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The CAAA HAPS investigated in this study are listed in 

or analyte classification. A total of 44 C A A A  HAPS were 

found in one or more streams exiting the process boundary. The HAPS that were detennined 

in the flue gas emission stream are highlighted in Table E S - I ,  and the HAPS detected in  one or 

more of the non-air process output streams are highlighted in Table ES-2. The average emission 

factors determined for these HAPS and for the other pollutants studied in this program are 

summarized in Table ES-3. The emission factors are expressed in terms of Ib pollutant/lC" Btu 

except for particulate emissions which are reported in units of lb/106 Btu. The associated 

average process heat input rate and flue gas stream volumetric flow rate are also provided in this 

table. Detailed test results are presented and discussed in Sections 4 and 5 of this report. 

Results for other (non-CAAA listed) pollutants that were present in the process streams, and that 

could also be determined by the sampling and analysis methods used in this program, are also 

provided in these sections, along with the detailed results for associated criteria pollutants (i.e., 

particulate/PM,,, sulfur dioxide, carbon monoxide, volatile organic compounds, lead, and 

3 

E nitrogen oxides). 

Key information, findings, and discussion for this assessment are provided below. 

Recommendations and considerations for future studies are presented in Section 7. 

ES.1 PROCESS OPERATING CONDITIONS 

Baldwin Power Station Unit 2 was operated under comparable, near steady-state conditions for 

all of the six sampling periods (see Section 2 of this report for details). This is evidenced by 

the uniformity shown for a number of the measured process variables including coal feed rate, 

steam production rate and conditions, flue gas composition, flue gas stream flow rates, ESP 

power conditions, and electrical output. The consistency of process operations during this 

program provided a sound basis for the intercomparison and interpretation of results obtained 

during the 6-day testing campaign. 
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ES.3.4 Flue Gas Stream Flow Rate 

Representative samples and test data were obtained at the flue gas stream measurement sites 

[i.e., ESP inlet (duct) and outlet (stack)]. This is evidenced by the excellent flow balance 

(typically * 5 W )  and consistent, expected pollutant results obtained between these locations for 

the duration of the study. 

ES.4 FLUE GAS STREAM TEST RESULTS 

Flue gas stream test results are presented and discussed in detail in Section 4 of this report. A 

synopsis of the information obtained for flue gas stream sampling and analysis activities is 

provided below. 

ES.4.1 Particulate 

Simultaneous testing of the ESP inlet and outlet flue gas streams was conducted to measure the 

concentration and mass rate .of filterable particulate at each location and to determine the 

particulate collection efficiency of the ESP. During inorganics testing performed on Test Days 

2, 4, and 6 (13, 15, and 19 July 1993, respectively) filterable particulate was determined from 

the combined EPA Method 17 and 26A test train utilized at the ESP inlet and the combined EPA 

Method 5 and 26A test train used at the ESP outlet. In addition to determining filterable 

particulate during the inorganic parameter test days, these multi-pollutant sampling trains were 

used to quantify filterable radionuclides, filterable and condensible halides, and halogens. 

Filterable particulate- was measured using EPA Method 17 (in-stack filtration) at the ESP inlet 

and EPA Method 5 (out-of-stack filtration) at the ESP outlet. A high-capacity glass fiber 

thimble was used in the Method 17 test train to permit extended sampling in the ESP inlet flue 

gas stream, which contained high concentrations of particulate. 

DOEOI8C.RPI ES-2 1 



TABLE 1-7 

lLLINoIs POWER COMPANY 
BALDWIN POWER STATION - UNIT 2 - BALDWIN, ILLINOIS 

GAS hTgrRIx POLLuTANTS/PARAMETERs AND ASSOCIATED 
SAMPLING, TWXI”l’IN, AND/OR ANALYTICAL &fETIIODS - 6- 

POLLUTANTS OR SAMPLING, TESTING, AND/OR ANALYTICAL 
PARAMETERS METHODS* 

Major, minor, and trace 
elements series 

Mercury speciation Sorbent traps; CVAFS 

Particulate, ionic species, and 

Draft M29; 3010, 3020, and 7470; 6000 and 7000 

M17 (inlet) and M5 (outlet) with M26A; 9056, 350.3, 
radionuclides and 9010; DOE Pb-01; APHA 7500-C; EPA 904.0; 

