POv,IER COMPANY 

Burn Rate: 6702 lbs/hr 3.25% Sulfur 10.98% Ash 

S02: expected: 414 lbs/hr 
found: 433 lbs/hr 

Experimental EMFAC: 38 x 433 = 39.7 
414 

NOX: expected: 6702 x 15 = 50.26 lbs/hr 
2000 

found: 1.5 x 105 x 910,920 = 13.66 lbs/hr 

Experimental EMFAC: 15x13.7=4.1 
50.3 

Flow Rate: 910,920 

Particulates: expected 6702 x 5 x 1.95 = 183.5 lbs/hr 
2000 5 

found: 1.76 x 10 x 910,920 = 16 lbs/hr 

Experimental EMFAC: 

-19-
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EMISSION FACTOR CALCULATIONS 

STAG BREWERY 

Burn Rate: 3604 1bs/hour 

~02 expected: 74.9 
founded: 79.0 

Sulfur: 3.25% 

81.4 lbs/hr 
91.1 lbs/hr 

Ash 10.98% Flow Rate: 782900 
SCFM 

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

expected: 3604 x 15 = 27.0 lbs/hr 
2000 

found: 1.65 x 105 1bs/SCF 
1.65 x 105 x 782,900 = 12.9 l~s/hr 

Experimental EMFAC: 15 x 12.9 = 7.16 
---v-

Particulates expected: 3604 x 5 x 10.98 = 98.9 1bs/hr 
2000 

Hydrocarbons: 

found: 37 lbs/hr 

Experimental EMFAC: 5 x 37 = 1.87 
98.9 

expected: 3604 x 1 = 1.8 lbs/hr 
2000 

found: 7 ppm 
782.900 x 7 x 106 x 28.3 x 16 = .24 lbs/hr 

22.4 454 

Experimental EMFAC: 1 x .24 = .14 
1.8 

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

Experimental EMFAC: 2 x .54 = .30 
3.6 
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EMISSION FACTOR CALCULATIONS 

GENERAL MOTORS 

S02 expected: 479 lbs/hr 
found: 472 lbs/hr 

Experimental EMFAC: 38 x 472 = 37.4 
479 

NOX E!xpected: 7491 x 15 = 56.2 lbs/hr 
2000 

found: 2.81 x 105 x 1,434,847 = 40.3 lbs/hr 

Experimental EMFAC: 15 x 40.3 = 10.8 
56.2 

Particulates expected: 7491 x 13 x 10.9 = 531 1bs/hr 
2000 

less: Precipitation at 98% 520 
11 ,lbs/hr 

found: 1.396 x 105 x 1,434,847 = 20.0 1bs/hr 

Experimental EMFAC: 13 x 20 = 23.6 
IT 

CO expected: 7491 x 2 = 7.5 1bs/hr 
2000 

found: 1,434,847 x 25 x 106 x 28.3 x 28 = 2.8 lbs/hr 

Experimental EMFAC: 

HC expected: 7491 x 
2000 

22.4 454 

2 x 2.8 = .74 
7.5 

= 3.8 1bs/hr 

found: 1,434,847 x 1.8 x 106 x 28.3 x 16 = .11 lbs/hr 
22.4 454 

Experimental EMFAC: x . 11 =. 03 
3"]3 
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EMISSION FACTOR CALCULATIONS 

AMOCO - BOILER #6 

Burn Rate: 64,063 SCF/W Refinery Gas 308 ga1/hr Fuel Oil Sulfur 3.5%t 
Flow Rate: 21,453,040 1.4% 

* S02 expected: 64.063 x 3.5 x 1.069 = 239.7 *Spec. Emission Factor 
.308 x 1.4 x 160 = 68.9 

-308.6 
found: 1.26 x 104 x 2,543,040 = 320.2 lbs/hr 

AMOCO - CATALYTIC CRACKER RECOVERY 

Feed Rate: 34,485 bb1/day fresh feed Flow Rate: 5,160,271 

S02 expected: 34.485 x 493 x 1 = 708 1bs/hr 
24 

found: 5,160,271 x 6.853 x105 = 353.6 1bs/hr 

Experimental EMFAC: 493 x 354 = 246.3 
708 

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

found: 4.26 x 105 x 5.160,271 = 219.8 lbs/hr 

Experimental EMFAC: 71 x 220 = 153 
102 

Particulates expected: 34,485 x 242 x 1 = 347.7 1bs/hr 
24 

less precipitator at 94% 

found: 29.5 1bs/hr 

327.9 
-,-g:s 

Experimental EMFAC: 242 x 29.5 = 360 
19.8 
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He expected: 34.485 x 220 x 1 = 316.1 1bs/hr 
24 

found: 5,160,271 x 3 x 28.3 x 16 

Experimental EMFAC: 

22.4 454 = .69 lbs/hr 

220 x .69 = .48 
316.1 
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APPENDIX II 

SOURCE TEST REPORTS 
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SOURCE TEST REPORT 

ILLINOIS POWER COMPANY 

WOOD RIVER PLANT 

AL TON, ILLINOIS 

BOILERS NO. 1 AND 4 

JUNE, 1975 

Tested by: Rockwell International 
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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 boilers No.1 
and 4 at the Wood River Plant of the Illinois Power Company. 

The stack testing included the following pollutants: 5°2, particulates, 

NO X' H2S04, and hydrocarbons. Orsat analysis for CO 2, CO, and 02 were also 
performed. Detailed results are included in this report. Although these tests 

were not conducted to ascertain compliance with Illinois standards, it is of 

interest that the emissions were well within limits, with the exception of 502 

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 Illinois 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 Illinois Power Co.-Wood River Plant 
in Alton, Illinois. Testing was performed on boiler ~o. 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. 

-30-



3.0 PROCESS DESCRIPTION 

Boiler No.1 was built by Combustion Engineering and installed 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 lbs per 
hour steam at 1325 psi and lOlOoF. Boiler No.1 is a forced draft unit and 

it has no stack emission controls. This boiler is illustrated in Figure 1. 

Boilers 1, ;: 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 built by Combustion Engineering and installed in 
1954. It is a pulverized, coal-fired steam generating unit. The unit is 
rated at 713,510 lbs per hour at 1500 psi and l0050 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 a 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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FIGURE 1 - BOILER NO. 1 
C-E STEAM GENERATING UNIT 

MAX. CONT. CAP.-450,000 LB PER HR AT 1325 PSI AND 1010 f TOTAL TEMP. 

WOOD RIVER POWER STATION 

Illinois Power Company, Wood River, III. 

DESIGNED AND BUILT BY COMBUSTION ENGINEiRING - SUPERHEATER, INC. 



FIGURE 2 - BOILER NO. 4 
C.E REHEAT STEAM GENERATOR 

C"~ACITY -7Il,jI0 L8 PIA ... "T 1300 '5' ".,0 IOOj , TOT AL TIM •. IlHUT TO 100H 

WOOD RIVER POWER STATION 

IIIiooi5 Power Company, Wood River, 'III, 

D •• ;,,"_<I and Su;!' by COMBUSTION ENGINfERING, 5UPfIlHfATElI. INC, 

-33-



4.0 SOURCE TEST DESCRIPTION 

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

N 

Boi leI" 

hi.) 4 
I \J -. I 

1\10 . .3 

BOIIE'I" 
No. '2.. 

5c); ie Y' 

1\10. i 

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 placl~, approximately 17 1/2 inches apart vertically and· si)( points 
were sampll~d at each port. This sampling point is only 1-2 duct diameters 
from the nearest induced draft fan outlet and is therefore not a1 ideal 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 revisE!d for this point to 71 1" x 10 18 5/8". 

FigurE!s 4 and 5 illustrate the sampl ing location and arrangement for 
this test. 

FIGURE 4 
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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 gO de~J!'ees 

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 (lnd fui' 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 inl~t to the stack. A full tt'dVerse of t.he 

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 
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5.0 PROCESS OPERATION 

Boiler No.1 was tested 17 June to 20 June. On 17 and 18 June. 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 lbs 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 ~o. 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 period. 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 Deterrriination, 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 lb/hr. With the flow rate using method 2 the emissions would 
be 6689 to 7318 lb/hr, which is definitely too great. With the stoichiome­
tric flow rate the emissions would be 4877 to 5335 lb/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. 

-38-



7.0 SAMPLING AND ANALYTICAL PROCEDURES 

All testing was performed with sampling equipment from Joy Manufactur-
ing, designE~d 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 a~ount of gas. 

The stack gas concentrations of carbon dioxide, oxygen, carbon monoxide, 
and nitrogen by difference were measured with a standard Orsat apparatus. These 
concentrattons and the moisture content were used to determine mol,:cular 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 300-3500 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 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-liter 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-l-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 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 
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 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 solut~on 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. 

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

Goks¢yr, H. and K. Ross, liThe 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 Illinois standards. A comparison is shown in 

Table 3. 
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Date 

Stack Flow Rate - SCFf.'J * dry 

% Water Vapor - % Vol. 

% C02 - Vol % dry 

% 0 -
2 

Vol % dry 

% Excess air @ sampling point 

S02 Emissions - lbs/106 Btu 

NOx Emissions - lbs/106 Btu 

H2S04 Mist - lbs/l06 Btu 

Particulates 
Probe, Cyclone, & Filter Catch 

lbs./hr. 

lbs/106 Btu 

Total Catch 

lbs./hr. 

lbs/lOb Btu 

\% Isokinetic Sampling 

*700 F, 29.9211 Hg 
Calculated flow, dry 

I 

I 

TABLE 1 
Boiler No. 1 

SUMt1ARY OF RESULTS 

6/18 6/19 
I---

137,288 

10.1 

10.3 

8.9 

70.7 

0.08 0.12 

3.7 

0.007 

79.8 
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0.35 
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0.01 



TABLE 2 
Boiler No.4 

SU~1r!JARY OF RESULTS 

! I [)a te 

II Stack Flow Rate - sen·, * dry 

i' ~s Hater Vapor - % Vol. 

j; C02 - Vol % dry 

c' 0 /0 2- Vol % dry 

% Excess air @ sampling point 

S02 Emissions - lbs/106 Btu 

NO x Emissions - lbs/106 Btu 

H2S04 Mist - "lbs/l06 Btu 

Particulates 
Probe, Cyclone, & Filter 

lbs./hr. 

lbs/106 Btu 

Total Catch 

1 bs ./hr. 

lbs/106 Btu 

% Isokinetic Sampling 

*700 F, 29.92" Hg 
Calculated Flow, dry 

Catch 

(:./,)C 

218497 

8.25 

16.4 

6.4 

45.3 

0.65 

29.8 

0.03 

96.8 
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c.J,)c. c:. 1')7 
'/ 

218.497 218,497 

8.16 

14.7 15.3 

5.6 5.5 

35.9 35.3 

5.77 5.27 

0.62 

0.05 0.05 

17. 1 

0.02 

-1 
I 

93.4 J 



TABLE 3 

COMPARISON OF RESULTS 

Pollutant Fuel Standard Found Comment 
lbs/106 Btu Ibs/10 6Btu 

S02 Gas ----- -------- Boiler 1 

Oil (Dist) 0.3 0.35 Boiler 1 

Coal 1.8 5.52 Boiler 4 

NOx Gas 0.3 0.08 Boiler 1 

Oil(Dist) 0.3 0.11 Boiler 1 
I 
: Coal 0.9 0.64 Boiler 4 
I 

Particulates Gas 0.1 Boiler 1 

Oil 0.1 0.007 Boiler 1 

Coal D.l D.D2 Boiler 4 
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Minor Constituents are summarized in Table 4. 

co 
Hydrocarbon 

TABLE 4 

MINOR CONSTITUENTS 

Boiler No.1 

0.01 lbs/106 Btu 

2.5 ppm (Avg) 

1.7 ppm (Avg) 

Boil er No. 4 

0.05 lbs/106 Btu 

1.3 (Jlvg) 

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: R L.J...Vl 

---.- -- --_._------ "-_._--_ .. -
1'3 ~; i~-:-~~-~-1- ---- ----;~ t~ ; ~-7~ 7 ---

Plate Tare (g) Final (g) Net (mg) ?ilter Total % of Cum ~ ECD 

1 

2 

3 

4 2.2:.5153 ~~.5J S;S 

5 II. 732S 1/.7112. 

6 J/. if ~q 3 J I. )} 9/5 

7 II. /1/01 II. 7118 

8 ;( ~ I. 4 0 g 7 2. ). ~ i 00 

Back Up 
Filter 

Test: R(..(.~1 2 

Total 

3·~ 

;)" 7 

~.:{ 

01 
J.3 

Net Total (r-1icrons) 

11"3 
--- ---

~. :z 
I D.D 

11.2 

'j. 4 
~.C 

~,S 

2.7 
3,~ 

J../2.2 

100.1) 

q3.~ 

g3.8 

72.,~ 

~3 . .z 
55,;2 

~~. 7 

1(';'.D 

I./~. 2 

&. '15 

l.oS 

0, ro1 

0/13 

)~.Ct. /JI.3 
--- -~--- ----

Date: ~/2 7 

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

1 ;,).0, I 'f ~U. ~O , I q SS 

2 ~1. 3713 .11. 37~~ 

3 ~ I. r. gfl'f ~ I. ~q;(O 

4 ~1..37;(S 

5 I) ,~1~~ 

6 II. (,S'O'1 

7 II. ~2b8 

8 * ~O. ~ ).,/~ 

'),'),.37'~ 

j I.IOO~ 

I \. ~8~(p 

1\.~2?;( 

~O,~;(I ~ 

3.~ 

1.S 

3.~ 

1.3 

~.7 

J,,7 

~ • .c.t 

Net Total (Microns) 

7.7 /00,0 

10." 'I:t,,3 

If) .1 

8.7 

G,,3 

~ .... ~ 

/. ~ 

7j, '­

~~,i 

S~;.i.1 

1../ ;l •• S Q.'/J 

I 
Back Up 
F'il ter 

17,~ ~/.3 <0.)./3 

I 25.0 17, ~ Jf 2..(, 
------~~~----- ---

-50-



~o' I 

25 

20 

IS 

10 

5 

FIGURE 11 
PARTICLE SIZE DISTRIBUTION 

WOOD RIVER 
BOILER #4 

110 ~ 2 7 ~ S 1./ 3 2 I 0 

ECD, microns 

-51-



APPENDIX A 
PARTICULATE CALCULATIONS 
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PARTICULATE CALCULATIONS 

Vmstd _(ym \( pm:\6std) ~ ( Vm \(P8 flH) 
-\{:Fm) pstd)\Tiil - 0.0334 1.021) + T3.6 

Vmstd = Volume of dry gas sampled at standard conditions, ft3 

Vm :: Meter vDlume sampled, ft 3 

1.021 = Meter correction factor 

Pm = Meter pressure, barometric pressure, P
S

' plus orifice 
pressure, 6H, in. Hg. 

Pstd Standard pressure, 29.92 in. Hg. 

Tstd Standard temperature, 5300 R or 700 F 

Tm = Meter temperature, 5300 R for compensated meter 

CFm = Meter correction factor 

Volume of wat~r vapor at standard conditions 

1 b. = 0.0474 x Vlc 
454 gm. VW" Yl c ( M*) (Rp;~~d) 

Vw = Volume of water vapor at standard conditions, ft3 

Vlc = Volume of liquid collected in impingers and silica gel, ml. 

oH20 :: Densit~v of water, 19/ml. 

M H20 = Molecular weight of water, 18 lb/lb mol 

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

% Moisture in Stack Gas 
Vw std 

% M = 1 00 x .,-;----.,.,--­
Vmstd + VWstd 
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Average molecular weight of dry stack gas 

Molecular weight of stack gas 

MW = (100 - % M 
w 100 

Stack velocity at stack conditions 

V = 85.48 x C (TS x ~p avg. ) 1/2 
s p Ps x MWW 

Vs = stack velocity, fps. 

85.48 " pitot constant, ~~~. ( 1 b. I~~~~ _ oR ) 1/2 

C = pitot coefficient, dimensionless p 

Ts = average stack temperature, oR 

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

~p Avg = average differential pressure, in. H20 

Stack gas volume at standard conditions 

Qs " 3600( 1- roo) Vs A( Tt~d p~tJ) 
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 

I ~ ~LJ_ ._0_O_26_7_) __ V_l_C __ + __ ~_~_c_-...l(_P_B _+_1 ~_~_6--<~=.~_T_s 
o V P A s S 1'1 

I = per cent isokinetic sampling 

1.667 = minutes per second, X 100 

1 b. 
454 gm. 

o = sampling time, min. 

A = cross sectional area of sampling nozzle, ft2 n 

Particulate emission 

Cs = 2.205 X 10-6 ( Mn) 
Vmstd 

Cs = particulate emission, lb/scf 
-6 2.205 X 10 = pounds per mg. 

Mn = total mass of particulate collected, mg. 

r- eS X Os = lb/hr vE 

CE particulate emission per hour 

CH = C ! H E • 

CH = particulate emission, 1 b. per million BTU 

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

% EA = 100 X % 02 

% EA = excess air at sample point, % 

0.266 = ratio of oxygen to nitrogen in air by volume 
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PARTICULA'.i'£: SAt--1PLI~G CALCUU\TIONS 

.!test.: I P - WOOD P, v ('2 • :t / e II" Date: 

l'-latcrial co}lccted (mg) 

Gas Vol,;.rnc 

F:.l ter Catch 
Dry Catch 
Acetone \'lash 

TOTAL 

Vm 

std 
0.0334 

/ .1/. Z 

IS. "7 

( 
Vm 'VPB + 

l.02lA 
A H \ 

~6) 

Volume of water vapor 0.0474 x VIc 

% Moisture 

0.0474 (181.Irnl)= ~,S&'1 SCF 

96 M = 100 x Vwstd 
Vmstd + Vwstd 

100 X (8'I1)~)= 10,1 % 
(7~.0S' I· 8.$6"/) 

Molecular Weight of dry stack gas 

HW MW = 
D 

% C02 x 0.44 + %02 x 0.32 + 

SCF 

%N2 x 0.28 

(/0,,3 x 0.44) + (8,"1 x 0.32) + (~O·g x 0.28)= 30_~ 

I-101ecuLe: HeiCJht of stack gas 

t'l\'i\1 = 100 - r611 X M\~D + %M x 18 
100 100 

: 100 - 10,1 
" 100 
L. 
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PARTICULATE SAr~PLING CALCULATIONS 

Date: (P /11 
Stack Vel oci ty Vs = 85.48 x Cp [T5 X P aV9J 1/2 

Ps x Mww 

85.48 x (0. ~G,) [ 743 x 0,7 i 7 J 1/2 = 
'J.q,q x Z~/7~ _571ft fps 

Stack Gas Volume Qs = 3600(1- %M ) (VS)(A)(Tstd) (EL) 
100 Ts \Pstd 

3600 [,- (jo.1 }](S7.8'1) 
100 

(75.59 ) 530 13.'t ~ ) 
(713) 29.92 

= Jaot~J 75.3SCFH 
i , 

Stack Emission Rate Cs = 2.205 x 10-6( Mn ) 
VMstd 
.7 

2.205 x 10-6 (15. 7 ~ = J.j,sS X/O 1 b/scf 
(7~,OS'l 

_~8.:...... q.:.--=, (p~x:..../~_-_J __ lb/l06 Btu 

Isokinetic Variations 1=1.667 
[
(0.00267) Vlc + Vm ( + 6H ),1 

Tm PB T'3.6 ~TS 

1.667 [(0.00267) ( I Ill. / 

e Vs Ps An 
+ 7', 117 ()..1,814 + a, 71fr~ () 'i~ ) = 11. cJ % 

530 13.6 jJ 
(l2~ ) (57,t'! ) 

Excess Air at Sample Point 
% EA = 100 x % 02 

(0.266 x % N2) - % 02 

100 ( 8. 7 ~ 
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PARTICULATE SAMPLI:;:; CALCULATIONS 

TE!st: IP LJ~"D 
:'laterial collected (alg) 

Gas Voh:.:ne 

Filter Ca tch 
Dry Catch 
Acetone Wash 

TOTAL ::: 

Vm 
std 

0.0334 

I( IV t I~ 

~5, I 

'7/. ~ 

I oCt; , 1 

~'-I 

A H \ 

13.6) 

Date: Co h .. s 

0.0334(1 O(P'(.-!JS)(l'l. (",3 + 
1. 021 \' 

,,'lIP \= 103.73 i SCF 

13 .6) 

Volume of water vapor Vw 0.0""74 x VIc 

0.0474 (1'1&.1ml)::: 9.3:;.3 SCF 

% Moisture %M ::: 100 x Vwstd 
Vms td + V'.'s td 

100 x ( Cj,!;33 ) 
(/03:'.5«) + ( 9.3j;· = 

Molecular Weight of dry stack gas 

MW MW::: % C02 x 0.44 + %02 x 0.32 + %N2 x 0.28 
D 

( 1(0,1 x 0.44) + (~.<{ x 0.32 ) + 77.~ x 0.28)= 36.!~ 

Molecular ~"eight of stack gas 

MWw ::: IDO - %M x MWD + %:.! x 18 
100 100 

[100 - 8.~S x jO.~'1]+[ r~~5 x l~::: J..'1,fjJ.j 
100 
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Stack Vel aei ty 

PARTICULATE SAt~PLING CALCULATIONS 

Vs = 85.48 x Cp [TS x P avgJ 1/2 
Ps x Mww 

Date: Co/2~ 

85.48 x ( o/;:&;) [7SLt;>t1 x C.()S8 
2q.f.D~ x 2q/~.3 J 

1/2 = 
I (P.3 7 fps 

Stack Gas Volume Qs = 3600(1- %M ) (vs)(A)/Tstd) (..JL) 
100 \:Ts \Pstd 

3600 [1- (£. 25) ] (IlD.31 ) (Lfeo,cl) 530 ill, (p (,. ) = 18
1
0'111'-<..3(/ SCFH 

100 ('J.S~,f,) 29.92 

stack Emission Rate Cs = 2.205 x 10-6( Mn ) 
\: VMstd 

. '" ~2...:.... • .::0..2 ..L..7_X...c...I'-=o=--__ 1 b/ sef = 2.205 x 10-6 

(/8,04 '1/ 2.3 ~ = _~..;...;....I '...;:CJ-,-/~ ___ l b/ hr 

Isokinetie Variations 1=1.667 [(0.00267) V1 + Vm I +.1H )11 
e 1m \ps 13.6 ~TS 

1. 667 [ (0.00267) (f'! r". ~ 
e Vs Ps An 

+ JO'l.O/4Z(Z.CJ.G,3 + ,.&/Gt, ~ (7oSG. . .,) = ~b,8f% 
530 13.6 lJ 

('loCo) (llP.J7) 

Excess Air at Sample Point 
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PARTICULATE SN·lPLLJG CAI..CULATIONS 

Date: 

Material collected (mg) 

Gas Volth'T18 

Volume of 

% Moisture 

Molecular 

Fil ter Catch 37.). 
Dry Ca':ch 
Acetone Wash ll.$ 

TOrAL 

Vm 
std 

lJ-8,7 

0.J334(IOl.OSS-Y2'1,{':/.. + /.13 )= 1Cj,:(l11 
1.021'\ 13.6 

water vapor Vw 0.0474 x VIc 

0.0474 ( 1~~,lml )= 2', ~}).I SCF 

%M ::, 100 x Vwstd 
Vmstd + Vwstd 

100 x ( 8,&;"1 ) 
~. /0 (~q,2.ql ) + ( 8',il/ = 

We:_ght of dry stack gas 

SCF 

% 

MW MW= 
D 

% C02 x 0.44 + %02 x 0.32 + %N2 x 0.28 

(/'/.7 x 0.44) + (5,&" x 0.32) + (7Q,7 x 0.28)=30,S&' 

Bolecular Weight of stack gas 

HW"r == 100 - %r.l x MWD + %M x 18 
100 100 

[lOC~'-~ x 30,$8'1 +[ g.)~ x 181= __ )..-:.7....:...',=S-=S~ ___ _ 
100 J 100 J 
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Stack Vel od ty 

PARTICULATE SAr~PLING CALCULATIONS 

Vs = 85.48 x Cp [TS x P aV9J 1/2 
Ps x Mww 

85.48 x (0,8(" ) [7&.3,(; x 0,057 J 
2.q,~5 x ,,'t,SS 

1/2 = 

Stack Gas Volume Qs = 3600(1- %t·, ) (VS)(A)(Tstd) (~) 
100 Ts Pstd 

3600 [1- ($l,J~)](I(P . .3~) (~~D,'n 530 L~~S) 
100 (")G.~. (p) 29.92 

Stack Emission Rate Cs = 2.205 x 10-6( Mn ) 
VMstd 

2.205 x 10-6 = -.:...:..1 '.;::..3_0 ..!-'i _x_, o_-_G:> __ 1 b / s c f 

__ O~I 0=-2==-.£-=---___ 1 b/l 06 Btu 

== 17. 9/3, J 17 SCFH , 

1b/hr 

Isokinetic Variations I = 1.66/ [< 0.00267) V, + Vm ( + ~H )1 
C Trii PB T3.6 Jrs 

1. 667 [ <0.00267) (J 8&., J ) 

e Vs Ps An 

+ 'l9,fS'(2'1,G.2.+ I'''~ ~ O"J,~) = '1J,J.j.% 
530 13.6 jJ 

Excess Air at Sample Point 
% EA = 100 x % 02 

(0.266 x % N2) - % 02 

100 ( So ~ ) 
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Oil Composition 

~; 

C 
H2 
N2 
()2 
fIsh 
E: tu 

0.29% 
86.4 
12.7 
0.2 
0.2 
trace 
140,000 Btu/gal 

Excess air = 70.7% 

N.z ::, 3.76 x 02 

STar CH IOMETRI C 
FLOWRATE CALCULATIONS 

Boiler #1 

mo 1 sl 100# 

.,. 32 
12 

.,. 2 = 6.35 
28 = 0.007 

.,. 32 

x 1 
x 1 
x 0.5 

x -1 

Theoretical 02 

excess O2 02 Total 

mo1s O
2 

required 

0.009 
= 

= 

7.200 
3.175 

-0.006 

10.378 

7.33l 
17.71~i 

66.60B 

Mo1s Flue Gas = C02 + 502 + N2 + 02 + N2 
7.200 + 0.009 + 0.007 + 7.337 + 66.608 = 81.161 

ft3 
F"lue Gas = 58.54 x 386.7 -1 = 31385 scf/100# 

mo 
@61gpm = 61 x 7.171 ! 1 x 1 x 22637.4 = 137,288 SCFM 

ga 100# 
= 8,237,263 SCFH 
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ComQosition of Coal 

C 61.43% 

H2 4.38 

S 3.21 

°2 9.67 

N2 1.11 

H2O (moisture) 11.82 

Ash 8.55 

Chlorides 0.02 

100.19 

STOICHIOMETRIC 
FLOWRATE CALCULATIONS 

Boiler #4 

Lb-mols/100 lbs Coal 

5.12 

(2.19) 

0.10 

0.30 

0.04 

(0.66) 

(1) 

(2) 

(3) 

(4) 

(2) 

Oxygen Required for 
Combustion, mols 

5.12 

(1. 09) 

0.10 

-.30 

6.01 Moles oxygen 

Average Excess Air: 40% 2.40 

Assumed reactions: Total 8.41 

Corresponding Nitrogen 31.77 

(2) Excluded from calculation for ~ flue gas 

(3) S + 02 ~ S02 

(4) Oxidation reaction uncertain 

Dry flue gases per 100 lbs coal, lb-mols: 

CO2 5.12 

S02 0.10 

O2 2.40 

N2 0.04 

Ai r (Nitrogen) 31.77 

Total 39.43 

@ 43 tons coal/hour 

lb-mol X 386 • SCF 

= 15,220 SCF/100# 

; 13,089,200 SCF# 
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Run No. 

Time 

flg N02 

NO EMISSION DATA x 

t 2 

- -
bl.u-.k 252 

T.- Initial Flask Temp, 
1 

of .;,,.. ,..,; 'f,~' i..,-' 

Tr Final Flas.k Temp, of 

V -fc Flask Volume, ml. 

P.- Initial 
1 

Fl ask Pres, "Hg 

Pr Final Flask Pres, 

'Ib/scf N0
2 

1 b/l 06Stu N02 

Vsc· ~7.71 ::. H9) 

V = V - 25 -Fe f 

C = 6.2 x 10- 5 lb/scf 

jJg/ml 

"Hg 

></0"'" 

(Vfc) 

(~g NOZ \ 

\: Vse -; 

qo go 
2 i) ~7 '2 03~ 

3.0 

21,7 -

- 6,'1 

- ().12 

1 b/scf N02 
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"::l 4./ / -; ..3 ..:./ -l (. 

- .. /lJo ,I 2(';0 I '/wCJ /--/3J 

27~ cBS ISS /8 Z 1"1 " ISS 

10 '10 90 "16 'to 'I C; 

'10 90 9D ,/0 '/0 it" i,./ 

2031 z.oz2' 7..047 c~ 03(? 2aJ'I (~2 .~ 

-- __ •• 0 .... _ f--"'--- r- 0
_-'- t----.~- -

... --.-. ~ .. '--"'- -- 1---' . . ...... .. - ~. -'- . 

