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Table3.1,1.1 

Fuel and Ash Analyses 

Run Date 
Fuel Type 
Sample Type 

30•Apr•92 
Rice Straw 

Fuel . 

30-Apr-92 
Rice Straw 

Ash 

Uhimate Analysis 
(o/o dry weight) 
C 
H 
N 

7.36 
0.70 
0.15 

Elemental Analysis 
(o/o by weight dry basis) 
N 
p 

K 
Ca 
Mg 
Na 
Cl 
(mg/kg dry weight) 
s 
B 
Zn 
Mn 
Fe 
Cu 
Si 

0.30 
0.19 
3.49 
1.17 
0.60 
0.39 
0.37 

620 
17 
82 

2,700 
1,290 

16 

Total (% dry weight) 15.04 

Proximate Ana~sis 
(% dry weight) 
Ash 
Volatiles 
Fixed Carbon 

17.23 
69.85 
12.91 

86.56 
9.24 
4.20 

Higher Heating Value 
(MJ/kg dry weight) 15.5065 3.6690 



Table 3.1.1.2. Operating conditions and concentrations, rice straw, 30 April 92. 
Fuel: Rice Straw Date of Test: 

Configuration: 
Fuel Loading Rate (g/sq.m w.b.): 680 
Total Fuel Consumption {kg w.b.) 133.4 
Total Ash Recovered (kg w.b.) 27.6 
Ash Fraction (w.b.) 0.21 

30-Apr-92 
CRNF 

Traverse 1 Traverse 2 Traverse 3 

Mean Values 
Air Temperature (°C) 
Air Relative Humidity (%) 
Inlet Air Temperature (°C) 
Stack Temperature (°C) 
lmpinger Outlet Temperature (°C) 

Fire Spreading Rate (m/min) 
Stack Gas Velocity (mis) 

Gas and PM Concentrations {less backaroungl 
CO (ppmv) 
NO (ppmv) 
NOx (ppmv) 
SO2 (ppmv) 
HC (ppmv as CH4 by GC) 
CH4 (ppmv by GC) 
NMHC (ppmv as CH4 by GC) 
CO2 (ppmv by GC) 
Total S (ppmv as SO2) 

PM (mg/cu.m) 
PM10 (mg/cu.m) 
PM2.5 (mg/cu.m) 

35.72 
21.99 
30.35 
53.15 
20.86 

0.66 
1.94 

129.55 
4.64 
5.61 
1.24 
5.16 
3.68 
1.48 

2,022 
1.83 

11 .50 
10.81 
9.20 

37.48 
15.90 
31.50 
56.89 
2122 

0.72 
1.85 

58.57 
5.14 
5.92 
1.27 
3.82 
2.99 
0.83 

1,893 
1.78 

13.27 
12.87 
11 .61 

36.03 
18.77 
29.82 
58.26 
22.14 

0.67 
1.81 

67.99 
5.44 
6.26 
1.32 
5.48 
2.83 
2.65 

2,180 
1.93 



Table 3.1.1.3. Mass balance, rice straw, 30 April 92. 
Fuel: Rice Straw Date of Test: 30-Apr-92 

Configuration: CRNF 
Mass Balance 

Traverse 1 Traverse 2 Traverse 3 
Total Conveyor Travel (m) 31.61 34.42 32.15 
Fuel Moisture Content (% w.b.) 10.1 10.8 8.4 
Fuel Loading Rate (g/sq.m d.b.) 611 607 623 
Total Fuel Consumption (g w.b.) 26,203 28,532 26,650 
Total Fuel Consumption (g d.b.) 23,556 25,451 24,412 
Residual Ash (g w.b.) 5,433 5,916 5,526 
Fuel Vaporized (g w.b.) 20,no 22,617 21,125 
Fuel Consumption Rate (g/s w.b.) 9.10 9.91 9.25 
Fuel Consumption Rate (g/s d.b.) 8.18 8.84 8.48 
Ash Generation Rate (g/s w.b.) 1.89 2.05 1.92 
Fuel Vaporization Rate (g/s w.b.) 7.21 7.85 7.33 

Stack Gas Density (kg/cu.m) 1.0832 1.0709 1.0664 
Stack Gas Flow Rate (cu.mis) 2.89 2.75 2.69 
Stack Gas Mass Flow Rate (kg/s) 3.13 2.94 2.87 
Inlet Air Mass Flow Rate (kg/s) 3.12 2.93 2.86 
Overall Air-Fuel Ratio (w.b.) 342.85 295.93 309.56 
Overall Air-Fuel Ratio (d.b.) 381 .36 331 .75 337.95 



Table 3.1.1.4. Emission factors, rice straw, 30 April 92 (Integrated basis) 
Fuel: Rice Straw Date of Test: 30-Apr-92 

Configuration: CRNF 

Emission Factors (% fuel d!}'. weight} 
Integrated Basis 

Traverse 1 Traverse 2 Traverse 3 Avera~ 
co 
NO 
NOx (as NO2) 
SO2 
HC (as CH4 by GC) 
CH4 (byGC) 
NMHC (as CH4 by GC) 
CO2 (by GC) 
Total S (as SO2) 
SO2/Total S 

PM 
PM10 
PM2.5 

MMAD (µm) 

CJ 

4.767 
0.184 
0.341 
0.099 
0.109 
0.078 
0.031 

117.239 
0.153 

0.64 

0.366 
0.344 
0.293 

0.127 

8.579 

1.878 
0.176 
0.311 
0.093 
0.070 
0.055 
0.015 

95.540 
0.129 

0.72 

0.368 
0.357 
0.322 

0.083 

4.985 

2.233 
0.191 
0.336 
0.099 
0.102 
0.053 
0.049 

112.065 
0.144 

0.68 

2.959 
0.184 
0.330 
0.097 
0.094 
0.062 
0.032 

108.281 
0.142 

0.68 

0.367 
0.350 
0.307 

0.105 



Table 3.1.1 .5. Emission factors, rice straw, 30 April 92 (average basts). 
Fuel: Rice Straw Date of Test: 30-Apr-92 

Configuration: CRNF 

Emission Factors {% fuel d!}'. weight} 
Average Basis 

Traverse 1 Traverse 2 traverse 3 Average 
co 4.781 1.881 2.224 2.962 
NO 0.183 0.177 0.191 0.184 
NOx (as NO2) 0.340 0.313 0.336 0.330 

SO2 0.105 0.093 0.098 0.099 
HC (as CH4 by GC) 0.109. 0.070 0.102 0.094 
CH4 (byGC) 0.078 0.055 0.053 0.062 

NMHC (as CH4 by GC) 0.031 0.015 0.049 0.032 

CO2 (byGC) 117.239 95.540 112.065 108.281 

Total S (as SO2) 0.154 0.131 0.145 0.143 

SO2/Total S 0.68 0.71 0.68 0.69 

PM 0.366 0.368 0.367 

PM10 0.344 0.357 0.350 

PM2.5 0.293 0.322 0.307 

MMAD (µm) 0.127 0.083 0.105 

a 8.579 4.985 



Table 3.1.1.6, Carbon balance. 

Date of Test: 30-Apr-92 30-Apr-92 30-Apr-92 
Fuel Rice Straw Rice Straw Rice Straw 

Traverse 1 Traverse 2 Traverse 3 

Carbon Balance 

Dry Fuel Consumption Rate (g/s) 8.18 8.84 8.48 
Ash Generation Rate (g/s) 1.89 2.05 1.92 
Ash Fraction (% dry basis) 23.11 23.19 22.64 
Fuel Carbon Concentration• (%) 37.96 37.96 37.96 
Residual Ash Carbon Concentration (%) 7.36 7.36 7.36 
Carbon released to stack (g/s) 2.97 3.20 3.08 
Maximum CO2 emission factor (%) 132.95 132.93 133.08 
Stack Gas Density (kg/cubic meter) 1.08 1.07 1.07 
Average CO2 concentration (ppmv) 2,022 1,893 2,180 
Average CO concentration (ppmv) 129.55 58.57 67.99 
Average THC concentration (ppmv as CH4) 5.16 3.82 5.48 
PM Concentration•• (mg/cubic meter) 11.50 13.27 12.39 
PM Carbon Concentrationt (%) 39.44 39.44 39.44 
PM Carbon (mg/cubic meter) 4.54 5.23 4.88 
Stack Gas T e"l)8rature (°C) 53.15 56.89 58.26 
lmpinger Temperature (°C) 20.86 21.22 22.14 
PM molar concentration (ppm) 9.12 10.53 9.86 
Estimated Average Stack Gas Velocity (nvs) 2.06 2.48 2.07 

Emission Factors (% Average Basis): 
CO2 117.239 95.54 112.065 
co 4.781 2.224 2.224 
HC (as CH4) 0.109 0.07 0.102 
PM.. 0.366 0.368 0.367 
Emission Factors (% Integrated Basis): 
CO2 117239 95.54 112.065 
co 4.767 1.878 2.233 
HC (as CH4) 0.109 0.07 0.102 
PM*• 0.366 0.368 0.367 

Closure (% Average Basis) 94 75 87 
Closure {% lntearated Basis) 94 74 87 
•Fuel analysis from run of 9 June 92 
..Average of Traverses 1 and 2 used for Traverse 3. 
tNo analysis for run of 30 April 92. Average concentration from run of 9 June 92. 



Table 3.1.1.7. Nitrogen balance 
Date ofTest: 30-Apr-92 30-Apr-92 30-Apr-92 
Fuel Rice Straw Rice Straw Rice Straw 

Traverse 1 Traverse 2 Traverse 3 
Nitrogen Balance 
Fuel Nitrogen Concentration• (% dry weight) 0.60 0.60 0.60 
Ash Nitrogen Concentration (% weight) 0.30 0.30 0.30 

Emission Factors (o/o Average Basis): 
NOx (as NO2) 0.340 0.313 0.336 
PM 0.366 0.368 0.367 
Emission Factors (% Integrated Basis): 
NOx (as NO2) 0.341 0.311 0.336 

NO3· Concentration of PMt (o/o weight) 0.149 0.149 0.149 
NH4+ Concentration of PMt ("lo weight) 1.429 1.429 1.429 
Nitrogen Concentration of PM (%) 1.145 1.145 1.145 
Fuel Nitrogen (mg/s) 49.08 53.04 50.88 
Ash Nitrogen (mg/s) 5.67 ·6.15 5.76 
Nitrogen as NOx (mg/s Average Basis) 8.46 8.42 8.67 
Nitrogen as NOx (mg/s Integrated Basis) 8.49 8.37 8.67 
Nitrogen as PM (mg/s Average Basis) 0.34 0.37 0.36 
Nitrogen .as NOx+PM (mg/s Average Basis) 8.81 8.79 9.03 
Nitrogen as NOx+PM (mg/s Integrated Basis) 8.83 8.74 9.03 
NOx+PM Nitrogen/Fuel Nitrogen (Average) 0.179 0.166 0.1n 
NOx+PM Nitrogen/Fuel Nitrogen (Integrated) 0.180 0.165 0.1n 
Ash Nitrogen/Fuel Nitrogen 0.116 0.116 0.113 
Ash+NOx+PM Nitrogen/Fuel Nitrogen (Average) 0.295 0.282 0.291 
Ash+NOx+PM Nitrogen/Fuel Nitrogen {lntegratedl 0.295 0.281 0.291 
•Fuel analysis from run of 9 June 92 
tNo analysis for run of 30 April 92. Average concentration from run of 9 June 92. 



Table 3.1 .1.8. Sulfur balance. 
Date ofTest: 30-Apr-92 30-Apr-92 30-Apr-92 
Fuel Rice Straw Rice Straw Rice Straw 

Traverse 1 Traverse 2 Traverse 3 
Sulfur Balance 
Fuel SuHur Concentration* (m~g dry weight) 668 668 668 
Ash SuHur Concentratio.n (mg/kg weight) 620 620 620 

Emission Factors (o/o Average Basis) 
SO2 0.105 0.093 0.098 
PM 0.366 0.368 0.367 
Emission Factors (o/o Integrated Basis) 
S02 0.099 0.093 0.099 

SuHur Concentration of PMt (o/o weight) 1.016 1.016 1.016 
Fuel Sulfur (mg/s) 5.46 5.91 5.66 
Ash Sulfur (mg/s) 1.17 1.27 1.19 
SuHur as S02 (mg/s Average Basis) 4.29 4.11 4.16 
SuHur as SO2 (mws Integrated Basis) 4.05 4.11 4.20 
Sulfur as PM (f'l'l!YS Average Basis) 0.30 0.33 0.32 
Sulfur as SO2+PM {mg/s Average Basis) 4.60 4 .44 4.47 
Sulfur as SO2+PM (mg/s Integrated Basis) 4.35 4.44 4.51 
S02+PM Sulfur/Fuel Sulfur (Average Basis) 0.842 0.752 0.789 
SO2+PM Sulfur/Fuel Sulfur (Integrated Basis) 0.797 0.752 0.797 
Ash SuHur/Fuel Sulfur 0.214 0.215 0.210 
Closure(% Average Basis) 106 97 100 
Closure{% Integrated Basisl 101 97 101 
*Fuel analysis from run of 9 June 92 
tNo analysis for run of 30 April 92. Average concentration from run of 9 June 92. 



Table 3.1.1.9. Water balance. 

Estimated Stack Humiditl 

Fuel 
Configuration 
DateofTest 

Rice Straw 
CRNF 

30-Apr-92 

Traverse 1 Traverse 2 Traverse 3 

Ambient Air Temperature °C) 36 37 36 

Ambient Air Relative Humidity(%) 22 16 19 

Air Temperature (K) 309 311 309 

Saturation Pressure (Pa) 5,856 6,447 5,956 

Vapor Pressure (Pa) 1,288 1,025 1,118 

Air Dew Point Temperature (°C) 10.7 7.4 8.6 
Ambient Volume Fraction Water Vapor 0.0127 0.0101 0.0110 
Ambient Mass Fraction Water Vapor 0.0079 0.0063 0.0068 
Fuel Burning Rate {g/s wet basis) 9.10 9.91 9.25 
Fuel Moisture Content (%) 10.1 10.8 8.4 
Ash Fraction (wet basis) 0.21 0.21 0.21 
Fuel Hydrogen Content (%) 5.65 5.65 5.65 
Ash Hydrogen Content (%) 0.70 0.70 0.70 
Moisture Evaporated (g/s) 0 .92 1.07 0.78 
Water of Combustion (g/s) 4.04 4.36 4.19 
Totai Fuel Water Added (g/s) 4.96 5.43 4.96 
Inlet Air Mass Flowrate (g/s) 3,120 2 ,930 2,860 
Inlet Air Water Vapor Flowrate (g/s) 25 18 20 
Total Stack Water Vapor Flowrate (g/s) 30 24 25 
Stack Gas Mass Flowrate (g/s) 3,127 2 ,938 2,867 
Mass Fraction Water Vapor in Stack 0.0095 0.0081 0.0086 
Volume Fraction Water Vapor in Stack 0.0152 0.0131 0.0138 
Stack Vapor Pressure (Pa) 1,544 1,324 1,398 
Stack Temperature (0 C) 53 57 58 
Stack Temperature (K) 326 330 331 
Stack Saturation Pressure (Pa) 14,415 17,243 18,392 
Stack Relative Humidity(%) 11 8 8 
Stack Dew Point Temperature (°C) 13.5 11.2 12.0 
lmpinger Outlet Temperature (°C) 20.9 21.2 22.1 
Volume Stack Gas Sampled for PM (L) 426 437 
Estimated lmpinger/Desiccant Weight Gain (g) 4.8 4.3 

Totals: 
Estimated Measured 

Total lmpinger/Desiccant Weight Gain (g) 9.1 ND 
Estimated/Measured Weight Gain 



Table3.1.1.10. Powerbalance. 

Date of Test: 30-Apr-92 30-Apr-92 30-Apr-92 
Fuel Rice Straw Rice Straw Rice Straw 

Traverse 1 Traverse 2 Traverse 3 

Power Balance 
Fuel Heating Value (MJ/kg dry weight) 15.5065 15.5065 1'5.5065 
Ash Heating Value (MJ/kg dry weight) 3.6690 3.6690 3.6690 
Average Energy Release Rate (kW) 119.9 129.6 124.5 
Products of lncorTl)lete Combustion (kW) 
co 4.0 2.0 1.9 
THC (as CH4) 0.5 0.3 0.5 
PM 0.4 0.4 0.4 

Heat Release Rate (kW) 115.1 126.8 121 .7 
Fireline Intensity (kW/m) 94.4 104.0 99.8 
Stack Gas Flow (kg/s) 3.13 2.94 2.87 
Stack Gas TerTl)erature (°C) 53.15 56.89 58.26 
Inlet T erTl)erature (°C) 30.35 31.50 29.82 
Sensible Power at Top of Stack (kW) 71 .8 75.1 82.1 
Tunnel Dissipation (kW) 43.3 51.7 39.5 



Table 3.1.1.11 
VOC Concentrations (ppbv) 

Date 
Fuel 
Traverse 

30-Apr-92 
Rice Straw 
Traverse 1 

30-Apr-92 
Rice Straw 
Traverse 2 

Acetic acid 
Propanone (acetone) 
Methyl ester acetic acid (methylacetate) 
Butane 
Oimethyloxirane 
Pentene 
Methylbutanone (isopropylmethyl ketone) 
Furancarboxaldehyde (furfural) 
Benzene 
Dimethyl:>utane 
Hexane 
Phenol 
Oimethytfuran 
2-methyl 2-cyclopenten-1-one 
2-chloro phenol 
Toluene 
Benzonitrile 
Benzaldehyde 
Methylphenol (hydroxy toluene) 
Styrene 
Xylene 
T rimethylpentane 
Benzofuran 
Methoxymethylphenol (creosol) 
Naphthalene 
C10H12 
Alpha-pinene 
Call'4)hene 
.13-Carene 
Limonene 
No match r.t. (6.7) 
No match r.t. (8.51) 
No match r.t. (8.71) 
No match r.t. (8.73) 
No match r.t.(6.4) 
No match r.t.(8.5) 

13.1 8.3 

2.4 1.7 

1.6 1.5 
0.7 



Table 3.1.1.12. 
voe Emission Factors (mg/kg) 

Date 
Fuel 
Traverse 
Fuel Consumption Rate (g/s d.b) 
Stack Gas Mass Flow Rate (kg/s) 

Acetic acid 
Propanone (acetone) 
Methyl ester acetic acid (methylacetate) 
Butane 
Dimethyloxirane 
Pentene 
Methylbutanone (isopropylmethyl ketone) 
Furancarboxaldehyde (furfural) 
Benzene 
Dimethylbutane 
Hexane 
Phenol 
DimethyHuran 
2-methyl 2-qclopenten-1-one 
2-chloro phenol 
Toluene 
Benzonitrile 
Benzaldehyde 
Methylphenol (hydroxy toluene) 
Styrene 
Xylene 
T rimethylpentane 
Benzofuran 
Methoxymethylphenol (creosol) 
Naphthalene 
Unknown 
Alpha-pinene 
Camphene 
a3-Carene 
Limonene 

30-Apr-92 
Rice Straw 
Traverse 1 

4.44 
4.00 

14 

3 

2 
1 

30-Apr-92 
Rice Straw 
Traverse 2 

0.95 
2.50 

7 

2 

2 
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Figure 3.1.1.1. Upstream air conditions, 30 April 92. 

Fuel Type: Rice Straw Test Date 30-Apr-92 

Configuration: CANF 
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Figure 3.1.1.2. Air temperature and relative humidity from CIMIS station. 
Fuel: Rice Straw Date of Test: 30-Apr-92 
Configuration: CRNF 

Hourly Average CIMIS Data for Davis, California 
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Figure 3.1.1.3. Wind speed from CIMIS station. 
Fuel: Rice Straw Date of Test: 30-Apr-92 

Configuration: CRNF 
Hourly Average CIMIS Data for Davis, California 
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Figure 3.1.1.4. Wind direction and solar radiation from CIMIS station. 
Fuel: Rice Straw Date of Test: 30-Apr-92 
Configuration: CRNF 

Hourly Average CIMIS Data for Davis, California 
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Figure 3.1.1.5. Inlet air, stack gas, and lmplnger outlet temperatures, 30 April 92. 

Fuel Type: Rice Straw Test Date 30-Apr-92 

Configuration: CRNF 
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Figure 3. 1.1 .6. Conveyor speed and stack gas velocity, 30 April 92. 

Fuel Type: Rice Straw Test Date 30-Apr-92 

Configuration: CRNF 
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Figure 3.1.1.7. Conveyor speed with 10 min moving average, 30 April 92. 

Fuel Type: Rice Straw Test Date 30-Apr-92 

Configuration: CRNF 

---- Conveyor Speed (m/min) D Conveyor Speed-10 pt. rolling 
average 
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Figure 3.1.1.8. Conveyor travel, 30 April 92. 

Fuel Type: Rice Straw Test Date 30-Apr-92 

Configuration: CRNF 
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0 

Figure 3.1.1.9. CO concentration In stack gas, 30 April 92. 

Fuel Type: Rice Straw Test Date 30-Apr-92 
Configuration: CRNF 
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Figure 3.1.1.10. NO and NOx concentrations In stack gas, 30 April 92. 

Fuel Type: Rice Straw Test Date 30-Apr-92 

Configuration: CRNF 

NOx (ppmv) - - - - - - NO (ppmv) 