LANL ER200; EPA 908.1; and DOE U-02 

Particle size distribution/ 
elements by size fraction 

Volatile organics (ESP outlet 

Andersen 3-stage cyclonic separator; M5 (gravimetric); 
3010, 3020, and 7470; ICP-AES and ICP-MS 

0030; 5030/8240 
only) 

Semivolatile organics (including 
PCDDlPCDF at ESP outlet) 

Formaldehyde, aldehydes, and 001 1 
ketones 

Carbon dioxide and oxygen M3/M3A (integrated bag collection; instrumental 
(ESP inlet) analysis) 

Carbon dioxide, oxygen, carbon M3A, M10, M7E, M6C, and M25A (CEM methods) 
monoxide, nitrogen oxides, 
sulfur dioxide, and total 
hydrocarbons (ESP outlet) 

0010 (and M23 at outlet); 8270 (and M23 at outlet) . 

* Flue gas stream moisture content, velocity, and volumetric flow rate were also measured 
in conjunction with each pollutantlparameter determination by M1, M2, and M4. 
Indicated methods are from 40 CFR 60 Appendix A or SW-846, except as noted. 
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SECTION 2 

UNIT DESCFUlTION, PROCESS OPERATION, AND ASSOCIATED PARAMETERS 

The configuration of Baldwin Unit 2 is described, and a process flow diagram showing 

sampling/testing locations is provided, in this section. Process operation and key operating 

parameters during the study are also identified below. 

2.1 'UNIT DESCRlPl'ION 

The Baldwin Power Station, is located in Baldwin, Illinois, and is owned and operated by nlinois 

Power Company. The power plant is comprised of three coal-fired units numbered 1 through 

3. All three units are rated at 568 W e .  Unit 2 was studied in this program. This Babcock 

& Wilcoxcyclqne furnace unit; built in 1973, processes high-sulfur Illinois bituminous Coat-that 

is delivered to the station by train. Average coal characteristics for this study were 10.2% ash, 

2.9% sulfur, 15.0% moisture, and 10,600 Btu/lb higher heating value. 

A process flow d i a g m  of Baldwin Unit 2 is shown in Figure 2-1. Program samplingltesting 

locations are shown therein. Unit 2 is operated from a control room (see Figure 2-2) which is 

common to all three units. 

At Unit 2, mal is transferred from storage bunkers through feeders directly into 14 cyclones. 

The boiler is opposed-fired with a bottom row of four cyclones and a top row of three cyclones 

on each side. The combustion gases exit the furnace and enter the convective pass section of 

the boiler which includes superheater and reheater sections. Main and reheat steam temperatures 

are controlled primarily by flue gas recirculation and combustion air flow, and attemperation 

sprays for secondary control. Next, the combustion gases are directed through an economizer 

section. 

I 
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Some entrained particulate (Le., soot) is deposited on various boiler wall and tube surfaces. 

Unit 2 is equipped with a series of Soot blowers to remove this slagging and fouling material. 

The soot blowers are used on a regular basis, once per shift. Supplemental soot blowing is 

performed to clean surfaces and regain optimum steam temperature control and thermal 

efficiency when heat absorption patterns change. Soot blowing sequences are normally executed 

at least once per shift, but not necessarily at the same time during each shift. 

Some overhead particulate is collected at the economizer outlet and is conveyed to an ash pond 

via a wet (water sluice) system. Final particulate control is effected by an electrostatic 

precipitator (ESP). The ESP ash is also sluiced to an'ash pond. 

The ESP consists of six chambers and each chamber is four fields'deep. The ESP has a specific 

collection area of 179.8 ft%,OOO cfm and uses weighted wire electrodes. The collecting plates 

are spaced 9 inches apart. The aspect ratio is 0.8. Unit 2 has no other APCE. 

% 
The unit has its own stack. Ports at the ESP4nJet and outlet (sa&) were used for flue gas 

emission samplingltesting purposes. 
'\3 

The unit's condenser system is a tube heat exchanger. The average intake rate of condenser 

water is 50 ft'ls. This system is served by a cooling reservoir (Baldwin Lake) that is 2,000 
acres and 22,000 acre feet in size. 

The bottom ash, economizer hopper ash, and ESP hopper ashes are sluiced to an on-site ash 

pond system. The bottom ash is sluiced to its own primary and secondary ponds. The 

economizer and ESP hopper ashes are sluiced to common primary and secondary ponds. The 

supernatant from both secondary ponds overflows to a single tertiary pond. The effluent from 

the tertiary pand is discharged to the nearby Kaskaskia River. All of the bottom ash is sold for 

commercial use. 