'1.8 /0,1 S,S (~ ,,3 5,0 L,' .. -" .:::, 

~,III 0,1'1 tJ. cZ {),O1 O,:.'~7 (",:' ;~ 

sef 



NOx EMISSION DATA 

Run No. I 2 

Time 12 DC I Z.3(J 
~g NOZ 'G 20 2.12 
Ti - Initial Flask Temp, of Cjo 

Tr Final Flask Temp, of qo ' ~.' .. 

Vfc - Flask Volume, ml. '(.047 {,oj2 
P;- Initial Flask Pres, "Hg 3/0 

P f- Final Fl ask Pres, II Hg 2'1, '? ...... _ .. 

lb/scf NO
Z )(/O-~ 7.7 7.S 

lb/106Btu N02 0/12 0,/2 

Vsc~ (17.71 ~R ) 
In. Hg 

(Vfe) 

C = 6.2 x 10-5 lb/scf 

~g/ml 

(~g NOZ \ = 1 b/ sef N02 

\: Vsc ) 
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3 1 s ~ 7 ~. 

/300 J330 1'100 ISCO 1.530 IfelOO 

I qea 2.24 2.2.7 214 2.Z.3 22{) 

.. -~ ...... ~- _I •• "' ••• , '- -

2.039 lOla 2o:s 2.DS2 ",OSl L.oS" 

~"--' 
... "' .......... ~ ... r-~' _.- fo--- 10-

-----.--. 

~;1 8;0 ~, I 7; S 7, tS 7,7 

0,' I ~, 13 01/3 0;/2. {) ,/3 (':.1 2 



Hun No. 

Time 

I1g N02 

T.-
1 

Initial Flask Temp, of 

Tf - Final Flask Temp, of 

Vfc - Flask Volume, ml. 

jJ.-
1 

Initial Flask Pres, "Hg 

Pr Final Flask Pres, "Hg 

il b/scf N02 X/O -, 

lb/106Stu N02 

Vsc= (17.71 ~R ) 
In. Hg 

(Vfc) 

NO EMISSION DATA x 

I 2 

/335 /35"D 

/73 J 73 

10 
90 

2047 Zo3g' 

3.0 

2 tj, 8 

(P. I ~,2 

0,10 D,/O 

C = 6.2 x 10-5 lb/scf 

~g/ml (

fl9 N02 \ 

Vsc -; 

1 b/scf N02 
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3 i 
1330 135,-5 

/" , 173 
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Date 

Run No. 

Vmc-Meter Volume, Ft3 

Vmstd+eter Volume, Std. Condo 

Ps-Barometric Pressure, "Hg 

~H-Avg. Orifice Pres. Drop, "H2O 

Vt-Vol. of Titrant, ml. 

Vtb-Vol. of Titrant for Blank, ml. 

Vsoln- Vo1 • of Solution, ml. 

Va-Vol. of Aliquot, 

lb/scf H2SO4 

lb/10o Btu H2SO4 

1 b-scf S02 

lb/l06 Btu S02 

Vmstd = 0.0334 (Vm) 
CFm 

Titrated, ml. 

X/O-7 

x/a 
-5 

(PB + ~) 
13.6 

CFm = Meter correction fa~tor 

Vmstd 

&'/zo 

t 
1.50 

7,.3 3 Co 

ZCf.81 

0,( 

O,Ij 

" ,'{ 

100 
! 

/0 

S.g" 

0,0 ( 

~/2.() 

Z 

l~o 79 

~.91( .. 

21.81 

0, I 

0,1 
" ('/ 
100 

10 

~.2S 

0.0 I 

~/2tJ 

I ~ Z. 

1~·512 

1'-/, ~'I~ 

13.5 

11 /1 

Sao 

SO 

2.. / 5 

O,3S' 

N = 0.01 Normal 
- Barium 

Perchlorate 

CS02 =(7.05 x 10-
5 

1b-l) (Vt - Vtb) (N) (~) 
g-ml - Va = lb/scf 

Vmstd 
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Hydrocarbon kcsults 

'r ~ s t: 1 P -!A.Jo 0 J. ~: I vcr ~ Date: (pIJ ~ Time: J 12..0 

Carbon ['Ion oxide: I. J.. 'j ppm 

He thil:l.': I, ~ ( ppm 

Tota.L r:ydrocarbons, as CH4: J, j 7 ppm 

TQst: Woa.{ r~~ d'r· ~I Date: ~ jIg Time: 11./ ~O 

Carbon Monoxide: ~,33 ppm 

Hethane: o,g~ ppm 

Total Hydrocarbons, as CH4 : , , 90 ppm 

Test: We 0'-( k\·.,.rev- ~I Date: &'/''1 Time: /;;"OQ 

Carbon Monoxide: Q,:J.7)' ppm 

Hethane: O,~6'1 ppm 

Total Hydrocarbons, as CH4: /,537 ppm 

'I'c"t: '...)ocd I'<,vf r- ~I Date: ~ I, 'i Time: 

Carbon Honoxide: 0,373 ppm 

Methane: O.~3'1 ppm 

Total Hydrocarbons, as CH4: .'),!I~ ppm 
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NOx EMISSION DATA 

Run No. / 2 
Time 1220 13/0 
~g N02 ) 2 ~o JSOO 

T.- Initial 
1 

Flask Temp, of 10 
Tr Final Flask Temp, of 90 
Vfc - Flask Volume, ml. 204J Z03B 
Pi - Initial Flask Pres, IIHg 3,0 -
Pr Final Flask Pres. IIHg 2q.~ -. 

lb/scf N02 X/O-IS 4,s S,J 

lb/106Stu N02 0,'1 0,75 

(Vfc) 

C = 6.2 x 10-5 lb/scf 

].lg/ml 

(].lg N02 \ = 1 b/scf N02 
\ Vsc ) 

-70-

Date_...;:~;....A;.....2_S __ _ 

3 tf 5 Co q 10 

1'120 1'12t /~/O I &,'1CJ 17(0 1715 

111.0 JJ V> Jl80 Illo JZ. Z. D I'IZ 0 

.. 

2,0.39 20lg 202J 205? 20 :;( 205(, 

r-' -'- ---------- t----- f------- f---- --'. 

r- --- ._- ~- ".- '-' -,---- ~-
~ _ ...... ~..--.....-.~- ~ ',~ . 

'-I. ( ,/, 7 4,l.. ~,3 :..;' • .2 S,O 

O,5g o,t;] 0,60 0,'1 O.~' 0,7/ 



Run No. 

Time 

wg N02 

T .-
1 

Initial Flask Temp, of 

T -f Final Flask Temp, OF 

V -fc Flask Volume, ml. 

P.- Initial Flask Pres, "Hg 
1 

Pr Final Flask Pres, IIHg 

NO EMISSION DATA x 

I ., 
"-

/2DO Iljo 

12.150 /370 

~O -

.:to -

'(0'17 20J8 

3,{) .-

2.q, ~ 
1 b/scf N02 X/o-s -I.e! '-/,€ 
1 b/l 06Btu N02 

C = 6.2 x 10-5 1b/scf 

~g/m1 

(Vfc) 

0, ~ 2- 0, (4,.~ 

1 b/scf N02 
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Oa te_(e:.::...;...I..:..c..::::IC;...... __ _ 

3 ¥ S Co <:, Ie 

/J3D /3JS J,(IS /'I~S 1515 /S"?D 

If No 1<'10 lisa I eSC 1.3.:0 1'/.0;..'( 

--_. - . . ... -~ .. '. .. ~ .. -.. 

-- .--"~ -

,oJ9 2028 202S 2oS2 20$( ({)S~ 

. .. - .--~ -.~-- --- f-- ...... ". 1----. __ 1---

... 

..3. -~ i/,J 4.1 '-I. 'I Lj,t, 5,; 

0,17 O,~I o,~~ 0, G; l. O,~£ f __ , 7;~ 



H2S04 }.lIST and S02 BnSSIO~ DATA 

Date 

Run No. 

Vmc-Meter Volume, Ft3 

Vmstd-~eter Volume, Std. Condo 

PB-Barometric Pressure, HHg 

tlH-Avg. Orifice Pres. Drop, IIH20 

Vt-Vol . of Titrant, ml. 

Vtb-Vo1. of Titrant for Blank, ml. 

Vsoln-Vol . of Solution, ml. 

Va-Vol. of Aliquot, Titrated, ml. 

1 b/scf H2SO4 

1 b/l au Btu H2SO4 

1 b-scf 502 

1 b/l 06 Btu 502 

Vmstd = 0.0334 (Vm) 
CFm 

X/D-' 

></0 -1/ 

( PS + ML-) 
13.6 

CFm = Meter correction factor 

Vmstd 

G?/t.~ ~/2.~ 

I I 

7,('9s 7. (, 9:;· 

7,5J7 7, SJ 7 

'1.c':>2. 

0, ( 

5.'t 11,~ 

"';, iftU 

/00 Z.SD 

ZoS /, 0 

3.4 

O/oS' 

1·01 

S.17 

CS02 =(7.05 x 10-5 lb-l ) (V t - Vtb) (N) (~) 
g:mr - Va = lb/scf 

Vmstd 
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~127 (pIc 7 eel, 7 

I 2. / f. 2 

7, tiS 2 7"Jcf 

7, (, ot. 7.o~o lil,U&>fo 

29.S5 2'1,5$ 

0. I 

5,Q SJo 30. / 

i1 / I " / I /'\; / 

100 /CO 250 

2S 2S I,.C 

3,S 3·1 
f).os o,oS 

3.72 

S, 27 

N = O. 01 No rma 1 
- Barium 

Perchlorate 



HYDROCARBON ANALYSIS 

TEST: IP Wood River #4 

cor~POUND 

Ethane 
Propane 
1 - Butene 
n - Butane 
i so _. Pentane 
cis, 2 - Pentene 
1 - Hexene 
n - Hexane 
3,3 dimethyl, 1 - Pentene 

DATE: 6/26 

2,4 dimethyl Pentane + Benzene 
1 - Heptene 
n - Heptane 
ToluE'ne 
Ethyl Benzene 
meta-, para-, xylene 
orthoxylene 

-73-

TIME: 1400 

CONCENTRATION (ppm) 

0.074 
0.043 
0.015 
0.018 
0.018 
0.016 
0.046 
0.117 
0.029 
0.068 
0.040 
0_016 
0.065 
0.113 
0.394 
0.087 

0.043 
0.052 
0.143 
0.308 
0.185 
0.622 



APPENDIX B 
FIELD DATA 

-74-



SUPPIEHENTARY PROCESS & E~-fISSIO:~ D),T}, FOR PO'.-lER PLA~1T.3 

TI ----~E~<f 
'-----. 

~-/,,~O ~l ~sc n'l!~ber tall'i 
~t Unit Load - MW ~3 

Be )iler Heat Rate - BTU/tGo[ hr. 13} 2'13 I ._- -
6 

5f1,f 151-?,1/ 51.2, -/ >iler Heat Input - 10 BTU/hr. 57:2.3 
6 

lis sian Level - Ib ./10 BTU 
--

Be 

En 

Particulates 

S02 
I - .. 

NO x i 

~el Heating ValsAe - BTU/lb. 10,)0 10.3 C> 

I !3-fu. / C P' 81-u.1 c; /~S;D 

el Burning Rate DurIng Test - lb./hr. S7S S" 8"0 
iJoJCF/A.,. ~i/J..r (gJ GPM , 

I 
: 

Fu el Ash Content - % I 
-' 

Ad ditive Rate - Ib/hr. 
---...J 

*' Ass LAmed 
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ORSAT FIELD DATA 

Location IlL. PoWCIt- DolLEI? ~ C02ments: 

Date __ _ 

Time _____ ~ ___ _ 

Operator ______ ~ __ 

Test (CO ) (0 ) (CO) 
Readtng 1 Reaaing 2 Reading 3 

~ -17 /.8 ~ 9._:( oj; o.o~ 
~-/8 7) ~ 8,t/~ 0.0 r;£ 

I 
--,-' 

I 
t 

~ /8 /1 w /7 = . 0 7:{ (¥¥) f-, (') 8,/'(~ V t- · 8t./Y- (:(8) 
~.:{ :{.7 :(t3.C :: .:(~ ~ r/w(dry) 

e /C,,5 ~ #:( CJ 

rlw w~t ,/tS (/8) . 8.3.5 (c7-?)f/~) f, $:30(o8&(.3~-I-.8JS(8¥tJ_/8 
:{.C5 

-76-
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ORSAT FIELD DATA 

LocationILL.foWER Co. 8L TodILt.. Corcrnents: 

Date /,10. / DOILcH 

Time 

Operator _____ _ 

; Test (CO ) (0 ) (CO) 
Readtng 1 Rea~ing 2 Reading 3 

75 / / -:< () hrs. 8,~ /7. ch. a /7,C 

/ t tJtJ h,r:: .. 1:;.0 ;(0.8/8.8 :(0.8 

7S / / 30h,;-s. 1.5. 0 ~.3. ':< /(;"': J :;.3. :; 

1:JtX) hr$ /1. if *' /~. '1'/ /05. t I~. 'i 

a. \I Q. (, /.1 q /0 c3 .(.), 9 0,0 
.I I 

~ Q'q /71r-'/~d a.. { e c onorn/z,c:,.. --I?~/) t sa.nc:,o/e 
/-,.,/"t!(,n ~t// ,c/ct';'r of 6o/It!1' bo(.(st:. 

/'7w drl:: . /().J(¥~)t-. o81~:;) r, Sc8 (:(8)::; vo. a 
'/, "-03 :(. tJ.5 :; ';/. c =<. 

/"/w w~t:. . g~ ~ (;:Jo) T./OI (/8)= ;(f,. C) 7 'fl 8'2..- :;8. 7'1 

/"1 w dry;: . /5 (~</) f- . 08), (.3:;) f. 7(,8 (:(8):: ~o. 7:; 
~., ~.C ~ ~/. $0 

-77-
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PARTICULATE CLEANUP SHEET 

Date: 

Run Number: 2. 

Operator: 

Sample Box No .. 

Impinger H20 

Volume After Sampling 3(, I ml 

Impinger Prefilled With 200 ml 

Volume Collected _--,-I.3Co~I ___ ml 

Dry Probe and Cyclone Catch: 

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

Pbnt: IP - WooD RIV~:~ 

Location Of Sample Port: "'" I 80 d~ c b(.Ad 

Barometric Pressure: 

aO "F Ambient Temperature ______ /~ __ ~ ______ __ 

Silica Gel 

Weight After .:3 73. 2 
----=-~~~-----

g 

Weight Before .:353, J g 

Moisture Weight 20fl g Moisture Total 121./ g 

Container No. 

Extra No. Weight ResuJ. ts _g --------- -----------

Container No. 

Extra No. ________ Weight Re'sul ts C' C<;/~g 

Filter Papers and Dry Filter Particulate 

Filter No. Container No. 

% Moisture By Volume 

S, SS4 
--.-.--~---'-~ ". 

Filter No. 

.1 C I =) 

-83-

Container No. 

Filter Particulate 
Weight ___ Q~~ / 'I) g 

Total Particulate 

Weight (~.o/.,:t7 g 

c ~, .. 



OXIDES O'F NITROGEN FIELD D,\TA 

Date 

Plant I P -I..JOOD R,v~ R. - BL~ 4"4- I 

Sample Collected By _...:::O~,'--.:K~/.!:..e.!...:;I'1,-,--______ _ 

Run No. __ 

Power Stat Setting ____________ _ 

Field Data ~ 17 I' I~ \.D 

Clock Time .1 'I I k~ b/~'\ -----J--_ L-~-- }l30 !~ I~~_ 11--!~ 
Flask number 

I.~" I -Zi3-Y 
Volume of flask less correction (rr.l) ;~!- ~~ci :l~ ;~~+~OI(7 :J.03'i<203lj!-~_ 
PressuLe befoLe sampling in. Hg. _~.o ,!..O 13.0 _ 2:~~~~ 3. o1~() 
PreSSULe afteL sampling, in. Hg. :;'7.7 :21, 71 ~I 7 t 21- 7 . ),'1.7 l1- 7 ).1- 7 )1,7 

9D -r-;~l i 0 '~iO [t:JO ~IJ 10 '1;-0 Flask temperatuLe, F 

I 

I 
I 

~ 
f! 

J 

-84-



OXIDES OF NITROGEN FIELD D.\TA 

]='lant _1: P --'d-,~QJ:L£}/~--= 6/...R. 11/ 

Sample Collected By 0, )( /el'n 

Run No. ___________ _ 

]>ow,er Stat Setting ____________ _ 

}ield Data 
, I 

JO_k3W 1330 /1'00 

13_'7" ~t-
~-d ~()J ~ :; O)g ;).C;:6; 

Clock Time 

Flask number 

I 
,01 3,D ,3,0 3·0 , -. 

-85-



OXIDES OF NITROGEN FIELD DAl'A 

~/:<a Date ___ --=-~ ____ _ 

Plant I P ~ lJQOD 1\")'1/£ R - BiR II / 

Sa~ple Collected By (), f J~.-"-I'.:..;..rl ____ _ 

Run No. __________ _ 

Pm-ler Stat Setting ____________ _ 

Field Data 

I I I I I I~ 

l}ll~f/-~lZ,1 1130 I )J.5S"j _____ ~-- -- r ____ ! 
Flask number I .2 ..3 f 1 I;! 

Volume of flask less correction (~,l) 1~ 1w.f ,2l'J . ];;r_f_ i-l 
Pressure before sampling in. Hg. 3.0 3.0 I 3.D J7~ ______ _ J 

--- -~ ~J --+ I 
Pressure after samp~ing. in. Hg. ~n'1i~9. Zp.'7.? ~.1.1 ! -.--lL------: 
Flask temperature, F t 'Ii; I 'Iu I '10 110 I I _ J 

Clock Time 

-86-



GAS SAMPLING FIELD DATA 

Material Sampled For Sul.fur / c Mist ¢ S02 

Date c-:( 0- 7.5 

Plant ~VQ 0 d.! B/·ve.r Location #' I 8o//~~ 
Bar. Pressure :2% 8,;/ "Hg Comments: 

00 a 0 Ambient Temp --L...L!-'='--___ F 

Run No ___ 1 ______ _ 
L) / () 

Power Stat Setting /J'cbe-'i 6, 0 15 r 
Filter Used: Yes No .X-SAo'> 17? ~(I;c a.:-

Operator ____________ _ 

Clock Meter Pitot Orifice Temperatures 
Time CFt.3) in. H2O in H2O Stack Probe Coil Impinger 

~P .d H In Out 
l 

/:(:0:< .25.3,7lJ7 0,7 0./ in f/:J() ::J9r; ~ GloOr V5~ i 

/'::r 07 .":($'-/ 00 () ~, 7 1(j.J 31.5
c
f 73°c ~/~5~ 8ill 

/:2.;/~ ~?6c'. :; 7 o 7 0./ 310°1 173°~ 1J:l5~ 85 0;1 
/~:/7 ~<6755 0,7 0./ bos°,c /Jo OF 82,(),c 

/:<:.:{:( :.'}.58,; :l 0, 7 o / l3/6~ 73<:1<:: V~_f: 8.< or! 
i 

/=<:~7 ':'(('0, /0 0,7 I o. / (j in V&~' ~/S~ \/..(5): 
i 

8'(',-.,( r-

\. J 

/-:( " c3~ ;'''l Cs! ;~' (, 0 0,7 n#- f3ISC;C 172°.: lr.:(o ~ c : 85 r; 
! I 

I 
\ 

E 
Comments: 

-87-



GAS SAMPLING FIELD DATA 

Material Sampled For S u. !!un Co M,:;f i oS ()2 

Date (_ ;(0 
IA/ I r -.. 

Plant We C a /11//( i- Location If': /_d",,"",-,;;,-,r~. ____ _ 

Bar. Pressure -29. 8'1 "Hg Comments: 

Ambient Temp 270 OF 

Run No _.:;..:(>.--____ _ 

Power Stat Setting __ 

Filter Used: Yes No ---
Operator ____________ _ 

Clock Meter Pitot Orifice Temperatures 
Time eFt.3) in. H2O in H2O Stack Probe Coil Iml'inger 

~P .1 H In Out 

I; (J 7 :(1; I, ~C () 0,7 0, / 355~ 7'~ ~70 % 95 c;.c 

I: /") :<C"). '1'7.5 a.7 f),1 3tJ5F V70f 90 ~ 

/:;7 :{I;;J. C 8 o. 7 o.l/lm14.D J3S'F 80 'b VSSF 90 or 
"-

;: 2. 2. ~c.t./87.5 ~. 7 0,/ 3:1.5~ 190e It''5~ 90 0FI 

/ : ').7 :«(,,~.o:<. ~. 7 o / .J:J.So,: 78°c ilif- 88°f 

/: 32, =<(.,7,18 CJ.Z 0./ J./j"} 77°' 1a5~ ~o~ 

/:.37 ~~8, 3.3 7 0# 
r 

Comments: 
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SUPPLEHENTARY PIWCESS & EmSSlm~ DATA FOR POIriER PLA~tTS 

Te 

-.-'~---- ----- ----"1 I (,/:2.5 c& 1J.(.p 
I 

st nl!~ber ~/)7 
.-~ -I -~-t----

t Unit Load. - }f." ~/OD /00 ;CoID 
. 

iler Heat Rate - BTU/Kl-l hr. I 
I 

Ne 

Eo 

6 r iler Heat Input - 10 BTU/hr. 9J..S.D q:2.$.O tt~$. 0 Eo 

6 
iss.ion Level -- 1b ./10 BTU Em 

Particulates 

S02 

NO x 

e1 Heating Valve - BTU/lb. 10 1S~ IOJS~ /07$(,;;, ~ i -. 
el Burning Rat:e During Test - lb./hr. ! 8~ooo g~ooo g~DOO I ---

I 

Fu 

Fu 

,~l Ash Content: - % I 
i I Fu 

I 
1 

ditive Rate - Ib/hr. 
--1 

Ad 

-89-



c. :<5- 75 

~- :(Z 7.5 

OR-SAT fIELD DATA 

Location ILL Po wE8 Co. jJLToIr:ILL. » 

Date ____________ _ 

Tine _____________ _ 

Operntor _________ _ 

Test (CO
2

) (O)~ 
Readl.ng 1 Reaaing 2 . 

/.:3L/ol,,·s. IC,. t/ :(~. a/C.¥'II 

Cor::m~nts : 

/'/0. t../ Dol L f.1f 

.TEliI:1 
GItISCof'1 
/(Lelli 
tlol?filS 

(CO) 
Reading 3 

~:(.8 

I ;Zt./S /;rS /,:). :{. 19.0h:B~ 
/S.JS /;rs. IC,~ I ;(I.'/S.!i ';?/. ~ 
/QcJoftrs. 1$ . .] ~".8;s.st=-

-

I 

I 

c. ~(. /'1W f) ::. /'17 (","'J t- . o5( (~iJ -r. 797 (:(8): .30 . .58 
'-. 'f' 7 /. 77 :; ::(, .;,;)" 

/1w we i.::. 91$0/' (.:30.58) +.08/, {;g):.. ::t8.()B 1.¥7 :(7..55 

c. -:<7 /'1 WD = • 105.3 (i/~) 1-. c.55 (t.3:;) t-. 79:;' (~8):: ..30.' 7 
~.7.3 1.7(. :;:<./ 3 
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PARTICULATE CLEM'UP SHEET 

Date: 

Run Number: 

Operator: 

Sample Box No. 

.Impinger H20 

Volume After Sampling 3" 'tf. Sml 

Impinger Prefilled With ],00 rol 

Volume Collected ,&, /5 . S ml 

Dry Probe and Cyclone Catch: 

Probe, Cyclone, Flask 
And Front Of F:ilter 
Acetone Wash: 

Plant: I P \)OOD R "J c R 

.... 'C' I 
Loc at ion 0 f Sampl e Port: _~_L/---,EIO<.-o,_i_! e_1 _oJ_· _1 Cl_C_" 

Barometric Pressure: 

Ambient Temperature 8S ------

Silica Gel 

Weight After S/~.S g 

Weight Before J.! 2~. i g 

Moisture Weight ~ Moisture Total !<it:,. "/ g 

Container No. 

Extra No. _____ Weight Results ______ .g 

Container No. 

Extra No. ______ Weight Results C.C 'I ,~ g 

Filter Papers and Dry Filter Particulate 

Filter No. Container No. Filter No. 

% Moisture By Volume 

-93-

Container No. 

Filter Particulate 
Weight _~~,,j (_'_-:'_'-'_' __ .g 

Total Particulate 

Weight (J." ;; G:; j g 
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PARTICULATE CLEfu~P SHEET 

Date: 

Run Number: 

Operator: 

Sample Box No. 

Impinger H20 

Volume After Sampling 3~gml 

Impinger Prefilled With JC)Q ml 

Volume Collected _-'1....,,5""--'"8'--· __ ml 

Dry Probe and Cyclone Catch: 

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

Plant: 

Location Of Sampl e Port: '*! 1 .Bo Ilr 1<' 5 fA (1< 

Barometric Pressure: 

Ambient Temperature ___ 1~O~ ____________ _ 

Silica Gel 

Weight After --.S.._~,-"g,-,-,-' ____ ---,g 

Weight Before ~~·O g 

Moisture Weight ).81 J g Moisture Total ) K~.I g 

Container No. 

Extra No. _____ Weight Results ______ ,g 

Container No. 

Extra No. Weight Results 0,0215 g -------

Filter Papers and Dry Filter Particulate 

Filter No. Container No. Filter No. 

% Moisture By Volume 

-96-

Container No. 

Filter Particulate 
Weight _J:2103~ g 

Total Particulate 

Weight 0,05 &'7 g 



OXIDES OF NITROGEN FIELD DATA 

Date ___ -.!.col£.....l/J..:::,::zc::.s~· ____________ _ 

I P Wooc RIVER EOf L£ f;' ',.-/ Plant ~-'--~~~~_"'_'_\..!...'!.~_'__ _ ____=::...c._'___'=__'__~~ __ 

Samr,le Collected By O. K I(~/I VI, 

Run No. ___________________ _ 

Powe,r Stat Setting ___________ _ 

F:leld Data 

Cloc .k Time u~ol/J)O 1'1.)0 

Flas k number I :< 3 
Volu ~me of flask less correction (ml) J-,Ot!7 ;)028 ~W~! 

Pres sure before sampling in. Hg. 3,0 - ---. r--

Pres sure after sampling~ in. Hg. 29,ft, --

Flas k temperature, of -70 - .. 

-97-

Ji/.JS /.::, /0 /(~, ;/4.' 

'I 5 ~ 

~/':J8 '-" 
'J n,lS " .... ;<05..1.. 

-' /hc 
., 

'1 

)6$.'-1 

/ ;l~ 

/D 

'J.CS 

j 
I 

-1 
i 

Ii 



OXIDES OF NITROGEN FIELD DATA 

tJ:; /;< &: Date _____ -= __________________________ __ 

Plant-=I~P~·~~~I~o~o~~~R~· ~\V~E~K~, __ ~~ __ B_o_l_k_f_R __ N_o __ .~1_ 

Sample Collected By _--=U::=...:.. -..:....K;..:I~e...:..;-'II\'_ _______ _ 

Run No. ______________________________ _ 

Power Stat Setting ___________________ _ 

Field Data 

Clock Time 1).00 1J.30 1330 IJ3S I11S 1115 l:;;-/ s /5,)(,,' 

Flask number J :2 3 .:.; 5 ~ '1 /0 
Volume of flask less correction (ml) ;<01] dP32 '2039 1018 ;)o~~ ,2.DS..l.. :(cSi ')CS7 

Pressure before sampling in. Hg. 3.0 -- -- . 

Pressure after sampling~ in. Hg. 29, &, --'-' - - - .---

0 Flask temperature~ F '/0 .. --

-98-



GAS SAMPLING FIELD DATA 

Material Sampled For So =< ~ so V 

Date '.::...-..::l:;~(.,L-/ _____ _ 

I ;:;". 
Plant ~Vc art. 171 veL Location #: 7' O/r 
Bar. Pressure :;9. c: :z "Hg Comments: 

Ambient Temp 90 OF 

Run No J/~ ____ _ 
Power Stat Setting __ _ 

Filter Used: Yes ---
Operator 

Clock Meter Pitot Orifice Temperatures 
Time CFt. 3) in. H2 O in H2O Stack Probe Coil Iml'inger 

~p AH In Out 

0 ~., 78. (J.:,I S 0.0.5 0./ 0:;.5 

.5 479. 5 0.05 0./ 3~S '.:;80 '8:3 /7c 80 

/0 ':/8/ &.as o. / S~ .. ~ ~:(g5 18,;(.5 /50 82. 

/,5 ~/8:{ 
".. 