9 

8 

7 

6 

5 

4 

3 

2 

1 

0 

6 8 10 12 14 16 18 

Time of Day (PDSTI 

1- · l, 

I, 

! I 
~ ~ l 

~~~~ , , ,I '1,,, 

I\ 
• , I 
~ I ,I 

1!Jf~ I I ,, j. ~-
l!•1 t 
( t I I 

' 
II 

-

https://3.1.1.10


Figure 3.1.1.11. S02 concentrations In stack gas, 30 April 92. 

Fuel Type: Rice Straw Test Date 30-Apr-92 

Configuration: CRNF 
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Figure 3.1.1.12. Total sulfur concentration In stack gas, 30 April 92. 

Fuel Type: Rice Straw Test Date 30-Apr-92 

Configuration: CRNF 
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Figure 3.1.1.13. Particle size distribution, traverse 1, 30 April 92. 

Fuel: Rice Straw 

Particle Size Distribution 
Traverse 1: 

Stage ECO (µm) 
1 14.20 
2 7.96 
3 4.24 
4 2.24 
5 1.29 
6 0.76 
7 0.40 

fitter 0.00 

Weight (mg) 
0.6 
0.4 
0.4 
0.2 
0.3 
0.4 
0.4 
4.1 

Date of Test: 
Configuration: 

Cum. Wt (mg) 
6.8 
6.2 
5.8 
5.4 
5.2 
4.9 
4.5 
4.1 

30-Apr-92 
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1.000 
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0.765 
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Figure 3.1.1.14. Particle size distribution, traverse 2, 30 April 92. 

Fuel: Rice Straw 

Particle Size Distribution 
Traverse 2: 

Stage 
1 
2 
3 
4 
5 
6 
7 

filter 

ECO (µm) 
14.42 

8.08 
4.31 
2.28 
1.31 
o.n 
0.40 
0.00 

Weight (mg} 
0.3 
0.3 
0.2 
0.2 
0.2 
0.4 
0.3 
4.5 

Date of Test: 
Configuration: 

Cum. Wt (mg) 
6.4 
6.1 
5.8 
5.6 
5.4 
5.2 
4.8 
4.5 

30-Apr-92 
CRNF 
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1.000 
0.953 
0.906 
0.875 
0.844 
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Figure 3.1.1.1S. Nitrogen balance. 
Date ofTest: 30-Apr-92 
Fuel Rice Straw 

Nitrogen 

ND 
71% 

PM 
1% 

NOx 
17% 

Ash 
11% 



Figure 3.1.1.16. Sulfur balance. 
Date of Test: 30-Apr-92 
Fuel Rice Straw 

Sulfur 

S02 
72% 

PM 
6% 
ND 
1% 



Table3.1 .2.1 

Fuel and Ash Analyses 

Run Date 9-Jun-92 9-Jun-92 
Fuel Type Rice Straw Rice Straw 
Saffl>leType Fuel Ash 

Ultimate Analysis 
(% dry weight) 
C 37.96 9.93 
H S.65 0.80 
N 0.54 0.20 

Elemental Analysis 
(% by weight dry basis) 
N 0.60 0.33 
p 0.0S 0.28 
K 0.93 3.62 
Ca 0.24 1.12 
Mg 0.16 0.63 
Na 0.07 0.43 
Cl 0.22 0.56 
(mg/kg dry weight) 
s 668 '959 

B 8 16 
Zn 25 7S 
Mn 552 3,150 
Fe 336 1,190 
Cu 6 10 
Si 

Total(% dry weight) 46.04 18.23 

Proximate Analysis 
(% dry weight) 
Ash 16.15 86.38 
Volatiles 71.04 9.89 
Fixed Carbon 12.80 3.73 

Hi2her Heatin!:l Value 
(MJ/kg dry weight) 1S.7392 3.8034 



Table 3.1.2.2. Operating conditions and concentrations•, rice straw, 9 June 92. 
Fuel: Rice Straw Date ofTest: 9-Jun-92 

Configuration: CRNF 

Fuel Loading Rate (g/sq.m w.b.): 680 
Total Fuel Consumption (kg w.b.; 246.3 
Total Ash Recovered (kg w.b.) 50.0 
Ash Fraction (w.b.) 0.20 

Total filters for PM installed improperly. 
Traverse 1 Traverse 2 Traverse 3 

Mean Values 
Air Temperature (°C) 27.99 
Air Relative Humidity(%) 43.10 
Inlet Air Temperature (°C) 34.34 
Stack Temperature (0 C) 67.02 
lmpinger Outlet Temperature (°C) 20.05 

Fire Spreading Rate (m/min) 0.91 
Stack Gas Velocity (mis) 1.87 

Gas and PM Concentrations (less background) 
CO (ppmv) 80.03 
NO (ppmv) 7.64 
NOx (ppmv) 8.63 
SO2 (ppmv) 1.49 
HC (ppmv as CH4 by GC) 4.89 
CH4 (ppmv by GC) 4.17 
NMHC (ppmv as CH4 by GC) 0.73 
CO2 (ppmv by GC) 2652 
Total S (ppmv as SO2) 2.41 

PM* (mg/cu.m) 5.49 
PM1 o• (mg/cu.m) 5.27 
PM2.5* (mg/cu.m) 4.82 
*Total filters installed improperly. See Table 3.12.3 for corrected values. 

31.36 
35.82 
36.79 
73.89 
22.60 

0.90 
1.95 

82.16 
7.29 
8.15 
1.41 
4.10 
3.58 
0.53 

3695 
2.28 

5.61 

5.39 
5.14 

34.05 
29.23 
38.96 · 
84.27 

29.30 

1.15 
1.98 

108.59 
8.72 
9.51 
1.71 
5.18 
4.57 
0.61 

3629 
2.54 

2.87 
2.72 
2.41 



Table 3.1.2.3. Operating conditions and concentrations, rice straw, 9 June 92. 
Fuel: Rice Straw Date of Test: 9-Jun-92 

Configuration: CRNF 
Fuel Loading Rate (g/sq.m w.b.): 680 
Total Fuel Consumption (kg w.b.; 246.3 
Total Ash Recovered (kg w.b.) 50.0 
Ash Fraction (w.b.) 0.20 

Total filters for PM installed improperly. 
Traverse 1 Traverse 2 Traverse 3 

Mean Values 
Air Temperature (DC) 27.99 31.36 34.05 
Air Relative Humidity(%) 43.10 35.82 29.23 
Inlet Air Temperature (DC) 34.34 36.79 38.96 
Stack Temperature (°C) 67.02 73.89 84.27 
lmpinger Outlet Temperature (DC) 20.05 22.60 29.30 

Fire Spreading Rate (m'min) 0.91 0.90 1.15 
Stack Gas Velocity (m's) 1.87 1.95 1.98 

Gas and PM Concentrations (less background) 
CO(ppmv) 80.03 82.16 108.59 
NO (ppmv) 7.64 7.29 8.72 
NOx (ppmv) 8.63 8.15 9.51 
SO2 (ppmv) 1.49 1.41 1.71 
HC (ppmv as CH4 by GC) 4.89 4.10 5.18 

. CH4 (ppmv by GC) 4.17 3.58 4.57 
NMHC (ppmv as CH4 by GC) 0.73 0.53 0.61 
CO2 (ppmv by GC) 2652 3695 3629 
Total S (ppmv as SO2) 2.41 2.28 2.54 

PM• (mg/cu.m) 11.65 9.50 15.06 
PM10• (mg/cu.m) 11.18 9.26 14.34 
PM2.S- (mg/cu.m) 10.24 8.74 12.65 
•Total filters installed improperly. PM concentrations from cascade impactor. 



Table 3.1.2.4. Mass balance, rice straw, 9 June 92. 
Fuel: Rice Straw Date of Test: 9-Jun-92 

Configuration: CRNF 

Mass Balance 

Traverse 1 Traverse 2 Traverse 3 
Total Conveyor Travel (m) 43.70 43.08 55.15 
Fuel Moisture Content (% w.b.) 8.6 9.1 8.3 
Fuel Loading Rate (g/sq.m d.b.) 622 618 624 
Total Fuel Consumption (g w.b.) 36,231 35,718 45,720. 
Total Fuel Consumption (g d.b.) 33,115 32,468 41,925 
Residual Ash (g w.b.) 7,356 7,252 9,283 
Fuel Vaporized (g w.b.) 28,875 28,466 36,437 
Fuel Consumption Rate (g/s w.b.) 12.58 12.40 15.87 
Fuel Consumption Rate (g/s d.b.) 11.50 11.27 14.56 
Ash Generation Rate (g/s w.b.) 2.55 2.52 3.22 
Fuel Vaporization Rate (g/s w.b.) 10.03 9.88 12.65 

Stack Gas Density (kg/cu.m} 1.0390 1.0184 0.9888 
Stack Gas Flow Rate (cu.mis) 2.78 2.90 2.94 
Stack Gas Mass Flow Rate (kg/s} 2.89 2.95 2.91 
Inlet Air Mass Flow Rate (kg/s) 2.88 2.94 2.89 
Overall Air-Fuel Ratio (w.b.} 228.92 237.34 182.34 
Overall Air-Fuel Ratio (d.b.} 250.46 261 .10 198.85 



Table 3.1.2.5. Emission factors, rice straw, 9 June 92 (Integrated basis). 
Fuel: Rice Straw Date of Test: 9-Jun-92 

Configuration: CRNF 

Emission Factors{% of fuel mass d.b.) 
Integrated Basis 

Traverse 1 Traverse2 Traverse 3 Average 
co 1.929 2.092 2.087 2.036 
NO 0.199 0.198 0.185 0.194 
NOx (as NO2) 0.344 0.340 0.311 0.332 
SO2 0.082 0.082 0.078 0.081 
HC (as CH4 by GC) ·0.068° 0.059 0.057 0.061 
CH4 (by GC) 0.058 0.052 0.050 0.053 
NMHC (byGC) 0.010 0.008 0.007 0.008 
CO2 (byGC) 101.131 146.870 109.966 119.322 
Total S (as SO2) 0.133 0.132 0.113 0.126 

SO2/Total S 0.62 0.62 0.70 0.64 

PM• 0.243 0.208 0.257 0.236 

PM10• 0.233 0.203 0.245 0.227 

PM2.5• 0.214 0.192 0.216 0.207 

MMAD (µm) 0.163 0.083 0.064 0.103 

(J 6.952 4.997 4.762 

*Total filters installed improperty. PM concentrations from cascade impactor. 



Table 3.1.2.6. Emission factors, rice straw, 9 June 92 (average basis). 
Fuel: Rice Straw Date of Test: 9-Jun-92 

Configuration: CRNF 

Emission Factors {% of fuel mass d.b.) 
Average Basis 

Traverse 1 Traverse 2 Traverse 3 Average 

co 1.942 2.078 2.094 2.038 

NO 0.199 0.197 0.180 0.192 

NOx (as NO2) 0.344 0.339 0.301 0.328 

SO2 0.083 0.082 0.075 0.080 

HC (as CH4 by GC) 0.068 0.059 0.057 0.061 
CH4 (by GC) 0.058 0.052 0.050 0.053 

NMHC (byGC) 0.010 0.008 0.007 0.008 

CO2 (by GC) 101.131 146.870 109.966 119.322 

Total S (as SO2) 0.134 0.132 0.112 0.126 

SO2/Total S 0.62 0.62 0.67 0.63 

PM• 0.243 0.208 0.257 0.236 

PM10• 0.233 0.203 0.245 0.227 

PM2.5• 0.214 0.192 0.216 0.207 

MMAD(µm) 0.163 0.083 0.064 0.103 

CJ 6.952 4.997 4.762 

•Total filters installed improperly. PM concentrations from cascade impactor. 



Table 3.1.2.7. Carbon balance. 

Date of Test: 9.Jun-92 9-Jun-92 9-Jun-92 
Fuel Rice Straw Rice Straw Rice Straw 

Traverse 1 Traverse 2 Traverse 3 

Carbon Balance 

Dry Fuel Consumption Rate (g/s) 
Ash Generation Rate (g/s) 
Ash Fraction (% dry basis) 
Fuel Carbon Concentration(%) 
Residual Ash Carbon Concentration(%) 
Carbon released to stack (!J's) 
Maximum CO2 emission factor (o/o) 
Stack Gas Density (kg/cubic meter) 
Average CO2 concentration (ppmv) . 
Average CO concentration (ppmv) 
Average THC concentration (ppmv as CH4) 
PM Concentration• (m!J'cubic meter) 
PM Carbon Concentration .. (%) 
PM Carbon (mg/cubic meter) 
Stack Gas Temperature (°C) 
lmpinger Temperature (°C) 
PM molar concentration (ppm) 
Estimated Average Stack Gas Velocity (m's) 

Emission Factors (o/o Average Basis): 
CO2 
co 
HC (as CH4) 
PM• 
Emission Factors (% Integrated Basis): 
CO2 
co 
HC (as CH4) 
PM* 

Closure (% Average Basis) 
Closure {% Integrated Basisl 
•PM concentrations from cascade impactor 
••Average of Traverses 2 and 3 used for Traverse 1. 

11.50 
2.55 

22.17 
37.96 

9.93 
4.11 

131.11 
1.04 

2,652 
80.03 
4.89 

11 .65 
39.44 

4.59 
67.02 
20.05 

9.21 
2.34 

101.131 
1.942 
0.068 
0.243 

101.131 
1.929 
0.068 
0.243 

80 
80 

1127 14.56 
2.52 3.22 

22.36 22.12 
37.96 37.96 

9.93 9.93 
4.03 5.21 

131.05 131.13 
1.02 0.99 

3,695 3,629 
82.16 108.59 
4.10 5.18 
9.50 15.06 

40.98 37.90 
3.89 5.71 

73.89 84.27 
22.60 29.30 

7.87 11.80 
1.70 2.28 

146.87 109.966 
2.078 2.094 
0.059 0.057 
0.208 0.257 

146.87 109.966 
2.092 2.087 
0.059 0.057 
0.208 0.257 

115 87 
115 87 



Table 3.1.2.8. Nitrogen balance 
Date of Test: 9-Jun-92 9-Jun-92 9-Jun-92 
Fuel Rice Straw Rice Straw Rice Straw 

Traverse 1 Traverse 2 Traverse 3 
NitroS!n Balance 
Fuel Nitrogen Concentration (% dry weight) 0.60 0.60 0.60 
Ash Nitrogen Concentration (% weight) 0.33 0.33 0.33 

Emission Factors (% Average Basis): 
NOx(as N02) 0.344 0.339 0.301 
PM* 0.243 0.208 0 .257 
Emission Factors (% Integrated Basis): 
NOx (as N02) 0.344 0.34 0.311 

NO3- Concentration of Pt.1•• (% weight) 0.1490 0.1852 0.1128 
NH4+ Concentration of PM** (% weight) 1.4291 1.208 1.650 
Nitrogen Concentration of PM(%) 1.145 0.982 1.309 
Fuel Nitrogen (m!>'s) 69.00 67.62 87.36 
Ash Nitrogen (mg's) 8.42 8.32 10.63 
Nitrogen as NOx (mg's Average Basis) 12.04 11.63 13.34 
Nitrogen as NOx (mg's Integrated Basis) 12.04 11 .66 13.78 
Nitrogen as PM (mg's Average Basis) 0.32 0.23 0.49 
Nitrogen as NOx+PM (m!>'s Average Basis) 12.36 11.86 13.83 
Nitrogen as NOx+PM (m!>'s Integrated Basis) 12.36 11.89 14.27 
NOx+PM Nitrogen/Fuel Nitrogen (Average) 0.179 0.175 0.158 
NOx+PM Nitrogen/Fuel Nitrogen (Integrated) 0.179 0.176 0 .163 
Ash Nitrogen/Fuel Nitrogen 0.122 0.123 0 .122 
Ash+NOx+PM Nitrogen/Fuel Nitrogen (Average) 0.301 0.298 0.280 
Ash+NOx+PM Nitr29en/Fuef Nitrogen !Integrated) 0.301 0.299 0.285 
*PM concentrations from cascade impactor 
••Average of Traverses 2 and 3 used for Traverse 1. 



Table 3.1.2.9. SuHur balance. 
Date of Test: 9.Jun-92 9-Jun-92 9-Jun-92 
Fuel Rice Straw Rice Straw Rice Straw 

Traverse 1 Traverse 2 Traverse 3 
Sulfur Balance 
Fuel Sulfur Concentration (mglkg dry weight) 
Ash Sulfur Concentration (m{>'kg weight) 

Emission Factors (% Average Basis) 
SO2 
PM" 
Emission Factors (% Integrated Basis) 
SO2 

Sulfur Concentration of PM.. (% weight) 
Fuel Sulfur (mgls) 
Ash Sulfur (mgls) 
Sulfur as SO2 (mgls Average Basis) 
Sulfur as SO2 (mgls Integrated Basis) 
Sulfur as PM (mgls Average Basis) 
Sulfur as SO2+PM (m!>'s Average Basis) 
Sulfur as SO2+PM (m!>'s Integrated Basis) 
SO2+PM Sulfur/Fuel Sulfur (Average Basis) 
SO2+PM Sulfur/Fuel Sulfur (Integrated Basis) 
Ash Sulfur/Fuel Sulfur 
Closure (% Average Basis) 
Closure {% Integrated Basis) 
"PM concentrations from cascade impactor 
•·Average of Traverses 2 and 3 used for Traverse 1. 

668 
859 

0.083 
0243 

0.082 

1.017 
7.68 
2.19 
4.TT 
4.72 
0.28 
5.06 
5.00 

0.658 
0.651 
0285 

94 
94 

668 668 
859 859 

0.082 0.075 
0208 0.257 

0.082 0.078 

1.165 0.868 
7.53 9.73 
2.16 2.n 
4.62 5.46 
4.62 5.68 
0.27 0.32 
4.89 5.78 
4.89 6.00 

0.650 0.595 
0.650 0.617 
0288 0.284 

94 88 
94 90 



Table 3.1.2.10. Water balance. 

Estimated Stack Humidity 

Fuel 
Configuration 
Date of Test 

Rice Straw 
CRNF 

9-Jun-92 

Traverse 1 Traverse 2 Traverse 3 
Ambient Air Temperature °C) 28 31 34 
Ambient Air Relative Humidity(%) 43 36 29 
Air Temperature (K} 301 305 307 
Saturation Pressure (Pa) 3,780 4 ,589 5,339 
Vapor Pressure (Pa) 1,629 1,644 1,561 
Air Dew Point Temperature (°C) 14.3 14.5 13.7 
Ambient Volume Fraction Water Vapor 0.0161 0.0162 0.0154 
Ambient Mass Fraction Water Vapor 0.0100 0.0101 0.0096 
Fuel Burning Rate (g/s wet basis) 12.58 12.40 15.87 
Fuel Moisture Content (%} 8.6 9.1 8.3 
Ash Fraction (wet basis} 0.20 0.20 0.20 
Fuel Hydrogen Content (%) 5.65 5.65 5.65 
Ash Hydrogen Content (%) 0.80 0.80 0.80 
Moisture Evaporated (g/s) 1.08 1.13 1.32 
Water of Combustion (g/s} 5.67 5.55 7.17 
Total Fuel Water Added (g/s} 6.75 6.68 8.49 
Inlet Air Mass Flowrate (g/s} 2,880 2,940 2,890 
Inlet Air Water Vapor Aowrate (g/s) 29 30 28 
Total Stack Water Vapor Flowrate (g/s) 35 . 36 36 
Stack Gas Mass Flowrate (g/s) 2,890 2,950 2,903 

· Mass Fraction Water Vapor in Stack 0.0123 0.0123 0.0124 
Volume Fraction Water Vapor in Stack 0.0198 0.0198 0.0200 
Stack Vapor Pressure (Pa) 2,005 2,008 2,031 
Stack Temperature (°C) 67 74 84 
Stack Temperature (K} 340 347 357 
Stack Saturation Pressure (Pa) 27,390 36,835 56.228 
Stack Relative Humidity(%) 7 5 4 
Stack Dew Point Temperature (°C) 17.6 17.6 17.8 
lmpinger Outlet Temperature (°C) 20.1 22.6 29.3 
Volume Stack Gas Sampled for PM (L) 492 410 418 
Estimated lmpinger/Desiccant Weight Gain (g} 7.3 6.0 6.1 

Totals: 
Estimated Measured 

Total lmpinger/Desiccant Weight Gain (g) 19.4 24.4 
Estimated/Measured Weight Gain 0.80 



Table 3.1.2.11. Power balance. 

Date of Test: 9.Jun-92 9.Jun-92 9-Jun-92 
Fuel Rice Straw Rice Straw Rice Straw 

Traverse 1 Traverse 2 Traverse 3 

Power Balance 
Fuel Heating Value (MJ/kg dry weight) 15.7392 15.7392 15.7392 
Ash Heating Value (MJ/kg dry weight) 3.8034 3.8034 3.8034 
Average Energy Release Rate (kW) 171 .3 167.8 216.9 
Products of Incomplete Combustion (kW) 
co 2.3 2.4 3.1 
THC (as CH4) 0.4 0.4 0.5 
PM• 0.4 0.3 0.5 

Heat Release Rate (kW) 168.2 164.7 212.9 
Firefine Intensity (kW/m) 138.0 135.1 174.6 
Stack Gas Flow (kg/s) 2.89 2.95 2.91 
Stack Gas Temperature (°C) 67.02 73.89 84.27 
Inlet Temperature (°C) 34.34 36.79 38.96 
Sensible Power at Top of Stack (kW) 95.0 110.1 132.6 
Tunnel Dissieation (kW} 73.2 54.6 80.3 
"PM concentrations from cascade impactor 



Table 3.1.2.12. MaH concentration• (%) from DAI fitter Nmpl•• 

Date 
Fuel 
ContigosaliOn 

Size Fraction 
Teflon Flier 10 
Clallz Fitter ID 
Teflon Filld ~le Flag 
au.nz liald san,,la field 
Teflon mue aample llag 
Quallz rMU aan,,le lleg 
AIW8 sample flag 
Anmoriwn analysis flag 
Socllft1 Ion al'llllyale flag 
Mac,iaaun Ion -lyais flag 
Po4aaiun Ion analysis flag 
Carbon -tjals flag 
XRF analysis flag 

Teflon Nll1)la ¥olLma (11'1"3) 
auanz un,,18 voune (11'1"3) 
Tellon mueconcenlraliOn (lqm"3) 

Cl-
N03-
S04a 
NH4+ 
Na+ 
K+ 
C(Ofll) 
C(oht) 
C(e) 
C(eht) 
C 
Al 
Si 
p 
s 
Cf 
K 
Ca 
Ti 
V 
Cr 
Mn 
Fe 
Co 
Ni 
Cu 
Zn 
Ga 
As 
Se 
Br 
Rb 
Sr 
y 
Zr 
Mo 
Pd 
Ag 
Cd 
In 
Sn 
Sb 
Ba 
LA 
Au 
Hg 
Tl 
Pb 
u 
Swn of measuA1d epacias 

ABTT005 
ABT0005 

13 

13 
tUnclln~ 

0.20 0.01 
0.20 0 .01 

6,715 345 

Concentration~ :t:Unoen!m 

9-Jun-92 
Rioa Straw 

CRNF 

PM2.5 

9-Jwi-92 
RlceSlraw 

CRNF 

PM10 
ABTT006 
AST0006 

13 

13 

0.20 
0.20 

8,990 

Concentration l"-l 
17.5041 
0 .1852 
3.7087 
12082 
1.6593 

11.3555 
10.6260 

9.2311 
30.3560 

1.3904 
40.9820 

0.0000 
5.6503 
0.0000 
1.1648 

21.3030 
19.5219 
1.2078 
0 .0046 
0.0000 
0 .0042 
0.2893 
0.2459 
0.0014 
0.0024 
0.0035 
0.0698 
0.0017 
0.0022 
0.0015 
0.0766 
0 .0223 
0.0104 
0.0004 
0.0019 
0 .0018 
0 .0000 
0.0074 
0.0070 
0.0044 
0.0000 
0.0000 
0.0837 
0 .0058 
0 .0021 
0.0015 
0 .0013 
0.0071 
0 .0001 

93.7427 

±Uncenai~ 
0.01 
0.01 
456 

tUncertainl~ PM2.M'M10 
1 . .S07 124 
0.0415 1.09 
0 .3846 127 
O.OIM6 129 
0.1427 1.31 
0.8587 1.32 
1.1727 1.36 
1.5444 1.25 
2.8809 1.33 
0 .8541 0 .83 

1.34 
0.1113 
0.4060 021 
0.2251 
0.1269 1.39 
1.5194 126 
1.3914 1.34 
0.1145 0 .15 
0.0270 . 0.00 
0 .0118 
0.0025 0.36 
0.0208 0 .17 
0.0189 0 .15 
0.0040 0 .79 
0.0011 0.38 
0.0012 0.97 
0.0052 1.29 
0.0028 0 .71 
0.0036 1.09 
0 .0013 1.60 
0 .0057 1.30 
0.0022 1.32 
0.0014 0.20 
0 .0022 3.25 
0.0018 1.63 
0 .0039 1.78 
0 .0204 
0.0237 0.00 
0 .0247 0.57 
0 .0276 2.20 
0 .0340 
0.0385 
0.1266 0 .92 
0.1631 0 .00 
0.0054 1.38 
0.0037 1.40 
0.0035 0 .08 
0.0035 127 
0.0050 18.00 
3.nse 1.23 

21.6920 
0.2010 
4.7195 
1.5546 
2.1884 

14.93n 
14.~ 
11.5767 
40.3292 

1.1541 
54.7548 

0 .0000 
1.1978 
0.0000 
1.6223 

26.9385 
26.2048 

0.1869 
0 .0000 
0 .0000 
0.0015 
0.0493 
0.0373 
0 .0011 
0.0009 
0.0034 
0.01101 
0.0012 
0.0024 
0.0024 
0.0996 
0.0295 
0.0021 
0 .0013 
0.0031 
0.0032 
0 .0000 
0 .0000 
0 .0040 
0 .0097 
0 .0030 
0.0000 
0 .0767 
0.0000 
0.0029 
0.0021 
0.0001 
0.0090 
0.0018 

115.2679 

1.8057 
0.0546 
0.5043 
0.1232 
0.1874 
1.1354 
1.5883 
1.9550 
3.8376 
0.7111 

0.1055 
0.1072 
02855 
0.1682 
1.9326 
1.8785 
0.3013 
0.0359 
0 .0157 
0.0042 
0.0043 
0.0091 
0.0020 
0.0020 
0 .0016 
0.0067 
0.0037 
0.0049 
0.0018 
0 .0074 
0.0029 
0 .0016 
0.0030 
0.0024 
0.0054 
0 .0278 
0.0307 
0.0323 
0.0357 
0 .0448 
0.0513 
0 .1711 
0.2230 
0.0072 
0.0051 
0.0047 
0 .0047 
0.0067 
4.9880 

https://3.1.2.12


Table 3.1.2.13. Element ratio• from DRI filter Nmpl••· 

Dale 9-Jun.92 9-Jin-92 
Fuel Ric&Slraw Rice Straw 
Conligi,alion CRNF CRNF 

Size Fraclion PM2.5 PM10 PM2.5/PM10 
Teflon Flier ID ABTTOOS 
Quartz Flfter ID ABTOOOS 

Cl-,CI 0.81 
K+M: 0.57 
siitare srr01a1 s 0.97 
C(orgyc 026 
Clh( 1.03 
CI-IK+ 1.45 
CI-/Na+ 10.00 
SIK 0.06 
S/Na+ 0.75 
AUSi 0.00 

ABTT006 
ABTCI006 

0.82 
0.58 
1.06 
026 
1.09 
1.5-4 

10.55 
0.06 
0.70 
0.00 

0.98 
0.98 
0.91 
1.02 
0.9-4 
0.9-4 
0.95 
1.04 
1.07 

https://9-Jun.92
https://3.1.2.13


Table 3.1.2.14. EmiNlon factors (mgA(g) from DRI filter e■ mplN. 

Date 
Fuel 
Cor4igwetion 

Size Fraction 
T ellon Flier 10 
Cuallz Aller 10 
Stc1Tlme 
Stop Time 
Sta/1Time 
End Time 
Elapead Time (mirdes) 
PM ("9ffl"3, caacade inpactor) 
PM10 (mghn"3, cascade impeclor) 
PM2.5 (ITll>'ffl"3, cescede impeclor) 
PM emission lactor (%) 
PM1 Oemiuion factor(%) 
PM2.5 emiaion factor (%) 

Tellon 8M,ple volume (m"3) 
Quartz aa""'9 volume (m'<I) 
Tellon mass conc:ertra1ion (mghn"3) 
Tallon mau/Total ma• 

Cf. 
N03. 
S04a 
NH4+ 
Na+ 
K+ 
C(org) 
C(ohl) 
C(e) 
C(ehl) 
C 
Al 
Si 
p 

s 
Cl 
K 
ca 
Ti 
V 
Cr 
Mn 
Fe 
Co 
Ni 
Cu 
Zn 
Ga 
As 
Se 
Br 
Rb 
Sr 
y 

Zr 
Mo 
Pd 
Ag 
Cd 
In 
Sn 
Sb 
Ba 
la 
Au 
Hg 
Tl 
Pb 
u 
Sum ol measured species 

9-Joo.92 
Rioe Slraw 

CRNF 

PM2.5 
ASTT005 
ASTOOOS 

14:01 
14:21 

20 

±Unoert!!!!): 
0.20 0.01 
0.20 0.01 

6.715 0.345 
0.768 

Emission !rna,1!11) ±Unoert!!!!)! 
361.3204 

3.3480 
78.8120 
25.81147 
38.1354 

248.8067 
240.4350 
.192.8313 
671.8075 

111.2237 
912.0424 

0.0000 
19.11616 
0.0000 

27.0224 
448.7105 
436.4894 

3 .1132 
0 .0000 
0.0000 
0.0250 
0.8212 
0.6213 
0.0183 
0.0150 
0.0566 
1.5008 
0 .0200 
0.0400 
0.0400 
1.6590 
0 .4914 
0.0350 
0.0217 
0.0516 
0.0533 
0.0000 
0.0000 
0.0666 
0.1616 
0.0500 
0.0000 
1.2776 
0 .0000 
0.0483 
0.0350 
0.0017 
0.1499 
0.0300 

1.920 

34.6894 
1.0483 
9.6826 
2.3654 
35981 

21.7997 
30.4954 
37.5360 
73.6819 
13.6531 
0.0000 
2.0256 
2.0582 
5.4816 
3.2294 

37.1059 
36.0672 

5.7850 
0.6893 
0.3014 
0.0806 
0.0826 
0.1747 
0.0384 
0.0384 
0.0307 
0.1286 
0.0710 
0.01141 
0.0346 
0.1421 
0.0557 
0.0307 
0.0576 
0.0461 
0.1037 
0.5338 
0.5894 
0.6202 
0.685,4 
0.8602 
0.11850 
3.2651 
4.2816 
0.1382 
0.01179 
0.0902 
0.0902 
0.1286 

!16 

9-Jl.ll-92 
Rice Straw 

CRNF 

PM10 
ABTT006 
ABT0006 

Traverwe 2 
9.500 
9.260 
8.740 
0.208 
0.203 
0.192 

±Uncertainty 
0.20 0.01 
0.20 0.01 

8.990 0.456 
0.971 

Emisaion !mo1<11} :tUncertal!!X PM2.5/PM10 
379.0516 211.4492 0.95 

4.0105 0.8425 0.83 
80.3120 7.IKJ74 0.98 
26.1636 1.9204 0.99 
35.9322 2.11968 1.01 

245.9036 17.4316 1.01 
230.1062 23.8058 1.04 
199.8997 31.3513 0.96 
657.3598 58..CS23 1.02 

30.1091 17.3382 0.64 
887.4660 0.0000 1.03 

0.0000 2.2594 
122.3574 82418 0.16 

0.0000 4.5695 
252238 25761 1.07 

461.3169 30.8438 0.117 
422.7471 28.2454 1.03 
26.1549 2.3244 0 .12 

0.0996 0 .5481 0.00 
0.0000 02395 
0.0910 0.0508 0.27 
626.cB 0.4222 0.13 
5.3250 0 .3837 0.12 
0.0303 0.0812 0.60 
0.0520 0 .0223 0.29 
0.0758 0.0244 0.75 
1.5115 0.1056 0.99 
0.0368 0.0568 0.54 
0.0476 0 .0731 0.84 
0.0325 0.0264 123 
1.6588 0.1157 1.00 
0.4829 0.0447 1.02 
0.2252 0.0284 0.16 
0.0067 0.0447 2.50 
0.0411 0.0365 1.25 
0.0390 0.0792 1.37 
0.0000 0.4141 
0.1602 0.4811 0.00 
0.1516 0 .5014 0.44 
0.0953 0 .5603 1.70 
0.0000 0.6902 
0.0000 0 .7816 
1.8125 2 .5700 0.70 
0.1256 3.3109 0.00 
0.0455 0.1096 1.06 
0.0325 0.0751 1.08 
0.0282 0.0711 0.06 
0.1538 0.0711 0.98 
0.0022 0.1015 13.85 

2.030 72 0.95 

https://9-Joo.92
https://3.1.2.14


Table 3.1.2.15. MaH concentr1tion1 (%) from ORI filter Nmpl•• 

DIie 
Fuel 

Size Fraclion 
T111on Fltar ID 
Ouertz Flier 10 
Tallon F•ld 5aff1)1e Flag 
Ouertz field aample field 
Tallon ma• sample !lag 
Ouanz mua aaff1)1e flag 
Anlo,_ sample flag 
Ammoriwn ~ !lag 
Sodurl Ion analysis flag 
Magnewn 1on ana1ya1s 11ag 
Potaaaium ion analysis flag 
carbon ana1'/9is flag 
XRF~flag 

Teflon aani,le voklme (m-'3) 
Quartz aample volwne (m-'3) 
Te11oo ma• concertratlon (ll!>'m"(l) 

Cl-
N03-
504-
NH-4+ 
NII+ 
K+ 
C(org). 
C(oht) 
C(e) 
C(eht) 
C 
Al 
Si 
p 
s 
Cl 
K 
Ca 
Ti 
V 
Cr 
Mn 
Fe 
Co 
Ni 
Cu 
Zn 
Ga 
As 
Se 
Br 
Rb 
Sr 
y 
Zr 
Mo 
Pd 
Ag 
Cd 
In 
Sn 
Sb 
Ba 
La 
Au 
Hg 
Tl 
Pb 
u 
Swn of measured species 

9-Jun-92 
Rice Slraw 

CRNF 

PM2.5 
ABTT007 
ABTQ007 

13 

0.15 
0.15 

11.220 

Concenration~l 
27.0602 
0.1087 
3.81115 
2.0544 
um 

18.9020 
15.5351 
12.6604 
25.7576 

0.7071 
41.2927 
0.0000 
0.1320 
0.0000 
1.0302 

32.2827 
30.8311 
0.1101 
0.0054 
0.0034 
0 .0022 
0.0283 
0.01811 
0.0000 
0.0012 
0.0052 
0.0391 
0.0000 
0.0026 
0.0014 
0.1253 
0.0481 
0.0012 
0.0008 
0.0000 
0.0000 
0.0000 
0.0013 
0.0000 
0.0000 
0.0091 
0.0000 
0.0282 
0.0000 
0.0038 
0.0010 
0.0019 
0.0058 
0.0000 

109.5984 

±Uncert•!!!): 
0.01 
0.01 
570 

:!:Uncel1a!!!): 
22"35 
0.0427 
0.4041 
0.1538 
0.1230 
1.4306 
1.8229 
2.0600 
2.4439 
0.4373 

0.1136 
0.1762 
0.3361 
0.1625 
2.3043 
2.1993 
0.3534 
0.0285 
0.0125 
0.0026 
0.0028 
0.0071 
0.0015 
0.0012 
0.0013 
0.0031 
0.0029 
0.0038 
0.0020 
0.0091 
0.0040 
0.0017 
0.0031 
0.0025 
0.0042 
0.0235 
0.0263 
0.0276 
0.0299 
0.0371 
0.0423 
0.1360 
0.1757 
0.0052 
0.0040 
0.0038 
0.0037 
0.0080 
4.3770 

9-Jm-92 
Rica Slraw 

CRNF 

PM10 
ABTT008 
ABTC008 

13 

13 
:lUncertein~ 

0.15 0.01 
0.15 0.01 

12,!M7 656 

Conceruation !"'-l ±Uncertain~ PM2.5/PM10 
24.3318 2.01"1 1.11 
0.1128 0.0373 0.96 
3.3256 0.3507 1.15 
1.6"99 0.1237 125 
12579 0.1085 1.13 

16.1364 1.2190 1.17 
15.1110 1.5572 1.03 
12.8669 2.0663 0.98 
22.7909 2.1609 1.13 

1.3182 0.8063 0.54 
37.9019 1.09 

0.0000 0.1102 
3.1818 0.2341 0 .04 
0.0000 021194 
0.86n. 0.1431 1.19 

2&.n16 2.0493 1.12 
26.4814 1.8851 1.16 

0.8867 0.11116 0.12 
0.0000 0.0251 
0.0000 0.0110 
0.0041 0.0023 0.54 
0.2343 0.0169 0.12 
02636 0.0199 0.07 
0.0003 0.0042 0.00 
0.0023 0.0011 0.52 
0.0040 0.0011 1.30 
0.0367 0.0029 1.07 
0.0010 0.0025 0.00 
0.0020 0.0033 1.30 
0.0010 0.0017 uo 
0.1119 0.0081 1.12 
0.0415 0.0035 1.16 
0.0067 0.0012 0.18 
0.0013 0.0027 0.62 
0.0021 0.0017 0.00 
0.0000 0.0036 
0.0076 0 .0205 0.00 
0.0087 0.0234 0.15 
0.0000 0.0242 
0.0036 0.0266 0.00 
0.0000 0.0318 
0.0000 0.0371 
0.1040 0.0792 0.27 
0.0189 0.1533 0.00 
0.0000 0.0046 
0.0020 0.0035 0.50 
0.0013 0.0033 1.46 
0.0047 0.0032 1.23 
0.0000 0.0070 

101.9753 3.8863 1.07 

https://3.1.2.15


Tabi. 3.1.2.16. Element ratio• from ORI filter HmplM. 

Date lhMl-92 
Fuel Rice Straw 
Configta'allon CRNF 

Size Frection PM25 
Tallon Flier ID A8TT007 
Quar1z Filer IO ABTCI007 

CI-IC1 0.84 
K-w'K 0.81 
Sljlate SITolal S 1.24 
C(CHV~ 0.38 
CIA( 1.05 
CI-IK+ 1.43 
CI-/Na+ 19.03 
SA( 0.03 
5/Na+ 0.72 
AL'SI 0.00 

9'Ml-92 
Ra Straw 

CRNF 

PM10 PM2.M'M10 
ABTT008 
ABTOOOB 

0.85 
0.61 
1.28 
0.-40 
1.09 
151 

19.34 
0.03 
0.69 
0.00 

0.99 
1.01 
0.97 
0.94 
0.96 
0.95 
O.DS 
1.02 
1.05 

https://3.1.2.16


Table 3.1.2.17. EmiNlon factors (mg/kg) from DRI filter samplN. 

Dale 
Fuel 

Size Fraction 
Tellon Flier ID 
Quartz Fi•er ID 
S1al1Time 
Stop Time 
Start Time 
End Time 
Ellpaed Time (mirues) 
PM (mg/m"3 by tolal filter) 
PM10 (from ORI iq,actor) 
PM2.5 (from DRI Impactor) 
PM emission factor (%) 
PM10 emi881on factor (%) 
PM2.5 emission factor (%) 

Tellon ..q,le wk.ime (m'-3) 
Quartz sample volwne (m'-3) 
Tallon mass concenlration (mg/m"3) 
Tellon mass/Tolal mass 

Cl-
N03-
504= 
NH4+ 
Na+ 
K+ 
C(org) 
C(ohl) 
C(e) 
C(ehl) 
C 
Al 
Si 
p 
s 
Cl 
K 
Ca 
Tl 
V 
Cr 
Mn 
Fe 
Co 
Ni 
Cu 
Zn 
Ga 
As 
Se 
Br 
Rb 
Sr 
y 
Zr 
Mo 
Pd 
Ag 
Cd 
In 
Sn 
Sb 
Ba 
La 
Au 
Hg 
Tl 
Pb 
u 
Sum~measuredspe<:ies 

9-Joo-92 
Rice Straw 

CRNF 

PM2.5 

9.Joo-92 
Rice Strew 

CRNF 

PM10 
AB1T007 
ABT0007 

15:57 
16:12 

15 

0.15 
0.15 

11.220 
0.887 

Emission !rnalklll 
533.3110 

2.1423 
75.2759 
40.4888 
28.0311 

372.5266 
306.1707 
2-49.5152 
507.6389 

13.9358 
813.8096 

0.0000 
2.6015 
0.0000 

20.3035 
636.23n 
607.6291 

2.1699 
0.1064 
0.0670 
0.0434 
0.5577 
0.3725 
0.0000 
0.0236 
0.1025 
o.noe 
0.0000 
0.0512 
0.0276 
2.4695 
0.9480 
0.0236 
0.0158 
0.0000 
0.0000 
0.0000 
0.0256 
0.0000 
0.0000 
0.1793 
0.0000 
0.5558 
0.0000 
0.0749 
0.0197 
0.0374 
0.1143 
0.0000 

2,160 

:tUncer1a~ 
0.01 
0.01 

0.570 

:tUncena~ 
48.4596 

0.9223 
8.7286 
3.3221 
2.6568 

30.9010 
35.0546 
44.4960 
52.7882 

9.4457 
0.0000 
2.4536 
3.7843 
7.2598 
3.5100 

49.n29 
47.5049 

7.6334 
0.6156 
0.2700 
0.0562 
0.0606 
0.1534 
0.0324 
0.0259 
0.0281 
0.0670 
0.0626 
0.0821 
0.0432 
0.1966 
0.0664 
0.0367 
0.0670 
0.0540 
0.0907 
0.5076 
0.5681 
0.5962 
0.6458 
0.8014 
0.9137 
2.9376 
3.7951 
0.1123 
0.0864 
0.0821 
0.0799 
0.1728 

95 

ABTT008 
ABTC008 

0.15 
0.15 

12.947 
0.903 

Emilaion !rnalklll 
584.5819 

2.7101 
79.8990 
39.6395 
30.2216 

387.6839 
363.0482 
309.1328 
547.5611 

31.6703 
910.6093 

0.0000 
76.4441 
0.0000 

20.8469 
691.2499 
636.2269 
21.3033 

0.0000 
0.0000 
O.Oll85 
5.6292 
6.3331 
0.0072 
0.0553 
0.0961 
0.8817 
0.0240 
0.0481 
0.0240 
2.6884 
0.9971 
0.1610 
0.0312 
0.0505 
0.0000 
0.1826 
0.2090 
0.0000 
0.0865 
0.0000 
0.0000 
2.4986 
0.4541 
0.0000 
0.0481 
0.0312 
0.1129 
0.0000 

2,450 

Travel'll8 3 
15.060 
14.340 
12.650 
0.257 
0.245 
0.216 

0.01 
0.01 

0.656 

PM2.SJPM10 
49.3455 0.91 

0.9139 0.79 
8.5922 0.94 
3.0307 1.02 
2.6583 0.93 

29.8655 0.96 
38.151-4 0.84 
50.6244 0.81 
52.9421 0.93 
19.7544 0.44 
0.0000 0.89 
2 .6999 
5.7355 0.03 
7.3353 
3.5060 0.97 

50.2079 0.92 
-46.1850 0.96 

2.9302 0.10 
. 0.6150 
0.2695 
0.0564 0.44. 
0.4141 0.10 
0.4876 0.06 
0.1029 0.00 
0.0270 0.43 
0.0270 1.07 
0.0711 0.87 
0.0613 0.00 
0.0809 1.07 
0.0417 1.15 
0.1985 0.92 
0.0858 0.95 
0.0294 0.15 
0.0662 0.50 
0.0437 0.00 
0.0882 
0.5023 0.00 
0.5733 0.12 
0.5929 
0.6517 0.00 
o.n91 
0.9090 
1.9404 0.22 
3.7559 0.00 
0.1127 
0.0858 0.41 
0.0809 1.20 
0.0784 1.01 
0.1715 

84 0.88 

:tUncer1ain!)'. 

±Uncertain!)'. 
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Table3.1.2.18 
voe Concentrations (ppbv) 

Date 
Fuel 
Traverse 

9-Jun-92 
Rice Straw 
Traverse 1 

9-Jun-92 
Rice Straw 
Traverse 2 

9-Jun-92 
Rice Straw 
Traverse 3 

Acetic acid 
Propanone (acetone) 
Methyl ester acetic acid (methylacetate) 
Butane 
Dimethyloxirane 
Pentene 
Methylbutanone (isopropylmethyl ketone) 
Furancarboxaldehyde (furfural) 
Benzene 
Dimethylbutane 
Hexane 
Phenol 
Dimethylfuran 
2-methyl 2-cyclopenten-1-one 
2-chloro phenol 
Toluene 
Benzonitrile 
Benzaldehyde 
Methylphenol (hydroxy toluene) 
Styrene 
Xylene 
T rimethylpentane 
Benzofuran 
Methoxymethylphenol (creosol) 
Naphthalene 
C10H12 
~ha-pinene 
Camphene 
~3-Carene 
Limonene 
No match r.t. (6.7) 
No match r.t. (8.51) 
No match r.t. (8. 71) 
No match r.t. (8.73) 
No match r.t.(6.4) 
No match r.t.(8.5) 

36.3 25.9 33.9 

19 14.3 25.6 

7.7 S 10 
4.2 2.9 6.8 



Table 3.1.2.19. 
voe Emission Factors (mg/kg) 

Date 
Fuel 
Traverse 
Fuel Consunl)tion Rate (!;¥S d.b) 
Stack Gas Mass Flow Rate (k!;¥s) 

Acetic acid 
Propanone (acetone) 
Methyl ester acetic acid (methylacetate) 
Butane 
Dimethyloxirane 
Pentene 
Methylbutanone (isopropylmethyl ketone) 
Furancarboxaldehyde (furfural) 
Benzene 
Dimethyl butane 
Hexane 
Phenol 
Dimethylfuran 
2-rnethyl 2-cyclopenten-1-<>ne 
2-ehloro phenol 
Toluene 
Benzonitrlle 
Benzaldehyde 
Methylphenol (hydroxy toluene) 
Styrene 
Xylene 
Trimethylpentane 
Benzofuran 
Methoxymethylphenol (creosol) 
Naphthalene 
Unknown 
Alpha-pinene 
Camphene 
d3-Carene 
Limonene 

9-Jun-92 9-Jun-92 9-Jun-92 
Rice Straw Rice Straw Rice Straw 
Traverse 1 Trav·erse 2 Traverse 3 

11.50 11 .27 14.56 
2.89 2.95 2.91 

25 18 18 

15 12 16 

7 5 7 
4 3 5 
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Table 3.1.2.20. PAH em1..1on factore, rice •tr-, 9 June 1992 (approximate, flltert lnatalled Improperly). 

Traverse 1 Traverse 2 Traverse 1 Traverse 2 lmpinger Total Total Total 
Fitter FKter Tubing Solben! Sorbent Rinsate Traverse 1 Traverse 2 Average 

µglkg dry fuel 

Naphthalene 8.5 11.3 9.4 3,336.0 3,217.8 13.8 3,367.7 3,252.3 3,310.0 
2-Methyl-naphlhalene 0.5 2.4 2.4 255.3 252.7 1.0 259.1 258.4 258.8 
Acenaphlhylene 1.8 1.8 0 .0 405.6 429.9 1.7 409.0 433.1 421.1 
Aoenaphthene 2.2 2.1 0.0 18.6 20.4 0.0 20.7 22.5 21 .6 
Fluorene 2.9 1.6 0 .0 128.3 183.9 0.0 131 .2 165.5 148.4 
Phenanlhn,ne 8.6 9.9 12.8 415.1 499.9 1.8 438.1 524.2 481.2 
Anlhracene 1.5 2.2 0.0 52.8 69.8 0.0 54.1 72.0 63.1 
Fluoranthene 4.8 10.5 7.3 101 .7 187.4 0.0 113.8 185.2 149.5 
Pyn,ne 10.7 10.8 4.8 72.9 123.7 0.0 88.2 138.9 113.5 
Benz[a)-anlhracene 20.2 22.3 6 .7 0.0 5.5 0.0 28.9 34.5 30.7 
Chrysene 21 .1 22.2 9.9 3.0 4.7 0.0 34.0 36.9 35.5 
Benzo[bJ-nuoranthene 37.4 65.7 0.0 0.0 3.0 0.0 37.4 68.7 53.0 
Benzo{k)-fluoranthene 20.7 13.5 0 .0 0.0 0.0 0.0 20.7 13.5 17.1 
Benzo[a)pyn,ne 18.4 18.8 0 .0 0.0 0.0 0.0 18.4 16.6 17.5 
Benzo{e]pyn,ne 22.3 29.1 0.0 0.0 0 .0 0.0 22.3 29.1 25.7 
Perylene 1.8 5.1 0 .0 0.0 0.0 0.0 1.8 5.1 3.5 
Benzo[gii)-perylene 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
lndeno[1 ,2,3-<:d)-pyn,ne 0.0 22.7 0.0 0.0 0.0 0.0 0.0 22.7 11 .3 
Dibenz[a,h]-anlhracene 0 .0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Total 183.5 249.4 53.0 4,789.1 4,958.6 18.1 5,043.7 5,279.1 5,161 .4 
Zero values indicate not detected. 



Figure 3.1.2.1. Ambient air conditions, 9 June 92. 

Fuel Type: Rice Straw Test Date 9-Jun-92 

Configuration: CRNF 
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Figure 3.1.2.2. Air temperature and relative humidity from CIMIS station. 
Fuel: Rice Straw Date of Test: 9-Jun-92 
Configuration: CRNF 

Hourly Average CIMIS Data for Davis, California 

----0- Air Temperature (°C) ~ Relative Humidity(%) 

90 --.---.---..---r--.--,----.----.---.----.-,----,,--,-,--,---.----.----,--......---.---,--,----.----.---,

.,)0-\
80 4--l--4y-t----,J',.,,,J~--1--+--l--4L\.----4----4~e--l--l--~4---+---+--l----+---+---i--+--+-l 

70 --l----l---+----4----4----l--+--4---l-~l--l---1---1--..---1--...+-_.......--l----1----l---4----l--+--4--I 

60 -+-+----+--+---+--+-----+-+-+--4---,\I--->,,"'......--+---1--~--l----l----+----l----l------l-_1;'--I
\~ 1!

50 --+---l---+---4----4----l--+--4---l---l----,'----Jl--....,._-l---l---l------+--+---l----l---4----1----,4..-4--I 

r\~ J~( 
40 +-t---i--+-t--+--+-+-+---4-+-+--+-+-+-{J.::'1-+~-+:i--(-4--~--rJ~-+--+--+--l 

30 +--+--l-+---l----l----1-----+--l-+--l-~+y-'---l-~--l-y-J-r...,{)::=.~6.c--j""(~~--l---+--<~---l " 
__..(~ ~)._

20 +--+--+--+--+--+--+-+---4---:!c-:::,,1.,~!--+-+-+--+-+--+--+---+---+---f-::::..,.,.,r--J----:1Vy- ~N) 
>-0--0-0-0---<~ 

10 --l----l---+----4----4--+--+--4---1-------1--..--..---1--...+-_.......--l----1----4---4----l---l--4--

0 +-_._-+-___._--+-__.._-+__._ ____...___..__+-.,__--+-.........--1--....L.--4-~---l--.l..-4---L--

0 2 4 6 8 10 12 14 16 18 20 22 24 

Time of Day (POST) 



Figure 3.1.2.3. Wind speed from CIMIS station. 
Fuel: Rice Straw Date of Test: 9-Jun-92 

Configuration: CRNF 
Hourly Average CIMIS Data for Davis, California 
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Figure 3.1.2.4. Wind direction and solar radiation from CIMIS station. 
Fuel: Rice Straw Date of Test: 9-Jun-92 

Configuration: CRNF 
Hourly Average CIMIS Data for Davis, California 

-<r-- Wind Direction (0 from N) --0--- Solar Radiation (W/sq. m) 
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Figure 3.1.2.5. Inlet air, stack gas, and lmplnger outlet temperatures, 9 June 92. 

Fuel Type: Rice Straw Test Date 9-Jun-92 

Configuration: CRNF 

- - - - - Inlet Air ---- Stack lmpinger Outlet 
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Figure 3.1.2.6. Conveyor speed and stack gas velocity, 9 June 92. 

Fuel Type: Rice Straw Test Date 9-Jun-92 

Configuration: CRNF 
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Figure 3.1.2.7. Conveyor speed with 10 min moving average, 9 June 92. 

Fuel Type: Rice Straw Test Date 9-Jun-92 

Configuration: CRNF 
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Figure 3.1.2.8. Conveyor travel, 9 June 92. 

Fuel Type: Rice Straw Test Date 9-Jun-92 

Configuration: CRNF 
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Figura 3.1.2.9. CO concentration In stack gas, 9 June 92. 

Fuel Type: Rice Straw Test Date 9-Jun-92 

Configuration: CRNF 
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Figure 3.1.2.10. NO and NOx concentrations in stack gas, 9 June 92. 

Fuel Type: Rice Straw Test Date 9-Jun-92 
Configuration: CRNF 
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Figure 3.1 .2.11. S02 concentration In stack gas, 9 June 92. 

Fuel Type: Rice Straw Test Date 9-Jun-92 

Configuration: CRNF 
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Figure 3.1.2.12. Total sulfur concentration In stack gas, 9 June 92. 

Fuel Type: Rice Straw Test Date 9-Jun-92 
Configuration: CRNF 
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Figure 3.1.2.13. Particle size distribution, traverse 1, 9 June 92. 

Fuel: Rice Straw 

Particle Size Distribution 
Traverse 1: 

Stage ECD (µm) 
1 15.06 
2 8.43 
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Figure 3.1.2.14. Particle size distribution, traverse 2, 9 June 92. 

Fuel: Rice Straw Date of Test: 9-Jun-92 
Configuration: CRNF 

Particle Size Distribution 
Traverse 2: 

Stage ECO (µm) Weight (mg) Cum. Wt (mg) Cum. Fraction 
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• 

Figure 3.1.2.15. Particle size distribution, traverse 3, 9 June 92. 

Fuel: Rice Straw 

Particle Size Distribution 
Traverse 3: 
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Figure 3.1.2.16. Nitrogen balance. 
Date of Test: 9.Jun-92 
Fuel Rice Straw 

Nitrogen 
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Figure 3.1.2.17. Sulfur balance. 
Date of Test: ·e.Jun-92 
Fuel Rice Straw 
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Table 3.1.3.1 

Fuel and Ash Analyses 

Run Date 10-Jul-92 
Fuel Type Rice Straw 
Sample Type Ash 

Ultimate Analysis 
(% dry weight) 
C 9.82 
H 0.66 
N 0.18 

Elemental Analysis 
(% by weight dry basis) 
N 0.32 
p 0.20 
K 2.79 
Ca 1.23 
Mg 0.67 
Na 0.17 
Cl 0.39 
(mg/kg dry weight) 
s 830 
B 16 
Zn 88 
Mn 3,790 
Fe 702 
Cu 10 
Si 

Total (% dry weight) 16.79 

Proximate Analysis 
(% dry weight) 
Ash 86.05 
Volatiles 11.01 
Fixed Carbon 2.94 

H!2her Heatini Value 
(MJ/kg dry weight) 2.7250 



Table 3.1.3.2. Operating conditions and concentrations, rice straw, 10 July 92. 
Fuel: 