DOu)18G.RF'I 2-4 
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program because detection levels and blank concentrations are often on the same order of 

magnitude as sample values. When the results are then used for risk assessments or policy 

decisions, treatment of the data becomes important. This discussion describes how blank and 

non-detect values were treated in developing and presenting the reported results. 

4.1.1 Non-Detects 

The discussion presented below explains how averages, sums, and reported emission results were 

calculated for all species given various combinations of detected and nondetected analytical 

values. 

All values detected. The arithmetic average or sum is used, as appropriate. 

All values below the detection limit. For individual test runs or species, the data are 

reported as "ND < (detection limit)." For cases where all three runs were below the 

detection limit, the average is reported as nondetected less than the average detection 

limit of the three runs. 

Some values are detected and some are nondetects. As an approximation, half of the 

detection limit for nondetect values and the actual value for detects were used to 

determine reported values. As an example of averaging, an average for three test runs 

with results of 10, 8, and ND < 6 would be 7. As an example for summing (such as 

for mercury fractions), individual species values of 50, ND < 1,  and ND < 2 would 

be summed to provide a value of 50+0.5 + 1, or 5 1.5. In reporting these types of sums 

or averages, no " < " sign is used. The only exception to this rule occurs when the 

average is less than the highest detection limit of the nondetected values. In this case, 

the average is reported as "ND < (the highest detection limit)". For example, 5 ,  ND 

< 4, and ND < 3 would be reported as "ND < 4". I 
I 
c DOE018G.RPI 4-2 



This approach is also used to obtain test train totals which required analyses of separate 

fractions for each individual run. Specifically, the volatile organics, metals, and anion 

test train totals for each run were obtained by addition.of test train fractions, which were 

analyzed separately. 

Fractions from the volatile test train included separate analyses of the Tenax and 

Tenax/charcoal tubes for each sample period. Separate analyses were conducted on the 

filterable and condensible test train components for both the metals and anion test trains. 

Detection limit ratio. These methods of treating the data may result. in some loss of 

information in going from raw data to final values. Specifically, what is often lost is the 

amount of a final emission value that is attributable to detection limits and the amount 

that is attributable to measured values. In order to quantify and present this information, 

all results in this report are presented along with the "Detection Limit Component Ratio," 

which is calculated as the ratio of the contribution of detection limit vaiues to a final 

emission result. 

For example, the result for values of 16, ND < 6, and ND < 5 is reported as 7, with 

a detection limit ratio of 26% [(3+2.5)/(16+3+2.5)], while the result for values of 12, 

ND < 6, and 9 is reported as 8, with a detection limit ratio of 13%. The different 

ratios provide insight as to the extent something is "really there," and is intended to 

provide better information to those making decisions on risk and policy issues. 

4.1.2 Values Outside the Calibration Ranee 

Any reported laboratory data that are below the calibration range of the instrument are flagged 

with a qualifier (e.g., "J"). Data with the "J" flag have been tentatively identified and 

tentatively quantified. Data reported above the upper detection limit have been flagged with a 

qualifier (e.g., " E ) .  Data with the "E" flag have be& positively identified and tentatively 

DOEOI8G.RPI 4-3 



quantified.. Data with both qualifiers are estimates. "J" and "E" values were considered 

quantitatively representative when calculating averages. Neither flag indicates a value to be 

weighted more or less important. The "J" and."E" data qualifiers appear in the respective 

laboratory analytical report. The data qualifiers do not appear on the calculated data summaries. 

4.1.3 Blank Values 

The level and treatment of blank values is important in interpreting data, since in some cases 

species are detected but not at levels significantly higher than blanks. In these cases measured 

values may not represent emissions, but rather limitations of the method. However, most of the 

test methods used in this program either do not allow subtraction of blanks or are silent on how 

to treat blank values. 

For methods that do not specify how to adjust actual test sample results based on analyte 

background in the various blank samples, blank corrections were made to the actual sample 

concentrations or masses pursuant to standard laboratory practices. Laboratory and sitehagent 

blanks were analyzed and the results evaluated for identification of contamination. If an actual 

test sample pollutant analytical result was blank corrected, the data are flagged by a "B". If the 

value was blank corrected below the detection limit, the value was reported as "ND < (detection 

limit) BC." A "C" flag indicates that the blank value was greater than the sample value. In no 

cases are the blank corrected values reported below the method detection limit. 