0, / ~~s ~o5 8/ ;.3.5 8J o.e.:; 

_:::(0 '/83. :<. e,.' c. c.;;; 0.1 3- r .<.::: J/g~ 0]9 /,30 83 

;;$ ~~'l.f OJ''';; ()-. I -, ~ C 
...:"', '-' ~()Q 775 /,"J,o 85 I 

00 ~'5s. 7 &.r·o 

\ '" 

Comments: 

-99-



., 
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GAS SAMPLING FIELD DATA 

Material Sampled For "",<,"",,"2.-,-O..L--2~~rf ____ -=S~O,--=0.3 ___ _ 

Date Co::{ 7 
Plant waaL /?/ver Location -'#~.,£.'/ _______ _ 

Bar. Pressure :{g 5 ~ 7 "Hg 
» 

Comments: 

Ambient Temp ..-I8.~'5~ ____ oF 

Run No / /ra. vcrS~ ro /1'1 I- 1ft 5 

Power Stat Setting __ _ 

Filter Used: Yes No ---
Operator ____________ _ 

Clock Meter Pitot Orifice Temperatures 
Time (Ft. 3 ) in. H2 O in H2O Stack Probe Coil Impinger 

aP ~ H In Out 

0 ¥8.,5: 7'/8 ().oSS 0, / t..3:«() :;80 7.3 

L) 7/8',S ().~ 55 (),/ .320 :<9.5 7~ /;~5 70 

/0 4/t58 0,055 0,/ &.J;(() 315(1 78 /c.35 72 

/., ~87.5 ~.a_56· ()./ ~~o 3CK/C ) 78 A30 7~ I -.- ! 

::?o ¥7'IJ 8 ()o55 0,/ c.3)0 ..300 77 /:/5 7~ , 
I 

.75 ~'1:< ~,t)~:5 ()i/ c3::;o c3/0 7C /:/5 7.7 I 
I 

,.30 ¥?.J. ::(00 I 

Comments: , 
/'1c/s-tvrt:.. co/}d'~'!5es by lie. frn?lnJC!r /",-,/e.t' 7Z0 ,,.,· 

..,crom a.m 6/c rt i Coo II n Q 

\ .:: ,-'1 

~!' 

-100-



GAS SM!PLING FIELD DATA 

Material Sampled For 8 C;;: :( S Ci J 

Date (':.-' ~:(..,l7 _____ -

Plant J1'Cc c/ /l'Vt:.I' 

Bar. Pressure .:z 9: 55 "Hg 

Ambient Temp 86" OF 

Power Stat Setting __ _ 

Filter Used: Yes No ---
Operator 

Clock Meter Pitot 
Time (Ft. 3) in, H2 O 

~P 

0 ¥9..3. ::;00 0,0.55 

6 ,t.,/ :7 L/ 'JI' ~ aSS 

/0 <;I7S 7 0.0.5"5 

/.5 

:)0 ¥98.! 005.') 

:;;.:;- ~99. ..3 0.055 

00 .Soc. 50/ 

.--I--

Comments: 

/ 

Location #' 9 
~--~----------

Comments: 

Orifice Temperatures 
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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 boiler No.3 at 
the Highland Power and Light Co. in Highland, Illinois. 

The stack testing included the following pollutants: S02' particulates, 
NOX' and H2S04, Orsat analysis for CO2, CO, and O2 were also performed. De­
tailed results are included in this report. Although these tests were not con­
ducted to ascertain compliance with Illinois standards, it is of interest that 
the particulate emissions are within limits while the S02 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, Illinois. 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 samp'led 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 
9ro.und. The City of Highland provided the use of a "cherry picker" for the 
period of testing. The testing arrangement is illustrated in Figure 1, 2 
and 3. 

FIGUHE 2 

ANALYSIS 
AND PROBE 

ADJUSnlENT 
BY OPERtlTOR 

IN CHERRY 
PICKER BUCKET 
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FIGURE 1 

POSITIONING OF 
UNI-STRUTS TO 
CARRY THE EPA 
EQUIPMENT 



FIGURE 3 

DETAIL SHOWING UNI-STRUTS AT 90 DEGREE PLACEMENT ON STACV. 

OPERATOR ADJUSTS PITOT POSITION. 

The No.3 stack is 5.0 feet inside dia~eter and approximately 90 feet tall. 
This sampling point is approxi~ately 5 diameters from the flue gas inlet. In 
accordance with the EPA Standard ~~ethod 1, fourteen samolino points were chosen 

on each of two perpendicular dianeters. Two, 3 inch couplings were installed 

on the stack for use as sampling ports. 

-112-



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 
expected flow as seen by a comparison of sulfur dioxide emissions using both 
flot'l rates. Using the published emission factor of 385, which allows for a 
95% conversion of sulfur in the coal to sulfur dioxide emission, the emissions 
would be 413.87 lb/hr. With the flow rate using method 2 the emissions would 
be 658.4 lb/hr. which is definitely too great. With the stoichiometric flow 
rate the emissions would be 432.6 lb/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 consu~ption for 15 July was 6702.4 lb/hr. 

During testing for particle size, the first run was with the Andersen im­
pactor in the stack while the o+her 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 

All 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 wiiter, meas­
uring the increase in volume of the impingers liquid and the increase in weight 
of silica ge'] 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 PARTICUL.ATE MATTER 

Standard method 5 was used for determining particulate emissions with the 
exception that the probe and oven were operated at 300-350oF. 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 drynl~ss and weigh­
ing. 
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FIGURE 4 

PARTICULATE SAMPLING TRAIN 
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7.2 NITROGEN OXIDE 

Using method 7, gas samples were withdrawn from the stack into evacuated 
2-1 iter flas<s 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 trialkali salt of 6-nitro-l-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 l400 -194oF, 
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 jarium sul­
fate precipitates during titration. 

Sulfur dioxide in the gas sample is oxidized to sulfur trioxide the im­
pingers conta'ining the hydrogen peroxide. Sulfur dioxide is then df~termined 
by titrating the hydrogen peroxide solution with barium chloride, using a 
thorin indicator. 

*Lisle, E.S. clnd J.D. Sensenbaugh, "The Determination of Sulfur Trioxide 

and Acid Dew Point In Flue Gases", Combustion, Jan. 1965. 

Goks0yr, H. and K. Ross liThe Determination of Sulfur Trioxide in Flue Gases", 

J. lnst. Fuel,. No. 35,177, (1962) 
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REVERSE­
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FIGURE 5 

SULFURIC ACID MIST SAMPLING TRAIN 
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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 isokinetical1y 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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FIGURE 6 

ANDERSEN STACK SAMPLER 
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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 Illinois standards. A comparison is shown in Table 2. 
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TABLE 1 
Boiler 3 - Hi~land Power 

SUMt1ARY OF RESULTS 

Oate 

Stack Flow Rate - SCFt~ * dry 

% Water Vapor - % Vol. 

% C02 - Vol % dry 

% 0 -
2 

Vol % dry 

% Excess air @ sampling point 

502 Emissions - 1bs/l06 Btu 

NOx Emissions - 1bs/l06 Btu 

H2S04 Mist - lbs/106 Btu 

Particulates 
Probe. C~clone, & Filter Catch 

lbs./hr. 

1 bs/l 06 Btu 

Total Catch 

1bs./hr. 

lbs/106 Btu 

% Isokinetic Sampling 

*700 F, 29.92" Hg 
Calculated. dry 

7/15/75 7/16/75 

15182 16962 

8.798 8.55 

14.0 11.8 

4.3 5.2 

24.7 30.8 

5.9 

0.17 0.24 

0.04 

16.08 

0.22 

92.67 
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Pollutant 

S02 

NO x 

Particulates 

TABLE 2 

COMPARISON OF RESULTS 

Standard 
lbs/10 6BTU 

1.8 

no standard for 
sources <. 250xlO bBTU/hr 

0.23 

Found 
Ibs/10 6BTU 

5.9 

0.19 

0.22 

The only minor constituent measured during this test was sulfuric acid 
mist which was determined to be 0.04 lbs/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 microns in 

diameter is probably spurious. Microscopic examination indicates the presence 
of large 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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TABLE 3 
PARTICLE SIZE DETERMINATION 

Test: No. I H(GHl.I\~/'D 'POLvr.I~ Date: Jv. L) I ~ I 1"75 
Plate Tare (g) Final (g) Net (mg) Filter Total % of Cum % ECD 

Net Total (Microns) 

1 20,47// 20 /i7J/~ 3 , J.j !:J-. G" 100.0 13 • i 2. " ABoI;' C" 

2 2 t. '-17:)3 2.1 . ..:I7Ss- 5.2. 6.7 '11.4 [;. q~ 

21,(..02/ '/' .r ~ >t.7 I J.j. S ~S, 7 ~.O2. 
3 ..::. .~I (,),~ 

4 22.sI3~ ;~~.,5178 L/. 2. 'i,e 71 , , It.' '"' ,,. i 

5 11,1377 11.7"112 3.5 S.~ ~4 ': ., . 
04 

I J' ... .;. ,''' 
6 II, ~ 8B~ I/. L/ qC~ /. g ~.o 58.'-/ 1,31.1 

7 \1,7J~1 '/ ":oj I R I I I I 1,1 3 .. ~ 55. tj oJ, ~ J 

8 2 J. ~ 02>-/ 21,'"i1SO ~,~ li,O 52 j 
/-"" -,-. ..:; v·.:J -.J 

Back Up 
'i 11.8 Filter ~/.3 '"1/.3 <"'0,$5 

Total 35,3 2.4.8 ~O,l 10010 

Test: ~O.l Date: J~I~ I~, l't 7 S 
Plate Tare (g) Final (g) Net (mg) Filter Total % of Cum % ECD 

Net Total (Microns) 

1 'F' I q Ii} ,U , I" 2.0 I j '11 f 0.4 1.2 /00,0 /2./t.~ 4 .• \3ov[ 

2 2L 37D~ 2/. 3 7D 7 0.1 0.4 q~.' 7, "/~;, 

2.; . (P~'fD 2.1, ~8~~ 0/-/ I.~ -17,8 1-' ,)-, 

3 
...), - I 

4 ')1) "'11 0 ?.fA. ',./ \ .1 J 'j , ,3 q~.o ") ."" 

.: .. 1"...1 "c' I !~. ,-~" ... ~\'''f ,;. .:J,1S~ 

5 
\ i . "" ~5 II. &//72- ~ 7 {;,I. ~. I 1 "I. 7 ,.3"/ 

6 ! i. (.~O? Ii, ~'~i 13 0," 2. ~ 11. t- /. i 7 

7 II • b~~'/ If. ~':~(J ~ I j 
I· "" 

5',3 i9.o 0,7' 

8 2O,Q2.IO 2.0, (1 2 !.-, if. I I &" I 23.7 (1 l ,) 

'.1 \) 

Back Up 
Filter 14.2 W-.~ ~s" <.,O,'! ~ 

Total "7.'d I ,~ g ii, 22." tw.o 
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Test: N 0,.3 

Plate Tare (g) 

1 

2 

3 

4 

5 

6 

7 

8 

C,\Lj3~ 

G, H4.& 

O,I"iSl 

O,I~7{P 

O I" ~ J , . 'i -I , 

C:; 1'i7D 
Back Up" _ 
FUt,er v, ,-lie 

Test: 

TABLE 4 

PARTICLE SIZE DETERMINATION 

h' ... '.. ,~ .. ,1., t..' C Po I. ... r "~ Da te : I .. 1'1 I v I ! 1 :t:> 
P:~te ~ 

Final (g) Net (mg) PiUe!! Total % of Cum % 

Net Total 
ECD 

(11icrons) 

C,I YL/7.. 

:;, )"'1& 

"i. 8 / C() • J I ~ ,~7 11\', .. v t_ 

Q .142l 

O· 1'1~D 

C I is.2k 

0,2232 

/'" .. ," 
U,~ 

Total 2·5", 2 

O,{{ 

0,'1 

J 10 

DI7 

2,7 

/o,s 

Date: 

I I (., i-f,5 '15.2. (~),07 

1,3 

'J .:f ( .... ), .' 

') ::.1../' ..... ,_1 

/, ~ 5, .; 

21.0 

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

1 

2 

3 

4 

5 

[) 

7 

Back Up 
FL.ter 

Total 

Net 

1.0 

1.0 

Z.3 
, (". 
V> '<l 

I I ) ,-'",-
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100,D 

c 7 I -, I\;:; 
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e~.~ 
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FIGURE 7 
PARTICLE SIZE DISTRIBUTION 
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BOILER 3 
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FIGURE 8 

TOTAL PARTICULATE FILTER 
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SMALL C.ARSO~; _ S 
ANDERSEN IMPACTOR. 

CARBONACEO~S P;C"- ES ,:'. 'iC ~:~J!FES HOI,' rAGE 6 OFi',,',OERSUl 
IMPACTOR. ';~T 'CR.E.-~~E I ,.'.r!~):,'I-.- 'F ~TE FRm i ST~i~r:: :: TO STAGE 6. 



FigurE! 11 is the backup filtet' fOt' the impactor und it shows Ino~.tly sul­

fates with some vet'y fine carbonact'OlIs p,ld.icles. FiCJure 12 ~s llf !Ilateridl 

collected in the cyclone. There are a lar4e variety of particle sizes, al­

though somewhat misleadin9 due to agglolllercltion of particles, and there is 

the presence of fused and partially fused 91assy !I1c1tf't'ial and Illinerals. 



APPENDIX A 

PARTICULATE CALCULATIONS 
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PARTICULATE CALCULATIONS 

Volume of dr,Y gas sampled at standard conditions - 700 F, 29.92 1I~!.9. 

Vmstd _(ym )( Pm ~6std) _ ( Vm \ (PB ~H) -~Fm -Pstd)\Tm - 0.0334 1.021) + 13.6 

Vmstd = 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, ~H, in. Hg. 

Pstd = Standard pressure, 29.92 in. Hg. 

Tstd = Standard temperature, 5300 R or 700 F 

Tm = Meter temperature, 5300 R for compensated meter 

CFm = Meter correction factor 

Volume of water vapor at standard conditions 

1 b. = 0.0474 x Vlc 
454 gm. Vw " Yl c ( U~~~) ( R p;~~d) 

Vw = Volume of water vapor at standard conditions, ft3 

Vlc = Volume of liquid collected in impingers and silica gel, ml. 

pH20 = Density of water, 19/ml. 

M H20 = Molecular weight of water, 18 lb/lb mol 

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

% Moisture in Stack Gas 
Vw std 

% M = 1 00 x ~--.,.,--­
Vms td + VWs td 
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Average molecular weight of dry stack gas 

Molecular weight of stack gas 

MW = (lOa - % M 
w 100 

Stack velocity at stack conditions 

V = 85.48 x C (TS x LIP avg. ) 1/2 
s P Ps x MWW 

Vs = stack velocity, fps. 

85.48 = pitot constant, {~~. 
( 

lb. ) 1/ 
lb. Mols -oR 2 

C = pitot coefficient, dimensionless p 

T = average stack temperature, oR s 

P = stack pressure, barometric pressure plus static pressure, in. Hg. s 

LIP Avg = average differential pressure, in. H20 

Stack gas volume at standard conditions 

Qs " 3600 ( 1- ~o) V s ACr!d p;~a) 
Qs = stack gas volume flow rate, SCF/hr 

A = stack cross sectional area, ft2 

3600 = seconds per hour 

Os' = Qs ~ 60 = SCFM 
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Per cent isokinetic sampling 

= ~[(I)_._O_02_6_7_) ___ V_1C ____ + ____ ~~_c __ ~(~P_B __ + __ l~_~_6~1=~ __ T_s 

8 V P A s s n 

I = per cent isokinetic sampling 

1.667 = minutes per second, X 100 

1 b. 0.00267 X R X 454 gm. 

8 = sampling time, min. 

An = cross sectional area of sampling nozzle, ft2 

Particulate emission 

Cs = 2.205 X 10-6 ( Mn) 
Vmstd 

Cs parti cul ate emi ssi on, 1 b/scf 

2.205 X 10-6 = pounds per mg. 

Mn = total mass of particulate collected, mg. 

CE = Cs X Os = lb/nr 

C[ = particulate emission per hour 

CH = CE ~ H 

CH = particulate emission, lb. per million BTU 

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

% EA = 100 X % 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: 1:11 Date: 

Material collected (mg) 

Filter Catch 
Dry Catch 
Acetone Wash 

TOTAL 

O,b{)~l 

=t,.C>0l»).... 
L': • <) -·H.-\ 

=- 't 3 &, 7 v"<, j 

0.0334 (vm VPB + H) 
1.02JA. 13.6 

Gas Volstle Vm 
std 

LGo )= II '1. 0 ~c: SCF 

13.6 

Volume of water vapor Vw 0.0474 x VIc 

% Moisture 

Nolecular 

0.8474 

%M 

100 x 

Weight 

MI'l = 
D 

(1.~i.?. ml )= I L 2.~1 SCF 

= 100 x Vwstd 
Vmstd + Vwstd 

(ll,l.t)I) 

(11"t,C'';.&' ) + (,Ll')l 

of dry stack gas 

% C02 x 0.44 + %02 x 0.32 + %N2 x 0.28 

( 14.0 x 0.44) + (4,3 x 0.32) + (81,( x 0.28)=~~1-

Molecular ;"e:.ght of stack gas 

!'1Wvl = 100 - %M x MWO + %M x 18 
100 100 

[100 - 8' {fJB 
x "O.41~t':~;t\ x '~~ 2~. ~1~(P 

100 
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Test: 

Stack Velocity 

PARTICULATE SAr"PLING CALCULATIONS 

Vs = 85.48 x Cp [TS x P avgJ 1/2 
Ps x Mww 

85.48 x (Ol&~) ['18S' x 0.2(" 7 J 
3D.to X2.'1,!,ZD 

112 = 

Stack Gas Volume Qs::: 3600(1- %M ) (VS)(A)(Tstd) (-'l..) 
. 100 Ts Pstd 

3600 [1- (g, 79~) ] (3'1S1i) (1'1,(' ~ ) 530 .LP,2.) ::: /!.3K~.071 SCFH 
j 

100 (9~S') 29.92 

Stack Emission Rate Cs ::: 2.205 x 1O-6( Mo ) 
VMstd 

2.205 x 10-6 ("1.;(,..7~ 
CI/7.0~~ 

::: -S" 
~I ,~7:-:("=-'1:..:i_x,...;,.l_a ___ 1. bl sc f 

lb/hr 

O~-,-' ,-..!:.j~.;J!!!..) -.lIoIc,,<:.-__ l b/1 06 Btu 

Isokinetic Variations I = 1.667 r(O.00267} Vlc + Vm ( + llH )~ 
L Tm PB T3.6 ~Ts 

e Vs Ps An 

1. 667 [ (0.00267) (Z3J(,Z ) + /I S'.S'1 '1( JC), l + I! Ct:> }] ( 1!S" ) ::: 9l,' 1% 
530 13.6 

(I C/o ) ( 31.S"R) (j{J. l.. ) ( 7., 7,l! 10 .~ ) 

Excess Air at SamE1e Point 

% EA ::: 100 x % 02 
(0.266 x % N2) - % 02 

100 ( I{, 3 ~ 
(0.266 Xfll,7 - ( J./.:3 ) = zr, 7 % 
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Coal Composition 

S 

H ° 7/15/75 A~h 
Btu 

C 

!i/27/67 ~2 
0

2 
2 

3.25% 
12.89 
10.98 
10856 Btu/lb 

61. 63% 
4.37 
0.77 
0.86 

Excess air = 24.7% 

N2 == 3.76 x 02 

STOICHIOMETRIC 
FLOWRATE CALCULATION 

Boiler #3 

mols/100# 

-: 32 x 1 
-: 18 == 0.716 

.,. 12 
2 = 2.185 

.,. 28 == 0.028 
32 

xl 
x 0.5 

x -1 
Theoret i ca 1 °2 

excess 02 

mols 02 required 

= 0. 102 

= 5.136 
= 1.093 

=-0.277 
6.054 

= 1 .495 
7.549 

=;~8. 384 

Mols Flue Gas = CO + 50 + N + ° + N 
== 5.136 + 6.1022+ 0.028 +21. 495 + 28.384 = 35.145 mols 

Flue Gas =: 35.145 x 386. 7 ~ = 13590.6 5CF/100# 
mOl 

@ 6702.4 lb coal/hr = 6702.4 x~ x 13590.6 = 910,896 SCFH 
= 15,182 SCFM 

Sulfur Check - S02 emissions 

by emission factor 6702.4 f 2000 x 38 x 3.25 = 413.9 #/hr S02 

using calculated flow 

910,896 x 4.75 x 10-4 lb = 432.6 #/hr 502 scr 
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Run No. 

Time 

]1g N02 

T .-
1 

Initial Flask Temp, OF 

Tf - Final Flask Temp, of 

V -fc Flask Volume, ml. 

P.-
1 

Initial Flask Pres, IIHg 

Pf - Final Flask Pres, 

lb/scf N02 
1 b/l 06Btu N02 

V ::: V - 25 fc f 

C = 6.2 x 10-5 lb/scf 
]1g/ml 

IIHg 

X.0- 5 

(Vfc) 

NO EMISSION DATA x 

I ~ 

() 11S /,;0 '; 

'I1?. '-/Z~ 

cj () 

I.' 0 

20'17 lOJ&' 

2.5S -
30.( -

I, 'n{ J,s4~ 

0, ).J. D,/9 

lb/scf N02 
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7 ~S/7:; Date_..:...:../~ , _____ _ 

3 ~ S (0 7 ;; 
"; 

1 .. )~3 lilt:' lJoe n ;';';0 1'/00 /Y-(i(' 

"'Io~' 32G, ~2 R Ii ~, ) ) / 
:,,-~ ,>-110 

'-. 

-- --.. ~-

2a31 202f 2 oz S' '2 c ;;", 2 as£! 2~SI 
I- .'.- . .. -.- -- -- ~---- .. f..----_.,-- ----- - --

f..- ... - ... '- ~-.. -.~- _ .. _. __ .... 
.... "-""- . ... --- .. 

/,47S /' / &J~ /,ss8 0.(."S7 Jt Ilo /,2. 'fa 

0, ,2 0';5 0,10 {),orz tJ I IS C' I i~ 



Run No. 

Time 

[19 NOZ 

NO EMISSION DATA x 

1 2 

(; it-IS- IJ 2rJ 
c .. r- ., 
~~ "- .:./ "72 

T.- Initial Flask Temp, of 90 ~ ~-.--1 

Tr Final Flask Temp, of 
12D -

V -fc Flask Volume, ml. 2<':;('/7 2..0jg 

p.-
1 

Initial Fl ask Pres, IIH9 !...SS -, 
Pr Final Flask Pres, IIHg "'" ) 

_.' 
-,'l_" I '-

1 b/scf N02 X/O-S /,f&7 1,7CJ 7 

1 b/1 06Btu N02 (j,JI.; ().2 2. 

VIC- ~7.71 ::. H9) (Vfc) 

V ~ = V - 25 tc f 

-5 C = 6.2 x 10 lb/scf 

lJg/m1 
(1J9 N02 \ 

\ Vsc ) 

lb/scf N0
2 
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IJ .: ... :-:;) /]·.5:0 

5.S2 '172 

-.... - .~.-. 1----

t--._-- .' 

20!>'1 'Z () 28 
' -- t-' 

-. ' ' .- .. 

1,C;f6 1.7 is 

O,.JG 0,Z3 



I Date 

Run No. 

Vmc-Meter Volume, Ft3 

Vmstd-Meter Volume, Std. Condo 

PB-Barometric Pressure, tlHg 

6H-Avg. Orifice Pres. Drop, IIH20 

Vt-Vol • of Titrant, ml. 

Vtb-Vol. of Titrant for Blank, ml. 

Vsoln-Vo1 • of Solution, m1. 

Va-Vol. of Aliquot, 

1 b/scf H2SO4 

G lb/10 Btu H2SO4 

lb-scf S02 

lb/106 Btu 502 

Vrnstd = 0.0334 (Vrn) 
CFm 

Titrated, m1. 

l'JO-' 

)( 10-'1 

( PB +~) 
13.6 

CFm ; Meter correction factor 

Vmstd 

Vmstd 

7/n~ 

I 

~,237 

~, /t.. 2> 

30.t 

0,/ 

I • 8 

V\ ,'/ 

2$0 

2. f,. 

".J '/ ~ 

0,0'1 

(N) 
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7/;S 7/IS 

2 I+-2 

£.7.5/ ///188 

S.c, if 3 If.8i./G:, 

3a,l 

(). ! 

I , ~ 3/.12 
1'\ ,'/ ~, i I 

2.SC ZSO 

25; ,. () 
3,1/2 

Q,OLof 

'-I. 7 S 

S. j 

(Y.illJl) Va = 1b/scf 

N = 0.01 Norma I 
Barium 
Perch lora te 
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SUPPLEHENTARY PROCESS [, nrrSSlO:~ DATA FOR PO'..1ER PLA~ITS 

--,.-
Test nu~ber "/1,) /1.;' 7/JWU, 

-- -- --
}!et Unit Load - $ KW .I.Ilgg.9 4'157.1 
Eoiler Heat Rate - BTU!~'[ hr. 

Boiler Heat Input - 10
6 

BTU/hr. 72;7~ 77.1 
6 

Emission Level - Ib./IO BTU 

Particulates 

S02 

VO 
x 

Fuel Heating Valve - BTU/lb. I08S" /08S(, 

Fuel Burning Rate During Test - lb./hr. (0 XJ2..'/ 7131."-

Fuel Ash Content - % lo"g /0, ,g 
Additive Rate - Ib/hr. 

71,s 7/J(, 
+I'IY\(' KlV t'Wle KW , "Ire, 0 0 i 'SOOO 
/0 '1~OO 

I l ~200 ID '-I 2.00 

12 l/200 II 12..00 

I Ll200 /l '" 300 

2. <1000 I 1300 

3 ~ooc 2 '+ 000 

J./ I-JODD j '-I~OO 

S fOOD '-1'1 S7./ 
'1lgg.~ 

"F LA. e. I Con S lA..W\ p+ ,'11'\'.. BaSIs ~ I,,~ 16 CoAl / , k'V 

Ca.l c~a.t-(~ ~Icw I?~{'~ ~ ? lis <flO/ali ~ !.crH 

7/1~ 1)0 17/ 7J~ ~'f+( 
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ORSAT FIsLD DATA 

LocatIon f//jJlaacL II! Cocments: 

Date 7- /5 - 75 
Time __________ _ 

Opera~~or I~/e/o 

~ (CO ) (O~) (CO) 
Readtng 1 P.eaQi~g 2 Reading 3 

;~/S 7.5 o8t.1Shrr 10/. 0 lIt/. 0 /8. ~/¥. 2 I /8. J./(). 0 

/;?.3.t) hre- I¥'O/It/. 0 LB.'!) 7''1 18.'1/0.0 , 
I / 

, 

1/005 irs / /. 7'/11.'/ /~.O/~t /(0/0.0 

l-:l. ~ i'; 2.. :< 
/ , 

/330 trs, /8.0/5,8 18.0/0.0 
I 

I 
, 

/ 

I 
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PARTICULATE CLEANUP Sf~ET 

Date: "1/1 ') J, ~­
Run Number: i 

~-----------------

Operator: 

Sample Box No. 

Impinger H20 

Volume After Sampling ~ml 

Impinger Prefilled With 2..00 ml 

Volume Collected 2.01 rol 
---~~---

Dry Probe and Cyclone Catch: 

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

Barometric Pressure: 

Ambient Temperature -------------------

Silica Gel 

Weight After S -" -1 "L g 
------------------~ 

Weight Before Suo, (> g 1, OD'''I~''-

Noisture Weight ,:>r"J, L g Moisture Total 'Z ">6. 2. g 

Container No: 

Extra No. ______ Weight Results ______ ,g 

Container No. 

Extra No. \Veight Resul t5 O. 7t>Z~ g ------

Filter Papers and Dry Filter Particulate 

Filter No. Container No. 

I l 

% Moisture By Volume 

Filter No. Container No. 

-146-

Filter Particulate 
Weight Q._ '2. ,$ B . __ g 

Total Particulate 

Weight O. 9~{'1 g 



OXIDES OF NITROGEN FIELD DATA 

t., 71) 
Date 7- /""-- 1"-

PIan t 1//9 J. . aJ ,~> E /~ c l~' ~~ [)c ':'/~'I :;t J 
I f \or" 

~ /(Ie/.? Sample Collected By --!-....L:...!=..!~ _________ _ 

Run No. ____________________ _ 

Power Stat Setting _____________ _ 

Field Data 

Flas 

k Time 
I 'll5l/o:o~ 

k number I ;; 

Cloc 

me c·f flask ll~ss correction (ml) 
~o'lZ :{0.3c? 

sure before sampling Ca. Hg. C.S C>5 
sure after sampling, in. Hg(a/~· ') ~o, ':{o .3o~C \.../ 

Pres 

Flas k temperature, OF 90 90 

-147-

10,51 

J 

::<03J 

',0 
..3o.:{O 

~o 

--

1/:/8 I~ co /:t!c. ~~(jC :::: ( :' 

'I 5 G i /:: 

:{c:{S ::(o:<~ :<,0.5;) deS 4,; 
. ;-/ 
{ltv I: 

£8 C.3 ,.r -j c.:" c.~ J IJU", 

..)0,-:;'0 ~,~O ,-3".:/r; "",-iC;::C - ~ -/ fo-'C".. ) 
j 
I 

7CJ 7'0 /0 fc Or J /c. 



OXIDES OF NITROGEN FIELD DATA 

Date -_{~Lj-=-,\O {f-I1~(" ____ -_~ 
Plant ..---J;}~=::..l::...::["=s4-,-"t...=hu::tv~>~v __ EL_~..:.-----.:.:;..-::(-"c..",--___ _ 

Sample Collected By _________________________ __ 

~un No. __________________________________ ___ 

Power Stat Setting ________________ _ 

Field Data 

Clock Time o<j45 /17'2.-0 r~~t.J r~ \p 

Flask number l L ~ q-

Volume of flask less COTTection (rnl) LP"" U1)B -lo~~ L.o~ , 

fl' t-M b, (' t;.S-- ,.S"" ,.r i Pressure be OTe samp iug.-. Hg. 