Fuel Loading Rate (g/sq.m w.b.): 
Total Fuel Consumption (kg w.b.) 
Total Ash Recovered (kg w.b.) 
Ash Fraction (w.b.) 

Rice Straw 

637 
104.3 
23.8 
0.23 

Date of Test: 
Configuration: 

10-Jul-92 
CEWF 

Traverse 1 Traverse 2 

Mean Values 
Air Temperature (°C) 
Air Relative Humidity(%) 
Inlet Air Temperature (°C) 
Stack Temperature (°C) 
lmpinger Outlet Temperature (°C) 

Fire Spreading Rate (m/min) 
Stack Gas Velocity (mis) 

Gas and PM Concentrations (less background) 
CO (ppmv) 
NO (ppmv) 
NOx (ppmv) 
SO2 (ppmv) 
HC (ppmv as CH4 by GC) 
CH4 (ppmv by GC) 
NMHC (ppmv as CH4 by GC) 
CO2 (ppmv by GC) 
Total S (ppmv as SO2) 

PM (mg/cu.m) 
PM10 (mg/cu.m) 
PM2.5 (mg/cu.m) 

30.45 
19.97 
34.00 
52.45 
20.89 

0.96 
2.86 

75.42 
3.24 
4.10 
0.58 
1.83 
1.68 
0.15 

2,286 
0.40 

6.07 
5.89 
5.61 

33.54 
20.36 
36.76 
55.64 
28.05 

0.94 
2.91 

75.85 
3.20 
3.99 
0.52 
1.76 
1.64 
0.13 

2,416 
0.35 

1.78 
1.78 
1.70 



Table 3.1.3.3. Mass balance, rice straw, 10 July 92. 
Fuel: Rice Straw Date of Test: 10-Jul-92 

Configuration: CEWF 

Mass Balance 

Traverse 1 Traverse2 

Total Conveyor Travel (m) 47.04 45.31 
Fuel Moisture Content (% w.b.) 7.7 8.6 
Fuel Loading Rate (g/sq.m d.b.) 588 582 
Total Fuel Consumption (g w.b.) 36,535 35,191 
Total Fuel Consumption (g d.b.) 33,711 32,157 
Residual Ash (g w.b.) 8,349 8,041 
Fuel Vaporized (g w.b.) 28,186 27,149 
Fuel Consumption Rate (g/s w.b.) 12.69 12.22 
Fuel Consumption Rate (g/s d.b.) 11 .71 11 .17 
Ash Generation Rate (g/s w.b.) 2.90 2.79 
Fuel Vaporization Rate (g/s w.b.) 9.79 9.43 

Stack Gas Density (kg/cu.m) 1.0855 1.0749 
Stack Gas Flow Rate (cu.mis) 4.25 4.33 
Stack Gas Mass Flow Rate (kg/s) 4.61 4.66 
Inlet Air Mass Flow Rate (kg/s) 4.60 4.65 
Overall Air-Fuel Ratio (w.b.) 362.76 380.35 
Overall Air-Fuel Ratio (d.b.) 393.15 416.23 



Table 3.1.3.4. Emission factors, rice straw, 10 July 92 (Integrated basis). 
Fuel: Rice Straw Date of Test: 10-Jul-92 

Configuration: CEWF 

Emission Factors {% of fuel d!}'. wei9ht} 
Integrated Basis 

Traverse 1 Traverse 2 Avera9e 
co 
NO 
NOx {as NO2) 
SO2 
HC (as CH4 by GC) 
CH4 (by GC) 
NMHC (byGC) 
CO2 (byGC} 
Total S (as SO2) 
SO2/Total S 

PM 
PM10 
PM2.5 

MMAD (µm) 

a 

2.936 
0.135 
0.263 
0.052 
0.040 
0.036 
0.003 

136.651 
0.036 

1.45 

0.199 
0.193 
0.184 

0.085 

4.141 

3.047 
0.138 
0.264 
0.048 
0.041 
0.038 
0.003 

152.884 
0.032 

1.50 

0.063 
0.063 
0.061 

0.156 

2.382 

2.992 
0.137 
0.263 

0.050 
0.040 · 
0.037 
0.003 

144.768 
0.034 

1.47 

0.131 
0.128 
0.122 

0.120 



Table 3.1.3.5. Emission factors, rice straw, 10 July 92 (average basis). 
Fuel: Rice Straw Date of Test: 10-Jul-92 

Configuration: CEWF 

Emission Factors {% of fuel d!j'. weight~ 
Average Basis 

Traverse 1 Traverse 2 Average 
co 2.869 3.054 2.962 
NO 0.132 0.138 0.135 

NOx (as NO2) 0.256 0.264 0.260 
SO2 0.051 0.048 0.049 
HC (as CH4 by GC) 0.040 0.041 0.040 
CH4 (byGC) 0.036 0.038 0.037 
NMHC (byGC) 0.003 0.003 0.003 
CO2 (byGC) 136.651 152.884 144.768 
Total S (as SO2) 0.035 0.032 0.034 
SO2/Total S 1.44 1.50 1.47 

PM 0.199 0.063 0.131 
PM10 0.193 0.063 0.128 
PM2.5 0.184 0.061 0.122 

MMAD (µm) 0.085 0.156 0.120 
a 4.141 2.382 



Table 3.1.3.6. Carbon balance. 

Date of Test: 10-Jul-92 10-Jul-92 
Fuel Rice Straw Rice Straw 

Traverse 1 Traverse 2 

Carbon Balance 

Dry Fuel Consumption Rate (9's) 
Ash Generation Rate (9's) 
Ash Fraction (% dry basis) 
Fuel Carbon Concentration•(%) 
Residual Ash Carbon Concentration (%) 
Carbon released to stack (9's) 
Maximum CO2 emission factor (%) 
Stack Gas Density (k9'cubic meter) 
Average CO2 concentration (ppmv) 
Average CO concentration (ppmv) 
Average THC concentration (ppmv as CH4) 
PM Concentration (m9'cubic meter) 
PM Carbon Concentration (%) 
PM Carbon (m9'cubic meter) 
Stack Gas Temperature (°C) 
lffl)inger Temperature (°C) 
PM molar concentration (ppm) 
Estimated Average Stack Gas Velocity (mis) 

Emission Factors (% Average Basis): 
CO2 
co 
HC (as CH4) 
PM 
Emission Factors (% Integrated Basis): 
CO2 
co 
HC (as CH4) 
PM 

Closure (% Average Basis) 
Closure !% Integrated Basis} 
•Fuel analysis from run of 14 July 92. 

11 .71 
2.90 

24.n 
37.99 

9.82 
4.16 

130.38 
1.09 

2,286 
75.42 

1.83 
6.07 

36.n 
2.23 

52.45 
20.89 

4.49 
2.63 

136.651 
2.869 

0.04 
0.199 

136.651 
2.936 

0.04 
0.199 

109 
108 

11 .17 
2.79 

24.98 
37.99 

9.82 
3.97 

130.30 
1.07 

2,416 
75.85 

1.76 
1.78 

36.n 
0.65 

55.64 
28.05 

1.35 
2.41 

152.884 
3.054 
0.041 
0.063 

152.884 
3.047 
0.041 
0.063 

121 
121 



Table 3.1.3.7. Nitrogen balance 
Date of Test: 
Fuel 

Nitrogen Balance 
Fuel Nitrogen Concentration• (% dry weight) 
Ash Nitrogen Concentration (% weight) 

Emission Factors (% Average Basis): 
NOx (as N02) 
PM 
Emission Factors (% Integrated Basis): 
NOx (as NO2) 

NO3- Concentration of PM (% weight) 
NH4+ Concentration of PM (% weight) 
Nitrogen Concentration of PM(%) 
Fuel Nitrogen (mg/s) 
Ash Nitrogen (mg/s) 
Nitrogen as NOx (mg/s Average Basis) 
Nitrogen as NOx (mg/s Integrated Basis) 
Nitrogen as PM (mg/s Average Basis) 
Nitrogen as NOx+PM (mg/s Average Basis) 
Nitrogen as NOx+PM (mg/s Integrated Basis) 
NOx+PM Nitrogen/Fuel Nitrogen (Average) 
NOx+PM Nitrogen/Fuel Nitrogen (Integrated) 
Ash Nitrogen/Fuel Nitrogen 
Ash+NOx+PM Nitrogen/Fuel Nitrogen (Average) 
Ash+NOx+PM Nitro51!!n/Fuel Nitrogen !lntegratedl 
•Fuel analysis from run of 14 July 92. 

10-Jul-92 10-Jul-92 
Rice Straw Rice Straw 
Traverse 1 Traverse 2 

0.70 0.70 
0.32 0.32 

0.256 0.264 
0.199 0.063 

0.263 0.264 

0.273 0.273 
8.386 8.386 
6.584 6.584 
81.97 78.19 

9.28 8.93 
9.12 8.97 
9.37 8.97 
1.53 0.46 

10.66 9.44 
10.91 9.44 
0.130 0.121 
0.133 0.121 
0.113 0.114 
0.243 0.235 
0.246 0.235 



Table 3.1.3.8. Sulfur balance. 
Date of Test: 10-Jul-92 10-Jul-92 
Fuel Rice Straw Rice Straw 

Traverse 1 Traverse 2 
Sulfur Balance 
Fuel Sulfur Concentration* (mg/kg dry weight) 720 720 
Ash Suttur Concentration (ffVkg weight} 830 830 

Emission Factors(% Average Basis} 
SO2 0.051 0.048 
PM 0.199 0.063 
Emission Factors (o/o Integrated Basis} 
SO2 0.052 0.048 

Sulfur Concentration of PM (% weight) 1.073 1.073 
Fuel Sulfur (mg/s) 8.43 8.04 
Ash Sulfur (mg/s) 2.41 2.32 
Sulfur as SO2 (rng/s Average Basis} 2.99_ 2.68 
Sulfur as SO2 (rng/s Integrated Basis} 3.04 2.68 
Sulfur as PM (rng/s Average Basis) 0.25 0.08 
Sulfur as SO2+PM (mg/s Average Basis) 324 2.76 
Sulfur as SO2+PM (mg/s Integrated Basis} 3.29 2.76 
SO2+PM Sulfur/Fuel Sulfur (Average Basis} 0.384 0.343 
SO2+PM Sulfur/Fuel Sulfur (Integrated Basis} 0.391 0.343 
Ash Sulfur/Fuel Sulfur 0.285 0.288 
Closure (o/o Average Basis) 67 63 
Closure (% Integrated Basisl 68 63 
*Fuel analysis from run of 14 July 92. 



Table 3.1.3.9. Water balance. 

Estimated Stack Humidity 

Fuel 
Configuration 
Date of Test 

Rice Straw 
CEWF 

10-Jul-92 

Traverse 1 Traverse 2 

Ambient Air Temperature °C) 
Ambient Air Relative Humidity(%) 
Air Temperature (K) 
Saturation Pressure (Pa) 
Vapor Pressure (Pa) 
Air Dew Point Temperature (°C} 
Ambient Volume Fraction Water Vapor 
Ambient Mass Fraction Water Vapor 
Fuel Burning Rate (g/s wet basis} 
Fuel Moisture Content (%) 
Ash Fraction (wet basis) 
Fuel Hydrogen Content (%) 
Ash Hydrogen Content (%) 
Moisture Evaporated (g/s) 
Water of Combustion (g/s) 
Total Fuel Water Added (g/s) 
Inlet Air Mass Flowrate (g/s) 
Inlet Air Water Vapor Flowrate (g/s} 
Total Stack Water Vapor Flowrate (g/s) 
Stack Gas Mass Flowrate (g/s) 
Mass Fraction Water Vapor in Stack 
Volume Fraction Water Vapor in Stack 
Stack Vapor Pressure (Pa) 
Stack Temperature (°C) 
Stack Temperature (K) 
Stack Saturation Pressure (Pa} 
Stack Relative Humidity (%) 
Stack Dew Point Temperature (°C) 
lmpinger Outlet Temperature (°C} 
Volume Stack Gas Sampled for PM (L) 
Estimated lmpinger/Desiccant Weight Gain (g} 

Totals: 

30 34 
20 20 

304 307 
4,357 5,189 

870 1,056 
5.0 7.8 

0.0086 0.0104 
0.0053 0.0065 
12.69 12.22 

7.7 8.6 
0.23 0.23 
5.27 5.27 
0.66 0.66 
0.98 1.05 
5.38 5.13 
6.36 6 .18 

4,600 4,650 
25 30 
31 36 

4,610 4,659 
0.0067 0.0078 
0.0108 0.0125 

1,093 1,271 
52 56 

326 329 
13,932 16,249 

8 8 
8.3 10.5 

20.9 28.1 
577 619 
4.6 5.7 

Estimated Measured 
Total lmpinger/Desiccant Weight Gain (g) 10.3 10.2 
Estimated/Measured Weight Gain 1.01 



Table 3.1.3.10. Power balance. 

Date of Test: 10-Jul-92 10-Jul-92 
Fuel Rice Straw Rice Straw 

Traverse 1 Traverse 2 

Power Balance 
Fuel Heating Value (MJ/kg dry weight) 
Ash Heating Value (MJ/kg dry weight) 
Average Energy Release Rate (kW) 
Products of lncorrplete Combustion (kW) 
co 
THC (as CH4) 
PM 

Heat Release Rate (kW) 
Fireline Intensity (kW/m) 
Stack Gas Flow (kg/s) 
Stack Gas Temperature (°C) 
Inlet T e"l)erature (°C) 
Sensible Power at Top of Stack (kW) 
Tunnel Dissipation (kW) 

15.7392 
2.7250 

176.4 

3.4 
0.3 
0.3 

172.5 
141.5 

4.61 
52.45 
34.00 

85.6 
86.9 

15.7392 
2.7250 

168.2 

3.4 
0.3 
0.1 

164.4 
134.9 

4.66 
55.64 
36.76 

88.5 
75.9 



Dale 
Fuel 

SizB Fraction 
Teflon Filler IO 
0uartz FIiter ID 
Teflon Fields~ Flag 
Quartz field sa,q,18 field 
Teflon mas U"1)18 flag 

au.tz - sample flag 
Anions u"1)1e flag 
Ammonun allllly9ia flag 
Sodium ion anal'tsis flag 
Magrweit.m ion analysis flag 
Potauium ion analyais flag 
Cart>on analyala flag 
XRF ana/yllis flag 

T ellon umple volt.me (111"3) 
Quartz IM1)le volume (111"3) 
Tellon mass concentration (lig,'111"3) 

c~ 
NOO-
5()4. 

NH4+ 
Na+ 
K+ 
C(org) 
C(ohl) 
C(e) 
C(ahl) 
C 
Al 
Si 
p 
s 
Cl 
K 
Ca 
Ti 
V 
Cr 
Mn 
Fe 
Co 
Ni 
Cu 
Zn 
Ga 
As 
Se 
Br 
Rb 
Sr 
y 
Zr 
Mo 
Pd 
Ag 
Cd 
In 
Sn 
Sb 
Ba 
La 
Au 
Hg 
Tl 
Pb 
u 
Sum of meui,ed apecies 

Table 3.1.3.11. MaN concentrations(%) from DAI filter Hmples 

1o-Jul-92 
Rice Straw 

CEWF 

PM10 
ASTT016 
ABT0016 

:1Unoertai~ 
0.30 0.02 
0.30 0.02 

3 ,890 201 

Concentration ~! :l:Uncert~ PM2.51PM10 
27.0972 2.2625 1.09 

02725 0.0637 1.07 
3 .3181 0.2518 1.14 
8.3857 0.7-413 1.17 
1.1683 0.1041 1.13 
8 .7208 0.8656 1.12 

19.3878 2.0797 1.05 
15.6962 2.6021 0 .95 
17.3779 1.6614 1.09 
0 .8655 0.5375 0.73 

36.7657 1.06 
0 .0000 0.1200 
1.9673 0.1603 0 .08 
0.0000 0.3-450 
1.0728 0.1876 1.09 

33.0953 2.3835 1.10 
14.5331 1.0468 1.08 
0.2210 0.0590 023 
0.0117 0.042-4 0.00 
0 .0002 0.0186 0.00 
0.0011 0.0052 0.18 
0 .0835 0.0068 0 .15 
0.2555 0.0211 0 .14 
0 .0000 0.00-46 
0 .0012 0.0025 0.00 
0.0028 0.0018 1.04 
0 .0305 0.0030 1.00 
0 .0000 0.0045 
0.0016 0.0056 0 .50 
0.0016 0.0031 025 
0.1136 0.0085 1.04 
0.0146 0.0025 1.00 
0 .0012 0.0028 0.00 
0.0019 0.0034 0.32 
0 .0018 0.0041 3.39 
0 .0036 0.0068 1.00 
0 .0000 0.0319 
0.0078 0.0372 0 .00 
0.0000 0.0390 
0.0000 0.0436 
0.0004 0.0531 0.00 
0.01-49 0.0618 0.22 
0 .0000 0.2062 
0.0314 0.2758 0.00 
0 .0000 0.0077 
0 .0000 0.0063 
0 .0022 0.0059 123 
0 .0037 0.0079 0.86 
0 .0010 0.0067 2 .60 

98.0693 3 .8408 1.06 

10-Jul-92 
Rice Straw 

CEWF 

PM2.5 
ABTT015 
ABT0015 

11 

±Uncer1al~ 
0.30 0.02 
0.30 0.01 

3.373 176 

Concentration ~l ±UIIC8llai~ 
29.5868 

0.2905 
3 .7961 
11.8091 
1.318-4 
11.7266 

20.2675 
14.9095 
18.87-45 

0.6288 
39.1-420 

0.0000 
0.1573 
0.0000 
1.1713 

382467 
15.8-472 

0.0514 
0.0000 
0.0000 
0.0002 
0.0127 
0.0369 
0.0001 
0.0000 
0.0029 
0.0304 
0.0000 
0.0008 
0.0004 
0.1178 
0.0146 
0.0000 
0.0006 
0.0081 
0.0036 
0.0000 
0.0000 
0.0000 
0.0032 
0.0000 
0.0033 
0.1379 
0.0000 
0.0000 
0.0019 
0.0027 
0.0032 
0.0026 

104.2160 

2.4839 
0.0736 
0.2901 
0.73211 
0.1183 
0.7-472 
2.2217 
2.53n 
1.8098 
0.4024 

0.1276 
0.2000 
0.3n9 
0.1837 
2.8253 
1.1335 
0.1811 
0.0490 
0.0215 
0.0059 
0.0032 
0.0119 
0.0027 
0.0029 
0.0021 
0.0032 
0.0053 
0.0065 
0.0036 
0.0090 
0.0027 
0.0032 
0.0039 
0.0033 
0.0080 
0.0367 
0.0420 
0.0438 
0.0487 
0.0603 
0.0706 
0.2386 
0.3170 
0.0090 
0.0075 
0.0070 
O.OOQ2 
o.oon 
4.1698 

https://3.1.3.11


Table 3.1.3.12. Element ratios from ORI flltar ..mplH. 

Dale 11h11A-92 
Fuel Ric»Str-
Conliguration CEWF 

Size Fraction PM2.5 
Tallon Fi•ar ID A9TT015 
0uanz Flier ID ABTC015 

Cl-~I 0.82 
K+II( 0.62 
Sulfate SfTcllal S 1.08 
C(org)~ 0.52 
CM< 2.32 
Cl-i1<+ 3.04 
CI-/Na+ 22.44 
S,1( 0.07 
S/Na+ . 0.89 
Al/Si 0.00 

1(hhi-92 
Rice Straw 

CEWF 

PM10 PM2.M'M10 
ABTT016 
ABT0016 

0.82 
0.60 
1.03 
0.53· 
2.28 
3.11 

23.11> 
0.07 
0.92 
0.00 

1.00 
1.04 
1.05 
0.98 
1.02 
0.98 
0.97 
1.01 
0.97 
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Table 3.1.3.13. EmiHion factors (mg/kg) from ORI filter Nmples. 

Date 
Fuel 

Size Fraction 
Teflon Filer ID 
Quartz Filter ID 
Start Time 
Stop Time 
SlartTime 
End Time 
Elapsed Time (mrues) 
PM ("'l>'m-"3 by total filer) 
PM10 (by total filerm,>aelor) 
PM2.5 (by tOlal filerl1rl'f)8CIOr) 
PM emilsion laclor (%) 
PM10 emi98ion factor(%) 
PM2.5 emiuion factor(%) 

Talon sample volLme (m"3) 
Quartz 88111)18 volume (m"3) 
Teflon mess conc:entration (rowm"3) 
Teflon mass/Total mass 

Cl-
N03-
S0,4. 
NH4+ 
Na+ 
K+ 
C(org) 
C(ohl) 
C(e) 
C(ehl) 
C 
Al 
SI 
p 
s 
Cl 
K 
Ca 
Tl 
V 
Cr 
Mn 
Fe 
Co 
Ni 
Co 
Zn 
Ga 
As 
Se 
Br 
Rb 
Sr 
y 
Zr 
Mo 
Pd 
Ag 
Cd 
In 
Sn 
Sb 
Ba 
La 
Au 
Hg 
Tl 
Pb 
u 
Sum of measured species 

10.Jul-92 
Rice Straw 

CEWF 

PM2.5 
ABTT015 
ABT0015 

10:15 
10:45 

30 

:tUncertai!!i: 
0.30 0.02 
0.30 0.01 

3.373 0.176 
0.601 

Emi88ion!~Ill :Wncellai!!i: 
522.3738 45.7038 

5.1290 1.3542 
67.0226 5.3378 

173.1859 13.4854 
23N72 2.1767 

171.7293 13.7485 
357.8356 40.8793 
263.2367 46.6937 
333.2413 33.3003 
11.1019 7.4042 

691.ono 0.0000 
0.0000 2.3478 
2.7772 3.6800 
0.0000 6.11534 

20.6800 3.3801 
639.9586 48.3055 
276.2613 20.11564 

0.9075 3.3322 
0.0000 0.9016 
0.0000 0.3956 
0.0036 0.1086 
0.2242 0.0589 
0.6515 0.2190 
0.0018 0.0497 
0.0000 0.0534 
0.0612 0.0386 
0.5367 0.0589 
0.0000 0.0975 
0.0141 0.1196 
0.0071 0.0662 
2.0798 0.1656 
0.2578 0.0497 
0.0000 0.0589 
0.0106 0.0718 
0.10n 0.0607 
0.0636 0.1472 
0.0000 0.6753 
0.0000 o.n28 
0.0000 0.8059 
0.0565 0.8961 
0.0000 1.1095 
0.0583 1.2990 
2.4347 4.3902 
0.0000 5.8328 
0.0000 0.1656 
0.0335 0.1380 
o.o.cn 0.1288 
0.0565 0.1693 
0.0459 0.1417 

1,840 n 

10.Jul-92 
Rice Straw 

CEWF 

PM10 
ABTT016 
ABT0016 

Traverse 1 
6.070 
5.800 
5.610 
0.199 
0.193 
0.184 

:tUncer1ai~ 
0.30 0.02 
0.30 0.02 

3.890 0.201 
0.660 

Emission !mo1cal :tUncertai!!i'. PM2.5JPM10 
533.2718 

5.3628 
65.3001 

165.0302 
22.11921 

171.6250 
381.5511 
308.9006 
341.11964 

17.0330 
723.5475 

0.0000 
38.7164 

0.0000 
21.1127 

651.3142 
286.0108 

4.3493 
0.2303 
0.0039 
0.0216 
1.6433 
5.0282 
0.0000 
0.0236 
0.0551 
0.6002 
0.0000 
0.0315 
0.0315 
2.2356 
0.2873 
0.0236 
0.0374 
0.0354 
0.0708 
0.0000 
0.1535 
0.0000 
0.0000 
0.0079 
0.2932 
0.0000 
0.6180 
0.0000 
0.0000 
0.0433 
0.0728 
0.0197 

1,930 

.,43.6663 0.98 
1.2294 0.96 
4.8597 1.03 

14.3071 1.05 
2.0091 1.01 

12.8461 1.00 
~.1382 0.94 
50.2205 0.85 
32.0650 0.97 
10.3738 0.65 

0.0000 0.96 
2.3160 
3.0938 0.07 
6.6585 
3.2347 0.98 

46.0016 0.98 
20.2032 0.97 

1.1387 0.21 
0.8183 0.00 
0.3590 0.00 
0.10<M 0.16 
0.1312 0.14 
0.4072 0.13 
0.0888 
0.0483 0.00 
0.0347 0.93 
0.0579 0.89 
0.0869 
0.1081 0.45 
0.0598 0.22 
0.1641 0.93 
0.0483 0.90 
0.0540 0.00 
0.0656 0.28 
0.0791 3.04 
0.1312 0.90 
0.6157 
0.7180 0.00 
0.7527 
0.8415 
1.0248 0.00 
1.1927 0.20 
3.9797 
5.3229 0.00 
0.1486 
0.1216 
0.1139 1.10 
0.1525 0.78 
0.1293 2.33 

71 0.95 
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Table 3.1 .3.14. MH• concentration•(%) from ORI filter Nmpl•• 

lhM-92 
Rioa Straw 

CEWF 

PM2.5 

Date 
Fuel 

Size Fraction 
Tellon Filler 10 
Ouartzf"i.erlO 
Teflon Field Sa~la Flag 
Quartz field aa""'9 liekl 
Teflon maas 181npie flag 
Quartz man ..,,.,1a flag 
Anions sample flag 
Ammonilffl anMfSla flag 
Sodiwn ion analylis flag 
MagnMun ion -lysis nag 
Potasaium ion analysla llag 
carbon analysis flag 
XRF analyais llag 

Teflon SM1)1e volume (11"1"3) 
a..nz aample volt.me (m"G) 
Tellon mass concentralion (lac>'m"3) 

Cl-
NOO-
S04= 
NH4+ 
Na+ 
K+ 
C (01g) 
C(oht) 
C(e) 
C(eh1) 
C 
Al 
Si 
p 
s 
Cl 
K 
ca 
Ti 
V 
Cr 
Mn 
Fe 
Co 
Ni 
Cu 
Zn 
Ga 
As 
Se 
Br 
Rb 
Sr 
y 
Zr 
Mo 
Pd 
Ag 
Cd 
In 
Sn 
Sb 
Ba 
La 
Au 
Hg 
Tl 
Pb 
u 
Sum ol measured species 

8.Jul-92 
Rice Slraw 

CEWF 

PM10 
ABTT012 
ABT0012 

13 

:l:Uncerta!!!): 
0.30 0.02 
0.30 0.02 

6 ,773 343 

Concentration ~I :tUncert~ PM2.SIPM10 
32~ 2 .7212 1.20 

0.2347 0 .0386 1.19 
2.4681 0.1842 1.17 

12.7235 0 .9381 1.22 
0.2419 0 .0256 1.17 
7.6S37 0.5788 1.18 

18.9988 1.9087 1.39 
15.88-46 2.5059 1.16 

7.2096 0.6870 1.45 
1.0974 0 .6718 0.80 

26.2084 1.41 
0.0000 0 .1237 
1.4756 0 .1271 0.02 
0.0000 0 .3991 
0.4476 0 .5199 0.99 

38.6586 2.7508 0.84 
11.3703 0 .8093 0.86 
0.3758 0 .0516 0.20 
0.0008 0.0242 0.00 
0.0000 0 .0120 
0.0047 0 .0023 0.34 
0.1353 0 .0099 0.14 
0.2031 0.0157 0 .09 
0.0000 0 .0033 
0.0029 0 .0010 0.00 
0.0035 0 .0011 0.91 
0.0124 0 .0014 0.62 
0.0016 0.0024 0.56 
0.0012 0 .0029 0.67 
0.0013 0 .0012 0.92 
0.0731 0 .0054 0.84 
0.0121 0.0016 0.95 
0.0034 0.0011 0.18 
0.0011 0 .0018 0.55 
0.0011 0.0021 0.64 
0.0000 0 .0035 
0.0049 0.0188 0.00 
0 .0000 0 .0214 
0.0000 0.0223 
0.0093 0.0246 0.00 
0.0015 0 .0297 0.00 
0.0140 0 .0343 0.00 
0.0407 0 .1115 2.70 
0.0464 0.1451 0.82 
0.0021 0 .0040 0 .57 
0.0011 0.0033 1.82 
0.0001 0 .0030 14.00 
0.0029 0.0031 0.59 
0.0025 0 .0039 0.28 

92.3197 3 .7043 1.04 

ABTT011 
AST0011 

13,w6 

39.5371 
0271M 
2.8863 

15.5858 
0.2826 
9.0550 

26.31120 
18.3816 
10.4472 
0.8811 

38.8392 
0.0000 
0.0272 
0.0000 
0.4447 

32.5790 
9.7875 
0.0743 
0.0000 
0.0000 
0.0016 
0 .0183 
0.0185 
0.0000 
0.0000 
0.0032 
o.oon 
0.0009 
0.0008 
0.0012 
0.0812 
0.0115 
0.0006 
0.0006 
0.0007 
0.0017 
0 .0000 
0.0040 
0.0000 
0.0000 
0.0000 
0.0000 
0.1098 
0.0380 
0.0012 
0.0020 
0.0014 
0.0017 
0.0007 

96.1872 

13 
:tUncert~ 

0.30 0.02 
0.30 0.01 

5,350 729 

Concentration I!} :i:Uncell~ 
5.9761 
0.0602 
0.4241 
2.2839 
0.0472 
1.3341 
4.2535 
3.7288 
1.6534 
0.5558 

0.1060 
0.1716 
0.3370 
0.1596 
4.7269 
1.4202 
0.1139 
0.0294 
0.0129 
0.0034 
0.0033 
0.0078 
0.0015 
0.0016 
0.0014 
0.0017 
0.0030 
0.0035 
0.0020 
0.0090 
0.0022 
0.0017 
0.0022 
0.0026 
0.0043 
0.0214 
0.0251 
0.0265 
0.0286 
0.0355 
0.0409 
0.0956 
0.1765 
0.0049 
0.0041 
0.0038 
0.0050 
0.0044 
7.1168 
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Table 3.1.3.15. Element ratio■ from ORI filter Nmpl... 

Date ~1-92 
Fuel Rice Slraw 
Corliguralion CEWF 

Size Fraction PM2.5 
Teflon Flier 10 ABTT011 
Quartz Ater 10 ASTQ011 

Cl-,CI 121 
K+i1< 0.93 
Sulale S/Total S 2.16 
C(org)IC 0.72 
~ 3.33 
Cl-,1(+ "4.37 
Cl-,t,la+ 139.90 
$,1( 0.05~. 1.57 
AUSi 0.00 

~-92 
Rice Straw 

CEWF 

PM10 PM2.sn>M10 
ABTT012 
A8TCI012 

0.85 
0.67 
1.8-4 
0.72 
3.-40 
-4.29 

135.99 
0.04 
1.85 
0.00 

1.-43 
1.37 
1.18 
0.99 
0.98 
1.02 
1.03 
1.15 
0.85 

https://3.1.3.15


Table 3.1.3.16. Element concentrations (ng/m"3) from CNL filter samples. 

Fuel: Rice 
Date: 10-Jul-92 
Time: 10:15 
Filter ID: AG-28 

Element Concentration +Uncertain!}'. 

H 
Na 
Mg 
Al 
Si 
p 
s 
Cl 
K 
Ca 
Ti 
V 
Cr 
Mn 
Fe 
Ni 
Cu 
Zn 
As 
Pb 
Se 
Br 
Rb 
Sr 
Zr 

ng/m"'3 
44,980 

31,200 

389,230 

21,760 
633,730 
396,150 

59,650 
280 

630 
11,440 
18,070 

240 
820 

90 

1,970 

6,200 

4,600 

20,000 

1,600 
32,100 
20,100 

5,200 
200 

100 
800 

1,000 

100 
100 
100 

200 

https://3.1.3.16


Table 3.1.3.17. Element emission factors (mg/kg) from CNL filter samples. 

Fuel: 
Date: 
Time: 
Filter ID: 

Fuel rate (g/s) 
Stack gas flow rate (rrr'3/s) 
Stack Temperature (°C) 
Ambient Temperature (°C) 

Element 

H 
Na 
Mg 
Al 
Si 
p 
s 
Cl 
K 
Ca 
Ti 
V 
Cr 
Mn 
Fe 
Ni 
Cu 
Zn 
As 
Pb 
Se 
Br 
Rb 
Sr 
Zr 

Rice 
10-Jul-92 

10:15 
AG-28 

11.71 
4.25 

52.45 
30.45 

Emission factor ±Uncertainty 
(mg/kg) · (mg/kg) 

15.2 2.1 

10.6 1.6 

131.7 6.8 

7.4 0.5 
214.5 10.9 
134.1 6.8 
20.2 1.8 
0.1 0.1 

0.2 0.0 
3.9 0.3 
6.1 0.3 

0.1 0.0 
0.3 0.0 
0.0 0.0 

0.7 0.1 
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Table 3.1.3.18. Element concentrations (ng/mA3) from CNL filter samples. 

Fuel: 
Date: 
Time: 
Filter ID: 

Element 

Rice 
10-Jul-92 

11 :17 
AG-23 

Concentration ±Uncertain!l'. 

H 
Na 
Mg 
Al 
Si 
p 

s 
Cl 
K 
Ca 
Ti 
V 
Cr 
Mn 
Fe 
Ni 
Cu 
Zn 
As 
Pb 
Se 
Br 
Rb 
Sr 
Zr 

ng/m"3 
218,900 
41,340 

282,320 

3,331,020 
1,004,550 

53,720 
1,170 

1,260 
10,290 
25,200 

810 
570 
440 

5,180 
1,270 

21,100 
25,800 

15,500 

167,800 
50,900 
9,500 

600 

400 
900 

1,500 

200 
100 
200 

400 
400 
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Table 3.1.3.19. Element emission factors (mg/kg) from CNL filter samples. 

Fuel: 
Date: 
Time: 
Filter ID: 

Fuel rate (g/s) 
Stack gas flow rate (nr3/s) 
Stack Temperature (°C) 
Ambient Temperature (°C) 

Element 

H 
Na 
Mg 
Al 
Si 
p 

.S 
Cl 
K 
Ca 
Ti 
V 
Cr 
Mn 
Fe 
Ni 
Cu 
Zn 
As 
Pb 
Se 
Br 
Rb 
Sr 
Zr 

Rice 
10-Jul-92 

11 :17 
AG-23 

11 .71 
4.25 

52.45 
30.45 

Emission factor ±Uncertainty 
(mg/kg) (mg/kg) 

74.1 7.1 
14.0 8.7 

95.5 5.2 

1,127.3 56.8 
340.0 17.2 

18.2 3.2 
0.4 0.2 

0.4 0.1 
3.5 0.3 
8.5 0.5 

0.3 0.1 
0.2 0.0 
0.1 0.1 

1.8 0.1 
0.4 0.1 
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Table 3.1.3.20. Relative element concentrations by stage from DRUM Impactor. 

Stage 1: 10 -15 µm 

10-Jul-92 Abundance Abundance 
Relative to Relative to 

Concentration ±Uncertainty Potassium Stage 1 
(relative) ( - ) ( - ) 

H 
Na 
Mg 
Al 
Si 4,638.82 256.26 7.4348 1 
s 43.22 14.74 0.0693 1 
Cl 313.05 35.32 0.5017 1 
K 623.94 61.00 1.0000 1 
ca 508.33 64.32 0.8147 1 
Ti 
V 17.60 9.00 0.0282 1 
Cr 
Mn 79.42 13.89 0.1273 1 
Fe 1,066.37 65.37 1.7091 1 
Ni 
Cu 3,367.05 178.63 5.3965 1 
Zn 2,279.56 133.58 3.6535 
As 
Se 
Br 
Rb 
Sr 
Pb 



Table 3.1.3.21. Relative element concentrations by stage from DRUM impactor. 

Stage 2: 5 -10 µm 

10-Jul-92 Abundance Abundance 
Relative to Relative to 

Concentration ±Uncertainty Potassium Stage 1 
(relative) ( - ) ( - ) 

H 
Na 
Mg 
Al 
Si 4,034.27 216.37 6.5588 0.8697 
s 
Cl 458.02 62.74 0.7446 1.4631 
K 615.09 5326 1.0000 0.9858 
Ca 534.36 55.47 0.8687 1.0512 
Ti 
V 
Cr 
Mn 172.72 1721 0.2808 2.1748 
Fe 510.86 35.68 0.8305 0.4791 
Ni 10.77 3.21 0.0175 #OIV/0! 
Cu 13.92 4.05 0.0226 0.0041 
Zn 
As 
Se 
Br 
Rb 
Sr 
Pb 



Table 3.1.3.22. Relative element concentrations by stage from DRUM Impactor. 

Stage 3: 2.5 - 5 µm 

10-Jul-92 Abundance Abundance 
Relative to Relative to 

Concentration ±Uncertainty Potassium Stage 1 
(relative) ( -) ( - ) 

H 
Na 
Mg 
Al 
Si 6,612.45 . 343.79 6.4967 1.4255 
s 109.61 20.53 0.10n 2.5:362 
Cl 998.31 62.58 0.9808 3.1890 
K 1,017.82 69.21 1.0000 1.6313 
Ca 1,348.54 90.26 1.3249 2.6529 
Ti 
V 
Cr 
Mn 297.85 21.26 0.2926 3.7505 
Fe 986.39 59.21 0.9691 0.9250 
Ni 
Cu 
Zn 36.66 5.32 0.0360 0.0161 
As 
Se 
Br 
Rb 
Sr 
Pb 

https://1,348.54
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Table 3.1.3.23. Relative element concentrations by stage from DRUM Impactor. 

Stage 4: 1.15 - 2.5 µm 

10-Jul-92 Abundance Abundance 
Relative to Relative to 

Concentration ±Uncertainty Potassium Stage 1 
(relative) ( - ) ( -) 

H 920.32 104.89 0.6100 
Na 
Mg 
Al 
Si 3,395.06 181.74 2.2503 0.7319 
s 
Cl 1,476.62 88.42 0.9787 4.7169 
K 1,508.73 96.58 1.0000 2.4181 
Ca 715.46 70.84 0.4742 1.4075 
Ti 
V 
Cr 
Mn 120.75 13.37 0.0800 1.5205 
Fe 497.54 33.16 0.3298 0.4666 
Ni 
Cu 
Zn 
As 
Se 
Br 
Rb 
Sr 
Pb 



Table 3.1.3.24. Relative element concentrations by stage from DRUM Impactor. 

Stage 5: 0.56-1.15 µm 

10-Jul-92 Abundance Abundance 
Relative to Relative to 

Concentration ±Uncertainty Potassium Stage 1 
(relative) ( . ) ( . ) 

H 2950.57 262 0.2838 
Na 
·Mg 
Al 
Si 1,936.55 109.63 0.1863 0.4175 
s 
Cl 10,394.39 535.37 0.9998 33.2039 
K 10,396.36. 537.26 1.0000 16.6625 
ca 
Ti 
V 
Cr 
Mn 89.70 14.32 0.0086 1.1295 
Fe 304.95 22.84 0.0293 0.2860 
Ni 
Cu 
Zn 
As 
Se 
Br 47.28 8.11 0.0045 
Rb 
Sr 
Pb 



Table 3.1.3.25. Relative element concentrations by stage from DRUM Impactor. 

Stage 6: 0.34 - 0.56 µm 

10-Jul-92 Abundance Abundance 
Relative to Relative to 

Concentration ±Uncertainty Potassium Stage 1 
(relative) { . ) { . ) 

H 2620.9 301 .3 0.1538 
Na 
Mg 
Al 
Si 164.91 · 23.95 0.0097 0.0355 
s 
Cl 18,954.01 966.21 1.1126 60.5468 
K 17,036.09 869.47 1.0000 27.3042 
Ca 
Ti 
V 41.50 10.84 0.0024 2.3580 
Cr 
Mn 3729 8.74 0.0022 0.4696 
Fe 80.03 15.89 0.0047 0.0751 
Ni 
Cu 27.13 5.16 0.0016 0.0081 
Zn 35.84 6.16 0.0021 0.0157 
As 
Se 
Br 113.58 17.95 0.0067 
Rb 
Sr 
Pb 



Table 3.1.3.26. Relative element concentrations by stage from DRUM Impactor. 

Stage 7: 0.24 - 0.34 µm 

10-Jul-92 Abundance Abundance 
Relative to Relative to 

Concentration ±Uncertainty Potassium Stage 1 
(relative) ( - ) ( - ) 

H 964.45 106.95 0.1378 
Na 
Mg 
Al 
Si 102.27 18.53 0.0146 0.0220 
s 
Cl 7,565.67 397.58 1.0807 24.1678 
K 7,000.41 370.63 1.0000 11 .2197 
Ca 
Ti 
V 28.91 9.11 0.0041 1.6426 
Cr 
Mn 
Fe 
Ni 
Cu 
Zn 26.90 6.00 0.0038 0.0118 
As 
Se 
Br 49.99 11.32 0.0071 
Rb 
Sr 
Pb 



Table 3.1.3.27. Relative element concentrations by stage from DRUM impactor. 

Stage 8: < 0.24 µm 

10-Jul-92 Abundance Abundance 
Relative to Relative to 

Concentration ±Uncertainty Potassium Stage 1 
(relative) ~ -) ( - ) 

H 443.96 85.1 0.2820 
Na 
Mg 
Al 
Si 39.72 11.26 0.0252 0.0086 
s 
Cl 1,335.05 84.37 0.8481 4.2647 
K 1,574.12 93.84 1.0000 2.5229 
Ca 
Ti 36.11 9.47 0.0229 
V 
Cr 
Mn 25.19 5.68 0.0160 0.3173 
Fe 
Ni 14.98 3.21 0.0095 
Cu 
Zn 15.08 3.74 0.0096 0.0066 
As 
Se 
Br 
Rb 
Sr 
Pb 

https://1,574.12
https://1,335.05
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Table 3.1.3.28 
VOC Concentrations (ppbv) 

Date 
Fuel 
Traverse 

10-Jul,92 
Rice Straw 
Traverse 1 

10-Jul-92 
Rice Straw 
Traverse 2 

Acetic acid 
Propanone (acetone) 
Methyl ester acetic acid (methylacetate) 
Butane 
Dimethyloxirane 5.6 5.8 
Pentene 
Methylbutanone (isopropylmethyl ketone) 
Furancari>oxaldehyde (furfural) 
Benzene 25.3 25.1 
Dimethylbutane 
Hexane 
Phenol 1.6 1.1 
Oimethylfuran 
2-methyl 2-cyclopenten• 1-one 
2-chloro phenol 
Toluene 10.1 9.6 
Benzonitrile 1.2 1 
Benzaldehyde 3 2.7 
Methylphenol (hydroxy toluene) 
Styrene 2.6 2.7 
Xylene 2.7 2.7 
Trimeth~entane 
Benzofuran 1.4 1.2 
Methoxymethylphenol (creosol) 
Naphthalene 1.3 1.1 
C10H12 
Alpha-pinene 
Camphene 
43-Carene 
Limonene 
No match r.t. (6.7) 
No match r.t. (8.51) 
No match r.t. (8.71) 8.7 4.4 
No match r.t. (8.73) 
No match r.t.(6.4) 
No match r.t.(8.5) 



Table 3.1.3.29 
voe Emission Factors (mg/kg) 

Date 
Fuel 
Traverse 
Fuel Consumption Rate (E>'s d.b) 
Stack Gas Mass Flow Rate (kE>'s) 

Acetic acid 
Propanone (acetone) 
Methyl ester acetic acid (methylacetate) 
Butane 
Dimethyloxirane• 
Pentene 
Methylbutanone (isopropylmethyl ketone) 
Furancarboxaldehyde (furfural) 
Benzene 
Dimethylbutane 
Hexane 
Phenol 
Dimethylfuran 
2-methyl 2-cyclopenten-1-one 
2-chloro phenol 
Toluene 
Benzonitrile 
Benzaldehyde 
Methylphenol (hydroxy toluene) 
Styrene 
Xylene 
Trimethylpentane 
Benzofuran 
Methoxymethylphenol (creosol) 
Naphthalene 
Unknown 
Alpha-pinene 
Camphene 
A3-Carene 
Limonene 

*Possible mismatch 

10-Jul-92 
Rice Straw 
Traverse 1 

11.71 
4.61 

5 

27 

2 

13 
2 
4 

4 
4 

2 

2 

10-Jul-92 
Rice Straw 
Traverse 2 

11.17 
4.66 

6 

28 

13 
1 
4 

4 
4 

2 

2 

https://3.1.3.29


Table 3.1.3.30. PAH emlselon factors, rice straw, 10 July 1992 (zero lndlcatee not detected). 

Traverse 1 Traverse 2 Traverse 1 Traverse 2 lmpinger Total Total 
Filter Filter Trap/Tubing Sorbent Sorbent Rinsate Traverse 1 Traverse 2 

µgAcg dry fuel 

Naphthalene 69.8 0.0 33.4 9,737.9 7,031.9 16.0 9,857.1 7,081 .4 
2-Melhyl-naphthalene 21.8 0.0 4.3 811 .1 625.4 3.3 840.4 633.1 
Acenaphthylene 2 .3 0.0 0.0 1,058.0 883.2 0,6 1,060.9 883.8 
Acenaphthene 0.0 0.0 0.0 87.5 56.0 0,0 67.5 56.0 
Fluorene 0.0 0.0 0.0 444.9 404.9 0.8 445.7 405.7 
Phenanthrene 23.6 41.3 42.2 1,369.9 1,293.3 6.6 1,442.4 1,383.4 
Anthracene 5.1 0.0 1.5 239.2 229.6 0.8 246.5 231.8 
Fluoranthene 23.6 0.0 20.0 404.8 412.0 1.9 450.2 434.0 
Pyrene 24.0 0 .0 18.1 297.2 291.6 1.4 340.8 311.1 
Benz{a)-anthracene 62.1 0 .0 19.8 10.5 14.3 1.7 94.0 35.8 
Chrysene 84.2 0.0 23.5 8.1 18.6 0.0 115.9 40.1 
Benzo(b)-fluoranlhene 154.4 0.0 10.9 0.0 0.0 0.0 165.3 10.9 
Benzo(k)-fluoranthene 29.8 0.0 0.0 0.0 0.0 0.0 29.6 0 .0 
Benzo(a)pyrene 53.2 0.0 0.0 10.3 0.0 0.0 63.5 0.0 
Benzo(e)pyrene 68.8 0.0 0.0 12.8 0.0 0.0 81 .4 0.0 

Perylene 18.0 0.0 0.0 0.0 0.0 0.0 18.0 0.0 
Benzo[ghi)-perylene 43.4 0.0 0.0 0.0 0.0 0.0 43.4 0.0 

lndeno[1,2,3-cd)-pyrene 45.6 0.0 0.0 0.0 0.0 0.0 45.6 0.0 

Dibenz[a,h)-anthracene 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Total 729.5 41.3 173.8 14,471.9 11,258.8 33.1 15,408.3 11,507.0 
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Figure 3.1.3.1. Ambient air conditions, 10 July 92. 

Fuel Type: Rice Straw Test Date 10-Jul-92 

Configuration: CEWF 
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Figure 3.1.3.2. Air temperature and relative humidity from CIMIS station. 
Fuel: Rice Straw Date of Test: 10-Jul-92 

Configuration: CEWF 
Hourly Average CIMIS Data for Davis, California 
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Figure 3.1.3.3. Wind speed from CIMIS station. 
Fuel: Rice Straw Date of Test: 10-Jul-92 
Configuration: CEWF 

Hourly Average CIMIS Data for Davis, California 
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Figure 3.1.3.4. Wind direction and solar radiation from CIMIS station. 
Fuel: Rice Straw Date of Test: 10-Jul-92 
Configuration: CEWF 

Hourly Average CIMIS Data for Davis, California 
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Figure 3.1.3.5. Inlet air, stack gas, and lmplnger outlet temperatures, 10 July 92. 

Fuel Type: Rice Straw Test Date 10-Jul-92 

Configuration: CEWF 

- - - - - Inlet Air --- Stack lmpinger Outlet 
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Figure 3.1.3.6. Conveyor speed and stack gas velocity, 1 O July 92. 

Fuel Type: Rice Straw Test Date 10-Jul-92 

Configuration: CEWF 
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Figure 3.1.3.7. Conveyor speed with 1Omin moving average, 1oJuly 92. 

Fuel Type: Rice Straw Test Date 10-Jul-92 

Configuration: CEWF 
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Figure 3.1.3.8. Conveyor travel, 1 O July 92. 

Fuel Type: Rice Straw Test Date 10-Jul-92 
Configuration: CEWF 
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Figure 3.1.3.9. CO concentration In stack gas, 10 July 92. 

Fuel Type: Rice Straw Test Date 10-Jul-92 
Configuration: CEWF 
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Figure 3.1.3.10. NO and NOx concentrations In stack gas, 10 July 92. 

Fuel Type: Rice Straw Test Date 10-Jul-92 

Configuration: CEWF 
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Figure 3.1.3.11. S02 concentration in stack gas, 10 July 92. 

Fuel Type: Rice Straw Test Date 10-Jul-92 

Configuration: CEWF 
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Figura 3.1.3.12. Total sulfur concentration In stack gas, 10 July 92. 
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Figure 3.1.3.13. Particle size distribution, traverse 1, 10 July 92. 

Fuel: Rice Straw 

Particle Size Distribution 
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Stage ECO (µm) 
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Flgunp 3.1.3.14. Particle size distribution, traverse 2, 10 July 92. 

Fuel: Rice Straw 

Particle Size Distribution 
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Figure 3,1.3.15. Nitrogen balance. 
Date of Test: 10-Jul-92 
Fuel Rice Straw 

Nitrogen 
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Ash 
11% 

PM 11% 
1% 



Figure 3.1.3.16. Sulfur balance. 
Date of Test: 10-Jul-92 
Fuel Rice Straw 

Sulfur 
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Figure 3.1.3.17. Relative abundance of major elements 
from DRUM Impactor, Rice Straw, 1 oJuly 92, (CEWF). 
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Table 3.1.4.1 

Fuel and Ash Analyses 

Run Date 
Fuel Type 
Sample Type 

14-Jul-92 
Rice Straw 

Fuel 

14-Jul-92 
Rice Straw 

Ash 

Ultimate Analysis 
(% dry weigh1) 
C 
H 
N 

37.99 
5.27 
0.59 

9.12 
0.62 
0.15 

Elemental Analysis 
(% by weight dry basis) 
N 
p 
K 
Ca 
Mg 
Na 
Cl 
(mg/kg dry weight) 
s 
B 
Zn 
Mn 
Fe 
Cu 
Si 

Total (% dry weight) 

Proximate Analysis 

0.70 0.64 
0.06 0.25 
0.82 2.85 
0.27 1.27 
0.16 0.70 
0.05 0.25 
0.26 0.37 

720 650 
7 16 

27 87 
884 3,900 
209 565 

7 12 

45.n 16.59 

(% dry weight) 
Ash 
Volatiles 
Fixed Carbon 

17.47 
71.27 
11.26 

86.83 
8.63 
4.54 

Hil;!her Heatin~ Value 
(MJ/kg dry weight) 15.6532 2.9822 



Table 3.1.4.2. Operating conditions and concentrations, rice straw 14 July 92. 
Fuel: 

Fuel Loading Rate (g/sq.m w.b.): 
Total Fuel Consumption (kg w.b.; 
Total Ash Recovered (kg w.b.) 
Ash Fraction (w.b.) 

Rice Straw 

655 
139.9 
26.7 
0.19 

Date of Test: 
Configuration: 

14-Jul-92 
CRNF 

Traverse 1 Traverse 2 Traverse 3 

Mean Values 
Air Temperature (°C) 
Air Relative Humidity(%) 
Inlet Air Temperature (°C) 
Stack Temperature (°C) 
lmpinger Outlet Temperature (°C) 

Fire Spreading Rate {m/min) 
Stack Gas Velocity (mis) 

Gas and PM Concentrations {less background~ 
CO (ppmv) 
NO (ppmv) 
NOx (ppmv) 
SO2 (ppmv) 
HC (ppmv as CH4 by GC) 
CH4 (ppmv by GC) 

NMHC (ppmv as CH4 by GC) 
CO2 (ppmv by GC) 
Total S (ppmv as SO2) 

PM (mg/cu.m) 
PM1 O (mg/cu.m) 

PM2.5 (mg/cu.m) 

27.71 
59.40 
30.89 
51 .40 
16.73 

0.92 
2.52 

n .a2 
4.07 
4.65 
0.57 
1.24 
0.82 
0.42 

2,095 
0.66 

7.14 
6.99 
6.42 

31 .20 
52.75 
34.40 
58.44 
18.58 

1.07 
2.52 

89.05 
5.07 
5.76 
0.88 
2.17 
1.29 

0.88 
2,050 

0.91 

9.99 
9.69 
8.75 

33.41 
44.60 
36.30 
61.84 
20.95 

1.10 . 
2.47 

84.24 
5.07 
5.83 
0.91 
1.25 
0.86 
0.39 

2,314 
0.92 

9.73 



Table 3.1.4.3. Mass balance, rice straw, 14 July 92. 
Fuel: Rice Straw Date ofTest: 14-Jul-92 

Configuration: CRNF 

Mass Balance 

Traverse 1 Traverse 2 Traverse 3 
Total Conveyor Travel (m) 4523 52.37 53.74 
Fuel Moisture Content (% w.b.) 9.1 7.8 8.1 
Fuel Loading Rate (g/sq.m d.b.) 595 604 602 
Total Fuel Consumption (g w.b.) 36,089 41,789 42,878 
Total Fuel Consumption (g d.b.) 32,823 38,550 39,418 
Residual Ash (g w.b.) 6,887 7,974 8,182 
Fuel Vaporized (g w.b.) 29,202 33,814 34,696 
Fuel Consumption Rate (g/s w.b.) 12.53 14.51 14.89 
Fue_l Consumption Rate (g/s d.b.) 11.40 13.39 13.69 
Ash Generation Rate (g/s w.b.) 2.39 2.77 2.84 
Fuel Vaporization Rate (g/s w.b.) 10.14 11.74 12.05 

Stack Gas Density (kg/cu.m) 1.0890 1.0659 1.0551 
Stack Gas Flow Rate (cu.mis) 3.74 3.75 3.68 
Stack Gas Mass Flow Rate (kg/s) 4.07 4.00 3.88 
Inlet Air Mass Flow Rate (kg/s) 4.06 3.99 3.87 
Overall Air-Fuel Ratio (w.b.) 324.06 274.65 259.85 
Overall Air-Fuel Ratio (d.b.) 356.30 297.72 282.66 



Table 3.1.4.4. Emission factors, rice straw, 14 July 92 (Integrated basis) 
Fuel : Rice Straw Date of Test: 14-Jul-92 

Configuration: CRNF 

Emission Factors {% of fuel d!}'. weight} 
Integrated Basis 

Traverse 1 Traverse 2 Traverse 3 Average 
co 2.797 2.623 2.360 2.593 
NO 0.153 0.160 0.152 0.155 
NOx (as NO2) 0.268 0.278 0.268 0.271 
SO2 0.046 0.060 0.059 0.055 
HC (as CH4 by GC) 0.024 0.036 0.019 0.027 
CH4 (by GC) 0.016 0.021 0.013 0.017 
NMHC (byGC) 0.008 0.015 0.006 0.010 
CO2 (byGC) 113.538 92.875 99.549 101.987 

Total S (as SO2) 0.053 0.061 0.059 0.058 

SO2/Total S 0.87 0.98 0.99 0.95 

PM 0.209 0.246 0.229 0.228 

PM10 0.205 0.239 0.222 

PM2.5 0.188 0.216 0.202 

MMAD (µm) 0.082 0.105 0.093 

a 4.846 6.233 



Table 3.1.4.5. Emission factors, rice straw, 14 July 92 (average basis). 
Fuel: Rice Straw Date of Test: 

Configuration: 
14-Jul-92 

CRNF 

Emission Factors {% of fuel d!}'. weight} 
Averge Basis 

Traverse 1 Traverse 2 Traverse 3 Avera~ 