4.2 SUMMARY OF FLUE GAS STREAM TEST RESULTS 

4.2.1 Filterable Particulate 

Simultaneous testing of the ESP inlet and outlet flue gas streams was conducted to measure the 

~filterablepariicula~oncentlations and mass rates at each location and to determine the overall 

ESP removal efficiency. During inorganics testing performed on Test Days 2, 4, and 6 (13, 15, 

DOEOISG.RP1 4-4 
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Baldwin. Illinois 

PROCESS DATA 

Coal type a 

Boiler configuration a 

Coal source a 
SCC 

Control device 1 b 

Control device 2 

Control device 3 

Data Guality 

Process Parameters a 

Test methods c 

Number of test runs d 

Coal HHV, as received IBtu/lbl e 

Coal H H V ,  as received lBtu/tonl 

Coal H H V ,  as received lMMBtu/tonl 

Bituminous 

Cyclone 

Illinois 

10100203 

ESP 

None 

None 
B 
568 MW 
EPA. or EPA-approved, test methods 
6 for filterable PM. 3 for other pollutants 

10.633 

21,266,000 

21.3 

Pollutant 
.................................................. 

Aluminum 

Antimony 

Arsenic 

Barium 

Beryllium 

BOrOn 

Cadmium 

Calcium 

Chromium 

Emission Factor Emission Factor Emission Factor 

llb/lO*12 Btul a (lb/MMBtul llb/tonl 

5.553403 5.553-03 1.18E-01 

1.52E100 1.523-06 3.23E-05 

1.34E101 1.346-05 2.85E-04 

5.32E100 5.32E-06 1.136-04 

1.41E+00 1.41E-06 3.00E-05 

7.67E+03 7.676-03 1.63E-01 

3.02E+00 3.02E-06 6.42E-05 

3.258102 3.258-04 6.91E-03 

5.06E101 5. 06E-05 1.08E-03 



Cobalt 

copper 

Iron 
Lead 

Magnesium 

Manganese 

Mercury 

Molybdenum 

Nickel 

Potassium 

Phosphorous 

Selenium 

Sodium 

Titanium 

Vanadium 

6.00E-06 

1.09E-05 

8.39E-03 

2.86E-05 

2.903-04 

2.233-05 

3.03E-06 

3.3lE-05 

2.21E-05 

9.33E-04 

1.98E-04 

1.30E-04 

1.17E-03 

3.823-04 

1.00E-04 

1,453-04 

4.023-04 

1.70E-01 

6.00E-04 

6.17E-03 

4.74s-04 

8.143-05 

1.178-04 

4.10E-04 

1.90E-02 

4.213-03 

2.763-03 

2,493-02 

0.1ZE-03 

2.133-03 

SEMIVOLATILE ORGANICS EMISSION FACTORS 

Pollutant 

Emission Factor Emission Factor Emission Factor 

Ilb/lO^lZ Btul a Ilb/MMBtul llb/tonl 

Phenol b 

Acetophenone 

Isophorone 

Biphenyl d 

Di-n-butylphthalate c 

bisl2-Ethylhexyllphthalate 

1.15E100 1.15E-06 2.456-05 

1.23E+00 1.233-06 2.62E-05 

2.62Et01 2.623-05 5.578-04 

0.10E-01 8.10E-01 1.876-05 

3.00E+00 3.00E-06 6.388-05 

4.60E100 4.60E-06 9.188-05 

Pollutant 
........._...------- 

Naphthalene B 

Acenaphthylene 

Acenaphthene d 

Fluorene C 

Phenanthrene 

Anthracene b 
Fluoranthem 

Pyrene c 

Benzlalanthracene d 

Emission Factor Emission Factor Emission Factor 

llb/lO’lZ BtUl a I lb/MMBtul llb/tonl 
................................................................................ 

3.94E-01 3.948-07 0.38E-06 

3.19E-02 3.198-08 6.78E-07 

6.32E-03 6.328-09 1.34E-07 

4.818-03 4.0lE-09 1.04E-01 

5.698-02 5.698-08 1.21E-06 

2.648-03 2.648-09 5.61E-08 

1.748-02 1.74E-08 3.708-07 

2.828-03 2.828-09 6.00E-08 

1.17E-03 1.1lE-09 2.49E-08 