Pressure afteT sampling, in. llg. )() ,~ ~o,v ~o~ ~c:>, ~ 

0 Plask temperature, F ~o ~C1 ~ 90 
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GAS SAMPLING FIELD DATA 

Location Oo/le.l- #:..3 

Bar. Pressure <.30,-2 "Hg Comments: 

Ambient Temp ~ OF 

Run No / 
Power Stat Setting __ _ 

Filter Used: Yes No ---

Clock Meter Pitot Orifice Temperatures 
Time (Ft. 3) in. H2O in H2O Stack Probe Coil Impinger 

,6p AH In Out , 

.J' ~!' · ...... v /{~. 7':' 10:( 0.00 0,/ ,570 :<90 70 ~ V'Io~ 1'c ~J 
r.3:t:/o - &; " I c.l ".;). ' 0,..3') 0.1 5'0 do5 V5n ~ /f.S· °FI 

! 
«..3: 7'~ ~?CC.· J o ... "':J'r 0,/ 5Cc ..3/0 17o/~ rf5C; 1£'" c_1 

'- .' "", ,r: 
, 

<3: Sc bc' % J oC;:J c.1 5..5c t.3:J f ) 7/~ /J5,~ !J?~ c~1 " , I ' . . 
..3:~o seo ;: 0,1 1.5/ ('; 

0 

7'0 
c ~ 

I :J () ..Jc 3/.,c,' j')' F .p! 

L/:o.5 87 .. 9 I 
() .... 7'--1 I 

! 

I 
j 
I 
I , 

-----i 

Comments: 
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GAS SAMPLING FIELD DATA 

1/ ') I ~,y; 
Material Sampled For::; 0 C'- ~ ~ v -< 

,L- 7.5 Date 7- / yi_ 

//. // / 
Plant OJ q j, /a,"!O Location Side;( 0 

./ 

Bar. Pressure 00.;Z "Hg Comments: 

Ambient Temp 9~ of 

Run No _.:::.:( __________ Po /I'~ .{ - 7 
Power Stat Setting __ _ 

Filter Used: Yes No ---

Clock Meter Pitot Orifice Temperatures 
Time (Ft. 3) in. H2O in H2O Stack Probe Coil Impinger 

~p AH In Out 

Lj: /8 870.0,351 0.00 0./ 550 3:(OC:C SJ~ 
0 95 cf ~.30P 

9": -<J 87/,(3 0.(30 0./ 650 3JOof ks"5~ 2f) ",c 

~: :;8 87~.5 tJ.3'1 0./ _5"50 330~ b:.7~ Vcl5~ YJ or 

£/:..:i"7 87.3 .... "1,5 (') . .38 0./ SCo W.5:C V~ c 51' 9.2 ~ 
..:"I' ":1.7 

L· ( 87</ ;)j" 0 . ..38 0./ .!J"e 0 .'1t1n ~ 
0 

18c- c 1!.5"r; ,~ I/Jc ~ 

L/:-I3 b75. ::~C 00(', 0./ 1.;5"CO l1t,1o-~ V~Of ~;>5~ 

o/:C/8 87C.olo 175 C. 

Comments: 
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1. ° 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. Illinois. Some work remains on 

the combustion efficiency of the unit to better clarify some of thE' obtained 
res~lts. A final report will be issued at that point. 

The stack testing included the following pollutants: S02' particulates, 

NOX' H2S04, and hydrocarbons. Orsat analysis for CO2, CO, and 02 were also 
performed. Results of these tests are included in this report. Although 

these tests ~Iere not conducted to ascertain compliance with Illinois stand­
ards, it is of interest that the particulate emissions and the 502 emis­

sions are just slightly above the limits. 

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 bre .... 'ery. 
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 control~.. 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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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 
low sulfur coal, (1% S), was used. 
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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 900 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 load. 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 little 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 S02 can be calculated based 

on gas flow and S02 concentration on one hand, and fuel consumption and sul-
fur analysis on the other. The conversion of sulfur in coal to S02 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 eff~ciency 

was determined by comparing steam output to coal usage on thirteen high ~ro­

duction day shifts. By this method an efficiency of 82.5% was deter·mined. 
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Table 1 SilO\'JS tIle coml-ldrison uf the t'e~ulb ()bLlillt~d by lilt' tW(1 111~tll'IlI· .. 

TABLE 1 
COMPARISON OF FLOW RATE DETERMINATIONS 

DATE FLOW RATE, SCFH SO 2 (lbs/hr) BASED ON Measured Measur(:d Cal clIl ated AP-42* Ca"l eul ated 
Flow Flow 

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 5°2 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 5°2 emissions would 
be closer to the predicted results. This assumption will be evaluated short­
ly with a coal and ash analysis. Following this test, a final report on this 
installation will be completed. 
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7.0 SAMPLING AND ANALYTICAL PROCEDURES 

All testing was performed with sampling equipment from Joy Manufacturing, 

designed for isokinetic sampling to enable testing by EPA standard methods. 

The following EPA methods were utilized during testing: 

Method 1 : Sample and Velocity Traverse 

~1ethod 2: Volumetric Flow Rate Determination 

Method 3: Gas Analysis by Orsat ~1ethod 
Method 4: Stack Gas Moisture Determination 

Method 5 : Determination of Particulate Emissions 

Method 7: Determination of Nitrogen Oxide Emissions 

In addi1:ion, a modified method 8 using the "Shell Method for Sulfuric 

Mist" was uSI:d 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 RESUl TS 

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 Illinois 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: 
Methane: 
Total Hydrocarbons, as CH4: 

8.93 ppm 
0.33 ppm 
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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IAtsLl t. 

SUMMARY OF RESULTS 
--
Llate 8/11 8/12 

Stack F10l'l Rate - SCFr1 * dry 13048 13048 

~i; Hater Vapor - % Vol. 9.02 

~; C02 - Vol % dry 10.5 

5{ 0 2 - Vol ~~ dry 10.4 

% Excess air @ sampling point 97.7 

S02 Emissions - lbs/106 Btu 

~ox Em; ss; ons .• 1 bs/l 06 Btu 0.36 0.31 

jH2S04 ~list - lbs/l06 Btu 

~art;CUlates 
Probe, Cyclone, & Filter Catch 

lbs./hr. 37.03 

lb's/106 Btu 0.95 

Total Catch 

lbs./hr. 
6 1 bs/l 0 Btu 

% Isokinetic Sampling 

*700 F, 29.92" Hg 

TABLE 3 

COMPARISON OF RESULTS 

ILLINOIS STATE 
POLLUTANT STANDARDS 

1 bs/l 06 BTU 

S02 1.8 

NO X No s tanda rd for 6 
sources <250 X 10 
BTU/hr 

Particulates 8/12 0.28 
10/16 

10/15 1011 G 10/20 

13604 12359 12GJ5 

4.7 

9.3 5.6 11 .55 

10.8 14.8 8.7 

103.3 232.2 69.5 

2.4 2.35 

0.031 

7.46 

0.37 

FOUND 
lbs/106 BTU 

2.4, 2.3, 2.4~ 
~ 

0.36, 0.31 ! 

I 
! 

0.95 I 

0.37 ! 
l 

In addition to measuring particulate loadings, a particle size ana1ys~s 
,was made using an Andersen impactor. The results are shown in Tables 4 ana o. 
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TABLE 4 
PARTICLE SIZE DETERMINATION 

TEST: STAG - ANDERSEN #1 DATE: 8/13 
PLATE NET(mg) FILTER TOTAL % OF CUf4 % ECD 

NET TOTAL (MICRONS) 
13.7 18.6 18.6 12.28 & Above 

2 10.6 14.3 32.9 7.72 
3 6.4 8.7 41.6 5.15 
4 4.9 6.6 48.2 3.63 
5 2.6 3.5 51.7 2.23 

6 3.1 4.2 55.9 1.15 
7 1.5 2.0 57.9 0.70 

8 10.9 14.8 72.7 0.47 
BACK UP 20.2 27.3 100.0 <0.47 
FILTER 
TOTAL 73.9 -------- 100.0 

TEST: STAG - ANDERSEN #2 DATE: 8/13 
PLATE NET (mg) FILTER TOTAL % OF CUM % ECD 

NET TOTAL (MICRONS) 
9.4 14.6 14.6 12.28 & Above 

2 6.4 9.9 24.5 7.72 
3 5.? 8 .1 32.6 5 .15 

4 4.3 6.7 39.3 3.63 

5 3.0 4.6 43.9 2.23 
6 2.6 4.0 47.9 1.15 

7 3.0 4.6 52.5 0.70 

8 6.8 10.5 63.0 0.47 

BACK UP 23.9 37.0 100.0 <0.47 
FILTER 
TOTAL 64.6 -------- 100.0 
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TABLE 5 
PARTICLE SIZE DETERMINATION 

TEST: STAG - ANDERSEN #3 DATE: 8/13 

PLATE NET(mg) NET(mg) TOTAL % OF CUM % ECD 
PLATE FIL TER TOTAL (MICRONS) 

1 3.3 16.1 19.4 25.2 25.2 12.28 & Above 

2 2.5 5.0 7.5 9.7 34.9 7.72 

3 2.1 4.3 6.4 8.3 43.2 5.15 

4 1.8 2.3 4.1 5.3 48.5 3.63 

5 1.2 2.0 3.2 4.2 52.7 2.22 

6 1.5 1.4 1.9 2.5 55.2 1.12 

7 1.7 6.1 7.8 10.1 65.3 0.69 

8 2.0 7.2 9.2 11 .9 77.2 0.46 
BACK UP 17.6 17.6 22.8 100.0 <0.46 FILTER 
TOTAL 16. 1 62.() 7T.T 100.0 

TEST: STAG - ANDERSEN #3 DATE: 8/13 
PLATE TARE(g) FINAL(g) NET(mg) FILTER TOTAL % OF CUM% ECD 

NET TOTAL (MICRONS) 
16.1 26.0 26.0 12.28 & Above 

2 5.0 8.1 34.1 7.72 
3 4.3 6.9 41.0 5.15 
4 FILTERS 2.3 3.7 44.7 3.63 
5 

ONLY 2.0 3.2 47.9 2.22 
6 1.4 2.3 50.2 1.12 
7 6.1 9.8 60.0 0.69 
8 7.2 11 .6 71.6 0.46 

BACK UP 17.6 28.4 100.0 <0.46 
FILTER 
TOTAL 62.0 100.0 
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hopane 

fSobutane 

; -8;j tene 

n-Butane 

Isoper.tane 

l-Per.tenE: 

n-Pentane 

2-methyl Pentane 

2-methyl, l-Pentene 

l-HexE:ne 

n-Hexane 

TABLE 6 

HYLiROCARBO', ANJU.YSIS 

LMTE: 8/11/75 

3 .3-dilnethyl s l-Per:tene 

2,4-dimethyl Pentane & Benzene 

~ rnethylcyclopentene &. 2M C~' Hexene 

eye'i ,i:leXane 

2-Yl,etnyi Hexane 

3-u,ethy1 Hexane 

l-Heptene 

n-r!eptE.ne 

IG!uene 
2,2,5-trimethyl Hexane 

1 -Jctene 

n-Octane 

meta. oard Xylene 

(', - \onane 

1,3,it Trimett1yl Benzene -172-

TI~iE : 

b7.3 

Li·6.5 

~:9. 2 

'~8. 2 

4.<:1 

2.5 

5.4 

3.4 

2.8 

38.3 

115. 1 

2" 0 L ._' 

34.4 

10.4 

4.9 

1.8 

2.9 

8.6 

12.2 

49.9 

3.4 

6.8 

3.6 

37.3 

72.2 

18.9 

6.3 

4.7 

3.5 



APPENDIX A 

PARTICULATE CALCULATIONS 
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PARTICULATE CALCULATIONS 

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

Vmstd =(ym \(~\6std) = 0.0334(~\(PB + ~) 
'\f:Fm) Pstclj\ Tm 1.021) 13.6 

Vmstd = 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, ~H, 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 

1 b. = 0.0474 x Vlc 
454 gm. Vw = Vlc ( ~~~g) ( R p;~~d) 

Vw = Volume of water vapor at standard conditions, ft3 

Vlc = Volume of liquid collected in impingers and silica gel, ml. 

pHZO = Density of water, 19/ml. 

~1 H20 = Molecular weight of water, 18 lb/lb mol 

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

% Moisture in Stack Gas 
Vw std 

% M = 1 00 x .,.,...----:-:--­
Vmstd + VWstd 
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Average molecular weight of dry stack gas 

Molecular weight of stack gas 

MW = (100 - % M 
w 100 

Stack velocity at stack conditions 

V = 85.48 x C (TS x L'>P avg. ) 1/2 
s P Ps x MWW 

Vs = stack velocity, fps. 

85.48 = pitot cons tant, ft..:.. ( 1 b. ) 1/2 
sec. lb. Mols - oR 

Cp = pitot coefficient, dimensionless 

T = average stack temperature, oR 
s 

Ps 
= stack pressure, barometric pressure plus static 

6P Avg = average differential pressure, in. H
2
0 

Stack gas volume at standard conditions 

QS=3600(1-%M)V A(Tstd ps) 100 s Ts Pstd 

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 

I " 1.667 [(O.00267) Vl c + ~ (PB + ~J T, 

(3 Vs Ps An 

I = per cent isokinetic sampling 

1.667 = minutes per second, X 100 

1 b. 
454 gm. 

e = sampling time, min. 

An = cross sectional area of sampling nozzle, ft2 

Particulate emission 

Cs = 2.205 X 10-6 (~) Vmstd 
Cs = particulate emission, lb/scf 

2.205 X 10-6 ; pounds per mg. 

Mn = total mass of particulate collected, mg. 

CE = Cs X Qs = lb/hr 

CE = particulate emission per hour 

CH = CE ; H 

CH = particulate emission, lb. per million BTU 

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

% EA = 100 X % 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+a.~- t,ollertt( 
-' 

Material collected (mg) 

Filter Catch 
Dry Catch 
Acetone Wash 

TOTAL 

= 1G,3.2 
= 

Gas Vol urne Vrnstd = 0.0334 G~ rn ~~B + 

0.0334 (2'.037) ( " + /,'{ 
( 1,0 I ) 2. '1, 30 13.6 

Volume of water vapor Vw = 0.0474 X Vlc 

0.0474 ( J fa :;. ml):: 7. 7 2 ~ SCF 

% Moisture %M = 100 X Vwstd 
Vmstd + Vwstd 

lOa x ( 7,72~), ___ ~_ o ," '2, = a,i""" 
( 7?5, 77 S ) + ( 7, 7 2 (, ) 

Molecular Weight of dry stack gas 

MWo :: %C02 X 0.44 + %02 X 0.32 + %N2 X 0.28 

% 

( 10,5 X 0.44) + (/C,,/ X 0.32) + (79. / X 0.28) = 30. ZO 

Molecular Weight of stack gas 

MWw = 100 - %M X MWO 
100 

[
100 - g.-13 

100 
X 3<.'i. 2. 

+ %M X 18 
100 

}[ 
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Stack Vel oci 'tl 

PARTICULATE SAMPLING CALCULATIONS 

Vs = 85.48 x Cp [TS x P avgJ 1/2 
Ps x Mww 

85.48 X (O,6c.:,) [?9 7, 7 x O,Q'J~ J 1/2 = 
2 q,:3 7 x 2. '1 , II 2 Z ,I e ~ fps 

Stack Gas Volume Qs = 3600(1- %M ) (VS)(A)(Tstd) (..iL) 
100 \Ts \Pstd 

3600 [1- ('l,1J )] (22,(g3) C:;Cc.i£l) 530 E'f,-~) = iL!>'i(.,J(..;7 SCFH 
100 (117,7) 29.92 

Stack Emission Rate Cs = 2.205 x 10-6( Mn ) 
VMstd 

2.205 x 10-6 (i({;7('. 2~ = Lt (,.8 '><10 -s 
(78. ]Cfs 

1 b/scf 

CH = CE .;- H := f (., 5. J S) = 
.21.{L ) 

_--"-,I,:...:::("~Z,--___ l b/l 06 Btu 

Isokinetic Variations 1=1.667 [(00002671 + Vm ( + 6H )~ 
fffi PB T3.6 ~TS 

e Vs Ps An 

1.667[ (0.00267) (/103 + .2tJ.J(Z1'3 + ),,/ \1(977,7) =81,96% 
____ ~ ____________________ ~53~0~~ ______ ~1~3~.6~~~ __ 

(102.) ( '~.18j) ( l.l(Px/o - ~ ) 

~xcess Air at Sample Point 
% EA = 100 x % 02 

(0.266 x % N2) - % 02 

100 ( /(;. « ) 
( 0 • 2 6 6 x If. / ) - (I D f 1./ ) = ,t· 7 % 
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STOICHIOMETRIC 
FLOWRATE CALCULATIONS 

Boiler #1 8/12/75 

Coal Composition 
Peabody-River King 

S 

7/15/75 ~~~ 
3.25% 

12.89 
10.98 

Mol s Il 00# 

-: 32 x 1 

Mo 1 s O2 req u ired 

0.102 

Btu 

C 
H2 

5/27/67 ~2 
2 

10856 Btull b 

6163 
4.37 
0.77 
8.86 

@ 97.7 % Excess air 

of 18 = 0.716 

of 12 x 1 
-: 2 = 2.185 x .5 
of 28 = 0.028 
-: 32 x -1 

Theoretical O2 

= 

Mols Flue Gas = 5.136 + 0.102 + 5.915 + 45.003 + 0.028 = 56.184 mols 
3 

56.184 x 386.7 ft1 = 21726.4 SCF/100# coal @ 70°F. latm. 
rno 

8/12/75 31.775 x 103 #/hr steam @ 82.5% boiler eff. 
1193.8 Btu/# 125 psig; sat. steam 
178.1 Btu/# 210°F water 

1015.7 But/# 

31.775 x 103 x 1015.7 = 3.91198 x 107 Btu(hr input 
.825 

3.91198 x 107 
of 10856 = 3603.5 #/hr coal 

3603.5 X160 x 21726.4 = 782909.1 SCFH, dry 
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5.136 
1.093 

-0.277 

6.054 

5.915 
11 .969 

45.003 
56.972 



~ Run No. 

Time 

~g N02 

T.-
1 

Initial Flask Temp, oR 

Tf - Final Flask Temp, oR 

V -fc Flask Volume, ml. 

p.-
1 

Initial Flask Pres, "Hg 

Pr Final Flask Pres, "Hg 

lb/scf N0
2 X 10-S' 

lb/106Btu N02 

(Vfc) 

NO EMISSION DATA x 

I 2 

/200 1(/0 

5.32 552-

'Ie) ~~ 

.' 2. 0 -

20'!7 cOle 
2,(0(, -

2.9·2.~ -

/ ' '1 ':1 lie? 

0.10 (),'I2. 

-5 f C = 6.2 x 10 lb/sc 

~g/ml (~g N02 , ~ lb/scf N02 

Vsc -; 
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Date g!//!75 

3 -1 ,:j- ~ 

I t.j I!;"- If (0 /t.j2S /'/30 

4172 51?.. 388 38fi 

'---- -~ 
,~-.. ~ .. ' _. __ ._- --

-- 1"'-' f- ... --.- ... -

2Cd, ,028 202.S ,) cS':: 

--.~. ... -.~.-., ....... _ .. - . 

~---~ .... . --~ .,-- -- .- -_._.--- .<- ........ 

I, 7 a- 1,91 J,47 I, '1':- j {),3~ 0.3'1 0,2'1 10, (9 



Run No. 

Time 

]1g N02 

T.-
1 

Initial Fl ask Temp, oR 

Tf - Final Flask Temp, oR 

V -fc Flask Volume, ml. 

p.-
1 

Initial Flask Pres, "Hg 

Pf - Final Flask Pres, "Hg 

1b/scf N02 )(JO-S 

lb/106Btu N02 

Vsc= (17.71 ~R ) 
In. Hg 

(Vfc) 

NO EMISSION DATA x 

/ ;; 
'-

12./:5 lZZCl 

qo8 L/28 

qo 

1(.0 --

2.07<' ,0(,3 

2,~Gr. 

2~, ~O --

l..s ~ /,'-01 

Q·.31 Od, 

C = 6.2 x 10-5 lbjscf 

~g/ml (

]1g N02 ~ = 1 b/scf N02 
vsc -; 
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~ 9 /0 ,..,' -.) 

/S 2,0 IS,S 153Q IS.b' JSSo ISSS-

- Jag ",'leo 3~~ '1Lj'</ fie 
- . 

._a ____ , .. _~. f--.---- 1-----

.-----.. -- 1----_ .••. _, --..- ----- .-

20SJ 2.0~·O '2. D 'J'? 2c /9 2C c· 2. 

.. - 1----- ,..... ... _---1-.'--- 1------- f-

t--._- t--.... - f---...... - t----- _ ....... _-,.- ." 

1,1./7 /, J I I, 2.1 I,&: (p /. //.: 

O. <.If 0,2(" 0,2" O.3~ 0,37 



PARTICULATE SAMPLING CALCULATIONS 

AV'lrJ..e,'~e,\ ~IA n~ 1/ a 1:3 

Test: Sll.t~ ,Bo',le .. t / 

Material collected (mg) 

Filter Catch = 2"/2, /f 
Dry Catch = 
Acetone Wash = 'f 1, ~ 

TOTAL = 292,'/ 

Date: 8//.3 /7S 

Gas Volume Vmstd = 0.0334 (VCmFm ~(PB + H \ 

J\ 13.6) 

O. 0334 (c' ,( I '?ftJ ( + --:'-=-tf_' __ ) = 2 'I, 2 08 
();I-) 2 'f I ~ , 

13.6 

Volume of water vapor Vw = 0.0474 X Vlc 

o . 0474 ( (.;,/, C m 1);;:: Z. 811 S C F 

% Moisture %M = 100 X Vwstd 
Vms td + Vws td 

100 X ( 2.~1l) '------ = /0, ~ 7 
( 2 t.(. 2Dd) + ( 2. .8'11 

Molecular Weight of dry stack gas 

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

( I/, Z X 0.44) + ( '1. '( X 0.32) + (7'1.~ X 0.28) = 30./& 

Molecular Weight of stack gas 

MWw ;;:: 100 - %~1 X MWO 
100 

+ %M X 18 
lOa 

[
100 - 10. {, 7 X 3 0, J ~ 

100 }[ 10, &, -) 

100 
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PARTICULATE SAt~PLING CALCULATIONS 

T est: B () de ~ tt I - A VI d (' I' ~ t·" ~ ',:: J ~ Da te : ~ I J:1> /7 S 

Stack Velocity Vs = 85.48 x Cp [TS x P avgJ 1/2 
Ps x Mww 

85.48 x (v.8CD) [I02~ 7 x O,()~ ] 
l ",3 7 x l 2. 8 ~ 

1/2 = 

Stack Gas Volume Qs = 3600(1- %M ) (VS)(A)(TS.td) /.J!:L) 
100 \15 \Pstd 

3600 [1- 1/0 ,'7)J (Z2,gn) (:3""g2) 530 l!t.37) 
100 ( IbZ.r,?) 29.92 

Stack Emission Rate Cs = 2.205 x 10-6( Mn ) 
VMstd 

2.205 x 10-6 f29z,r ~ = 2.~t,. ><IO-~ lb/scf 
24,2eg 

_0::;:....:..::::$..::;.0_'_:. ____ 1 b/l 06 Btu 

= /,373. 9J'tJ SCFH 
i 

Isokinetic Variations I = 1.667 r{O 00267) Vl + Vm ( + llH )~ 
L . c 1m \PB T3.6 ~Ts 

e Vs Ps An 

1.667 [ (0.00267) (~/. 0 ) + '2.4# 32 (2'1.3 + "ef j] (/Ol.>.jJ = 1~ .n:. % 
530 13.6 

(jD ) ( 2.2. S 77) ( 2';,3 7) (1.3,),,~-3 ) 

Excess Air at Sam~1e Point 
~ EA = 100 x % 02 
. (0.266 x % N2) - % 02 

100 ( '11 l ) 
(0.266 x 77. (,) - ( '1. <:. ) = 7c"a'/% 
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Test: Sfll'j -~ I bo', it!' ,. 

Carbon Monoxide: 

Methane: 

Hydrocarbon Results 

Date: 8 /~ 

Total Hydrocarbons, as CH4: 

Test: Date: 

Carbon Monoxide; 

Methane; 

Total Hydr:)carbons, as CH4 : 

Test: Date: 

Carbon Monoxide: 

Methane: 

Total Hydrocarbons, as CH4: 

Test: Date: 

Carbon l'!onoxide: 

Methane: 

Total Hydrocarbons, as CH4: 
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Time: 

g I q 3 ppm 

0,33 ppm 

(0. q 7 ppm 

Time: 

ppm 

ppm 

ppm 

Time: 

ppm 

ppm 

ppm 

Time: 

ppm 

ppm 

ppm 



APPENDIX B 

FIELD DATA 
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SUPPLEMENTARY PROCESS DATA FOR POWER PLANTS 

Date 
Net Unit Load - MW 

Average Steam Load - 103 1b/hr 

Boiler Heat Input 
Fuel Burning Rate - 1b/hr 
Fuel Heating Value - BTU/1b 

Fuel Sulfur Content - % 
Fuel Ash Content - % 
Fuel Moisture Content % 

-I 

:;., /. 77tJ(/O- I b / ~r :> i ... ~ 
31. J 2 '>(/or- G t", /).,r-

3 (. 0 3. :;,- \ b I ~ r r OC<.I 

7'dC1i)7 ':;CfH 

~ 112 !VOx tt Pad. 
3/. 778 >:. ID

3 Ib /~r.dn ...... ". 
3'1. f 2. 1(/0

1
# Bitt IL· 

:: (pO:: .;:; II:. I ~ r (=<-/ 

782. 'io'1 ,S( nl 

S/II - ~/r3 

/08$;.t~ 

3,2S 

10, '1 g 

Il.8'1 
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3(",889 x/oj Ib !/",.;:.-Ir-;u,~ 

'1S."II,-x/rj ~ 8-f:.(/~r 
'-1183.5 I b /~r (L~" I 
Sli~{,,'1 s(r,~ 

I 

1 

1 

i 
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ORSAT FIELD DATA 

Location 8-1 a: q £ire w ertl 
j 7 Cor=ents: 

8 - /2 '7 r Date !'£- . L2 

Time _________________________ ___ 

Open:.tor ________________ _ 

Test (CO ) (0 ) (CO) 
Readtng 1 Rea~ing 2 Reading 3 

///$ /0.( :<t/,":/ //J.t:1 -?~ .:( 
/ 

/:('10 /~.O ~o"(1 8.C :':0. C 
/ 

/5&3S 9.() ;(1.:1. / /~. ~ .,;( /. ~ 
'/ \ 

au.. • JO,S' 10.1 &,0 
<;,3 

I 
I 

>K Titf"( /J ttld~11, ./.a 6."",11t"~~ l~~t 1~,'J 
, 

6'1 IttI.N'Nb ~y" I .s 

ftot v~/,'i ~ t.,aS b,ell\ ~/IIVo"·;l4ft"'J r~ ......... Ii ~ &l vt!Y~e. 
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ORSAT FIELD DATA 

Location SlaJ &~V{C/~I/" 
Date. 8·· /.:3. 75 
Tiue . ____________ _ 

Operator ___________ _ 

~ (CO
2

) (0 ) 
Reading 1 Reaaing 2 

/0 '/~5 /I.e ~o.8h.(j 
/.:30<' /(),8' :; 0,,0/ 1-~ 

I 

, 

ClU,,\. 1/,;" 9.l 
~ 

I 
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Cor::ments: 

(CO) 
Reading 3 

~(). 8 

:(0. () 

(), ~ 
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PARTICULATE CLEANUP SHEET 

Date: 

Run Number: 

Operator: 

Sample Box No. 

Im:einger H2O 

Volume After Sampling ~--l11 ml 

Impinger Prefilled With ),:)0 ml 

Volume Collected ) 11 ml 
----'-'--'----

Dry Probe and Cyclone Catch: 

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

t'" I 1"', 

Plant: ~i".g tr~k'(1 '1 
-=~~~b--------~--~+------------

Location Of Sample Port: ~. I .Bo·,I€-t> 

Barometric Pressure: 

Ambient Temperature 90 

Silica Gel 

Weight After 2c-i;: l, g 

Weight Before J.C;v,,~ g 

Moisture Weight } .. ;),J g Moist:ure Total /fo3,. g 

Container No. 

Extra No. _____ Weight Results 
-------'g 

Container No. 

Extra No. ------ Weight Results /5/)'10 g 

Filter Papers and Dry Filter Particulate 

Fi! teT No. Container No. Filter No. 

% Moisture By Volume 

-192-

Container No. 

Filter Particulatp 
Weight __ ) 1/(, J..? g 

Total Particulate 

Weight j,[,7:<,zg 



OXIDES OF liITROGEN FIELD DATA 

PlanL 

K'I I ~,aIIJP 1 e Co 11 ected By ___ li_.J..,;! !l:..... ____ .-~-__ _ 

,ck Time /260 12/0 I'IIS I 'i 2c- 1'12 ~ ILj30 

sk number I 2. J 'i s ~ 
* lume of flask (ml) 2o e/7 2.o!Jg 2.03'; 2o( t 202.S 2o~, 

ssuY'e before sampling in. I-Ig. 2.~~ -.- 1---' --"-- _. __ . ~--- .----

ssure after sampling, in. Hg. 2i,2~ -- . ' .. 