co 2.684 2.567 2.306 2.519 
NO 0.151 0.157 0.149 0.152 
NOx (as NO2) . 0.263 0.273 0.262 0.266 
SO2 0.045 0.058 0.057 0.053 
HC (as CH4 by GC) 0.024 0.036 0.019 0.027 
CH4 (by GC) 0.016 0.021 0.013 0.017 
NMHC (byGC) 0.008 0.015 0.006 0.010 
CO2 (byGC) 113.538 92.875 99.549 101.987 
Total S (as SO2) 0.052 0.060 0.057 0.056 

SO2/Total S 0.87 0.97 0.99 0.95 

PM 0.209 0.246 0.229 0.228 

PM10 0.205 0.239 0.222 

PM2.5 0.188 0.216 0.202 

MMAD (µm) 0.082 0.105 0.093 

CJ 4.846 6.233 



Table 3.1.4.6. Carbon balance. 

Date of Test: 
Fuel 

Carbon Balance 

Dry Fuel Consul"l)tion Rate (g/s) 
Ash Generation Rate (g/s) 
Ash Fraction(% dry basis) 
Fuel Carbon Concentration (%) 
Residual Ash Carbon Concentration (o/o) 
Carbon released to stack (g/s) 
Maximum CO2 emission factor(%) 
Stack Gas Density (kg/cubic meter) 
Average CO2 concentration (ppmv) 
Average CO concentration (ppmv) 
Average THC concentration (ppmv as CH4) 
PM Concentration (rTl{>'cubic meter) 
PM Carbon Concentration (%) 
PM Carbon (mg/cubic meter) 
Stack Gas Temperature (°C) 
ll"l)inger Temperature (°C) 
PM molar concentration (ppm) 
Estimated Average Stack Gas Velocity (mis) 

Emission Factors (% Average Basis): 
CO2 
co 
HC (as CH4) 
PM 
Emission Factors (% Integrated Basis): 
CO2 
co 
HC (as CH4) 
PM 

Closure (% Average Basis) 
Closure {o/o lnte51rated Basis} 

14-Jul-92 
Rice Straw 
Traverse 1 

11 .40 
2.39 

20.96 
37.99 

9.12 
4.11 

132.29 
1.09 

2,095 
77.82 

1.24 
7.14 

36.75 
2.62 

51 .40 
16.73 

5.20 
2.82 

113.538 
2 .684 
0.024 
0.209 

113.538 
2.797 
0.024 
0.209 

89 
89 

14-Jul-92 14-Jul-92 
Rice Straw Rice Straw 
Traverse 2 Traverse 3 

13.39 13.69 
2.77 2.84 

20.69 20.75 
37.99 37.99 

9.12 9.12 
4.83 4.94 

132.38 132.36 
1.07 1.06 

2,050 2,314 
89.05 84.24 

2.17 1.25 
9.99 9.73 

36.75 36.75 
3.67 3.58 

58.44 61.84 
18.58 20.95 

7.32 7.19 
3.43 3.16 

92.875 99.549 
2 .567 2.306 
0.036 0.019 
0.246 0.229 

92.875 99.549 
2.623 2.360 
0.036 0.019 
0.246 0.229 

74 78 
73 78 



Table 3.1.4.7. Nitrogen balance 
Date of Test: 
Fuel 

Nitrogen Balance 
Fuel Nitrogen Concentration (o/o dry weight) 
Ash Nitrogen Concentration (% weight) 

Emission Factors (o/o Average Basis): 
NOX (as NO2) 
PM 
Emission Factors (% Integrated Basis): 
NOX (as NO2) 

NO3- Concentration of PM (% weight) 
NH4+ Concentration of PM (% weight) 
Nitrogen Concentration of PM (o/o) 
Fuel Nitrogen (mg/s) 
Ash Nitrogen (mg's) 
Nitrogen as NOX (mg/s Average Basis) 
Nitrogen as NOX (mg/s Integrated Basis) 
Nitrogen as PM (mg/s Average Basis) 
Nitrogen as NOx+PM (mg/s Average Basis) 
Nitrogen as NOx+PM (mg/s Integrated Basis) 
NOX+PM Nitrogen/Fuel Nitrogen (Average) 
NOX+PM Nitrogen/Fuel Nitrogen (Integrated) 
Ash Nitrogen/Fuel Nitrogen 
Ash+NOX+PM Nitrogen/Fuel Nitrogen (Average) 
Ash+NOX+PM Nitrogen/Fuel Nitr29en {Integrated} 

14-Jul-92 
Rice Straw 
Traverse 1 

0.70 
0.64 

0.263 
0.209 

0.268 

0.348 
1.732 
1.426 
79.80 
15.30 

9.12 
9.30 
0.34 
9.46 
9.64 

0.119 
0.121 
0.192 
0.310 
0.312 

14-Jul-92 14-Jul-92 
Rice Straw Rice Straw 
Traverse 2 Traverse 3 

0.70 0.70 
0.64 0.64 

0.273 0.262 
0.246 0.229 

0.278 0.268 

0.348 0.348 
1.732 1.732 
1.426 1.426 
93.73 95.83 
17.73 18.18 
i1.13 10.92 
11.33 11.17 

0.47 0.45 
11.59 11.36 
11.80 11 .61 
0.124 0.119 
0.126 0.121 
0.189 0.190 
0.313 0.308 
0.315 0.311 



Table 3.1.4.8. Sulfur balance. 
Date of Test: 
Fuel 

Sulfur Balance 
Fuel Sulfur Concentration (m!>'l(g dry weight) 
Ash Sulfur Concentration (mg.lkg weight) 

Emission Factors (% Average Basis) 
502 
PM 

· Emission Factors (% Integrated Basis) 
SO2 

Sulfur Concentration of PM (% weight) 
Fuel Sulfur (mg.is) 
Ash Sulfur (mg.ls) 
Sulfur as SO2 (mg.ls Average Basis) 
Sulfur as SO2 (mg.ls Integrated Basis) 
Sulfur as PM (mg/s Average Basis) 
Sulfur as SO2+PM (mg.ls Average Basis) 
Sulfur as SO2+PM (mg.ls Integrated Basis) 
SO2+PM Sulfur/Fuel Sulfur (Average Basis) 
SO2+PM Sulfur/Fuel Sulfur (Integrated Basis) 
Ash Sulfur/Fuel Sulfur 
Closure (% Average Basis) 
Closure (% Integrated Basis) 

14-Jul-92 
Ri.ce Straw 
Traverse 1 

720 
650 

0.045 
0209 

0.046 

1.409 
8.21 
1.55 
2.57 
2.62 
0.34 
2.90 
2.96 

0.353 
0.360 
0.189 

54 
55 

14-Jul-92 14-Jul-92 
Rice Straw Rice Straw 
Traverse 2 Traverse 3 

720 720 
650 650 

0.058 0.057 
0.246 0.229 

0.060 0.059 

1.409 1.409 
9.64 9.86 
1.80 1.85 
3.88 3.90 

·4.02 4.04 
0.46 0.44 
4.35 4.34 
4.48 4.48 

0.451 0.441 
0.465 0.455 
0.187 0.187 

64 63 
65 64 



Table 3.1.4.9. Water balance. 

Estimated Stack Humidity 

Fuel 
Configuration 
Date of Test 

Rice Straw 
CRNF 

14-Jul-92 

Traverse 1 Traverse 2 Traverse 3 
Ambient Air Temperature °C) 28 31 33 
Ambient Air Relative Humidity(%) 59 53 45 
Air Temperature (K) 301 304 307 
Saturation Pressure (Pa) 3,719 4 ,547 5,151 
Vapor Pressure (Pa) 2,209 2,399 2,298 
Air Dew Point Temperature (°C) 19.1 20.4 19.7 
Ambient Volume Fraction Water Vapor 0.0218 0.0237 0.0227 
Ambient Mass Fraction Water Vapor 0.0135 0.0147 0.0141 

· Fuel Burning Rate (g/s wet basis) 12.53 14.51 14.89 
Fuel Moisture Content (%) 9.1 7.8 8.1 
Ash Fraction (wet basis) 0.19 0.19 0.19 
Fuel Hydrogen Content (%) 5.27 5.27 5.27 
Ash Hydrogen Content (%) 0.62 0.62 0.62 
Moisture Evaporated (g/s) 1.14 1.13 1.21 
Water of Combustion (g/s) 5.27 6.19 6.33 
Total. Fuel Water Added (g/s) 6.41 7.32 7.54 
Inlet Air Mass Flowrate (g/s) 4,060 3,990 3,870 
Inlet Air Water Vapor Flowrate (g/s) 55 59 54 
Total Stack Water Vapor Flowrate (g/s) 61 '66 62 
Stack Gas Mass Flowrate (g/s) 4,070 4,002 3,882 
Mass Fraction Water Vapor in Stack 0.0151 0.0165 0.0160 
Volume Fraction Water Vapor in Stack 0.0243 0.0266 0.0257 
Stack Vapor Pressure (Pa) 2,461 2,690 2,607 
Stack Temperature (°C) 51 58 62 
Stack Temperature (K) 325 332 335 
Stack Saturation Pressure (Pa) 13,234 18,547 21,705 
Stack Relative Humidity(%) 19 15 12 
Stack Dew Point Temperature {°C) 20.8 22.3 21 .8 
lmpinger Outlet Temperature (0 C) 16.7 18.6 21.0 
Volume Stack Gas Sampled for PM (L) 532 540 · 638 
Estimated lmpinger/Desiccant Weight Gain (g) 9.8 10.8 12.2 

Totals: 

Estimated Measured 
Total lmpinger/Desiccant Weight Gain (g) 32.8 30.7 
Estimated/Measured Weight Gain 1.07 



Table 3.1.4.10. Power balance. 

Date of Test: 14-Jul-92 14-Jul-92 14-Jul-92 
Fuel Rice Straw Rice Straw Rice Straw 

Traverse 1 Traverse 2 Traverse 3 

Power Balance 
Fuel Heating Value (MJ/kg dry weight) 15.6532 15.6532 15.6532 
Ash Heating Value (MJ/kg dry weight) 2.9822 2.9822 2.9822 
Average Energy Release Rate (kW) 171.3 201.3 205.8 
Products of lnco"l'lete Corrbustion (kW) 
co 3.1 3.5 3.2 
THC (as CH4) 02 0.3 0.1 
PM 0.3 0.4 0.4 

Heat Release Rate (kW) 167.8 197.2 202.1 
Fireline Intensity (kW/m) 137.6 161 .7 165.8 
Stack Gas Flow (kg/s) 4.07 4.00 3.88 
Stack Gas Temperature (°C) 51.40 58:44 61.84 
Inlet Temperature (°C) 30.89 34.40 36.30 
Sensible Power at Top of Stack (kW) 84.0 96.7 99.7 
Tunnel Dissipation (kW) 83.8 100.5 102.4 



Table 3.1.4.11. Ma.. conc.ntration• (%) from ORI filter eamp1.. 

Dale 
FIMI 

Size Fraction 
Teflon Filler ID 
Ouartz Filler 10 
Teflon Field S~Flag 
Ouanz field sample field 
Teflon mass umple flag 
Quartz mass aa~ flag 
Anio,. ..~le flag 
Ammonium -lysis flag 
Sodium ion analysis flag 
Magnelium ion analysis flag 
Potaaium ion -lysis flag 
cart>on analy9is flag 
XRF -ly11is llag 

Tellon 18~VOii.me (111"3) 
Quartz sample volume (m"3) 
Teflon mass concentration (llg/111"3) 

0-
NQ3. 
S()'4. 

NH-4+ 
Na+ 
K+ 
C(org) 
C(oht) 
C(e) 
C(ehl) 
C 
Al 
Si 
p 
s 
Cl 
K 
Ca 
Ti 
V 
Cr 
Mn 
Fe 
Co 
Ni 
Cu 
Zn 
Ga 
M 
Se 
Br 
~ 

Sr 
y 
Zr 
Mo 
Pd 
Ag 
Cd 
In 
Sn 
Sb 
Ba 
La 
Au 
Hg 
Tl 
Pb 
u 
Sum of measured species 

, ...Jul.92 
Riee Straw 

CRNF 

PM2.5 
ABTT018 
ABTQ018 

::l:Uncenai~ 
0.30 0.02 
0.30 0.01 

1,580 94 

Concentration !"-l ::l:Uncen■i~ 
21.9780 

0.4923 
5.9120 
2.7173 
0.5539 

15.9-423 
1•.'4816 
1US95 
39.181M 

1.7261 
53.6710 

0.0000 
1.-4404 
0.0000 
1.9752 

21 .8410 
25.5390 
o.28n 
0.0007 
0.0049 
0.0006 
O.OTT4 
0.0591 
0.0000 
0.0000 
0.0041 
0.1095 
0.0000 
0.0032 
0.0048 
0.133" 
0.0273 
0.0000 
0.0000 
0.0024 
0.0000 
0.0000 
0.0119 
0.0520 
0.0000 
0.0345 
0.03<48 
0.0000 
0.0000 
0.0000 
0.0037 
0.0028 
0.0092 
0.0007 

109.09,48 

1.9578 
0.1555 
0.4889 
0.2602 
0.0615 
1.3095 
2.4759 
2.5985 
3.921M 
1.0869 

0.1323 
0.1652 
0.2444 
0.1851 
1.7080 
1.9931 
0.2985 
0.102• 
0.0449 
0.0120 
0.0091 
0.0251 
0.0053 
0.0058 
0.0062 
0.0099 
0.0109 
0.0132 
0.0073 
0.0117 
0.0050 
0.0065 
0.0078 
0.0097 
0.0160 
0.0710 
0.0823 
0.0676 
0.0955 
0.1205 
0.1385 
0.4890 
0.6422 
0.0186 
0.0151 
0.0140 
0.0187 
0.0149 
5.4329 

1~~92 
Rica Slraw 

CRNF 

PM10 
ABTT019 
ABTQ019 

11 

:l:Uncenainl~ 
0.30 0.02 
0.30 0.02 

2.387 130 

Concentration !"-l :l:Uncertaint~ PM2.5/PM10 
1•.8190 
0.3"78 
3.9878 
1.7319 
0.3718 

10.4485 
10.6782 
9.2842 

26.0754 
2.6397 

36.7536 
0.0000 
8.0722 
0.0000 
1.4086 

17.9079 
18.8856 

1.1696 
0.0165 
0.0014 
0.0029 
0.3751 
0.3782 
0.0000 
0.0023 
0.0030 
0.0833 
0.0004 
0.0049 
0.0019 
0.1031 
0.022 .. 
0.0073 
0.0018 
0.0027 
0.0011 
0.0000 
0.0000 
0.0000 
0.0000 
0.0343 
0.0000 
0.0000 
0.0536 
0.0033 
0.0001 
0.0025 
0.0012 
0.0019 

87.7541 

1.2671 U8 
0.1021 U2 
0.3140 1.48 
0 .1618 1.57 
0 .0532 U9 
0.8178 1.53 
1.6806 1.36 
1.9273 123 
2.53'45 1.50 
1.6276 0.65 

1 ... 6 
0 .1492 
0.60'41 0.18 
0.1971 
0.1333 1.40 
1.3285 1.22 
1.3987 1.35 
0 .1149 025 
0.0683 0.04 
0.0300 3.50 
0.0085 028 
0.0285 021 
0.0328 0.16 
0.0070 
0.0041 0.00 
0.0042 1.37 
0.0070 1.31 
0.0074 0.00 
0 .0088 0.65 
0 .0050 2.53 
0 .00&4 129 
0.0035 1.22 
0.0031 0.00 
0.0054 0.00 
0.0066 0.89 
0.0109 0.00 
0.0493 
0 .0579 
0 .0590 
0 .0651 
0.083" 1.01 
0 .0964 
0 .3291 
o.43n 0.00 
0 .0129 0.00 
0 .0102 37.00 
0.0095 1.12 
0.0125 7.67 
0.0103 0.37 
3 .7153 1.2.. 

https://3.1.4.11


Table 3.1.4.12. Element ratio• from ORI filter umples. 

Date 
Fuel 
Configll'alion 

14.Jul-92 
Rice Straw 

CRNF 

14-.Jul.92 
Rice Straw 

CRNF 

Size Fraction 
Teflon Flier ID 
Quartz Fi••r ID 

PM25 
ABTT018 

·ABTCl018 

PM10 
ABTT019 
ABTCl019 

PM2.5/PM10 

a.A:;I 
K+IK 
Solate S/TolaJ S 
C(org)JC 
CIIK 
C~A<+ 
C~,1\la+ 
S1( 

S,1\la+ 
Al/Si 

1.01 
0.62 
1.00 
0.27 
0.86 
1.38 

39.68 
0.08 
3.57 
0.00 

0.83 
0.55 
0.94 
0.29 
0.95 
1.42 

39.86 
0.07 
3.79 
0.00 

1.22 
1.13 
1.06 
0.93 
0.90 
0.97 
1.00 
1.04 
0.94 



Dale 14-Jul.92 

Fuel Ra Straw 
CRNF 

Size Fraction PM2.5 
T ellon Flier ID ABTT018 
Quartz Filer ID ABTQ018 
S1art Time 9:38 
Slop Time 10:08 
Start Time 
End Time 
ElapNd Time (minUes) 30 
PM (ff9'm"3 by total Iller) 
PM10 (by total llter,1mpactor) 
PM2.5 (by total lller~actor) 
PM emission lador (%) 
PM10 emission laelor (%) 
PM2.5 emission lacaor (%) 

:tUncertal~ 
Teflon urll)le voune (111"3) 0.30 0 .02 
Quartz sampkl Voll.me (111"3) 0.30 0 .01 
Teflon mass concentration (ffl!>'m"3) 1.580 O.OIM 
Teflon IMSSl'Total mass 0.246 

Emission!~Ill :tUncertai~ 
Cl-
N03-
504~ 
NH4+ 
Na+ 
K+ 
C(org) 
C(ohl) 
C(e) 
C(elt) 
C 
Al 
Si 
p 
s 
Cl 
K 
Ca 
Ti 
V 
Cr 
Mn 
Fe 
Co 
Ni 
Cu 
Zn 
Ga 
As 
Se 

Br 
Rb 
Sr 
y 
Zr 
Mo 
Pd 
Ag 
Cd 
In 
Sn 
Sb 
Ba 
La 
Au 
Hg 
Tl 
Pb 
u 
Sum of measured species 

Table 3.1.'-13. Emiaeion factor• (mg/kg) from ORI flltar aamplea. 

14-Jul-92 
Rice Straw 

CRNF 

PM10 
ABTT019 
ABTQ019 

Travel'98 1 
7 .140 
U190 
6 .420 
0.209 
0.205 
0 .188 

:Uncerta~ 
0.30 0 .02 
0.30 0.02 

2.3'17 0 .130 
0 .341 

Emission !mg,1cgl ±Uncel1am PM2.!WM10 
346.1827 25.9756 1.09 

8.1249 2.0931 1.0-4 
93.1579 6.4370 1.09 
40.4585 3.3169 1.16 
8 .6855 1 .0906 1.10 

244.0846 16.7649 1.13 
248.4506 34.4523 1.00 
216.8857 39.5097 0 .9 1 
809.1.-o4 51.9573 1.11 

61 .6653 33.3658 0 .48 
858.5910 0 .0000 1.08 

0.0000 3 .0586 
188.5725 12.38-41 0 .13 

0.0000 4.0-406 
32.9059 2.7327 1.03 

418.3417 27.2343 0.90 
441 .1814 28.6734 1.00 
V .3227 2.3555 0.18 

0.3855 .1.4002 0.03 
0.0327 0.6150 2.58 
o.osn 0 .1743 0.20 
8.7626 0 .5843 0 .15 
8.8350 0 .6724 0 .12 
0.0000 0 .1435 
0.0537 0 .0841 0.00 
0.0701 0.0861 1.01 
1.IM59 0.1435 0 .97 
0.0093 0.1517 0.00 
0 .1145 0 .1804 0 .48 
0.0444 0 .1025 1.86 
2.4085 0 .1722 0.95 
0.5233 0 .0718 0 .90 
0 .1705 0.0636 0 .00 
0 .0-420 0 .1107 0 .00 
0.0631 0 .1353 0 .66 
0.0257 0.2235 0 .00 
0.0000 1.0107 
0 .0000 1 .1870 
0.0000 1.2095 
0 .0000 1 .3346 
0.8013 1.7097 0 .74 
0 .0000 1.9762 
0.0000 6 .7466 
1.2521 8 .9729 0 .00 
o.on1 0.2645 0.00 
0 .0023 0.2091 27.29 
0 .0584 0 .1948 0.83 
0 .0280 0.2563 5 .66 
0 .0-4-4-4 0.2112 0.27 

2.050 70 0 .92 

376.7407 
8.4837 

101.8798 
46.8265 

9.5452 
274.7292 
248.5573 
197.4783 
675.3399 

29.7-45,C 
920972 

0.0000 
24.8220 

0.0000 
34.0381 

376.3798 
440.1064 

4.9579 
0.0121 
0.0844 
0.0138 
1.3338 
1.0185 
0.0000 
0.0000 
0.0707 
1.8870 
0.0000 
0.0551 
0 .0827 
2.2988 
0.4705 
0 .0000 
0 .0000 
0.0-414 
0.0000 
0 .0000 
0.2051 
0 .8961 
0.0000 
0.5945 
0.5997 
0.0000 
0.0000 
0 .0000 
0 .0638 
0.0483 
0.1585 
0.0121 

1,880 

36.8066 
2.9234 
9 .1913 
4.8918 
1.5322 

24.6186 
46.5469 
48.8518 
73.~27 
20.4337 

0.0000 
2.4872 
3.1058 
4.5947 
3 .4799 

32.1104 
37.4703 

5.6118 
1.9251 
0 .8441 
0.2256 
0.1711 
0 .4719 
0 .0996 
0 .1090 
0 .1166 
0 .1861 
0.2049 
0.2482 
0 .1372 
0 .2200 
0 .0940 
0.1222 
0.1466 
0.1824 
0.3008 
1.3348 
1.5472 
1.6469 
1.7954 
2.2654 
2.6038 
9 .1932 

12.0734 
0 .3497 
0.2839 
0.2632 
0.3516 
0.2801 

102 



Table 3.1.4.14. Element concentrations (ng/m"3} from CNL filter samples. 

Fuel: Rice 
Date: 14-Jul-92 
Time: 10:16 
Filter ID: AG-28b 

Element Concentration +Uncertaint~ 

H 
Na 
Mg 
Al 
Si 
p 
s 
Cl 
K 
Ca 
Ti 
V 
Cr 
Mn 
Fe 
Ni 
Cu 
Zn 
As 
Pb 
Se 
Br 
Rb 
Sr 
Zr 

ng/111"3 
34,070 

320,940 

1,263,110 
1,267,190 

43,230 
550 

770 
9,200 

13,160 
240 
360 

2,130 
380 

3,480 
1,020 

5,100 

16,800 

63,800 
63,800 
10,100 

300 

300 
700 
800 
100 
100 
200 
100 

300 
300 

https://3.1.4.14


Table 3.1.4.15. Element emission factors (mg/kg) from CNL filter samples. 

Fuel: 
Date: 
Time: 
Filter ID: 

Fuel rate (g/s) 
Stack gas flow rate (m"3/s) 
Stack Temperature (°C) 
Ambient Temperature (°C) 

Element 

H 
Na 
Mg 
Al 
Si 
p 

s 
Cl 
K 
Ca 
Ti 
V 
Cr 
Mn 
Fe 
Ni 
Cu 
Zn 
As 
Pb 
Se 
Br 
Rb 
Sr 
Zr 

Rice 
14-Jul-92 

10:16 
AG-28b 

Emission factor 

(mg/kg) 

10.4 

97.6 

384.1 
385.4 

13.1 
0.2 

0.2 
2.8 
4.0 
0.1 
0.1 
0.6 
0.1 

1., 
0.3 

11 .40 
3.74 

51 .40 
27.71 

±Uncertainty 
(mg/kg) 

1.6 

5.1 

19.4 
19.4 
3.1 
0.1 

0.1 
0.2 
0.2 
0.0 
0.0 
0.1 
0.0 

0.1 
0.1 

https://3.1.4.15


Table 3.1.4.16. Element concentrations (ng/m"3) from CNL filter samples. 

Fuel: 
Date: 
Time: 
Filter ID: 

Element 

Rice 
14-Jul-92 

10:52 
AG-29b 

Concentration ±Uncertain~ 

H 
Na 
Mg 
Al 
Si 
p 
s 
Cl 
K 
Ca 
Ti 
V 
Cr 
Mn 
Fe 
Ni 
Cu 
Zn 
As 
Pb 
Se 
Br 
Rb 
Sr 
Zr 

ng/m"3 
27,190 

5,580 

200,250 

38,440 
603,870 
640,620 
31,300 

6,880 
7,730 

240 

1,680 

2,290 
660 

3,500 

3,300 

10,500 

2,600 
30,600 
32,300 

5,600 

500 
500 
100 

100 

200 
200 

https://3.1.4.16


Table 3.1 .4.17. Element emission factors (mg/kg) from CNL filter samples. 

Fuel: 
Date: 
Time: 
Filter ID: 

Fuel rate (g/s) 
Stack gas flow rate (fTl'\3/s) 
Stack Temperature (°C) 
Ambient Temperature (°C) 

Element 

H 
Na 
Mg 
Al 
Si 
p 

s 
Cl 
K 
Ca 
Ti 
V 
Cr 
Mn 
Fe 
Ni 
Cu 
Zn 
As 
Pb 
Se 
Br 
Rb 
Sr 
Zr 

Rice 
14-Jul-92 

10:52 
AG-29b 

Emission factor 
(mg/kg) 

7.0 

1.4 

51 .5 

9.9 
155.2 
164.7 

8.0 

1.8 
2.0 
0.1 

0.4 

0.6 
0.2 

13.39 
3.75 

58.44 
31.20 

±Uncertainty 
(mg/kg) 

0.9 

0.8 

2.7 

0.7 
7.9 
8.3 
1.4 

0.1 
0.1 
0.0 

0.0 

0.1 
0.1 



Table 3.1.4.18. Relative element concentrations by stage from DRUM impactor. 

Stage 1: 10-15 µm 

14-Jul-92 Abundance Abundance 
Relative to Relative to 

Concentration ±Uncertainty Potassium Stage 1 
(relative) ( . ) ( . ) 

H 
Na 
Mg 
Al 
Si 39,277.95 2,027.23 8.9797 1 
s 365.22 65.85 0.0835 1 
Cl 1,038.00 102.92 0.2373 1 
K 4,374.08 288.62 1.0000 1 
Ca 4,130.02 314.46 0.9442 1 
Ti 233.51 60.77 0.0534 1 
V 
Cr 
Mn 633.23 54.31 0.1448 1 
Fe 4,523.14 256.77 1.0341 1 
Ni 
Cu 1,039.57 76.00 0.2377 1 
Zn 1,333.43 97.08 0.3048 1 
As 
Se 
Br 
Rb 
Sr 
Pb 86.42 26.15 0.0198 1 

https://1,333.43
https://1,039.57
https://4,523.14
https://4,130.02
https://4,374.08
https://1,038.00
https://2,027.23
https://39,277.95
https://3.1.4.18


Table 3.1.4.i9. Relative element concentrations by stage from DRUM impactor. 

Stage 2: 5-10 µm 

14-Jul-92 Abundance Abundance 
Relative to Relative to 

Concentration ±Uncertainty Potassium Stage 1 
(relative) ( - ) ( - ) 

H 
Na 
Mg 
Al 
Si 9,254.97 505.08 10.3257 0.2356 
s 391.49 72.15 0.4368 1.0719 
Cl 940.29 95.54 1.0491 0.9059 
K 896.31 93.23 1.0000 0.2049 
Ca 1,157.34 127.38 1.2912 0.2802 
Ti 
V 
Cr 
Mn 271.94 27.54 0.3034 0.4294 
Fe 2,291.12 139.69 2.5562 0.5065 
Ni 
Cu 
Zn 56.03 11.85 0.0625 0.0420 
As 
Se 
Br 
Rb 
Sr 
Pb 



Table 3.1.4.20. Relative element concentrations by stage from DRUM Impactor. 

Stage 3: 2.5 - 5 µm 

14-Jul-92 Abundance Abundance 
Relative to Relative to 

Concentration ±Uncertainty Potassium Stage 1 
(relative) ( - ) ( - ) 

H 
Na 
Mg 
Al 
Si 13,285.28 698.15 4.2298 0.3382 
s 
Cl 2,823.09 185.85 0.8988 2.7197 
K 3,140.86 203.38 1.0000 0.7181 
Ca 1,877.60 160.31 0.5978 0.4546 
Ti 
V 
Cr 
Mn 398.25 35.23 0.1268 0.6289 
Fe 1,397.83 92.00 0.4450 0.3090 
Ni 
Cu 
Zn 
As 
Se 
Br 23.43 7.54 0.0075 
Rb 
Sr 
Pb 



Table 3.1.4.21. Relative element concentrations by stage from DRUM impactor. 

Stage 4: 1.15- 2.5 µm 

14-Jul-92 Abundance Abundance 
Relative to Relative to 

Concentration ±Uncertainty Potassium Stage 1 
(relative) ( . ) ( . ) 

H 
Na 
Mg 
Al 
Si 1,297.37 92.92 0.3885 0.0330 
s 
Cl 2,780.29 181 .69 0.8326 2.6785 
K 3,339.12 210.92 1.0000 0.7634 
Ca 
Ti 39.46 22.15 0.0118 0.1690 
V n.35 21 .69 0.0232 
Cr 46.42 19.54 0.0139 
Mn 113.00· 28.00 0.0338 0.1784 
Fe 221 .86 35.38 0.0664 0.0491 
Ni 
Cu 
Zn 
As 
Se 
Br 
Rb 
Sr 
Pb 



Table 3.1.4.22. Relative element concentrations by stage from ORUM impactor. 

Stage 5: 0.56-1.15 µm 

14-Jul-92 Abundance Abundance 
Relative to Relative to 

Concentration ±Uncertainty Potassium Stage 1 
(relative) ( - ) ( . ) 

H 820.28 144.92 1.6859 
Na 
Mg 466.74 n.54 0.9593 
Al 
Si 190.75 41.85 0.3921 0.0049 
s 
Cl 566.98 91.54 1.1653 0.5462 
K 486.55 57.85 1.0000 0.1112 
Ca 
Ti 79.34 29.54 0;1631 0.3398 
V 
Cr 
Mn 
Fe 96.15 17.08 0.1976 0.0213 
Ni 
Cu 
Zn 
As 
Se 
Br 
Rb 
Sr 
Pb 



Table 3.1.4.23. Relative element concentrations by stage from DRUM impactor. 

Stage 6: 0.34 • 0.56 µm 

14-Jul-92 Abundance Abundance 
Relative to Relative to 

Concentration ±Uncertainty Potassium Stage 1 

H 
(relative) 
2,211.49 208.n 

( - ) 
0.2456 

( - ) 

Na 
Mg 
Al 
Si 489.20 58.15 0.0543 0.0125 
s 
Cl 7,002.94 398.92 o.n1s 6.7466 
K 9,006.22 495.38 1.0000 2 .0590 
Ca 
Ti 
V 
Cr 
Mn 
Fe 86.77 18.62 0.0096 0.0192 
Ni 
Cu 
Zn 
As 
Se 
Br 
Rb 
Sr 43.82 15.69 0.0049 
Pb 



Table 3.1.4.24. Relative element concentrations by stage from DRUM Impactor. 

Stage 7: 0.24 - 0.34 µm 

14-Jul-92 Abundance Abundance 
Relative to Relative to 

Concentration ±Uncertainty Potassium Stage 1 
(relative) ( - ) ( - ) 

H 
Na 
Mg 119.71 42.31 0.2992 
Al 
Si 109.46 30.92 0.2735 0.0028 
s 
Cl 258.68 35.08 0.6464 0.2492 
K 400.15 46.15 1.0000 0.0915 
Ca 
Ti 73.85 21 .38 0.1845 0.3162 
V 
Cr 
Mn 
Fe 
Ni 
Cu 
Zn 21.71 6.00 0.0542 0.0163 
As 
Se 
Br 
Rb 
Sr 22.80 9.85 0.0570 
Pb 



Table 3.1.4.25. Relative element concentrations by stage from DRUM impactor. 

Stage 8: < 0.24 µm 

14-Jul-92 Abundance Abundance 
Relative to Relative to 

Concentration ±Uncertainty Potassium Stage 1 
(relative) (.) ( . ) 

H 2,313.55 355.23 0.2541 
Na 
Mg 
Al 
Si 280.92 49.38 0.0309 0.0072 
s 
Cl 5,451.09 311 .23 0.5987 5.2515 
K 9,104.72 497.69 1.0000 2.0815 
Ca 
Ti 88.65 37.54 0.0097 0.3796 
V 
Cr 
Mn 36.20 16.46 0.0040 0.0572 
Fe 137.35 22.15 0.0151 0.0304 
Ni 
Cu 160.62 19.85 0.0176 0.1545 
Zn 185.37 23.08 0.0204 0.1390 
As 
Se 
Br 51 .51 12.31 0.0057 
Rb 
Sr 
Pb 



Table 3.1.4.26 
VOC Concentrations (ppbv) 

Date 
Fuel 
Traverse 

14-Jul-92 
Rice Straw 
Traverse 1 

14-Jul-92 
Rice Straw 
Traverse 2 

14-Jul-92 
Rice Straw 
Traverse 3 

Acetic acid 
Propanone (acetone) 
Methyl ester acetic acid (methylacetate) 
Butane 19.8 16.7 
Dimethyloxirane 
Pentene 
Methylbutanone (isopropylmethyl ketone) 
Furancarboxaldehyde (furfural) 
Benzene 20.5 29.9 30.7 
Dimethylbutane 
Hexane 
Phenol 
Dimethylfuran 
2-methyl 2-cyclopenten-1-one 
2-chloro phenol 
Toluene 4 .9 9.4 11 .6 
Benzonitrile 
Benzaldehyde 1.1 2.2 3.7 
Methylphenol (hydroxy toluene) 
Styrene 1.5 3 2 
Xylene 0.5 1.3 2 
Trimethylpentane 
Benzofuran 
Methoxymethylphenol (creosol) 
Naphthalene 0.7 2.4 2.2 
C10H12 . 

Alpha-pinene 
Camphene 
.a3-Carene 
Limonene 
No match r.t. (6. 7) 
No match r.t. ( 8.51 ) 
No match r.t. (8.71) 
No match r.t. (8.73) 13.8 7.6 12 
No match r.t.(6.4) 
No match r.t.(8.5) 



Table 3.1.4.27 
VOC Emission Factors (mg/kg) 

Date 
Fuel 
Traverse 
Fuel Consu"l)tion Rate (!;VS d.b) 
Stack Gas Mass Flow Rate (k!;VS) 

Acetic acid 
Propanone (acetone) 
Methyl ester acetic acid (methylacetate) 
Butane 
Dimethyloxirane 
Pentene 
Methylbutanone (isopropylmethyl ketone) 
Furancarboxaldehyde (furfural) 
Benzene 
Dimethylbutane 
Hexane 
Phenol 
Dimethytturan 
2-methyl 2-cyclopenten-1 -one 
2-chloro phenol 
Toluene 
Benzonitrile 
Benzaldehyde 
Methylphenol (hydroxy toluene) 
Styrene 
Xylene 
Tri methylpentane 
Benzofuran 
Methoxymethylphenol (crepsol) 
Naphthalene 
Unknown 
Alpha-pinene 
Ca"l)hene 
63-Carene 
limonene 

14-Jul-92 14-Jul-92 14-Jul-92 
Rice Straw Rice Straw Rice Straw 
Traverse 1 · Traverse 2 Traverse 3 

11.40 13.39 13.69 
4.07 4.00 3.88 

12 9 

20 24 23 

6 9 10 

2 4 

2 3 2, , 2 

3 3 

https://3.1.4.27


Table 3.1.4.28. PAH emi..ion factors, rice •!raw, 14 July 1992 (zero lndlcat• not detectad). 

Traverse 1 Travel'98 2 Traverse 1 Tmvel'98 2 lmpinger Total Total Total 
Filter Filter Trap/Tubing Sorbent Sorbent Rinsate Traverse 1 Traverse 2 Average 

µg,1(gd,yfuel 

Naphthalene 31.5 22.3 18.7 7,816.6 13,989.2 0.0 7,868.8 14,030.3 10,948.6 
2-Melhyl-naphlhalene 12.4 7.1 0.0 494.8 429.9 0.0 507.1 437.0 472.1 
Acenaphthylene 5.1 3.1 0.0 783.7 853.8 0.0 788.8 856.9 822.8 
Acenaphlhene 2.5 3.9 0.0 72.7 44.4 0.0 75.3 48.2 61 .7 
Fluorene 0.0 1.9 0.0 228.3 286.6 0.0 228.3 288.5 258.4 
Phenanlhrene 20.6 18.9 26.3 n8.o 923.2 24.1 848.9 992.5 920.7 
Anthracene 2.8 2.4 13.8 120.1 156.7 0.0 136.6 172.9 154.8 
Fluoranlhene 18.1 74.5 0.0 266.8 351.0 0.0 285.0 425.8 355.3 
Pyrene 20.1 76.8 22.5 205.3 274.9 0.0 247.9 374.2 311.1 
Benz(a)-anlhntcene 57.2 47.9 0.0 12.5 14.0 0.0 69.8 62.0 65.9 
Chrysene 61.3 63.9 0.0 13.4 15.4 0.0 74.7 79.3 n .o 
Benzo(b)-fluoranlhene 120.5 126.5 0.0 5.6 2.4 0.0 126.1 128.9 127.5 
Benzo(k)-fluoranthene 29.7 29.7 0.0 0 .0 0.0 0.0 29.7 29.7 29.7 
Benzo(a)pyrene 30.5 38.1 0.0 2.7 2.5 0.0 33.2 40.6 36.9 
Benzo(e)pyrene 47.3 51 .5 0.0 6.0 4.6 0.0 53.3 56.0 54.6 

Perylene 9 .7 12.8 0.0 0.0 4.1 0.0 9.7 16.9 13.3 

Benzo(ghi)-perylene 32.3 52.4 0.0 o.o 0.0 0.0 32.3 52.4 42.4 
lndeno[1,2,3~d)-pyrene 38.6 43.8 0.0 0.0 0.0 0.0 38.8 43.8 41 .2 

Oibenz(a,h)-anlhracene 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Total 540.3 677.5 81.3 10,806.5 17,352.7 24.1 11,452.1 18,135.6 14,793.9 



Figure 3.1.4.1. Ambient air conditions, 14 July 92. 

Fuel Type: Rice Straw Test Date 14-Jul-92 

Configuration: CRNF 
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Figure 3.1.4.2. Air temperature and relative humidity from CIMIS station. 
Fuel: Rice Straw Date of Test: 14-Jul-92 
Configuration: CRNF 

Hourly Average CIMIS Data for Davis, California 
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Figure 3.1.4.3. Wind spffd from CIMIS station. 
Fuel: Rice Straw Date of Test: 14-Jul-92 
Configuration: CRNF 

Hourly Average CIMIS Data for Davis, California 
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Figure 3.1.4.4. Wind direction and solar radiation from CIMIS station. 
Fuel: Rice Straw Date of Test: 14-Jul-92 
Configuration: CRNF 

Hourly Average CIMIS Data for Davis, California 

--0- Wind Direction (0 from N) ~ Solar Radiation (W/sq. m) 
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Figure 3.1.4.5. Inlet air, stack gas, and implnger outlet temperatures, 14 July 92. 

Fuel Type: Rice Straw Test Date 14-Jul-92 

Configuration: CRNF 

- - - - - Inlet Air ----Stack lmpinger Outlet 
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Figure 3.1.4.6. Conveyor speed and stack gas velocity, 14 July 92. 

Fuel Type: Rice Straw Test Date 14-Jul-92 

Configuration: CRNF 

Conveyor Speed (m/min) - - - - - - Stack Velocity (mis) 
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Figure 3.1.4.7. Conveyor travel with 10 min moving average, 14 July 92. 

Fuel Type: Rice Straw Test Date 14-Jul-92 

Configuration: CRNF 

Conveyor Speed (m/min) D Conveyor Speed-1 O pt. rolling 
average 
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Figure 3. 1 .4.8. Conveyor travel, 14 July 92. 

Fuel Type: Rice Straw Test Date 14-Jul-92 

Configuration: CRNF 
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Figura 3.1.4.9. CO concentration In stack gas, 14 July 92. 

Fuel Type: Rice Straw Test Date 14-Jul-92 

Configuration: CANF 
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Figure 3.1.4.10. NO and NOx concentrations In stack gas, 14 July 92. 

Fuel Type: Rice Straw Test Date 14-Jul-92 

Configuration: CRNF 
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Figure 3.1.4.11. S02 concentrations In stack gas, 14 July 92. 

Fuel Type: Rice Straw Test Date 14-Jul-92 
Configuration: CRNF 
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Figure 3.1.4.12. Total sulfur concentration In stack gas, 14 July 92. 

Fuel Type: Rice Straw Test Date 14-Jul-92 

Configuration: CRNF 
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Figure 3.1.4.13. Particle size distribution, traverse 1, 14 July 92 

Fuel: Rice Straw 
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Figure 3.1.4.14. Particle size distribution, traverse 2, 14 July 92 

Fuel: Rice Straw Date of Test: 14-Jul-92 

Configuration: CRNF 

Particle Size Distribution 
Traverse 2: 

Stage ECO (µm) Weight (mg) Cum. Wt (mg) Cum. Fraction 

1 13.85 0.3 6.2 1.000 

2 7.76 0.3 5.9 · 0.952 

3 4.14 0.2 5.6 0.903 

4 2.19 0.3 5.4 0.871 

5 1.26 0.3 5.1 0.823 

6 0.74 0.3 4.8 0.774 

7 . 0.39 0.4 4.5 0.726 
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Figure 3.1.4.1S. Nitrogen balance. 
Date of Test: 14-Jul-92 
Fuel Rice Straw 

Nitrogen 

ND 

PM NOx 
0% 12% 



Figure 3.1.4.16. SUifur balance. 
Date of Test: .14-Jul-92 
Fuel Rice Straw 

Sulfur 
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38% 

PM 

Ash 
19% 
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Figure 3.1.4.17. Relative abundance of major elements 
from DRUM Impactor, Rice Straw, 14 July 92, (CRNF). 
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Table 3.1.5.1. Operating conditions and fire spreading rate, 25 August 92. 
Fuel: Rice Straw Date ofTest: 25-Aug-92 

Configuration: CEWF 

Type 1 Type2 TyPe 1 
Fuel Loading Rate (g/sq.m w.b.): 680 680 680 
Total Fuel Consumption (kg w.b.) 38.1 36.7 39.5 
Fuel Moisture (% w.b.) 8.0 8.4 7.3 

Mean Values 
Air Temperature (0 C) 21.60 25.03 28.50 
Air Relative Humidity(%) 53.69 43.07 31.55 
Inlet Air Temperature (OC) 24.78 28.33 31.96 
Stack Temperature (°C) 32.12 40.72 43.24 

Fire Spreading Rate (m'min) 0.46 0.63 0.59 
Stack Gas Velocity (mis) 2.93 3.07 3.09 



Figure 3.1.5.1. Ambient air conditions, 25 August 92. 

Fuel Type: Rice Straw Test Date 25-Aug-92 

Configuration: CEWF 
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Figure 3.1.5.2. Air temperature and relative humidity from CIMIS station. 
Fuel: Rice Straw Date of Test: 25-Aug-92 

Configuration: CEWF 
Hourly Average CIMIS Data for Davis, California 
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Figure 3.1.5.3. Wind speed from CIMIS station. 
Fuel: Rice Straw Date of Test: 25-Aug-92 

Configuration: CEWF 
Hourly Average CIMIS Data for Davis, California 
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	Table3.1,1.1 
	Table3.1,1.1 
	Table3.1,1.1 

	Fuel and Ash Analyses 
	Fuel and Ash Analyses 

	Run Date Fuel Type Sample Type 
	Run Date Fuel Type Sample Type 
	30•Apr•92 Rice Straw Fuel . 
	30-Apr-92 Rice Straw Ash 

	Uhimate Analysis (o/o dry weight) C H N 
	Uhimate Analysis (o/o dry weight) C H N 
	7.36 0.70 0.15 

	Elemental Analysis (o/o by weight dry basis) N p K Ca Mg Na Cl (mg/kg dry weight) s B Zn Mn Fe Cu Si 
	Elemental Analysis (o/o by weight dry basis) N p K Ca Mg Na Cl (mg/kg dry weight) s B Zn Mn Fe Cu Si 
	0.30 0.19 3.49 1.17 0.60 0.39 0.37 620 17 82 2,700 1,290 16 

	Total (% dry weight) 
	Total (% dry weight) 
	15.04 

	Proximate Ana~sis 
	Proximate Ana~sis 


	(% dry weight) Ash Volatiles Fixed Carbon 
	(% dry weight) Ash Volatiles Fixed Carbon 
	(% dry weight) Ash Volatiles Fixed Carbon 
	17.23 69.85 12.91 
	86.56 9.24 4.20 

	Higher Heating Value 
	Higher Heating Value 


	(MJ/kg dry weight) 15.5065 3.6690 
	Table 3.1.1.2. Operating conditions and concentrations, rice straw, 30 April 92. Fuel: Rice Straw Date of Test: Configuration: Fuel Loading Rate (g/sq.m w.b.): 680 Total Fuel Consumption {kg w.b.) 133.4 Total Ash Recovered (kg w.b.) 27.6 Ash Fraction (w.b.) 0.21 
	Table 3.1.1.2. Operating conditions and concentrations, rice straw, 30 April 92. Fuel: Rice Straw Date of Test: Configuration: Fuel Loading Rate (g/sq.m w.b.): 680 Total Fuel Consumption {kg w.b.) 133.4 Total Ash Recovered (kg w.b.) 27.6 Ash Fraction (w.b.) 0.21 
	Table 3.1.1.2. Operating conditions and concentrations, rice straw, 30 April 92. Fuel: Rice Straw Date of Test: Configuration: Fuel Loading Rate (g/sq.m w.b.): 680 Total Fuel Consumption {kg w.b.) 133.4 Total Ash Recovered (kg w.b.) 27.6 Ash Fraction (w.b.) 0.21 
	30-Apr-92 CRNF 

	Traverse 1 
	Traverse 1 
	Traverse 2 
	Traverse 3 


	Mean Values 
	Air Temperature (°C) Air Relative Humidity (%) Inlet Air Temperature (°C) Stack Temperature (°C) lmpinger Outlet Temperature (°C) 
	Fire Spreading Rate (m/min) Stack Gas Velocity (mis) 
	CO (ppmv) NO (ppmv) NOx (ppmv) SO2 (ppmv) HC (ppmv as CH4 by GC) CH4 (ppmv by GC) NMHC (ppmv as CH4 by GC) CO2 (ppmv by GC) Total S (ppmv as SO2) 
	Gas and PM Concentrations {less backaroungl 

	PM (mg/cu.m) PM10 (mg/cu.m) PM2.5 (mg/cu.m) 
	35.72 21.99 30.35 53.15 20.86 
	35.72 21.99 30.35 53.15 20.86 
	0.66 1.94 
	129.55 
	4.64 
	5.61 1.24 5.16 3.68 1.48 2,022 1.83 
	11 .50 10.81 9.20 
	37.48 15.90 31.50 
	56.89 
	2122 
	0.72 1.85 
	58.57 5.14 5.92 1.27 3.82 2.99 0.83 
	1,893 1.78 
	13.27 12.87 11 .61 

	36.03 18.77 29.82 58.26 22.14 
	0.67 1.81 
	67.99 5.44 6.26 1.32 5.48 2.83 2.65 
	2,180 1.93 
	Table 3.1.1.3. Mass balance, rice straw, 30 April 92. 
	Table 3.1.1.3. Mass balance, rice straw, 30 April 92. 
	Table 3.1.1.3. Mass balance, rice straw, 30 April 92. 

	Fuel: 
	Fuel: 
	Rice Straw 
	Date of Test: 
	30-Apr-92 

	TR
	Configuration: 
	CRNF 

	Mass Balance 
	Mass Balance 


	Traverse 1 Traverse 2 Traverse 3 
	Total Conveyor Travel (m) 31.61 34.42 32.15 Fuel Moisture Content (% w.b.) 10.1 10.8 8.4 Fuel Loading Rate (g/sq.m d.b.) 611 607 623 Total Fuel Consumption (g w.b.) 26,203 28,532 26,650 Total Fuel Consumption (g d.b.) 23,556 25,451 24,412 Residual Ash (g w.b.) 5,433 5,916 5,526 Fuel Vaporized (g w.b.) 20,no 22,617 21,125 Fuel Consumption Rate (g/s w.b.) 9.10 9.91 9.25 Fuel Consumption Rate (g/s d.b.) 8.18 8.84 8.48 Ash Generation Rate (g/s w.b.) 1.89 2.05 1.92 Fuel Vaporization Rate (g/s w.b.) 7.21 7.85 7.3
	Stack Gas Density (kg/cu.m) 1.0832 1.0709 1.0664 Stack Gas Flow Rate (cu.mis) 2.89 2.75 2.69 Stack Gas Mass Flow Rate (kg/s) 3.13 2.94 2.87 Inlet Air Mass Flow Rate (kg/s) 3.12 2.93 2.86 Overall Air-Fuel Ratio (w.b.) 342.85 295.93 309.56 Overall Air-Fuel Ratio (d.b.) 381 .36 331 .75 337.95 
	Table 3.1.1.4. Emission factors, rice straw, 30 April 92 (Integrated basis) 
	Table 3.1.1.4. Emission factors, rice straw, 30 April 92 (Integrated basis) 
	Table 3.1.1.4. Emission factors, rice straw, 30 April 92 (Integrated basis) 

	Fuel: 
	Fuel: 
	Rice Straw 
	Date of Test: 
	30-Apr-92 

	TR
	Configuration: 
	CRNF 

	Emission Factors (% fuel d!}'. weight} 
	Emission Factors (% fuel d!}'. weight} 

	Integrated Basis 
	Integrated Basis 

	Traverse 1 
	Traverse 1 
	Traverse 2 
	Traverse 3 
	Avera~ 


	co 
	co 
	NO NOx (as NO2) SO2 HC (as CH4 by GC) CH4 (byGC) NMHC (as CH4 by GC) CO2 (by GC) Total S (as SO2) SO2/Total S 
	PM PM10 PM2.5 
	MMAD (µm) 
	CJ 

	4.767 0.184 
	0.341 0.099 
	0.109 0.078 0.031 117.239 0.153 
	0.64 
	0.64 

	0.366 0.344 0.293 
	0.127 8.579 
	0.127 8.579 

	1.878 0.176 
	0.311 
	0.093 
	0.070 
	0.055 
	0.015 95.540 
	0.129 
	0.72 
	0.368 0.357 0.322 
	0.083 4.985 
	2.233 0.191 0.336 0.099 0.102 0.053 0.049 112.065 0.144 0.68 
	2.959 0.184 0.330 0.097 
	0.094 
	0.062 0.032 108.281 0.142 0.68 
	0.367 0.350 0.307 
	0.105 
	Table 3.1.1 .5. Emission factors, rice straw, 30 April 92 (average basts). 
	Table 3.1.1 .5. Emission factors, rice straw, 30 April 92 (average basts). 
	Table 3.1.1 .5. Emission factors, rice straw, 30 April 92 (average basts). 

	Fuel: 
	Fuel: 
	Rice Straw 
	Date of Test: 
	30-Apr-92 

	TR
	Configuration: 
	CRNF 

	Emission Factors {% fuel d!}'. weight} 
	Emission Factors {% fuel d!}'. weight} 

	Average Basis 
	Average Basis 

	TR
	Traverse 1 
	Traverse 2 
	traverse 3 
	Average 

	co 
	co 
	4.781 
	1.881 
	2.224 
	2.962 

	NO 
	NO 
	0.183 
	0.177 
	0.191 
	0.184 

	NOx (as NO2) 
	NOx (as NO2) 
	0.340 
	0.313 
	0.336 
	0.330 

	SO2 
	SO2 
	0.105 
	0.093 
	0.098 
	0.099 

	HC (as CH4 by GC) 
	HC (as CH4 by GC) 
	0.109. 
	0.070 
	0.102 
	0.094 

	CH4 (byGC) 
	CH4 (byGC) 
	0.078 
	0.055 
	0.053 
	0.062 

	NMHC (as CH4 by GC) 
	NMHC (as CH4 by GC) 
	0.031 
	0.015 
	0.049 
	0.032 

	CO2 (byGC) 
	CO2 (byGC) 
	117.239 
	95.540 
	112.065 
	108.281 

	Total S (as SO2) 
	Total S (as SO2) 
	0.154 
	0.131 
	0.145 
	0.143 

	SO2/Total S 
	SO2/Total S 
	0.68 
	0.71 
	0.68 
	0.69 

	PM 
	PM 
	0.366 
	0.368 
	0.367 

	PM10 
	PM10 
	0.344 
	0.357 
	0.350 

	PM2.5 
	PM2.5 
	0.293 
	0.322 
	0.307 

	MMAD (µm) 
	MMAD (µm) 
	0.127 
	0.083 
	0.105 

	a 
	a 
	8.579 
	4.985 


	Table 3.1.1.6, Carbon balance. 
	Date of Test: 30-Apr-92 30-Apr-92 30-Apr-92 Fuel Rice Straw Rice Straw Rice Straw Traverse 1 Traverse 2 Traverse 3 
	Carbon Balance 
	Dry Fuel Consumption Rate (g/s) 
	Dry Fuel Consumption Rate (g/s) 
	Dry Fuel Consumption Rate (g/s) 
	8.18 
	8.84 
	8.48 

	Ash Generation Rate (g/s) 
	Ash Generation Rate (g/s) 
	1.89 
	2.05 
	1.92 

	Ash Fraction (% dry basis) 
	Ash Fraction (% dry basis) 
	23.11 
	23.19 
	22.64 

	Fuel Carbon Concentration• (%) 
	Fuel Carbon Concentration• (%) 
	37.96 
	37.96 
	37.96 

	Residual Ash Carbon Concentration (%) 
	Residual Ash Carbon Concentration (%) 
	7.36 
	7.36 
	7.36 

	Carbon released to stack (g/s) 
	Carbon released to stack (g/s) 
	2.97 
	3.20 
	3.08 

	Maximum CO2 emission factor (%) 
	Maximum CO2 emission factor (%) 
	132.95 
	132.93 
	133.08 

	Stack Gas Density (kg/cubic meter) 
	Stack Gas Density (kg/cubic meter) 
	1.08 
	1.07 
	1.07 

	Average CO2 concentration (ppmv) 
	Average CO2 concentration (ppmv) 
	2,022 
	1,893 
	2,180 

	Average CO concentration (ppmv) 
	Average CO concentration (ppmv) 
	129.55 
	58.57 
	67.99 

	Average THC concentration (ppmv as CH4) 
	Average THC concentration (ppmv as CH4) 
	5.16 
	3.82 
	5.48 

	PM Concentration•• (mg/cubic meter) 
	PM Concentration•• (mg/cubic meter) 
	11.50 
	13.27 
	12.39 

	PM Carbon Concentrationt (%) 
	PM Carbon Concentrationt (%) 
	39.44 
	39.44 
	39.44 

	PM Carbon (mg/cubic meter) 
	PM Carbon (mg/cubic meter) 
	4.54 
	5.23 
	4.88 

	Stack Gas T e"l)8rature (°C) 
	Stack Gas T e"l)8rature (°C) 
	53.15 
	56.89 
	58.26 

	lmpinger Temperature (°C) 
	lmpinger Temperature (°C) 
	20.86 
	21.22 
	22.14 

	PM molar concentration (ppm) 
	PM molar concentration (ppm) 
	9.12 
	10.53 
	9.86 

	Estimated Average Stack Gas Velocity (nvs) 
	Estimated Average Stack Gas Velocity (nvs) 
	2.06 
	2.48 
	2.07 

	Emission Factors (% Average Basis): 
	Emission Factors (% Average Basis): 

	CO2 
	CO2 
	117.239 
	95.54 
	112.065 

	co 
	co 
	4.781 
	2.224 
	2.224 

	HC (as CH4) 
	HC (as CH4) 
	0.109 
	0.07 
	0.102 

	PM.. 
	PM.. 
	0.366 
	0.368 
	0.367 

	Emission Factors (% Integrated Basis): 
	Emission Factors (% Integrated Basis): 

	CO2 
	CO2 
	117239 
	95.54 
	112.065 

	co 
	co 
	4.767 
	1.878 
	2.233 

	HC (as CH4) 
	HC (as CH4) 
	0.109 
	0.07 
	0.102 

	PM*• 
	PM*• 
	0.366 
	0.368 
	0.367 

	Closure (% Average Basis) 
	Closure (% Average Basis) 
	94 
	75 
	87 

	Closure {% lntearated Basis) 
	Closure {% lntearated Basis) 
	94 
	74 
	87 

	•Fuel analysis from run of 9 June 92 
	•Fuel analysis from run of 9 June 92 

	..Average of Traverses 1 and 2 used for Traverse 3. 
	..Average of Traverses 1 and 2 used for Traverse 3. 

	tNo analysis for run of 30 April 92. Average concentration from run of 9 June 92. 
	tNo analysis for run of 30 April 92. Average concentration from run of 9 June 92. 


	Table 3.1.1.7. Nitrogen balance 
	Table 3.1.1.7. Nitrogen balance 
	Table 3.1.1.7. Nitrogen balance 

	Date ofTest: 
	Date ofTest: 
	30-Apr-92 
	30-Apr-92 
	30-Apr-92 

	Fuel 
	Fuel 
	Rice Straw 
	Rice Straw 
	Rice Straw 

	TR
	Traverse 1 
	Traverse 2 
	Traverse 3 

	Nitrogen Balance 
	Nitrogen Balance 

	Fuel Nitrogen Concentration• (% dry weight) 
	Fuel Nitrogen Concentration• (% dry weight) 
	0.60 
	0.60 
	0.60 

	Ash Nitrogen Concentration (% weight) 
	Ash Nitrogen Concentration (% weight) 
	0.30 
	0.30 
	0.30 

	Emission Factors (o/o Average Basis): 
	Emission Factors (o/o Average Basis): 

	NOx (as NO2) 
	NOx (as NO2) 
	0.340 
	0.313 
	0.336 

	PM 
	PM 
	0.366 
	0.368 
	0.367 

	Emission Factors (% Integrated Basis): 
	Emission Factors (% Integrated Basis): 

	NOx (as NO2) 
	NOx (as NO2) 
	0.341 
	0.311 
	0.336 

	NO3· Concentration of PMt (o/o weight) 
	NO3· Concentration of PMt (o/o weight) 
	0.149 
	0.149 
	0.149 

	NH4+ Concentration of PMt ("lo weight) 
	NH4+ Concentration of PMt ("lo weight) 
	1.429 
	1.429 
	1.429 

	Nitrogen Concentration of PM (%) 
	Nitrogen Concentration of PM (%) 
	1.145 
	1.145 
	1.145 

	Fuel Nitrogen (mg/s) 
	Fuel Nitrogen (mg/s) 
	49.08 
	53.04 
	50.88 

	Ash Nitrogen (mg/s) 
	Ash Nitrogen (mg/s) 
	5.67 
	·6.15 
	5.76 

	Nitrogen as NOx (mg/s Average Basis) 
	Nitrogen as NOx (mg/s Average Basis) 
	8.46 
	8.42 
	8.67 

	Nitrogen as NOx (mg/s Integrated Basis) 
	Nitrogen as NOx (mg/s Integrated Basis) 
	8.49 
	8.37 
	8.67 

	Nitrogen as PM (mg/s Average Basis) 
	Nitrogen as PM (mg/s Average Basis) 
	0.34 
	0.37 
	0.36 

	Nitrogen .as NOx+PM (mg/s Average Basis) 
	Nitrogen .as NOx+PM (mg/s Average Basis) 
	8.81 
	8.79 
	9.03 

	Nitrogen as NOx+PM (mg/s Integrated Basis) 
	Nitrogen as NOx+PM (mg/s Integrated Basis) 
	8.83 
	8.74 
	9.03 

	NOx+PM Nitrogen/Fuel Nitrogen (Average) 
	NOx+PM Nitrogen/Fuel Nitrogen (Average) 
	0.179 
	0.166 
	0.1n 

	NOx+PM Nitrogen/Fuel Nitrogen (Integrated) 
	NOx+PM Nitrogen/Fuel Nitrogen (Integrated) 
	0.180 
	0.165 
	0.1n 

	Ash Nitrogen/Fuel Nitrogen 
	Ash Nitrogen/Fuel Nitrogen 
	0.116 
	0.116 
	0.113 

	Ash+NOx+PM Nitrogen/Fuel Nitrogen (Average) 
	Ash+NOx+PM Nitrogen/Fuel Nitrogen (Average) 
	0.295 
	0.282 
	0.291 

	Ash+NOx+PM Nitrogen/Fuel Nitrogen {lntegratedl 
	Ash+NOx+PM Nitrogen/Fuel Nitrogen {lntegratedl 
	0.295 
	0.281 
	0.291 

	•Fuel analysis from run of 9 June 92 
	•Fuel analysis from run of 9 June 92 

	tNo analysis for run of 30 April 92. Average concentration from run of 9 June 92. 
	tNo analysis for run of 30 April 92. Average concentration from run of 9 June 92. 


	Table 3.1 .1.8. Sulfur balance. 
	Table 3.1 .1.8. Sulfur balance. 
	Table 3.1 .1.8. Sulfur balance. 

	Date ofTest: 
	Date ofTest: 
	30-Apr-92 
	30-Apr-92 
	30-Apr-92 

	Fuel 
	Fuel 
	Rice Straw 
	Rice Straw 
	Rice Straw 

	TR
	Traverse 1 
	Traverse 2 
	Traverse 3 

	Sulfur Balance 
	Sulfur Balance 

	Fuel SuHur Concentration* (m~g dry weight) 
	Fuel SuHur Concentration* (m~g dry weight) 
	668 
	668 
	668 

	Ash SuHur Concentratio.n (mg/kg weight) 
	Ash SuHur Concentratio.n (mg/kg weight) 
	620 
	620 
	620 

	Emission Factors (o/o Average Basis) 
	Emission Factors (o/o Average Basis) 

	SO2 
	SO2 
	0.105 
	0.093 
	0.098 

	PM 
	PM 
	0.366 
	0.368 
	0.367 

	Emission Factors (o/o Integrated Basis) 
	Emission Factors (o/o Integrated Basis) 

	S02 
	S02 
	0.099 
	0.093 
	0.099 

	SuHur Concentration of PMt (o/o weight) 
	SuHur Concentration of PMt (o/o weight) 
	1.016 
	1.016 
	1.016 

	Fuel Sulfur (mg/s) 
	Fuel Sulfur (mg/s) 
	5.46 
	5.91 
	5.66 

	Ash Sulfur (mg/s) 
	Ash Sulfur (mg/s) 
	1.17 
	1.27 
	1.19 

	SuHur as S02 (mg/s Average Basis) 
	SuHur as S02 (mg/s Average Basis) 
	4.29 
	4.11 
	4.16 

	SuHur as SO2 (mws Integrated Basis) 
	SuHur as SO2 (mws Integrated Basis) 
	4.05 
	4.11 
	4.20 

	Sulfur as PM (f'l'l!YS Average Basis) 
	Sulfur as PM (f'l'l!YS Average Basis) 
	0.30 
	0.33 
	0.32 

	Sulfur as SO2+PM {mg/s Average Basis) 
	Sulfur as SO2+PM {mg/s Average Basis) 
	4.60 
	4.44 
	4.47 

	Sulfur as SO2+PM (mg/s Integrated Basis) 
	Sulfur as SO2+PM (mg/s Integrated Basis) 
	4.35 
	4.44 
	4.51 

	S02+PM Sulfur/Fuel Sulfur (Average Basis) 
	S02+PM Sulfur/Fuel Sulfur (Average Basis) 
	0.842 
	0.752 
	0.789 

	SO2+PM Sulfur/Fuel Sulfur (Integrated Basis) 
	SO2+PM Sulfur/Fuel Sulfur (Integrated Basis) 
	0.797 
	0.752 
	0.797 

	Ash SuHur/Fuel Sulfur 
	Ash SuHur/Fuel Sulfur 
	0.214 
	0.215 
	0.210 

	Closure(% Average Basis) 
	Closure(% Average Basis) 
	106 
	97 
	100 

	Closure{% Integrated Basisl 
	Closure{% Integrated Basisl 
	101 
	97 
	101 


	*Fuel analysis from run of 9 June 92 tNo analysis for run of 30 April 92. Average concentration from run of 9 June 92. 
	Table 3.1.1.9. Water balance. 
	Table 3.1.1.9. Water balance. 
	Table 3.1.1.9. Water balance. 

	Estimated Stack Humiditl 
	Estimated Stack Humiditl 

	Fuel Configuration DateofTest 
	Fuel Configuration DateofTest 
	Rice Straw CRNF 30-Apr-92 

	TR
	Traverse 1 
	Traverse 2 
	Traverse 3 


	Ambient Air Temperature °C) 
	Ambient Air Temperature °C) 
	Ambient Air Temperature °C) 
	36 
	37 
	36 

	Ambient Air Relative Humidity(%) 
	Ambient Air Relative Humidity(%) 
	22 
	16 
	19 

	Air Temperature (K) 
	Air Temperature (K) 
	309 
	311 
	309 

	Saturation Pressure (Pa) 
	Saturation Pressure (Pa) 
	5,856 
	6,447 
	5,956 

	Vapor Pressure (Pa) 
	Vapor Pressure (Pa) 
	1,288 
	1,025 
	1,118 

	Air Dew Point Temperature (°C) 
	Air Dew Point Temperature (°C) 
	10.7 
	7.4 
	8.6 

	Ambient Volume Fraction Water Vapor 
	Ambient Volume Fraction Water Vapor 
	0.0127 
	0.0101 
	0.0110 

	Ambient Mass Fraction Water Vapor 
	Ambient Mass Fraction Water Vapor 
	0.0079 
	0.0063 
	0.0068 

	Fuel Burning Rate {g/s wet basis) 
	Fuel Burning Rate {g/s wet basis) 
	9.10 
	9.91 
	9.25 

	Fuel Moisture Content (%) 
	Fuel Moisture Content (%) 
	10.1 
	10.8 
	8.4 

	Ash Fraction (wet basis) 
	Ash Fraction (wet basis) 
	0.21 
	0.21 
	0.21 

	Fuel Hydrogen Content (%) 
	Fuel Hydrogen Content (%) 
	5.65 
	5.65 
	5.65 

	Ash Hydrogen Content (%) 
	Ash Hydrogen Content (%) 
	0.70 
	0.70 
	0.70 

	Moisture Evaporated (g/s) 
	Moisture Evaporated (g/s) 
	0.92 
	1.07 
	0.78 

	Water of Combustion (g/s) 
	Water of Combustion (g/s) 
	4.04 
	4.36 
	4.19 

	Totai Fuel Water Added (g/s) 
	Totai Fuel Water Added (g/s) 
	4.96 
	5.43 
	4.96 

	Inlet Air Mass Flowrate (g/s) 
	Inlet Air Mass Flowrate (g/s) 
	3,120 
	2,930 
	2,860 

	Inlet Air Water Vapor Flowrate (g/s) 
	Inlet Air Water Vapor Flowrate (g/s) 
	25 
	18 
	20 

	Total Stack Water Vapor Flowrate (g/s) 
	Total Stack Water Vapor Flowrate (g/s) 
	30 
	24 
	25 

	Stack Gas Mass Flowrate (g/s) 
	Stack Gas Mass Flowrate (g/s) 
	3,127 
	2,938 
	2,867 

	Mass Fraction Water Vapor in Stack 
	Mass Fraction Water Vapor in Stack 
	0.0095 
	0.0081 
	0.0086 

	Volume Fraction Water Vapor in Stack 
	Volume Fraction Water Vapor in Stack 
	0.0152 
	0.0131 
	0.0138 

	Stack Vapor Pressure (Pa) 
	Stack Vapor Pressure (Pa) 
	1,544 
	1,324 
	1,398 

	Stack Temperature (0 C) 
	Stack Temperature (0 C) 
	53 
	57 
	58 

	Stack Temperature (K) 
	Stack Temperature (K) 
	326 
	330 
	331 

	Stack Saturation Pressure (Pa) 
	Stack Saturation Pressure (Pa) 
	14,415 
	17,243 
	18,392 

	Stack Relative Humidity(%) 
	Stack Relative Humidity(%) 
	11 
	8 
	8 

	Stack Dew Point Temperature (°C) 
	Stack Dew Point Temperature (°C) 
	13.5 
	11.2 
	12.0 

	lmpinger Outlet Temperature (°C) 
	lmpinger Outlet Temperature (°C) 
	20.9 
	21.2 
	22.1 

	Volume Stack Gas Sampled for PM (L) 
	Volume Stack Gas Sampled for PM (L) 
	426 
	437 

	Estimated lmpinger/Desiccant Weight Gain (g) 
	Estimated lmpinger/Desiccant Weight Gain (g) 
	4.8 
	4.3 

	Totals: 
	Totals: 

	TR
	Estimated 
	Measured 


	Total lmpinger/Desiccant Weight Gain (g) 9.1 ND Estimated/Measured Weight Gain 
	Table3.1.1.10. Powerbalance. 
	Table3.1.1.10. Powerbalance. 
	Table3.1.1.10. Powerbalance. 

	Date of Test: 
	Date of Test: 
	30-Apr-92 
	30-Apr-92 
	30-Apr-92 

	Fuel 
	Fuel 
	Rice Straw 
	Rice Straw 
	Rice Straw 

	TR
	Traverse 1 
	Traverse 2 
	Traverse 3 

	Power Balance 
	Power Balance 


	Fuel Heating Value (MJ/kg dry weight) 15.5065 15.5065 1'5.5065 Ash Heating Value (MJ/kg dry weight) 3.6690 3.6690 3.6690 Average Energy Release Rate (kW) 119.9 129.6 124.5 Products of lncorTl)lete Combustion (kW) 
	4.0 2.0 1.9 THC (as CH4) 0.5 0.3 0.5 PM 0.4 0.4 0.4 Heat Release Rate (kW) 115.1 126.8 121 .7 Fireline Intensity (kW/m) 94.4 104.0 99.8 Stack Gas Flow (kg/s) 3.13 2.94 2.87 Stack Gas TerTl)erature (°C) 53.15 56.89 58.26 Inlet T erTl)erature (°C) 30.35 31.50 29.82 Sensible Power at Top of Stack (kW) 71 .8 75.1 82.1 Tunnel Dissipation (kW) 43.3 51.7 39.5 
	co 

	Table 3.1.1.11 VOC Concentrations (ppbv) 
	Table 3.1.1.11 VOC Concentrations (ppbv) 
	Table 3.1.1.11 VOC Concentrations (ppbv) 

	Date Fuel Traverse 
	Date Fuel Traverse 
	30-Apr-92 Rice Straw Traverse 1 
	30-Apr-92 Rice Straw Traverse 2 


	Acetic acid Propanone (acetone) Methyl ester acetic acid (methylacetate) Butane Oimethyloxirane 
	Pentene 
	Pentene 
	Methylbutanone (isopropylmethyl ketone) Furancarboxaldehyde (furfural) 

	Benzene 
	Benzene 
	Dimethyl:>utane 

	Hexane 
	Hexane 
	Phenol Oimethytfuran 2-methyl 2-cyclopenten-1-one 2-chloro phenol Toluene Benzonitrile Benzaldehyde Methylphenol (hydroxy toluene) Styrene Xylene T rimethylpentane Benzofuran Methoxymethylphenol (creosol) Naphthalene C10H12 Alpha-pinene Call'4)hene 
	.13-Carene Limonene No match r.t. (6.7) No match r.t. (8.51) No match r.t. (8.71) No match r.t. (8.73) No match r.t.(6.4) No match r.t.(8.5) 
	13.1 8.3 
	2.4 1.7 
	1.6 1.5 0.7 
	Table . 
	Table . 
	3.1.1.12

	voe Emission Factors (mg/kg) 
	Date Fuel Traverse Fuel Consumption Rate (g/s d.b) Stack Gas Mass Flow Rate (kg/s) 
	Acetic acid Propanone (acetone) Methyl ester acetic acid (methylacetate) Butane Dimethyloxirane Pentene Methylbutanone (isopropylmethyl ketone) Furancarboxaldehyde (furfural) 


	Benzene 
	Benzene 
	Benzene 
	Dimethylbutane 


	Hexane 
	Hexane 
	Hexane 
	Phenol DimethyHuran 2-methyl 2-qclopenten-1-one 2-chloro phenol Toluene 
	Benzonitrile 
	Benzaldehyde Methylphenol (hydroxy toluene) 
	Styrene Xylene 
	T rimethylpentane Benzofuran Methoxymethylphenol (creosol) Naphthalene Unknown 
	Alpha-pinene Camphene a3-Carene Limonene 
	30-Apr-92 Rice Straw Traverse 1 
	4.44 
	4.00 
	14 
	3 
	2 
	1 
	30-Apr-92 Rice Straw Traverse 2 0.95 2.50 
	7 
	2 
	2 

	Figure 3.1.1.1. Upstream air conditions, 30 April 92. 
	Fuel Type: Rice Straw Test Date 30-Apr-92 Configuration: CANF 
	Air Temperature (°C) -·-'-----Air Relative Humidity(%) 
	80 70 
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	Figure 3.1.1.2. Air temperature and relative humidity from CIMIS station. 
	Fuel: Rice Straw Date of Test: 30-Apr-92 Configuration: CRNF Hourly Average CIMIS Data for Davis, California 
	---0-Air Temperature (°C) -0--Relative Humidity(%) 
	90 
	80 70 60 50 40 
	30 
	20 10 
	0 
	0 
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	Figure 3.1.1.3. Wind speed from CIMIS station. 
	Fuel: Rice Straw Date of Test: 30-Apr-92 Configuration: CRNF Hourly Average CIMIS Data for Davis, California 
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	Figure 3.1.1.4. Wind direction and solar radiation from CIMIS station. 
	Fuel: Rice Straw Date of Test: 30-Apr-92 Configuration: CRNF Hourly Average CIMIS Data for Davis, California 
	-o---Wind Direction (from N) 
	-o---Wind Direction (from N) 
	0 


	900 
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	Figure 3.1.1.5. Inlet air, stack gas, and lmplnger outlet temperatures, 30 April 92. 
	Figure 3.1.1.5. Inlet air, stack gas, and lmplnger outlet temperatures, 30 April 92. 
	Fuel Type: Rice Straw Test Date 30-Apr-92 Configuration: CRNF 
	-
	-
	-
	-
	-
	-
	-
	Inlet Air 
	--
	-

	Stack 
	lmpinger Outlet 

	TR
	Temperature 
	Temperature 
	Temperature 

	TR
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	Figure 3. 1.1 .6. Conveyor speed and stack gas velocity, 30 April 92. 
	Fuel Type: Rice Straw Test Date 30-Apr-92 Configuration: CRNF 
	Conveyor Speed (nvmin) ----...,. -Stack Velocity (mis) 
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	Figure 3.1.1.7. Conveyor speed with 10 min moving average, 30 April 92. 
	Fuel Type: Rice Straw Test Date 30-Apr-92 Configuration: CRNF 
	----Conveyor Speed (m/min) D Conveyor Speed-10 pt. rolling average 
	14 16 18
	Figure
	6 8 10 12 Time of Day (POST} 
	6 8 10 12 Time of Day (POST} 


	Figure 3.1.1.8. Conveyor travel, 30 April 92. 
	Fuel Type: Rice Straw Test Date 30-Apr-92 Configuration: CRNF 
	Conveyor Travel {m) 
	180 160 140 120 100 80 60 40 
	20 
	0 
	I I J 7 / , I V r 10 12 14 Time of Day {POST) ) I I 
	6 8 16 18 
	Figure 3.1.1.9. CO concentration In stack gas, 30 April 92. 
	Fuel Type: Rice Straw Test Date 30-Apr-92 Configuration: CRNF 
	CO (ppmv) 
	CO (ppmv) 

	250 
	200 
	150 
	100 
	50 
	6 8 14 16 18 
	I/ \iii 11 l~ --,~ .. 10 12 Time of Day (POST) .~ I 1Ir ·" 
	NO and NOx concentrations In stack gas, 30 April 92. 
	Figure 3.1.1.10. 

	Fuel Type: Rice Straw Test Date 30-Apr-92 Configuration: CRNF 
	NOx (ppmv) ------NO (ppmv) 
	9 8 7 6 5 4 3 2 
	1 
	0 6 8 10 12 14 16 18 Time of Day (PDSTI 
	1-· l, I, ! I ~ ~ l ~~~~ , , ,I '1,,, I\ • , I ~ I ,I 1!Jf~ I I ,, j. ~-l!•1 t ( t I I ' II -
	S02 concentrations In stack gas, 30 April 92. 
	Figure 3.1.1.11. 

	Fuel Type: Rice Straw Test Date 30-Apr-92 Configuration: CRNF 
	S02 (ppmv) 
	S02 (ppmv) 

	3 
	2.5 
	2 
	1.5 
	1 
	0.5 
	0 
	6 8 10 12 16 18 
	t ~ ~ 14 Time of Day (POST) ~ ~ ¼ ~ 
	Total sulfur concentration In stack gas, 30 April 92. 
	Figure 3.1.1.12. 

	Fuel Type: Rice Straw Test Date 30-Apr-92 Configuration: CRNF 
	Total S (ppmv} 
	3 
	2.5 
	2 
	1.5 
	0.5 
	0 
	6 8 16 18 
	n IT ·-10 12 14 Time of Day {POST) I ,r I \. 
	Particle size distribution, traverse 1, 30 April 92. 
	Figure 3.1.1.13. 

	Fuel: Rice Straw Particle Size Distribution 
	Traverse 1: 
	Traverse 1: 
	Traverse 1: 

	Stage 
	Stage 
	ECO (µm) 

	1 
	1 
	14.20 

	2 
	2 
	7.96 

	3 
	3 
	4.24 

	4 
	4 
	2.24 

	5 
	5 
	1.29 

	6 
	6 
	0.76 

	7 
	7 
	0.40 

	fitter 
	fitter 
	0.00 


	Weight (mg) 0.6 0.4 0.4 0.2 0.3 0.4 0.4 4.1 
	Weight (mg) 0.6 0.4 0.4 0.2 0.3 0.4 0.4 4.1 

	Date of Test: Configuration: 
	Cum. Wt (mg) 6.8 6.2 5.8 5.4 5.2 4.9 4.5 4.1 
	30-Apr-92 CRNF 
	30-Apr-92 CRNF 

	Cum. Fraction 1.000 0.912 0.853 0.794 0.765 0.721 0.662 0.603 
	1.000 0.950 0.900 
	1.000 0.950 0.900 
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	Particle size distribution, traverse 2, 30 April 92. 
	Figure 3.1.1.14. 

	Fuel: Rice Straw Particle Size Distribution 
	Traverse 2: 
	Stage 1 2 3 4 5 6 7 
	Stage 1 2 3 4 5 6 7 
	filter 
	filter 
	ECO (µm) 

	14.42 
	8.08 
	4.31 
	2.28 1.31 
	o.n 
	0.40 
	0.00 

	Weight (mg} 0.3 0.3 0.2 0.2 0.2 
	0.4 
	0.3 
	4.5 
	Date of Test: Configuration: 
	Date of Test: Configuration: 

	Cum. Wt (mg) 
	6.4 6.1 
	5.8 5.6 
	5.4 
	5.2 
	4.8 
	4.5 
	30-Apr-92 CRNF 
	30-Apr-92 CRNF 
	Cum. Fraction 1.000 0.953 0.906 0.875 0.844 0.813 0.750 0.703 
	1.000 0.950 0.900 
	C 
	.2 
	0.850
	~ ., 0.800 
	-
	LL,

	., 
	ca 
	2 0.750 I 
	0.700
	l 
	::, 
	0.650
	e 

	::, 
	0 
	0.600 0.550 0.500 

	5.00 10.00 15.00 20.00 
	I I I 0.00 -----L--/ // / i.---
	ECD(µm) 
	ECD(µm) 
	Figure 3.1.1.1S. Nitrogen balance. 
	Figure 3.1.1.1S. Nitrogen balance. 
	Figure 3.1.1.1S. Nitrogen balance. 

	Date ofTest: 
	Date ofTest: 
	30-Apr-92 

	Fuel 
	Fuel 
	Rice Straw 


	Table
	TR
	Nitrogen 

	ND 71% 
	ND 71% 

	TR
	PM 1% 
	NOx 17% 


	Ash 11% 
	Figure 3.1.1.16. Sulfur balance. 
	Figure 3.1.1.16. Sulfur balance. 
	Figure 3.1.1.16. Sulfur balance. 

	Date of Test: 
	Date of Test: 
	30-Apr-92 

	Fuel 
	Fuel 
	Rice Straw 


	Sulfur 
	Sulfur 
	S02 
	72% 

	PM 6% ND 1% 
	Table3.1 .2.1 
	Table3.1 .2.1 
	Table3.1 .2.1 

	Fuel and Ash Analyses 
	Fuel and Ash Analyses 

	Run Date 
	Run Date 
	9-Jun-92 
	9-Jun-92 

	Fuel Type 
	Fuel Type 
	Rice Straw 
	Rice Straw 

	Saffl>leType 
	Saffl>leType 
	Fuel 
	Ash 

	Ultimate Analysis 
	Ultimate Analysis 

	(% dry weight) 
	(% dry weight) 

	C 
	C 
	37.96 
	9.93 

	H 
	H 
	S.65 
	0.80 

	N 
	N 
	0.54 
	0.20 

	Elemental Analysis 
	Elemental Analysis 

	(% by weight dry basis) 
	(% by weight dry basis) 

	N 
	N 
	0.60 
	0.33 

	p 
	p 
	0.0S 
	0.28 

	K 
	K 
	0.93 
	3.62 

	Ca 
	Ca 
	0.24 
	1.12 

	Mg 
	Mg 
	0.16 
	0.63 

	Na 
	Na 
	0.07 
	0.43 

	Cl 
	Cl 
	0.22 
	0.56 

	(mg/kg dry weight) 
	(mg/kg dry weight) 

	s 
	s 
	668 
	'959 

	B 
	B 
	8 
	16 

	Zn 
	Zn 
	25 
	7S 

	Mn 
	Mn 
	552 
	3,150 

	Fe 
	Fe 
	336 
	1,190 

	Cu 
	Cu 
	6 
	10 

	Si 
	Si 

	Total(% dry weight) 
	Total(% dry weight) 
	46.04 
	18.23 

	Proximate Analysis 
	Proximate Analysis 

	(% dry weight) 
	(% dry weight) 

	Ash 
	Ash 
	16.15 
	86.38 

	Volatiles 
	Volatiles 
	71.04 
	9.89 

	Fixed Carbon 
	Fixed Carbon 
	12.80 
	3.73 

	Hi2her Heatin!:l Value 
	Hi2her Heatin!:l Value 


	(MJ/kg dry weight) 1S.7392 3.8034 
	Table 3.1.2.2. Operating conditions and concentrations•, rice straw, 9 June 92. 
	Fuel: 
	Fuel: 
	Fuel: 
	Rice Straw 
	Date ofTest: 
	9-Jun-92 

	TR
	Configuration: 
	CRNF 

	Fuel Loading Rate (g/sq.m w.b.): 
	Fuel Loading Rate (g/sq.m w.b.): 
	680 

	Total Fuel Consumption (kg w.b.; 
	Total Fuel Consumption (kg w.b.; 
	246.3 

	Total Ash Recovered (kg w.b.) 
	Total Ash Recovered (kg w.b.) 
	50.0 

	Ash Fraction (w.b.) 
	Ash Fraction (w.b.) 
	0.20 

	Total filters for PM installed improperly. 
	Total filters for PM installed improperly. 

	TR
	Traverse 1 
	Traverse 2 
	Traverse 3 


	Mean Values 
	Air Temperature (°C) 
	Air Temperature (°C) 
	Air Temperature (°C) 
	27.99 

	Air Relative Humidity(%) 
	Air Relative Humidity(%) 
	43.10 

	Inlet Air Temperature (°C) 
	Inlet Air Temperature (°C) 
	34.34 

	Stack Temperature (0 C) 
	Stack Temperature (0 C) 
	67.02 

	lmpinger Outlet Temperature (°C) 
	lmpinger Outlet Temperature (°C) 
	20.05 

	Fire Spreading Rate (m/min) 
	Fire Spreading Rate (m/min) 
	0.91 

	Stack Gas Velocity (mis) 
	Stack Gas Velocity (mis) 
	1.87 

	Gas and PM Concentrations (less background) 
	Gas and PM Concentrations (less background) 

	CO (ppmv) 
	CO (ppmv) 
	80.03 

	NO (ppmv) 
	NO (ppmv) 
	7.64 

	NOx (ppmv) 
	NOx (ppmv) 
	8.63 

	SO2 (ppmv) 
	SO2 (ppmv) 
	1.49 

	HC (ppmv as CH4 by GC) 
	HC (ppmv as CH4 by GC) 
	4.89 

	CH4 (ppmv by GC) 
	CH4 (ppmv by GC) 
	4.17 

	NMHC (ppmv as CH4 by GC) 
	NMHC (ppmv as CH4 by GC) 
	0.73 

	CO2 (ppmv by GC) 
	CO2 (ppmv by GC) 
	2652 

	Total S (ppmv as SO2) 
	Total S (ppmv as SO2) 
	2.41 

	PM* (mg/cu.m) 
	PM* (mg/cu.m) 
	5.49 

	PM1 o• (mg/cu.m) 
	PM1 o• (mg/cu.m) 
	5.27 

	PM2.5* (mg/cu.m) 
	PM2.5* (mg/cu.m) 
	4.82 


	*Total filters installed improperly. See Table 3.12.3 for corrected values. 
	31.36 35.82 36.79 73.89 22.60 
	31.36 35.82 36.79 73.89 22.60 
	0.90 1.95 
	82.16 7.29 8.15 1.41 4.10 3.58 0.53 3695 2.28 
	5.61 5.39 5.14 

	34.05 29.23 
	38.96 · 84.27 29.30 
	1.15 1.98 
	108.59 8.72 9.51 1.71 5.18 4.57 0.61 3629 2.54 
	2.87 2.72 2.41 
	Table 3.1.2.3. Operating conditions and concentrations, rice straw, 9 June 92. 
	Fuel: 
	Fuel: 
	Fuel: 
	Rice Straw 
	Date of Test: 
	9-Jun-92 

	TR
	Configuration: 
	CRNF 

	Fuel Loading Rate (g/sq.m w.b.): 
	Fuel Loading Rate (g/sq.m w.b.): 
	680 

	Total Fuel Consumption (kg w.b.; 
	Total Fuel Consumption (kg w.b.; 
	246.3 

	Total Ash Recovered (kg w.b.) 
	Total Ash Recovered (kg w.b.) 
	50.0 

	Ash Fraction (w.b.) 
	Ash Fraction (w.b.) 
	0.20 

	Total filters for PM installed improperly. 
	Total filters for PM installed improperly. 

	TR
	Traverse 1 
	Traverse 2 
	Traverse 3 


	Mean Values 
	Mean Values 
	Mean Values 

	Air Temperature (DC) 
	Air Temperature (DC) 
	27.99 
	31.36 
	34.05 

	Air Relative Humidity(%) 
	Air Relative Humidity(%) 
	43.10 
	35.82 
	29.23 

	Inlet Air Temperature (DC) 
	Inlet Air Temperature (DC) 
	34.34 
	36.79 
	38.96 

	Stack Temperature (°C) 
	Stack Temperature (°C) 
	67.02 
	73.89 
	84.27 

	lmpinger Outlet Temperature (DC) 
	lmpinger Outlet Temperature (DC) 
	20.05 
	22.60 
	29.30 

	Fire Spreading Rate (m'min) 
	Fire Spreading Rate (m'min) 
	0.91 
	0.90 
	1.15 

	Stack Gas Velocity (m's) 
	Stack Gas Velocity (m's) 
	1.87 
	1.95 
	1.98 

	Gas and PM Concentrations (less background) 
	Gas and PM Concentrations (less background) 

	CO(ppmv) 
	CO(ppmv) 
	80.03 
	82.16 
	108.59 

	NO (ppmv) 
	NO (ppmv) 
	7.64 
	7.29 
	8.72 

	NOx (ppmv) 
	NOx (ppmv) 
	8.63 
	8.15 
	9.51 

	SO2 (ppmv) 
	SO2 (ppmv) 
	1.49 
	1.41 
	1.71 

	HC (ppmv as CH4 by GC) 
	HC (ppmv as CH4 by GC) 
	4.89 
	4.10 
	5.18 

	. CH4 (ppmv by GC) 
	. CH4 (ppmv by GC) 
	4.17 
	3.58 
	4.57 

	NMHC (ppmv as CH4 by GC) 
	NMHC (ppmv as CH4 by GC) 
	0.73 
	0.53 
	0.61 

	CO2 (ppmv by GC) 
	CO2 (ppmv by GC) 
	2652 
	3695 
	3629 

	Total S (ppmv as SO2) 
	Total S (ppmv as SO2) 
	2.41 
	2.28 
	2.54 

	PM• (mg/cu.m) 
	PM• (mg/cu.m) 
	11.65 
	9.50 
	15.06 

	PM10• (mg/cu.m) 
	PM10• (mg/cu.m) 
	11.18 
	9.26 
	14.34 

	PM2.S-(mg/cu.m) 
	PM2.S-(mg/cu.m) 
	10.24 
	8.74 
	12.65 

	•Total filters installed improperly. PM concentrations from cascade impactor. 
	•Total filters installed improperly. PM concentrations from cascade impactor. 


	Table 3.1.2.4. Mass balance, rice straw, 9 June 92. 
	Table 3.1.2.4. Mass balance, rice straw, 9 June 92. 
	Table 3.1.2.4. Mass balance, rice straw, 9 June 92. 

	Fuel: 
	Fuel: 
	Rice Straw 
	Date of Test: 
	9-Jun-92 

	TR
	Configuration: 
	CRNF 

	Mass Balance 
	Mass Balance 

	Traverse 1 
	Traverse 1 
	Traverse 2 
	Traverse 3 


	Total Conveyor Travel (m) 43.70 43.08 55.15 Fuel Moisture Content (% w.b.) 8.6 9.1 8.3 Fuel Loading Rate (g/sq.m d.b.) 622 618 624 Total Fuel Consumption (g w.b.) 36,231 35,718 45,720. Total Fuel Consumption (g d.b.) 33,115 32,468 41,925 Residual Ash (g w.b.) 7,356 7,252 9,283 Fuel Vaporized (g w.b.) 28,875 28,466 36,437 Fuel Consumption Rate (g/s w.b.) 12.58 12.40 15.87 Fuel Consumption Rate (g/s d.b.) 11.50 11.27 14.56 Ash Generation Rate (g/s w.b.) 2.55 2.52 3.22 Fuel Vaporization Rate (g/s w.b.) 10.03 9
	Stack Gas Density (kg/cu.m} 1.0390 1.0184 0.9888 Stack Gas Flow Rate (cu.mis) 2.78 2.90 2.94 Stack Gas Mass Flow Rate (kg/s} 2.89 2.95 2.91 Inlet Air Mass Flow Rate (kg/s) 2.88 2.94 2.89 Overall Air-Fuel Ratio (w.b.} 228.92 237.34 182.34 Overall Air-Fuel Ratio (d.b.} 250.46 261 .10 198.85 
	Table 3.1.2.5. Emission factors, rice straw, 9 June 92 (Integrated basis). 
	Fuel: Rice Straw Date of Test: 9-Jun-92 Configuration: CRNF 
	Emission Factors{% of fuel mass d.b.) 
	Emission Factors{% of fuel mass d.b.) 
	Emission Factors{% of fuel mass d.b.) 

	Integrated Basis 
	Integrated Basis 

	Traverse 1 
	Traverse 1 
	Traverse2 
	Traverse 3 
	Average 

	co 
	co 
	1.929 
	2.092 
	2.087 
	2.036 

	NO 
	NO 
	0.199 
	0.198 
	0.185 
	0.194 

	NOx (as NO2) 
	NOx (as NO2) 
	0.344 
	0.340 
	0.311 
	0.332 

	SO2 
	SO2 
	0.082 
	0.082 
	0.078 
	0.081 

	HC (as CH4 by GC) 
	HC (as CH4 by GC) 
	·0.068° 
	0.059 
	0.057 
	0.061 

	CH4 (by GC) 
	CH4 (by GC) 
	0.058 
	0.052 
	0.050 
	0.053 

	NMHC (byGC) 
	NMHC (byGC) 
	0.010 
	0.008 
	0.007 
	0.008 

	CO2 (byGC) 
	CO2 (byGC) 
	101.131 
	146.870 
	109.966 
	119.322 

	Total S (as SO2) 
	Total S (as SO2) 
	0.133 
	0.132 
	0.113 
	0.126 

	SO2/Total S 
	SO2/Total S 
	0.62 
	0.62 
	0.70 
	0.64 

	PM• 
	PM• 
	0.243 
	0.208 
	0.257 
	0.236 

	PM10• 
	PM10• 
	0.233 
	0.203 
	0.245 
	0.227 

	PM2.5• 
	PM2.5• 
	0.214 
	0.192 
	0.216 
	0.207 

	MMAD (µm) 
	MMAD (µm) 
	0.163 
	0.083 
	0.064 
	0.103 

	(J 
	(J 
	6.952 
	4.997 
	4.762 


	*Total filters installed improperty. PM concentrations from cascade impactor. 


	Table 3.1.2.6. Emission factors, rice straw, 9 June 92 (average basis). 
	Table 3.1.2.6. Emission factors, rice straw, 9 June 92 (average basis). 
	Fuel: Rice Straw Date of Test: 9-Jun-92 
	Configuration: CRNF Emission Factors {% of fuel mass d.b.) Average Basis 
	Traverse 1 Traverse 2 Traverse 3 Average 
	co 
	co 
	co 
	1.942 
	2.078 
	2.094 
	2.038 

	NO 
	NO 
	0.199 
	0.197 
	0.180 
	0.192 

	NOx (as NO2) 
	NOx (as NO2) 
	0.344 
	0.339 
	0.301 
	0.328 

	SO2 
	SO2 
	0.083 
	0.082 
	0.075 
	0.080 

	HC (as CH4 by GC) 
	HC (as CH4 by GC) 
	0.068 
	0.059 
	0.057 
	0.061 

	CH4 (by GC) 
	CH4 (by GC) 
	0.058 
	0.052 
	0.050 
	0.053 

	NMHC (byGC) 
	NMHC (byGC) 
	0.010 
	0.008 
	0.007 
	0.008 

	CO2 (by GC) 
	CO2 (by GC) 
	101.131 
	146.870 
	109.966 
	119.322 

	Total S (as SO2) 
	Total S (as SO2) 
	0.134 
	0.132 
	0.112 
	0.126 

	SO2/Total S 
	SO2/Total S 
	0.62 
	0.62 
	0.67 
	0.63 

	PM• 
	PM• 
	0.243 
	0.208 
	0.257 
	0.236 

	PM10• 
	PM10• 
	0.233 
	0.203 
	0.245 
	0.227 

	PM2.5• 
	PM2.5• 
	0.214 
	0.192 
	0.216 
	0.207 

	MMAD(µm) 
	MMAD(µm) 
	0.163 
	0.083 
	0.064 
	0.103 

	CJ 
	CJ 
	6.952 
	4.997 
	4.762 

	•Total filters installed improperly. PM concentrations from cascade impactor. 
	•Total filters installed improperly. PM concentrations from cascade impactor. 


	Table 3.1.2.7. Carbon balance. 
	Table 3.1.2.7. Carbon balance. 
	Date of Test: 9.Jun-92 9-Jun-92 9-Jun-92 Fuel Rice Straw Rice Straw Rice Straw Traverse 1 Traverse 2 Traverse 3 
	Carbon Balance 
	Dry Fuel Consumption Rate (g/s) Ash Generation Rate (g/s) Ash Fraction (% dry basis) Fuel Carbon Concentration(%) Residual Ash Carbon Concentration(%) Carbon released to stack (!J's) Maximum CO2 emission factor (o/o) Stack Gas Density (kg/cubic meter) Average CO2 concentration (ppmv) . Average CO concentration (ppmv) Average THC concentration (ppmv as CH4) PM Concentration• (m!J'cubic meter) PM Carbon Concentration .. (%) PM Carbon (mg/cubic meter) Stack Gas Temperature (°C) lmpinger Temperature (°C) PM mol
	Emission Factors (o/o Average Basis): CO2 
	co 
	HC (as CH4) 
	PM• Emission Factors (% Integrated Basis): CO2 
	co 
	HC (as CH4) PM* 
	Closure (% Average Basis) Closure {% Integrated Basisl 
	•PM concentrations from cascade impactor ••Average of Traverses 2 and 3 used for Traverse 1. 
	11.50 
	11.50 
	2.55 22.17 37.96 
	9.93 
	4.11 131.11 
	1.04 
	2,652 80.03 4.89 11 .65 39.44 4.59 
	67.02 20.05 
	9.21 2.34 

	101.131 
	1.942 
	1.942 
	0.068 
	0.243 

	101.131 
	1.929 
	1.929 
	0.068 0.243 
	80 80 

	1127 14.56 2.52 3.22 22.36 22.12 37.96 37.96 9.93 9.93 4.03 5.21 131.05 131.13 1.02 0.99 3,695 3,629 82.16 108.59 4.10 5.18 9.50 15.06 40.98 37.90 3.89 5.71 73.89 84.27 22.60 29.30 7.87 11.80 1.70 2.28 
	146.87 109.966 2.078 2.094 0.059 0.057 0.208 0.257 
	146.87 109.966 2.092 2.087 0.059 0.057 0.208 0.257 
	115 87 115 87 
	Table 3.1.2.8. Nitrogen balance 
	Table 3.1.2.8. Nitrogen balance 
	Table 3.1.2.8. Nitrogen balance 

	Date of Test: 
	Date of Test: 
	9-Jun-92 
	9-Jun-92 
	9-Jun-92 

	Fuel 
	Fuel 
	Rice Straw 
	Rice Straw 
	Rice Straw 

	TR
	Traverse 1 
	Traverse 2 
	Traverse 3 

	NitroS!n Balance 
	NitroS!n Balance 


	Fuel Nitrogen Concentration (% dry weight) 0.60 0.60 0.60 Ash Nitrogen Concentration (% weight) 0.33 0.33 0.33 
	Emission Factors (% Average Basis): NOx(as N02) 0.344 0.339 0.301 PM* 0.243 0.208 0.257 Emission Factors (% Integrated Basis): NOx (as N02) 0.344 0.34 0.311 
	NO3-Concentration of Pt.1•• (% weight) 0.1490 0.1852 0.1128 
	NH4+ Concentration of PM** (% weight) 1.4291 1.208 1.650 
	Nitrogen Concentration of PM(%) 1.145 0.982 1.309 
	Fuel Nitrogen (m!>'s) 69.00 67.62 87.36 
	Ash Nitrogen (mg's) 8.42 8.32 10.63 Nitrogen as NOx (mg's Average Basis) 12.04 11.63 13.34 Nitrogen as NOx (mg's Integrated Basis) 12.04 11 .66 13.78 Nitrogen as PM (mg's Average Basis) 0.32 0.23 0.49 Nitrogen as NOx+PM (m!>'s Average Basis) 12.36 11.86 13.83 Nitrogen as NOx+PM (m!>'s Integrated Basis) 12.36 11.89 14.27 NOx+PM Nitrogen/Fuel Nitrogen (Average) 0.179 0.175 0.158 NOx+PM Nitrogen/Fuel Nitrogen (Integrated) 0.179 0.176 0.163 Ash Nitrogen/Fuel Nitrogen 0.122 0.123 0.122 Ash+NOx+PM Nitrogen/Fuel N
	Table 3.1.2.9. SuHur balance. 
	Table 3.1.2.9. SuHur balance. 
	Table 3.1.2.9. SuHur balance. 

	Date of Test: 
	Date of Test: 
	9.Jun-92 
	9-Jun-92 
	9-Jun-92 

	Fuel 
	Fuel 
	Rice Straw 
	Rice Straw 
	Rice Straw 

	TR
	Traverse 1 
	Traverse 2 
	Traverse 3 

	Sulfur Balance 
	Sulfur Balance 


	Fuel Sulfur Concentration (mglkg dry weight) Ash Sulfur Concentration (m{>'kg weight) 
	Emission Factors (% Average Basis) SO2 PM" Emission Factors (% Integrated Basis) SO2 
	Sulfur Concentration of PM.. (% weight) Fuel Sulfur (mgls) Ash Sulfur (mgls) Sulfur as SO2 (mgls Average Basis) Sulfur as SO2 (mgls Integrated Basis) Sulfur as PM (mgls Average Basis) Sulfur as SO2+PM (m!>'s Average Basis) Sulfur as SO2+PM (m!>'s Integrated Basis) SO2+PM Sulfur/Fuel Sulfur (Average Basis) SO2+PM Sulfur/Fuel Sulfur (Integrated Basis) Ash Sulfur/Fuel Sulfur Closure (% Average Basis) Closure {% Integrated Basis) 
	"PM concentrations from cascade impactor 
	•·Average of Traverses 2 and 3 used for Traverse 1. 
	668 859 
	668 859 
	0.083 0243 
	0.082 
	1.017 7.68 2.19 4.TT 4.72 0.28 5.06 5.00 
	0.658 
	0.651 
	0285 
	94 
	94 

	668 668 859 859 
	0.082 0.075 0208 0.257 
	0.082 0.078 
	1.165 0.868 7.53 9.73 2.16 2.n 4.62 5.46 4.62 5.68 0.27 0.32 4.89 5.78 4.89 6.00 0.650 0.595 0.650 0.617 0288 0.284 94 88 94 90 
	Table 3.1.2.10. Water balance. 
	Table 3.1.2.10. Water balance. 
	Table 3.1.2.10. Water balance. 

	Estimated Stack Humidity 
	Estimated Stack Humidity 

	Fuel Configuration Date of Test 
	Fuel Configuration Date of Test 
	Rice Straw CRNF 9-Jun-92 

	TR
	Traverse 1 
	Traverse 2 
	Traverse 3 


	Ambient Air Temperature °C) 
	Ambient Air Temperature °C) 
	Ambient Air Temperature °C) 
	28 
	31 
	34 

	Ambient Air Relative Humidity(%) 
	Ambient Air Relative Humidity(%) 
	43 
	36 
	29 

	Air Temperature (K} 
	Air Temperature (K} 
	301 
	305 
	307 

	Saturation Pressure (Pa) 
	Saturation Pressure (Pa) 
	3,780 
	4,589 
	5,339 

	Vapor Pressure (Pa) 
	Vapor Pressure (Pa) 
	1,629 
	1,644 
	1,561 

	Air Dew Point Temperature (°C) 
	Air Dew Point Temperature (°C) 
	14.3 
	14.5 
	13.7 

	Ambient Volume Fraction Water Vapor 
	Ambient Volume Fraction Water Vapor 
	0.0161 
	0.0162 
	0.0154 

	Ambient Mass Fraction Water Vapor 
	Ambient Mass Fraction Water Vapor 
	0.0100 
	0.0101 
	0.0096 

	Fuel Burning Rate (g/s wet basis) 
	Fuel Burning Rate (g/s wet basis) 
	12.58 
	12.40 
	15.87 

	Fuel Moisture Content (%} 
	Fuel Moisture Content (%} 
	8.6 
	9.1 
	8.3 

	Ash Fraction (wet basis} 
	Ash Fraction (wet basis} 
	0.20 
	0.20 
	0.20 

	Fuel Hydrogen Content (%) 
	Fuel Hydrogen Content (%) 
	5.65 
	5.65 
	5.65 

	Ash Hydrogen Content (%) 
	Ash Hydrogen Content (%) 
	0.80 
	0.80 
	0.80 

	Moisture Evaporated (g/s) 
	Moisture Evaporated (g/s) 
	1.08 
	1.13 
	1.32 

	Water of Combustion (g/s} 
	Water of Combustion (g/s} 
	5.67 
	5.55 
	7.17 

	Total Fuel Water Added (g/s} 
	Total Fuel Water Added (g/s} 
	6.75 
	6.68 
	8.49 

	Inlet Air Mass Flowrate (g/s} 
	Inlet Air Mass Flowrate (g/s} 
	2,880 
	2,940 
	2,890 

	Inlet Air Water Vapor Aowrate (g/s) 
	Inlet Air Water Vapor Aowrate (g/s) 
	29 
	30 
	28 

	Total Stack Water Vapor Flowrate (g/s) 
	Total Stack Water Vapor Flowrate (g/s) 
	35 
	. 36 
	36 

	Stack Gas Mass Flowrate (g/s) 
	Stack Gas Mass Flowrate (g/s) 
	2,890 
	2,950 
	2,903 

	· Mass Fraction Water Vapor in Stack 
	· Mass Fraction Water Vapor in Stack 
	0.0123 
	0.0123 
	0.0124 

	Volume Fraction Water Vapor in Stack 
	Volume Fraction Water Vapor in Stack 
	0.0198 
	0.0198 
	0.0200 

	Stack Vapor Pressure (Pa) 
	Stack Vapor Pressure (Pa) 
	2,005 
	2,008 
	2,031 

	Stack Temperature (°C) 
	Stack Temperature (°C) 
	67 
	74 
	84 

	Stack Temperature (K} 
	Stack Temperature (K} 
	340 
	347 
	357 

	Stack Saturation Pressure (Pa) 
	Stack Saturation Pressure (Pa) 
	27,390 
	36,835 
	56.228 

	Stack Relative Humidity(%) 
	Stack Relative Humidity(%) 
	7 
	5 
	4 

	Stack Dew Point Temperature (°C) 
	Stack Dew Point Temperature (°C) 
	17.6 
	17.6 
	17.8 

	lmpinger Outlet Temperature (°C) 
	lmpinger Outlet Temperature (°C) 
	20.1 
	22.6 
	29.3 

	Volume Stack Gas Sampled for PM (L) 
	Volume Stack Gas Sampled for PM (L) 
	492 
	410 
	418 

	Estimated lmpinger/Desiccant Weight Gain (g} 
	Estimated lmpinger/Desiccant Weight Gain (g} 
	7.3 
	6.0 
	6.1 

	Totals: 
	Totals: 

	TR
	Estimated 
	Measured 


	Total lmpinger/Desiccant Weight Gain (g) 19.4 24.4 Estimated/Measured Weight Gain 0.80 
	Table 3.1.2.11. Power balance. 
	Table 3.1.2.11. Power balance. 
	Table 3.1.2.11. Power balance. 

	Date of Test: 
	Date of Test: 
	9.Jun-92 
	9.Jun-92 
	9-Jun-92 

	Fuel 
	Fuel 
	Rice Straw 
	Rice Straw 
	Rice Straw 

	TR
	Traverse 1 
	Traverse 2 
	Traverse 3 

	Power Balance 
	Power Balance 


	Fuel Heating Value (MJ/kg dry weight) 15.7392 15.7392 15.7392 Ash Heating Value (MJ/kg dry weight) 3.8034 3.8034 3.8034 Average Energy Release Rate (kW) 171 .3 167.8 216.9 Products of Incomplete Combustion (kW) 
	2.3 2.4 3.1 
	co 

	THC (as CH4) 0.4 0.4 0.5 
	PM• 0.4 0.3 0.5 Heat Release Rate (kW) 168.2 164.7 212.9 Firefine Intensity (kW/m) 138.0 135.1 174.6 Stack Gas Flow (kg/s) 2.89 2.95 2.91 Stack Gas Temperature (°C) 67.02 73.89 84.27 Inlet Temperature (°C) 34.34 36.79 38.96 Sensible Power at Top of Stack (kW) 95.0 110.1 132.6 Tunnel Dissieation (kW} 73.2 54.6 80.3 "PM concentrations from cascade impactor 
	MaH concentration• (%) from DAI fitter Nmpl•• 
	Table 3.1.2.12. 

	Date Fuel ContigosaliOn 
	Date Fuel ContigosaliOn 
	Size Fraction Teflon Flier10 Clallz Fitter ID Teflon Filld ~leFlag au.nzliald san,,la field Teflon mue aample llag Quallz rMU aan,,le lleg AIW8sample flag Anmoriwn analysis flag Socllft1 Ion al'llllyale flag Mac,iaaun Ion -lyaisflag Po4aaiun Ion analysis flag Carbon -tjalsflag XRF analysis flag 
	Teflon Nll1)la ¥olLma (11'1"3) auanz un,,18voune (11'1"3) Tellon mueconcenlraliOn (lqm"3) 
	Cl
	-

	N03
	-

	S04a NH4+ 
	Na+ 
	K+ C(Ofll) C(oht) 
	C(e) 
	C(eht) 
	C 
	Al 
	Si 
	p 
	s 
	Cf K 
	Ca 
	Ti 
	V 
	Cr 
	Mn 
	Fe 
	Co Ni Cu Zn 
	Ga 
	As 
	Se 
	Br 
	Rb 
	Sr y 
	Zr 
	Mo 
	Pd 
	Ag 
	Cd 
	In Sn Sb 
	Ba 
	LA 
	Au Hg 
	Tl Pb 
	u 
	Swn of measuA1d epacias 
	ABTT005 ABT0005 
	13 
	13 

	tUnclln~ 
	tUnclln~ 

	0.20 0.01 0.20 0.01 6,715 345 
	Concentration~ :t:Unoen!m 
	Concentration~ :t:Unoen!m 

	9-Jun-92 Rioa Straw CRNF 
	PM2.5 
	PM2.5 
	9-Jwi-92 
	RlceSlraw CRNF 

	PM10 
	ABTT006 
	AST0006 13 
	13 
	0.20 0.20 
	8,990 
	Concentration l"-l 17.5041 0.1852 3.7087 12082 1.6593 11.3555 10.6260 9.2311 30.3560 1.3904 40.9820 0.0000 5.6503 
	0.0000 
	1.1648 21.3030 19.5219 1.2078 0.0046 0.0000 0.0042 0.2893 0.2459 0.0014 0.0024 0.0035 0.0698 0.0017 0.0022 0.0015 0.0766 0.0223 0.0104 0.0004 0.0019 0.0018 0.0000 0.0074 0.0070 0.0044 0.0000 0.0000 0.0837 0.0058 0.0021 0.0015 0.0013 0.0071 0.0001 