-
.s k temperature, of /Z 0 .. - -"._" . ' .,.., -... '-- .... " t--. -

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

Plc111l __ 5_f_a:.;.. . ~ It. ~_·..:....I ___ , 

Sal"pl e Collected By _.-.-t..;K:....1i~~_-'-/..:..l."' __ _ 

Field Data 

Clock Time /2.IS 12.2~ 1520 IS2S 1:530 I ':') , /$50 ISSS , -.) ",} +wi 

Fl as k number I l J f/ 5 ~ .:;' /0 

Volume of fl ask (ml) * 2D47 2oJ~ - cD2 8 2 {)2.s, lOS?. 205'-/ ZtS; 

Pressure before sampling in. Hg. Z,,-~ - ------- .. , • > "-- .. .,,~.~ ... ---_ .. '. ~---- ---

Pressure after sampling, in. Hg. 2'1,30 ---- ~.- . - _." .. 

Flask temperature, of 
120 - 1---- '" ~ i 

* Flask + valve - 25 ml. for absorbing solution 
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PARTICULATE CLEfu~P SHEET 

Date: 

Run Number: Pn\ d c,... .sf.: ~\ I j .) j 3 

Opera tor: .-:G~~r!..:1 ~~(:..:(~~·''''_''-;'I_/-,-h.:..!_i.:o..':-'_:_;-'_' __ 

Sample Box No • 

. Impinger H20 

Volume After Sampling.(50.5nl 

Impinger Prefilled With )00 ml 

Volume Collected 

Dry Probe and Cyclone Catch: 

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

Plant: B r ~.-,-" c+ '1 
Loca tion Of Sample Port: 11:/ Se'tI'/!!!/Y 'b",," 

Barometric Pressure: 

Ambient Temperature ____ i~·r~Q~O.----________ __ 

Silica Gel 

Weight After J 10. :::,- g 

Weight Before ~'.:..\',.1 g 

Moisture Weight /0 ,.s g Moisture Total G/.O g 

Container No. 

Extra No. __________ Weight Results --------'g 

Container No. 

Extra No. _______ \~eight Results 19, t. g 

Filter Papers and Dry Filter Particulate 

Filter No. Container No. 

% Moisture By Volume 

Filter No. 

-198-

Container No. 

Filter Particulate 
Weight .2'L l, l g 

Total Particulate 

Weight J f) . .:/ g 



PARTICULATE SAMPLING CALCULATIONS 

Test: ~+Ct.j - B~ ;Ie~ "* ( 
Material collected (mg) 

Date: lolu&) /lS 

Filter Catch 
Dry Catch 
Acetone Wash 

TOTAL 

= 
= 
= 

= 

Gas Volume Vrnstd ~ 0.0334 (~~ m )(B + 

0.0334 (SSlJtJ(Z'1.G.f + (),Slfo 
( j.o/ ) 13.6 

Volume of water vapor Vw = 0.0474 X Vlc 

0.0474 (5-' ml) = 2,(,!:.-¥/ SCF 
-------' 

% Moisture %M = 100 X Vwstd 
Vmstd + Vwstd 

100 X ( 2, G,Sjl ), ____ _ 

(5'1,35"'5') + (2~G:,S"1 ) 

Molecular Weiqht of dry stack gas 

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

% 

(s:t;. X 0.44) + (/~.2 X 0.32) + (79" X 0.28) = 2C;,,/i8 

Molecular Weight of stack gas 

MWw = 100 - %~t X MWD 
100 

[
1 00 - i/, (, Ie, 

100 

+ %M X 18 
150 

)[ 100 

-199-

SCF 



Stack Velocity 

PARTICULATE SAMPLING CALCULATIONS 

Vs = 85.48 x Cp [TS x P avgJ 1/2 
P s x Mww 

Oa te: / () II ~ 17 S 

85.48 x (O.8&') r '142..'2. x 0,02(;' ] 

lZ'i.sO x 28,':;SJ 
1/2 = 

11, ~o Jps 

Stack Gas Volume Qs = 3600(1- %M ) (VS)(A)(Tstd) (~) 
100 Ts Pstd 

3600 [,- (Lj,Cs,,,) ] ClI./. (,.o) (3S: Q) 530 1!.'1. SO ) 
100 (1~2.Z.) 29.92 

= 972/ 72 'i SCFH , 

Stack Emission Rate Cs = 2.205 x 1O-6( Mn \ 
VMstd ) 

-.:...!/1~O:..:O~~=--.:X:...::.lo~~_S __ l b/ sc f 2.205 x 10-6 ( c'l7. 7 ~ = 
Cst.(. !Jss 

CE = Cs x Qs = (1.00(.. x 16~ == _9:.... • ....;,..7_~ ____ 'b/hr 

CH == CE .;- H = ~ '1.7¥ ) = 
Ig,'2.S"~ ) 

0._,_5_'1 ____ , bjl 06 Btu 

Isokinetic Variations I ~ 1.667 rCO.00267) V, c + Vm ( + ~H )] 
L fiii PB T3.6 Ts 

e Vs Ps An 

+ S5. 'Ii (2'1,('/ + 0,$1 ~ ,1 (11z. z) = 83.0 % 
530 13.6 ti. __ _ 1.667 [(0.00267) ( s(. 

(Zc:t.s) (I,.3G..)Vo·.3) 

Excess Air at Sample Point 
% EA = 100 x % 02 

(0.266 x % N2) - % 02 

'00 ( /1. f ) 
(0.266 x 79.~.,) - (j'l. ~ ) = )32.2.% 

-200-



::oa 1 
, -, 
,-. 
,) 

/-IZ 
IIIZ 

°2 Jl,sh 
rlloi s t 
Btu 

Composition 
65.00% 
1.04 
4.50 
1.0 
7.94 
8.34 
12. 18 
10.390 Btu/lb 

Excess air = 103.3% 

~: 2 :: 3. 76 x O2 

STOICHIOMETRIC 
FLOWRATE CALCULATIONS 

Boiler #1 10/15/75 

mo1s/100# 
.;. 12 x 1 
+ 32 x 1 
+ 2 = 2.25 x 0.5 
.;. 28 = 0.036 
.;. 32 = 0.248 x-l 

18 = 0.677 

Theoretical O2 
excess O2 
Total O2 

mols 
= 

= 

= 

= 

O2 required 
5.417 
0.033 
1 . 125 

-0.Z48 

6.3Z7 mo1s 

6.536 
12.863 

48.364 

~oll Flue Gas = CO2 + SO + NZ + O2 + N2 
= !).~17 + ~.033 + 0.036 + 6.536 + 48.364 = 60.386 mols 

Flue Gas = 60.386 x 386.7 ~S~ = 23,351.3 SCF/lOO# 

@ 29.5 x 103 lb/hr steam = 29.5 x 103 x 1015.7 = 36.319 x 106 BTU/hr 
0.825 

36.319 x 106 .;. 10390 = 3495.6 1b/hr coal 
1 

3495.6 X_i_ x 23,351.3 = 816267 SCFH 
100 = 13604 SCFM 
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, 

H2S04 i'-l1ST and S02 HlISSIO\i DATA 

Date 

Run No. 

Vmc-Meter Volume, Ft3 

Vmstd-Meter Volume, Std. Condo 

PB-Barometric Pressure, HHg 

l1H-Avg. Orifice Pres. Drop, "H2O 

Vt- Vol. of Titrant, ml. 

Vtb-Vol. of Titrant for Blank, ml. 

Vso1n- Vo1 . of Solution, ml. 

Va-Vol. of Aliquot, 

lb/scf H2SO4 

1 b/l 0
6 

Btu H2SO4 

lb-scf $02 

lb/l06 Btu S02 

Vmstd '" 0.0334 (Vm) 
CFm 

Titrated, m1. 

x/o' ~ 

X Ic/ 'I 

( PB + ~) 
13.6, 

CFm = Meter correction factor 

Vmstd 

CS02 =(7.05 x 10-5 ~) (Vt - Vtb) 
g-m1 

Vmstd 

10/' ~ 10/2. 0 

t / 
t.. j.., /& '-8 . 

I -...I • .".' 12.7(. S 

1&",17 j I ,,~SJ 

2'7, ~ & 2Cj.~-' 

o I I (). ( 

~, '12. 3.~ 

1'\ ;1 1'\ ,I 

2.~D 100 

/,0 2.0 

I. S!G, 

0.02 ~ 

}.02/ 

2. 'i 

(~) Va = lb/scf 

-202-

/ul? a 101,0 h?/z (1 

I 2 2 

I c, 7'11 

i 2. I '1gra 

21.s/ t 

O. I 
! 

I 

';1, Co 7 4,2 1.0 8 I 
lIil r\ " I 1'\ / I 

I 
J 

'-SO /00 2S-o 
! 
! 

/.0 20 I ~ 0 J 
I,~ I~ I 
O,e .3 ¥ 

/.Z()7 1.22/ I 

2,3 2,,/ 

N ::; 0.01 No rma 1 
Barium 
Perchlorate 



SUPPLEMENTARY PROCESS DATA FOR Pm-1ER PLANTS 

Date /0/1 ~. /oll~ 10/, CJ - I JO/~() -I-; 

Net Unit LOild - MW 
Average Steam Load - 1031b/hr 2'1. ~ l'l8J .3 (.Q 33.7S 

Boiler Heat Input IO(.,B+~J,'" 3(".3 20, I 3 9. 'I Lf/,SS 

Fuel Burning Rate - lb/hr '3. '-I 9 S: CD Lq33 37'j/,g 3,),991 
Fuel Heating Value - BTU/lb ! 0 J '10 10.,3 '/0 /O..37() /o3~o 

Fuel Sulfur Content - % 1.0'/ '.0 £j /,or' /.0 Cf 

Fuel Ash Content - % r;,3'/ 9,3'1 2,3'1 ~,j7" 

Fuel Moisture Content % ; 2. .18 l2,18 (l.;8 12. Ie 

C (;\.1 C ""'( Gcte- ~ rlO1..AJ RCl~i" ~ . .. ---

I o/JS- &'1(' ,2.&>7 !:"~H 

\ 0/". 71 J) s~-(p sc.rl'i 

/o!z.o-I 73&;,17 0 ~c rH 

/0/'0- ? 7 7(';' ~ILO 
J 

SC 01 
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ORSAT FIELD DXfA 

Location __ S_+..:....:~~~_----=13_Q_,_' le __ r __ ...... _j __ COr::IJ'.cnts: 

Date 'ob S 4 /0 //(.~ fj Ie.) Iro 

TiDe ___ _ 

Oper<:.t.or __ I_J._I e_1e-.''''-_______ _ 

Test (CO ) (O2~ (CO) I 
Readtng 1 Reac.:!..~g 2 Reading 3 

10 {IS 

/310 9, 2- 1/.0 0.0 

J3~-O '1,,/ I JO/~ 0,0 

I 
,,,, II ~ 

I",~ 13 '{o s,~ (J.t; 

JlJc 5, 8 9,0 l).O 

Ie:) fl.O 

/fl.o /1, ~- 8.9 C.O 

IPS II, fa 1I,S' 0, 0 

I 
I 
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PARTICULATE CLEAt"l1JP SHEET 

Date: 

Run Number: 

Operator: 

Sample Box No. 

Impinger H20 

Volume After Sampling ~ml 

Impinger Prefined With 200 ml 

Volume Collected ____ 1L...L/ __ ml 

Dry Probe and Cyclone Catch: 

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

Plant: 

Location Of Sample Port: 

Barometric Pressure: 
t:J 

Ambient Temperature ____ ~2 __ 0 __ ~F_ 

Silica Gel 

Weight After 5-1 S.I.; 
--~~~~---------

g 

Weight Before 500, Q g 

Moisture Weight ~g Moisture T()tal~-C, g 

Container No. 

Extra No. _____ Weight ResuHs - ____ --,1; 

Container No. 

Extra No. Weight Results O. / ~OJi -------

Filter Papers a,nd Dry Filter Particulate 

Filter No. Container No. 

I 2. 

% Moisture By Volume 

Filter No. Container No. 

-207-

Filter Particulate 
Weight .P, () 87'/ g 

Total PaT'ticulate 

Weight (J, 2.171 g 



GAS SAMPLING FIELD DATA 

Material Sampl ed For __ S_O ..... /._4.!-..,;;S'-o---,3:r--___ _ 

Date Ie; Irs /7~ 
Plant S+a ~ Location ~; le....- ~ I 

Bar. Pressure 29, q g "Hg ------

Ambient Temp __ I-'--"=s:-c--__ oF 

Comments: z'1. 4/~ II'.. 11~ • 1((r~J 
2 9. ,,<I't ,;,.../1j' - l fae k 

Run No -----------
Power Stat Setting ----
Filter Used: Yes No ---
Opera tor _--,G~-'(":...ll!..:l· .s~(-",QW\,-,-,--..,-'K~' ,.....e '-',."...1....-___ _ 

J 

Clock 
Time 

Meter 
(Ft. 3 ) in. H2 0 in H20 Stack Probe -b&H.. Impinger I 

In Out I 
I 

Pitot 11 Orifice Temperatures OF 

I AH ____ -t-'-0_;..:V(!"-'-"'''-t--==---t--=-='----l 

S'L/Q 2.3 S' lSi 10'$ 70 _ .. - -

13:.;- ,:.,/ ! 
i 

I __ ~~~€ ____ I I c...1.1. ___ -+~'?j_~ __ ~~_ SSO 278 1_83_' .-t---t------' 

i I I' 
I -~ I /30 .... ..; 

, 

IZ~! C:, 3 I 

, 
, 
l 

I II/~ 1 1~'j4.g r' (),c~1 0,1 I 5~S Z7S I~() 

I I: H 1-:;;.:1L ~~-~ ~~~ 5 o. !--t s(. s I Z 75 +'-_70---;.-_+__---' 

!. _/:_~s.-:_.+J. 700~_~~_--+ 0.0'1 0,1 15$0 278 178 130 ('5 i 
I 
I 

12(" G"t;, 
, 
I 

I 
I 

I , ! I 
I J; l./~- I /7oJ. IS j 0.02 0. J SI./a Z 7i? /70 
1------- -------'1'----- --- -1--
Is~--,-17<Os~I't'£-t- r-

I 
I 

---'" --- -------- -------+------+-, ---f---t----f---I-----t 
I 

i 

----1 
._----- . -.--- ------------ ------- r--.------jl'----~f----+---_t--+---I 

1 I 
( ~jPd e/Y1 7·3 1.~' '.ff 
Ib It...r ..s f('~ 

Comments: 30000 , toed 

~. 
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GAS SAMPLING FIELD DATA 

Ma t erial Sampl ed For __ -J_
c, _O~,~1_S_0~J ______ _ 

Date 

Plant 

Bar. Pressure "Hg -----
Ambient Temp __ 7,--,S~ __ oF 

Run No 

Power Stat Setting ---
Filter Used: Yes No ---
Operator 

Location 80; IeI' :tt I 

Comments: C 9. SO s /"'. '~5' J(~ 
? r;. '/~ s I~, I~ j' ~ +~ ( It 

Comments: I, (~e( .\.ci ~e1 A. 1..r!!.('O \"'t" ... d I~ GIn -rt..~ f ;'/()t -arfl« y e f \,1/,) 

-10'0 Mu,(4 1IA.rGu./~t1((!fI. 

? d J...f' ('..(' 0 0 7 + ") 0 0 S I'" ; q ~. t ~~" f n ! II t' l, If':::.. (Off!' 0 rClW\.' ". J 

ope-V'tlr Or ',1e p p~~J ,0 CLI/'~ Q :) .. ('5 . 

-209-



GAS SMoIPLING FIELD DATA 

Material Sampled For _~S-=O~l.;..-...:....f...::..s~Q~l~ __ _ 

Date 10/2. 0 

Plant _-=S-=t._a......;.~~ ____ _ Location ~ I 130" ler 

Bar. Pressure '2 9. ~. I "Hg ----'----- Comments 

Ambient Temp 7'::; of 

Run No 2. 

Power Stat Setting ---
Filter Used: Yes No ---
Operator _.-:G~r...:.'.=.~.:....l ,-w\:"';';"';'--I-I...:.;(~I (8:-:I..:.:'!)t....-____ _ 

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

AP oAH In Out --1 . _-- ----- ------f------ --------. 

i 12~3S 17&f~,3BiJ.. % z. Otl SOS 27$ ISO 

! 

Ito ~9 r -.--._.-.--.- --·-·-·-··---r---------t ------· ! 
1 j,:t/S 1798.0/ ,0.00/ I 0./ 570 1.7S ISS 13.';'- C-S t 1- . ------ - -- i------------ i -y------ - , 

i /Z:SS l/8CC-'.L----t O.OJI> I 
, 

0, I _~~O 290 130 ("'$ I 
i 

I 1-/.:~~80~.J-------r~,03S ' 
, 

0./ 5SI.') 2#fO 1- IZS! ~S 
, 

12.0 I I ! I~/~ 1/8.CJf:,", 0.00{ 0./ $'"]0 29$ ./ ;] .... 
j -----------,---.. ------1----- ! 
; I: 2..s I I ~D 7."fJ ! Ot 03 O. I I S~(; 30$' I$S I Z() c:'71 1--' -.-------.- -", ---"-'--"-'--1"-'---' ----- --------t---

t~~~~~--_~ _-'~_~_~,l~ 0 ~J=_--_=~~ I 
I 

I I 
1---··-.... - .--- -----.. --------- .. ---. r---------- --------t-

I 

~ L -------j---- L-___ L-_ 

Comments: 
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SOURCE TEST REPORT 
GENERAL MOTORS ASSEMBLY DIVISION 

ST. LOUIS, MISSOURI 

BOILER NO. 2 
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TESTED BY: ROCK~rELL INTERNATIONAL 
R.W. Griscom 
D.C. Klein 
F.E. Littman 
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1.0 SUMMARY 

In conjunction with the RAPS project, a limited 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: S02 (sulfur dioxide), 
particulates, NOx (nitrogen oxides), H2S04 (sulfuric acid mist) and hydro­

carbons. Orsat analysis for CO2 (carbon monoxide), and 02 (oxygen) were also 
performed. Results of these tests are included in this report. AHhough 
these tests were not conducted to ascertain compliance with St. Louis stan­

dards, it is of interest that the particulate emissions are within the lim­

its. The SO,) 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 ~tack 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, NOX' 502' H2S04 
CO2 and O2. 
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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 firinq 

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 S02. These scrubbing units are in operation from October 

through March for compliance with the local St. Louis standards. 
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4.0 PROCESS OPERATION 

Boiler 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 S02 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 ill the 
duct. In accordance with EPA Standard Method 1, thirty-two sampling 
points were chosen. eight at each of four sampl ing ports. Genel"al 
Motors already had four. 3-inch pipe couplings installed for use as 

sampling ports. 
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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 STRUCTlJRE FOR SAMPLING EQUIPMENT 
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6.0 SAMPLING AND ANALYTICAL PROCEDURES 

All 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 CO 2, 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 

the exception that the probe and oven were operated at 300-350° of. 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 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 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 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 

~4 

'., ~111 s ~ [ 
.... ~ 

OPERATOR DETERMINING STACK GAS COMPOSITION 

WITH ORSAT APPARATUS 
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REVERSE­
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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-liter flasks containing a dilute solution of hydrogen pe~oxide and 

sulfuric acid. The hydrogen Deroxide oxidizes the lower oxides of nitrogen 

(except ni:rous oxide) to nitric acid. The resultant solution is evaporated 

to dryness and treated with ohenol disulfonic acid reagent and arrirlOnium hy­

droxide. The yellow trialkali salt of 6-nitro-l-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 Stlell 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 

l40o-194oF, followed by a fritted glass plate and then passed through a chilled 

impinger tr'ain with two impingers containing an isopropanol and hydrogen 

Deroxide 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 

fron the ccndenser. The final determination is made by titratinq 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 

bariun 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.196S. 

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 OXIOES TESTING 

FIGURE 7 

OPERATOR FILLING EVACUATED FLASK WITH STACK GAS SAMPLE 
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FIGURE 8 

SULFURIC ACID MIST SAMPLING TRAIN 
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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 ;s 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 



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 

the local S02 regulations the only applicable standard is for particulates. 

It is of interest to note that this boiler is within the standard: 0.28 lb/ 

106 Btu compared to the standard of 0.40 lb/106 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: 

Methane: 

Total Hydrocarbons, as CH 4: 

26.80 and 23.04 ppm 

0.23 and 0.25 ppm 

1.31 and 2.30 ppm 

The major components of several hydrocarbon samples taken on 8 and 9 

September are given in Table 3. 
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TABLE 

SUMMARY OF RESULTS 

I Date 
. 

9/8 9/9 9/l0 
f 

Stack F10\'1 Rate - SCH1 * dry 27,041 26,633 26,633 

% Water Vapor - % Vol. 8.34 7.38 

% C02 - Vol ;; dry 11.16 10.65 

% 0 -
2 

Vol % dry 8.37 9.25 

% Excess air @ sampling point 64.2 76.72 

5°2 Emissions - lbs/l06 Btu 5.81 6.14 

NOx Emissions - 1 bs/l 06 Btu 0.49 0.48 

H2S04 Mist - lbs/10b Btu 0.19 0.16 

Particulates 
Probe, C~clone, & Fil ter Catch 

lbs./hr. 20.41 20.03 

1 bs/l 06 Btu 0.25 0.24 

Total Catch 

lbs./hr. 
6 1 bs/l 0 Btu 

% Isokinetic Sampling 119.3 110.8 

*700 F, 29.92" Hg 
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TABLE 2 

PARTICLE SIZE DISTRIBUTION 

Test: GM-Ardersen #1 
300°F 

Date: 9/10 
Oven Temperature = 

Plate Filter Net (mg) % Of 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 Fi lte'(' 48.0 62.34 <0.66 

Tota 1 77 .0 100.00 

Test: GM-Andersen #2 
Oven Temperature = 370.90 F 

Date: 9/1'1 

Plate Filter Net (mg) % Of Total [CD (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 3.2 
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) 

ComQound 

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 
Isobutane 20.3 14.8 25.6 

l-Butene & Isobutyl ene 52.1 29.9 

Butane 62.4 72.0 16.9 21 .5 

Pentane 2.1 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-Methylcyc1opentane & 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-Xylene 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 long 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 900 on its axis. A zero reading should then result. If no zero read­
ing is obtained, the resu1ts 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 900 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 5°2 can be calculated based on gas 
flow and 5°2 concentration on one hand, and fuel consumption and sulfur analy­
sis on the other. The conversion of sulfur in coal to 502 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 lbs/hour and the steam flow averaged 66,910 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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I 

i 
Date I 

I 

i 
I 
I 

9/8 t 

9/9 

9/10 I 
I 

TABLE 4 

COMPARISON OF FLOW RATE DETERMINATIONS 

FLOW RATE SCFH , 
~-. 

Measured Calculated 

1,622,490 1,403,921 

1 ,598,005 1,434,847 

1,396,329 

q 
II 
i 
I 

SO (lbs/hr) Based On ---2- -
AP-42* Calculated 

Flow 

478.5 472.0 

480.0 501.3 

* 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=5.167xl=5.167 

H2 5.0 ~ 2 = 2.500 x 5 = 1.25 

N2 1.0 ~ 28 = 0.036 
O2 9.9 ~ 32 = 0.309 x-l =-0.309 

@ 70.46% Excess Air 

6.216 

4.380 

10.596 
= 39.840 

Mols Flue Gas = CO2 + S02 + N2 + EA + N2 ~ 

5.167 + 0.108 + 0.036 + 4.38 + 39.84 = 49.53 mol~lOO# 

On 9/9 7268.8 lb/hr coal during S02 test 49.53 x 386.7 x 72.688 = 

1,392,211.5 SCFH 

On 9/9 7491.4 lb/hr coal during particulate test 49.53 x 386.7 x 74.914 = 

1,434,846.6 SCFH 

9/8 7329.9 lb/hr 1,403,921.1 SCFH 

9/9 1,434,846.6 SCFH Part. 

1,392,211.5 SCFH 5°2 

9/10 1,396,329.4 SCFH S02 

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 - 700 F, 29.92 "Hg 

Vmstd _(vm \( pm'J6std) _ (vm\(pB llH) -~Fm) pst~\Tiil - 0.0334 1.02l} + 13.6 

Vmstd = Volume of dry gas sampled at standard conditions, ft3 

Vm = Meter volume sampled, ft 3 

1.021 = Meter correction factor 

Pm = Meter pressure, barometric pressure, PB, plus orifice 
pressure, ~H, in. Hg. 

Pstd Standard pressure, 29.92 in. Hg. 

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

Tm ~ Meter temperature, 5300 R for compensated meter 

CFm = Meter correction factor 

Volume of water vapor at standard conditions 

Vw = Vl (PH20)(R Tstd) lb. = 0.0474 x V1c 
c MH20 Pstd 454 gm. 

Vw = Volume of water vapor at standard conditions, ft3 

Vlc = Volume of liquid collected in impingers and silica gel, ml. 

pH20 = Density of water. 19/ml. 

~1 H20 = Molecular weight of water, 18 lb/lb mol 

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

% Moisture in Stack Gas 
Vw std 

% M = 1 00 x V.----:----:-c..--­
mstd + VWstd 

-240-



Average molecular weight of dry stack gas 

Molecular weight of stack gas 

r~w = (100 ~% M 
\'J 100 x 

Stack velocity at stack conditions 

85.48 x C (TS x liP avg. ) 1/2 
Vs = P Ps x MWW 

Vs = stack velocity, fps. 

85.48 = pitot constant, ~ sec. ( 
lb. )1/ 

lb. Mo1s - oR 2 

c = p pitot coefficient, dimensionless 

T = average stack temperature, oR 
s 

P = stack pressure, s barometric pressure plus static 

liP Avg = average differential pressure, in. H
2
0 

Stack gas volume at standard conditions 

Qs 3600(1- %M) V A(Tstd ps) 100 s Ts Pstd 

Qs stack gas volume flow rate, SCF/hr 

A = stack cross sectional area, ft2 

3600 = seconds per hour 

Qs' = Qs : 60 = SCFM 

-241-
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Per cent isokinetic sampling 

[ : 1.667 [(0.00267) + 

8 Vs Ps An 

I = per cent isokinetic sampling 

1.667 = minutes per second, X 100 

1 b. 
454 gm. 

o = sampling time, min. 

An = cross sectional area of sampling nozzle, ft2 

Particulate emission 

Cs = 2.205 X 10-6 (~) mstd 
Cs = particulate emission. lb/scf 

2.205 X 10-6 = pounds per mg. 

Mn = total mass of particulate collected, mg. 