	93.7427 
	±Uncenai~ 0.01 0.01 456 
	±Uncenai~ 0.01 0.01 456 

	tUncertainl~ PM2.M'M10 
	1 . .S07 124 0.0415 1.09 0.3846 127 O.OIM6 129 0.1427 1.31 0.8587 1.32 1.1727 1.36 1.5444 1.25 2.8809 1.33 0.8541 0.83 
	1.34 0.1113 0.4060 021 0.2251 0.1269 1.39 1.5194 126 1.3914 1.34 0.1145 0.15 0.0270 . 0.00 0.0118 0.0025 0.36 0.0208 0.17 0.0189 0.15 0.0040 0.79 0.0011 0.38 0.0012 0.97 0.0052 1.29 0.0028 0.71 0.0036 1.09 0.0013 1.60 0.0057 1.30 0.0022 1.32 0.0014 0.20 0.0022 3.25 0.0018 1.63 0.0039 1.78 0.0204 0.0237 0.00 0.0247 0.57 0.0276 2.20 0.0340 0.0385 0.1266 0.92 0.1631 0.00 0.0054 1.38 0.0037 1.40 0.0035 0.08 0.0035 127 0.0050 18.00 1.23 
	3.nse 

	21.6920 0.2010 4.7195 1.5546 2.1884 
	21.6920 0.2010 4.7195 1.5546 2.1884 
	14.93n 14.~ 11.5767 
	40.3292 
	1.1541 54.7548 0.0000 1.1978 0.0000 1.6223 
	26.9385 
	26.2048 0.1869 0.0000 0.0000 0.0015 0.0493 0.0373 0.0011 0.0009 0.0034 0.01101 0.0012 0.0024 
	0.0024 
	0.0996 
	0.0295 0.0021 0.0013 0.0031 0.0032 0.0000 0.0000 0.0040 0.0097 0.0030 0.0000 0.0767 0.0000 0.0029 0.0021 0.0001 0.0090 0.0018 
	115.2679 

	1.8057 0.0546 0.5043 0.1232 0.1874 1.1354 1.5883 1.9550 3.8376 0.7111 
	0.1055 0.1072 02855 0.1682 1.9326 1.8785 0.3013 0.0359 0.0157 0.0042 0.0043 0.0091 0.0020 0.0020 0.0016 0.0067 0.0037 0.0049 0.0018 0.0074 0.0029 0.0016 0.0030 0.0024 0.0054 0.0278 0.0307 0.0323 0.0357 0.0448 0.0513 0.1711 0.2230 0.0072 0.0051 0.0047 0.0047 0.0067 4.9880 
	Table . Element ratio• from DRI filter Nmpl••· 
	3.1.2.13

	Dale 9-Jin-92 Fuel Ric&Slraw Rice Straw Conligi,alion CRNF CRNF 
	9-Jun.92 

	Size Fraclion PM2.5 PM10 PM2.5/PM10 
	Teflon Flier ID ABTTOOS Quartz Flfter ID ABTOOOS 
	Cl-,CI 0.81 K+M: 0.57 siitare srr01a1 s 0.97 C(orgyc 026 
	Clh( 1.03 CI-IK+ 1.45 CI-/Na+ 10.00 SIK 0.06 S/Na+ 0.75 AUSi 0.00 
	ABTT006 
	ABTT006 
	ABTCI006 
	0.82 0.58 1.06 
	026 
	1.09 1.5-4 10.55 0.06 0.70 0.00 
	0.98 0.98 0.91 1.02 0.9-4 0.9-4 0.95 1.04 1.07 

	EmiNlon factors (mgA(g) from DRI filter e■ mplN. 
	Table 3.1.2.14. 

	Date Fuel Cor4igwetion 
	Date Fuel Cor4igwetion 
	Size Fraction T ellon Flier 10 Cuallz Aller 10 Stc1Tlme Stop Time Sta/1Time End Time Elapead Time (mirdes) PM ("9ffl"3, caacade inpactor) PM10 (mghn"3, cascade impeclor) PM2.5 (ITll>'ffl"3, cescede impeclor) PM emission lactor (%) PM1 Oemiuionfactor(%) PM2.5 emiaion factor (%) 
	Tellon 8M,ple volume (m"3) Quartz aa""'9 volume (m'<I) Tellon mass conc:ertra1ion (mghn"3) Tallon mau/Total ma• 
	Cf. 
	N03. S04a NH4+ 
	Na+ 
	K+ C(org) 
	C(ohl) C(e) C(ehl) C Al Si 
	p 
	s 
	Cl 
	K 
	ca 
	Ti 
	V Cr 
	Mn Fe Co Ni 
	Cu 

	Zn Ga 
	As 
	Se Br 
	Rb Sr 
	y Zr Mo Pd Ag Cd 
	In 
	Sn 
	Sb 
	Ba 
	la Au Hg Tl 
	Pb 
	u Sum ol measured species 
	Rioe Slraw CRNF 
	9-Joo.92 

	PM2.5 
	PM2.5 
	ASTT005 
	ASTOOOS 14:01 14:21 
	20 

	0.20 0.01 0.20 0.01 
	±Unoert!!!!): 

	6.715 0.345 0.768 
	Emission !rna,1!11) ±Unoert!!!!)! 
	Emission !rna,1!11) ±Unoert!!!!)! 

	361.3204 3.3480 78.8120 25.81147 38.1354 248.8067 240.4350 .192.8313 671.8075 111.2237 912.0424 0.0000 19.11616 0.0000 27.0224 448.7105 
	361.3204 3.3480 78.8120 25.81147 38.1354 248.8067 240.4350 .192.8313 671.8075 111.2237 912.0424 0.0000 19.11616 0.0000 27.0224 448.7105 
	436.4894 
	3.1132 
	0.0000 
	0.0000 
	0.0250 
	0.8212 
	0.6213 
	0.0183 
	0.0150 
	0.0566 
	1.5008 
	0.0200 
	0.0400 
	0.0400 
	1.6590 
	0.4914 
	0.0350 
	0.0217 
	0.0516 
	0.0533 
	0.0000 
	0.0000 
	0.0666 
	0.1616 
	0.0500 
	0.0000 
	1.2776 
	0.0000 
	0.0483 
	0.0350 
	0.0017 
	0.1499 
	0.0300 
	1.920 

	34.6894 
	1.0483 
	9.6826 
	2.3654 35981 21.7997 
	30.4954 
	37.5360 73.6819 13.6531 0.0000 2.0256 2.0582 5.4816 3.2294 37.1059 36.0672 5.7850 0.6893 0.3014 0.0806 0.0826 0.1747 0.0384 0.0384 0.0307 0.1286 0.0710 0.01141 0.0346 0.1421 0.0557 0.0307 0.0576 0.0461 0.1037 0.5338 0.5894 0.6202 0.685,4 0.8602 0.11850 3.2651 4.2816 0.1382 0.01179 0.0902 0.0902 0.1286 
	!16 
	9-Jl.ll-92 Rice Straw 
	9-Jl.ll-92 Rice Straw 
	CRNF 

	PM10 
	ABTT006 
	ABTT006 
	ABTT006 

	ABT0006 
	ABT0006 

	Traverwe 2 
	Traverwe 2 

	9.500 
	9.500 

	9.260 
	9.260 

	8.740 
	8.740 

	0.208 
	0.208 

	0.203 
	0.203 

	0.192 
	0.192 

	±Uncertainty 
	±Uncertainty 

	0.20 
	0.20 
	0.01 

	0.20 
	0.20 
	0.01 

	8.990 
	8.990 
	0.456 

	0.971 
	0.971 

	Emisaion !mo1<11} 
	Emisaion !mo1<11} 
	:tUncertal!!X 
	PM2.5/PM10 

	379.0516 
	379.0516 
	211.4492 
	0.95 

	4.0105 
	4.0105 
	0.8425 
	0.83 

	80.3120 
	80.3120 
	7.IKJ74 
	0.98 

	26.1636 
	26.1636 
	1.9204 
	0.99 

	35.9322 
	35.9322 
	2.11968 
	1.01 

	245.9036 
	245.9036 
	17.4316 
	1.01 

	230.1062 
	230.1062 
	23.8058 
	1.04 

	199.8997 
	199.8997 
	31.3513 
	0.96 

	657.3598 
	657.3598 
	58..CS23 
	1.02 

	30.1091 
	30.1091 
	17.3382 
	0.64 

	887.4660 
	887.4660 
	0.0000 
	1.03 

	0.0000 
	0.0000 
	2.2594 

	122.3574 
	122.3574 
	82418 
	0.16 

	0.0000 
	0.0000 
	4.5695 

	252238 
	252238 
	25761 
	1.07 

	461.3169 
	461.3169 
	30.8438 
	0.117 

	422.7471 
	422.7471 
	28.2454 
	1.03 

	26.1549 
	26.1549 
	2.3244 
	0.12 

	0.0996 
	0.0996 
	0.5481 
	0.00 

	0.0000 
	0.0000 
	02395 

	0.0910 
	0.0910 
	0.0508 
	0.27 

	626.cB 
	626.cB 
	0.4222 
	0.13 

	5.3250 
	5.3250 
	0.3837 
	0.12 

	0.0303 
	0.0303 
	0.0812 
	0.60 

	0.0520 
	0.0520 
	0.0223 
	0.29 

	0.0758 
	0.0758 
	0.0244 
	0.75 

	1.5115 
	1.5115 
	0.1056 
	0.99 

	0.0368 
	0.0368 
	0.0568 
	0.54 

	0.0476 
	0.0476 
	0.0731 
	0.84 

	0.0325 
	0.0325 
	0.0264 
	123 

	1.6588 
	1.6588 
	0.1157 
	1.00 

	0.4829 
	0.4829 
	0.0447 
	1.02 

	0.2252 
	0.2252 
	0.0284 
	0.16 

	0.0067 
	0.0067 
	0.0447 
	2.50 

	0.0411 
	0.0411 
	0.0365 
	1.25 

	0.0390 
	0.0390 
	0.0792 
	1.37 

	0.0000 
	0.0000 
	0.4141 

	0.1602 
	0.1602 
	0.4811 
	0.00 

	0.1516 
	0.1516 
	0.5014 
	0.44 

	0.0953 
	0.0953 
	0.5603 
	1.70 

	0.0000 
	0.0000 
	0.6902 

	0.0000 
	0.0000 
	0.7816 

	1.8125 
	1.8125 
	2.5700 
	0.70 

	0.1256 
	0.1256 
	3.3109 
	0.00 

	0.0455 
	0.0455 
	0.1096 
	1.06 

	0.0325 
	0.0325 
	0.0751 
	1.08 

	0.0282 
	0.0282 
	0.0711 
	0.06 

	0.1538 
	0.1538 
	0.0711 
	0.98 

	0.0022 
	0.0022 
	0.1015 
	13.85 

	2.030 
	2.030 
	72 
	0.95 


	Table . MaH concentr1tion1 (%) from ORI filter Nmpl•• 
	3.1.2.15

	DIie 
	Fuel 
	Size Fraclion 
	T111on Fltar ID 
	Ouertz Flier 10 
	Tallon F•ld 5aff1)1e Flag 
	Ouertz field aample field 
	Tallon ma• sample !lag 
	Ouanz mua aaff1)1e flag 
	Anlo,_ sample flag 
	Ammoriwn ~!lag 
	Sodurl Ion analysis flag 
	Magnewn 1on ana1ya1s 11ag 
	Potaaaium ion analysis flag 
	carbon ana1'/9is flag 
	XRF~flag 
	Teflon aani,le voklme (m-'3) Quartz aample volwne (m-'3) Te11oo ma• concertratlon (ll!>'m"(l) 
	Cl
	-

	N03
	-

	504
	-

	NH-4+ 
	NII+ 
	K+ 
	C(org). 
	C(oht) 
	C(e) 
	C(eht) 
	C 
	Al 
	Si 
	p 
	s 
	Cl 
	K 
	Ca 
	Ti 
	V 
	Cr 
	Mn 
	Fe 
	Co 
	Ni 
	Cu 
	Zn 
	Ga 
	As 
	Se 
	Br 
	Rb 
	Sr 
	y 
	Zr 
	Mo 
	Pd 
	Ag 
	Cd 
	In 
	Sn 
	Sb Ba La 
	Au Hg Tl 
	Pb 
	u 
	Swn of measured species 
	9-Jun-92 Rice Slraw 
	CRNF 
	PM2.5 
	PM2.5 
	ABTT007 ABTQ007 
	13 
	0.15 0.15 11.220 
	Concenration~l 
	27.0602 0.1087 3.81115 2.0544 
	um 
	18.9020 15.5351 12.6604 25.7576 0.7071 41.2927 0.0000 0.1320 0.0000 1.0302 32.2827 
	30.8311 0.1101 0.0054 0.0034 0.0022 0.0283 0.01811 0.0000 0.0012 0.0052 0.0391 
	0.0000 
	0.0026 0.0014 0.1253 0.0481 0.0012 0.0008 0.0000 0.0000 0.0000 0.0013 
	0.0000 
	0.0000 0.0091 0.0000 0.0282 0.0000 0.0038 0.0010 0.0019 0.0058 0.0000 109.5984 

	±Uncert•!!!): 
	0.01 
	0.01 
	570 
	:!:Uncel1a!!!): 22"35 0.0427 0.4041 0.1538 0.1230 
	1.4306 
	1.8229 2.0600 2.4439 0.4373 
	0.1136 0.1762 0.3361 0.1625 2.3043 2.1993 0.3534 0.0285 0.0125 0.0026 0.0028 0.0071 0.0015 0.0012 0.0013 0.0031 0.0029 0.0038 0.0020 0.0091 0.0040 0.0017 0.0031 0.0025 0.0042 0.0235 0.0263 0.0276 0.0299 0.0371 0.0423 0.1360 0.1757 0.0052 0.0040 0.0038 0.0037 0.0080 4.3770 
	9-Jm-92 Rica Slraw 
	CRNF 
	CRNF 
	PM10 

	ABTT008 
	ABTT008 
	ABTT008 

	ABTC008 
	ABTC008 

	13 
	13 

	13 
	13 

	:lUncertein~ 
	:lUncertein~ 

	0.15 
	0.15 
	0.01 

	0.15 
	0.15 
	0.01 

	12,!M7 
	12,!M7 
	656 

	Conceruation !"'-l 
	Conceruation !"'-l 
	±Uncertain~ 
	PM2.5/PM10 

	24.3318 
	24.3318 
	2.01"1 
	1.11 

	0.1128 
	0.1128 
	0.0373 
	0.96 

	3.3256 
	3.3256 
	0.3507 
	1.15 

	1.6"99 
	1.6"99 
	0.1237 
	125 

	12579 
	12579 
	0.1085 
	1.13 

	16.1364 
	16.1364 
	1.2190 
	1.17 

	15.1110 
	15.1110 
	1.5572 
	1.03 

	12.8669 
	12.8669 
	2.0663 
	0.98 

	22.7909 
	22.7909 
	2.1609 
	1.13 

	1.3182 
	1.3182 
	0.8063 
	0.54 

	37.9019 
	37.9019 
	1.09 

	0.0000 
	0.0000 
	0.1102 

	3.1818 
	3.1818 
	0.2341 
	0.04 

	0.0000 
	0.0000 
	021194 

	0.86n. 
	0.86n. 
	0.1431 
	1.19 

	2&.n16 
	2&.n16 
	2.0493 
	1.12 

	26.4814 
	26.4814 
	1.8851 
	1.16 

	0.8867 
	0.8867 
	0.11116 
	0.12 

	0.0000 
	0.0000 
	0.0251 

	0.0000 
	0.0000 
	0.0110 

	0.0041 
	0.0041 
	0.0023 
	0.54 

	0.2343 
	0.2343 
	0.0169 
	0.12 

	02636 
	02636 
	0.0199 
	0.07 

	0.0003 
	0.0003 
	0.0042 
	0.00 

	0.0023 
	0.0023 
	0.0011 
	0.52 

	0.0040 
	0.0040 
	0.0011 
	1.30 

	0.0367 
	0.0367 
	0.0029 
	1.07 

	0.0010 
	0.0010 
	0.0025 
	0.00 

	0.0020 
	0.0020 
	0.0033 
	1.30 

	0.0010 
	0.0010 
	0.0017 
	uo 

	0.1119 
	0.1119 
	0.0081 
	1.12 

	0.0415 
	0.0415 
	0.0035 
	1.16 

	0.0067 
	0.0067 
	0.0012 
	0.18 

	0.0013 
	0.0013 
	0.0027 
	0.62 

	0.0021 
	0.0021 
	0.0017 
	0.00 

	0.0000 
	0.0000 
	0.0036 

	0.0076 
	0.0076 
	0.0205 
	0.00 

	0.0087 
	0.0087 
	0.0234 
	0.15 

	0.0000 
	0.0000 
	0.0242 

	0.0036 
	0.0036 
	0.0266 
	0.00 

	0.0000 
	0.0000 
	0.0318 

	0.0000 
	0.0000 
	0.0371 

	0.1040 
	0.1040 
	0.0792 
	0.27 

	0.0189 
	0.0189 
	0.1533 
	0.00 

	0.0000 
	0.0000 
	0.0046 

	0.0020 
	0.0020 
	0.0035 
	0.50 

	0.0013 
	0.0013 
	0.0033 
	1.46 

	0.0047 
	0.0047 
	0.0032 
	1.23 

	0.0000 
	0.0000 
	0.0070 

	101.9753 
	101.9753 
	3.8863 
	1.07 


	Tabi. . Element ratio• from ORI filter HmplM. 
	3.1.2.16

	Date 
	Date 
	Date 
	lhMl-92 

	Fuel 
	Fuel 
	Rice Straw 

	Configta'allon 
	Configta'allon 
	CRNF 

	Size Frection 
	Size Frection 
	PM25 

	Tallon Flier ID 
	Tallon Flier ID 
	A8TT007 

	Quar1z Filer IO 
	Quar1z Filer IO 
	ABTCI007 

	CI-IC1 
	CI-IC1 
	0.84 

	K-w'K 
	K-w'K 
	0.81 

	Sljlate SITolal S 
	Sljlate SITolal S 
	1.24 

	C(CHV~ 
	C(CHV~ 
	0.38 

	CIA( 
	CIA( 
	1.05 

	CI-IK+ 
	CI-IK+ 
	1.43 

	CI-/Na+ 
	CI-/Na+ 
	19.03 

	SA( 
	SA( 
	0.03 

	5/Na+ 
	5/Na+ 
	0.72 

	AL'SI 
	AL'SI 
	0.00 


	9'Ml-92 
	9'Ml-92 
	Ra Straw CRNF 

	PM10 PM2.M'M10 
	ABTT008 
	ABTOOOB 
	0.85 0.61 1.28 0.-40 1.09 
	151 
	19.34 0.03 0.69 0.00 
	0.99 1.01 0.97 0.94 0.96 0.95 O.DS 1.02 1.05 
	EmiNlon factors (mg/kg) from DRI filter samplN. 
	Table 3.1.2.17. 

	Dale 
	Fuel 
	Size Fraction 
	Tellon Flier ID 
	Quartz Fi•er ID 
	S1al1Time 
	Stop Time 
	Start Time 
	End Time 
	Ellpaed Time (mirues) 
	PM (mg/m"3 by tolal filter) 
	PM10 (from ORI iq,actor) 
	PM2.5 (from DRI Impactor) 
	PM emission factor (%) 
	PM10 emi881on factor (%) 
	PM2.5 emission factor (%) 
	Tellon ..q,le wk.ime (m'-3) Quartz sample volwne (m'-3) Tallon mass concenlration (mg/m"3) Tellon mass/Tolal mass 
	Cl
	-

	N03
	-

	504= 
	NH4+ 
	Na+ 
	K+ 
	C(org) 
	C(ohl) 
	C(e) 
	C(ehl) 
	C 
	Al 
	Si 
	p 
	s 
	Cl 
	K 
	Ca 
	Tl 
	V 
	Cr 
	Mn 
	Fe 
	Co 
	Ni 
	Cu 
	Zn 
	Ga 
	As 
	Se 
	Br 
	Rb 
	Sr 
	y Zr Mo Pd 
	Ag 
	Cd 
	In 
	Sn 
	Sb 
	Ba 
	La 
	Au 
	Hg 
	Tl Pb 
	u 
	Sum~measuredspe<:ies 
	9-Joo-92 
	9-Joo-92 
	Rice Straw 
	CRNF 
	PM2.5 

	9.Joo-92 
	Rice Strew CRNF 
	PM10 
	PM10 
	AB1T007 ABT0007 15:57 16:12 
	15 
	0.15 0.15 11.220 0.887 Emission !rnalklll 533.3110 2.1423 75.2759 
	40.4888 
	28.0311 372.5266 306.1707 2-49.5152 507.6389 
	13.9358 
	813.8096 
	0.0000 2.6015 0.0000 20.3035 636.23n 607.6291 2.1699 0.1064 0.0670 0.0434 0.5577 0.3725 
	0.0000 
	0.0236 0.1025 
	o.noe 
	0.0000 
	0.0512 0.0276 2.4695 
	0.9480 
	0.0236 0.0158 0.0000 0.0000 0.0000 0.0256 0.0000 0.0000 0.1793 0.0000 0.5558 0.0000 0.0749 0.0197 0.0374 0.1143 0.0000 2,160 
	:tUncer1a~ 
	0.01 0.01 0.570 
	:tUncena~ 
	48.4596 
	0.9223 
	8.7286 
	3.3221 2.6568 30.9010 35.0546 
	44.4960 
	52.7882 
	9.4457 0.0000 
	2.4536 3.7843 7.2598 3.5100 49.n29 47.5049 7.6334 0.6156 0.2700 0.0562 
	0.0606 
	0.1534 
	0.0324 
	0.0259 
	0.0281 
	0.0670 
	0.0626 
	0.0821 
	0.0432 
	0.1966 
	0.0664 
	0.0367 
	0.0670 
	0.0540 
	0.0907 
	0.5076 
	0.5681 
	0.5962 
	0.6458 
	0.8014 
	0.9137 
	2.9376 
	3.7951 
	0.1123 
	0.0864 
	0.0821 
	0.0799 
	0.1728 
	95 
	ABTT008 ABTC008 
	0.15 0.15 12.947 0.903 Emilaion !rnalklll 584.5819 2.7101 79.8990 39.6395 30.2216 387.6839 363.0482 309.1328 547.5611 31.6703 910.6093 0.0000 76.4441 0.0000 
	20.8469 
	691.2499 636.2269 21.3033 
	0.0000 0.0000 
	O.Oll85 5.6292 6.3331 0.0072 0.0553 0.0961 0.8817 0.0240 0.0481 0.0240 2.6884 0.9971 0.1610 0.0312 0.0505 0.0000 0.1826 0.2090 0.0000 0.0865 0.0000 0.0000 2.4986 0.4541 0.0000 0.0481 0.0312 0.1129 0.0000 2,450 

	Travel'll8 3 
	Travel'll8 3 
	Travel'll8 3 

	15.060 
	15.060 

	14.340 
	14.340 

	12.650 
	12.650 

	0.257 
	0.257 

	0.245 
	0.245 

	0.216 
	0.216 

	0.01 
	0.01 

	0.01 
	0.01 

	0.656 
	0.656 

	TR
	PM2.SJPM10 

	49.3455 
	49.3455 
	0.91 

	0.9139 
	0.9139 
	0.79 

	8.5922 
	8.5922 
	0.94 

	3.0307 
	3.0307 
	1.02 

	2.6583 
	2.6583 
	0.93 

	29.8655 
	29.8655 
	0.96 

	38.151-4 
	38.151-4 
	0.84 

	50.6244 
	50.6244 
	0.81 

	52.9421 
	52.9421 
	0.93 

	19.7544 
	19.7544 
	0.44 

	0.0000 
	0.0000 
	0.89 

	2.6999 
	2.6999 

	5.7355 
	5.7355 
	0.03 

	7.3353 
	7.3353 

	3.5060 
	3.5060 
	0.97 

	50.2079 
	50.2079 
	0.92 

	-46.1850 
	-46.1850 
	0.96 

	2.9302 
	2.9302 
	0.10 

	. 0.6150 
	. 0.6150 

	0.2695 
	0.2695 

	0.0564 
	0.0564 
	0.44. 

	0.4141 
	0.4141 
	0.10 

	0.4876 
	0.4876 
	0.06 

	0.1029 
	0.1029 
	0.00 

	0.0270 
	0.0270 
	0.43 

	0.0270 
	0.0270 
	1.07 

	0.0711 
	0.0711 
	0.87 

	0.0613 
	0.0613 
	0.00 

	0.0809 
	0.0809 
	1.07 

	0.0417 
	0.0417 
	1.15 

	0.1985 
	0.1985 
	0.92 

	0.0858 
	0.0858 
	0.95 

	0.0294 
	0.0294 
	0.15 

	0.0662 
	0.0662 
	0.50 

	0.0437 
	0.0437 
	0.00 

	0.0882 
	0.0882 

	0.5023 
	0.5023 
	0.00 

	0.5733 
	0.5733 
	0.12 

	0.5929 
	0.5929 

	0.6517 
	0.6517 
	0.00 

	o.n91 
	o.n91 

	0.9090 
	0.9090 

	1.9404 
	1.9404 
	0.22 

	3.7559 
	3.7559 
	0.00 

	0.1127 
	0.1127 

	0.0858 
	0.0858 
	0.41 

	0.0809 
	0.0809 
	1.20 

	0.0784 
	0.0784 
	1.01 

	0.1715 
	0.1715 

	84 
	84 
	0.88 


	:tUncer1ain!)'. 
	±Uncertain!)'. 
	Table3.1.2.18 voe Concentrations (ppbv) 
	Table3.1.2.18 voe Concentrations (ppbv) 
	Table3.1.2.18 voe Concentrations (ppbv) 

	Date Fuel Traverse 
	Date Fuel Traverse 
	9-Jun-92 Rice Straw Traverse 1 
	9-Jun-92 Rice Straw Traverse 2 
	9-Jun-92 Rice Straw Traverse 3 


	Acetic acid Propanone (acetone) Methyl ester acetic acid (methylacetate) Butane Dimethyloxirane Pentene Methylbutanone (isopropylmethyl ketone) Furancarboxaldehyde (furfural) 


	Benzene 
	Benzene 
	Dimethylbutane 

	Hexane 
	Hexane 
	Phenol Dimethylfuran 2-methyl 2-cyclopenten-1-one 2-chloro phenol Toluene Benzonitrile Benzaldehyde Methylphenol (hydroxy toluene) 
	Styrene 
	Xylene 
	T rimethylpentane 
	Benzofuran 
	Methoxymethylphenol (creosol) 
	Naphthalene 
	C10H12 
	~ha-pinene 
	Camphene 
	~3-Carene 
	Limonene 
	No match r.t. (6.7) 
	No match r.t. (8.51) 
	No match r.t. (8. 71) 
	No match r.t. (8.73) 
	No match r.t.(6.4) 
	No match r.t.(8.5) 
	36.3 25.9 33.9 
	19 14.3 25.6 
	7.7 S 10 4.2 2.9 6.8 
	Table . 
	3.1.2.19

	Emission Factors (mg/kg) 
	voe 

	Date Fuel Traverse Fuel Consunl)tion Rate (!;¥S d.b) Stack Gas Mass Flow Rate (k!;¥s) 
	Acetic acid Propanone (acetone) Methyl ester acetic acid (methylacetate) Butane 
	Dimethyloxirane 
	Pentene 
	Methylbutanone (isopropylmethyl ketone) Furancarboxaldehyde (furfural) 
	Benzene 
	Dimethyl butane Hexane Phenol Dimethylfuran 2-rnethyl 2-cyclopenten-1-<>ne 2-ehloro phenol Toluene Benzonitrlle Benzaldehyde Methylphenol (hydroxy toluene) Styrene Xylene Trimethylpentane Benzofuran Methoxymethylphenol (creosol) Naphthalene Unknown Alpha-pinene 
	Camphene d3-Carene Limonene 
	9-Jun-92 9-Jun-92 9-Jun-92 Rice Straw Rice Straw Rice Straw Traverse 1 Trav·erse 2 Traverse 3 11.50 11 .27 14.56 2.89 2.95 2.91 
	25 18 18 
	15 12 16 
	7 5 7 4 3 5 
	Table 3.1.2.20. PAH em1..1on factore, rice •tr-,9 June 1992 (approximate, flltert lnatalled Improperly). 
	Table 3.1.2.20. PAH em1..1on factore, rice •tr-,9 June 1992 (approximate, flltert lnatalled Improperly). 
	Table 3.1.2.20. PAH em1..1on factore, rice •tr-,9 June 1992 (approximate, flltert lnatalled Improperly). 

	Traverse 1 
	Traverse 1 
	Traverse 2 
	Traverse 1 
	Traverse 2 
	lmpinger 
	Total 
	Total 
	Total 

	Fitter 
	Fitter 
	FKter 
	Tubing 
	Solben! 
	Sorbent 
	Rinsate 
	Traverse 1 
	Traverse 2 
	Average 

	µglkg dry fuel 
	µglkg dry fuel 

	Naphthalene 
	Naphthalene 
	8.5 
	11.3 
	9.4 
	3,336.0 
	3,217.8 
	13.8 
	3,367.7 
	3,252.3 
	3,310.0 

	2-Methyl-naphlhalene 
	2-Methyl-naphlhalene 
	0.5 
	2.4 
	2.4 
	255.3 
	252.7 
	1.0 
	259.1 
	258.4 
	258.8 

	Acenaphlhylene 
	Acenaphlhylene 
	1.8 
	1.8 
	0.0 
	405.6 
	429.9 
	1.7 
	409.0 
	433.1 
	421.1 

	Aoenaphthene 
	Aoenaphthene 
	2.2 
	2.1 
	0.0 
	18.6 
	20.4 
	0.0 
	20.7 
	22.5 
	21.6 

	Fluorene 
	Fluorene 
	2.9 
	1.6 
	0.0 
	128.3 
	183.9 
	0.0 
	131 .2 
	165.5 
	148.4 

	Phenanlhn,ne 
	Phenanlhn,ne 
	8.6 
	9.9 
	12.8 
	415.1 
	499.9 
	1.8 
	438.1 
	524.2 
	481.2 

	Anlhracene 
	Anlhracene 
	1.5 
	2.2 
	0.0 
	52.8 
	69.8 
	0.0 
	54.1 
	72.0 
	63.1 

	Fluoranthene 
	Fluoranthene 
	4.8 
	10.5 
	7.3 
	101 .7 
	187.4 
	0.0 
	113.8 
	185.2 
	149.5 

	Pyn,ne 
	Pyn,ne 
	10.7 
	10.8 
	4.8 
	72.9 
	123.7 
	0.0 
	88.2 
	138.9 
	113.5 

	Benz[a)-anlhracene 
	Benz[a)-anlhracene 
	20.2 
	22.3 
	6.7 
	0.0 
	5.5 
	0.0 
	28.9 
	34.5 
	30.7 

	Chrysene 
	Chrysene 
	21 .1 
	22.2 
	9.9 
	3.0 
	4.7 
	0.0 
	34.0 
	36.9 
	35.5 

	Benzo[bJ-nuoranthene 
	Benzo[bJ-nuoranthene 
	37.4 
	65.7 
	0.0 
	0.0 
	3.0 
	0.0 
	37.4 
	68.7 
	53.0 

	Benzo{k)-fluoranthene 
	Benzo{k)-fluoranthene 
	20.7 
	13.5 
	0.0 
	0.0 
	0.0 
	0.0 
	20.7 
	13.5 
	17.1 

	Benzo[a)pyn,ne 
	Benzo[a)pyn,ne 
	18.4 
	18.8 
	0.0 
	0.0 
	0.0 
	0.0 
	18.4 
	16.6 
	17.5 

	Benzo{e]pyn,ne 
	Benzo{e]pyn,ne 
	22.3 
	29.1 
	0.0 
	0.0 
	0.0 
	0.0 
	22.3 
	29.1 
	25.7 

	Perylene 
	Perylene 
	1.8 
	5.1 
	0.0 
	0.0 
	0.0 
	0.0 
	1.8 
	5.1 
	3.5 

	Benzo[gii)-perylene 
	Benzo[gii)-perylene 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 

	lndeno[1 ,2,3-<:d)-pyn,ne 
	lndeno[1 ,2,3-<:d)-pyn,ne 
	0.0 
	22.7 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 
	22.7 
	11 .3 

	Dibenz[a,h]-anlhracene 
	Dibenz[a,h]-anlhracene 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 

	Total 
	Total 
	183.5 
	249.4 
	53.0 
	4,789.1 
	4,958.6 
	18.1 
	5,043.7 
	5,279.1 
	5,161 .4 


	Zero values indicate not detected. 
	Figure 3.1.2.1. Ambient air conditions, 9 June 92. 
	Fuel Type: Rice Straw Test Date 9-Jun-92 Configuration: CRNF 
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	Figure 3.1.2.2. Air temperature and relative humidity from CIMIS station. Fuel: Rice Straw Date of Test: 9-Jun-92 Configuration: CRNF 
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	Hourly Average CIMIS Data for Davis, Calif

	----0-Air Temperature (°C) ~Relative Humidity(%) 
	90 --.---.---..---r--.--,----.----.---.----.-,----,,--,-,--,---.----.----,--......---.---,--,----.----.---,
	.,)0-\
	.,)0-\

	80 4--l--4y-t----,J',.,,,J~--1--+--l--4L\.----4----4~e--l--l--~4---+---+--l----+---+---i--+--+-l 
	--l----l---+----4----4----l--+--4---l-~l--l---1---1--..---1--...+-_.......--l----1----l---4----l--+--4--I 
	70 

	60 -+-+----+--+---+--+-----+-+-+--4---,\I--->,,"'......--+---1--~--l----l----+----l----l------l-_1
	;'--I
	;'--I

	\~ 1!
	--+---l---+---4----4----l--+--4---l---l----,'----Jl--....,._-l---l---l------+--+---l----l---4----1----,4..-4--I 
	50 

	r\~ J~( 
	40 +-t---i--+-t--+--+-+-+---4-+-+--+-+-+-{J.::'1-+~-+:i--(-4--~--rJ~-+--+--+--l 30 +--+--l-+---l----l----1-----+--l-+--l-~+y-'---l-~--l-y-J-r...,{)::=.~6.c--j""(~~--l---+--<~---l 
	" 
	" 

	__..(~ ~)._
	20 +--+--+--+--+--+--+-+---4---:!c-:::,,1.,~!--+-+-+--+-+--+--+---+---+---f-::::..,.,.,r--J----:1
	Vy-~N) 
	>-0--0-0-0---<~ 
	>-0--0-0-0---<~ 

	--l----l---+----4----4--+--+--4---1-------1--..--..---1--...+-_.......--l----1----4---4----l---l--4-
	10 
	-

	0 +-_._-+-___._--+-__.._-+__._ ____...___..__+-.,__--+-.........--1--....L.--4-~---l--.l..-4---L-
	-

	0 2 4 6 8 10 12 14 16 18 20 22 24 Time of Day (POST) 
	Figure 3.1.2.3. Wind speed from CIMIS station. 
	Fuel: Rice Straw Date of Test: 9-Jun-92 Configuration: CRNF Hourly Average CIMIS Data for Davis, California 
	--0----Wind Speed (mis) 
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	Figure 3.1.2.4. Wind direction and solar radiation from CIMIS station. 
	Fuel: Rice Straw Date of Test: 9-Jun-92 Configuration: CRNF Hourly Average CIMIS Data for Davis, California 
	-<r--Wind Direction (from N) --0---Solar Radiation (W/sq. m) 
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	Figure 3.1.2.5. Inlet air, stack gas, and lmplnger outlet temperatures, 9 June 92. 
	Fuel Type: Rice Straw Test Date 9-Jun-92 Configuration: CRNF 
	-
	-
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	Figure 3.1.2.6. Conveyor speed and stack gas velocity, 9 June 92. 
	Fuel Type: Rice Straw Test Date 9-Jun-92 Configuration: CRNF 
	---Conveyor Speed (m/min) ------Stack Velocity (mis) 
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	Figure 3.1.2.7. Conveyor speed with 10 min moving average, 9 June 92. 
	Fuel Type: Rice Straw Test Date 9-Jun-92 Configuration: CRNF 
	Conveyor Speed (m/min) D Conveyor Speed--10 pt. rolling average 
	2.5 
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	Figure 3.1.2.8. Conveyor travel, 9 June 92. 
	Fuel Type: Rice Straw Test Date 9-Jun-92 Configuration: CRNF 
	Conveyor Travel (m) 
	300 
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	Figura 3.1.2.9. CO concentration In stack gas, 9 June 92. 
	Fuel Type: Rice Straw Test Date 9-Jun-92 Configuration: CRNF 
	CO (ppmv) 
	CO (ppmv) 
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	Figure . NO and NOx concentrations in stack gas, 9 June 92. 
	3.1.2.10

	Fuel Type: Rice Straw Test Date 9-Jun-92 Configuration: CRNF 
	NOx (ppmv) -· -· --NO (ppmv) 
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	Figure 3.1 .2.11. S02 concentration In stack gas, 9 June 92. 
	Fuel Type: Rice Straw Test Date 9-Jun-92 Configuration: CRNF 
	S02 (ppmv) 
	S02 (ppmv) 
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	Total sulfur concentration In stack gas, 9 June 92. 
	Figure 3.1.2.12. 

	Fuel Type: Rice Straw Test Date 9-Jun-92 Configuration: CRNF 
	Total S (ppmv) 
	3.5 
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	Figure . Particle size distribution, traverse 1, 9 June 92. 
	3.1.2.13

	Fuel: Rice Straw Particle Size Distribution 
	Traverse 1: 
	Traverse 1: 
	Traverse 1: 

	Stage 
	Stage 
	ECD (µm) 

	1 
	1 
	15.06 

	2 
	2 
	8.43 

	3 
	3 
	4.50 

	4 
	4 
	2.38 

	5 
	5 
	1.37 

	6 
	6 
	0.81 

	7 
	7 
	0.42 

	filter 
	filter 
	0.00 


	Weight (mg) 0.4 0.4 0.4 0.5 0.5 0.6 0.9 6.2 
	Weight (mg) 0.4 0.4 0.4 0.5 0.5 0.6 0.9 6.2 

	Date of Test: Configuration: 
	Cum. Wt (mg) 9.9 9.5 9.1 8.7 8.2 7.7 7.1 6.2 
	9-Jun-92 CRNF 
	9-Jun-92 CRNF 

	Cum. Fraction 1.000 0.960 0.919 0.879 0.828 0.778 0.717 0.626 
	1.000 0.950 0.900 C ..2 0.850-~ .... 0.800.,., 1111 0.750:& I :;::: 0.7001111 / ~ /I I I I T -; E 0.650=i (.) 0.600 0.550 0.500 L-----------
	0.00 5.00 10.00 15.00 20.00 
	ECD(µm) 
	ECD(µm) 

	Particle size distribution, traverse 2, 9 June 92. 
	Figure 3.1.2.14. 

	Fuel: 
	Fuel: 
	Fuel: 
	Rice Straw 
	Date of Test: 
	9-Jun-92 

	TR
	Configuration: 
	CRNF 

	Particle Size Distribution 
	Particle Size Distribution 

	Traverse 2: 
	Traverse 2: 

	Stage 
	Stage 
	ECO (µm) 
	Weight (mg) 
	Cum. Wt (mg) 
	Cum. Fraction 

	1 
	1 
	14.76 
	0.3 
	8.4 
	1.000 

	2 
	2 
	8.27 
	0.2 
	8.1 
	0.964 

	3 
	3 
	4.41 
	0.2 
	7.9 
	0.940 

	4 
	4 
	2.33 
	0.2 
	7.7 
	0.917 

	5 
	5 
	1.34 
	0.4 
	7.5 
	0.893 

	6 
	6 
	0.79 
	0.4 
	7.1 
	0.845 

	7 
	7 
	0.41 
	0.4 
	6.7 
	0.798 

	fitter 
	fitter 
	0.00 
	6.3 
	6.3 
	0.750 
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	Figure Particle size distribution, traverse 3, 9 June 92. 
	3.1.2.15. 

	Fuel: Rice Straw Particle Size Distribution 
	Traverse 3: 
	Traverse 3: 
	Traverse 3: 

	Stage 
	Stage 
	ECO (µm) 

	1 
	1 
	16.17 

	2 
	2 
	9.06 

	3 
	3 
	4.83 

	4 
	4 
	2.55 

	5 
	5 
	1.47 

	6 
	6 
	0.86 

	7 
	7 
	0.45 

	filter 
	filter 
	0.00 


	Weight (mg) 0.6 
	Weight (mg) 0.6 
	0.8 
	0.4 0.6 0.4 0.2 0.5 7.6 

	Date ofTest: Configuration: 
	Cum. Wt (mg) 11.1 10.5 9.7 9.3 8.7 8.3 
	8.1 
	8.1 
	7.6 
	9-Jun-92 CRNF 

	Cum. Fraction 1.000 0.946 
	0.874 
	0.874 
	0.838 0.784 0.748 0.730 0.685 
	1.000 0.950 0.900 

	C 
	·-
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	Figure 3.1.2.16. Nitrogen balance. 
	Figure 3.1.2.16. Nitrogen balance. 
	Figure 3.1.2.16. Nitrogen balance. 

	Date of Test: 
	Date of Test: 
	9.Jun-92 

	Fuel 
	Fuel 
	Rice Straw 


	ND 71% 
	ND 71% 

	Ash 12% 
	NOx
	NOx
	PM 
	17%
	0% 

	Figure . Sulfur balance. 
	3.1.2.17

	Date of Test: ·e.Jun-92 Fuel Rice Straw 
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	Table 3.1.3.1 
	Table 3.1.3.1 
	Table 3.1.3.1 

	Fuel and Ash Analyses 
	Fuel and Ash Analyses 

	Run Date 
	Run Date 
	10-Jul-92 

	Fuel Type 
	Fuel Type 
	Rice Straw 

	Sample Type 
	Sample Type 
	Ash 

	Ultimate Analysis 
	Ultimate Analysis 

	(% dry weight) 
	(% dry weight) 

	C 
	C 
	9.82 

	H 
	H 
	0.66 

	N 
	N 
	0.18 

	Elemental Analysis 
	Elemental Analysis 

	(% by weight dry basis) 
	(% by weight dry basis) 

	N 
	N 
	0.32 

	p 
	p 
	0.20 

	K 
	K 
	2.79 

	Ca 
	Ca 
	1.23 

	Mg 
	Mg 
	0.67 

	Na 
	Na 
	0.17 

	Cl 
	Cl 
	0.39 

	(mg/kg dry weight) 
	(mg/kg dry weight) 

	s 
	s 
	830 

	B 
	B 
	16 

	Zn 
	Zn 
	88 

	Mn 
	Mn 
	3,790 

	Fe 
	Fe 
	702 

	Cu 
	Cu 
	10 

	Si 
	Si 

	Total (% dry weight) 
	Total (% dry weight) 
	16.79 

	Proximate Analysis 
	Proximate Analysis 

	(% dry weight) 
	(% dry weight) 

	Ash 
	Ash 
	86.05 

	Volatiles 
	Volatiles 
	11.01 

	Fixed Carbon 
	Fixed Carbon 
	2.94 

	H!2her Heatini Value 
	H!2her Heatini Value 


	(MJ/kg dry weight) 2.7250 
	Table 3.1.3.2. Operating conditions and concentrations, rice straw, 10 July 92. 
	Fuel: Fuel Loading Rate (g/sq.m w.b.): Total Fuel Consumption (kg w.b.) Total Ash Recovered (kg w.b.) Ash Fraction (w.b.) 
	Fuel: Fuel Loading Rate (g/sq.m w.b.): Total Fuel Consumption (kg w.b.) Total Ash Recovered (kg w.b.) Ash Fraction (w.b.) 
	Fuel: Fuel Loading Rate (g/sq.m w.b.): Total Fuel Consumption (kg w.b.) Total Ash Recovered (kg w.b.) Ash Fraction (w.b.) 
	Rice Straw 637 104.3 23.8 0.23 
	Date of Test: Configuration: 
	10-Jul-92 CEWF 

	TR
	Traverse 1 
	Traverse 2 


	Mean Values 
	Air Temperature (°C) Air Relative Humidity(%) Inlet Air Temperature (°C) Stack Temperature (°C) lmpinger Outlet Temperature (°C) 
	Fire Spreading Rate (m/min) 
	Stack Gas Velocity (mis) 
	Gas and PM Concentrations (less background) CO (ppmv) NO (ppmv) NOx (ppmv) SO2 (ppmv) HC (ppmv as CH4 by GC) CH4 (ppmv by GC) NMHC (ppmv as CH4 by GC) CO2 (ppmv by GC) Total S (ppmv as SO2) 
	PM (mg/cu.m) PM10 (mg/cu.m) PM2.5 (mg/cu.m) 
	30.45 19.97 
	30.45 19.97 
	34.00 
	52.45 20.89 
	0.96 2.86 
	75.42 3.24 4.10 0.58 
	1.83 
	1.68 0.15 2,286 0.40 
	6.07 5.89 5.61 
	33.54 
	20.36 36.76 55.64 28.05 
	0.94 2.91 
	75.85 3.20 3.99 0.52 1.76 1.64 0.13 
	2,416 0.35 
	1.78 1.78 1.70 

	Table 3.1.3.3. Mass balance, rice straw, 10 July 92. 
	Table 3.1.3.3. Mass balance, rice straw, 10 July 92. 
	Table 3.1.3.3. Mass balance, rice straw, 10 July 92. 

	Fuel: 
	Fuel: 
	Rice Straw 
	Date of Test: 
	10-Jul-92 

	TR
	Configuration: 
	CEWF 

	Mass Balance 
	Mass Balance 


	Traverse 1 Traverse2 
	Total Conveyor Travel (m) 
	Total Conveyor Travel (m) 
	Total Conveyor Travel (m) 
	47.04 
	45.31 

	Fuel Moisture Content (% w.b.) 
	Fuel Moisture Content (% w.b.) 
	7.7 
	8.6 

	Fuel Loading Rate (g/sq.m d.b.) 
	Fuel Loading Rate (g/sq.m d.b.) 
	588 
	582 

	Total Fuel Consumption (g w.b.) 
	Total Fuel Consumption (g w.b.) 
	36,535 
	35,191 

	Total Fuel Consumption (g d.b.) 
	Total Fuel Consumption (g d.b.) 
	33,711 
	32,157 

	Residual Ash (g w.b.) 
	Residual Ash (g w.b.) 
	8,349 
	8,041 

	Fuel Vaporized (g w.b.) 
	Fuel Vaporized (g w.b.) 
	28,186 
	27,149 

	Fuel Consumption Rate (g/s w.b.) 
	Fuel Consumption Rate (g/s w.b.) 
	12.69 
	12.22 

	Fuel Consumption Rate (g/s d.b.) 
	Fuel Consumption Rate (g/s d.b.) 
	11 .71 
	11 .17 

	Ash Generation Rate (g/s w.b.) 
	Ash Generation Rate (g/s w.b.) 
	2.90 
	2.79 

	Fuel Vaporization Rate (g/s w.b.) 
	Fuel Vaporization Rate (g/s w.b.) 
	9.79 
	9.43 

	Stack Gas Density (kg/cu.m) 
	Stack Gas Density (kg/cu.m) 
	1.0855 
	1.0749 

	Stack Gas Flow Rate (cu.mis) 
	Stack Gas Flow Rate (cu.mis) 
	4.25 
	4.33 

	Stack Gas Mass Flow Rate (kg/s) 
	Stack Gas Mass Flow Rate (kg/s) 
	4.61 
	4.66 

	Inlet Air Mass Flow Rate (kg/s) 
	Inlet Air Mass Flow Rate (kg/s) 
	4.60 
	4.65 

	Overall Air-Fuel Ratio (w.b.) 
	Overall Air-Fuel Ratio (w.b.) 
	362.76 
	380.35 

	Overall Air-Fuel Ratio (d.b.) 
	Overall Air-Fuel Ratio (d.b.) 
	393.15 
	416.23 


	Table 3.1.3.4. Emission factors, rice straw, 10 July 92 (Integrated basis). 
	Table 3.1.3.4. Emission factors, rice straw, 10 July 92 (Integrated basis). 
	Table 3.1.3.4. Emission factors, rice straw, 10 July 92 (Integrated basis). 

	Fuel: 
	Fuel: 
	Rice Straw 
	Date of Test: 
	10-Jul-92 

	TR
	Configuration: 
	CEWF 

	Emission Factors {% of fuel d!}'. wei9ht} 
	Emission Factors {% of fuel d!}'. wei9ht} 

	Integrated Basis 
	Integrated Basis 

	Traverse 1 
	Traverse 1 
	Traverse 2 
	Avera9e 


	co 
	NO NOx {as NO2) SO2 HC (as CH4 by GC) CH4 (by GC) NMHC (byGC) CO2 (byGC} Total S (as SO2) SO2/Total S 
	PM PM10 PM2.5 
	MMAD (µm) 
	a 
	2.936 0.135 0.263 0.052 0.040 0.036 0.003 136.651 0.036 1.45 
	2.936 0.135 0.263 0.052 0.040 0.036 0.003 136.651 0.036 1.45 
	0.199 0.193 0.184 
	0.085 4.141 
	3.047 0.138 0.264 
	0.048 

	0.041 0.038 0.003 152.884 0.032 1.50 
	0.063 0.063 0.061 
	0.063 0.063 0.061 
	0.156 2.382 

	2.992 0.137 0.263 0.050 
	0.040 · 0.037 0.003 
	144.768 0.034 1.47 
	0.131 0.128 0.122 
	0.120 
	Table 3.1.3.5. Emission factors, rice straw, 10 July 92 (average basis). 
	Table 3.1.3.5. Emission factors, rice straw, 10 July 92 (average basis). 
	Table 3.1.3.5. Emission factors, rice straw, 10 July 92 (average basis). 

	Fuel: 
	Fuel: 
	Rice Straw 
	Date of Test: 
	10-Jul-92 

	TR
	Configuration: 
	CEWF 

	Emission Factors {% of fuel d!j'. weight~ 
	Emission Factors {% of fuel d!j'. weight~ 

	Average Basis 
	Average Basis 

	TR
	Traverse 1 
	Traverse 2 
	Average 

	co 
	co 
	2.869 
	3.054 
	2.962 

	NO 
	NO 
	0.132 
	0.138 
	0.135 

	NOx (as NO2) 
	NOx (as NO2) 
	0.256 
	0.264 
	0.260 

	SO2 
	SO2 
	0.051 
	0.048 
	0.049 

	HC (as CH4 by GC) 
	HC (as CH4 by GC) 
	0.040 
	0.041 
	0.040 

	CH4 (byGC) 
	CH4 (byGC) 
	0.036 
	0.038 
	0.037 

	NMHC (byGC) 
	NMHC (byGC) 
	0.003 
	0.003 
	0.003 

	CO2 (byGC) 
	CO2 (byGC) 
	136.651 
	152.884 
	144.768 

	Total S (as SO2) 
	Total S (as SO2) 
	0.035 
	0.032 
	0.034 

	SO2/Total S 
	SO2/Total S 
	1.44 
	1.50 
	1.47 

	PM 
	PM 
	0.199 
	0.063 
	0.131 

	PM10 
	PM10 
	0.193 
	0.063 
	0.128 

	PM2.5 
	PM2.5 
	0.184 
	0.061 
	0.122 

	MMAD (µm) 
	MMAD (µm) 
	0.085 
	0.156 
	0.120 

	a 
	a 
	4.141 
	2.382 


	Table 3.1.3.6. Carbon balance. 
	Table 3.1.3.6. Carbon balance. 

	Date of Test: 10-Jul-92 10-Jul-92 Fuel Rice Straw Rice Straw Traverse 1 Traverse 2 
	Carbon Balance 
	Carbon Balance 
	Dry Fuel Consumption Rate (9's) Ash Generation Rate (9's) Ash Fraction (% dry basis) Fuel Carbon Concentration•(%) Residual Ash Carbon Concentration (%) Carbon released to stack (9's) Maximum CO2 emission factor (%) Stack Gas Density (k9'cubic meter) Average CO2 concentration (ppmv) Average CO concentration (ppmv) Average THC concentration (ppmv as CH4) PM Concentration (m9'cubic meter) PM Carbon Concentration (%) PM Carbon (m9'cubic meter) Stack Gas Temperature (°C) lffl)inger Temperature (°C) PM molar con
	Emission Factors (% Average Basis): CO2 
	co 
	HC (as CH4) 
	PM 
	Emission Factors (% Integrated Basis): CO2 
	co 
	HC (as CH4) PM 
	Closure (% Average Basis) Closure !% Integrated Basis} 
	•Fuel analysis from run of 14 July 92. 

	11 .71 
	2.90 24.n 37.99 
	9.82 4.16 130.38 1.09 2,286 75.42 1.83 6.07 
	36.n 
	2.23 52.45 20.89 
	4.49 
	2.63 
	136.651 2.869 0.04 0.199 
	136.651 2.936 0.04 0.199 
	109 108 
	11 .17 2.79 24.98 37.99 9.82 3.97 130.30 1.07 2,416 75.85 1.76 1.78 
	11 .17 2.79 24.98 37.99 9.82 3.97 130.30 1.07 2,416 75.85 1.76 1.78 
	36.n 
	0.65 55.64 28.05 1.35 2.41 
	152.884 3.054 0.041 0.063 
	152.884 3.047 0.041 0.063 
	121 
	121 

	Table 3.1.3.7. Nitrogen balance Date of Test: Fuel 
	Nitrogen Balance Fuel Nitrogen Concentration• (% dry weight) Ash Nitrogen Concentration (% weight) 
	Emission Factors (% Average Basis): NOx (as N02) PM Emission Factors (% Integrated Basis): NOx (as NO2) 
	NO3-Concentration of PM (% weight) NH4+ Concentration of PM (% weight) Nitrogen Concentration of PM(%) Fuel Nitrogen (mg/s) Ash Nitrogen (mg/s) Nitrogen as NOx (mg/s Average Basis) Nitrogen as NOx (mg/s Integrated Basis) Nitrogen as PM (mg/s Average Basis) Nitrogen as NOx+PM (mg/s Average Basis) Nitrogen as NOx+PM (mg/s Integrated Basis) NOx+PM Nitrogen/Fuel Nitrogen (Average) NOx+PM Nitrogen/Fuel Nitrogen (Integrated) Ash Nitrogen/Fuel Nitrogen Ash+NOx+PM Nitrogen/Fuel Nitrogen (Average) Ash+NOx+PM Nitro51
	•Fuel analysis from run of 14 July 92. 
	10-Jul-92 10-Jul-92 Rice Straw Rice Straw Traverse 1 Traverse 2 
	0.70 0.70 0.32 0.32 
	0.256 0.264 0.199 0.063 
	0.263 0.264 
	0.273 0.273 8.386 8.386 6.584 6.584 81.97 78.19 9.28 8.93 9.12 8.97 9.37 8.97 1.53 0.46 10.66 9.44 10.91 9.44 0.130 0.121 0.133 0.121 0.113 0.114 0.243 0.235 0.246 0.235 
	Table 3.1.3.8. Sulfur balance. 
	Table 3.1.3.8. Sulfur balance. 
	Table 3.1.3.8. Sulfur balance. 

	Date of Test: 
	Date of Test: 
	10-Jul-92 
	10-Jul-92 

	Fuel 
	Fuel 
	Rice Straw 
	Rice Straw 

	TR
	Traverse 1 
	Traverse 2 

	Sulfur Balance 
	Sulfur Balance 


	Fuel Sulfur Concentration* (mg/kg dry weight) 720 720 Ash Suttur Concentration (ffVkg weight} 830 830 
	Emission Factors(% Average Basis} SO2 0.051 0.048 PM 0.199 0.063 Emission Factors (o/o Integrated Basis} SO2 0.052 0.048 
	Sulfur Concentration of PM (% weight) 1.073 1.073 Fuel Sulfur (mg/s) 8.43 8.04 Ash Sulfur (mg/s) 2.41 2.32 Sulfur as SO2 (rng/s Average Basis} 2.99_ 2.68 Sulfur as SO2 (rng/s Integrated Basis} 3.04 2.68 Sulfur as PM (rng/s Average Basis) 0.25 0.08 Sulfur as SO2+PM (mg/s Average Basis) 324 2.76 Sulfur as SO2+PM (mg/s Integrated Basis} 3.29 2.76 SO2+PM Sulfur/Fuel Sulfur (Average Basis} 0.384 0.343 SO2+PM Sulfur/Fuel Sulfur (Integrated Basis} 0.391 0.343 Ash Sulfur/Fuel Sulfur 0.285 0.288 Closure (o/o Average
	Table 3.1.3.9. Water balance. 
	Estimated Stack Humidity 
	Fuel Configuration Date of Test 
	Rice Straw CEWF 10-Jul-92 
	Rice Straw CEWF 10-Jul-92 

	Traverse 1 Traverse 2 
	Ambient Air Temperature °C) Ambient Air Relative Humidity(%) Air Temperature (K) Saturation Pressure (Pa) Vapor Pressure (Pa) Air Dew Point Temperature (°C} Ambient Volume Fraction Water Vapor Ambient Mass Fraction Water Vapor Fuel Burning Rate (g/s wet basis} Fuel Moisture Content (%) Ash Fraction (wet basis) Fuel Hydrogen Content (%) Ash Hydrogen Content (%) Moisture Evaporated (g/s) Water of Combustion (g/s) Total Fuel Water Added (g/s) Inlet Air Mass Flowrate (g/s) Inlet Air Water Vapor Flowrate (g/s} T
	Totals: 
	30 34 20 20 304 307 4,357 5,189 870 1,056 5.0 7.8 0.0086 0.0104 0.0053 0.0065 12.69 12.22 7.7 8.6 0.23 0.23 5.27 5.27 0.66 0.66 0.98 1.05 5.38 5.13 6.36 6.18 4,600 4,650 25 30 31 36 4,610 4,659 0.0067 0.0078 0.0108 0.0125 1,093 1,271 52 56 326 329 13,932 16,249 8 8 8.3 10.5 20.9 28.1 577 619 4.6 5.7 
	Estimated Measured 
	Total lmpinger/Desiccant Weight Gain (g) 10.3 10.2 Estimated/Measured Weight Gain 1.01 
	Table 3.1.3.10. Power balance. 
	Table 3.1.3.10. Power balance. 
	Table 3.1.3.10. Power balance. 

	Date of Test: 
	Date of Test: 
	10-Jul-92 
	10-Jul-92 

	Fuel 
	Fuel 
	Rice Straw 
	Rice Straw 

	TR
	Traverse 1 
	Traverse 2 

	Power Balance 
	Power Balance 


	Fuel Heating Value (MJ/kg dry weight) Ash Heating Value (MJ/kg dry weight) Average Energy Release Rate (kW) Products of lncorrplete Combustion (kW) 
	Fuel Heating Value (MJ/kg dry weight) Ash Heating Value (MJ/kg dry weight) Average Energy Release Rate (kW) Products of lncorrplete Combustion (kW) 
	co 
	THC (as CH4) 
	PM Heat Release Rate (kW) Fireline Intensity (kW/m) Stack Gas Flow (kg/s) Stack Gas Temperature (°C) Inlet T e"l)erature (°C) Sensible Power at Top of Stack (kW) Tunnel Dissipation (kW) 

	15.7392 2.7250 176.4 
	3.4 0.3 0.3 172.5 141.5 4.61 52.45 34.00 
	85.6 86.9 
	15.7392 2.7250 168.2 
	15.7392 2.7250 168.2 
	3.4 0.3 0.1 164.4 134.9 4.66 55.64 36.76 88.5 75.9 

	Dale Fuel 
	SizB Fraction 
	Teflon Filler IO 
	0uartz FIiter ID 
	Teflon Fields~Flag 
	Quartz field sa,q,18 field 
	Teflon mas U"1)18 flag 
	au.tz -sample flag 
	Anions u"1)1e flag 
	Ammonun allllly9ia flag 
	Sodium ion anal'tsis flag 
	Magrweit.m ion analysis flag 
	Potauium ion analyais flag 
	Cart>on analyala flag 
	XRF ana/yllis flag 
	T ellon umple volt.me (111"3) Quartz IM1)le volume (111"3) Tellon mass concentration (lig,'111"3) 
	c~ 
	NOO
	-

	5()4. 
	NH4+ 
	Na+ 
	K+ 
	C(org) 
	C(ohl) 
	C(e) 
	C(ahl) 
	C 
	Al 
	Si 
	p 
	s 
	Cl 
	K 
	Ca Ti 
	V 
	Cr 
	Mn 
	Fe 
	Co 
	Ni Cu Zn Ga 
	As Se 
	Br 
	Rb 
	Sr 
	y Zr Mo Pd 
	Ag 
	Cd 
	In Sn Sb Ba La Au Hg Tl Pb u Sum of meui,ed apecies 
	MaN concentrations(%) from DAI filter Hmples 
	Table 3.1.3.11. 

	1o-Jul-92 Rice Straw CEWF 
	PM10 
	PM10 

	ASTT016 
	ASTT016 
	ASTT016 

	ABT0016 
	ABT0016 

	:1Unoertai~ 
	:1Unoertai~ 

	0.30 
	0.30 
	0.02 

	0.30 
	0.30 
	0.02 

	3,890 
	3,890 
	201 

	Concentration ~! :l:Uncert~ 
	Concentration ~! :l:Uncert~ 
	PM2.51PM10 

	27.0972 
	27.0972 
	2.2625 
	1.09 

	02725 
	02725 
	0.0637 
	1.07 

	3.3181 
	3.3181 
	0.2518 
	1.14 

	8.3857 
	8.3857 
	0.7-413 
	1.17 

	1.1683 
	1.1683 
	0.1041 
	1.13 

	8 .7208 
	8 .7208 
	0.8656 
	1.12 

	19.3878 
	19.3878 
	2.0797 
	1.05 

	15.6962 
	15.6962 
	2.6021 
	0.95 

	17.3779 
	17.3779 
	1.6614 
	1.09 

	0.8655 
	0.8655 
	0.5375 
	0.73 

	36.7657 
	36.7657 
	1.06 

	0.0000 
	0.0000 
	0.1200 

	1.9673 
	1.9673 
	0.1603 
	0.08 

	0.0000 
	0.0000 
	0.3-450 

	1.0728 
	1.0728 
	0.1876 
	1.09 

	33.0953 
	33.0953 
	2.3835 
	1.10 

	14.5331 
	14.5331 
	1.0468 
	1.08 

	0.2210 
	0.2210 
	0.0590 
	023 

	0.0117 
	0.0117 
	0.042-4 
	0.00 

	0 .0002 
	0 .0002 
	0.0186 
	0.00 

	0.0011 
	0.0011 
	0.0052 
	0.18 

	0.0835 
	0.0835 
	0.0068 
	0 .15 

	0.2555 
	0.2555 
	0.0211 
	0.14 

	0.0000 
	0.0000 
	0.00-46 

	0.0012 
	0.0012 
	0.0025 
	0.00 

	0.0028 
	0.0028 
	0.0018 
	1.04 

	0.0305 
	0.0305 
	0.0030 
	1.00 

	0.0000 
	0.0000 
	0.0045 

	0.0016 
	0.0016 
	0.0056 
	0.50 

	0.0016 
	0.0016 
	0.0031 
	025 

	0.1136 
	0.1136 
	0.0085 
	1.04 

	0.0146 
	0.0146 
	0.0025 
	1.00 

	0.0012 
	0.0012 
	0.0028 
	0.00 

	0.0019 
	0.0019 
	0.0034 
	0.32 

	0.0018 
	0.0018 
	0.0041 
	3.39 

	0.0036 
	0.0036 
	0.0068 
	1.00 

	0.0000 
	0.0000 
	0.0319 

	0.0078 
	0.0078 
	0.0372 
	0.00 

	0.0000 
	0.0000 
	0.0390 

	0.0000 
	0.0000 
	0.0436 

	0.0004 
	0.0004 
	0.0531 
	0.00 

	0.01-49 
	0.01-49 
	0.0618 
	0.22 

	0.0000 
	0.0000 
	0.2062 

	0.0314 
	0.0314 
	0.2758 
	0.00 

	0.0000 
	0.0000 
	0.0077 

	0.0000 
	0.0000 
	0.0063 

	0.0022 
	0.0022 
	0.0059 
	123 

	0.0037 
	0.0037 
	0.0079 
	0.86 

	0.0010 
	0.0010 
	0.0067 
	2.60 

	98.0693 
	98.0693 
	3.8408 
	1.06 


	10-Jul-92 Rice Straw CEWF 
	PM2.5 
	PM2.5 
	ABTT015 ABT0015 
	11 

	±Uncer1al~ 
	±Uncer1al~ 

	0.30 0.02 0.30 0.01 3.373 176 
	Concentration ~l ±UIIC8llai~ 
	29.5868 
	29.5868 
	0.2905 3.7961 
	11.8091 
	1.318-4 
	11.7266 
	20.2675 
	14.9095 
	18.87-45 0.6288 
	39.1-420 0.0000 0.1573 0.0000 1.1713 
	382467 
	15.8-472 0.0514 0.0000 0.0000 0.0002 0.0127 0.0369 0.0001 
	0.0000 0.0029 
	0.0304 0.0000 
	0.0008 0.0004 
	0.1178 0.0146 
	0.0000 
	0.0006 0.0081 0.0036 0.0000 0.0000 0.0000 0.0032 0.0000 0.0033 0.1379 0.0000 0.0000 0.0019 0.0027 0.0032 0.0026 104.2160 

	2.4839 0.0736 0.2901 0.73211 0.1183 0.7-472 2.2217 2.53n 
	1.8098 0.4024 
	0.1276 0.2000 0.3n9 0.1837 2.8253 1.1335 0.1811 0.0490 0.0215 0.0059 0.0032 0.0119 0.0027 0.0029 0.0021 0.0032 0.0053 0.0065 0.0036 0.0090 0.0027 0.0032 0.0039 0.0033 0.0080 0.0367 0.0420 0.0438 0.0487 0.0603 0.0706 0.2386 0.3170 0.0090 0.0075 0.0070 O.OOQ2 
	o.oon 
	o.oon 

	4.1698 
	Table Element ratios from ORI flltar ..mplH. 
	3.1.3.12. 

	Dale 
	Dale 
	Dale 
	11h11A-92 

	Fuel 
	Fuel 
	Ric»Str-

	Conliguration 
	Conliguration 
	CEWF 

	Size Fraction 
	Size Fraction 
	PM2.5 

	Tallon Fi•ar ID 
	Tallon Fi•ar ID 
	A9TT015 

	0uanz Flier ID 
	0uanz Flier ID 
	ABTC015 

	Cl-~I 
	Cl-~I 
	0.82 

	K+II( 
	K+II( 
	0.62 

	Sulfate SfTcllal S 
	Sulfate SfTcllal S 
	1.08 

	C(org)~ 
	C(org)~ 
	0.52 

	CM< 
	CM< 
	2.32 

	Cl-i1<+ 
	Cl-i1<+ 
	3.04 

	CI-/Na+ 
	CI-/Na+ 
	22.44 

	S,1( 
	S,1( 
	0.07 

	S/Na+ . 
	S/Na+ . 
	0.89 

	Al/Si 
	Al/Si 
	0.00 


	1(hhi-92 
	1(hhi-92 
	Rice Straw CEWF 

	PM10 PM2.M'M10 
	ABTT016 ABT0016 
	0.82 0.60 1.03 0.53· 2.28 3.11 
	23.11> 0.07 0.92 0.00 
	1.00 1.04 1.05 0.98 1.02 0.98 0.97 1.01 0.97 
	Table . EmiHion factors (mg/kg) from ORI filter Nmples. 
	3.1.3.13

	Date 
	Fuel 
	Size Fraction 
	Teflon Filer ID 
	Quartz Filter ID 
	Start Time 
	Stop Time 
	SlartTime 
	End Time 
	ElapsedTime (mrues) 
	PM ("'l>'m-"3 by total filer) 
	PM10 (bytotal filerm,>aelor) 
	PM2.5 (by tOlal filerl1rl'f)8CIOr) 
	PM emilsion laclor (%) 
	PM10 emi98ion factor(%) 
	PM2.5 emiuionfactor(%) 
	Talon sample volLme (m"3) Quartz 88111)18 volume (m"3) Teflon mess conc:entration (rowm"3) Teflon mass/Total mass 
	Cl
	-

	N03
	-

	S0,4. 
	NH4+ 
	Na+ 
	K+ 
	C(org) 
	C(ohl) 
	C(e) 
	C(ehl) 
	C 
	Al 
	SI 
	p 
	s 
	Cl 
	K 
	Ca 
	Tl 
	V 
	Cr 
	Mn 
	Fe 
	Co 
	Ni 
	Co 
	Zn 
	Ga 
	As 
	Se Br 
	Rb 
	Sr 
	y 
	Zr 
	Mo 
	Pd 
	Ag 
	Cd 
	In 
	Sn 
	Sb 
	Ba 
	La 
	Au Hg Tl 
	Pb 
	u 
	Sum of measured species 
	10.Jul-92 Rice Straw CEWF 
	PM2.5 
	PM2.5 
	ABTT015 
	ABT0015 10:15 10:45 
	30 

	:tUncertai!!i: 0.30 0.02 0.30 0.01 
	3.373 0.176 0.601 
	3.373 0.176 0.601 
	522.3738 45.7038 5.1290 1.3542 67.0226 5.3378 173.1859 13.4854 23N72 2.1767 171.7293 13.7485 357.8356 40.8793 263.2367 46.6937 333.2413 33.3003 11.1019 7.4042 691.ono 0.0000 0.0000 2.3478 2.7772 3.6800 0.0000 6.11534 
	Emi88ion!~Ill :Wncellai!!i: 

	20.6800 3.3801 639.9586 48.3055 
	276.2613 20.11564 0.9075 3.3322 0.0000 0.9016 0.0000 0.3956 0.0036 0.1086 0.2242 0.0589 0.6515 0.2190 0.0018 0.0497 0.0000 0.0534 0.0612 0.0386 0.5367 0.0589 0.0000 0.0975 0.0141 0.1196 0.0071 0.0662 2.0798 0.1656 0.2578 0.0497 0.0000 0.0589 0.0106 0.0718 0.10n 0.0607 0.0636 0.1472 0.0000 0.6753 
	0.0000 o.n28 
	0.0000 0.8059 0.0565 0.8961 0.0000 1.1095 0.0583 1.2990 2.4347 4.3902 0.0000 5.8328 0.0000 0.1656 0.0335 0.1380 0.1288 0.0565 0.1693 0.0459 0.1417 1,840 n 
	o.o.cn 


	10.Jul-92 Rice Straw CEWF 
	PM10 
	PM10 
	ABTT016 ABT0016 
	Traverse 1 6.070 5.800 5.610 0.199 0.193 0.184 

	:tUncer1ai~ 
	0.30 0.02 
	0.30 0.02 
	3.890 0.201 0.660 
	Emission!mo1cal :tUncertai!!i'. PM2.5JPM10 
	533.2718 5.3628 65.3001 165.0302 22.11921 171.6250 381.5511 
	533.2718 5.3628 65.3001 165.0302 22.11921 171.6250 381.5511 
	308.9006 
	341.11964 17.0330 723.5475 0.0000 38.7164 
	0.0000 
	21.1127 651.3142 286.0108 
	4.3493 0.2303 0.0039 0.0216 1.6433 5.0282 0.0000 0.0236 0.0551 0.6002 0.0000 0.0315 0.0315 2.2356 0.2873 0.0236 0.0374 0.0354 0.0708 0.0000 0.1535 0.0000 0.0000 0.0079 0.2932 0.0000 0.6180 0.0000 0.0000 0.0433 0.0728 0.0197 
	1,930 
	.,43.6663 0.98 1.2294 0.96 4.8597 1.03 14.3071 1.05 2.0091 1.01 12.8461 1.00 ~.1382 0.94 50.2205 0.85 32.0650 0.97 10.3738 0.65 
	0.0000 0.96 2.3160 3.0938 0.07 6.6585 3.2347 0.98 
	46.0016 0.98 
	20.2032 0.97 1.1387 0.21 0.8183 0.00 0.3590 0.00 0.10<M 0.16 0.1312 0.14 0.4072 0.13 0.0888 0.0483 0.00 0.0347 0.93 0.0579 0.89 0.0869 0.1081 0.45 0.0598 0.22 0.1641 0.93 0.0483 0.90 0.0540 0.00 0.0656 0.28 0.0791 3.04 0.1312 0.90 0.6157 0.7180 0.00 0.7527 0.8415 1.0248 0.00 1.1927 0.20 3.9797 5.3229 0.00 0.1486 0.1216 0.1139 1.10 0.1525 0.78 0.1293 2.33 
	71 0.95 

	Table . MH• concentration•(%) from ORI filter Nmpl•• 
	3.1.3.14

	lhM-92 
	Rioa Straw 
	CEWF 
	PM2.5 
	PM2.5 
	Date Fuel 
	Size Fraction 
	Tellon Filler 10 
	Ouartzf"i.erlO 
	Teflon Field Sa~la Flag 
	Quartz field aa""'9liekl 
	Teflon maas 181npie flag 
	Quartz man ..,,.,1a flag 
	Anions sample flag 
	Ammonilffl anMfSla flag 
	Sodiwn ion analylis flag 
	MagnMun ion -lysis nag 
	Potasaium ion analysla llag 
	carbon analysis flag 
	XRF analyais llag 
	Teflon SM1)1e volume (11"1"3) a..nz aample volt.me (m"G) Tellon mass concentralion (lac>'m"3) 
	Cl-
	NOO
	-

	S04= 
	NH4+ 
	Na+ 
	K+ 
	C(01g) 
	C(oht) 
	C(e) 
	C(eh1) 
	C 
	Al 
	Si 
	p 
	s 
	Cl 
	K 
	ca 
	Ti 
	V 
	Cr Mn 
	Fe 
	Co Ni Cu Zn 
	Ga 
	As 
	Se 
	Br 
	Rb 
	Sr y 
	Zr 
	Mo 
	Pd 
	Ag 
	Cd In Sn 
	Sb 
	Ba 
	La 
	Au Hg Tl 
	Pb 
	u 
	Sum ol measured species 
	8.Jul-92 Rice Slraw 
	CEWF 

	PM10 
	ABTT012 
	ABTT012 
	ABTT012 

	ABT0012 
	ABT0012 

	13 
	13 

	:l:Uncerta!!!): 
	:l:Uncerta!!!): 

	0.30 
	0.30 
	0.02 

	0.30 
	0.30 
	0.02 

	6,773 
	6,773 
	343 

	Concentration ~I :tUncert~ 
	Concentration ~I :tUncert~ 
	PM2.SIPM10 

	32~ 
	32~ 
	2.7212 
	1.20 

	0.2347 
	0.2347 
	0.0386 
	1.19 

	2.4681 
	2.4681 
	0.1842 
	1.17 

	12.7235 
	12.7235 
	0.9381 
	1.22 

	0.2419 
	0.2419 
	0.0256 
	1.17 

	7.6S37 
	7.6S37 
	0.5788 
	1.18 

	18.9988 
	18.9988 
	1.9087 
	1.39 

	15.88-46 
	15.88-46 
	2.5059 
	1.16 

	7.2096 
	7.2096 
	0.6870 
	1.45 

	1.0974 
	1.0974 
	0.6718 
	0.80 

	26.2084 
	26.2084 
	1.41 

	0.0000 
	0.0000 
	0.1237 

	1.4756 
	1.4756 
	0.1271 
	0.02 

	0.0000 
	0.0000 
	0.3991 

	0.4476 
	0.4476 
	0.5199 
	0.99 

	38.6586 
	38.6586 
	2.7508 
	0.84 

	11.3703 
	11.3703 
	0.8093 
	0.86 

	0.3758 
	0.3758 
	0.0516 
	0.20 

	0.0008 
	0.0008 
	0.0242 
	0.00 

	0.0000 
	0.0000 
	0.0120 

	0.0047 
	0.0047 
	0.0023 
	0.34 

	0.1353 
	0.1353 
	0.0099 
	0.14 

	0.2031 
	0.2031 
	0.0157 
	0.09 

	0.0000 
	0.0000 
	0.0033 

	0.0029 
	0.0029 
	0.0010 
	0.00 

	0.0035 
	0.0035 
	0.0011 
	0.91 

	0.0124 
	0.0124 
	0.0014 
	0.62 

	0.0016 
	0.0016 
	0.0024 
	0.56 

	0.0012 
	0.0012 
	0.0029 
	0.67 

	0.0013 
	0.0013 
	0.0012 
	0.92 

	0.0731 
	0.0731 
	0.0054 
	0.84 

	0.0121 
	0.0121 
	0.0016 
	0.95 

	0.0034 
	0.0034 
	0.0011 
	0.18 

	0.0011 
	0.0011 
	0 .0018 
	0.55 

	0.0011 
	0.0011 
	0.0021 
	0.64 

	0.0000 
	0.0000 
	0.0035 

	0.0049 
	0.0049 
	0.0188 
	0.00 

	0.0000 
	0.0000 
	0.0214 

	0.0000 
	0.0000 
	0.0223 

	0.0093 
	0.0093 
	0.0246 
	0.00 

	0.0015 
	0.0015 
	0.0297 
	0.00 

	0.0140 
	0.0140 
	0.0343 
	0.00 

	0.0407 
	0.0407 
	0.1115 
	2.70 

	0.0464 
	0.0464 
	0.1451 
	0.82 

	0.0021 
	0.0021 
	0 .0040 
	0.57 

	0.0011 
	0.0011 
	0.0033 
	1.82 

	0.0001 
	0.0001 
	0.0030 
	14.00 

	0.0029 
	0.0029 
	0.0031 
	0.59 

	0.0025 
	0.0025 
	0.0039 
	0.28 

	92.3197 
	92.3197 
	3.7043 
	1.04 


	ABTT011 AST0011 
	ABTT011 AST0011 
	13,w6 
	39.5371 0271M 
	2.8863 
	15.5858 0.2826 
	9.0550 26.31120 
	18.3816 10.4472 
	0.8811 
	38.8392 
	0.0000 
	0.0272 
	0.0000 
	0.4447 32.5790 
	9.7875 
	0.0743 
	0.0000 
	0.0000 
	0.0016 
	0.0183 
	0.0185 
	0.0000 
	0.0000 
	0.0032 
	o.oon 
	0.0009 0.0008 
	0.0012 0.0812 0.0115 0.0006 0.0006 0.0007 0.0017 0.0000 0.0040 0.0000 0.0000 0.0000 0.0000 0.1098 0.0380 0.0012 0.0020 0.0014 0.0017 0.0007 96.1872 
	13 

	:tUncert~ 0.30 0.02 0.30 0.01 
	5,350 729 
	Concentration I!} :i:Uncell~ 
	5.9761 0.0602 0.4241 2.2839 0.0472 1.3341 4.2535 
	3.7288 1.6534 0.5558 
	0.1060 0.1716 0.3370 0.1596 4.7269 1.4202 0.1139 0.0294 0.0129 0.0034 0.0033 0.0078 0.0015 0.0016 0.0014 0.0017 0.0030 0.0035 0.0020 0.0090 0.0022 0.0017 0.0022 0.0026 0.0043 0.0214 0.0251 0.0265 0.0286 0.0355 0.0409 0.0956 0.1765 0.0049 0.0041 0.0038 0.0050 0.0044 7.1168 
	Table . Element ratio■ from ORI filter Nmpl... 
	3.1.3.15

	Date ~1-92 
	Fuel Rice Slraw Corliguralion CEWF 
	Size Fraction PM2.5 Teflon Flier 10 ABTT011 Quartz Ater 10 ASTQ011 
	Cl-,CI 121 K+i1< 0.93 Sulale S/Total S 2.16 C(org)IC 0.72 ~ 3.33 Cl-,1(+ "4.37 Cl-,t,la+ 139.90 $,1( 0.05
	~. 
	1.57 AUSi 0.00 
	~-92 
	Rice Straw CEWF 
	PM10 PM2.sn>M10 
	ABTT012 A8TCI012 
	ABTT012 A8TCI012 
	0.85 0.67 1.8-4 0.72 3.-40 
	-4.29 
	135.99 0.04 
	1.85 0.00 
	1.-43 1.37 1.18 0.99 0.98 1.02 1.03 
	1.15 0.85 

	Table . Element concentrations (ng/m"3) from CNL filter samples. 
	3.1.3.16

	Fuel: Rice Date: 10-Jul-92 Time: 10:15 Filter ID: AG-28 
	Element Concentration +Uncertain!}'. 
	H Na Mg Al Si 
	p 
	s 
	Cl K Ca Ti V Cr Mn Fe Ni Cu Zn 
	As 
	Pb Se Br Rb Sr Zr 
	ng/m"'3 44,980 
	ng/m"'3 44,980 
	31,200 
	389,230 
	21,760 633,730 396,150 59,650 280 
	630 11,440 18,070 
	240 820 90 
	1,970 
	6,200 
	4,600 
	20,000 
	1,600 32,100 20,100 5,200 200 
	100 800 1,000 
	100 100 100 
	200 

	Table Element emission factors (mg/kg) from CNL filter samples. 
	3.1.3.17. 

	Fuel: Date: Time: Filter ID: 
	Fuel rate (g/s) Stack gas flow rate (rrr'3/s) Stack Temperature (°C) Ambient Temperature (°C) 
	Element 
	H Na 
	Mg Al 
	Si 
	p 
	s 
	Cl 
	K 
	Ca Ti V Cr Mn Fe 
	Ni 
	Cu Zn As Pb Se Br Rb Sr Zr 
	Rice 10-Jul-92 10:15 
	AG-28 
	AG-28 
	11.71 
	4.25 52.45 30.45 

	Emission factor ±Uncertainty (mg/kg) · (mg/kg) 
	15.2 2.1 
	10.6 1.6 
	131.7 6.8 
	7.4 0.5 214.5 10.9 134.1 6.8 20.2 1.8 0.1 0.1 
	0.2 0.0 3.9 0.3 6.1 0.3 
	0.1 0.0 0.3 0.0 0.0 0.0 
	0.7 0.1 
	Table . Element concentrations (ng/mA3) from CNL filter samples. 
	3.1.3.18

	Fuel: Date: Time: Filter ID: 
	Element 
	Rice 10-Jul-92 11 :17 AG-23 
	Rice 10-Jul-92 11 :17 AG-23 

	Concentration ±Uncertain!l'. 
	H Na Mg Al Si 
	p 
	s Cl K Ca Ti V Cr 
	Mn Fe Ni Cu Zn As Pb Se 
	Br 
	Rb Sr Zr 
	ng/m"3 218,900 41,340 
	ng/m"3 218,900 41,340 
	282,320 
	3,331,020 1,004,550 53,720 1,170 
	1,260 10,290 25,200 
	810 570 440 
	5,180 1,270 
	5,180 1,270 
	21,100 25,800 


	15,500 
	167,800 50,900 9,500 600 
	400 900 1,500 
	200 100 200 
	400 400 
	Element emission factors (mg/kg) from CNL filter samples. 
	Table 3.1.3.19. 

	Fuel: Date: Time: Filter ID: 
	Fuel rate (g/s) Stack gas flow rate (nr3/s) Stack Temperature (°C) Ambient Temperature (°C) 
	Element 
	H Na Mg Al Si 
	p 
	.S Cl K Ca Ti V Cr Mn Fe Ni Cu Zn As Pb Se Br Rb Sr Zr 
	Rice 10-Jul-92 11 :17 AG-23 
	Rice 10-Jul-92 11 :17 AG-23 
	11 .71 
	4.25 
	52.45 
	30.45 

	Emission factor ±Uncertainty (mg/kg) (mg/kg) 
	74.1 7.1 14.0 8.7 
	95.5 5.2 
	1,127.3 56.8 340.0 17.2 18.2 3.2 0.4 0.2 
	0.4 0.1 3.5 0.3 8.5 0.5 
	0.3 0.1 0.2 0.0 0.1 0.1 
	1.8 0.1 0.4 0.1 
	Table 3.1.3.20. Relative element concentrations by stage from DRUM Impactor. 
	Table 3.1.3.20. Relative element concentrations by stage from DRUM Impactor. 
	Table 3.1.3.20. Relative element concentrations by stage from DRUM Impactor. 

	Stage 1: 10 -15 µm 
	Stage 1: 10 -15 µm 

	10-Jul-92 
	10-Jul-92 
	Abundance 
	Abundance 

	TR
	Relative to 
	Relative to 

	Concentration 
	Concentration 
	±Uncertainty 
	Potassium 
	Stage 1 

	(relative) 
	(relative) 
	( -) 
	( ) 
	-


	H 
	H 

	Na 
	Na 

	Mg 
	Mg 

	Al 
	Al 

	Si 
	Si 
	4,638.82 
	256.26 
	7.4348 
	1 

	s 
	s 
	43.22 
	14.74 
	0.0693 
	1 

	Cl 
	Cl 
	313.05 
	35.32 
	0.5017 
	1 

	K 
	K 
	623.94 
	61.00 
	1.0000 
	1 

	ca 
	ca 
	508.33 
	64.32 
	0.8147 
	1 

	Ti 
	Ti 

	V 
	V 
	17.60 
	9.00 
	0.0282 
	1 

	Cr 
	Cr 

	Mn 
	Mn 
	79.42 
	13.89 
	0.1273 
	1 

	Fe 
	Fe 
	1,066.37 
	65.37 
	1.7091 
	1 

	Ni 
	Ni 

	Cu 
	Cu 
	3,367.05 
	178.63 
	5.3965 
	1 

	Zn 
	Zn 
	2,279.56 
	133.58 
	3.6535 

	As 
	As 

	Se 
	Se 

	Br 
	Br 

	Rb 
	Rb 

	Sr 
	Sr 

	Pb 
	Pb 

	Table 3.1.3.21. Relative element concentrations by stage from DRUM impactor. 
	Table 3.1.3.21. Relative element concentrations by stage from DRUM impactor. 

	Stage 2: 5 -10 µm 
	Stage 2: 5 -10 µm 

	10-Jul-92 
	10-Jul-92 
	Abundance 
	Abundance 

	TR
	Relative to 
	Relative to 

	Concentration 
	Concentration 
	±Uncertainty 
	Potassium 
	Stage 1 

	(relative) 
	(relative) 
	( ) 
	-

	( -) 

	H 
	H 

	Na 
	Na 

	Mg 
	Mg 

	Al 
	Al 

	Si 
	Si 
	4,034.27 
	216.37 
	6.5588 
	0.8697 

	s 
	s 

	Cl 
	Cl 
	458.02 
	62.74 
	0.7446 
	1.4631 

	K 
	K 
	615.09 
	5326 
	1.0000 
	0.9858 

	Ca 
	Ca 
	534.36 
	55.47 
	0.8687 
	1.0512 

	Ti 
	Ti 

	V 
	V 

	Cr 
	Cr 

	Mn 
	Mn 
	172.72 
	1721 
	0.2808 
	2.1748 

	Fe 
	Fe 
	510.86 
	35.68 
	0.8305 
	0.4791 

	Ni 
	Ni 
	10.77 
	3.21 
	0.0175 
	#OIV/0! 

	Cu 
	Cu 
	13.92 
	4.05 
	0.0226 
	0.0041 

	Zn 
	Zn 

	As 
	As 

	Se 
	Se 

	Br 
	Br 

	Rb 
	Rb 

	Sr 
	Sr 

	Pb 
	Pb 


	Table 3.1.3.22. Relative element concentrations by stage from DRUM Impactor. 
	Table 3.1.3.22. Relative element concentrations by stage from DRUM Impactor. 
	Table 3.1.3.22. Relative element concentrations by stage from DRUM Impactor. 

	Stage 3: 2.5 -5 µm 
	Stage 3: 2.5 -5 µm 

	10-Jul-92 
	10-Jul-92 
	Abundance 
	Abundance 

	TR
	Relative to 
	Relative to 

	Concentration 
	Concentration 
	±Uncertainty 
	Potassium 
	Stage 1 

	(relative) 
	(relative) 
	( -) 
	( -) 


	H Na 
	Mg 
	Al Si . 343.79 6.4967 1.4255 s 109.61 20.53 0.10n 2.5:362 Cl 998.31 62.58 0.9808 3.1890 K 69.21 1.0000 1.6313 Ca 90.26 1.3249 2.6529 Ti V Cr Mn 297.85 21.26 0.2926 3.7505 Fe 986.39 59.21 0.9691 0.9250 Ni Cu Zn 36.66 5.32 0.0360 0.0161 As Se Br Rb Sr Pb 
	6,612.45 
	1,017.82 
	1,348.54 

	Table 3.1.3.23. Relative element concentrations by stage from DRUM Impactor. 
	Table 3.1.3.23. Relative element concentrations by stage from DRUM Impactor. 
	Table 3.1.3.23. Relative element concentrations by stage from DRUM Impactor. 
	Table 3.1.3.24. Relative element concentrations by stage from DRUM Impactor. 
	Table 3.1.3.25. Relative element concentrations by stage from DRUM Impactor. 
	Table 3.1.3.26. Relative element concentrations by stage from DRUM Impactor. 

	Stage 4: 1.15 -2.5 µm 
	Stage 4: 1.15 -2.5 µm 
	Stage 5: 0.56-1.15 µm 
	Stage 6: 0.34 -0.56 µm 
	Stage 7: 0.24 -0.34 µm 

	TR
	10-Jul-92 
	Abundance 
	Abundance 
	10-Jul-92 
	Abundance 
	Abundance 
	10-Jul-92 
	Abundance 
	Abundance 
	10-Jul-92 
	Abundance 
	Abundance 

	TR
	Relative to 
	Relative to 
	Relative to 
	Relative to 
	Relative to 
	Relative to 
	Relative to 
	Relative to 

	TR
	Concentration 
	±Uncertainty 
	Potassium 
	Stage 1 
	Concentration 
	±Uncertainty 
	Potassium 
	Stage 1 
	Concentration 
	±Uncertainty 
	Potassium 
	Stage 1 
	Concentration 
	±Uncertainty 
	Potassium 
	Stage 1 

	TR
	(relative) 
	( -) 
	( -) 
	(relative) 
	( . ) 
	( . ) 
	(relative) 
	{ . ) 
	{ . ) 
	(relative) 
	( -) 
	( -) 

	H 
	H 
	920.32 
	104.89 
	0.6100 
	H 
	2950.57 
	262 
	0.2838 
	H 
	2620.9 
	301 .3 
	0.1538 
	H 
	964.45 
	106.95 
	0.1378 

	Na 
	Na 
	Na 
	Na 
	Na 

	Mg 
	Mg 
	·Mg 
	Mg 
	Mg 

	Al 
	Al 
	Al 
	Al 
	Al 

	Si 
	Si 
	3,395.06 
	181.74 
	2.2503 
	0.7319 
	Si 
	1,936.55 
	109.63 
	0.1863 
	0.4175 
	Si 
	164.91 · 
	23.95 
	0.0097 
	0.0355 
	Si 
	102.27 
	18.53 
	0.0146 
	0.0220 

	s 
	s 
	s 
	s 
	s 

	Cl 
	Cl 
	1,476.62 
	88.42 
	0.9787 
	4.7169 
	Cl 
	10,394.39 
	535.37 
	0.9998 
	33.2039 
	Cl 
	18,954.01 
	966.21 
	1.1126 
	60.5468 
	Cl 
	7,565.67 
	397.58 
	1.0807 
	24.1678 

	K 
	K 
	1,508.73 
	96.58 
	1.0000 
	2.4181 
	K 
	10,396.36. 
	537.26 
	1.0000 
	16.6625 
	K 
	17,036.09 
	869.47 
	1.0000 
	27.3042 
	K 
	7,000.41 
	370.63 
	1.0000 
	11 .2197 

	Ca 
	Ca 
	715.46 
	70.84 
	0.4742 
	1.4075 
	ca 
	Ca 
	Ca 

	Ti 
	Ti 
	Ti 
	Ti 
	Ti 

	V 
	V 
	V 
	V 
	41.50 
	10.84 
	0.0024 
	2.3580 
	V 
	28.91 
	9.11 
	0.0041 
	1.6426 

	Cr 
	Cr 
	Cr 
	Cr 
	Cr 

	Mn 
	Mn 
	120.75 
	13.37 
	0.0800 
	1.5205 
	Mn 
	89.70 
	14.32 
	0.0086 
	1.1295 
	Mn 
	3729 
	8.74 
	0.0022 
	0.4696 
	Mn 

	Fe 
	Fe 
	497.54 
	33.16 
	0.3298 
	0.4666 
	Fe 
	304.95 
	22.84 
	0.0293 
	0.2860 
	Fe 
	80.03 
	15.89 
	0.0047 
	0.0751 
	Fe 

	Ni 
	Ni 
	Ni 
	Ni 
	Ni 

	Cu 
	Cu 
	Cu 
	Cu 
	27.13 
	5.16 
	0.0016 
	0.0081 
	Cu 

	Zn 
	Zn 
	Zn 
	Zn 
	35.84 
	6.16 
	0.0021 
	0.0157 
	Zn 
	26.90 
	6.00 
	0.0038 
	0.0118 

	As 
	As 
	As 
	As 
	As 

	Se 
	Se 
	Se 
	Se 
	Se 

	Br 
	Br 
	Br 
	47.28 
	8.11 
	0.0045 
	Br 
	113.58 
	17.95 
	0.0067 
	Br 
	49.99 
	11.32 
	0.0071 

	Rb 
	Rb 
	Rb 
	Rb 
	Rb 

	Sr 
	Sr 
	Sr 
	Sr 
	Sr 

	Pb 
	Pb 
	Pb 
	Pb 
	Pb 


	Relative element concentrations by stage from DRUM impactor. 
	Table 3.1.3.27. 

	Stage 8: < 0.24 µm 
	10-Jul-92 Abundance Abundance Relative to Relative to Concentration ±Uncertainty Potassium Stage 1 
	(relative) ~ -) ( -) H 443.96 85.1 0.2820 Na Mg 
	Al Si 39.72 11.26 0.0252 0.0086 
	s 
	Cl 84.37 0.8481 4.2647 K 93.84 1.0000 2.5229 Ca Ti 36.11 9.47 0.0229 V Cr Mn 25.19 5.68 0.0160 0.3173 Fe Ni 14.98 3.21 0.0095 Cu Zn 15.08 3.74 0.0096 0.0066 As Se Br Rb Sr Pb 
	1,335.05 
	1,574.12 

	Table 3.1.3.28 VOC Concentrations (ppbv) 
	Table 3.1.3.28 VOC Concentrations (ppbv) 
	Table 3.1.3.28 VOC Concentrations (ppbv) 

	Date Fuel Traverse 
	Date Fuel Traverse 
	10-Jul,92 Rice Straw Traverse 1 
	10-Jul-92 Rice Straw Traverse 2 


	Acetic acid Propanone (acetone) Methyl ester acetic acid (methylacetate) Butane 
	Acetic acid Propanone (acetone) Methyl ester acetic acid (methylacetate) Butane 

	Dimethyloxirane 5.6 5.8 
	Pentene 
	Pentene 

	Methylbutanone (isopropylmethyl ketone) Furancari>oxaldehyde (furfural) Benzene 25.3 25.1 Dimethylbutane 
	Hexane 
	Hexane 

	Phenol 1.6 1.1 
	Oimethylfuran 2-methyl 2-cyclopenten• 1-one 2-chloro phenol Toluene 10.1 9.6 Benzonitrile 1.2 1 Benzaldehyde 3 2.7 Methylphenol (hydroxy toluene) Styrene 2.6 2.7 Xylene 2.7 2.7 Trimeth~entane Benzofuran 1.4 1.2 Methoxymethylphenol (creosol) Naphthalene 1.3 1.1 C10H12 
	Alpha-pinene 
	Alpha-pinene 
	Camphene 
	43-Carene Limonene No match r.t. (6.7) 

	No match r.t. (8.51) No match r.t. (8.71) 8.7 4.4 No match r.t. (8.73) No match r.t.(6.4) No match r.t.(8.5) 
	Table 
	Table 
	3.1.3.29 

	Emission Factors (mg/kg) 
	voe 

	Date Fuel Traverse Fuel Consumption Rate (E>'s d.b) Stack Gas Mass Flow Rate (kE>'s) 
	Acetic acid Propanone (acetone) Methyl ester acetic acid (methylacetate) Butane Dimethyloxirane• Pentene Methylbutanone (isopropylmethyl ketone) Furancarboxaldehyde (furfural) 
	Benzene 
	Dimethylbutane 
	Hexane 

	Phenol Dimethylfuran 2-methyl 2-cyclopenten-1-one 2-chloro phenol Toluene Benzonitrile Benzaldehyde Methylphenol (hydroxy toluene) Styrene Xylene Trimethylpentane Benzofuran Methoxymethylphenol (creosol) Naphthalene Unknown Alpha-pinene Camphene 
	A3-Carene Limonene 
	*Possible mismatch 
	10-Jul-92 Rice Straw Traverse 1 11.71 4.61 
	5 
	5 
	27 
	2 
	13 
	2 
	4 
	4 4 
	2 
	2 

	10-Jul-92 
	Rice Straw 
	Traverse 2 11.17 
	4.66 
	4.66 
	6 
	28 
	13 1 4 
	4 4 
	2 
	2 

	Table PAH emlselon factors, rice straw, 10 July 1992 (zero lndlcatee not detected). 
	3.1.3.30. 

	Traverse 1 Traverse 2 Traverse 1 Traverse 2 lmpinger Total Total Filter Filter Trap/Tubing Sorbent Sorbent Rinsate Traverse 1 Traverse 2 
	µgAcg dry fuel 
	Naphthalene 69.8 0.0 33.4 9,737.9 7,031.9 16.0 9,857.1 7,081 .4 2-Melhyl-naphthalene 21.8 0.0 4.3 811 .1 625.4 3.3 840.4 633.1 Acenaphthylene 2.3 0.0 0.0 1,058.0 883.2 0,6 1,060.9 883.8 Acenaphthene 0.0 0.0 0.0 87.5 56.0 0,0 67.5 56.0 Fluorene 0.0 0.0 0.0 444.9 404.9 0.8 445.7 405.7 Phenanthrene 23.6 41.3 42.2 1,369.9 1,293.3 6.6 1,442.4 1,383.4 Anthracene 5.1 0.0 1.5 239.2 229.6 0.8 246.5 231.8 Fluoranthene 23.6 0.0 20.0 404.8 412.0 1.9 450.2 434.0 Pyrene 24.0 0.0 18.1 297.2 291.6 1.4 340.8 311.1 Benz{a)-a
	Total 729.5 41.3 173.8 14,471.9 11,258.8 33.1 15,408.3 11,507.0 
	Figure 3.1.3.1. Ambient air conditions, 10 July 92. 
	Fuel Type: Rice Straw Test Date 10-Jul-92 Configuration: CEWF 
	Air Temperature (°C) ------Air Relative Humidity (%) 
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	Figure 3.1.3.2. Air temperature and relative humidity from CIMIS station. 
	Fuel: Rice Straw Date of Test: 10-Jul-92 Configuration: CEWF Hourly Average CIMIS Data for Davis, California 
	-o--Air Temperature (°C) -------o---Relative Humidity(%) 
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	Figure 3.1.3.3. Wind speed from CIMIS station. Fuel: Rice Straw Date of Test: 10-Jul-92 Configuration: CEWF 
	Hourly Average CIMIS Data for Davis, California 
	---0--Wind Speed (mis) 
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	Figure 3.1.3.4. Wind direction and solar radiation from CIMIS station. 
	Fuel: Rice Straw Date of Test: 10-Jul-92 Configuration: CEWF Hourly Average CIMIS Data for Davis, California 
	--o--Wind Direction (from N) ----0--Solar Radiation r,N/sq. m) 
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	Figure 3.1.3.5. Inlet air, stack gas, and lmplnger outlet temperatures, 10 July 92. 
	Fuel Type: Rice Straw Test Date 10-Jul-92 Configuration: CEWF 
	-
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	-
	-
	-
	Inlet Air 
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	Figure 3.1.3.6. Conveyor speed and stack gas velocity, 1 O July 92. 
	Fuel Type: Rice Straw Test Date 10-Jul-92 Configuration: CEWF 
	Conveyor Speed (nvmin) ------Stack Velocity (m's) 
	6 
	5 
	4 
	3 
	2 
	0 
	6 8 18 
	I k~ 1J h A I ~·{1,,; L "clln , , i'i ,., "t.·: \Jj-..,. • 1 I ,i • 1 J iI~ ,,.•. ,, ~I ~ ' ~\ I s I ' !I ~ 11 I ' j I , , ! I ' ! l I l~d ' 11 l l~1l 1 ' I 11 l r 1' lftl1 iu·,v fy,,.'}I I 10 12 14 16 Time of Day (POST) 
	Figure 3.1.3.7. Conveyor speed with 1Omin moving average, 1oJuly 92. 
	Fuel Type: Rice Straw Test Date 10-Jul-92 Configuration: CEWF 
	Conveyor Speed (m,'mln} D Conveyor Speed-1 opt. rolling average 
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	Figure 3.1.3.8. Conveyor travel, 1 O July 92. 
	Fuel Type: Rice Straw Test Date Configuration: CEWF 
	10-Jul-92 
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	Figure 3.1.3.9. CO concentration In stack gas, 10 July 92. 
	Fuel Type: Rice Straw Test Date 10-Jul-92 Configuration: CEWF 
	CO (ppmv) 
	CO (ppmv) 
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	NO and NOx concentrations In stack gas, 10 July 92. 
	Figure 3.1.3.10. 


	Fuel Type: Rice Straw Test Date 10-Jul-92 Configuration: CEWF 
	NOx (ppmv) ------NO (ppmv) 
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	Figure . S02 concentration in stack gas, 10 July 92. 
	3.1.3.11

	Fuel Type: Rice Straw Test Date 10-Jul-92 Configuration: CEWF 
	S02 (ppmv) 
	S02 (ppmv) 

	6 
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	Total sulfur concentration In stack gas, 10 July 92. 
	Figura 3.1.3.12. 

	10-Jul-92
	10-Jul-92
	Fuel Type: Rice Straw Test Date Configuration: CEWF 

	Total S (ppmv) 
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	0.8 
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	1J~ l --I~ .I ~ ~~ ri "'' L. ... 
	Particle size distribution, traverse 1, 10 July 92. 
	Figure 3.1.3.13. 

	Fuel: Rice Straw Particle Size Distribution 
	Traverse 1: 
	Traverse 1: 
	Traverse 1: 

	Stage 
	Stage 
	ECO (µm) 

	1 
	1 
	13.89 

	2 
	2 
	7.78 

	3 
	3 
	4.15 

	4 
	4 
	2.20 

	5 
	5 
	1.26 

	6 
	6 
	0.74 

	7 
	7 
	0.39 

	fiher 
	fiher 
	0.00 


	Weight {mg) 0.2 0.1 0 0.1 0.2 0.2 0.2 3 
	Weight {mg) 0.2 0.1 0 0.1 0.2 0.2 0.2 3 

	Date of Test: Configuration: 
	Cum. Wt (mg) 4 3.8 3.7 3.7 3.6 3.4 3.2 3 
	10-Jul-92 CEWF 
	10-Jul-92 CEWF 

	Cum. Fraction 1.000 0.950 0.925 0.925 0.900 0.850 0.800 0.750 
	1.000 0.950 0.900 
	1.000 0.950 0.900 

	C 
	0
	;:: 
	0.850 
	0.850 

	~ 
	LI.
	., 0.800 
	., 
	:E 0.750 
	Ill 

	i
	0.700 
	;:: 
	Ill 

	'3 E 
	::::, 0.650 0 
	0.600 0.550 0.500 
	0.600 0.550 0.500 

	10.00 15.00 20.00 
	L---/ I I I 0.00 5.00 L--------
	ECD(µm) 
	ECD(µm) 

	Particle size distribution, traverse 2, 10 July 92. 
	Flgunp 3.1.3.14. 

	Fuel: Rice Straw Particle Size Distribution 
	Traverse 2: 
	Traverse 2: 
	Traverse 2: 

	Stage 
	Stage 
	ECO (µm) 

	1 
	1 
	13.61 

	2 
	2 
	7.63 

	3 
	3 
	4.07 

	4 
	4 
	2.15 

	5 
	5 
	1.24 

	6 
	6 
	0.73 

	7 
	7 
	0.38 

	filter 
	filter 
	0.00 


	Weight (mg) 0 0 0.1 0 0 0.1 0.2 1.8 
	Date of Test: Configuration: 
	Date of Test: Configuration: 
	Cum. Wt (mg) 
	· 2.2 

	2.2 · 2.2 2.1 2.1 2.1 
	2 1.8 
	2 1.8 
	10-Jul-92 CEWF 

	Cum. Fraction 1.000 1.000 1.000 0.955 0.955 0.955 0.909 0.818 
	1.000 0.950 0.900 
	1.000 0.950 0.900 
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	Figure 3,1.3.15. Nitrogen balance. 
	Figure 3,1.3.15. Nitrogen balance. 
	Figure 3,1.3.15. Nitrogen balance. 

	Date of Test: 
	Date of Test: 
	10-Jul-92 

	Fuel 
	Fuel 
	Rice Straw 


	Nitrogen 
	Nitrogen 
	ND 
	n% 

	Ash 11% 
	PM 11% 1% 
	Figure 3.1.3.16. Sulfur balance. 
	Figure 3.1.3.16. Sulfur balance. 
	Figure 3.1.3.16. Sulfur balance. 

	Date of Test: 
	Date of Test: 
	10-Jul-92 

	Fuel 
	Fuel 
	Rice Straw 


	Sulfur 
	Sulfur 

	ND 35%
	PM 
	PM 

	Figure
	29% 
	29% 

	Relative abundance of major elements from DRUM Impactor, Rice Straw, 1 oJuly 92, (CEWF). 
	Figure 3.1.3.17. 
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	Table 3.1.4.1 
	Table 3.1.4.1 
	Table 3.1.4.1 

	Fuel and Ash Analyses 
	Fuel and Ash Analyses 

	Run Date Fuel Type Sample Type 
	Run Date Fuel Type Sample Type 
	14-Jul-92 Rice Straw Fuel 
	14-Jul-92 Rice Straw Ash 

	Ultimate Analysis (% dry weigh1) C H N 
	Ultimate Analysis (% dry weigh1) C H N 
	37.99 5.27 0.59 
	9.12 0.62 0.15 

	Elemental Analysis 
	Elemental Analysis 


	(% by weight dry basis) N 
	(% by weight dry basis) N 
	p 
	K Ca Mg Na Cl (mg/kg dry weight) 
	s B Zn Mn Fe Cu Si 
	Total (% dry weight) 
	Proximate Analysis 
	Proximate Analysis 
	0.70 0.64 0.06 0.25 0.82 2.85 0.27 1.27 0.16 0.70 0.05 0.25 0.26 0.37 


	720 650 7 16 
	27 87 884 3,900 209 565 
	7 12 
	45.n 16.59 
	(% dry weight) Ash Volatiles Fixed Carbon 
	(% dry weight) Ash Volatiles Fixed Carbon 
	(% dry weight) Ash Volatiles Fixed Carbon 
	17.47 71.27 11.26 
	86.83 8.63 4.54 

	Hil;!her Heatin~ Value (MJ/kg dry weight) 
	Hil;!her Heatin~ Value (MJ/kg dry weight) 
	15.6532 
	2.9822 


	Table 3.1.4.2. Operating conditions and concentrations, rice straw 14 July 92. 
	Fuel: Fuel Loading Rate (g/sq.m w.b.): Total Fuel Consumption (kg w.b.; Total Ash Recovered (kg w.b.) Ash Fraction (w.b.) 
	Fuel: Fuel Loading Rate (g/sq.m w.b.): Total Fuel Consumption (kg w.b.; Total Ash Recovered (kg w.b.) Ash Fraction (w.b.) 
	Fuel: Fuel Loading Rate (g/sq.m w.b.): Total Fuel Consumption (kg w.b.; Total Ash Recovered (kg w.b.) Ash Fraction (w.b.) 
	Rice Straw 655 139.9 26.7 0.19 
	Date of Test: Configuration: 
	14-Jul-92 CRNF 

	TR
	Traverse 1 
	Traverse 2 
	Traverse 3 


	Mean Values 
	Air Temperature (°C) Air Relative Humidity(%) Inlet Air Temperature (°C) Stack Temperature (°C) lmpinger Outlet Temperature (°C) 
	Fire Spreading Rate {m/min) 
	Stack Gas Velocity (mis) 
	CO (ppmv) NO (ppmv) NOx (ppmv) SO2 (ppmv) HC (ppmv as CH4 by GC) CH4 (ppmv by GC) NMHC (ppmv as CH4 by GC) CO2 (ppmv by GC) Total S (ppmv as SO2) 
	Gas and PM Concentrations {less background~ 

	PM (mg/cu.m) PM1 O (mg/cu.m) PM2.5 (mg/cu.m) 
	27.71 59.40 
	27.71 59.40 
	30.89 51 .40 
	16.73 
	0.92 2.52 
	n .a2 
	4.07 
	4.65 
	0.57 
	1.24 
	0.82 
	0.42 
	2,095 0.66 
	7.14 6.99 6.42 
	31 .20 52.75 
	34.40 58.44 18.58 
	1.07 2.52 
	89.05 
	5.07 5.76 
	0.88 
	2.17 1.29 
	0.88 
	2,050 0.91 
	9.99 9.69 8.75 

	33.41 44.60 36.30 61.84 20.95 
	1.10 . 2.47 
	84.24 
	5.07 
	5.83 
	0.91 
	1.25 
	0.86 
	0.39 2,314 
	0.92 
	9.73 
	Table 3.1.4.3. Mass balance, rice straw, 14 July 92. 
	Table 3.1.4.3. Mass balance, rice straw, 14 July 92. 
	Table 3.1.4.3. Mass balance, rice straw, 14 July 92. 

	Fuel: 
	Fuel: 
	Rice Straw 
	Date ofTest: 
	14-Jul-92 

	TR
	Configuration: 
	CRNF 

	Mass Balance 
	Mass Balance 

	Traverse 1 
	Traverse 1 
	Traverse 2 
	Traverse 3 


	Total Conveyor Travel (m) 
	Total Conveyor Travel (m) 
	Total Conveyor Travel (m) 
	4523 
	52.37 
	53.74 

	Fuel Moisture Content (% w.b.) 
	Fuel Moisture Content (% w.b.) 
	9.1 
	7.8 
	8.1 

	Fuel Loading Rate (g/sq.m d.b.) 
	Fuel Loading Rate (g/sq.m d.b.) 
	595 
	604 
	602 

	Total Fuel Consumption (g w.b.) 
	Total Fuel Consumption (g w.b.) 
	36,089 
	41,789 
	42,878 

	Total Fuel Consumption (g d.b.) 
	Total Fuel Consumption (g d.b.) 
	32,823 
	38,550 
	39,418 

	Residual Ash (g w.b.) 
	Residual Ash (g w.b.) 
	6,887 
	7,974 
	8,182 

	Fuel Vaporized (g w.b.) 
	Fuel Vaporized (g w.b.) 
	29,202 
	33,814 
	34,696 

	Fuel Consumption Rate (g/s w.b.) 
	Fuel Consumption Rate (g/s w.b.) 
	12.53 
	14.51 
	14.89 

	Fue_l Consumption Rate (g/s d.b.) 
	Fue_l Consumption Rate (g/s d.b.) 
	11.40 
	13.39 
	13.69 

	Ash Generation Rate (g/s w.b.) 
	Ash Generation Rate (g/s w.b.) 
	2.39 
	2.77 
	2.84 

	Fuel Vaporization Rate (g/s w.b.) 
	Fuel Vaporization Rate (g/s w.b.) 
	10.14 
	11.74 
	12.05 

	Stack Gas Density (kg/cu.m) 
	Stack Gas Density (kg/cu.m) 
	1.0890 
	1.0659 
	1.0551 

	Stack Gas Flow Rate (cu.mis) 
	Stack Gas Flow Rate (cu.mis) 
	3.74 
	3.75 
	3.68 

	Stack Gas Mass Flow Rate (kg/s) 
	Stack Gas Mass Flow Rate (kg/s) 
	4.07 
	4.00 
	3.88 

	Inlet Air Mass Flow Rate (kg/s) 
	Inlet Air Mass Flow Rate (kg/s) 
	4.06 
	3.99 
	3.87 

	Overall Air-Fuel Ratio (w.b.) 
	Overall Air-Fuel Ratio (w.b.) 
	324.06 
	274.65 
	259.85 

	Overall Air-Fuel Ratio (d.b.) 
	Overall Air-Fuel Ratio (d.b.) 
	356.30 
	297.72 
	282.66 


	Table 3.1.4.4. Emission factors, rice straw, 14 July 92 (Integrated basis) Fuel: Rice Straw Date of Test: 14-Jul-92 Configuration: CRNF 
	Emission Factors {% of fuel d!}'. weight} 
	Emission Factors {% of fuel d!}'. weight} 
	Emission Factors {% of fuel d!}'. weight} 

	Integrated Basis 
	Integrated Basis 

	Traverse 1 
	Traverse 1 
	Traverse 2 
	Traverse 3 
	Average 

	co 
	co 
	2.797 
	2.623 
	2.360 
	2.593 

	NO 
	NO 
	0.153 
	0.160 
	0.152 
	0.155 

	NOx (as NO2) 
	NOx (as NO2) 
	0.268 
	0.278 
	0.268 
	0.271 

	SO2 
	SO2 
	0.046 
	0.060 
	0.059 
	0.055 

	HC (as CH4 by GC) 
	HC (as CH4 by GC) 
	0.024 
	0.036 
	0.019 
	0.027 

	CH4 (by GC) 
	CH4 (by GC) 
	0.016 
	0.021 
	0.013 
	0.017 

	NMHC (byGC) 
	NMHC (byGC) 
	0.008 
	0.015 
	0.006 
	0.010 

	CO2 (byGC) 
	CO2 (byGC) 
	113.538 
	92.875 
	99.549 
	101.987 

	Total S (as SO2) 
	Total S (as SO2) 
	0.053 
	0.061 
	0.059 
	0.058 

	SO2/Total S 
	SO2/Total S 
	0.87 
	0.98 
	0.99 
	0.95 

	PM 
	PM 
	0.209 
	0.246 
	0.229 
	0.228 

	PM10 
	PM10 
	0.205 
	0.239 
	0.222 

	PM2.5 
	PM2.5 
	0.188 
	0.216 
	0.202 

	MMAD (µm) 
	MMAD (µm) 
	0.082 
	0.105 
	0.093 

	a 
	a 
	4.846 
	6.233 


	Table 3.1.4.5. Emission factors, rice straw, 14 July 92 (average basis). Fuel: Rice Straw Date of Test: Configuration: 
	Table 3.1.4.5. Emission factors, rice straw, 14 July 92 (average basis). Fuel: Rice Straw Date of Test: Configuration: 
	Table 3.1.4.5. Emission factors, rice straw, 14 July 92 (average basis). Fuel: Rice Straw Date of Test: Configuration: 
	14-Jul-92 CRNF 

	Emission Factors {% of fuel d!}'. weight} Averge Basis 
	Emission Factors {% of fuel d!}'. weight} Averge Basis 

	Traverse 1 
	Traverse 1 
	Traverse 2 
	Traverse 3 
	Avera~ 


	co 
	co 
	co 
	2.684 
	2.567 
	2.306 
	2.519 

	NO 
	NO 
	0.151 
	0.157 
	0.149 
	0.152 

	NOx (as NO2) . 
	NOx (as NO2) . 
	0.263 
	0.273 
	0.262 
	0.266 

	SO2 
	SO2 
	0.045 
	0.058 
	0.057 
	0.053 

	HC (as CH4 by GC) 
	HC (as CH4 by GC) 
	0.024 
	0.036 
	0.019 
	0.027 

	CH4 (by GC) 
	CH4 (by GC) 
	0.016 
	0.021 
	0.013 
	0.017 

	NMHC (byGC) 
	NMHC (byGC) 
	0.008 
	0.015 
	0.006 
	0.010 

	CO2 (byGC) 
	CO2 (byGC) 
	113.538 
	92.875 
	99.549 
	101.987 

	Total S (as SO2) 
	Total S (as SO2) 
	0.052 
	0.060 
	0.057 
	0.056 

	SO2/Total S 
	SO2/Total S 
	0.87 
	0.97 
	0.99 
	0.95 

	PM 
	PM 
	0.209 
	0.246 
	0.229 
	0.228 

	PM10 
	PM10 
	0.205 
	0.239 
	0.222 

	PM2.5 
	PM2.5 
	0.188 
	0.216 
	0.202 

	MMAD (µm) 
	MMAD (µm) 
	0.082 
	0.105 
	0.093 

	CJ 
	CJ 
	4.846 
	6.233 


	Table 3.1.4.6. Carbon balance. 
	Date of Test: Fuel 
	Carbon Balance 