CE = Cs X Qs = lb/hr 

CE = particulate emission per hour 

CH = CE ~ H 

CH = particulate emission, lb. per million BTU 

H ; heat input, million BTU per hour 
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Excess air at sam81e point 

% EA = 
100 X % 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: 8/'1". 2 - Ru.¥I I Date: 9/S/7S 
Material collected {mg} 

Filter Catch = 115:/ 
Dry Catch = 
Acetone Wash = /4/9.1/ 

TOTAL = 2ct1. s 

Gas Volume Vmstd = 0.0334 (VCmFm )(PB + H \ 
\ 13.6) 

0.0334 (l/1J..11/) ~ /~ + O. 'I' ) ~.L1 / 72 
( . 0.1 w -=-=--=--_ = --, 7· (c:J 

1.01 ) 13.6 

Volume of water vapor Vw = 0.0474 X Vlc 

0.0474 ( gs. ~ ml) = ~. D" 7 SCF 

% Moisture %M = 100 X Vwstd 
Vmstd + Vwstd 

1 00 X ( J.I. 0(" 7) -----
(~4f,'_72.) + (1.0' 7 ) 

= 1~31 

Molecular Weight of dry stack gas 

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

(#/~ X 0.44) + (8.37 X 0.32) + (80.I/7X 0.28) = 30.IZ 

Molecular Weight of stack gas 

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

[
100 - 8. J'/ 

100 
X 30./2 }[ 8.3 Jf 

100 
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PARTICULATE SAMPLING CALCULATIONS 

Test: 81r.2 -I?LU'\ I 

Stack Vel oci t.y Vs = 85.48 x Cp l~TS x P avgJ 1/2 
Ps x Mww _ 

85.48 x (<"gS) [~g3.7 x O·2f' J 
30. 1.3 x 2 f.j./2S 

1/2 = 
.3 '1.1(' , fps 

Stack Gas Volume Qs = 3600(1- ~~t1 ) (VS)(A)(Tstd_) I~) 
100 Ts \Pstd 

3600 c- (20.'12. ) 530 ~. 1.3 ) 
(813.?) 29.92 

Cs = 2.205 x 10-6 (r~n \ 
VMstd j 

Stack Emission Rate 

2.205 x 10-6 ~/~.--,-~-=-'$'-,-'I_)(_'O::.--_~ __ l b Is c f 

(~ t,to 3, 9~ I) = _'2_0_,_~~/:....-___ l b/ hr 

CH = CE -;- H = ( 20. til ) = 

t 82.,0 ) 
--,-O-"---.:IZr-:::S~ ____ l b/l 06 Btu 

Isokinetic Variations I = 1.667 f(0.00267) V1 + Vm ( + ~H _)1 L c Tm Ps 13.6 JTS 

1.667 [ (0. OC267) ( a.5. 8 ) 

e Vs Ps An 

+ '1'1.2'7(30'" + O .. ~ \l (883.?) ;: /11.3% 
530 13.6 1J 

(,(~) ( 3'1...ro ) (30,13) ( 3. 'Io1K/()-~ -

~xcess Air at Sample Point 
% EA = 100 x % 02 

(0.266 x % N2) - % 02 

100 ( 8.3 1) 
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PARTICULATE SAMPLING CALCULATIONS 

Test: '8h".2 - "Ru. .. 'Z Date: ,11I/'S 
Material collected {m9} 

Filter Catch = 130.3 
Dry Catch ::; 

Acetone Wash = /3'.8 

TOTAL 

Gas Volume Vmstd = 0.0334 (~~m )~B + 

0.0334 (~2·o'[) ( + O. t{O 
(I.Of ) 30-11/ 13.6 

Volume of water vapor Vw = 0.0474 X Vlc 

0.0474 (7/,t! ml) = 3.38,£' SCF 
--"--'----...::..-.::....--

% Moisture %M = 100 X Vwstd 
Vmstd + Vwstd 

100 X ( 3.38$)'---___ _ 
(I./2.SI1 ) + ( 3. 385 ) 

= _..:..1,_' 3_8~_----,% 

Molecular Weight of dry stack gas 

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

(fo.l.S-X 0.44) + (f.2S X 0.32) + (BO.I X 0.28) = 30,07 

Molecular Weight of stack gas 

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

100 

SCF 

[
100 - 7.3B 

lOa 
x .30,07 

100 
Xl~= ___ 2~9~1~/9~2=-____ _ 
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PARTICULATE SAMPLING CALCULATIONS 

Test: 13 \r. 2 - "R14Yl '2 

Stack Velocity Vs = 85.48 x cp iTs x P aV9J1 1/2 
LPs x Mww 

1/2 = 

Stack Gas Volume Qs = 3600(1- ~11_) (VS)(A)(IstcL) (~) 
100 Ts ,Pstd 

3600 

Stack Emission Rate Cs = 2.205 x 10-6( Mn ) 
VMstd 

2.205 x 10-6 ( 2'-'./ ~_ 
(1/2.$/1 

-=/~' =-39~'~X~/O==-.. _S __ 1 bl sef 

(~IIJ~8'1') =; • .:::;.2-=-O~,O:.....;3~ ___ lb/hr 

0.29 lb/106 Btu 
---'--..;::.-"----

Isokinetic Variations 1=1.667 
[
(0.00267) Vlc + Vm ( + l.IH _)11 

• Tm PB 13. 6 ~TS 

"1.667 [(0.00267) (C.'1JI) 

e Vs Ps An 

+ tI/Z.,IRf30.If + O.fo ~ ("'.f) = 1/0.8% 
530 :', 13.6 jJ 

(9(,) ( U~ 112 ) <30.1.3 ) ( 3~ C/O 7Jt.1"-'I) -

Excess Air at Sample Point 
% EA = 100 x % 02 

(0.266 x % N2) - % 02 

100 ( 9.2$ ) 
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Coal Composition 

Moisture 
Ash 
S 
C 

H2 
N2 
°2 

STOICIOMETRIC 
FLOWRATE CALCULATIONS 

7.71% 
10.895 
3.465 f 32 = 
62.0 f 12 = 
5.0 f 2 = 
1.0 ... 28 = 
9.9 f 32 = 

Boiler #2 

Mol s/100# 

0.108 x 1 
5.167 x 1 
2.500 x .5 
0.036 
0.309 x -1 

@ 70.46% Excess air 

N2 = 3.76 x 02 

Mols 02 required 

0.108 
= 5.167 

1.25 

= -0.309 
6.216 

4.380 
10.596 

= 39.840 

Mols Flue Gas = CO2 + S02 + N + EA + N2 = 
5.167 + 0.1082+ 0.036 + 4.38 + 39.84 = 49.53 mols/l00# 

on 9/9 7268.8 lb/hr coal during 502 test 

49.53 x 386.7 x 72.688 = 1,392,211.5 5CFH 

on 9/9 7491.4 lb/hr coal during particulate test 

49.53 x 386.7 x 74.914 = 1,434,846.6 5CFH 
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,.-.. 

Run No. 

Time 

:Jg N02 

T.- Initial 0 F1 ask Temp, F 
1 

t=Tf - Final Flask Temp, of 

Vfc - Flask Volume, m1. 

! P.- Initial Flask Pres, "Hg 
I 1 

NO EMISSION DATA x 

/ 2. 

//50 /2.(;0 

g~s 8'G:.S 

qo C;o 

qs 15 

2017 2038 

2.5' 2.S' 

30,ICo 3O,lfa 8r Final Flask Pres, "Hg 

1b/scfN02 ><10- S 2,cl7 ;/18 

lb/10
6

Btu N0
2 

C = 6.2 x 10- 5 1b/scf 

~g/ml 

O,S-{ 0,51 

(Vfc) 

(

\.1g N02 \ = 1 b/scf NOZ 

Vsc / 
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Oate_ ...... 96.o;;,.g/_7_S.· __ 

3 -'I 5 fa 

IZ30 /230 /32S /3.30 

g(pS g{S 7~O 7G,o 
, 

90 '10 I Ojo qo 

~ 95- '/!;- 95 '15 

203'/ 202.g 2025 2'052. 

2,5 2,5 2,5 'I (' l C'....) 
-; 

30.1" J/)d(P 
, 

30tlftJ 30,/~ J 
2,18 2.82 c.,¥ 2.~o ~ o,'Ig o,'1'!;; 0,51 O,t/S J 



Run No. 

Time 

119 N02 

T.- Initial 0 Flask Temp, F 
1 

Tf - Final Flask Temp, of 

Vfc - Flask Volume, m1. 

P.- Initial Flask Pres, "Hg 
1 

Pf - Final Flask Pres, "Hg 

lb/scf N02 

1 b/l 06Stu N0
2 

Vsc= (17.71 ~R ) 
1n. Hg 

v = Vf - 25 fc 

XIO· S 

(Vfc) 

NO EMISSION DATA x 

/ Z 

0910 0912 

970 JOl.D 

90 90 

qs qS 

20'17 203~ 

2.5 2.s-
3O,/~ 30.1fr:, 

3.~3 3.52 

O.S7 O,flO 

C = 6.2 x 10-5 lb/scf 
llg/ml 

/1l9 N02 , = lb/scf N02 

\ Vsc / 
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Oa te_~9_/c;....I~_7_5 __ 

3 ~ 5 &:, 7 8 
lOa€' /010 /0'/0 loQ2 12'10 /l~S 

7/0 7fcO 7(.,,0 7tdJ 76,0 7bO 

90 90 '10 '10 '10 ~O 

95 CjS 95 qs CjS '1S 

2031 ZOZf 20l.s 20SZ '2052- 2ost~ 

'2.$ 2.S 2,S 2,$ 2.S 2.S 

30.1~ .30.1 (. 3D./~ :30,j~ 30./~ 3&./,-, 

2.'15 2.'-3 2., ~'I 2.~O 2.~o Z. (,0 

O.'1Z O,4S (j,45 O.'Is O.'1S 01 Lf~-



i:e 

n No. 

cr~eter Vol ume, Ft3 

std-Meter Volume, Std. Condo 

-"Barometric Prl:ssure, "Hg 

·,Avg. Orifice Pres. Drop, "H2O 
;--

-Vo 1 . of Titrant, ml. 

b-Vol. of Titrant for Blank, ml. 

Gln-Vo1 . of So"'ution, ml. 

-Vol. of Aliquot, Titrated, ml. 

sef H2SO4 xlO- ~ 

/l OG Btu H2SO4 

-sef S02 'x10-'I 
\j-

106 Btu S02 ~ "! b/ 
L. 

Vmstd = 0.0334 (Ym) 
C:Fm ( PB + ~) 

13.6 

CFm = Meter correction factor 

Vmstd 

Vmstd 

1/l) 
/ 

7.513 

?,S(.,;,S 

30,1'1 

0./ 

~,'I 

",,', I 

100 

/0 

/2..0D 

0,21 
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2. I ; Z 

~.ci23 )'1, Lf 3 i&, 

~/j71 I 'f,S.H~ 

30./~ ]0,/ 'f 

0,/ 0,( 

s,q 27.19 

'" t I VI" I 

100 2so 

/0 / 

9,1't' 

O. I" 

3,37 

~-.~ I 

(Y.llin.) Va = lb/scf 

q/;o 9/10 9/;0 
/ 2. /";2 

, -. 
/0-337 g'.899 11,2315 

/0, 17~ 2,~3{ 11,':'0 7 

30,0'1 30,a'l 30.0,"/ 

O. I {) I I CJ, / 

9· 8 ~,8 37,33 

VI; I Y\; I Y\ / / 

/00 100 2$0 

/0 ,I 
Ie) I 

T 
10, 20 il g, 2, 
0., 7 II 0, I~I 

! 
2;,51 I 

I 

fc,,/1 I 

N = C)' 01 Normal 
Barium 
Perchlorate 

i 

j 
! 
1 ., , 
I 
-i , 

1 
! 
I 
I 
I , 
, 
I 

I 

I 



APPENDIX B 
FIELD DATA 
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SUPPLEMENTARY PROCESS DATA FOR POWER PLANTS 

Date CJ/g 
Net Unit Load - MW 
Average Steam Load - 103 1b/hr 
Boiler Heat Input X./O C 131"/~r 22.0 
Fuel Burning Rate - 1b/hr 
Fuel Heating Value - BTU/1b 1/187 
Fuel Sulfur Content - % 34/,S 
Fuel Ash Content - % 10.81S 
Fuel Moistu~e Content % 7.71 

g2.C 'X/O (" Bt",-llw 

~'Vf f.H+,·CCAIAft'..5. i "'Ox 

70><10 3 Lb/~,. d~ 
70 

/OiOO 10 
I 0:30 c..~ 

II: '-""b 70 
II: 30 70 

'7.l,7~/Ci Ib/C .. 
7'f.3 ~71.f'lJ.'f Ib/~r(DUI 

)(11187: ~~I~ ')((0" BtI4IL~ 

q /10, ..(UY" SOl ~ $ OJ 

q;iJO I" 'f 
9: ~c. &; 7 

10100 ;0 

~/'J 

CJ/9 9/;0 

a3.B/~/'3 &1. (" 1,1,. ~ 

+w SOl. 4: ..sO l 
1/: .10 10xI0 3 

It:OO ~7 

1 Z~ .30 70 
,~oo ., I 

".30 '" 
z.~ao "21 
L: 30 "3 

mXIO:3 IbIC .. 
-+q,~: 7~"'~ I£I~.,. loc:../ 

)(11187= f/'~>"IO<" B+/,(/~Y 

, 

j 

li#l! 

~s 
&'-/,;;1{.)3 IbJ~t:: 7l'iOd Ib/Ar (00/:- f/I.(.x/c" ..::~,,/, 

/1:.10 

1,:00 

1:00 

1:)0 

2.',00 

~s 

"I (."1 
~(p, 2 >--/:;~ .!' 
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ORSAT FIELD DATA 

Location Ge~er""{ Moior~ - Si.Lau:Jcorr:ments: 

Date _---'-'1-L--:! ~ J9 I, '1110 
Tioe _____________ _ 

Operato'c _-L-K-"-1'-'I<-e-,-: :..>-f'\ _______ _ 

Test (CO
2

) (0 ) (CO) 
ReadIng 1 Reaaing 2 Reading 3 

'IIi 
1~30 10, ") g.7 0 

I( OS 11.8 8, z 0 

JjIS 11,0 2,2 0 

'1f'i 
o~oo lO,S fj,lj (;) 

09~·O 10,8 ~'-~ 0 

'1 (10 

OifSO /0,3 q,q 0 

I02.~ II, 'I 'i,2 0 

/31S If., ~,~ 0 
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PARTICULATE CLEM'UP SHEET 

Date: 

Run Number: I 
Operator: 

Sample Box No. 

Impinger H20 

Volume After Sampling t 72 ml 

lmpinger Prefi.l1ed With 200 ml 

Volume Collected 72 • () ml 

Dry Probe and Cyclone Catch: 

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

Plant: GMAD 

Location Of Sample Port: ~l Bel/L.Ei ,---

Barometric Pressure: 

Ambient Temperature --------------------

Silica Gel 

Weight After ::) I if, D g 

Weight Before sO t. 2 g 

Moisture Weight /3, ~ g Moisture Total ES. g g 

Container No. 

Extra No. _____ Weight Results _______ .g 

Container No. 

Extra No. ------ Weight Results o,lJ./r1 g 

Filter Papers ,md Dry Filter Particulate 

Filter No. Container No. Filter No. 

% Moisture By Volume 

Container No. 

-259-

Filter Particulate 
Weight <J.I"I S I g 

Total Particulate 

\'Ieight 0.291s g 



PARTICULATE CLEANUP SHEET 

Date: 

Run Number: 

Operator: 

Sample Box No. 

Impinger H20 

Volume After Sampling l'O ml 

Impinger Prefilled With aOO ml 

Volume Collected ,0 ml ------

Dry Probe and Cyclone Catch: 

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

Plant: 

Location Of Sample Port: ~Z B(;),~l!'~ 

Barometric Pressure: 

Ambient Temperature 

Silica Gel 

Weight After S" 2. ~,4 g 
--~--~~--------~ 

Weight Before _S_' q_._O_~g 
Moisture Neight _Mg Moisture Total ~ 9.1 g 

Container No. 

Extra No. _____ Weight Results ______ ,g 

Container No. 

Extra No. ______ Weight Results Qd3t/?g 

Filter Papers and Dry Filter Particulate 

Filter No. Container No. 

% Moisture By Volume 

F:.lter No. Container No. 

-260-

Filter Particulate 
Weight __ Q~~ g 

Total Particulate 

Weight O.2~ V g 



OXIDES OF NITROGEN FIELD DATA 

Dd te __ ---:.1--'1.'-'8=..,,/_'-7 ¢;)_""' ___ _ 

PIClnt_. GerleV'.fi.( Molcv, 

SCHI'P 1 e Co 11 ec ted By ___ ~I(;..:..'.:;;,.~.:-i "''-!.-______ _ 

F"ield Data 

Clo ck Time /ISO /200 /230 -
Fl a~ 3k number I 2 .3 - -
Vol ume of flask (ml) * 2047 2.0J8 2 oJ? . 
Pre ssure before sampling in. Hg. (,$ 2.$ 2.5 

Pre ssure after sampling, in. Hg. 3",/~ 30,f{Q :.;0,/4, 

Fla 0 sk temperature, F 10 'It) fo 

* Flask + valve - 25 ml. for absorbing solution 

-261-

1230 I!(~ 

4/ ·S 

2oZ1 202S 

2,S ?,S 

J(), I~ 3Q,/G, 

'10 10 

/';30 

4" 

2os, 

2,S 

3a,lfe. 

'10 

~ 
1 

i 
j 

---1 



OXIDES OF rHTROGEN FIELD DATA 

Plunt_ 

Sa~ple Collected By 

Field Data 
----~--

Cl ad Time Oct 10 0'//2 loafs /O/C 10'10 /OI.fZ 12.10 leil.f 

Flask number I , J "I S ~ 7 ~ 
* Volume of flask (ml) 2rJ47 203i 2D39 202~ 2()~$;,- 2 D ~'{, cDS 2 2.0J-~ 

Pressure before sampling in. Hg. 2..S C.S Z t~ (,$ C,S ?S J,S 2 \~ ~~ , ., 

Pressure after sampling, in. Hg. 30./'1 3Q,('1 .30, (,/ 3O,i1 30,{1/ JO,I,/ JO, /'1 JQ,FI 
a 1/)' ft) ~o 'to 10 90 9{) Flask temperature, F 10 

* Flask + valve - 25 ml. for absorbing solution 

-262-



GAS SAMPLING FIELD DATA 

Mat eria 1 Samp 1 ed For __ S...::..-O-"l.,,---,lf_S_O_3.;>.-_ 

Date --3.. . ...L-/4-..J9 IL-'Z~S' __ _ 

P lant (:E.:;...:..M~Ac-!lblC..-__ _ Location :!t 2. .Eo I kflC 

Bar. Pres!':.ure 3Q,/~ 

Ambient Temp 90 

"Hg Comments: Po,' ... t 2-(" 

Run No 

Power Stat Setting __ _ 

Filter Used: Yes No ---
Operator 

Clock Meter Pitot Orifice Temperatures OF 
Time (Ft. 3 ) in. H2 O in H2O Stack Probe Coil 