	Dry Fuel Consul"l)tion Rate (g/s) Ash Generation Rate (g/s) Ash Fraction(% dry basis) Fuel Carbon Concentration (%) Residual Ash Carbon Concentration (o/o) Carbon released to stack (g/s) Maximum CO2 emission factor(%) Stack Gas Density (kg/cubic meter) Average CO2 concentration (ppmv) Average CO concentration (ppmv) Average THC concentration (ppmv as CH4) PM Concentration (rTl{>'cubic meter) PM Carbon Concentration (%) PM Carbon (mg/cubic meter) Stack Gas Temperature (°C) ll"l)inger Temperature (°C) PM mola
	Emission Factors (% Average Basis): CO2 
	co 
	HC (as CH4) PM Emission Factors (% Integrated Basis): CO2 
	co 
	HC (as CH4) PM 
	Closure (% Average Basis) Closure {o/o lnte51rated Basis} 
	14-Jul-92 
	14-Jul-92 
	Rice Straw 
	Traverse 1 
	11.40 2.39 20.96 37.99 9.12 4.11 132.29 1.09 2,095 77.82 
	1.24 
	7.14 36.75 2.62 51 .40 16.73 5.20 2.82 
	113.538 2.684 0.024 0.209 
	113.538 2.797 0.024 0.209 
	89 
	89 

	14-Jul-92 14-Jul-92 Rice Straw Rice Straw Traverse 2 Traverse 3 
	13.39 13.69 2.77 2.84 20.69 20.75 37.99 37.99 9.12 9.12 4.83 4.94 132.38 132.36 1.07 1.06 2,050 2,314 89.05 84.24 2.17 1.25 9.99 9.73 36.75 36.75 3.67 3.58 58.44 61.84 18.58 20.95 7.32 7.19 3.43 3.16 
	92.875 99.549 2.567 2.306 0.036 0.019 0.246 0.229 
	92.875 99.549 2.623 2.360 0.036 0.019 0.246 0.229 
	74 78 73 78 
	74 78 73 78 

	Table 3.1.4.7. Nitrogen balance Date of Test: Fuel 
	Nitrogen Balance Fuel Nitrogen Concentration (o/o dry weight) Ash Nitrogen Concentration (% weight) 
	Emission Factors (o/o Average Basis): NOX (as NO2) PM Emission Factors (% Integrated Basis): NOX (as NO2) 
	NO3-Concentration of PM (% weight) NH4+ Concentration of PM (% weight) Nitrogen Concentration of PM (o/o) Fuel Nitrogen (mg/s) Ash Nitrogen (mg's) Nitrogen as NOX (mg/s Average Basis) Nitrogen as NOX (mg/s Integrated Basis) Nitrogen as PM (mg/s Average Basis) Nitrogen as NOx+PM (mg/s Average Basis) Nitrogen as NOx+PM (mg/s Integrated Basis) NOX+PM Nitrogen/Fuel Nitrogen (Average) NOX+PM Nitrogen/Fuel Nitrogen (Integrated) Ash Nitrogen/Fuel Nitrogen Ash+NOX+PM Nitrogen/Fuel Nitrogen (Average) Ash+NOX+PM Nitr
	14-Jul-92 
	Rice Straw 
	Traverse 1 
	0.70 0.64 
	0.70 0.64 
	0.263 0.209 
	0.268 
	0.348 1.732 1.426 79.80 15.30 9.12 9.30 0.34 
	9.46 
	9.64 
	0.119 0.121 0.192 0.310 0.312 

	14-Jul-92 14-Jul-92 Rice Straw Rice Straw Traverse 2 Traverse 3 
	0.70 0.70 0.64 0.64 
	0.273 0.262 0.246 0.229 
	0.278 0.268 
	0.348 0.348 1.732 1.732 1.426 1.426 93.73 95.83 17.73 18.18 1.13 10.92 11.33 11.17 
	i

	0.47 0.45 11.59 11.36 11.80 11 .61 0.124 0.119 0.126 0.121 0.189 0.190 0.313 0.308 0.315 0.311 
	Table 3.1.4.8. Sulfur balance. Date of Test: Fuel 
	Sulfur Balance 
	Fuel Sulfur Concentration (m!>'l(g dry weight) Ash Sulfur Concentration (mg.lkg weight) 
	Emission Factors (% Average Basis) 502 
	PM 
	· Emission Factors (% Integrated Basis) SO2 
	Sulfur Concentration of PM (% weight) Fuel Sulfur (mg.is) Ash Sulfur (mg.ls) Sulfur as SO2 (mg.ls Average Basis) Sulfur as SO2 (mg.ls Integrated Basis) Sulfur as PM (mg/s Average Basis) Sulfur as SO2+PM (mg.ls Average Basis) Sulfur as SO2+PM (mg.ls Integrated Basis) SO2+PM Sulfur/Fuel Sulfur (Average Basis) SO2+PM Sulfur/Fuel Sulfur (Integrated Basis) Ash Sulfur/Fuel Sulfur Closure (% Average Basis) Closure (% Integrated Basis) 
	14-Jul-92 Ri.ce Straw Traverse 1 
	14-Jul-92 Ri.ce Straw Traverse 1 
	720 650 
	0.045 
	0209 
	0.046 
	1.409 8.21 1.55 2.57 
	2.62 
	0.34 
	2.90 2.96 
	0.353 0.360 0.189 54 
	55 

	14-Jul-92 14-Jul-92 Rice Straw Rice Straw Traverse 2 Traverse 3 
	720 720 650 650 
	720 720 650 650 
	0.058 0.057 0.246 0.229 
	0.060 0.059 
	1.409 1.409 
	9.64 9.86 
	1.80 1.85 3.88 3.90 ·4.02 4.04 
	0.46 0.44 4.35 4.34 4.48 4.48 
	0.451 0.441 0.465 0.455 0.187 0.187 64 63 65 64 

	Table 3.1.4.9. Water balance. 
	Table 3.1.4.9. Water balance. 
	Table 3.1.4.9. Water balance. 

	Estimated Stack Humidity 
	Estimated Stack Humidity 

	Fuel Configuration Date of Test 
	Fuel Configuration Date of Test 
	Rice Straw CRNF 14-Jul-92 

	TR
	Traverse 1 
	Traverse 2 
	Traverse 3 


	Ambient Air Temperature °C) 
	Ambient Air Temperature °C) 
	Ambient Air Temperature °C) 
	28 
	31 
	33 

	Ambient Air Relative Humidity(%) 
	Ambient Air Relative Humidity(%) 
	59 
	53 
	45 

	Air Temperature (K) 
	Air Temperature (K) 
	301 
	304 
	307 

	Saturation Pressure (Pa) 
	Saturation Pressure (Pa) 
	3,719 
	4,547 
	5,151 

	Vapor Pressure (Pa) 
	Vapor Pressure (Pa) 
	2,209 
	2,399 
	2,298 

	Air Dew Point Temperature (°C) 
	Air Dew Point Temperature (°C) 
	19.1 
	20.4 
	19.7 

	Ambient Volume Fraction Water Vapor 
	Ambient Volume Fraction Water Vapor 
	0.0218 
	0.0237 
	0.0227 

	Ambient Mass Fraction Water Vapor 
	Ambient Mass Fraction Water Vapor 
	0.0135 
	0.0147 
	0.0141 

	· Fuel Burning Rate (g/s wet basis) 
	· Fuel Burning Rate (g/s wet basis) 
	12.53 
	14.51 
	14.89 

	Fuel Moisture Content (%) 
	Fuel Moisture Content (%) 
	9.1 
	7.8 
	8.1 

	Ash Fraction (wet basis) 
	Ash Fraction (wet basis) 
	0.19 
	0.19 
	0.19 

	Fuel Hydrogen Content (%) 
	Fuel Hydrogen Content (%) 
	5.27 
	5.27 
	5.27 

	Ash Hydrogen Content (%) 
	Ash Hydrogen Content (%) 
	0.62 
	0.62 
	0.62 

	Moisture Evaporated (g/s) 
	Moisture Evaporated (g/s) 
	1.14 
	1.13 
	1.21 

	Water of Combustion (g/s) 
	Water of Combustion (g/s) 
	5.27 
	6.19 
	6.33 

	Total. Fuel Water Added (g/s) 
	Total. Fuel Water Added (g/s) 
	6.41 
	7.32 
	7.54 

	Inlet Air Mass Flowrate (g/s) 
	Inlet Air Mass Flowrate (g/s) 
	4,060 
	3,990 
	3,870 

	Inlet Air Water Vapor Flowrate (g/s) 
	Inlet Air Water Vapor Flowrate (g/s) 
	55 
	59 
	54 

	Total Stack Water Vapor Flowrate (g/s) 
	Total Stack Water Vapor Flowrate (g/s) 
	61 
	'66 
	62 

	Stack Gas Mass Flowrate (g/s) 
	Stack Gas Mass Flowrate (g/s) 
	4,070 
	4,002 
	3,882 

	Mass Fraction Water Vapor in Stack 
	Mass Fraction Water Vapor in Stack 
	0.0151 
	0.0165 
	0.0160 

	Volume Fraction Water Vapor in Stack 
	Volume Fraction Water Vapor in Stack 
	0.0243 
	0.0266 
	0.0257 

	Stack Vapor Pressure (Pa) 
	Stack Vapor Pressure (Pa) 
	2,461 
	2,690 
	2,607 

	Stack Temperature (°C) 
	Stack Temperature (°C) 
	51 
	58 
	62 

	Stack Temperature (K) 
	Stack Temperature (K) 
	325 
	332 
	335 

	Stack Saturation Pressure (Pa) 
	Stack Saturation Pressure (Pa) 
	13,234 
	18,547 
	21,705 

	Stack Relative Humidity(%) 
	Stack Relative Humidity(%) 
	19 
	15 
	12 

	Stack Dew Point Temperature {°C) 
	Stack Dew Point Temperature {°C) 
	20.8 
	22.3 
	21 .8 

	lmpinger Outlet Temperature (0 C) 
	lmpinger Outlet Temperature (0 C) 
	16.7 
	18.6 
	21.0 

	Volume Stack Gas Sampled for PM (L) 
	Volume Stack Gas Sampled for PM (L) 
	532 
	540 · 
	638 

	Estimated lmpinger/Desiccant Weight Gain (g) 
	Estimated lmpinger/Desiccant Weight Gain (g) 
	9.8 
	10.8 
	12.2 

	Totals: 
	Totals: 

	TR
	Estimated 
	Measured 

	Total lmpinger/Desiccant Weight Gain (g) 
	Total lmpinger/Desiccant Weight Gain (g) 
	32.8 
	30.7 

	Estimated/Measured Weight Gain 
	Estimated/Measured Weight Gain 
	1.07 


	Table 3.1.4.10. Power balance. 
	Table 3.1.4.10. Power balance. 
	Table 3.1.4.10. Power balance. 

	Date of Test: 
	Date of Test: 
	14-Jul-92 
	14-Jul-92 
	14-Jul-92 

	Fuel 
	Fuel 
	Rice Straw 
	Rice Straw 
	Rice Straw 

	TR
	Traverse 1 
	Traverse 2 
	Traverse 3 

	Power Balance 
	Power Balance 


	Fuel Heating Value (MJ/kg dry weight) 15.6532 15.6532 15.6532 Ash Heating Value (MJ/kg dry weight) 2.9822 2.9822 2.9822 Average Energy Release Rate (kW) 171.3 201.3 205.8 Products of lnco"l'lete Corrbustion (kW) 
	3.1 3.5 3.2 THC (as CH4) 02 0.3 0.1 PM 0.3 0.4 0.4 Heat Release Rate (kW) 167.8 197.2 202.1 Fireline Intensity (kW/m) 137.6 161 .7 165.8 Stack Gas Flow (kg/s) 4.07 4.00 3.88 Stack Gas Temperature (°C) 51.40 58:44 61.84 Inlet Temperature (°C) 30.89 34.40 36.30 Sensible Power at Top of Stack (kW) 84.0 96.7 99.7 Tunnel Dissipation (kW) 83.8 100.5 102.4 
	co 

	Table . Ma..conc.ntration• (%) from ORI filter eamp1.. 
	3.1.4.11

	Dale FIMI 
	Size Fraction 
	Teflon Filler ID 
	Ouartz Filler 10 
	Teflon Field S~Flag 
	Ouanz field sample field 
	Teflon mass umple flag 
	Quartz mass aa~flag 
	Anio,...~le flag 
	Ammonium -lysisflag 
	Sodium ion analysis flag 
	Magnelium ion analysis flag 
	Potaaium ion -lysisflag 
	cart>on analy9is flag 
	XRF -ly11is llag 
	Tellon 18~VOii.me (111"3) Quartz sample volume (m"3) Teflon mass concentration (llg/111"3) 
	0
	-

	NQ3. S()'4. NH-4+ 
	Na+ 
	K+ 
	C(org) 
	C(oht) 
	C(e) 
	C(ehl) 
	C 
	Al 
	Si 
	p 
	s 
	Cl 
	K 
	Ca 
	Ti 
	V 
	Cr 
	Mn 
	Fe Co Ni Cu Zn Ga 
	M 
	Se 
	Br 
	~ 
	Sr y Zr Mo Pd 
	Ag 
	Cd In Sn 
	Sb Ba La 
	Au 
	Hg 
	Tl 
	Pb 
	u 
	Sum of measured species 
	, ...Jul.92 Riee Straw CRNF 
	, ...Jul.92 Riee Straw CRNF 
	PM2.5 
	ABTT018 ABTQ018 
	::l:Uncenai~ 
	0.30 0.02 0.30 0.01 1,580 94 
	Concentration !"-l ::l:Uncen■i~ 
	21.9780 0.4923 5.9120 2.7173 
	0.5539 
	15.9-423 1•.'4816 1US95 39.181M 1.7261 53.6710 0.0000 1.-4404 0.0000 1.9752 21.8410 25.5390 
	o.28n 
	0.0007 0.0049 0.0006 O.OTT4 0.0591 0.0000 
	0.0000 
	0.0041 0.1095 0.0000 0.0032 
	0.0048 
	0.133" 0.0273 0.0000 0.0000 0.0024 0.0000 0.0000 0.0119 0.0520 0.0000 0.0345 0.03<48 0.0000 0.0000 0.0000 0.0037 0.0028 0.0092 0.0007 109.09,48 
	1.9578 0.1555 0.4889 0.2602 0.0615 1.3095 2.4759 2.5985 3.921M 
	1.0869 
	0.1323 0.1652 0.2444 0.1851 1.7080 1.9931 0.2985 0.102• 0.0449 0.0120 0.0091 0.0251 0.0053 
	0.0058 
	0.0062 0.0099 0.0109 0.0132 0.0073 0.0117 0.0050 0.0065 0.0078 0.0097 0.0160 0.0710 0.0823 0.0676 0.0955 0.1205 0.1385 0.4890 0.6422 0.0186 0.0151 0.0140 0.0187 0.0149 5.4329 

	1~~92 Rica Slraw CRNF 
	PM10 
	PM10 
	ABTT019 ABTQ019 
	11 

	:l:Uncenainl~ 
	0.30 0.02 0.30 0.02 2.387 130 
	Concentration !"-l :l:Uncertaint~ PM2.5/PM10 
	1•.8190 0.3"78 3.9878 1.7319 0.3718 10.4485 10.6782 9.2842 26.0754 2.6397 36.7536 0.0000 8.0722 0.0000 1.4086 17.9079 18.8856 1.1696 0.0165 0.0014 0.0029 0.3751 0.3782 0.0000 0.0023 0.0030 0.0833 0.0004 0.0049 0.0019 0.1031 
	1•.8190 0.3"78 3.9878 1.7319 0.3718 10.4485 10.6782 9.2842 26.0754 2.6397 36.7536 0.0000 8.0722 0.0000 1.4086 17.9079 18.8856 1.1696 0.0165 0.0014 0.0029 0.3751 0.3782 0.0000 0.0023 0.0030 0.0833 0.0004 0.0049 0.0019 0.1031 
	0.022 .. 0.0073 0.0018 0.0027 0.0011 0.0000 0.0000 0.0000 0.0000 0.0343 0.0000 0.0000 0.0536 0.0033 0.0001 0.0025 0.0012 0.0019 
	87.7541 
	1.2671 U8 0.1021 U2 0.3140 1.48 0 .1618 1.57 0 .0532 U9 0.8178 1.53 1.6806 1.36 1.9273 123 2.53'45 1.50 1.6276 0.65 
	1 ... 6 0 .1492 0.60'41 0.18 
	0.1971 0.1333 1.40 1.3285 1.22 1.3987 1.35 0.1149 025 0.0683 0.04 0.0300 3.50 0.0085 028 0.0285 021 0.0328 0.16 0.0070 0.0041 0.00 0.0042 1.37 0.0070 1.31 0.0074 0.00 0.0088 0.65 0.0050 2.53 0 .00&4 129 0.0035 1.22 0.0031 0.00 0.0054 0.00 0.0066 0.89 0.0109 0.00 0.0493 0 .0579 0.0590 0 .0651 0.083" 1.01 0 .0964 0 .3291 0.00 0 .0129 0.00 0 .0102 37.00 0.0095 1.12 0.0125 7.67 0.0103 0.37 3 .7153 1.2.. 
	o.43n 


	Table 3.1.4.12. Element ratio• from ORI filter umples. 
	Table 3.1.4.12. Element ratio• from ORI filter umples. 
	Table 3.1.4.12. Element ratio• from ORI filter umples. 

	Date Fuel Configll'alion 
	Date Fuel Configll'alion 
	14.Jul-92 Rice Straw CRNF 
	14-.Jul.92 Rice Straw CRNF 

	Size Fraction Teflon Flier ID Quartz Fi••r ID 
	Size Fraction Teflon Flier ID Quartz Fi••r ID 
	PM25 ABTT018 ·ABTCl018 
	PM10 ABTT019 ABTCl019 
	PM2.5/PM10 

	a.A:;I K+IK Solate S/TolaJ S C(org)JC CIIK C~A<+ C~,1\la+ S1( S,1\la+ Al/Si 
	a.A:;I K+IK Solate S/TolaJ S C(org)JC CIIK C~A<+ C~,1\la+ S1( S,1\la+ Al/Si 
	1.01 0.62 1.00 0.27 0.86 1.38 39.68 0.08 3.57 0.00 
	0.83 0.55 0.94 0.29 0.95 1.42 39.86 0.07 3.79 0.00 
	1.22 1.13 1.06 0.93 0.90 0.97 1.00 1.04 0.94 


	Dale 
	Dale 
	Dale 
	14-Jul.92 

	Fuel 
	Fuel 
	Ra Straw 

	TR
	CRNF 

	Size Fraction 
	Size Fraction 
	PM2.5 

	T ellon Flier ID 
	T ellon Flier ID 
	ABTT018 

	Quartz Filer ID 
	Quartz Filer ID 
	ABTQ018 

	S1art Time 
	S1art Time 
	9:38 

	Slop Time 
	Slop Time 
	10:08 

	Start Time 
	Start Time 

	End Time 
	End Time 

	ElapNd Time (minUes) 
	ElapNd Time (minUes) 
	30 

	PM (ff9'm"3 by total Iller) 
	PM (ff9'm"3 by total Iller) 

	PM10 (by total llter,1mpactor) 
	PM10 (by total llter,1mpactor) 

	PM2.5 (by total lller~actor) 
	PM2.5 (by total lller~actor) 

	PM emission lador (%) 
	PM emission lador (%) 

	PM10 emission laelor (%) 
	PM10 emission laelor (%) 

	PM2.5 emission lacaor (%) 
	PM2.5 emission lacaor (%) 

	TR
	:tUncertal~ 

	Teflon urll)le voune (111"3) 
	Teflon urll)le voune (111"3) 
	0.30 
	0.02 

	Quartz sampkl Voll.me (111"3) 
	Quartz sampkl Voll.me (111"3) 
	0.30 
	0.01 

	Teflon mass concentration (ffl!>'m"3) 
	Teflon mass concentration (ffl!>'m"3) 
	1.580 
	O.OIM 

	Teflon IMSSl'Total mass 
	Teflon IMSSl'Total mass 
	0.246 

	TR
	Emission!~Ill :tUncertai~ 


	Cl
	-

	N03
	-

	504~ 
	NH4+ 
	Na+ 
	K+ 
	C(org) 
	C(ohl) 
	C(e) 
	C(elt) 
	C 
	Al 
	Si 
	p 
	s 
	Cl 
	K 
	Ca 
	Ti 
	V 
	Cr 
	Mn 
	Fe 
	Co 
	Ni 
	Cu 
	Zn 
	Ga 
	As 
	Se 
	Br 
	Rb 
	Sr 
	y 
	Zr 
	Mo 
	Pd 
	Ag 
	Cd 
	In 
	Sn 
	Sb 
	Ba 
	La 
	Au 
	Hg 
	Tl Pb 
	u 
	Sum of measured species 
	Table 3.1.'-13. Emiaeion factor• (mg/kg) from ORI flltar aamplea. 
	14-Jul-92 Rice Straw CRNF 
	PM10 
	PM10 

	ABTT019 
	ABTT019 
	ABTT019 

	ABTQ019 
	ABTQ019 

	Travel'98 1 
	Travel'98 1 

	7.140 
	7.140 

	U190 
	U190 

	6.420 
	6.420 

	0.209 
	0.209 

	0.205 
	0.205 

	0 .188 
	0 .188 

	:Uncerta~ 
	:Uncerta~ 

	0.30 
	0.30 
	0.02 

	0.30 
	0.30 
	0.02 

	2.3'17 
	2.3'17 
	0.130 

	0.341 
	0.341 

	Emission !mg,1cgl 
	Emission !mg,1cgl 
	±Uncel1am 
	PM2.!WM10 

	346.1827 
	346.1827 
	25.9756 
	1.09 

	8.1249 
	8.1249 
	2.0931 
	1.0-4 

	93.1579 
	93.1579 
	6.4370 
	1.09 

	40.4585 
	40.4585 
	3.3169 
	1.16 

	8.6855 
	8.6855 
	1.0906 
	1.10 

	244.0846 
	244.0846 
	16.7649 
	1.13 

	248.4506 
	248.4506 
	34.4523 
	1.00 

	216.8857 
	216.8857 
	39.5097 
	0.91 

	809.1.-o4 
	809.1.-o4 
	51.9573 
	1.11 

	61.6653 
	61.6653 
	33.3658 
	0.48 

	858.5910 
	858.5910 
	0.0000 
	1.08 

	0.0000 
	0.0000 
	3.0586 

	188.5725 
	188.5725 
	12.38-41 
	0.13 

	0.0000 
	0.0000 
	4.0-406 

	32.9059 
	32.9059 
	2.7327 
	1.03 

	418.3417 
	418.3417 
	27.2343 
	0.90 

	441 .1814 
	441 .1814 
	28.6734 
	1.00 

	V .3227 
	V .3227 
	2.3555 
	0.18 

	0.3855 
	0.3855 
	.1.4002 
	0.03 

	0.0327 
	0.0327 
	0.6150 
	2.58 

	o.osn 
	o.osn 
	0.1743 
	0.20 

	8.7626 
	8.7626 
	0.5843 
	0.15 

	8.8350 
	8.8350 
	0.6724 
	0.12 

	0.0000 
	0.0000 
	0.1435 

	0.0537 
	0.0537 
	0 .0841 
	0.00 

	0.0701 
	0.0701 
	0.0861 
	1.01 

	1.IM59 
	1.IM59 
	0.1435 
	0.97 

	0.0093 
	0.0093 
	0.1517 
	0.00 

	0.1145 
	0.1145 
	0.1804 
	0.48 

	0.0444 
	0.0444 
	0.1025 
	1.86 

	2.4085 
	2.4085 
	0.1722 
	0.95 

	0.5233 
	0.5233 
	0.0718 
	0.90 

	0.1705 
	0.1705 
	0.0636 
	0.00 

	0.0-420 
	0.0-420 
	0 .1107 
	0.00 

	0.0631 
	0.0631 
	0 .1353 
	0.66 

	0.0257 
	0.0257 
	0.2235 
	0.00 

	0.0000 
	0.0000 
	1.0107 

	0.0000 
	0.0000 
	1.1870 

	0.0000 
	0.0000 
	1.2095 

	0.0000 
	0.0000 
	1.3346 

	0.8013 
	0.8013 
	1.7097 
	0.74 

	0.0000 
	0.0000 
	1.9762 

	0.0000 
	0.0000 
	6.7466 

	1.2521 
	1.2521 
	8 .9729 
	0.00 

	o.on1 
	o.on1 
	0.2645 
	0.00 

	0.0023 
	0.0023 
	0.2091 
	27.29 

	0.0584 
	0.0584 
	0 .1948 
	0.83 

	0.0280 
	0.0280 
	0.2563 
	5.66 

	0.0-4-4-4 
	0.0-4-4-4 
	0.2112 
	0.27 

	2.050 
	2.050 
	70 
	0.92 


	376.7407 8.4837 101.8798 46.8265 9.5452 274.7292 248.5573 197.4783 675.3399 29.7-45,C 920972 0.0000 24.8220 0.0000 34.0381 376.3798 440.1064 
	376.7407 8.4837 101.8798 46.8265 9.5452 274.7292 248.5573 197.4783 675.3399 29.7-45,C 920972 0.0000 24.8220 0.0000 34.0381 376.3798 440.1064 
	4.9579 
	0.0121 0.0844 0.0138 1.3338 1.0185 0.0000 
	0.0000 
	0.0707 1.8870 0.0000 
	0.0551 0.0827 
	2.2988 
	0.4705 0.0000 0.0000 0.0-414 0.0000 0.0000 0.2051 0.8961 0.0000 0.5945 0.5997 0.0000 0.0000 0.0000 0.0638 0.0483 0.1585 0.0121 
	1,880 
	36.8066 2.9234 9.1913 
	4.8918 
	1.5322 24.6186 
	46.5469 
	48.8518 73.~27 20.4337 0.0000 2.4872 3.1058 4.5947 3.4799 
	32.1104 
	37.4703 5.6118 1.9251 0.8441 0.2256 0.1711 0.4719 0.0996 0.1090 0.1166 0.1861 0.2049 0.2482 0.1372 0.2200 0.0940 0.1222 0.1466 0.1824 0.3008 1.3348 1.5472 1.6469 1.7954 2.2654 2.6038 9.1932 
	12.0734 0.3497 0.2839 0.2632 0.3516 0.2801 102 

	Element concentrations (ng/m"3} from CNL filter samples. 
	Table 3.1.4.14. 

	Fuel: Rice Date: 14-Jul-92 Time: 10:16 Filter ID: AG-28b 
	Element Concentration +Uncertaint~ 
	H Na Mg Al Si 
	p 
	s 
	Cl K Ca Ti V Cr Mn Fe Ni Cu Zn As Pb Se Br Rb Sr Zr 
	ng/111"3 34,070 
	ng/111"3 34,070 
	320,940 
	1,263,110 1,267,190 43,230 550 
	770 9,200 13,160 240 360 2,130 380 
	3,480 1,020 
	3,480 1,020 
	5,100 


	16,800 
	63,800 63,800 10,100 300 
	300 700 800 100 100 200 100 
	300 300 
	Element emission factors (mg/kg) from CNL filter samples. 
	Table 3.1.4.15. 

	Fuel: Date: Time: Filter ID: 
	Fuel rate (g/s) Stack gas flow rate (m"3/s) Stack Temperature (°C) Ambient Temperature (°C) 
	Element 
	H Na Mg Al Si 
	p 
	s 
	Cl 
	K 
	Ca 
	Ti V Cr Mn 
	Fe Ni 
	Cu 
	Zn 
	As Pb Se Br Rb Sr Zr 
	As Pb Se Br Rb Sr Zr 
	Rice 

	14-Jul-92 10:16 
	14-Jul-92 10:16 
	AG-28b 

	Emission factor 
	(mg/kg) 
	(mg/kg) 
	10.4 
	97.6 
	384.1 385.4 13.1 0.2 
	0.2 2.8 4.0 0.1 0.1 0.6 0.1 
	1., 0.3 
	11 .40 
	3.74 51 .40 27.71 
	±Uncertainty 
	(mg/kg) 
	1.6 
	5.1 
	19.4 
	19.4 
	3.1 
	0.1 
	0.1 0.2 0.2 0.0 0.0 0.1 0.0 
	0.1 
	0.1 

	Element concentrations (ng/m"3) from CNL filter samples. 
	Table 3.1.4.16. 

	Fuel: Date: Time: Filter ID: 
	Element 
	Rice 14-Jul-92 10:52 
	Rice 14-Jul-92 10:52 
	AG-29b 

	Concentration ±Uncertain~ 
	H Na Mg 
	Al 
	Si 
	p 
	s 
	Cl 
	K 
	Ca 
	Ti V Cr Mn Fe 
	Ni 
	Cu Zn As 
	Pb 
	Se Br Rb Sr Zr 
	ng/m"3 27,190 
	ng/m"3 27,190 
	5,580 
	200,250 
	38,440 
	603,870 
	640,620 
	31,300 
	6,880 7,730 
	240 
	1,680 
	2,290 660 
	2,290 660 
	3,500 


	3,300 
	10,500 
	2,600 30,600 32,300 5,600 
	500 500 100 
	100 
	200 200 
	200 200 

	Table 3.1 .4.17. Element emission factors (mg/kg) from CNL filter samples. 
	Fuel: Date: Time: Filter ID: 
	Fuel rate (g/s) Stack gas flow rate (fTl'\3/s) Stack Temperature (°C) Ambient Temperature (°C) 
	Element 
	H Na Mg Al Si 
	p 
	s 
	Cl K Ca Ti V Cr Mn Fe Ni Cu 
	Zn As 
	Pb Se Br Rb Sr Zr 
	Rice 14-Jul-92 10:52 AG-29b 
	Emission factor (mg/kg) 
	7.0 
	7.0 
	1.4 
	51 .5 
	9.9 155.2 164.7 
	8.0 
	1.8 2.0 0.1 
	0.4 
	0.6 
	0.2 
	13.39 
	3.75 58.44 31.20 
	±Uncertainty (mg/kg) 
	0.9 
	0.8 
	2.7 
	0.7 7.9 8.3 1.4 
	0.1 0.1 0.0 
	0.0 
	0.1 0.1 

	Relative element concentrations by stage from DRUM impactor. 
	Table 3.1.4.18. 

	Stage 1: 10-15µm 
	14-Jul-92 Abundance Abundance Relative to Relative to Concentration ±Uncertainty Potassium Stage 1 (relative) ( . ) ( . ) 
	H Na Mg Al Si 8.9797 1 s 365.22 65.85 0.0835 1 Cl 102.92 0.2373 1 K 288.62 1.0000 1 Ca 314.46 0.9442 1 Ti 233.51 60.77 0.0534 1 V Cr Mn 633.23 54.31 0.1448 1 Fe 256.77 1.0341 1 Ni Cu 76.00 0.2377 1 Zn 97.08 0.3048 1 As Se Br Rb Sr Pb 86.42 26.15 0.0198 1 
	39,277.95 
	2,027.23 
	1,038.00 
	4,374.08 
	4,130.02 
	4,523.14 
	1,039.57 
	1,333.43 

	Table 3.1.4.i9. Relative element concentrations by stage from DRUM impactor. 
	Table 3.1.4.i9. Relative element concentrations by stage from DRUM impactor. 
	Table 3.1.4.i9. Relative element concentrations by stage from DRUM impactor. 
	Table 3.1.4.20. Relative element concentrations by stage from DRUM Impactor. 
	Table 3.1.4.21. Relative element concentrations by stage from DRUM impactor. 
	Table 3.1.4.22. Relative element concentrations by stage from ORUM impactor. 

	Stage 2: 5-10 µm 
	Stage 2: 5-10 µm 
	Stage 3: 2.5 -5 µm 
	Stage 4: 1.15-2.5 µm 
	Stage 5: 0.56-1.15 µm 

	14-Jul-92 
	14-Jul-92 
	Abundance 
	Abundance 
	14-Jul-92 
	Abundance 
	Abundance 
	14-Jul-92 
	Abundance 
	Abundance 
	14-Jul-92 
	Abundance 
	Abundance 

	TR
	Relative to 
	Relative to 
	Relative to 
	Relative to 
	Relative to 
	Relative to 
	Relative to 
	Relative to 

	Concentration 
	Concentration 
	±Uncertainty 
	Potassium 
	Stage 1 
	Concentration 
	±Uncertainty 
	Potassium 
	Stage 1 
	Concentration 
	±Uncertainty 
	Potassium 
	Stage 1 
	Concentration 
	±Uncertainty 
	Potassium 
	Stage 1 

	(relative) 
	(relative) 
	( -) 
	( ) 
	-

	(relative) 
	( -) 
	( -) 
	(relative) 
	( . ) 
	( . ) 
	(relative) 
	( ) 
	-

	( . ) 

	H 
	H 
	H 
	H 
	H 
	820.28 
	144.92 
	1.6859 

	Na 
	Na 
	Na 
	Na 
	Na 

	Mg 
	Mg 
	Mg 
	Mg 
	Mg 
	466.74 
	n.54 
	0.9593 

	Al 
	Al 
	Al 
	Al 
	Al 

	Si 
	Si 
	9,254.97 
	505.08 
	10.3257 
	0.2356 
	Si 
	13,285.28 
	698.15 
	4.2298 
	0.3382 
	Si 
	1,297.37 
	92.92 
	0.3885 
	0.0330 
	Si 
	190.75 
	41.85 
	0.3921 
	0.0049 

	s 
	s 
	391.49 
	72.15 
	0.4368 
	1.0719 
	s 
	s 
	s 

	Cl 
	Cl 
	940.29 
	95.54 
	1.0491 
	0.9059 
	Cl 
	2,823.09 
	185.85 
	0.8988 
	2.7197 
	Cl 
	2,780.29 
	181.69 
	0.8326 
	2.6785 
	Cl 
	566.98 
	91.54 
	1.1653 
	0.5462 

	K 
	K 
	896.31 
	93.23 
	1.0000 
	0.2049 
	K 
	3,140.86 
	203.38 
	1.0000 
	0.7181 
	K 
	3,339.12 
	210.92 
	1.0000 
	0.7634 
	K 
	486.55 
	57.85 
	1.0000 
	0.1112 

	Ca 
	Ca 
	1,157.34 
	127.38 
	1.2912 
	0.2802 
	Ca 
	1,877.60 
	160.31 
	0.5978 
	0.4546 
	Ca 
	Ca 

	Ti 
	Ti 
	Ti 
	Ti 
	39.46 
	22.15 
	0.0118 
	0.1690 
	Ti 
	79.34 
	29.54 
	0;1631 
	0.3398 

	V 
	V 
	V 
	V 
	n.35 
	21 .69 
	0.0232 
	V 

	Cr 
	Cr 
	Cr 
	Cr 
	46.42 
	19.54 
	0.0139 
	Cr 

	Mn 
	Mn 
	271.94 
	27.54 
	0.3034 
	0.4294 
	Mn 
	398.25 
	35.23 
	0.1268 
	0.6289 
	Mn 
	113.00· 
	28.00 
	0.0338 
	0.1784 
	Mn 

	Fe 
	Fe 
	2,291.12 
	139.69 
	2.5562 
	0.5065 
	Fe 
	1,397.83 
	92.00 
	0.4450 
	0.3090 
	Fe 
	221 .86 
	35.38 
	0.0664 
	0.0491 
	Fe 
	96.15 
	17.08 
	0.1976 
	0.0213 

	Ni 
	Ni 
	Ni 
	Ni 
	Ni 

	Cu 
	Cu 
	Cu 
	Cu 
	Cu 

	Zn 
	Zn 
	56.03 
	11.85 
	0.0625 
	0.0420 
	Zn 
	Zn 
	Zn 

	As 
	As 
	As 
	As 
	As 

	Se 
	Se 
	Se 
	Se 
	Se 

	Br 
	Br 
	Br 
	23.43 
	7.54 
	0.0075 
	Br 
	Br 

	Rb 
	Rb 
	Rb 
	Rb 
	Rb 

	Sr 
	Sr 
	Sr 
	Sr 
	Sr 

	Pb 
	Pb 
	Pb 
	Pb 
	Pb 


	Table 3.1.4.23. Relative element concentrations by stage from DRUM impactor. 
	Table 3.1.4.23. Relative element concentrations by stage from DRUM impactor. 
	Table 3.1.4.23. Relative element concentrations by stage from DRUM impactor. 

	Stage 6: 0.34 • 0.56 µm 
	Stage 6: 0.34 • 0.56 µm 

	TR
	14-Jul-92 
	Abundance 
	Abundance 

	TR
	Relative to 
	Relative to 

	TR
	Concentration 
	±Uncertainty 
	Potassium 
	Stage 1 

	H 
	H 
	(relative) 2,211.49 
	208.n 
	( ) 0.2456 
	-

	( -) 

	Na 
	Na 

	Mg 
	Mg 

	Al 
	Al 

	Si 
	Si 
	489.20 
	58.15 
	0.0543 
	0.0125 

	s 
	s 

	Cl 
	Cl 
	7,002.94 
	398.92 
	o.n1s 
	6.7466 

	K 
	K 
	9,006.22 
	495.38 
	1.0000 
	2.0590 

	Ca 
	Ca 

	Ti 
	Ti 

	V 
	V 

	Cr 
	Cr 

	Mn 
	Mn 

	Fe 
	Fe 
	86.77 
	18.62 
	0.0096 
	0.0192 

	Ni 
	Ni 

	Cu 
	Cu 

	Zn 
	Zn 

	As 
	As 

	Se 
	Se 

	Br 
	Br 

	Rb 
	Rb 

	Sr 
	Sr 
	43.82 
	15.69 
	0.0049 

	Pb 
	Pb 


	Table 3.1.4.24. Relative element concentrations by stage from DRUM Impactor. 
	Table 3.1.4.24. Relative element concentrations by stage from DRUM Impactor. 
	Table 3.1.4.24. Relative element concentrations by stage from DRUM Impactor. 
	Table 3.1.4.25. Relative element concentrations by stage from DRUM impactor. 

	Stage 7: 0.24 -0.34 µm 
	Stage 7: 0.24 -0.34 µm 
	Stage 8: 
	< 0.24 µm 

	14-Jul-92 
	14-Jul-92 
	Abundance 
	Abundance 
	14-Jul-92 
	Abundance 
	Abundance 

	TR
	Relative to 
	Relative to 
	Relative to 
	Relative to 

	Concentration 
	Concentration 
	±Uncertainty 
	Potassium 
	Stage 1 
	Concentration 
	±Uncertainty 
	Potassium 
	Stage 1 

	(relative) 
	(relative) 
	( ) 
	-

	( ) 
	-

	(relative) 
	(.) 
	( . ) 

	H 
	H 
	H 
	2,313.55 
	355.23 
	0.2541 

	Na 
	Na 
	Na 

	Mg 
	Mg 
	119.71 
	42.31 
	0.2992 
	Mg 

	Al 
	Al 
	Al 

	Si 
	Si 
	109.46 
	30.92 
	0.2735 
	0.0028 
	Si 
	280.92 
	49.38 
	0.0309 
	0.0072 

	s 
	s 
	s 

	Cl 
	Cl 
	258.68 
	35.08 
	0.6464 
	0.2492 
	Cl 
	5,451.09 
	311 .23 
	0.5987 
	5.2515 

	K 
	K 
	400.15 
	46.15 
	1.0000 
	0.0915 
	K 
	9,104.72 
	497.69 
	1.0000 
	2.0815 

	Ca 
	Ca 
	Ca 

	Ti 
	Ti 
	73.85 
	21 .38 
	0.1845 
	0.3162 
	Ti 
	88.65 
	37.54 
	0.0097 
	0.3796 

	V 
	V 
	V 

	Cr 
	Cr 
	Cr 

	Mn 
	Mn 
	Mn 
	36.20 
	16.46 
	0.0040 
	0.0572 

	Fe 
	Fe 
	Fe 
	137.35 
	22.15 
	0.0151 
	0.0304 

	Ni 
	Ni 
	Ni 

	Cu 
	Cu 
	Cu 
	160.62 
	19.85 
	0.0176 
	0.1545 

	Zn 
	Zn 
	21.71 
	6.00 
	0.0542 
	0.0163 
	Zn 
	185.37 
	23.08 
	0.0204 
	0.1390 

	As 
	As 
	As 

	Se 
	Se 
	Se 

	Br 
	Br 
	Br 
	51 .51 
	12.31 
	0.0057 

	Rb 
	Rb 
	Rb 

	Sr 
	Sr 
	22.80 
	9.85 
	0.0570 
	Sr 

	Pb 
	Pb 
	Pb 


	Table 3.1.4.26 VOC Concentrations (ppbv) 
	Table 3.1.4.26 VOC Concentrations (ppbv) 
	Table 3.1.4.26 VOC Concentrations (ppbv) 

	Date Fuel Traverse 
	Date Fuel Traverse 
	14-Jul-92 Rice Straw Traverse 1 
	14Jul-92 Rice Straw Traverse 2 
	-

	14-Jul-92 Rice Straw Traverse 3 


	Acetic acid Propanone (acetone) Methyl ester acetic acid (methylacetate) Butane 19.8 16.7 Dimethyloxirane 
	Pentene Methylbutanone (isopropylmethyl ketone) Furancarboxaldehyde (furfural) Benzene 20.5 29.9 30.7 Dimethylbutane 
	Hexane 
	Phenol 
	Dimethylfuran 2-methyl 2-cyclopenten-1-one 2-chloro phenol Toluene 4.9 9.4 11.6 Benzonitrile Benzaldehyde 1.1 2.2 3.7 Methylphenol (hydroxy toluene) Styrene 1.5 3 2 Xylene 0.5 1.3 2 Trimethylpentane Benzofuran Methoxymethylphenol (creosol) Naphthalene 0.7 2.4 2.2 C10H12 . 
	Alpha-pinene Camphene .a3-Carene Limonene No match r.t. (6. 7) No match r.t. ( 8.51 ) 
	No match r.t. (8.71) No match r.t. (8.73) 13.8 7.6 12 No match r.t.(6.4) No match r.t.(8.5) 
	Table VOC Emission Factors (mg/kg) 
	3.1.4.27 

	Date Fuel Traverse Fuel Consu"l)tion Rate (!;VS d.b) Stack Gas Mass Flow Rate (k!;VS) 
	Acetic acid Propanone (acetone) Methyl ester acetic acid (methylacetate) 
	Butane 
	Dimethyloxirane 
	Pentene 
	Methylbutanone (isopropylmethyl ketone) Furancarboxaldehyde (furfural) 
	Benzene 
	Dimethylbutane 
	Hexane 
	Phenol Dimethytturan 2-methyl 2-cyclopenten-1 -one 2-chloro phenol Toluene Benzonitrile Benzaldehyde Methylphenol (hydroxy toluene) Styrene Xylene Tri methylpentane Benzofuran Methoxymethylphenol (crepsol) Naphthalene Unknown 
	Alpha-pinene 
	Ca"l)hene 63-Carene limonene 
	14-Jul-92 14-Jul-92 14-Jul-92 Rice Straw Rice Straw Rice Straw Traverse 1 · Traverse 2 Traverse 3 11.40 13.39 13.69 4.07 4.00 3.88 
	12 9 
	20 24 23 
	6 9 10 
	2 4 
	2 3 2
	, , 
	2 
	2 

	3 3 
	Table 3.1.4.28. PAH emi..ion factors, rice •!raw, 14 July 1992 (zero lndlcat• not detectad). 
	Table 3.1.4.28. PAH emi..ion factors, rice •!raw, 14 July 1992 (zero lndlcat• not detectad). 
	Table 3.1.4.28. PAH emi..ion factors, rice •!raw, 14 July 1992 (zero lndlcat• not detectad). 

	Traverse 1 
	Traverse 1 
	Travel'98 2 
	Traverse 1 
	Tmvel'98 2 
	lmpinger 
	Total 
	Total 
	Total 

	Filter 
	Filter 
	Filter 
	Trap/Tubing 
	Sorbent 
	Sorbent 
	Rinsate 
	Traverse 1 
	Traverse 2 
	Average 

	µg,1(gd,yfuel 
	µg,1(gd,yfuel 

	Naphthalene 
	Naphthalene 
	31.5 
	22.3 
	18.7 
	7,816.6 
	13,989.2 
	0.0 
	7,868.8 
	14,030.3 
	10,948.6 

	2-Melhylnaphlhalene 
	2-Melhylnaphlhalene 
	-

	12.4 
	7.1 
	0.0 
	494.8 
	429.9 
	0.0 
	507.1 
	437.0 
	472.1 

	Acenaphthylene 
	Acenaphthylene 
	5.1 
	3.1 
	0.0 
	783.7 
	853.8 
	0.0 
	788.8 
	856.9 
	822.8 

	Acenaphlhene 
	Acenaphlhene 
	2.5 
	3.9 
	0.0 
	72.7 
	44.4 
	0.0 
	75.3 
	48.2 
	61 .7 

	Fluorene 
	Fluorene 
	0.0 
	1.9 
	0.0 
	228.3 
	286.6 
	0.0 
	228.3 
	288.5 
	258.4 

	Phenanlhrene 
	Phenanlhrene 
	20.6 
	18.9 
	26.3 
	n8.o 
	923.2 
	24.1 
	848.9 
	992.5 
	920.7 

	Anthracene 
	Anthracene 
	2.8 
	2.4 
	13.8 
	120.1 
	156.7 
	0.0 
	136.6 
	172.9 
	154.8 

	Fluoranlhene 
	Fluoranlhene 
	18.1 
	74.5 
	0.0 
	266.8 
	351.0 
	0.0 
	285.0 
	425.8 
	355.3 

	Pyrene 
	Pyrene 
	20.1 
	76.8 
	22.5 
	205.3 
	274.9 
	0.0 
	247.9 
	374.2 
	311.1 

	Benz(a)-anlhntcene 
	Benz(a)-anlhntcene 
	57.2 
	47.9 
	0.0 
	12.5 
	14.0 
	0.0 
	69.8 
	62.0 
	65.9 

	Chrysene 
	Chrysene 
	61.3 
	63.9 
	0.0 
	13.4 
	15.4 
	0.0 
	74.7 
	79.3 
	n .o 

	Benzo(b)-fluoranlhene 
	Benzo(b)-fluoranlhene 
	120.5 
	126.5 
	0.0 
	5.6 
	2.4 
	0.0 
	126.1 
	128.9 
	127.5 

	Benzo(k)-fluoranthene 
	Benzo(k)-fluoranthene 
	29.7 
	29.7 
	0.0 
	0.0 
	0.0 
	0.0 
	29.7 
	29.7 
	29.7 

	Benzo(a)pyrene 
	Benzo(a)pyrene 
	30.5 
	38.1 
	0.0 
	2.7 
	2.5 
	0.0 
	33.2 
	40.6 
	36.9 

	Benzo(e)pyrene 
	Benzo(e)pyrene 
	47.3 
	51 .5 
	0.0 
	6.0 
	4.6 
	0.0 
	53.3 
	56.0 
	54.6 

	Perylene 
	Perylene 
	9.7 
	12.8 
	0.0 
	0.0 
	4.1 
	0.0 
	9.7 
	16.9 
	13.3 

	Benzo(ghi)-perylene 
	Benzo(ghi)-perylene 
	32.3 
	52.4 
	0.0 
	o.o 
	0.0 
	0.0 
	32.3 
	52.4 
	42.4 

	lndeno[1,2,3~d)-pyrene 
	lndeno[1,2,3~d)-pyrene 
	38.6 
	43.8 
	0.0 
	0.0 
	0.0 
	0.0 
	38.8 
	43.8 
	41 .2 

	Oibenz(a,h)-anlhracene 
	Oibenz(a,h)-anlhracene 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 

	Total 
	Total 
	540.3 
	677.5 
	81.3 
	10,806.5 
	17,352.7 
	24.1 
	11,452.1 
	18,135.6 
	14,793.9 


	Figure 3.1.4.1. Ambient air conditions, 14 July 92. 
	Fuel Type: Rice Straw Test Date 14-Jul-92 Configuration: CRNF 
	Air Temperature (°C) ------Air Relative Humidity (%) 
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	0 
	6 18 
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	Figure 3.1.4.2. Air temperature and relative humidity from CIMIS station. 
	Fuel: Rice Straw Date of Test: 14-Jul-92 Configuration: CRNF Hourly Average CIMIS Data for Davis, California 
	~Air Temperature (°C) ---0---Relative Humidity(%) 
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	Figure 3.1.4.3. Wind spffd from CIMIS station. Fuel: Rice Straw Date of Test: 14-Jul-92 Configuration: CRNF 
	Hourly Average CIMIS Data for Davis, California 
	---0--Wind Speed (mis) 
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	Figure 3.1.4.4. Wind direction and solar radiation from CIMIS station. Fuel: Rice Straw Date of Test: 14-Jul-92 Configuration: CRNF 
	Hourly Average CIMIS Data for Davis, California 
	--0-Wind Direction (from N) ~Solar Radiation (W/sq. m) 
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	Figure 3.1.4.5. Inlet air, stack gas, and implnger outlet temperatures, 14 July 92. 
	Fuel Type: Rice Straw Test Date 14-Jul-92 Configuration: CRNF 
	-
	-
	-
	-
	-
	-
	-
	Inlet Air 
	----Stack 
	lmpinger Outlet 

	TR
	Temperature 
	Temperature 
	Temperature 

	TR
	(OC) 
	(OC) 
	(OC) 
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	Figure 3.1.4.6. Conveyor speed and stack gas velocity, 14 July 92. 
	Fuel Type: Rice Straw Test Date 14-Jul-92 Configuration: CRNF 
	Conveyor Speed (m/min) ------Stack Velocity (mis) 
	0 +----'--------'1......ll,_ _._._-'--'--4-----'---LL-------'--+-1--.J.U.J.l..-'--------''--~-----'----1 
	6 8 10 12 14 16 18 Time of Day (POST) 
	Figure 3.1.4.7. Conveyor travel with 10 min moving average, 14 July 92. 
	Fuel Type: Rice Straw Test Date 14-Jul-92 Configuration: CRNF 
	Conveyor Speed (m/min) D Conveyor Speed-1 O pt. rolling average 
	3.5 
	3 
	2.5 
	2 
	1.5 
	0.5 
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	6 12 14 16 18 
	Time of Day (POST) 
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	Figure 3. 1 .4.8. Conveyor travel, 14 July 92. 
	Fuel Type: Rice Straw Test Date 14-Jul-92 Configuration: CRNF 
	Conveyor Travel (m) 
	250 
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	Figura 3.1.4.9. CO concentration In stack gas, 14 July 92. 
	Fuel Type: Rice Straw Test Date 14-Jul-92 Configuration: CANF 
	CO (ppmv) 
	CO (ppmv) 

	6 12 14 16 18 
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	NO and NOx concentrations In stack gas, 14 July 92. 
	Figure 3.1.4.10. 

	Fuel Type: Rice Straw Test Date 14-Jul-92 Configuration: CRNF 
	9 8 7 
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	5 4 3 2 
	0 
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	Figure 3.1.4.11. S02 concentrations In stack gas, 14 July 92. 
	Figure 3.1.4.11. S02 concentrations In stack gas, 14 July 92. 
	Figure 3.1.4.11. S02 concentrations In stack gas, 14 July 92. 

	Fuel Type: 
	Fuel Type: 
	Rice Straw 
	Test Date 
	14-Jul-92 

	Configuration: 
	Configuration: 
	CRNF 
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	Total sulfur concentration In stack gas, 14 July 92. 
	Figure 3.1.4.12. 

	Fuel Type: Rice Straw Test Date 14-Jul-92 Configuration: CRNF 
	Total S (ppmv) 
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	Particle size distribution, traverse 1, 14July 92 
	Figure 3.1.4.13. 


	Fuel: Rice Straw Particle Size Distribution 
	Traverse 1: 
	Stage 1 2 3 
	Stage 1 2 3 
	4 
	5 6 7 filter 
	5 6 7 filter 
	ECD (µm) 13.70 7.67 

	4.09 
	2.16 1.25 0.73 0.38 0.00 
	Weight (mg) 0.1 0.2 0.1 0.2 0.1 0.2 0.2 2.7 

	Date of Test: Configuration: 
	Cum. Wt (mg) 
	3.8 
	3.8 
	3.7 3.5 3.4 3.2 3.1 2.9 2.7 
	14-Jul-92 CRNF 

	Cum. Fraction 1.000 0.974 0.921 0.895 0.842 0.816 0.763 0.711 
	C 
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	Particle size distribution, traverse 2, 14 July 92 
	Figure 3.1.4.14. 

	Fuel: Rice Straw Date of Test: 14-Jul-92 Configuration: CRNF Particle Size Distribution 
	Traverse 2: 
	Traverse 2: 
	Traverse 2: 

	Stage 
	Stage 
	ECO (µm) Weight (mg) Cum. Wt (mg) Cum. Fraction 

	1 
	1 
	13.85 
	0.3 
	6.2 
	1.000 

	2 
	2 
	7.76 
	0.3 
	5.9 · 
	0.952 

	3 
	3 
	4.14 
	0.2 
	5.6 
	0.903 

	4 
	4 
	2.19 
	0.3 
	5.4 
	0.871 

	5 
	5 
	1.26 
	0.3 
	5.1 
	0.823 

	6 
	6 
	0.74 
	0.3 
	4.8 
	0.774 

	7 
	7 
	. 0.39 
	0.4 
	4.5 
	0.726 

	filter 
	filter 
	0.00 
	4.1 
	4.1 
	0.661 
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	Figure 3.1.4.1S. Nitrogen balance. 
	Date of Test: 14-Jul-92 Fuel Rice Straw 
	Nitrogen 
	Nitrogen 
	ND 

	Figure
	PM NOx 
	PM NOx 
	0% 12% 

	Figure 3.1.4.16. SUifur balance. 
	Figure 3.1.4.16. SUifur balance. 
	Figure 3.1.4.16. SUifur balance. 

	Date of Test: 
	Date of Test: 
	.14-Jul-92 

	Fuel 
	Fuel 
	Rice Straw 


	Sulfur 
	Sulfur 

	ND 38% 
	PM 
	PM 

	Ash 19% 
	39% 
	39% 

	Relative abundance of major elements from DRUM Impactor, Rice Straw, 14 July 92, (CRNF). 
	Figure 3.1.4.17. 
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	Table 3.1.5.1. Operating conditions and fire spreading rate, 25 August 92. 
	Table 3.1.5.1. Operating conditions and fire spreading rate, 25 August 92. 
	Table 3.1.5.1. Operating conditions and fire spreading rate, 25 August 92. 

	Fuel: 
	Fuel: 
	Rice Straw 
	Date ofTest: 
	25-Aug-92 

	TR
	Configuration: 
	CEWF 

	TR
	Type 1 
	Type2 
	TyPe 1 

	Fuel Loading Rate (g/sq.m w.b.): 
	Fuel Loading Rate (g/sq.m w.b.): 
	680 
	680 
	680 

	Total Fuel Consumption (kg w.b.) 
	Total Fuel Consumption (kg w.b.) 
	38.1 
	36.7 
	39.5 

	Fuel Moisture (% w.b.) 
	Fuel Moisture (% w.b.) 
	8.0 
	8.4 
	7.3 

	Mean Values 
	Mean Values 

	Air Temperature (0 C) 
	Air Temperature (0 C) 
	21.60 
	25.03 
	28.50 

	Air Relative Humidity(%) 
	Air Relative Humidity(%) 
	53.69 
	43.07 
	31.55 

	Inlet Air Temperature (OC) 
	Inlet Air Temperature (OC) 
	24.78 
	28.33 
	31.96 

	Stack Temperature (°C) 
	Stack Temperature (°C) 
	32.12 
	40.72 
	43.24 

	Fire Spreading Rate (m'min) 
	Fire Spreading Rate (m'min) 
	0.46 
	0.63 
	0.59 

	Stack Gas Velocity (mis) 
	Stack Gas Velocity (mis) 
	2.93 
	3.07 
	3.09 


	Figure 3.1.5.1. Ambient air conditions, 25 August 92. 
	Fuel Type: Rice Straw Test Date 25-Aug-92 Configuration: CEWF 
	C) -· -· --Air Relative Humidity (%) 70 
	Air Temperature (
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	Figure 3.1.5.2. Air temperature and relative humidity from CIMIS station. 
	Fuel: Rice Straw Date of Test: 25-Aug-92 Configuration: CEWF Hourly Average CIMIS Data for Davis, California 
	-o---Air Temperature (°C} -0--Relative Humidity(%} 
	70 60 
	50 
	40 30 20 
	10 0 
	0 
	k ~ h ~l ~] .,.1r I / \ 1!~ \ I \ I I I \ I ' II, l,_...-11 ""( v~ \ Cr~ v I ~ ,). 1-, ~' N h h ,/,/) '1 J.-.;: J >·--o >--<'" ,r 2 4 6 8 10 12 14 16 18 20 22 24 Time of Day (POST) 
	Figure 3.1.5.3. Wind speed from CIMIS station. Fuel: Rice Straw Date of Test: 25-Aug-92 Configuration: CEWF 
	Hourly Average CIMIS Data for Davis, California 
	--D--Wind Speed (mis) 
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	--D--Wind Speed (mis) 
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