At> Ali 

I:ao t13nO~2 Ol/~ 0·' JjSO 32.5 
r--- I 
I I: os; -1-/3 z.~, 1 0,1::.:..-

I 
(J • / J./SO 3ZS"' I~O I 

I 
..I-, , 

I: 10 !12Zq .. (p O,IS ! 0./ If "'~. "J'10 170 
! I 

I I:lS ,! 3JO,L ___ OdS 0, I "1'10 3S0 17S 
, 

I: 2.0 13.32, '2 0./ Z 0, I i.I'-IS 22S 171 I , 
j - I 

\ 0.; $ ~lS 113~l'S 0./ 4~O ..31~- /70 

I -t I 
~~~_, 1)3~.tc,30 I 

T 
I _J __ I 

1-~--1 
i 

- I 

I I 1 __ ---

Comments: 

-263-

Imj>inger 
In Out 

l2tJ ~S" 

130 7~ 

.I~S 7S 
, 

10/0 i ~ I 

mil 77 \ 
I 1 

I~I fO I 

± 



GAS SAMPLING FIELD DATA 

Material Sampled For SOl • .sO l 
Date CJ /tt /7S 

Plant C, M A:D Location ~2. BO" .. SR 

Bar. Pressure .3 0'/1 "Hg Comments: POI;"" t 2. .. ~ 

Ambient Temp _---:Cf~()'---__ OF 

Run No '2 

Power Stat Setting __ _ 

Filter Used: Yes No ---
Operator ____________ _ 

Clock 
Time 

Meter 
eFt.3) 

Pi tot ! Orifice ~-T-e...,..lmpl-e-ra-t_rur-e-s-O.-:.F...__--___l 
in. H20 I in H20 Stack Probe Coil Impinger 

AP AH In Out 

\ 

I
I ".55 I 33i'. 2 0.12 + __ ~!L 430 

2.:00 'J~'f,3 0.1,' 0./ ~JO 

32S /7D I.iS 75 

i 2.1 OS i 13 ~ O. s I 0_. _I ~_f___O--'./--+1-4-.3-S---+--:! _I D-+-_I_~ 5--+-1_25-+-7_7_1 

~;_ J l.l ~ I , (, t~t-l __ -+-1 __ -+1 __ --+_-+--_+---+----1 

E----~----- ~------+=I ~~r-__ ·_-___ -+-i ----l-+-+---+-----4 

_ ~ ___ ~ ___ L_ __ L__ ___ 

Comments: Co. q 9 2 ~-t3 
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GAS S_~PLING FIELD DATA 

Material Sampl ed For _-=S=-O~z. _'*_S_CJ-=.3~ __ _ 

Date 9/10/75 
.~-=---:..-=------

Plant Location ~ 2 BOIl-.IER 

Bar. Pressure 30,01 "Hg Comments: 

Ambient Temp __ £?_O ___ OF 

Run No 

Power Stat Setting 

Filter Used: Yes 

Operator 

Clock 
Time 

~~eter 

(Ft. 3) 

---
No 

Pitot I Orifice Temperatures OF 
in. H2 a in H20 I--S-t-a-ck----r-pr-o-b-e -'--c-o ],-. 1-',--'-1 m-lp-in-g-e-r----4 
~ _____ ~~ ___ +-___ ~ __ 4---~-~In~~O~u~t~ 

Q',13 /341, ~30 0,/ ~ 0,/ 'fJO 270 /75 /30 g1 
r-
f-- 9: 18 +_' 3_1/_2_, ...:.....9_-+-_0_,_ ,_-+-_0_,:..-1 --If-'-I_3_0-+_3_0_S_+-'_7 0-1-l __ SO-t--_7_~~ 

I (t;Zr! I _13_'1_5 __ , _-t-_O_, 2_+-0,=",:,,:,,'I_+-"_J_O_+
1 

3_0_0-+-' fa_5_-4-.'_2S-t--7:....,:Cf-J 

i '1~38 I 1317,5 Q.ltt c). I i./JS 31s1 1201 2{) , 

~. (I:4LrL.3 ,,-~-, _?-===:=O=, =2. ==:=0=,=1 ==:~:3=O=:=3=3=O:=I-fo_O=:/=' ~=i:=¥=' :: 
I 9;s8 t' 13S2.072 'I ! 
,---- I I \ ,I 

~--- -t-------' I -t--
i --+--+---+-~ 1 ! \ I I 

l-·_m_~~±~~ I -j--_ -_-__ -+i-=----+-L=:'=:!~=--.:..._~-----'_! 
10,4'12. \ tJ 

comments: 
CDCI../ (ou..vdt"r" ~;'/S '1be, S/I 

/o:oS 9ftJ~ 5(' 2 

12\S~ 'tfD' (.,'"~;:. 

2: [:)0 'f1J.(.702, 

1'1 L x 200 = 2l-!~~~, 
-265- -= . ~ ~. " 



GAS SAMPLING FIELD DATA 

Material Sampled For _--,5=O~1~4~S~O~3 __ _ 

Date q I, 0 Izs 
Plant GMAD 

"Hg Bar. Pressure 30,01 

Ambient Temp _...:::g-:;:S'---__ oF 

Run No l 

Power Stat Setting ---
Filter Used: Yes No ---

Location =# 2:----!B~OJ~J....~E3.g ___ _ 

Comments: 

Operator ____________ _ 

Clock Meter Pitot Orifice Temperatures OF 
Time (Ft. 3) in. H20 in H20 Stack Probe Coil Im~inger 

AP AH In Out 

+-1 -1-O-:-}O-1--13-S-Z-,O-7-2-+--1 -O--.-2-1I-o-·-,--r1'10 2~o 1'10 )1D 8i 

f I D: /S i
1

' I ~ S ~, } ~- To. 11 1 O. I i 'I '10 2 't 0 I ft; 0 g S 

~: 25 I /35 S. 2S" I 0.12 I C;. J I I../'{ 0 \3.30 I~ta ISO ~.3 ' 

, )o;JS" 1 ,357,2. O,l f 0.' I'-li/{) 135s1 /JOj 87 I 

I /o'1S 13~~ I 0,2 0, J I '-190 31S 11roo 12S gg r . ! ' j 

WE'SS' '/3" I ,ot.o j _0,2 1- ! I 

~+----.----+ I - i II 

E'~~-. -====+=---= ----+-j-+----+----+---
____ -.J L ___ .. -. __ .L ______ J ___--.-J 

Comments: 

-266-
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PARTICULATE CLEANUP SHEET 

Date: 

Run Number: A!J,.er'.en. I" 2. 

Operator: 

Sample Box No. 

Impinger H20 

Volume After Sampling ~ml 

Impinger Prefilled With loa ml 

Volume Collected "'/1 ml -----'-'---

Dry Probe and Cyclone Catch: 

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

Plant: GM"D 
Location Of Sample Port: fl." 801 i..£1( 

Barometric Pressure: 3 0 ,or 
Ambient Temperature __________________ ___ 

Silica Gel 

Weight After SIS.J/ g 

Weight Before SO, ,0 ..& 

Moisture Weight ~g Moisture Total SO,'/ g 

Container No. 

Extra No. _____ Weight Resul ts ______ ~ 

Container No. 

Extra No. ______ Weight Results Q.Olf04& 

Filter Papers and Dry Filter Particulate 

Filter No. 

~k~p 

£,'1 ~~ r,) 

f!a..ckUf 8 

Container No. 

% Noisture By Volume 

Filter No. Container No. 

-269-

Filter Particulate 
Weight '~J 1 7.a g 

Total Pa.rticulate 

Weight O. J ~ 7 ~ g 



Particle Size Determination 

Test: J Date: CjIIO/7S 

Plate Tare (g) Final (g) Net (mg) Filter Total % of Cum % ECD 
Net Total (Microns) 

1 D ,/of '?'t 0./$00 I . J I,~J /,43 J ~.~ 

2 () .{437 o '/4~"1 ,. , 2.)./ j,((J,/ 10. ? 

3 o tiL! 70 (J ,I !;,·o.r !;·S LlS$ ~o!1 7. / 

4 0,J41G. O,II{(.:;J ~, 7 (p.IO 1'f • .t1 4. 7 

5 O,J!;)~' 2- 0, ISS~ '1,(. 5/17 )D. )" .3, / 

6 0, /44if I) I /I{~o 'I. ~ 5,'17 <(.,.2; I. G. 

7 OI/l/1 l.- 0,ISz.7 j,S '1,$S 3D 17~ 0,9,; 
8 o,lo/j? 0,1'110 5d (p. fIB 37,G.~ 0.(,0' 

B~ck Up 0, 2. 1 'Is ~12(,Zr ..:.tk.O (, 1,J'I Io(),o ~o,,~ 
F~lter 

Total 77·0 100,0 

Test: 2. Date: 9/la/7,J-

Plate Tare (g) Final (g) Net (mg) Filter Total % of Cum % ECD 
Net Total (Microns) 

1 ()""~~ 0,,"'7 " 2. 
l,3, 7-,J1 17,3 

2 0,1,-/10 o dt./).t./ I, '-I 2 .. 78 5,/7 l"':' 11 

3 0, I~· LS ""SSb> ~.J ",s~ 1/.73 7,j 

4 a I Ilioo o .t4SJ 5,3 10 ,S'1 :u.,;. 7 $,0 

5 Of I$,~ OtiS 71 'I.a ~ ,S'! 31,81 j.2. 

6 0,11./" I O,/SOb 4.$ 'I,;S 40.7fD I, 7 

7 O"'-I~~ O.ISCO 3d. ~ .J~ 1(7,/2. I. D 

8 O,14~P O. 1Sl.'- ~,~ 7,S5 b~;fD 7 O,(o~ 

Back Up 0 .t.1 ' A O. ".)~o 22..~ 4S,j) 100,0 ~J)(~.? 
• '.::J Fllter . 

----
Total !:."O I ~ 100,0 
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SOURCE TEST REPORT 
AMOCO OIL REFINERY 

WOOD RIVER, ILLINOIS 
BOILER NO. 6 - POWERHOUSE 

AND 
CATALYTIC CRACKER REGENERATOR 
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TESTED BY: ROCKWELL INTERNATIONAL 
R.W. Griscom 
O. C. 1<1 ei n 

F . E. Lit tma n 
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1.0 SUMMARY 

In conjunction with the RAPS.project, a iimited stack testing program 
is being conducted. This report details the results obtained on boiler no. 
6 in the powE~rhouse and the stack for the catalytic cracker"regenerator 'at 
the Amoco Oil Refinery in Wood River, Illinois. 

The stack testing included the following pollutants: sulfur dioxide (S02)' 
particulates. nitrogen oxides (NOX)' sulfuric acid mist (H2S04), and hydrocar­
bons. Orsat analysis is for carbon dioxide (C02), carbon monoxide (CO). 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 Illinois standards. Amoco Oil may choose to use the test on the cataly­
tic cracker regenerator for demonstratingcompliance 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, S02 
and CO. 

The test on the catalytic cracker regenerator was witnessed by E. Sullivan, 
R. Yoder, and J.e. Rhodes of Amoco and Dr. John Reed of Il'inois EPA Permit 
Section and Mr. Fred Smith of Illinois EPA Testing Section. 

We acknowledge and appreciate the excellent cooperation we obtained from 
the management and engineering personnel of the Amoco Oil Refinery. 



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 Oil Refinery in Wood River, 
Illinois. Testing was perfonmed 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 UPSE!ts or changes in plant operation or demands. The capa:city 

of this boilE!r is rated at 200,000 pounds of steam per hour. For environ­
mental concerns this boiler has been derated to less than 250 x 106 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 IIslop" oil 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,OOOoF to 6000F 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 equ'ipment was somewhat obstructed. In order to make a conp1ete 
traverse at this sample port, a short 5 foot probe was used for the near 
points and a longer 10 foot probe was used for the far sample points .. 

The stack is 8.5 foot inside diameter. The sampling Jocation 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 location is approx-
imately 80 fE!et from the stack in1 et. In accordance with EPA Standard Method 
1, since the sampling location was more th~n 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 EQUIPME~T 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 

SA~1PLING EQlI I P"'[NT SliPPORT 

FIGURE 6 

SAMPLING EQUIPMENT SET UP FOR TESTING 
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6.0 SAMPLING AND ANALYTICAL PROCEDURES 

All 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 Witl1 an S­
type pitot tube and a magnehelic pressure gauge, using standard method 2. 

Moisturl~ 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 nitr'ogen 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 of. 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 tota'1 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 wf~ight 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 7 

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-liter 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-l-phenol-2, 4-disulfonic 
acid is formed, which is measured colorimetrical1y. 

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 coil condenser maintained below the dew p,oint of sulfuric acid 
at 1400 -l94oF, 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 w~ich 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. Fue1_, No. 35, 177, (1962) 
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FIGURE 8 

SULFURIC ACID MIST SAMPLING TRAIN 
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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 chlor-ide, 
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 o. 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
gl"'lph .utt11zil1g· a;·.B«laaal1, .6800Ofor··CO~ CH4 to .and;·total ;h19rooerbOOs ~a(ld.;a. 

Perkin Elmer 900 for the complete hydrocarbon breakdown. 
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FIGURE 9 

ANDERSEN STACK SAMPLER 
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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 Illinois 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: 
Methane: 
Total Hydrocarbons, as CH4 

1.11 ppm 
1.07 ppm 
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: 
Methane: 

28.91 ppm 
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. 

-289-



TABLE 1 

SUMMARY OF RESULTS - BOILER NO.6 

Oate 11/4 11/5 11/6 

Stack Flow Rate - SCFM * dry 54,010 47,766 42,348 

% Water Vapor - % Vol. 13.19 12.67 

% C02 - Vol % dry 10.33 10.83 

% 0 2 - Vol % dry 5.90 6.30 

% Excess air @ sampling point 35.6 39.6 

S02 Emissions - 1bs/106 Btu 1.88 

NOx Emissions - lbs/106 Btu 0.45 0.58 

H2S04 Mist - lbs/106 Btu 0.021 

Particulates 
Probe, C~clone, & fil ter Catch 

lbs./hr. 

1 bs/l 06 Btu 

Total Catch 

lbs./hr. 26.4 32.2 

1 bs!1 0
6 

Btu 0.14 0.18 

% Isokinetic Sampling 100.4 92.7 

*700 F, 29.92" Hg 
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TABLE 2 

SUMMARY OF RESULTS - CATALYTIC CRACKER REGENERATOR 

~ te-----li/l2-
--- -,------.----~~.--~-- ------ ---.--

Slack Flow Rate - SCFM * dry 87,367 

j; Ha tor Vapor - % Vol. 27.98 

% CO2 - Vol % dry 16.5 

~~ 0 - Vol % dry 1. 65 
2 

01 Excess air @ sampling point 8.1 /0 

5°2 Emissions - PPM 

NO x Emissions - PPM 71.2 

H2~S04 ~li s t - PPM 

Pa.rticulates 
Probe, C.l'.clone, & Filter Catch 

lbs./hr. 

1 bs/106 Btu 

Total Catch 

1 bs . /tlr. 18.7 

lbs/106 Btu 

% Isokinetic Sampling 116.3 

*700 F, 29.92" H9 
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SOURCE 

Boiler No. 6 

Catalytic Cracker 
Regenerator 

TABLE 3 
COMPARISON OF RESULTS 

ILLINOIS STATE 
POLLUTANT STANDARD 

Particulates 0.1 1 b/l 06 Btu 

502 1 1 b/l 06 Btu 

CO 200 ppm 

Particulates 80.1 lb/hr 

502 2000 ppm 

CO 200 ppm 
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AMOUNT FOUND 

O. 16 1 b/1 06 Btu 

1.9 1 b/l 06 Btu 

1.1 ppm 

23.1 lb/hr 

419.0 ppm 

28.9 ppm 



TABLE 4 

PARTICLE SIZE DETERMINATION 

TEST: AMOCO - BOILER NO. 6 Dj~TE: 11/4 

Plate Filter % Of ECD 
Net (mg) Total (microns) 

1 0.0 0.0 14.4 & above 
2 0.0 0.0 9.1 
3 4.0 3.57 6.1 

4 4.7 4.19 4.3 

5 6.9 6.16 2.6 

6 9.8 8.74 1.4 
7 11. 7 10.44 0.84 
8 15.1 13.47 0.56 

Backup 59.9 53.43 <0.56 

112.1 100.00 

TEST: AMOCO - BOILER NO. 6 DIlTE: 11/6 

Plate Filter % Of ECD 
Net (mg) Total (microns) 

1 1.7 2.75 14.2 & above 
2 4.6 7.4'4 9.0 
3 1.4 2.27 6.0 
4 2.6 4.21 4.3 

5 2.7 4.37 2.6 

6 5.1 8.25 1.4 

7 6.1 9.87 0.83 

8 8.9 14.40 0.55 
Backup 28.7 46.44 <0.55 

61.8 100.00 
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PARTICLE SIZE DISTRIBUTION-BOILER NO. 6 
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COMP{)UND 

Ethane 
Ethylene 
n-Propane 
Acetylene 
n-Butane 
Isopentane 
n-Pentane-

Hexane 
Benzene + 2,4 DM-C 5 
Heptane 
2.5 dimethyl Hexane 
Toluene 
1, Octene 

Octane 
Ethyl Benzene 
m, p-Xyle'n-e 
o-Xylene 

Nonane 
n-Propyl Benz!?ne 
1,3,5 trimethyl Benzene 

TABLE 5 
HYDROCARBON ANALYSIS 

BOILER NO. 6 
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CONCENTRATION (p,Jb as C) 

11/4 11/5 

20.7 

36.3 

35.5 
35.0 

55.7 
11. 1 

5.4 

29.7 

33.3 

38.9 

4.1 

24.3 

123.2 

37.5 

13.2 

9.7 

16.4 

16.8 

27.8 

34.3 

32.8 

52.2 

7.5 
8.4 

33.0 

18.5 

15.1 

10.9 

94.6 

128.5 

9.1 

56.7 
290.3 

79.0 

19.1 

49.6 



TABLE 6 

HYDROCARBON ANALYSIS 

CAT CRACKER REGENERATOR 

COMPOUND CONCENTRATION (ppb as C) 
11/10 11/12 

Ethane 19.5 
Ethylene 12.8 

n-Propane 51.3 

Acetyl ene 9.5 

Isobutane 16.7 

n-Butane 4.7 
Propylene 3.7 

Isopentane 1.4 
n-Pentane 5.1 

Hexane 41.3 

Benzene + 2,4 OM Pentane 38.1 
Heptane 27.6 
Toluene 46.1 

1, Octene 29.3 

Octane 4.4 

Ethyl Benzene 18.6 

m.p-Xylene 111.2 
o-Xylene 38.1 

Nonane 10.4 
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APPENDIX A 
PARTICULATE CALCULATIONS 
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PARTICULATE CALCULATIONS 

Volume of dry gas sampled at standard conditions - 700 F, 29.92 "Hg 

Vmstd :(yrn \(~\6Std) == O.0334( Vm \ (PB + ~) 
'\f:Fm) pstclj, Tm l.O2l) 13.6 

Vmstd = 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, bH, in. Hg. 

Pstd = Standard pressure, 29.92 in. Hg. 

Tstd = Standard temperature, 5300 R or 700 F 

Tm = Meter temperature, 5300 R for compensated meter 

CFm = Meter correction factor 

Volume of water vapor at standard conditions 

Vw • V1c ( M~~g) (\!~~d) 45!b~m. = 0.0474 x Vlc 

Vw = Volume of water vapor at standard conditions, ft3 

Vlc = Volume of liquid collected in impingers and silica gel, ml. 

pH20 = Density of water, 19/ml. 

M H20 = Molecular weight of water, 18 lb/lb mol 

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

% Moisture in Stack Gas 
Vw std 

% M = 1 00 x ~. ---:--;-;-­
Vmstd + VWstd 
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Average molecular weight of dry stack gas 

Molecular weight of stack gas 

MW = (100 - % M 
w 100 ) J %M 

x MWO \ioo x 

Stack velocity at stack conditions 

V = 85.48 x C (TS x L'lP avg. ) l/Z 
s p Ps x MWW 

Vs = stack velocity, fps. 

85.48 = pitot constant, ~~~. 
( 

lb. )1/ 
lb. 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 volume at standard conditions 

Qs = 3600 ( 1- roo) Vs A( Tf!d p~~a) 
Qs = stack gas volume flow rate, SCF/hr 

A = stack cross sectional area, ftZ 

3600 = seconds per hour 

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

1=1.667 (0.00267) + 

I = per cent isokinetic sampling 

1.667 = minutes per second, X 100 

lb. 
454 gm. 

e = sampling time, min. 

An = cross sectional area of sampling nozzle, ft2 

Particulate emission 

C = 2.205 X 10-6 (~) s Vmstd 
Cs = particulate emission, lb/scf 

-6 2.205 X 10 = pounds per mg. 

Mn = total mass of particulate collected, mg. 

CE = Cs X Qs = lb/hr 

CE = particulate emission per hour 

CH = CE ; H 

CH = particulate emission, lb. per million BTU 

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

% 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 - SIr; ~ - 12w.Yi / Date: 1/ /"I/7S 
Material collected (mg) = 

Filter Catch 
Dry Catch 
Acetone Wash 

TOTAL 

= 1.17,3 
= 
= 59,7 

= 277.0 

Gas Volume Vmstd = 0.0334 (;m )tB + 

0.0334 (7~,07g) (_ + O,7Cr. fS-
( I ,0 I ) 2 9. &:> k 13 . 6 

Volume of water vapor Vw = 0.0474 X Vlc 

0.0474 (21om1) = 1/,37(, SCF 

% Moisture %M = 100 X Vwstd 
Vmstd + Vwstd 

100 X (",37(P )~ ___ _ 

( 74 /l~ ) + ( //,37" ) 
= /3.11 

Molecular Weight of dry stack aas 

1~.6) 
) = _...!...7...:...~~, ~=-'S"<_O __ .....:SCF 

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

( JO,33 X 0.44) + (5,9 X 0.32) + (~3,77 X 0.28) = :2.1,!?7 

Molecular Weight of stack gas 

MWw = 100 - %M X MWD 100 

[
100 - /3.1? 

100 

+ %M X 18 
100 

100 
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PARTICULATE SAMPLING CALCULATIONS 

Test: Blr. (, - ~u...V\ I 

Stack Ve1ocit~~ Vs = 85.48 x Cp [TS x P avgJ 1/2 
p S x Mww 

1/2 = 
30,/0 fps 

Stack Gas Volume Qs = 3600(1- %M ) (VS)(A)(Tstd) (Y..L) 
100 Ts \Pstd 

3600 JI3.;9)J(30,/) 
100 

= ~2-O/o, ~ 13 SCFH 
• 

Stack Emission Rate 

;~ . 205 x 10-6 

Cs = 2.205 x 10-6 (Mn ) 
VMstd 

-16 
---=g:-,-,-I-,=-~_><_I 0 ___ 1 b/ sc f = 

0, /'/ 1b/106 Btu 
----'~-'---

lb/hr 

Isokinetic Variations 1=1.667 [(0.00267) V1c + ~~ (PB + fL,)]rs 
e Vs Ps An 

1.667 [(0.00267) (2'10) + 7.s.j2S(2q.~ ~ + ol1"9s\1 (W",S~ =/a.3$.£ 
__ "'--_____________ 5:;..;;;3..:;;.,0_ 13.6 7J 

(/08' ) (30,10) (29.,,?,) ( 7, ~ 7)(1" i") 

Excess Air at Sample Point 

% EA = 100 x % 02 
(0.266 x % N2) - % 02 

100 ( .,5-: 9 ) 
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PARTICULATE SAMPLING CALCULATIONS 

Test: Amoco -.Blr.~ - ~~rt2 Date: "/S/75 
Material collected (mg) = 

Filter Catch 
Dry Catch 
Acetone Wash 

TOTAL 

= 29o,t:! 
= 
= Sq,7 

= 3S0, ~ 

Gas Volume Vmstd ~ 0.0334 (:~m )~B + 

0.0334 (~'1.7J~) ( + o,8Iq~ 
( /.0 I ) 2.~, 7S 13.6 

Volume of water vapor Vw = 0.0474 X Vlc 

0.0474 (J../o.t(ml) = Cj,Cj73 SCF 

% Moisture %M = 100 X Vwstd 
Vrnstd + Vwstd 

100 X ( 1', '17 3 )'---___ _ 

(te,~,7L/S) + ( '1.973 ) 
= -----'1_).._# -'='-~ ...:.-7 __ --:% 

Molecular Weight of dry stack qas 

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

(lo,i~ X 0.44) + ((P,3 X 0.32) + (8.2.,8~ X 0.28) = 19.973 

Molecular Weight of stack gas 

MWw = 100 - %M X MWD lOa 

[
100 - /)...'-7 

100 

+ %M X 18 
TOO 

100 
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PARTICULATE SAMPLING CALCULATIONS 

T est: [3 If', ~ - 1< /..UI 2 Date: Ills /75 

Stack Ve 1 ocit.)~ Vs = 85.48 x Cp [TS x P aV9J 1/2 
p 5 X Mww 

1/2 = 
27. 73 fps 

Stack Gas Volume Qs = 3600(1- %~'1 ) (VS)(A)(Tstd) I-.!!.L) 
100 Ts \Pstd 

3600 [1- (/2. ~ 7) ] (27, 7.3 ) ~, 74/S) 530 gtj. 7/) = J.J.§'t.S, 98.3 SCFH 
100 ('108) 29.92 

Stack Emission Rate Cs :; 2.205 x 1O-6( Mn ) 
VMstd 

.s 
= 1,125 ></0 1 b/scf :2.205 x 10-6 

1 b/hr 

0, / K 1 b/1 06 Btu -------

Isokinetic Variations 1=1.667 1(0.00267) Vlc + Vm ( + llH ::-)1 
L Tm PB 13.b ~Ts 

"1.667 [(0.00267) ( 210, 'i ) 
e Vs Ps An 

+ is.3ZS(29. 7S + Q~/f'~ (903,l/Z) = 9;,77'% 
530 13.6 )J 

(12'1 ) ( Z 7. 1 j ) 

Excess Air at S2mple Point 
• % EA = 100 x % 02 

(0.266 x % NZ) - % C2 

100 ( G".3 ) 
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NOx EMISSION DATA 

Boiler No. (p 

Run No. / 2 
Time /O'IS lOSS 

11g N02 S~~ ~/~ 

T;- Initial Fl ask Temp, oR SZS oS,S 
Tf~ Final Flask Temp, oR £V! oS"!$' 

Vfc - Flask Volume, ml. 
'2.~1 ~3g 

P;- Initial Flask Pres, "Hg 2. S; 2.,5 

Pr F;nal Flask Pres, "Hg 2.q ,~S 2q.~S 

lb/scf N02 x/O- s 
1.~9 ,,3S 

1 b/l 06Stu N0
2 0,,33 0,'/1 

Vsc= (17.71 ~R ) 
In. Hg 

(Vfc) 

C = 6.2 x 10-5 lb/scf 

l1g/ml 
(U9 N02 , = lb/scf N02 
\ Vsc -; 

• 

-306-

Oate . 11/<f/7S 

J .4/ S , 7 P 

/lJo )2J~ IZSO l.ftlO )SIS /t,~O 

7' ~lZ. 3'1'1 ICJOO 1/0$ lol./S 

S2S S2S S2S .s~S $2$ SJS' 

SiS S'l~ ,J-'1S S9.f sots ~-,.S 

2031 20li 20zS 2os;, 'los;" 2f)S!.::, 

2. ,S 2,S 2.,5 liS 2 • .5 2.,5 

,q,t-$ 2.'1.(.5 2'1,(,5 2.&(, (,S Zq/~' ,OJ,GaS 

o. Z'- /, '17 /·37 3.,,~ 3.80 3.$8 

",OS o. 2.(~ 0,2.'/ /!), "-0 0,1.7 ",~J 



Boiler No·Cc 

Run No. 

-rime 

P9 N02 

T.- Initial 
1 

Flask Temp, of 

Tf - Final Flask Temp, of 

Vfc - Flask Volume, ml. 

P.- Initial Flask Pres, 
1 

"Hg 

i Pf - Final Flask Pres, "Hg 
-

1 b/sef N0
2 x/o· S 

~ b/l 06Btu N0
2 

(Vfe) 

NO EMISSION DATA 
X 

/ 2 

0'130 /000 

9(,5 1110 

530 S"JO 

SSO ~-so 

20'17 2(),J8 

2.S l.S 

ZQ,7S 21f,]J' 

J.j~ 3.9(P 

O,S'I ~. f..l 

C = 6.2 x 10-5 lb/scf 

).Ig/ml (

).Ig N02 \ = 1 bl sef N02 

Vsc / 

-307-

Da te_...;../_I ~_S_/...;./ . .s.;. __ 

3 i S ~ 

IOJ() 12. ~c 1'11;0 1 ''loS 

'110 '150 '()~$ J I~.o 

£Jo SJa SJa S.3o 

sse SSt; .tJ-SO SSO 

2D..3 '1 2.028 2o~~ ,OS-I. 

Z.S t.IS 2,$ ,z. ,S 

lilt 7 J~ 2t:iJI'S 2'1,7S 2." 'J j 

J,/~ 3.32 3.80 '1.r:>/ 

O.sl o,s'l o.til 0·'"5 



I Date 

Run No. 

Vmc-Me~:er Volume, Ft3 

Vms td-jljeter Volume, Std. Cond. 

PB-Barometric Pressure, HHg 

AH-Avg. Orifice Pres. Drop, "H2O 

Vt-Vo1. of Titrant, m1. 

Vtb-Vol. of Titrant for Blank, ml. 

Vsoln-Vo1 . of Solution, ml. 

Va-Vol. of Aliquot, Titrated, ml. 

lb/scf H2SO4 

1 b/l OU Btu H2SO4 

lb-scf S02 

lb/106 Btu S02 

Vmstd = 0.0334 (Vm) 
CFm 

x/O-~ 

-'I 
X./D 

( PS + ~) 
13.6 

CFm = Meter correction f~ctor 

Vmstd 

/I/e, 1//(0 

I / 2 

(p,o!::n 7,g5g 

S,clgg 7.7('8 

29,S? 21.59 

A, I O. / 

Cj,~ I, t- /5,05 

y!; 1 II /1 

StJO' /00 500 

5 25 S 

l.l.s1 

0.017 

1,15'/ /,3('&' 

/,77. 2,01 

C502 =(7.05 x 10-5 lb-l \ (V t - Vtb) (N) (~) 
g-ml "} - Va = 1 b/scf 

Vmstd 

-308-

2 

3,QS 

/00 

2S 

/, ro'i6 

t),f)2S 

N = 0.01 Norma. 
Barium 
Perchlorate 

"-



PARTICULATE SAMPLING CALCULATIONS 

Test: AWtcco - (cd CV'A( k.er­

Material collected (mg) = 

Filter Catch 
Dry Catch 
Acetone Wash 

TOTAL 

= ~2 ,'I 

= ~s 1'1 

Gas Volume Vmstd 0 0.0334 G~m )~B + 

0.0334 ('12, ~,~) ( + 0,72" 
(1,01 ) 2'1.1./2. 13.6 

Volume of water vapor Vw = 0.0474 X Vlc 

O. 0474 (3'/ Z. m 1) = _-C..:' G.=-,-->.(-'-.:I f __ SC F 

% Moisture %M = 100 X Vwstd 
Vms td + Vwstd 

100 X ( I <. ,211 )'--___ _ = 27",,, 
( lI', 73 <.0 ) + (U#.2 II 

Molecular Weight of dry stack gas 

Date: 1/ hz 17S 

% 

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

(Il"S' X 0.44) + (I.e.S X 0.32) + (~1.8S X 0.28) = 30,70'" 

Molecular Weiqht of stack gas 

MWw = 100 - %~t X MWO 
100 

+ %M X 18 
TOO 

2. 7,17(, 
100 

-309-
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PARTICULATE SAt~PLL,J CALCULATImlS 

Test: Date: 

Stack Vel oci ty 

85.48x(O,~f.p) [10121 1 x 0,111 J 1/2= 
zCf.3fs,/ x 27,/S/ _7~.2b9fps 

Stack Gas Volume Qs = 3600(1- ~;M ) (VS)(A)(Tstd) (~) 
100 Ts \Pstd 

3600 [1- (6'0,265') 530 J.J..7.j~D =~: ;1-/1, 1?e SCFH 
(10 I ~) 29.92 

Stack Emission Rate Cs = 2.205 x 10-6( Mo ) 
VMstd 

2.205 x 10-6 (r;,S.9~ = 3,"IeZ)(/"-' 
( 4/1, 73(, 

1 b/scf 

Crl = CF 7 H = ) = +----+) 
1 b/l 06 Btu -------

Isokinetic Variations f(O.00267) Vlc + Vm ( + ~)l L Tm PB 13.6 ~Ts 

e Vs Ps An 

1.667 [(0.00267) (Jk/2 + ~/'73"(2q.'I2. + o.12~\1 (1.011.1) = )/(':',33% 
__ -=-_________ ----=5c.;:..30. \ 13.6 jJ 

(~O) (7~,2~9) (z1.!;t:./) (3,~.l(/O-~) 

Excess Air at Sample Point 
% EA = 100 x % 02 

-(0.266 x % N2) - % 02 

-310-

)00 ( I, t,S) 
(0.266 ~/I&..~") - U,'S) = fI,2. % 



PARTICULATE SAMPLING CALCULATIONS 

TE!st: AmDco - CaJ C v-a..( ke r Date: 1/ //7 /7S 

Material coll ected {mg} = 

Filter Catch = 32// 
Dry Catch 

SI,8 Acetone Wash = 

TOTAL = RI./, 7 

Gas Volume Vmstd = 0.0334 G~ m )~B + 

0.0334 (3S •. "-U ( + O,~2. 
(),O/) )9.Cs.8 13.6 

Volume of water vapor Vw = 0.0474 X Vlc 

0.0474 (31(.S'"ml) = __ JcI,_,_7(;_~_---,SCF 

% Moisture %M = 100 X Vwstd 
Vmstd + Vwstd 

= _.:l_&J_,_, __ ---.-:% 

Molecular Weiqht of dry stack gas 

MWO = IC02 X 0.44 + %02 X 0.32 + %N2 X 0.28 

( 17,7 X 0.44) + (I ,t.( X 0.32) + (~/.'1 X 0.28) = 31.0.28 

Molecular Weight of stack gas 

MWw = 100 - %~i X MWD 100 
+ 1M X 18 

100 

[
100 - 2'1.1 

lOa 
X 3/.o ;U( }[ 

100 

-311-
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PARTI CULATE SAr~PLING CALCULATIONS 

Test: Amoco - Ca.7 CI'a.cker 
S ta c k Vel oc i ty Vs = 85.48 x Cp lrTS x P avgJ 1/2 

Ps x Mww 

85.48 x (Olg~) [103'113 x 0.900 
,'1,(;11 x 27.13 J 

112 = 

Stack Gas Volume Qs = 3600(1- %M ) (VS)(A)(Istd) (~) 
100 Ts Pstd 

3600 [1- ( 2'1. 9)J (79,3~) 
100 

Stack Emission Rate Cs = 2.205 x 10-6 ( Mn ) 
VMstd 

2.205 x 10-6 = ~-. 395" "'/0· ~ 1 b/scf 

fps 

. -l# 
Cr:: = Cs x Qs = (S. 39~ 'It/() ) (~ 07 8, S"IS) = --=2:....:.7.-=-., 'l.c..;tJ==--___ l b/hr 

CH = CE .;. H = +i __ -{-) = r ) 
_______ lb/l06 Btu 

Isokinetic Variations I = 1.667 [(0.00267) VIc + ~ (PB + ~)]rs 
e Vs Ps An 

) + JA/. ",f (21. ('8 + o. c,sz~ (la3f. J) = /00, 2VJ% 
530 13.6 jJ 

1.667 [ (0.00267) (3/1, S 

(00 ) ( 7'1 . .3l ) 

Excess Air at Sample Point 
% EA = 100 x % 02 

(0.266 x % N2) - % 02 

100 ( /, r ) 
-312- \"0.266 x~/.i) - (I. 'Sf ) = ~·1 ~~ 



APPENDIX B 
FIELD DATA 
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. 
Run No. 

T;me 

119 N02 

Ti - Initial Flask Temp, oR 

Tf - Final Flask Temp, oR 

Vfc - Flask Volume, ml. 

P;- Initial Flask Pres, "Hg 

Pf - Final Flask Pres, "Hg 

lb/scf N02 )(Ir/ s 

, b/1 06atu N02 
\ b/ \0\.,. NO .. 

NO EMISSION DATA x 

/ II I Z 

I 2 

/OIS /lIS' 

Z<t~ Z'I' 

SID 510 

S.3o SJO 

?1:i'17 2038 

Z,S 2..,S 

2'1,'17. 2~,"J. 

a,~J a, it.( 

1/ lot (, '13.$ 

Date 
11/17 

.3 ~ oS ~ 7 8 

12.10 IUS 1.30$ Isao ISJo I$'~() 

/000 17CO /I~a 1'/00 IJ2.0 12ZtJ 

SJO SJQ .sJo SJQ ~.30 ~-Jo 

SSt) $$0 SSO s.so $SO .sso 
1.03'1 20Za Zo2G ZoSz. 2a5'2. 2.os~ 

l.S 2.,S 2;S 2.S 2.S 2..S 

2f,(., '21,(.1 2'1," 21,', 21", 2.9." 
3.$0 'I. ,." ~.IS "'," '1,se f'I,~J 

JG'O,t. 2.17.8 1.1i/.2. 2SD.eZl',J ~/f.3 

V~~= (17.71 ~R ) 
. In. Hg 

(Vfc) ( ~ : - ~:) = sef 

v = Vf - 25 fc 

C • 6.2 x 10.5 1b/sef 
~g/ml 

(llS N02 \ • 1 b/scf NOZ 
\ Vse / 

-314-



Da te 

Ru n No. 

c-r~eter Volume, Ft3 

Vm std-Meter Volume, Std. Condo 

-Barometric Pressure, HHg 

··Avg. Orifice Pres. Drop, "H2O 

Vt ··Vol. of Titrant, ml. 

'It b-Vo1. of Titrant for Blank, ml. 

'Is oln-Vol . of Solution, ml. 

If a -Vol. of Aliquot, 

sef H2SO4 Ib/ 

lb / 10
6 

Btu H2SO4 

'Ib -sef S02 

°lb/ 106 Btu S02 

'imstd = 0.0334 (Vm) 
C;Fm 

Titrated, ml. 

-t. 
x/o 

I b / J..~ 
xIO- S 

Ib/~r 

( PS + ~) 
13.6 

CFm = Meter correction factor 

Vmstd 

CS02 = 7.05 x 10 lQ:L ( 
-5 ) 

g-ml 

Vmstd 

I/h7 

J 

7, 3~t:, 

1.30~S 

1.'1,(,1 

0.1 

7. I 

'" ; I 

5'00 

S 

(; .iSt 

353. r 

-315-

IIh7 

2 

/I,'ISS' 

II. g,(, 

2. ft. " I 

(!), I 

0.3 

1'\ ; I ,,:/ 

100 

SO 

O,Oft, 

CJ,l{(r, 

~,eSc. 

3SJ.g 

(Yilln.) Va = 1b/scf 

C cd C ("0..( k e r 

g,7S 

1'\ .'1 

/00 

SO 

} Sri 

8.),,5 
: 

I 
i 

i 

N = 0.01 No rma 1 
Barium 
Perchlorate 



SUPPLEMENTARY PROCESS DATA FOR POWER PLANTS 

B 0\ I e 'f No Co · 
Date 1/ 1'/ /lIs 
Net Unit Load - MW 

; 

Average Steam Load - 103 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 % 

St~Qr"I\ loa.as c.he( I<~d. OI/f!'I' + ril'f\ 0.( --:r~.$1 

Ptlrt. 
ND)( 

/S~~JXlo:J Ib/~Y - IBS.8 .lltIO<' Bic.t../~r 
151.'2. x/O J Ib/~ ... = 1~'1,5 )(10'" R~"'/hr 

AvJe'l'!.en ISC;,4/x/o 3 Ih/J.,,.. :. ,go,O ~/O' Btt..'-/J.. .. 

Ills 
Po..rt 147,9><'10 3 16/"''''; 177.0 ';(101. Bt~/J,.,. 

1\ I ~ 

NO x 1"-18.1><10 3 Ib/hv- :; 

Ander.set'\. 150.(P x/o3Ib/~r- = 

I 7 7. ~ x 10" B t I.A. / Iv 

.1~O,l ')(IO~ 13+Lt/t,...1'" 

Ar\clerse~ IqO.~ x/o3 IbAr ': l~g.3 ></O~ 84~/h; 
S02. t 5.D

1 
1~2.,1 X/()!. \.b/~r:: 170,/ x/olP Btl.l/hy 

II/er; 

/3oil",. Feed(,A.J(J.f(y·: z.."10 iJ F J ~oo psi H:: 2S'Q • .3 B+u./-# 
ste-~W\ : ~oo fsi~ J S(.A.fe,.~t"A+"'J. I S800F H=- /l7'.S 13.f~/n. 

HeaJ OuipcAt : 127~,S- 2.5",3 ~ IDI7,Z Btu /11, s./~ifII 
Heo..1 In.fU.t ::- Q"""(Jl4f of HS'Jo =- 1017,?' + (),KS 

: //9tn 7 8-1u. / lb. s 11!"A1'4 

-316-



ORSAT FIELD DATA 

Location AYt1o('{ .. ~ - Blr ii(., COIlm1ents: 

Date ~~----- .. ----.--

Time 

Operator 

Test (CO
2

) 
(0 ~:g~ (CO) 

ReadIng 1 Reaaing 2 Reading 3 

/1/1 
I 5.~-+ Jo 15,~ IC,~ 0.0 

I /O...3Q /0·1 5, g . 0.0 

I 
I 

I~OD lo,a ~(",~--- v, () 
I 

l-

i 
/I/~- I 1350 ll.o ("'1 0,0 

I i , 

1430 I /()·7 I {...s 0·0 

I 
I 
! 

011 0 I c. f/ I ~.o 0.0 I 

I 
I , 

I I 
/I Ic# 

I 9,2.. zo i"J I () 

I I I 

I 
I 

I j 

-317-
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PARTICULATE CLEANUP SHEET 

Date: (I / ~J /7::/ 
. 'f 

Run Number: I 
Operator: 

Sample Box No. 

ImEinger H2O 

Volume After Sampling 3"i~ ml 

Impinger Prefilled With :<~ ml 

Volume Collected / '1~ ml 

Dry Probe and Cyclone Catch: 

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

Plan t : A rIO L () 

Location Of Sample Port: Il-I...~ riA. ~) r ['u/ 
=--~c.=. ____ ,~ .. 

Barometric Pressure: ;) '/ G i 
--~----------------

Ambient Temperature G,rS/ ---------------------

Silica Gel 

Weight After ,;/ '-1:;/ g 

Weight Before j/oo g 

t<loisture \Veight -..!:LLg Moisture Total") '-/ j g 

Container No. 

Extra No. _________ Weight Results ___________ g 

Container No. 

Extra No:' Weight Results t-u:i17g 
------------ I 

Filter Papers and Dry Filter Particulate 

Filter No. Container No. Filter No. 

/3 

% Moisture By Volume 

-320-

Container No. II/f 
Filter Particulate 
Weight ~. ;; 173 f.! 

Total Particulate 

Weight u-;L 72D g 
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PARTICULATE CLEANUP SHEET 

Date: II;;' -) ~'., ./ 

---------------
I 

Run Number: ,/ . -------------------
Operator: 

Sample Box No. 

Im,einger H2O 

Volume After 
? . ? 

Sampling ~9 "ml 

lmpinger Prefilled With ..< 4",) ml 

Volume Collected /l3 ml 

Dry Probe and Cyclone Catch: 

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

Plant: 

Location Of Sam 1 P t /J ( J.,)' P e or: .p Ihl,~. 

Barometric Pressure: 

Ambient Temperature __________ __ 

Silica Gel 

Weight After ·~/Zf g 

Weight Before c~()D () g 

Moisture Weight dg Moisture Total ;2u·i g 

Container No. 

Extra No. Weight Results ------ -------.g 

Container No. 

Extra No. _____ Weight Resultsu'.6,5-17 g 
! 

Filter Papers and Dry Filter Particulate 

Filter No. Container No. Filter No. 

% Moisture By Volume 

-323-

Container No. 

Filter Particulate 
Weight LJ' .J .... ',) ~/ g 

Total Particulate 

Weight [J .. ::( ;~ g 



OXIDES OF NITROGEN FIELD DAT/\ 

" / 
Date 1/(JI7~ 

, .- } --~ 

A 
i./ i). 

Plant r-h"('J IO(uC)' t/fJ,r/( 

Sanop 1 e Co 11 ected By k I e~,'J:..l.1 ____ • ____ _ 

Fiel d Data 

Clock Time Id:4;- 10 ~ ~:: 1/: 30 I): ~ 1.): [3 J~-'-,s' 1.-: 1,/ / C, /0 

Flask number / c2 ::; 1 5' t.. ? ~ 

* Volume of flask (ml) , .). (;117 .AD3i- ~o3i Jo;?!( .;)6,):: J,~;,.l ;")uS ;;., 
'" 

; . 

Pressure before sampling in. Hg. "),S .,2.j 1$' .:<. $' .),:: ;;. ;~- "J. :.:,~ ,) 
~ 

Pressure after sampling, in. Hg. .J<t,f1 - - -. - - -
of "/ - - - -Flask temperature, I..;, - -

* Flask + valve - 25 ml. for absorbing solution 

-324-



OXIDES OF NITROGEN FIELD DATA 

Delle 

Pl un L t\ rt/O(Q._ - Blr :J:I t, .. ___ .~ __ _ 

Sc.lllp·le Collected By ___ Ji}e'('l __________ _ 

Field Data 
----~----------. 

~. -.~- -~~---

Clock Time 
---~----.. --~--

n ask number 
-

* VI) 1 LIme 0 f fl ask (I nl) 

Pressure before 5 

I~~'e~~; after .. sa 

~~ask temperature 

amp 1 i n9 

mpling, 

, of 

.-

in. Hg. 
-----

in. Hg. 

0730 )0/)0 

I Z ... 

20'17 2038 

2.5 2.$ 

2 ~,1S- Z'i,IS-

90 '1~ 

* Flask + valve - 25 ml. for absorbing solution 

-325-

1030 

.3 

203'1 

2.~ 

2.9,75 

90 

190$) ,_ IZtJO IftJO 

z:2FF 7' 5 

ZDZ8 202S 

2 • .s 2.$ ,?,s L 

l 
j 

29,75 29,7..5 21. J.S 

90 90 (t() J 



GAS SAMPLING FIELD DATA 

I 

Material Sampled For .) D2.. ~ ... ·:·)(:)3 

Date 1/ It. /,::" 
• I 

Plant AMOCO Location .;.: 10 ]oILti::, 

Bar. Pressure ;2 tj. :)1 "Hg Comments: 

7<' 0 Ambient Temp _-..~-' ___ F 

Run No / _--L _____ _ 

Power Stat Setting ---
Filter Used: Yes No 

Operator GR.I-SC-OfYl ~(Iela 
I ~ 

Clock 
Time 

Meter 
(Ft. 3) 

Ipitot I Orifice Temperatures OF 
in. H20 I in H2 0 Stack Probe Coil Impinger 

AP AH In Out 

~.~. '10 ~ 1-' ,-.-g--?:j--F. tJ. J I o. I J!.Jf'" J:<o /);L plD 19 I 
i/.o.'-,?:,:i d 0 'L-:j ! o,-;--T-~-'l~"l3"- Jos' / '/.): J j iJ 7 i, ~ 
~/o: S"tJ :.J,;/j·_L_Lo./ I tJ·t ___ Lt3.s- ,3/j/ Iii /~o 7i'! 
I ;b:~"- 1-<13 °' /~+"'II 10, I i13J t-1 0 /,/;j /'if 7.)~! 
: (~~~a+3/ __ i-._+_!.~ \ tJ./ ! 'liD J.2{ Ii/to 1'/<2 7~1 

:_'i_O~~ i:UJ'{~M 3 t--~t- I I 

t
""'''--- ----}-----+---~---t----+-----1 
.____ i I ----- ----+-----j-,,---~I ---l----l-----+---I----i 

! i I 

,------~' =-~"'--_"'''-----1--_ "_"-----l---J-=---+----I----+--~ 

Comments: i. -//;t't+3 
.J:i.tj nllrl. 

-326-



GAS SAMPLING FIELD DATA 

<" ! <---
Material Sampled For _~_J_0--40.)~ __ I,---_''/_' u-;-J-;;-;>, ___ _ 

/ 
Date ~/_ ""_'·L/--:.7~S_/ ____ _ 

Plant ~-,),:-,==o:,:::c~o:....-____ _ 

Bar. Pres5·ure ) (I. S'1 "Hg Comments: 

Ambient Temp ~/.5' of ------
Run No 

Power S~at Setting ----
Filter Used: Yes No ----
Operator 

Clock 
Time 

~[eter 

(Ft. 3 ) 
Pitot I ?rifice Temperatures OF 
in. H20 ln H2 0 Stack Probe Coil Impinger 

I-------+-------.-+-A~P---~___i AH ___ !--. __ -t---_-----1 __ -i-'I,n Out 

. -, 'I? I 0 / t.j ;/ J .2 f ~ .- 1;r-'r-lL j~ __ _ '::,' / .J;:' ~ (.)! =-' ___ 6 ..:1.--+---.:----- _..::L. __ ~ __ '_!>_f"'/...;;;'.5,~)---_+/-'-?-..::.~-. +----"::'----i 

_1 L!LC}. ___ ~)~~-Lj . -~-~--- _6_, I-----t·-..a-· 1___1-/'1 (J :5.zCJ I / $1- I_(_~_() ----l-/~,--~()___i 
~£~i/ :i ___ +~ I 3 ~ ___ ~ _____ __ t2~i \ 0, / : f_L/ __ 6_-+-_3o_~-1-'-/ s'_'/'"-\._-t-C-/T .. t._:,-;-~+---,i_'--~~ 

II So <jljJ3~-~~-~-~--fiY'O jorJ In 1:'ul :! 
!_, ·'sii"-r-~( 3 ]:-7--.----- ~. I ! J. I ! L/ __ Y,_{)--t_3._dTJ---t_/.f'-;·f-+7/..;:..J~j-+--,1_/ ()---1 

I I 
I) " J!J )... /31. 1St) I I I 

-- ---~------ -------------------~-----------.\-------t--__+_-___+_-___+_--_1__-__j 

-'---------- -------- ----L-----'r--,.--,--I-----+----+---4-.----l-----f 

,------"',,-"- -- ,,------~·l~--- I 
------"-" .. -----1------------1------ ----j 

--,-

Conunents: 

-327-



I W
 

N
 

0:
> I 

P 1
 an

t 
A

 Y."\ 
0 

(' 
C

. 
PA

RT
IC

UL
AT

E 
FI

EL
D 

DA
TA

 
Ru

n 
N

o.
 

A
vJ

de
rs

en
 

:t
tl

 
VE

RY
 

IM
PO

RT
AN

T-
FI

LL
 

IN
 A

LL
 B

LA
NK

S 
A

m
bi

en
t 

Te
m

p 
OF

 _
-
-
,
-
7
_
o
~
 _

_
 _ 

L
oc

at
io

n 
*i

Ce
 
B

lr
 

D
at

e 
If

 I
~ 
/7

~ 
O

pe
ra

to
r 

C
00

::'C
I/W

\. 
j,(

/e
/1

1 
I 

Re
ad

 
an

d 
re

co
rd

 a
t 

th
e 

st
ar

t 
of

 
ea

ch
 

te
st

 p
oi

nt
. 

M
et

er
 

.6
H@

 _
_

_
_

_
_

_
_

_
_

_
_

_
_

_
_

_
_

 _ 
F

, 7
/ie

 r 
S

e
 -1 

/It
!),

 I
 

1
3

4
C

 k
 ¥

 
rY

:>
, 

/ 
C

 F
ac

to
r 
_

_
_

_
_

_
_

_
_

 _ 

D
ry

 G
as

 
P

it
o

t 
O

ri
fi

ce
 

.6
H

 
Im

pi
ng

er
 

P
oi

nt
 

C
lo

ck
 

M
et

er
, 

in
 

H
2O

 
in

 
H 2O

 
of

 T
em

p.
 

CF
 

6P
 

D
es

ir
ed

 
A

ct
ua

l 
In

le
t 

O
ut

le
t 

2-
'1

 
3

:0
3

 
FI

ft:J
2.,

 '
If

 S
' 

0
,1

 J 
D

,g
S

 
(
)
 I 

,f,
!:,

-
2

0
s
 

7
s-

:/
3

 
;q

fo
'f,

/ 
0

'{
2

 
O~

8'
~-

Z
8'

o 
70

 
:
~
3
 

1
7

7
&

 I 
D

 
0

, 
;3

-
t
J
/
~
S
 

3
?

o
 

7
0

 
~
3
3
 

/1
8

2
,t

?
t;

 
D

tl
3

 
0,

/1
.5

 
2

9
S

 
7

5
 

; 
1.

/3
 

/9
,ff

'?
,J

eJ
 

0
,/

2
 

o 
&

S
 

31
0 

~(
) 

o
ff

 
L
~
3
 

/ 
'1 <

lit:
 (, 

I S
-

o
,I

Y
 

0
.8

 

-
S

C
,Z

5
 m

ll
i 

3
2

,1
2

.f
f3 

i'
\r

c~
l 

r{
,.

,.
 

B
ar

. 
P

re
ss

 
"H

g 
2

1
,&

2
 

A
ss

um
ed

 
M

o;
 s

tu
re

 
%

 
I a

 
-
'
-
-
-
;
-
-
-
-
-

Pr
ob

e 
T

ip
 D

ia
.,

 
In

. 
J
ig

 
-
-
~
-
-
-

Pr
ob

e 
L

en
gt

 h
 _

_
 5_

+;
...1

.:..
-_

_
_

 _ 

A
vg

. 
!:::. 

P
 

A
vg

. 
!:::

.H
 _

_
_

 _ 

Pu
m

p 
Bo

x 
Pr

ob
e 

S
ta

ck
 

S
ta

ck
 

V
ac

uu
m

 
Te

m
p 

Te
m

p 
P

re
ss

. 
Te

m
p.

 
In

. 
H

g.
 

o
f 

of
 

In
. 

H
g.

 
of

 
G

au
ge

 

'1
,0

 
,t

-,
n 

3
'/

 c.J 
Y

G
O

 
la

, (
J 

3g
:S

 
Y

1
0

 
'1

~ 
0 

1
1

,0
 

3
'7

'0
 

3
(:

,0
 

t7
?,

 -
, 

1
_

, 

/0
/,

0
 

3
8

-$
-

3
(;

's
 

«
6

6
_

 
I
~
-
S
 

3
8

()
 

3
fc

,c
 

~,
:.
.{
) 

1
8

',S
 

~
~
~
-

--
! I I I I 

--
,-

'-
--

I 



duced from 
Repro -Iable copy best aval 

\ --
~'.~ 

o 
c 

1'---

, ',,; 
I-
~ 1~ 

o 
,,-; 
\..., 

... ' 

c 
C'.' 
J) 
>-
'--"" c· 
n: • 

'l: 
(C' 
0, 
'x 

~ • i 

::J " .. _~ c 

C., 

c-
Cl. 

+.> 

(is 
~-j 

...s:.:.: 
u ." " , 

,'!.' 

~ 

,-' 
c; : 

~ ('j . 
'--

'. 

'" 

~~ 

( -
;c! 

" -

,'.' ;... c 
" c_ ,. 

:. ~I i 

IU 
~-" (;J 

, l 

'~' f-

-'--' --~ J 

o 
3 ,1,1 

(' "''l 

i 

i_+-r--T .\ ' LL,_t 
-'-'-1 I til, w 1 '., 

o Co '':)' .' ,~ i", =~ E ~~;'~~~0 :~~ i II 
-'-­~~-- (" --.- I ,~ ---- ! 

~ 

'- '.i-,--
u --. ; 

.,.J 



I W
 

W
 a I 

P
la

nt
 

A
M

o
co

 
PA

RT
IC

UL
AT

E 
FI

EL
D 

DA
TA

 
Ru

n 
N

o. 
A,
~d
fr
:.
.~
p\
 

t:t
 3

 

L
oc

at
io

n 
#
~
 

B
 II"

. 
VE

RY
 I

M
PO

RT
AN

T-
FI

LL
 

IN
 A

LL
 B

LA
NK

S 
A

m
bi

en
t 

Te
m

p 
OF

 _
...

:.7
...

:.;
2..

~ _
_

_
 _ 

D
at

e 
"/

C
J>

/7
S 

O
pe

ra
to

r 
G(

l4(
(/'W

; 
! 

K
/(

Ii
t 

Re
ad

 a
nd

 r
ec

or
d 

at
 t

he
 s

ta
rt

 o
f 

ea
ch

 t
es

t 
po

in
t.

 

M
et

er
 
~
H
@
 _

__
 I_.

~o
~)
~~
~.
 _

_
_

_
_

_
_

_
 _

_
 

C
 F

ac
to

r 
t:

, '
i'

iS
' D

ry
 G

as
 

P
it

o
t 

O
ri

fi
ce

 
~
H
 

Im
pi

ng
er

 
P

oi
nt

 
C

lo
ck

 
M

et
er

, 
in

 H
2O

 
in

 H
2O

 
of

 T
em

p.
 

CF
 

~
P
 

D
es

ir
ed

 
A

ct
ua

l 
In

le
t 

O
ut

le
t 

/-
~
 

C
;: 

/s
 

,uo
"" 

If
 7

0 
0

,0
. 

c
J
,
7
j
~
 

O
.1

S"
 

')
.O

{)
 

7
S

 
: 

:;
'0

 
"/

01
. 

7 
t)

. 
I J

 
O

.7
S'

 
'"

'~
S 

~
A
 

~J
,.

$'
 

:J
.I

/.
J.

O
 

tJ
. 
II

 
o

.7
S

 
:J

.1
S

-
t.

.~
 

.
~
(
)
 

J.
-1

1~
,3

 
a

d
)'

 
0

,7
5

 
t'J

, 
7
~
 

;1
.1

5 
6'

1 
:J

S
' 

l.
/1

9
. 

S 
C

.I
;'

 
('

).
7

$
 

~
.
7
S
 

.3
1

0
 

7
0

 
fl

/O
 

:2
12

...J
... 
~
 

~.
IJ
. 

t)
.1

S
 

O
,7

!'
 

3
1

S
 

7
"-

9;
J/

S
' 

.V
.;J

.S
', 
e
1
~
 

-
-
-
-
-
-
-
-
-

-
-
-
-
-

-
-
-
-
-
-
-
-
-
-
-

-
-
-
-
-

--
--

_
 .. 

--
--
-
-
-
-

.. -
-
~
 
~
.
-
~
.
 
-
.
~
~
-

.
.
 
--

/9
. 

il
~·

 
-:

-,
30

 
~ 

o.
 (

,t
/f

 
~'
:-
M 

Ba
 r.

 
P

re
 s s

 
II

 H
g 

--"
,2~

11J
.'.

..3
110

c:.
.:i

1.~
 _

_
 _ 

A
ss

um
ed

 M
oi

st
ur

e 
%

 _
_

_
 

I 
_),

 _
_

_
 _ 

Pr
ob

e 
T

ip
 D

ia
.,

 
In

 . .
..

..
::

Ij '-
L.6

,.;:;
E: _

_
_

 _ 

Pr
ob

e 
Le

ng
 th

 _~
.s
",
--
,£
~t
""
'-
_

_
_

 _ 
A

vg
. 

~
 P

 
A

vg
. 

~
H
 _

_
 _ 

Pu
m

p 
Bo

x 
Pr

ob
e 

St
ac

k 
St

ac
k 

Va
cu

um
 

Te
m

p 
Te

m
p 

P
re

ss
. 

Te
m

p.
 

In
. 

Hg
. 

of
 

of
 

In
. 

H
g.

 
of

 
G

au
ge

 
tj

,Q
 

3
5

0
 

3
1

0
 

L
('

(o
 

'f
,,

) 
..

3~
o 

3;
2.

,0
 

'i
J~
_ 

J
C

d
')

 
~ 

c" 
S;

 
3

3
0

 
4.

{ 
J
~
-

J
~
 

.~
 

3
li'

o
 

:3
J.

S
 

L
{J

S
-

1
0

. 
'/

 
37

'0
 

3
cJ

O
 

'
1
~
O
 

1
0

,7
 

3
8

8
 

3
.J

..
$

 
'(

#
IS

 

.
~
-
-
.
~
 
~
~
 .
.
 -

3 
7

?
,;

;(
 



Particle Size Det.ermination 
, 

- 13k ~ ,,1 Jj /75 Test: Art10(O Date: 

0" ~'I\ 
~ 

Te I't\(-'. ~'3'i?O f 
Flil.te Tare(g) Final(g) Net(mg) FLJ ter Tota.l % of Cum % EC:J 

Net Total (t-'Iicrons) 

1 Q,153 i;. Q,i5J7 0·0 0.0 0.0 I Cf, 4./ 4- CJ. b ClV t' 

" 0, i '-I Li8 :).I'F'.f8 L 
0.0 O.C; 0.0 q. J 2. 

3 0. 1::"7 0 D, i,:..,1 D L/.Q 3,57 3.57 Cc"J2. 

4 O. I S-O~, (J.les2- ~.7 ~"q 7,7&' 1.32 

5 :;. i.5SC O.IG:,I-q G .-:; ~.I c:, /3,'12. 2,{p1 

6 O. 1'-1 &'2 0·/5810 '1. $) 6.71 2. 2., ~L-. 1.3(.,0-' 

7 0./ S30 O. 1~L/7 /I, "I 10f 1"/ 33,/0 v.~~ 

8 O. j SDO O.I('.S/ I .s, I 13 I t/ 7 4~.~-7 0.5t.-

Bc.ck Up 0.2 l"ib i.,).273'1 SCJ,rt SJ,43 1000 <a,sC:. 
Fi 1 t,~r 

---
Total 11 2, / IQo.o 

Test: AVY\oco - 13;1 r. I Date: II/ ~-/7.s'" ~ 

Plate 
0" ) '" T e w ~. -= 372, '1 "F 

Tare(g . Pina (g) Net(mg) Filter Total % of Cum % ECD 
Net Total (Microns) 

1. O,I~b3 (j .I~O~ O,~ O.S'/ /1. 'I ~Qhov(' 

:~~ 0,''170 0./48'/ I , I O,q~ 1,0 

:I Q,14~?. o. J sot., '-1.'-/ '3 J/7 G.,O 

4 0, I <i 'i ~. o I I SG, I C,.3 S,&;7 1,20 

c .' o ,J '-/'1'/ 0,/6-02- sIr 5, 2.~ 21>1~ 

E o ./48C; 0,/(,1'1 13,0 1/,75 1.3~ 

7 o. I 'i~'-I 0, I ~~3 12.,1 !I, ~s ().2.3 

8 0,1t.{-z{t' Cl. I !;-" ::; I ~ I 7 1$,of:J o,s~-

Back Lp 
-\ 0 r ~D1 .(: I i l/'" Q.SS u.me 4/'1, q i./~~c~ <(),!:.>-~-

Filter 
~ 

o.v~. {I'r.t ~ P-iv-d, I'" LAh ~ ---
Total /10,7 100,00 
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Particle Size Determination 

Test: AWl 0(0 -i3\v-.Cc, Date: II /~ /75 
Ovett\. T ~ W\t4 ':; 372"C f 

Plate Tare (g) Fina (g) Net (rrtg) Filter Total % of Cum % ECD 
Net Total (Microns) 

I 

1 0,15'2.1 C).IS3~ /. 7 '2.,7~ J L-f, 23 ; a bOv(" 

2 o.h'U Q.14S1 4.~ 7. i./ '-{ ~, 97 

3 G,I'12'1 0,/'-143 I . J.{ 2.,2. 7 S,9? 

4 Q, '4~-2. 0,1'178 2. ,''' J-f,2' ~, 2.S 

5 Q,It.{("1 () . I i.{ 8M 2,7 'f I ~ 7 2,~j 

6 0. ''''2~ 0, /477 s-. I f , 2S' I, ~S 

7 C., ~31 O.I~qz. (.,,1 9. ~7 0,9.3 

8 O. IL/~I C).I~~-O e',,? 1'1.40 CJ.S·S 

B~Ck Up 0 2.1 ( I 
F1.lter I 

() , 2.t.( 0 '6 28·7 4 ~,~'1 <o,SS 

Total (.1.8 /00; 00 

Test: Date: 

Plate Tare (g) Final (g) Net (mg) Filter Total % of Cum % ECD 
Net Total (Microns) 

1 

2 

3 

4 

5 

6 

7 

8 

Back Up 
Filter 

Total 
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SUPPLEMENTARY PROCESS DATA FOR POWER PLANTS 

Date -
Net Unit Load - I~W 

Average Steam Load - 103- 1 b/hr 

Boil er Heat [ nput 

Fuel Burning Rate - 1 b/hr I Fuel Heating Value - GTU/lb I 
Fuel Sulfur Content - % . , 
Fuel Ash Content - % ! \ 

I Fuel ~oisture Content % 
, 
i I 

-' 

°leerAt ,~~ Doa. tet -r () r- (at Cracker 
(a {o.~.st ).Ito $1...tJ.RKY 

Fr!$ " 
TofA-/ ,Rc(ya( (,:"( .. /4. I~ 

D().te Fp~t! (1J,!;~I.Ai.t~ Fewi (BB 1./da.jJ RA T£ (t..AT( 1~4 te 
( G.oLIrIa~j (eeL /~'jJ (TONJ /~1,''') 

11hz J'I</i~ 3 !J' i 1/ 'Ig>, 83 S' 20,VJ 

11/17 3 '17~9 3S'ftfl 4'/:: 7/t.P 19 .. i 

HeC 0 ..., fiF(J v'j (~.f (j(/~ 0/1 

-333-



ORSAT FIELD DATA 

Location --'-A-'-'M ............ O_C oOoC--_-....... G ......... i_-""'C~r=a'_"'_,""_k=~:...;..r __ COtn:n2nts: 

Dat e _-----'-/~I !t'-'-/~Z.'----.L....t--LJ.II-=-~::-1.L..7 ____ _ 

Tio9 __________________ _ 

Oper~tor ____________ _ 

Test (CO ) (0 ) (CO) 
Readtng 1 Reaaing 2 Reading 3 

11//2 

/000 /to,~ 2,0 0.0 

1/00 /ro,~ /,3 t),o 

1,117 
J/3D I~.g ;, "- IJ#O 

/52D /7,2 /,1 tJ,i1 

: 

I 
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PARTICULATE CLEAL'WP SHEET 

Date: /1/,;2 /7:'-
i I 

Run Number; _fi_' /-1 _______ _ 

Operator: 

Sample Box No. 

Impinger H20 

Volume After Sampling ,j-2( ml 

Impinger Prefilled With ;;,-; 0 ml 

Volume Collected 3d-/ ml ---------

Dry Probe and Cyclone Catch: 

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

Plant: At" 0<. a 

Loca tion Of Sampl e Port: C('jK .. (ll,: ,i-ur-' 
~ 

Barometric Pressure: 

Ambient Temperature 

Silica Gel 

Weight After j' ,:; / g ----------------------, 
Weight Before 

'"'/'" T 1 -fJ'l Moisture Weight _.~_'_'_u_g Moisture ota ~g 

Container No. 

Extra No. Weight Results g ---------- ----------~ 

Container No. 

Extra No. _______ Weight Results () .o3;Jtg 

Filter Papers and Dry Filter Particulate 

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

Filter Particulate 
Weight (j . () .7, ~. ,j p: 

Total Particulate 

Weight 6· () (p 51 g 
; 

% Moisture By Volume 
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PARTICULATE CLEANUP SHEET 

Date: / / b 7 h;,;'-
I 

Run Number: 

Operator: 

Sample Box No. 

Impinger H20 

Volume After Sampling ~of-ml 

Impinger Prefilled With ,)YO ml 

Volume Collected 30; ml -------

Dry Probe and Cyclone Catch: 

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

Plant: 

) 
Locat ion Of Sample Port: ~.:..'iu..I(-,-,..c:; \:,-,-/0~.S:=·I:,,-. --<./-.:' to-'" t::...:-(.~. ,-.:.,_,-

Barometric Pressure: ,,) C;. ~;" 
----~~------------

/,- °c Ambient Temperature Vd T 
-=~------------------

Silica Gel 

- /' 
Weight After ,,)(J..:j, S g 

--------------------~ 

Weight Before ,~;"~~l g --------'" 
Moisture Weight ..3. ~g Moisture Total 311. S" g 

Container ~o. 

Extra No. ----- Weight Results 0·0 $' It 

Container No. 

Extra No. ______ Weight Results ____ -'g 

Filter Papers and Dry Filter Particulate 

Filter No. 
~/ 

/~ 

Container No. 

% Moisture By Volume 

Filter No. Container No. 

-338-

Filter Particulate 
Weight /). 63 ,~ i g 

Total Particulate 

W • h /- ('/'7 el..g t ,-:)./).' i' g 
/ 

g 





oJf 

GAS SAMPLING FIELD DATA 

Material Sampled For S 0.,2.. ~ _~) (j ..:: 

Date 11/17/7.;/ 
Plant A Mo<..o Location C e..AcKe.~, (?~C ff'::l, T p. (a/<. 

Bar. Pressure .J l/ 10 I "Hg 

Ambient Temp _---+7_0 ___ oF 

Run No __ -"-1 _____ _ 

Power Stat Setting 
~--

Filter Used: Yes 

Clock 
Time 

Meter 
(Ft. 3 ) 

---

Comments: ? Lj ~ +,'~:: 

No 

Comments: ri:.[(.If-'/7f11CotZ NaT ,-V Gt':"! t .,../ 

Impinger 
In c----Qut ! 

! 

Ii () 7.:L-1 
I 

I 
Iro Co 1 j , 

i 

lfoD t ' : G~; 
I 

/"'{' .. . I 
d , 0G i 

I I 
! 

Ir Cl l? I 
I 
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GAS SAMPLING FIELD DATA 

< I, 
Ma t eria 1 Samp 1 ed F or _-.J--.O~,.4---'~I---.l_' _O:.....~ ________ _ 

Date ~+/-Ll-"",':'_---____ _ 

L t ' C" I t) """,' Dca lon \./"':"s.C' ((;'(/(- Ir~, ""'" Plant ,Af-I,X ,) 

Bar. Pressure ______ "Hg Comments: t1:::( I"!",/, /!J~N~r "~iI '(~ /'J)'" '; ~ 

Ambient Temp 

Run No ;'1_, ------
Power Stat Setting ----
Filter Used: Yes No ----
Operator GteJ':,(cfI." (ttl,.,) , -

, '" 
Comments: /,:', ld- f"" 

! 

1-/ l f ,.,,1. 
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